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FOREWORD 
It is a pleasure for us to offer you this Full Text Book for the International Natural 

Science, Engineering and Material Technologies Conference (NEM2019). Our goal was to 
create a platform that introduces the newest results on internationally recognized experts to 
local students and colleagues and simultaneously displays relevant Turkish achievements to the 
world. The positive feedback of the community encouraged us to proceed and transform a single 
event into a conference series. Now, NEM 2019 is honoured by the presence of over 152 
colleagues from various countries. We stayed true to the original NEM 2019 concept and 
accepted contributions from all fields of materials science and technology to promote 
multidisciplinary discussions. The focal points of the conference emerged spontaneously from 
the submitted abstracts: energy applications, advanced materials, electronic and optoelectronic 
devices, organic electronic materials, chemistry, physics, environmental science, applied and 
engineering science, computer simulation of organic structures, biomedical applications and 
advanced characterization techniques of nanostructured materials. Further fields of interest 
include e.g. new advanced and functional materials, advanced-functional composites, 
biomaterials, smart materials, dielectric materials, optical materials, magnetic materials, 
organic semiconductors, inorganic semiconductors, electronic materials, graphene, and more.  

 
Therefore, we hope that getting first-hand access to so many new results, establishing 

new connections and enjoying the İstanbul / TURKEY ambience will make you feel that your 
resources were spent well in NEM 2019. 

 
Our warmest thanks go to all invited speakers, authors, and contributors of NEM 2019 

for accepting our invitation, visiting İstanbul and using NEM 2019 as a medium for 
communicating your research results.  

 
We hope that you will enjoy the conference and look forward to meeting you again in 

one of the forthcoming NEM 2020 event. 
 

 
Best regards, 

Chairmen’s of Conference 
 
 

 

 

Asst. Prof. Burhan COŞKUN                                Prof. Dr. Fahrettin YAKUPHANOĞLU 
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60Co GAMMA-RAY IRRADIATION EFFECTS ON THE MAIN ELECTRICAL 

PARAMETERS OF THE Au/(ZnO:Mn-PVA)/n-Si (MPS) STRUCTURES  

AT ROOM TEMPERATURE  

Perihan Durmuş1, İlbilge Dökme2 
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Abstract  

 

In this study, both the current-voltage (I-V) and capacitance-voltage-frequency (C-V) characteristics of the 

fabricated Au/(ZnO:Mn:PVA)/n-Si (MPS) structures have been investigated before and after 30 kGy 60Co 

gamma-ray irradiation at room temperature. Experimental results show that 60Co gamma-ray irradiation is 

very effects on the main electrical parameters such as ideality factor (n), barrier height (ΦB), series and shunt 

resistances (Rs and Rsh), doping concentration atoms, and surface states (Nss)of the electrical characteristics 

especially in the reverse bias region due to the effect of high-external electric field in this region. 60Co gamma-

ray irradiation leads to degrade in the reverse leakage current. Both the value of C and G/ω at 500 kHz become 

increase under 30 kGy 60Co gamma-ray irradiation due to the radiation induced electro-hole pairs. 

 

Keywords: MPS structures, gamma-ray irradiation, electrical characteristics, surface states 
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1. INTRODUCTION 

It is well known that metal-semiconductor (MS) type structures were studied by many researchers. 

Once it was found that their electrical characteristics are improved due to native or deposited insulating layer 

between metal and semiconductor, researchers have given their focus on characterization studies in which 

they use various insulating layer materials. When an insulating layer is grown between metal and 

semiconductor, the structure is referred as a metal-insulator-semiconductor (MIS) type structure. Additiona lly, 

depending on the nature of the material utilized, MS structures were referred as metal-polymer-semiconducto r 

(MPS) or metal-ferroelectric-semiconductor (MFS) type structures. Polymers are utilized in various 

industries; renewable-energy, aerospace, medicine, irrigation, clothing, etc. Due to their organic nature, they 

also attain some features such as easy processing, low cost margin and high ratio of surface area to volume 

[1,2]. Moreover, their electrical and dielectric properties can be tailored by dispersing/doping agents in 

polymers [3-5]. Therefore, polymers are used in organic light emitting diodes, organic field effect transistors, 

organic solar cells and organic photodiodes which are basically comprised of MPS structure form. In the last 

decade, polyvinyl alcohol (PVA) has grasped considerable attention due to its conformity of being used in 

MPS devices and its suitability of being doped with agents [3-9]. Therefore, this study focuses on a MPS 

structure that has ZnO:Mn:PVA as polymeric interfacial layer 

Characterizing Schottky devices such as MS, MIS, MFS or MPS structures under various conditions 

is of importance before they are used in any device form. Therefore these devices need to be tested for 

conditions such as low or high operating temperature, frequency and radiation. Effect of radiation on Schottky 

devices was explored by various authors [9-13].  In this study, Au/(ZnO:Mn:PVA)/n-Si (MPS) structures were 

fabricated and their electrical characteristics were explored before and after 60Co gamma-ray irradiation in 

order to explore effect of radiation on the current-voltage (I-V), capacitance-voltage (C-V) and conductance-

voltage (G/ω-V) characteristics of the device.  

2. MATERIAL AND METHODS  

Au/(ZnO:Mn:PVA)/n-Si (MPS) structures were fabricated using n-type (P-doped) single crystal 

silicon wafer with (110) surface orientation, 280 μm thickness, 3" diameter and 0.5 Ωcm resistivity. In order 

to prevent any impurities, grease and dirt on the wafer, it was cleaned ultrasonically using acetone and 

propanol and rinsed in deionized water after each step for about 10 min. Later, 3H2SO4:1H2O2 was utilized 

for cleaning the organic residues for 15 min. Then, the wafer was rinsed into 20% HF to get rid of the oxide 

layer occurred in the previous steps. After each cleaning step, the wafer was rinsed thoroughly in deionized 



 

 

International Natural Science, Engineering and Materials Technology Conference 

Sep 9-10, 2019, İstanbul / TURKEY 

3 
 

water of 18 MΩcm resistivity. Firstly, ohmic contact was formed on back side of wafer with 200 nm thick Al 

and the sample was annealed at 500 oC for 30 min., secondly ZnO:Mn:PVA was grown on front side of wafer, 

lastly rectifier contacts was formed on polymeric layer with 200 nm thick Au. Later the fabricated sample was 

mounted on cupper holder with silver paste for measurements. I-V measurements were taken between –5 V 

and 5 V using a Keithley 2400 sourcemeter. Admittance measurements were taken between –6 V and 6 V 

using a HP 4194A LF impedance analyzer. All measurements were held in dark and at room temperature.  

3. RESULTS AND DISCUSSION 

I-V characteristics of irradiated and unirradiated conditions of MPS structures are given in Figure 1. 

Both structures exhibit typical diode behaviour of rectification; rectification ratio of the MPS structures are 

approximately 270 and 200. In the forward bias region, sample with irradiated condition revealed current 

values that are very close to those of unirradiated case. However, there is prominent increase in current values 

in the reverse bias region after radiation exposure.  

 

 

 Figure 1. Semilogarithmic I-V plots of irradiated and unirradiated conditions of MPS structures .  

According to thermionic emission (TE) theory, voltage dependence of current can be given as below 

for sufficiently high voltages (V>3kT/q) [1,3,7-9,13]; 

( )
exp 1s

o

q V IR
I I

nkT
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Here; q is electronic charge, V is applied forward bias voltage, n is ideality factor, k is Boltzmann 

constant, T is absolute temperature in Kelvin, the term IRs is voltage drop across series resistance and Io is 

reverse saturation current which is given as below [1,3,7-9,13]; 

* 2 exp Bo
o

q
I AAT

kT

 
  

 
          (2) 

where A is rectifier contact area, A* is effective Richardson constant (112 A/cm2.K2 for n-Si) and ΦBo 

is zero-bias barrier height. 

 

 Figure 2. lnI-V plots of irradiated and unirradiated conditions of MPS structures. 

I-V data was also given as lnI-V plot in Figure 2 so that electrical parameters could be obtained from 

linear region of this plot. According to Equation 1, ideality factor could be obtained from the slope of this plot 

where y-axis intercept is utilized for obtaining Io and later ΦBo. As seen in the figure, there is a linear region 

in the moderate forward bias region for each sample with linear fit function available in the figure. Using these 

functions and Equations 1 and 2, n and ΦBo values of unirradiated and irradiated conditions of MPS structures 

were calculated as 4.5 and 657 meV, and 6.0 and 664 meV, respectively. This indicates further deviation from 

ideality whereas the zero-bias barrier height remains almost same after radiation exposure.  
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I-V data was also utilized to obtain series resistance (Rs) and shunt resistance (Rsh) of the MPS 

structures. Using Ohm’s law, resistance (Ri) values of the samples are calculated and given in Figure 3 in the 

form of semilogarithmic Ri-V plot. In this plot, Rsh values correspond to the resistance values in the high 

reverse bias limit whereas Rs values correspond to the resistance values in the high forward bias limit. It is 

seen that Rs values are very close to each other whereas radiation exposure caused increase in Rsh values in 

general.  

 

 Figure 3. Ri-V plots of irradiated and unirradiated conditions of MPS structures .  

Moreover, C-V and G/ω-V plots are given in Figure 4 (a) and (b). Both unirradiated and irradiated 

conditions of MPS structures exhibit inversion, depletion and accumulation regions. In the figure, there 

appears slight increase in capacitance in inversion region whereas there is large increase for depletion region, 

however the trend changes in accumulation region. On the other hand, it is seen that exposure to radiation 

caused an increase in conductance similarly in depletion region particularly. Such increase in capacitance and 

conductance is associated with radiation induced electro-hole pairs. 
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 Figure 4. (a) C-V and (b) G/ω-V plots of irradiated and unirradiated conditions of MPS structures . 

Capacitance data was also given as C–2-V plot for both irradiated and unirradiated conditions of MPS 

structures with linear fit lines. 

 

 Figure 5. C–2-V plots of irradiated and unirradiated conditions of MPS structures .  

Using data in Figure 5, some other electrical parameters could be extracted using the following 

equation [3,5,7,12]; 

 2

2

2
o

s D

C V V
q A N

             (3) 

where εs, ND and Vo are permittivity of semiconductor, carrier doping density of donors and the 

intercept of C-2 with voltage axis, respectively. Thus, experimental ND values were extracted from linear 
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region of C–2-V plot as 4.2x1015 cm-3 and 2.2x1015 cm-3 for unirradiated and irradiated conditions of MPS 

structures, respectively. Theoretical value of ND was also calculated as 8.6x1015 cm-3 so that number of surface 

states (Nss) can be obtained using c2 parameter which is the ratio of experimental ND to theoretical ND. The 

relationship between c2 and Nss is given by following equation where δ and ε i are thickness and permittivity 

of insulator layer [5,12]; 

2

1

1 ss

i

c
q N







           (4) 

Thus Nss values of unirradiated and irradiated conditions of MPS structures were calculated as 8.5x1011 

eV-1.cm-2 and 2.3x1012 eV-1.cm-2, respectively. It is clear that exposure to radiation caused restructuring and 

reordering of the traps in MPS structure and this led to an increase in surface states. 

 

4. CONCLUSION  

Au/(ZnO:Mn:PVA)/n-Si (MPS) structures were fabricated and their voltage dependent current and 

admittance characteristics were investigated before and after 30 kGy 60Co gamma-ray irradiation at room 

temperature. Exposure to radiation decreased rectification ratio and increased ideality factor while keeping 

zero-bias barrier height almost unchanged. Gamma-ray irradiation also caused an increase in capacitance and 

conductance particularly in depletion region. These results are believed to be the outcome of lattice defects; 

such as vacancies, defect clusters, and dislocation loops due to gamma-ray irradiation. Using capacitance data, 

doping concentration of donor atoms was obtained and it was found lower after exposure to radiation. Thus, 

it was found that there occurs an increase in number of surface states after the exposure because of 

restructuring and reordering of traps. 
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Abstract  

It is important to evaluate the capacitance-voltage (C-V) and conductance-voltage (G/𝜔-V) characteristics of 

Schottky barrier diodes (SBDs) or such similar semiconductor-based structures in order to investigate the 

response of these structures after exposure them to the 60Co-𝛾-irradiation. Therefore, in this study, the C-V 

and G/𝜔-V measurements of the Au/n-Si/Ag (MS) structure which have prepared is performed at enough high 

frequency (500 kHz) before and after 60 kGy irradiation. The frequency was selected as 500 kHz to elimina te 

the interface states caused by the fabrication stage, so that the effects of radiation can be accurately evaluated. 

For this aim, C-V and G/𝜔-V measurements were performed before and after 60 kGy irradiation at room 

temperature. Thus, the main diode parameters such as diffusion potential (VD), doping concentration of donor 

atoms (ND), Fermi energy level (EF), maximum electric field (Em), depletion layer width (WD) and barrier 

height (𝛷B) were calculated from the intercept and slope of the reverse bias C -2-V plots before and after 60 

kGy irradiation. Experimental results show that all these parameters vary depending on radiation because of 

the radiation induces different life-time of surface states and also it causes to be restructured and reordered of 

them. 

  

Keywords: Schottky barrier diodes (SBDs); C-V and G/𝜔-V characteristics; 𝛾-irradiation 
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1. INTRODUCTION 

Schottky barrier diodes (SBDs) and other semiconductor-based structures such as solar cells, metal-

oxide/insulator/polymer-semiconductor (MOS/MIS or MPS) type structures and detectors are widely used in 

electronic components for space (satellite systems), nuclear industry, and medical applications. Although the 

importance of these structures in such electronics systems cannot be ignored it is well known that these 

structures are extremely sensitive to electromagnetic radiation such as , x, 𝛾 rays and they lead to a 

considerably changes in the electrical characteristics of these structures [1]. In addition, the space environment 

consists of neutral species, charged particles, electric fields, magnetic fields, solar radiation, galactic radiation, 

space debris, etc. [2, 3]. On the other hand, biomedical materials are used intensively under radiation influence. 

Therefore, the investigation of 60Co-𝛾-radiation effects on SBDs, especially analysis of C-V and G/𝜔-V 

characteristics of these structures after exposure them to the -rays is very important to determine the degree 

of hardness on the semiconductor based-devices. Some previous studies such as reference [4] have shown that 

the change in current-voltage (I-V) characteristics of semiconductor-based structures, especially at forward 

bias region when compared  with reverse bias region, is lower than the C-V characteristics after exposure them 

to the 𝛾-ray source due to the lower electric field. In addition, the C-V characteristics give us information 

about the barrier height (BH) changing of the MS and MIS type structures when viewed from the metal side, 

so that it can be obtained more detailed information about the reverse bias currents which affected a lot by 

irradiation [5-7]. 

In this study, C-V and G/𝜔-V characteristics of the Au/n-Si/Ag (MS) structure which have prepared is 

measured at 500 kHz frequency before and after 60 kGy irradiation. Due to the loss of the effects of the 

interfacial states (Nss) caused by the fabrication stage at high frequency (f ≥ 500 kHz) [8, 9], the measurements 

have been performed in this frequency. Thus, influences of the radiation can be evaluated accurately. As a 

result of these measurements, they are extracted the basic diode parameters such as VD, ND, EF, Em, WD, and 

𝛷B from the reverse bias C-2-V characteristics and the calculations demonstrate that these parameters change  

after 𝛾-irradiation due to radiation induces surface states and it also causes to be restructured and reordered of 

them under electric field.  

2. EXPERIMENTAL DETAILS  

Au/n-Si/Ag SBDs were fabricated on P-doped (n-Si) wafer with (100) orientation, 300 𝜇m thickness 

and 0.4 .cm resistivity. It was dipped in 5H2SO4+H2O2+H2O solution at 1 min to remove oxide layer and 

organic impurities on surface, etched by H2O+HCl solution, rinsed high-pure de-ionized water and then dried 
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with N2 gas immediately. High-pure Au (99.999%) was thermally evaporated on the back side of the wafer at 

10-6 Torr and then annealed at 500oC for 3 min bin the nitrogen ambient to get good ohmic contact. Finally, 

high purity Ag (99.999%) rectifier contacts with 0.00785 cm2 areas were grown on the front surface of the n-

Si wafer. More information for the fabrication processes can be also found in reference [10]. 

3. RESULTS AND DISCUSSION 

 The C-V and G/𝜔-V characteristics of Au/n-Si/Ag SBDs which are measured at 500 kHz in the wide 

voltage ( 6V) for before and after 60 kGy radiation are given in Fig. 1(a) and (b), respectively. It is clearly 

viewed in the C-V and G/-V characteristics three regions which are named accumulation, depletion and 

inversion region and 60Co-𝛾-radiation are more effective on these plots especially in depletion and 

accumulation regions due to the effects of radiation induced of N ss and series resistance (Rs), respectively. The 

depletion region shift towards the inversion region after 60 kGy radiation due to the enhancement of trapped 

charge densities [11]. On the other hand, it is seen apparent decrease in capacitance and conductance values 

after irradiation at accumulation region because of the increase of Rs under irradiation [12]. Detailed analysis 

to understand changes in these characteristics are given below. 

  

                                                     (a)               (b) 

 

Figure 1. The forward and reverse bias (a) C-V characteristics and (b) G/𝜔-V characteristics of the Au/n-Si/Ag structure 
 

In SBDs, the depletion layer capacitance for reverse bias voltage can be written as Eq. (1) [9]  
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In Eq. (1), S  and 0  are called the permittivity of semiconductor and vacuum while other parameters are well 

known in the literature. The diffusion potential value can be written DV  (= 0V  + kT/q) while 0V  is referred to 

as intercept voltage. On the other hand, the values of  VD, ND, EF, Em, WD, and 𝛷B can be calculated using 

below equations [9]. 
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Here, CN , B  and tan  are the effective density of states in the conductivity band ( CE ), image force lowering 

of BH and the slope obtained from the linear region of the C -2-V curves respectively. The obtained basic 

electric parameters of the Au/n-Si/Ag structure before and after radiation were tabulated in Table (1). 

Table 1. Basic diode parameters for Au/n-Si/Ag (SBD) 

  V0 (eV) VD (eV)  ND (cm-3) EF (eV) Em (V/cm) WD (cm) ∆𝛷B (eV) 𝛷B (eV) 

BEFORE 0.823 0.849 5.52E+15 0.222 3.73E+04 4.48E-05 2.13E-02 1.049 

60 KGY 0.628 0.654 6.46E+15 0.218 3.52E+04 3.64E-05 2.07E-02 0.851 
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    Figure 2. Linear region of C-2-V curves of the Au/n-Si/Ag structure 

In Table (1), it is seen that 0V , DV , FE , mE , DW , B  values are decreased while DN  value is increased because 

of the reordering and restructuring of the Nss. In other words, as a result of the decrease of the depletion layer 

width and barrier height, it is occurred increase of the reverse leakage current and decrease of the shunt 

resistance. It is concluded only with these situations that the diode characteristics is deteriorated after 

irradiation. Therefore, there are a lot of studies aimed rendering these structures resistant to the radiation 

effects [4-6, 13-15]. In fact, the increase in the doping concentration of donor atoms can be explained with the 

radiation induced interface states. 

 

4. CONCLUSION  

 

The forward and reverse bias C-V and G/𝜔-V measurements of Au/n-Si/Ag SBDs were recorded before and 

after 60Co-𝛾-irradiation (60 kGy) in the wide range of bias voltage (∓6𝑉). Experimental results show that the 

fabricated SBDs are very sensitive to the radiation. After irradiation, it was observed an increase at invers ion 

and depletion regions and a decrease at accumulation region due to results of radiation induced N ss and 

increase of Rs, respectively. On the other hand, it was seen shifts in depletion region toward the negative 

voltages after radiation. This behavior can be attributed to the enhancement of trapped charge densities and 

restructuring and reordering of them under electric field. Further, the increase of ND leads to an increase or 

shirking of the WD.    
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Abstract  

Analysis of the properties of condensed matter, especially of the nanostructured samples, is solved using 

the operator method and the second order non-linear difference equations. The general character of solution 

is verified through two concrete applications. Difficulties related with solving difference equations were 

analyzed in this work and discussed in detail. This method gives the compact solution if the variable coeffic ient 

is of exponential type and it can be applied to the problem of finding molecule displacements in crystalline 

chain with finite and very small length. It is shown that the molecule displacement can be represented as the 

specific superposition of harmonic functions depending on the space position phonon occurrence. Further, we 

considered the polymer molecular chain of the finite and ultra-short length with substitution impurities. In this 

particular case appear two types of exciton states: collective and localized ones. 

 

Keywords: Operator method, Difference equation, Condensed matter, Molecule displacement, Polymer 

molecular chain 
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1. INTRODUCTION 

In our previous work [1] we analyzed the application of specific expansion of hyperbolic type 

difference equations kernel into separable polynomials for the solving of the Schrödinger equation for particles 

and quasiparticles with zero rest mass. Presently we are focused at some nonlinear difference equations which 

play important roll in the condensed matter physics, especially for the problems related with crystal 

structures.[2-4] Probability amplitudes in one-particle wave function as well as Green's functions (GF) are the 

solutions of systems of precisely such difference equations. General type of difference equations defining 

mentioned quantities‚ are the following:  

 0,=11 nnn YxYY  
     (1) 

where integer n  denotes location of atom or molecule, while x  is parameter related with physical 

characteristic of system. If crystal structure is transitionally invariant [5,6], parameter x  does not depend on 

integer n  (see, for example [7-10]). In the cases of broken symmetry (impurities, presence of boundaries etc), 

this parameter is dependent on molecule position. In the mentioned cases difference equation (1) goes over to 

equation with variable coefficient 
nxx  , i.e.  

 0.=11 nnnn YxYY  
       (2) 

In the second section of this work the general procedure of solving the equation (2) will be presented. 

Based on this, two particular and very interesting examples will be solved too. 

 

 2. GENERAL OPERATOR SOLUTION  

The homogeneous difference equation of second kind (2) will be solved using operator method. The 

application of this method requires introduction of translational operators lT̂  ( Nl ) obeying the following 

rules:  

  1 1 1 0
ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ= ; = ; = ; = ; =1.

l
l l

l n n l l l k l k lT f f T T T T T T T T T

      (3) 

Taking this into account the equation (2) can be written in the form:  

   0.=ˆˆ
11 nn YxTT     (4) 

Operator solving requires that at least one of the left-hand side operators in (4) give zero when acting 

to the constant. It is easily seen that neither of operators, i.e. 11
ˆˆ
TT  and nx  satisfies this requirement. 

Therefore we shall transform (4) in the following way:  
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    1 1
ˆ ˆ 2 2 = 0.n nT T x Y

    
 

  (5) 

(It can be seen now that translational operator acting to constant gives zero.) 

In order to make calculations more clear and compact, we shall introduce the following notations : 

2ˆˆˆ
11  TTa  and 2ˆ  nn xb . The equation (5) now has the form:  

   0.=ˆˆ
nn Yba    (6) 

In this way the operator form in (5) is prepared for application of the operator method. 

The operator method gives the solution of homogeneous difference equation expressed over two 

linearly independent solutions of the corresponding non-homogeneous equation:  

   ,=ˆˆ
nnn yba    (7) 

for a suitable function 
n . Precisely, if (7) has two linearly independent solutions (1)

ny  and (2)

ny , then the 

following is valid:  

   (1) (2)ˆ ˆˆ ˆ= ; = .n n n n n na b y a b y     

Subtracting these equations and comparing this result with (6) we conclude:  

    (1) (2) (1) (2)ˆˆ = 0 .n n n n n na b y y Y y y           (8) 

The further question is how to find the functions (1)

ny  and (2)

ny ? The formal solution of (7) is:  

   .ˆˆ=
1

nnn bay 


  (9) 

Now, it can be shown that there do exist two independent forms of the inverse operator:  

  
     

     

1 1
1 1 1 1 1

1
=0

1 1
1 1 1 1 1

=0

ˆ ˆ ˆ ˆ ˆ ˆˆ ˆ ˆ1 = 1 = ( 1) ,

ˆˆ =

ˆ ˆ ˆˆ ˆ ˆ ˆ ˆ ˆ1 = 1 = ( 1) .

k
k

n n n n n n

k

n
k

k

n n n

k

b b a b a b b a b

a b

a a b a b a a b a

 
    



 
    

    
 

   
 




  (10) 

Taking this into account we can write:  

    (1) 1 1 1 1 (2) 1 1 1 1ˆ ˆ ˆ ˆ ˆ ˆ ˆˆ ˆ ˆ ˆ ˆ ˆ ˆ= 1 , = 1 .n n n n n n n n n n ny b a b ab a b y a b a b a b a                 (11) 

Until now, n  has been suitable. But, if we take that nn b̂ , then (11) gives:  

 (1) (2) 1 1 1 1 1 1ˆ ˆ ˆ ˆ ˆ ˆˆ ˆ ˆ ˆ ˆ ˆ=1, =n n n n n n n ny y a b a b a b a b a b a b          (12) 

Taking into account formulas (10) and (12), we conclude that the solution of homogeneous equation (8) is 
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given as follows:  

   .ˆˆ1)(= 1

0=

k

n

k

k

n baY 


   (13) 

We can find now the explicit form of the operator   1

11

1 2ˆˆˆ




  TTa :  

 

   

      

1

( 1)

1 1 1 1

=01

1
1 ( 1)

1 1 1 1 1 1

=0

1 ˆ ˆ ˆ ˆ2 1 = 2 , (a)
2

ˆ =

ˆ ˆ ˆ ˆ ˆ ˆ1 2 = 2 ; (b)

k
k

k

k
k

k

T T T T

a

T T T T T T




 

 



   

  

   
       

   

        





  (14) 

One can see that in the later expression figures power of the operator   1

11
ˆˆ



TT . This operator can be written 

in two ways:  

  
 

 

1

1 2 (2 1)
1

=0

1 1
1

1 2 2 1

=0

ˆ ˆ ˆ1 = ( 1) , (a)

ˆ ˆ =

ˆ ˆ ˆ1 = ( 1) . (b)

k

k

k

k

k

k

T T T

T T

T T T



  


 

 

   
 

   
 




  (15) 

Now, all necessary elements for application of operator method are given. 

 

3. APPLYING THE GENERAL SOLUTION 

The method presented will be applied to the two particular examples: to the definition of specific 

phonons and the behaviour of non-homogenous exciton subsystem in the finite crystalline chains. 

3.1.  Phonons in crystalline chain 

 One dimensional propagation of mechanical waves in condensed matter physics is described, in the 

nearest neighbor approximation [5,6], by consideration of difference equation:  

 0=11 nnn uuu     (16) 

 valid for small displacements nu  of atom/molecule.1 From its equilibrium site ][0, Nn . For ultra-short          (

NaL = ) crystalline chain [11-15], the quantity: 1)cos2(=   nn , )(  . The expression (16) is 

equivalent to (2) and we can apply the described operator method. It is seen from (5) and (6) that 

= e ein in

nb   . 

                                                                 
1 Atom displacements )(nn uu   are the Fourier's transform ( t ) the space displacements )(tun

. 
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At the beginning, we shall look for the function 1ˆ eina   representing the operator 1ˆa  by the formula 

(14a). Since  

  
1

1 1
ˆ ˆ e = 2e cos ,in inT T   



  

 it follows:  

   
1 2

1

1 1 1 12 3

2

=0

1 1 1ˆ ˆ ˆ ˆˆ e = e e e =
2 2 2

e e e
= cos =cos

2 2 2

e e
= = .cos

2 2 (1 cos )

in in in in

in in in

in in

k

k

a T T T T   

  

 

 




 


 



     

 
    
 







 

 Further we obtained:  

 
2

2
1 1

2

e e
ˆ ˆe = e = ,

2 (1 cos ) 2 (1 cos )(1 cos 2 )

in in
in ina a

 
 

  

  

  
 

wherefrom it can be easily concluded  

  1

=1

( 1) e
ˆ e = ; = 1,2,3,

2 (1 cos )

k kin
k

in

k
k

q

a k

q






 


  (17) 

On the basis of the general facts presented in Section 2, we must look for the solution )(nu  by (17), 

which satisfies the difference equation:  

  ˆ e ( ) = 0.in

na u    (18) 

If we multiply this equation by 2e in  from left, and to the obtained equation add (18), we obtain:  

   0,=)(ˆ  nnn ub   (19) 

where:  2ˆ ˆ1 e in

n a    and nbn cos2 . From (13), the solution of the upper equation is:  

   .ˆ1)(=)( 1

0=

k

n

k

k

n bu 


    (20) 

It is easy to prove that 1 1ˆ ˆ ein

nb a    , so   from (17) and (20), the wanted solution is:  

 

 

( )

=0

=1

e
( ) ( ) = .

2 1 cos ( )

in

n n k
kk

q

u u

q

 

 

 









  (21) 

As it is seen – the atom displacement represents the specific superposition of harmonic functions which 
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depend on space position. Physically, it is represented by the superposition of progressive plane and standing 

waves. 

3.2. Excitons in polymer chain with impurities 

 Energy spectra of elementary excitations of ideal (bulk) molecular crystals (Frenkel excitons) can be 

analyzed in a comparatively simple manner [16] in the inverse lattice due to translational symmetry of the 

crystal lattice. The problem of the exciton energy spectrum of the massive (bulk) crystals with impurities is 

much more complicated due to the violation of translational invariance. In [17] is stressed that impurity 

presence can lead to the appearance of the localized states with discrete energies lying above or bellow exciton 

band. It is shown in [18] that these difficulties could be avoided by a suitable redefinition of the Hamiltonian, 

which allows to carry out the analysis in the inverse space. In [19] we proposed a method that allows the 

analysis in the direct space, and therefore we are able to analyze the chain of the finite length. 

With respect to the analysis of the energy transport processes in the proteins, this means that we can 

analyze the processes in finite protein sequences, which is of great importance in the immunology, i.e. in the 

biophysical theory of immune-processes. We shall consider the polymer chain of the finite length NaL = , 

consisting of 1N  molecules at equal spacings a , having a single isotropic substitutional impurity at an 

arbitrary site ][0, Np . The Hamiltonian of the studied system in the direct space as well as in the nearest 

neighbors approximation has the form:  

  .= 11,11,

0=











  nnnnnnnnnnn

N

n

BBVBBVBBH   (22) 

The excitation energy of an isolated molecule 
n  at the arbitrary chain site and the matrix elements of the 

dipole-dipole interaction of the impurity and host molecule will be written in the form:  

    ,1=;;1= 1,, sVVdd pp
s

snn 



    (23) 

where we have introduced a parameter s  of the relative difference and V  is host-host interaction. 

Energy of elementary excitations of the system can be determined by GF method [12] in the following 

way:  

 

 ,

( ) = ( ) ( ), (0) ; , = 0,1,2, ;

( ) = ( ) ( ) ( ), , (0) .

nm n m

nm n m n m

G t t B t B n m N

d
i G t i t t B t H B

dt
 







 

   

   

  (24) 

After introducing the temporal Fourier transformations for GF only, and calculating the necessary 
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commutators, we obtain the following system of difference equations for )(, mnG :  

   ,=)(1 mmN KGD 
  (25) 

where are:  

;=;=)(

,

1,

0,

,

1,

0,









































mN

m

m

m

mN

m

m

m KK

G

G

G

G










 

 

   

2

1 2 1 3 2

3 2 3 1

1 2

( ) = (1 ) 2

1 ;

( ) = ( ) ( ) ( );

N s N s s N s s N s

s s s N s s s s N s

n n n n

D s A A A A A A

A A A A A

A C C C

 

   

    

       

     

 

   

   

 

 

 
V

i
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=;=;=

 



  (26) 

and )(nC  are the Chebyshev polynomials of second type [20]. 2 

Solving the system of equations (25) we can obtain diagonal components of GF:  

 ,;
)(

=)(
,

1

1=

,
V

E
EE

g
KEG

nn
N

nn
















  (27) 

whose spectral weights [5] has the form:  

 1.,1,2,=1,=)(;

)(

)(
=)( ,

0=

=

1

, 





Ng

D
d

d
g nn

N

n

N

N
nn 





 




   (28) 

The determinant )(N  is obtained by the standard procedure for solving the system of equations (4). 

The spectral weights (28) representing the squared module of wave functions [5,12], enable us to 

separate localized excitations in the spectrum due to the important property: contrary to collective excitations 

present, at each site due to their "standing-wave" distribution along the chain, spectral weights for localized 

excitations show maximum at a given site and decrease sharply (i.e. exponentially) with the distance from the 

site. The attenuation parameter depends on the parameters describing impurities. 

 

                                                                 
2 The Chebyshev polynomials of second type satisfy the recurrent relation: 0,1,2,=);(=)( 11 nCCC nnn    , with initial 

conditions: 0=)(1 C , 1=)(0 C  and  =)(1C . This relation has same form as initial difference equation (1), i.e. (2), which 

solution must be given by exposed operator method. 
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4. CONCLUSION 

This work contains two relatively different parts. The first part is rather of methodological character, 

demonstrating the method of operator solving of the basic solid-state difference equation with variable 

coefficient. In the second part of this analysis we demonstrated that the characteristic difference equation in 

translatory non-invariant crystalline structures theory could be of importance in some practical problems. 

Because exposed general operator method gives the compact solution if the variable coefficient is of 

exponential type, it can be applied to the problem of finding molecular displacements in crystalline chain of 

finite length. It is shown that the atom displacement represents the specific superposition of plane and standing 

waves. 

We considered the polymer chain of the finite length with substitution impurity. Due to the finite 

number of molecules in the chain, the spectrum of elementary excitations can be calculated immediately in 

the direct space. In this particular case there appear two types of excitations: collective and localized ones, 

which are discrete due to the spatial boundedness. 
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Abstract  

 

We have supplemented already formulated microscopic theory of optical properties of ultrathin molecula r 

films, i.e. quasi 2D systems parallel to XY planes bounded by two surfaces. Exposure of nanofilms to the 

external electromagnetic fields has result in creation of low concentration of Frenkel's excitons, but different 

than bulk ones in one direction perpendicular to surfaces. Analysis of the dielectric response of this exciton 

system show that optical properties of these crystalline nanosystems strongly depend on surface parameters 

and the thickness of the film. In addition, absorption and refraction indices show very narrow and discrete 

dependence of external electromagnetic field frequency, which is the consequence of confinement effects. 

Influences of boundary conditions on optical characteristics (through analyses of dynamical absorption and 

refraction indices) of these nanostructures were explored in details. Unlike the bulk structures which are total 

absorbers of near IR radiation, ultrathin perturbed films (with the very same crystallographic structure) 

manifest interesting possibility of appearance of discrete absorption peaks.  

 

Keywords: Ultrathin molecular films, Frenkel’s excitons, Optical properties, Dynamical absorption 
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1. INTRODUCTION 

Using a specially adjusted method (Green’s functions) for these very discrete crystalline structures (1)  

and supported by the research of changes of dynamic permittivity with pertubable ultrathin two-layered 

molecular crystalline films (2) we continued in this work with the research of optical properties of these 

structures. We determined the indices of absorption and refraction in layers and for the whole film, keeping 

up with the research from the previous work (3) in which we found out that the presence of boundaries and 

changes in boundary parameters will lead to the presence of discrete absorption and a possibility for a selective 

absorption of a single line of incoming electromagnetic radiation. 

We carried out above mentioned research starting with the standard expression for effective exciton 

Hamiltonian [5], in Bose [6] and approximation of the closest neighbour along with the two boundary 

parameters:  2,0;2,0 d ,  0,2;99,0 x  and for two-layer film 2,1,0zn . The method of Green’s 

functions [7] has been used in the research, adjusted to structures with the interrupted symetry. By solving the 

system of non-homogeneous differential equations the Green’s functions were determined:  
znG . On the 

basis of standard definition (linear response of system on external perturbation of electromagnetic field[5,8]) 

of relative permittivity with Green’s functions we have found the expression for dependence of film relative 

permittivity on frequency of external electromagnetic field:  
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All values in this expression have been defined in our previous paperwork [2].  

 

 2. DYNAMICAL OPTICAL PROPERTIES  

The refraction (n) and absorption ( ) indices are usually defined in the literature [9] by permittivity 

term:  in  . Introducing the complex frequency:  i  in expression for permittivity (1), we get 

complex permittivity: 
| i     , where:    Rezn      and    Imzn     . Based on this, we 

can find the expression for absorption and refraction indices in the following form: 
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From these expressions and expression (1) one can see that dynamical absorption and refraction indices 

as well as relative permittivity depends on position of film-layer (nz) and on perturbation at and within ultrathin 

film. 

By numerical calculations, we have analyzed absorption index behavior on plane position and on 

values of boundary parameters, and calculated that. The number of resonant peaks directly depends on the 

film width, i.e. on the number of layers N. General rule is that the number of resonance peaks decreases inside 

layers of the film, although with influence of perturbation parameters d and x that rule can be broken and in 

that case number of peaks is  N + 1, with possibility of some resonance peaks fading.  

Subsequently we have carried on with the research of the same structures and investigated the influence 

of boundary parameters on refractive properties of these structures:  
znn and showed results on Figure 1 a-

c for different values of perturbation parameters: x = – 0,75; 0,0; + 0,75 and d = – 0,1; 0,0; + 0,1. 

Since the emission and absorbtion spectra can be experimentally recorded but only for the whole film, 

we have determined these optical characteristics (indices of absorption and refraction) not only for the 

particular layers but for the whole film as well and in the normal direction on boundary surface of the film 

where the changes of these values occur in relation to their bulk values. 

 

3. RESULTS AND DISCUSSION 

Influence of change of parameter x is shown on all pictures: when the transfer of excitons in border 

layers is about half the value comparing to the bulk (x = – 0,75), then when there is no change of transfer 

(ideal film: x = 0,00), than for the about two times higher border transfer (x = + 0,75). On each of these three 

pictures influences of changes of value of parameter d are shown (ranging from the case when this parameter 

is lowered for 10% through the case when value of parameter d is unchanged comparing with bulk case, to 

the cases when this parameter is increased for 10% in the node of border area of film), while values of 

parameter x are fixed. Each picture has four columns with six graphs which show positions of absorption and 

refraction peaks on border plane of film, while right side next columns show positions of absorption and 

refraction peaks in internal plane of film. On each figure, ordinate has relative values of absorption index 

(comparing with bulk values), while abscise has non-dimensional values of frequencies of external 

electromagnetic field (defined in paper [3]).  The last two columns show the sum of absortion and refraction 

spectra for the whole film. 
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(a)  
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(b)  
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(c)  

Figure 1: Dynamical absorption and refraction indices of perturbed symmetrical two -layered film 
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Comparing to resonant lines of permittivity, we can observe that there are less absorption peaks, i.e. 

that there are dominant frequencies which will be absorbed truly. Actually there is a dominant peak on 

boundary planes, but with the half of these cases that peak is narrow for lower values of parameter  x, and in 

the other half its width is larger (x of a bit higher value).  

For the whole film the absorption spectra possess one more expressive peak out of the three possible 

peaks in a narrow zone, except when d = – d, then we have two peaks symmetrical around central narrow 

zone. The place of peak and the zone depends on values  d: when d > 0 then peak is on sides (on higher 

frequencies), but when d < 0 then it is the opposite way. The specific case is when d=0, then there appears 

only one (a little wider) absorption peak on certain frequency. In that case the position of zones and peaks in 

certain layers are congruous.  

In the third colomn the dependancy of index of refraction on reduced frequency of external 

electromagnetic field is given. From all those given charts we can see that slight growth of refraction breaks 

at points of change of absorption characteristics. At the point where the index of absorption increases– the 

index of refraction decreases, at the point where the index of absorption alternates abruptly (increse/ decrease) 

there  are the peaks of refraction index. This is in the accordance with the assumption of Kramer’s theory, but 

there the effects only appear at the beginning and at the end of absorption zone, and here they are descreet and 

do not describe wider continual zone, but quantum and very selective narrow zone change.   

In the area of frequency where absorption peaks and narrow absorption zone appear, there comes the 

decrease of refraction indices values. The interval of decreasing frequency of refraction index and the 

appearance of absorption peaks are identical. For certain layers the decrease is not monotonous function of 

frequency, but there appears certain number of extremes which is equal to number of absorption peaks.  

 

4. CONCLUSION 

These results may be better explained by experimental facts regarding resonating optical/ luminescence 

peaks in similar molecular layered nanostructures. In papers [10–12], this was evidenced in perylene chemica l 

compounds and explained by resonating effects at specific unoccupied levels. These effects are manifested by 

narrow optic absorption and refraction in close infrared band. Very good agreement in resonating absorption 

may be attributed and explained by presence of boundary conditions and quantum size effects for nano-sized 

samples. Relative small differences in profile of absorption lines appear because we observed only electron 

line spectra in our work, disregarding oscillatory and rotational contributions. 

 



 

 

International Natural Science, Engineering and Materials Technology Conference 

Sep 9-10, 2019, İstanbul / TURKEY 

31 
 

ACKNOWLEDGMENTS  

This research work was partly financed by the Ministry for Scientific and Technological Development, 

Higher Education and Information Society of the Republic of Srpska – B&H (Grants: 19/6-020/961-21/18 and 

19/6-020/961-35/18), by the Provincial Secretariat for Higher Education and Scientific Research of Vojvodina 

(Grant: 142-451-2413/2018-03) and by the Ministry of Education, Science and Technological Development 

of the Serbia (Grants: ON-171039; TR-34019).  

  

REFERENCES 

[1] Šetrajčić, J.P., Ilić, D.I., Markoski, B., Šetrajčić, A.J.,  Vučenović, S.M., Mirjanić, D.Lj., Škipina, B.,  

Pelemiš, S.S., Conformation and application of Green’s functions method to optical properties of 

ultrathin molecular films searching, In: 15th Central european workshop on quantum optics, Belgrade, 

Serbia, 2008. 

[2] Pelemiš, S.S., Šetrajčić, J.P., Markoski, B., Delić, N.V., Vučenović, S.M., Selective absorption in 

twolayered optic films, J. Comput. Theor. Nanosci. 6/7, 1474, 2009. 

[3] Škipina, B., Mirjanić, D.Lj., Vučenović, S.M., Šetrajčić, J.P., Šetrajčić, I.J., Šetrajčić-Tomić, A.J.,  

Pelemiš, S.S., Markoski, B., Selective ir absorption in molecular nanofilms, Optical Materials 33 1578, 

2011. 

[4] Šetrajčić, J.P., Pelemiš, S.S., Vučenović, S.M., Zorić, V.M., Armaković, S., Škipina, B., Šetrajčić, A.J., 

Absorption features of symmetric molecular nanofilms, Proceedings 27th MIEL, 1, 127–130, 2010. 

[5] Agranovich, V.M., Ginzburg, V.L., Crystal optics with space dispersion – Theory of excitons, Nauka, 

Moskwa, 1979 (in Russian). 

[6] Agranovich, V.M., Tosich, B.S., Collective properties of Frenkel excitons, ZhETF 53 149 1967. 

[7] Šetrajčić, J.P., Exact microtheoretical approach to calculation of optical properties of ultralow 

dimensional crystals, arXiv:cond-mat/eprint:1004.2387, April 2010. 

[8] Dzyaloshinski, I.E., Pitaevski, L.P., Van der Waals forces in an inhomogeneous dielectric, ZhETF 36, 

1797, 1959. 

[9] Ronda, C.R. (Ed.), Luminescence – From theory to applications, Ch. 1, Wiley, Weinheim, 2008.  

[10] Vragović, I.D., Šetrajčić, J.P., Scholz, R., Quantum size effects in the optical properties of organic 

superlattices containing 3, 4, 9, 10 perylene tetracarboxylic dianhydride (PTCDA), Eur. Phys. J. B 66, 

185, 2008. 

[11] Galanin, M.D., Luminescence of molecules and crystals, p.116, Cambridge IPC, Cambridge 1996. 

[12] Hippius, C., van Stokkum, I.H.M., Gsa1nger, M., Groeneveld, M.M., Williams, R.M., Würthner, F., 

Sequential FRET processes in calix[4]arene- linked orange-red-green perylene bisimide dye zigzag 

arrays, J. Phys. Chem. C 112, 2476, 2008. 

 

  



 

 

International Natural Science, Engineering and Materials Technology Conference 

Sep 9-10, 2019, İstanbul / TURKEY 

32 
 

INFLUENCE OF CHARGE CARRIER AND PHONON SCATTERINGS TO 

ELECTRIC AND HEAT TRANSPORTS IN GRAPHENE 

 
S.K. Jaćimovski1, J.P. Šetrajčić2,3, S.M. Vučenović4, N.R. Vojnović5  

  

1University of Criminal Investigation and Police Studies, Zemun, Vojvodina – SERBIA 
2Academy of Sciences and Arts of the Republic of Srpska, Banja Luka, Republic of Srpska – BOSNIA 

AND HERZEGOVINA 
3University “Union – Nikola Tesla”, Faculty of Sport, New Belgrade, Vojvodina – SERBIA 

4University of Banja Luka, Faculty of Sciences, Banja Luka, Republic of Srpska – BOSNIA AND 

HERZEGOVINA 
5University of Novi Sad, Faculty of Technical Sciences, Novi Sad, Vojvodina – SERBIA 

  

E-mail: jovan.setrajcic@gmail.com 
 

 

Abstract  

 

The planar atom layer of carbon arranged in a two-dimensional hexagonal lattice is called graphene [1]. It 

possesses a range of interesting characteristics such as mechanical hardness of ≈ 1 Pa and high thermal 

conductivity ≈ 5·103 W·m−1·K−1 and the highest electron mobility of all known materials ≈ 104 cm·V−1·s−1 . 

All this makes graphene the most perspective material for application. Temperature dependence on heat and 

electric conductivity, in the wider temperature interval of 3 – 5000 K, has been analyzed in this work, by 

solving the Boltzmann transport equation in approximation of relaxation times, introduced 

phenomenologically. Thermal conductivity of graphene is essentially phonon-based. The coefficient of thermal 

conduction is proportional to T2, and at high temperatures to T1. The electronic conductivity decreases with 

increasing temperature for T > TBG and increases for T < TBG in the event that we take into consideration the effect of 

all the relaxation mechanisms. 
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1. INTRODUCTION 

In order to fulfill the essential task of phonon engineering [1], to improve the electric and thermal 

transport properties of the given nanostructure, it is very important to get acquainted with its mechanisms of 

thermal conductivity. Since the contribution of phonon subsystems to thermodynamic analysis is the first step 

in research of nanostructure properties [2], special attention in this paper has been given to the study of phonon 

thermal conductivity of graphene. 

Graphene is a single layer 2D structure whose surface is covered with regular hexagons of 0.142 nm  side, 

with carbon atoms in hexagon  vertices. It can be considered as a structural part of graphite, whose 3D structure is 

composed of graphene planes located at a distance of 3 nm [3]. Graphene has unique properties such as anomalous 

high electrical and thermal conductivity, extremely high mobility of charge carriers, and dependence of electric 

properties on the presence of admixtures on the surface, the ability to set the size of the band gap, quantum Hall effect 

and good electromechanical characteristics [4]. All of the above makes graphene a very promising material for 

nanoelectronic. The ideal pristine 2D structure cannot be obtained due to thermodynamic instability [5]. However, if 

this structure is strained or has defects, it can exist without contact with the wafer. It is experimentally established that 

there are free graphene sheets that constitute the complex wavy form [6]. Out of the mentioned properties the most 

striking is the anomalous high thermal conductivity. The measured thermal conductivity [7] is in the range from 3500 

W/mK to 5500 W/mK, the largest among the all known materials so far. 

The sheets of ideal graphene of infinite dimensions do not differ among each other. However, real 

samples differ not only in size but also in the structure of boundaries which modifies acoustic phonon 

properties such as phonon group velocity, polarization, density of states, and changes the way acoustic 

phonons interact with other phonons, defects and electrons [1], creating opportunities for engineering phonon 

spectrum in order to improve thermal properties [2]. A graphene of sufficiently large size cannot have an ideal 

structure, because the graphene surface contains structural defects depending on the synthesis and external conditions. 

These defects are: vacancies or adsorption of a functional group on the surface (which represent the most common 

type of defects), the Stone-Wales defect, isotopic defect, dislocations, etc. [3]. The existence of these defects and 

boundaries significantly affects the coefficient of thermal conductivity and other transport properties. 

 

 2. GRAPHENE THERMAL CONDUCTIVITY  

Thermal properties of nanomaterial graphene (specific heat, thermal expansion coefficient, the 

coefficient of thermal conductivity) significantly depend on phonon characteristics. We have carried out 

considerable research to the phonon share in the thermodynamic properties of graphene as a 2D crystal 
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structure [8]. Since these results are required for the observation of the combined impacts (electrons and 

phonons), we will give a brief outline of the most important results and characteristics that we obtained in the 

cited papers. 

Characteristics of phonon spectrum are determined by 2D structure of graphene. Graphene has a 

hexagonal structure with two carbon atoms in each cell. This causes the appearance of the six phonon branches 

in the dispersion spectrum: three acoustic (LA, TA and ZA) and three optical (LO, TO and ZO). The LA and 

TA modes correspond to longitudinal and transversal phonon oscillations in a graphene plane. The ZA mode 

corresponds to oscillations of phonons in the direction normal to the direction of oscillation modes LA and 

TA. The LA and TA modes have a linear dispersion law [9]: q  , with the velocities: 
LA 18.4 km/s   and 

TA 16.5 km/s  . There is no agreement related to the dispersion law for the ZA mode. In our calculation we 

adopted the dispersion law given with 
23

3 q  and the velocity ( ) 9.2 km/sZA   [10]. 

The phonon thermal conductivity is determined from the Boltzmann transport equation [11]: 
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where and u are group and phase velocity, respectively, zL  thickness of layer in z-direction and )( s  are 

relaxation times. The main contribution to the thermal conductivity provides acoustic branches, while the 

contribution of optical branches is negligible. 

The most common scattering processes are: scattering of phonons at boundaries, scattering of phonons at 

defects (isotopic admixtures, vacancies), and phonon-phonon scattering. Relaxation time for the appropriate type of 

scattering, considered below, is the estimated time. 

Relaxation time for this case is defined in [12] as: 

1 1
,

1B x

p

p L









                                                        (2) 

where p is a measure of surface roughness, and Lx is the smallest dimension of sheet. 

In the case of elastic scattering on isotopes, the relaxation time is defined in [12] by expression: 

 
3

2

1 2
,d

pd D
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                  (3) 

where Ad = cd ∆M/M. Here cd is the concentration of defects and ∆M/M is the ratio of elementary cell atomic 

mass change and atomic mass of a cell; ωD is the Debye frequency.

 

For U-processes the relaxation time is defined as [13]: 
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where 
s  is the Grüneisen parameter. Therefore, lower limit of integral is not zero but a certain minimum 

value. Klemens gave a physical interpretation of the choice of this minimum value. He suggested the value 

ωmin to be determined from the assumption that average free path of phonon is not greater than the 

characteristic dimension Lx of graphene [13]:  
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The result obtained by taking into account all 

the aspects of scattering (at the borders, phonon-

phonon scattering and scattering at defects) is shown 

in Figure 1. 

 

Figure 1: Calculated thermal conductivity of graphene 

for different phonon branches and all 

mechanisms of relaxation: ZA –blue line,   

TA –green line, LA – red line, and total 

thermal conductivity – black line 

It can be seen from the Figure 1 that the total thermal conductivity for the adopted parameters is about 

2.6 kW/(K·m), which is consistent with experimental data [14]. Also, in Figure 1 temperature dependences  of 

individual phonon branches are given. The greatest contribution to the thermal conductivity is provided by the 

LA phonon branch, and the TA branch the TA branch provides only a slightly lower contribution. The smallest 

share of the thermal conductivity is provided by the ZA phonon branch, which is is about 20% of the total 

thermal conductivity. This is probably due to the small group velocity of the ZA mode and great value of the 

Grüneisen parameter. What is interesting is a low-temperature area in which the largest contribution to thermal 

conductivity is provided just by the ZA phonon branch. 

It can also be noted from the Figure 2 that the thermal conductivity for the ZA branch drops to zero 

the fastest, i.e. it has the steepest decline. At a temperature T*, slightly lower than 50 K, all three phonon 

branches give equal contribution to thermal conductivity of graphene. Up to this temperature, the contribution 

to the thermal conductivity of the TA phonon branch is larger than that of the LA branch, and for the values 

greater than T* the contribution of these branches is inverse. 
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The influence of defects on the probability of scattering of phonons and the coefficient of thermal 

conductivity of real samples depends on the concentration of defects. The reduction of thermal conductivity 

coefficient of graphene with the increasing concentration of defects is experimentally measured [7–9]. In the 

case of graphene samples without defects the contribution of phonon branches of LA and TA is greater than 

in the case of samples with  defects,  which affects the growth of the total thermal conductivity,  

 

which now amounts to about 3.1 kW/(K·m). The 

contribution of the phonon branch ZA is approximately 

the same as in the case of the sample with defects.   

Figure 2: The dependence of the coefficient of 

thermal conductivity for different 

concentrations  of admixtures; 44.5 10dA   – 

black line, 49 10dA   – blue line, 

413.5 10dA   – red line 

When analyzing the effect of different concentrations of defects on the total thermal conductivity of 

graphene, it can be seen that the thermal conductivity decreases with increasing concentration of defects 

(Figure 3). In the case of up to 0.5% increase of admixtures concentration, for the values adopted in our 

example, the maximal thermal conductivity is reduced by about 12%, and the total thermal conductivity is 

reduced by 8.5%. For 1% increase of admixtures concentration, the maximal thermal conductivity is reduced 

by about 24% and the total thermal conductivity is reduced by 15%. In doing so, the maximum values of 

thermal conductivity move into the region of higher temperatures. 

 

3. GRAPHENE ELECTRONIC CONDUCTIVITY  

The dispersion law of is given as  [14]: 

21 4cos 4cos cos 3 .F y y xE v k a k a k a     
 

(6) 

Plus and minus signs are related to conductive and valence zone, respectively. Both zones are 

degenerated in the Dirac point. The Fermi level also passes through that point, which is why it can be said that 

graphene is a semiconductor without the energy gap or that it is semimetal. If we take into account only the 

area near the Dirac points K and 'K  dispersion relations can be significantly simplified. The relation then gets 

a linear form depending on the wave vector and is given by:  
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,FE v k
 

(7) 

where 
Fv

 
is the Fermi velocity (its experimentally determined value is m/s106 ), k - modulus of the wave 

vector in two-dimensional space (with components ( , )x yk k ), calculated fromK or 'K  Dirac point, – the 

Dirac constant [14]. The zone has the form of a cone. A photon has a similar spectrum and therefore it is 

suggested that quasiparticles in graphene (electrons or cavities/holes) have zero effective mass. Since electrons 

and cavities are fermions their movement is described by the Dirac equation, or a zero-mass particles and 

antiparticles (similar to equation for massless neutrino) [15]. 

The linear dispersion law is the most important, if not unique, characteristic of quantum transport 

described by the Dirac equation. For positive energy (above the Dirac point) charge carriers are similar to 

electrons and they are negatively charged. For negative energy, if valence zone is not filled, quasipartic les 

behave as positively charged cavities, analog to positrons. The density state of quasi-particles in graphene is 

determined as a number of states per energy unit and area unit [16]: 

2 2
( ) 2 .

F

D
v







 

(8) 

The basic limitation of charge carriers’ mobility in graphene is generated by charged admixtures on a 

substrate of silica dioxide and phonon subsystem that always exists. Relaxation mechanisms that are found in 

in graphene, such as scattering of charge carriers on charged admixtures and phonons give the final value for 

the electronic conductivity of graphene. The final conductivity of graphene in the Dirac point is of particular 

interest. The electronic conductivity of graphene is analyzed semiclassically – by solving the Boltzmann 

transport equation in the relaxation time approximation [15]. The expression for the electrical conductivity of 

graphene is in a form of: 

2 2

0

0

( ) ( ) ,
2

F
fe v

D d    



 

  
 


 

(9) 

where () – relaxation time, e – charge of quasiparticles, and 

1

0

-
exp 1

B

f
k T

 


  
   

  
– the Fermi-Dirac 

distribution function,  – chemical potential of charged quasi-particles.  

Scattering mechanisms and their relaxation time, analyzed in this paper are as follows [16]:  

(a) Scattering of charge carriers in the neutral admixture with a short-range potential in the form of  0 ( )U V r  

provides relaxation time: 
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(b) Scattering at charged admixtures with a long-range Coulomb potential provides relaxation time: 
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(c) Scattering of carriers on acoustic phonons has a relaxation time given by the expression 
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The scattering of phonons of the ZA branches is not taken into account. Scattering of phonons is analyzed 

for the case where BGTT 
 
and 

BGTT   and where BGT  is the Bloch-Grüneisen temperature. Temperature 

TBG is the temperature limit to which the phonon gas is degenerated, and over which it is not degenerated 

[14]. It is determined by the expression 2 / .BG s F BT v k k  

(d) In the case when the scattering is realized on the particles with screen potential, relaxation time is given 

by the expression: 
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(13) 

 

Finally, relaxation time of charge carriers on vacancies is determined as: 
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For low temperature region (as in [16]), we transform equation (9): 
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while for higher temperatures the equation is in the form of  
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(16) 

Temperature dependence of the electrical conductivity for the temperatures BGT T and in the case 

where all the relaxation mechanisms operate is given in Figure 3. 
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Figure 3: Temperature-dependence of the electrical conductivity when all the relaxation mechanisms 

operate in case of T <TBG (left) and when T > TBG (right) 

As it can be seen, in the case where the charges interact only with the vacancies, electrical conductivity 

is negative and it increases with temperature reaching a corresponding saturation value. If the quasi-particles 

are influenced only by screen potential, then the dependence of the electrical conductivity of the temperatures 

has a distinctly oscillatory character. In cases where other relaxation mechanisms operate (short-range 

potential, long-range potential and phonons) electrical conductivity for T > TBG decreases with temperature. 

The same applies in case when T > TBG and all mechanisms of relaxation operate. However, for temperatures 

T < TBG, which in our case is TBG = 59.27 K, electrical conductivity increases with the increase of temperature. 

The paper which experimentally confirmed that the concentration of defects in graphene leads to an increase 

in electrical conductivity at lower temperatures was published in 2011. [10]. 

 

4. CONCLUSION  

The study of graphene provides answers to fundamental issues related to the characteristics of the two-

dimensional crystal structure. The very fact of the existence of graphene is contrary to the principle formulated 

seventy years ago on the thermodynamic instability of similar structures. The study of graphene is justified 

because of its exceptional characteristics and potential significant applications. The high thermal, mechanica l 

and chemical stability associated with exceptional transport characteristics offer great opportunities for 

practical application of graphene. High value of coefficient of thermal conductivity is one of the important 

characteristics of graphene and has record levels of all known materials. 
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Thermal conductivity of graphene is essentially phonon-based. The analyzed grapheme samples’ 

dimensions exceeded average free path of phonons (800 nm [3]). Otherwise, a so-called ballistic transport would 

appear, with phonons spreading through the sample without scattering. The obtained results have been achieved 

with a simplistic assumption that the Grüneisen parameters, group and phase velocity of phonons are constant 

values. These parameters generally depend on the phonon frequencies. 

Different measurements of the coefficient of thermal conductivity of graphene, as well as different 

theoretical investigations, give different results. It is evident that at low temperatures, the coefficient of thermal 

conduction is proportional to T2, and at high temperatures to T-1 which is in line with the general theory of the 

coefficient of thermal conductivity for 2D structures [9–11]. Also, the absolute value of the coefficient of 

thermal conductivity increases when graphene sheet dimensions increase, which is associated with an increase 

in the number of phonon modes that occur in the sample. However, it is obvious that there are several physical 

mechanisms that limit the increase of the coefficient of thermal conductivity with increasing dimensions. One 

such mechanism is the scattering of phonons on defects. Further research should provide the answer about 

other mechanisms. Also, one direction of research is changing the phonon spectra, density of states and group 

velocity of phonons which contribute to graphene thermal conductivity changes. Since experimental research 

of such miniature objects is difficult, numerical modeling should greatly provide information on important 

factors such as, for example, a form of potential interatomic interaction in graphene. 

As for the electronic conductivity of graphene, the cases of operation of different relaxation 

mechanisms have been analyzed. The electronic conductivity decreases with increasing temperature for       T 

> TBG and increases for T < TBG in the event that we take into consideration the effect of all the relaxation 

mechanisms.  

Graphene is the first and significant representative of a new class of materials-two-dimensiona l 

crystals. It reveals a new paradigm – the “relativistic” physics of solid bodies. The uniqueness of its electronic 

properties is evident in the fact that the behavior of charge carriers is described by the Weyl-Dirac equation 

in a similar way as massless fermions rather than by the Schrödinger equation. It represents a serious candidate 

that could replace the silica in microelectronics. Only the first realized prototypes of the future devices based 

on graphene should be mentioned – field-effect transistors and ballistic transport at room temperature,  gas 

sensors with extreme sensitivity, single electron transistor, liquid crystal displays and solar batteries in which 

a graphene is one electrode, spin transistor  [15]. 

 

 



 

 

International Natural Science, Engineering and Materials Technology Conference 

Sep 9-10, 2019, İstanbul / TURKEY 

41 
 

ACKNOWLEDGMENTS  

This research work was partly financed by the Ministry for Scientific and Technological Development, 

Higher Education and Information Society of the Republic of Srpska – B&H (Grants: 19/6-020/961-21/18 and 

19/6-020/961-35/18), by the Provincial Secretariat for Higher Education and Scientific Research of Vojvodina 

(Grant: 142-451-2413/2018-03) and by the Ministry of Education, Science and Technological Development 

of the Serbia (Grants: ON-171039; TR-34019).  

  

REFERENCES 

[1] A.A. Balandin, D.L. Nika, Mater. Today 15/6, 266 (2012). 

[2] J.P. Šetrajčić, S.K. Jaćimovski, V.D. Sajfert, Mod. Phys. Lett. B 29/4, 1550008 (2015). 

[3] A.V. Eletskii, I.M. Iskandarova, A.A. Knizhnik, D.N. Krasikov, Physics-Uspekhi (Advances in Physical 

Sciences) 54/3, 233 (2011). 

[4] S.K. Jaćimovski, V.D. Sajfert, J.P. Šetrajćić, D.I. Raković, Quantum Matter 4, 1–4 (2015). 

[5] S.K. Jaćimovski, M. Bukurov, J.P. Šetrajčić and D.I. Raković, Superlattices and Microstr. 88, 330-337 

(2015). doi:10.1016/j.spmi.2015.09.027. 

[6] A. Alofi, G.P. Srivastava, Phys. Rev. B 87, 115421 (2013). 

[7] V. Adamyan, V. Zavalniuk, J. Phys. Cond. Matt .24, 415401 (2012). 

[8] G.P. Srivastava, The Physics of Phonons, Taylor & Francis, New York 1990, pp.49-54. 

[9] P.G. Klemens, D.F. Pedraza, Carbon 32/4,735 (1994). 

[10] S. Chen, A.L. Moore,W. Cai, J.W. Suk, J. An, C. Mishra, C. Amos. C.W. Magnuson, J. Kang, L. Shi, R.S. 

Ruff, ACS Nano 5, 321 (2011). 

[11] T. Stauber, N.M.R. Peres, F. Guinea, Phys. Rev B 76, 205423 (2007), pp.1-10. 

12 

[12] J. Radovanović, V. Milanović, Physical Electronics of Solid Body, Faculty of Electrical Engineering, 

Belgrade 2010, pp. 135-143 (in Serbian). 

[13] E.H. Hwang, S. Das Sarma, Physical Review B 77, 115449 (2008), pp.1-6. 

[14] S. Das Sarma, S. Adam, E.H. Hwang, E. Rosi, arXiv:1003.4731.v2, 5 Nov (2010). 

[15] S.K. Jaćimovski, V.D. Sajfert, J.P. Šetrajčić and D.I. Raković, Quantum Matter 4/6, 559-564 (2015). 

[16] P. Wick, A.E. Louw-Gaume, M. Kucki, H.F. Krug, K.Kostarelos, B. Fadeel, K.A. Dawson, A. Salvati, E. 

Vazquez, L. Ballerini, M. Tretiach, F. Benfenati, E. Flahaut, L. Gauthier, M. Prato, A. Bianco, Angew. Chem. 

Int. Ed. 53, 7714 (2014). 

  



 

 

International Natural Science, Engineering and Materials Technology Conference 

Sep 9-10, 2019, İstanbul / TURKEY 

42 
 

INVESTIGATION OF A HEATING SYSTEM UNDER ON-OFF CONTROL 

B. Sandal1, Y. Hacioglu 1, N. Yagiz 1 
  

1Department of Mechanical Engineering, Faculty of Engineering, Istanbul University-Cerrahpasa, Istanbul, 

TURKEY 
  

E-mail: bsandal@istanbul.edu.tr 

 
 

Abstract  

 

The primary aim of this research is to study the dynamic behaviour of the on-off controller-controlled HVAC 

system in the heating and humidifying operation under the disturbance effect. Heat loss and humidity variation 

due to natural ventilation caused by the open window to the outdoor air has a disturbing effect on the system. 

The entire system's mathematical model is presented with mathematical models of HVAC system components. 

The model was divided into two sub-loops: temperature loop and humidity loop. Both the flow rates of hot 

water passing through the heating coil and the flow rate of water added by the humidifier into the air were 

controlled by an on-off controller to keep indoor air conditions within acceptable limits. The air temperature 

and relative humidity graphs of the zone were obtained from the simulations of the proposed model under 

winter climate conditions of Istanbul/Turkey. The results demonstrated that the designed on-off controller 

performed well.  

 

Keywords: HVAC, Heating, Dynamic Model, Simulation, Disturbance, On-Off Controller 
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1. INTRODUCTION 

HVAC systems modelling and simulation is extremely important in analysing system behaviour under 

different conditions, estimating energy requirements and efficiency, analysing newly designed circuit 

elements without expensive experiments and determining system preset values. 

Alhashme and Ashgriz [1] placed the temperature gauge at the appropriate target point rather than 

placing it in a conventional location in the air-conditioned zone. They determined the temperature distribution 

in the zone by means of computational fluid dynamics (CFD) and controlled the HVAC system via the on-off 

controller using the temperature values of the target point. With this approach, more than 22% energy saving 

was achieved in simulations performed under different heat loss, air direction and air speed conditions.  

Cetin et al. [2] developed an on-off controller for the EnergyPlus software using a customized EYS (energy 

management system) for use in residential applications. Systems with and without the developed on-off 

controller are simulated in EnergyPlus and the results compared. The developed controller increased the 

accuracy of HVAC energy use results by around 19% and made the control signal more realistic in terms of 

the nature of DX coils. Soudari et al. [3] suggested a controller for HVAC systems to save energy by 

combining usage and weather data with predictive control. Based on the controller's pulse width modulat ion 

approach, the predictive controller switches the HVAC system on or off with optimal decisions. The proposed 

controller is simple and appropriate for residential and small commercial buildings where controller costs are 

crucial. Tyukov et al. [4] developed Supervisory on-off Weather Compensated Control (Sup-WCC) and 

Supervisory Model Predictive Control (Sup-MPC) algorithms to prevent overheating of office buildings and 

shopping malls. They have proposed that by supervisory control approach, energy saving will be achieved by 

depending on the weather conditions and approximate cost of installation. Nägele et al. [5] have divided the 

heating control approaches used in homes under 8 headings and evaluated each one in terms of energy 

consumption and comfort. In this evaluation, it was seen that the control approaches that automatically change 

the temperature setting value are superior to those that change over time. They observed higher energy saving 

and higher thermal comfort compared to the on-off control approach whose temperature set value did not 

change. 

When HVAC system components, zone and weather conditions are combined, highly complex and 

often nonlinear system models are encountered. Thermal, fluid and structural coefficients used in these models 

change over time, especially depending on the temperature. Adding a disturbing effect of varying magnitude 

over time and expecting the control system to provide multiple expected values in the specific limits further 
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exacerbates the difficulty in model building. In this study, a time-varying thermal effect was added to the 

HVAC model working in the heating process and the on-off control method tried to keep the temperature and 

relative humidity in the specific limits. Firstly, the mathematical model based on the physical principles of the 

HVAC system and the zone was introduced, on-off controller was applied to the model, then the obtained 

system model was simulated and the results were discussed.  

 2. MATERIAL AND METHODS  

This section provides a fully dynamic model of a single zone HVAC system. HVAC system 

components; zone, mixing box, recirculating air fan, heating coil, humidifier and air duct. As a disturbing 

effect, there is natural ventilation through a single opening on the wall. The temperature and relative humid ity 

of the zone are controlled by the on-off control approach. Mathematical models of the whole system are given 

in detail. There are some assumptions in this study: the weather conditions are constant, the air in the zone is 

completely mixed, the density of the air is constant and friction losses are ignored. The HVAC system and 

zone used in this study are shown in Figure 1. 

 

 

Figure 1. HVAC System Components and Zone 
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Effects of wall directions, roof, individuals and lights were considered during the modelling of the 

zone. Since it is assumed that the zone air is completely mixed, the temperature distribution within the zone 

is homogeneous. The heat and humidity generated by the individuals in the zone and caused by single sided 

ventilation are considered. Parallel direction walls (East&West and North&South) have the same effect on the 

energy balance of the zone. As shown in Figure 1, the East&West walls are referred to as Wall 1 and the 

North&South walls as Wall 2. The zone model is expressed by four temperatures (Tz, Tw1, Tw2, TR) and a 

humidity variable (Wz). Equation (1) states the rate of change in the energy of the zone. Equations (2) – (4) 

state the rate of change in the energy through walls and roof. Equation (5) state the rate of change in the 

humidity content of the zone. Energy and mass balance equations of the zone are given below [6].  

𝐶𝑧
𝑑𝑇𝑧

𝑑𝑡
= �̇�𝑎  𝜌𝑎  𝑐𝑝,𝑎  (𝑇𝑑,𝑜 − 𝑇𝑍) + 2𝑈𝑤1  𝐴𝑤1 

(𝑇𝑤1 − 𝑇𝑧
) +𝑈𝑅  𝐴𝑅  (𝑇𝑅 − 𝑇𝑧

) + 2 𝑈𝑤2 𝐴𝑤2  (𝑇𝑤2 − 𝑇𝑧
) + 𝑞 + q𝑛𝑣     (1) 

𝐶𝑤1
𝑑𝑇𝑤1

𝑑𝑡
= 𝑈𝑤1 𝐴𝑤1 (𝑇𝑧 − 𝑇𝑤1) + 𝑈𝑤1 𝐴𝑤1  (𝑇𝑜𝑢𝑡 − 𝑇𝑤1)                          (2) 

𝐶𝑤2
𝑑𝑇𝑤2

𝑑𝑡
= 𝑈𝑤2 𝐴𝑤2 (𝑇𝑧 − 𝑇𝑤2) + 𝑈𝑤2 𝐴𝑤2  (𝑇𝑜𝑢𝑡 − 𝑇𝑤2)               (3) 

𝐶𝑅
𝑑𝑇𝑅

𝑑𝑡
= 𝑈𝑅  𝐴𝑅 (𝑇𝑧 − 𝑇𝑅) + 𝑈𝑅  𝐴𝑅 (𝑇𝑜𝑢𝑡 − 𝑇𝑅)                  (4) 

𝑉𝑧
𝑑𝑊𝑧

𝑑𝑡
= �̇�𝑎  (𝑊ℎ,𝑜 − 𝑊𝑧)+

𝑃

𝜌𝑎
+ 𝑑𝑛𝑣           (5) 

Most HVAC systems are operated with mixing air to reduce energy expenses. The return air from the 

zone and the fresh air from the outdoor are mixed to a certain mixing ratio in the mixing box under constant 

and adiabatic conditions. Dampers can be used for adjusting the mixing ratio. The mixing ratio is constant in 

this study. 

�̇�𝑟𝑒𝑡  𝑐𝑝,𝑎 𝑇𝑟𝑒𝑡 + �̇�𝑜𝑢𝑡  𝑐𝑝,𝑎 𝑇𝑜𝑢𝑡 = �̇�𝑚𝑖𝑥  𝑐𝑝,𝑎 𝑇𝑚𝑖𝑥,𝑜                   (6) 

�̇�𝑟𝑒𝑡 + �̇�𝑜𝑢𝑡 = �̇�𝑚𝑖𝑥             (7) 

𝑇𝑚𝑖𝑥,𝑜 =
�̇�𝑟𝑒𝑡  𝑇𝑟𝑒𝑡+�̇�𝑜𝑢𝑡  𝑇𝑜𝑢𝑡

�̇�𝑟𝑒𝑡+�̇�𝑜𝑢𝑡
               (8) 

𝑊𝑚𝑖𝑥 ,𝑜 =
�̇�𝑟𝑒𝑡  𝑊𝑟𝑒𝑡+�̇�𝑜𝑢𝑡  𝑊𝑜𝑢𝑡

�̇�𝑟𝑒𝑡+�̇�𝑜𝑢𝑡
                 (9) 
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The energy required for air flow in the HVAC system is provided by the fan. Usually fans are driven 

by electric motors that lose some heat to their surroundings. If the fan motor is placed in the AHU, it is assumed 

that the heat energy they lose will increase the air temperature by about 1 °C. 

𝑇𝑓𝑎𝑛,𝑜 = 𝑇𝑚𝑖𝑥,𝑜 + 1         (10) 

Heating coils, which are simply water to air heat exchangers, are used to increase air temperature. They 

are created of metals with high thermal conductivity to enhance heat transfer through convection, so the 

thermal resistance can be neglected. Hot water is provided from the boiler to the heating coil at a constant 

temperature and the on-off controller regulates the flow of water through the coil. 

𝐶𝐴𝐻𝑈

𝑑𝑇ℎ𝑐 ,𝑜

𝑑𝑡
= �̇�𝑤 𝜌𝑤 𝑐𝑝,𝑤(𝑇ℎ𝑤,𝑖 − 𝑇ℎ𝑤,𝑜) + 𝑈𝐴𝐴𝐻𝑈(𝑇𝑜𝑢𝑡 − 𝑇ℎ𝑐,𝑜)+ �̇�𝑎  𝜌𝑎  𝑐𝑝,𝑎(𝑇ℎ𝑐,𝑖 − 𝑇ℎ𝑐,𝑜)          (11) 

𝑉𝐴𝐻𝑈

𝑑𝑊ℎ𝑐 ,𝑜

𝑑𝑡
= �̇�𝑎(𝑊ℎ𝑐,𝑖 − 𝑊ℎ𝑐,𝑜)                (12) 

In the humidification process, the amount of water vapour in the air is increased to the desired value. 

Method of dispersing water into the air or method of adding water vapour to the air can be preferred. In our 

study, it was assumed that humidification process did not change the dry bulb temperature of the air.  

𝐶ℎ

𝑑𝑇ℎ,𝑜

𝑑𝑡
= �̇�𝑎  𝜌𝑎  𝑐𝑝,𝑎(𝑇ℎ,𝑖 − 𝑇ℎ,𝑜) + 𝑈𝐴ℎ(𝑇𝑜𝑢𝑡 − 𝑇ℎ,𝑜)                    (13) 

𝑉ℎ

𝑑𝑊ℎ ,𝑜

𝑑𝑡
= �̇�𝑎(𝑊ℎ,𝑖 − 𝑊ℎ,𝑜) +

ℎ

𝜌𝑎
                  (14) 

Clark et al. [7] developed a transient model for duct unit. 

𝑑𝑇𝑑,𝑜

𝑑𝑡
=

(ℎ𝑑,𝑖+ℎ𝑑,𝑜) �̇�𝑎 𝑐𝑝,𝑎

ℎ𝑑,𝑖 𝑚𝑑  𝑐𝑑
(𝑇𝑑,𝑖 − 𝑇𝑑,𝑜)                   (15) 

The relative humidity value is used to describe conditions of thermal comfort. The HVAC system aims 

to maintain the relative humidity within a certain range. In winter conditions, the minimum relative humid ity 

should be 20%-25% and the maximum should be 80%. Relative humidity can be calculated using water vapour 

pressures using the following formulas [8]. 

𝜑 =
𝑝𝑤

𝑝𝑤𝑠
            (16) 

𝑊 =
𝑀𝑤

𝑀𝑑𝑎
= 0.62198

𝑝𝑤

𝑝−𝑝𝑤
            (17) 

𝑝𝑤 =
𝑊 𝑝

0.62198+𝑊
      (18) 

ln 𝑝𝑤𝑠 =
𝐶8

𝑇
+ 𝐶9 + 𝐶10𝑇 + 𝐶11𝑇

2 + 𝐶12𝑇
3 + 𝐶13 ln 𝑇   (19) 

𝑊𝑠 = 0.62198
𝑝𝑤𝑠

𝑝−𝑝𝑤𝑠
       (20) 
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HVAC system is expected to maintain the air conditions of the zone around certain values and this is 

achieved after a period of operation. If the energy and mass balance of the zone changes after the steady state 

is reached, the control system is expected to meet this state. Leaving a window open to the outdoor for a 

certain period of time will create disturbing effect in terms of thermal and humidity due to the outdoor air 

entering the zone. The volumetric flow rate of the air flow caused by natural ventilation and the heat and 

humidity loads caused by this air flow can be calculated by the following equations. In the study, it was 

assumed that the wind speed changes according to a certain frequency [9]. 

�̇�𝑛𝑣 = 0.025 𝐴𝑤𝑑𝑜 𝑉𝑤𝑖𝑛𝑑 𝑓𝑤𝑖𝑛𝑑                  (21) 

q𝑛𝑣 = �̇�𝑛𝑣 𝜌𝑎  𝑐𝑝,𝑎(𝑇𝑜𝑢𝑡 − 𝑇𝑧)                 (22) 

𝑑𝑛𝑣 = �̇�𝑛𝑣 (𝑊𝑜𝑢𝑡 − 𝑊𝑧)            (23) 

On-off control approach, also known as two-position control, is the simplest of feedback control 

approaches because of the two positions where the control response is open or closed. The controllers that use 

this approach are abundant because they are simple and cheap. During the control of the zone temperature in 

heating operation, a switch on signal is sent to the heating coil when the temperature falls below the set point 

called thermostat and a switch off signal is sent above the set point. If the cooling occurs shortly after the 

heater has been switched off, the controller will reactivate the heater quickly to switch on. 

𝑢𝑇 = {
1.8 �̇�𝑤𝜌𝑤          ;       𝑇𝑧𝑟𝑒𝑓 − 𝑇𝑧 > 0

        0                ;       𝑇𝑧𝑟𝑒𝑓 − 𝑇𝑧 < 0
}              (24) 

𝑢ϕ = {
1.12 ℎ             ;       ϕ𝑧𝑟𝑒𝑓 −ϕ𝑧 > 0

     0                  ;       ϕ𝑧𝑟𝑒𝑓 − ϕ𝑧 < 0
}              (25) 

3. RESULTS AND DISCUSSION 

The values of some of the desired, initial and system parameters used in the analysis are as follows:  

 Desired indoor conditions: Tz=22 °C, ϕ=50 % 

 Outdoor conditions: Tout=5 °C, Wout=0.002 kg/kg (dry air) 

 Wind conditions: Vwind=5 km/h, fwind= 0,1 Hz 

 The disturbance effect (opening of window) starts at 100th minute and lasts 1 minute. 

 Volume flow rate of the supply air:  �̇�𝑎 =0.192 m3/s 

 The heat gains in the zone: 2 people each 0.15 kW, 2 lamps and 2 laptops total 1 kW 

 The initial conditions of zone at t=0 are set to Tz (0) =7 °C and Wz (0) =Wout 
 

Figure 2 displays the disturbance effect as the volumetric flow rate of air entering the zone due to 

natural ventilation by opening the window at 100th minute and keeping it open for 1 minute. 
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The temperature of the hot water supplied to the heating coil is constant in both controlled and 

uncontrolled systems analysis. Hot water flow rate was found in the uncontrolled model using the trial and 

error method to bring the zone temperature to the desired level. In the model with controller, on-off controller 

was designed. Initially, all temperatures in the system are 2 °C higher than the outdoor temperature. If the 

zone temperature is observed after the beginning of the heating process, the system without the controller 

reaches the desired temperature too late and the system with the on-off controller reaches within a few minutes. 

Shortly after reaching the steady state, the system is subjected to disturbing effect. During these moments, the 

uncontrolled system noted a sudden decrease in the zone temperature, while the on-off controller regulated 

the hot water mass flow rate and managed to maintain the temperature in the desired band (Figure 3).  

Figure 4 shows the control signal (hot water mass flow rate) for the designed on-off controller. 

 

Figure 2. Volumetric Flow Rate of Naturel Ventilation to the Zone 

Figure 5 presents the zone's relative humidity for controlled and uncontrolled systems. Relative humidity is 

the proportion of humidity in the air to the highest amount of humidity available at that temperature. Hence, 

its value relies on temperature and humidity. In the uncontrolled model, the mass flow rate of the humidity 

added to the air by the humidifier was determined using the trial and error method to bring the zone's 

relative humidity to the desired level. Initially, the humidity value at all points of the system is equal to the 

humidity of the outdoor air. In the uncontrolled model the relative humidity is high at the low zone 

temperatures observed at the start of the process because constant amount of humidity is continuously added 

from the humidifier to the air as soon as the heating process begins. However, it will return to its normal 

value with increasing zone temperature in the following minutes. With the opening of the window, a sudden 
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decrease in relative humidity is observed at 100th minute due to the drier air entering the zone, the value 

only improves with the elimination of the disturbing effect. 

 

Figure 3. Zone Temperature for On-Off Controlled and Uncontrolled Systems  

 

 

Figure 4. Mass Flow Rate of Hot Water Used by the On-Off Controlled System 
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Figure 5. Relative Humidity of Zone for On-Off Controlled and Uncontrolled Systems  

 

Figure 6. Mass Flow Rate of Humidity Added to Air by the On-Off Controlled Humidifier 

 

Figure 6 shows the control signal for the humidifying loop as the water mass flow rate added from the 

humidifier to the air.  
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4. CONCLUSION  

In this study, a HVAC system is modelled with all its components, and the system is subject to short-term 

disturbance effect and the behaviour of humidity and temperature in the zone is examined for uncontro lled 

and on-off controlled cases. When the results are examined, it is noticed that the on-off controlled HVAC 

system worked very well even in the case of disturbing effects. 
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Abstract  

Silicone adhesives are used commonly for sealing and binding of exterior and engine trim parts, which have 

different thermal expansion values, in automotive industry due to their stable chemical structure under low 

and high temperature conditions, resistancy to ultraviolet (UV), moisture, oxygen, ozone and chemicals and 

their high gas permeability. In addition, silicones are very flexible materials even if it is exposed to very low 

temperature (-90°C and -115°C) and very high temperature (~300°C). In this regard, the aim of this study 

was evaluation of adhesion of alkoxy based silicones on mostly used plastic material poly(propylene) (PP) 

parts by bead peel tests at natural condition, after heat ageing and damp heat ageing. Before tests, plasma 

treatment was applied on poly(propylene) parts. Surface energy of untreated PP parts was measured as 28 

dynes/mm. After plasma treatment, this value increased to 36 dynes/mm. Painted metal panels were used in 

order to simulate vehicle body. According to bead peel test results, silicone adhesive separation from PP 

samples was cohesive at natural conditions. After heat ageing, samples were conditioned for 2h and 24h at 

room temperature, silicone adhesive separation was cohesive. However after damp heat ageing test when 

samples were conditioned for 2h at room temperature, its separation was adhesive that silicone adhesive 

separated from sample surface completely there was no adhesive on PP parts. When they were conditioned 

for 24h at room temperature, silicone separation was cohesive and adhesion was evaluated as positive. The 

negativity of silicone separation from PP parts after conditioning 2h at room temperature depends on 

penetration of water into the cured silicone and occlusion of water there. Occlusion of water reduced the 

adhesion between PP and the alkoxy based silicone by playing a lubricant role between the polymer chains 

(plasticizer effect) and caused easily sliding of chains past each other. For damp heat aged samples, after 

24h room temperature conditioning, samples dried and the cohesive characteristics of silicone from PP part 

surface occurred again. However performance was not on the original level. 

Keywords: Alkoxy-based Silicone, Adhesion, Bead Peel, Polypropylene, Surface energy 

mailto:isil.bolova40928@tofas.com.tr
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1. INTRODUCTION 

In automotive industry, materials from metal to composite which have different thermal expansion 

values, are used. According to Plastics Europe, 16% of the total weight of a vehicle (about 115 kilograms) 

consists of plastics. Plastics are used interior (52,5%), exterior (21%), under hood (15%) and ligths and 

electrics (12%)  (Figure 1). In 2020, plastics are expected to increase to 18% of the total vehicle weight, due 

to the increament of plastics usage in vehicle production [1].  

 

Figure 1: Plastic usage in vehicle part [1] 

In Europe, on average 29% of used plastics is poly(propylene) in 2012 (Figure 2) [1]. In the North 

America, poly(propylene) usage in automotive industry is %32 by 2017 (Figure 3) [2].  

Polypropylene (PP) with talc additive is mostly used due to its good heat and electrical resistance, also 

chemical and fatigue resistance, being tough, having low density and higher rigidity. In automotive industry 

PP components are utilized some automotive parts, including heater cases; lamp housings, bumpers, 

instrument panels, rocker panels, interiors trims, interior pillar trims, scuff plates, cowl grills, boot liners, fans 

and shrouds, lighting, electrical housings, splash shields, fender liners, seating components, door trims and 

exterior trim [2, 3]. 
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Figure 2: Plastic types usage in vehicle [1] 

 

 

Figure 3: Plastic types usage in vehicle in North America, 2017 [4]. 

In order to bind plastic-metal; plastic-plastic and metal-metal material combinations, polyurethane, 

silicone, epoxy, modified silane, reactive or non-reactive hotmelts, pressure sensitive adhesives are generally 

applied in addition to screwing, riveting and welding technologies. Especially, silicone adhesives are 

preferable to adhere powertrain parts because of its sealing property and exterior trim plastics, such as 

poly(amide) (PA), poly(methyl methacrylate) (PMMA), poly(carbonate) (PC), poly(propylene) (PP) and 
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acrylonitrile-butadiene-styrene terpolymer (ABS) because of its versatile physical properties and cost 

advantages.  

Silicone adhesives surface energy is very low ca. 21–22 mNm-1; cured silicone surface tension is 24 

mNm-1 [5]. They can bind materials that have different thermal expansion values with its excellent elastomeric 

properties (high movement capability, high elastic recovery (85–98%).  Due to containing high energy Si-O 

bond and organo substituents in polymeric backbone, after curing it is chemically stable and this provides to 

have low creep, good fatigue resistance even if at low temperature, environmental resistance (including but 

not limited to ultraviolet- (UV), moisture-, oxygen- and ozone-resistance), high temperature resistance (up to 

300°C), fire resistant properties, high gas permeability, chemical resistance and effective sealing properties 

[6]. Besides, silicones have low toxicity and electrical properties ranging from high resistivity to high 

conductivity. All of these unique features allow us to use it; outside, under, engine, and inside of the vehicle. 

Its usage will increase with BEVs and become more widespread. 

Silicones can be one component and two components and cured by relative humidity, heat, mixing of 

two components and ultraviolet light to form thermoset material. For one component silicones, curing systems 

and by products based on its functional groups and reaction was initiated by ambient relative humidity and 

cure proceeds from the outside into the interior of the material. During curing, condensation polymeriza t ion 

occurs and alcohols (Alkoxy- cross-linkers (methanol, ethanol etc.); ketoximes (Oxime- cross linkers), 

carboxylic acids (Acetoxysilane- crosslinkers (acetic acid)); amides (Amidosilane –cross linkers); 

hydroxylamines, amines (aminoxy- and aminosilane- cross linkers); and ketones release as by-products [6, 7]. 

Curing time of silicone beads depends on thickness, ambient temperature, relative humidity and functiona l 

groups.  

In this study, adhesion of alkoxy- silicone adhesive was evaluated at room temperature, after ageing 

on polypropylene substrate with and without surface treatment by bead peel test. 

2. MATERIAL AND METHODS  

Poly(propylene) talc filled was used for testing that is commonly applied on exterior of vehic les. 

Stainless steel metal panels were painted with solvent-based paints according to FCA specifications in 

production line and it was used in order to simulate vehicle body. One component, room temperature 

vulcanized and Alkoxy- crosslinker containing silicone adhesive was used. 
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Table 1: Physical Properties of Alkoxy-Based Silicone 

Material Properties  

Elongation at Break (%) 680 

Specific Gravity (g/ml) 1.4 

Application temperature  Room temp. 

Tack free time (min) 2 

Skin time (min) 

Full curing (day) 

15 

7 

 

All tests in this study were performed according to Fiat Chrysler Automobiles specifications. Test 

methods were described in details. 

In order to measure surface energies of polypropylene materials surface energy inks (Arcotest) were 

used.  

200mm x 25 mm dimensions PP samples were prepared according to FCA specifications. Materials’ 

surfaces were cleaned with heptane towels and surface energy were measured and after cleaned samples, 

silicone adhesive was applied on the surface. Samples were conditioned at room temperature and they cured 

after 48h.  

Other PP materials’ surfaces were treated with plasma and adhesive was applied on the PP materia ls 

and they cured. Adhesion was evaluated by bead peel test according to DIN 54457. Bead peel test was 

performed after ageing tests. 

150mm x 70 mm dimensions painted metal panels were prepared according to FCA specifications as 

plastic samples. Panels’ surfaces were cleaned with heptane towels then silicone adhesive was applied on the 

surface. Samples were conditioned at room temperature until full curing occurred (48h).  

Adhesion was evaluated visually by bead peel test. This test measures the fracture behavior of beads 

of elastic adhesive as silicones. It does not acquired the joint strength. In the test, adhesive bead is applied on 
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a material surface and it cures at room temperature (Figure 4). The bead peel test is generally performed 

together with ageing tests. In order to evaluate, changes of fracture patterns, the beads are peeled off the 

surface until fracture occurs. To give a meaningful result, a new starting cut made repeatedly at the contact 

point between the adhesive and substrate. This gives the bead a new opportunity to fracture. The fracture 

patterns can be compared before and after ageing that allows statements to be made about the relevant effects.  

     

Figure 4: Example application of Silicone based adhesive and bead peel test. 

Full cured samples were aged at 90°C in Thermoscientific Heratherm oven for different time interva ls 

in order to investigate time effect. After ageing, samples firstly were conditioned at room temperature for 2h 

and 24h and then bead peel test was done. 

Other cured samples were aged in Leibish damp heat ageing (at 40°C under saturated water vapor) 

cabinet for different time intervals to 500h in order to investigate time effect. After ageing, samples were 

conditioned at room temperature for 2h and 24h and then bead peel test was done. 

3. RESULTS AND DISCUSSION 

Surface energies of polypropylene materials were measured with and without plasma treatment by 

surface energy inks. Without plasma treatment, PP surface tension between 22 and 28 dyne/cm (Figure 5). 

Plasma equipment was established with respect to FCA specifications. After plasma, its surface energy 

increased to 38 dyne/cm. 

 

Figure 5: Surface energy measurement by inks. 
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Silicone adhesive applied poly(propylene) and painted metal panel samples cured after 48h at room 

temperature and they were peeled by cutter. Figure 6 shows, after curing, adhesive separation from PP parts 

was cohesive at natural conditions. Adhesive separation from painted panel also was cohesive (Figure 7) at 

natural conditions. 

 

 

Figure 6: Bead peeled samples at Natural Conditions before ageing tests. 

 

Figure 7: Bead peeled samples at Natural Conditions before ageing tests. 

Generally, heat affects positively in specific temperature values, except pressure sensitive tapes and 

hotmelts. Adhesive was peeled cohesively from plasma treated poly(propylene) surface and painted metal 

panels after even 500h heat ageing (Figure 8 and 9).  

In order to investigate damp heat effect on 162h heat aged PP parts, it was put in to the damp heat 

cabinet for 24h. It was observed that damp heat did not influence adhesion negatively after heat ageing.  

 

After 48h 

Curing at RT

144h Curing at 

RT

168h Curing at 

RT

NATURAL COND. ADHESION CONTROL
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Figure 8: Bead peeled PP samples after heat ageing at different time interval. 

  

 

Figure 9: Bead peeled painted metal samples after heat ageing. 

Adhesion of silicone on PP parts were investigated by peeling after 72h, 96h, 120h and 148h damp 

heat ageing following 2h room temperature conditioning. According to results, silicone adhesive was peeled 

adhesively from plasma treated poly(propylene) parts. Adhesion was negative. However when damp heat aged 

parts were conditioned for 24h at room temperature after ageing, it was observed that adhesion of silicone on 

plasma treated PP was positive and adhesive separation was cohesive (Figure 10). 
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Figure 10: Bead peeled PP samples after damp heat ageing. 

According to evaluation, silicone separation from painted panel was cohesive even after short time as 

2h conditioning at room temperature (Figure 11). 

 

Figure 11: Bead peeled painted metal samples after damp heat ageing. 

 

4. CONCLUSION  

As conclusion, adhesion of alkoxy-based silicone was evaluated on low surface energy 

poly(propylene) with plasma treatment and on painted panel which is simulated vehicle body. 

Adhesion of silicone on PP parts with plasma treatment is positive that in order to use silicone for PP, 

surface energy of PP should be increased.  

Heat has positive effect on silicone adhesion. But it may affect the elasticity of the adhesive. However 

after damp heat ageing, adhesion is negative until drying of parts. Because moisture penetrates through 

polymer chains and has a plasticizer effect on them. After drying, adhesion is positive again. In this study, 
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adhesion strength was not evaluated. This should be investigated to observe moisture effect on adhesion 

strength. 
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Photocopiers and laser printing devices have been used commonly in offices. These devices have emited 

potentially harmful pollutants such as toxic elements, carbon black, volatile organic compounds (VOCs) and 

polycyclic aromatic hydrocarbons (PAHs) which are used in toner as filling materials. Numerous studies have 

shown that both short- and long-term exposures to high concentrations of such as toxic compounds increases 

the health risks in indoor environment. Measurements of chemical pollutants released from printers in 

photocopy centers and office environments have been investigated in various studies. However, it is necessary 

to increase the number of health risk studies related to the risk of exposure to pollutant components in office 

environments where intensive printing and photocopying activities are performed. To this purpose current 

study,  a general evaluation of indoor air quality in an office room with heavy printing activity was 

investigated. Indoor air quality was determined in a controlled staff room in an academic institution to idendify 

VOCs concentration behavior while printing periods of a laser printer operation. Besides, carcinogenic and 

non-carcinogenic health risks arose due to the exposure of  indoor concentration of the VOCs were determined. 

As a result of the higher indoor concentration of the VOCs, a total hazard quotient (HQ) value was 9.9x10-2 

and a total CR higher than 1.3x10-5 were estimated in the study atmosphere.   

Keywords: Printer emissions; health risk assessment;VOCs; indoor air quality 
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INTRODUCTION 

Indoor air quality has become a major public health concern due to the various emission sources of chemica l 

contaminants, such as VOCs, gaseous inorganic contaminants primarily O3 and nitrogen oxides (NOx), and 

particulate matter (PM) from household electronic devices, furniture and several indoor activities [1, 2]. As 

people spend approximately 90% of their time at residents, offices, shopping malls, and similar environments ; 

therefore the indoor air quality may significantly affect human health and concerned as a potential risk factor 

[2 - 4].     

Photocopiers and laser printing devices have become common in homes, schools, offices and various other 

indoor environments. Such devices are known to emit potentially harmful pollutants, more clearly ultra- fine 

particles, increasing concern on toxic effects resulting from both short and long term exposures to such 

pollutants. Several studies have revealed that PM, VOCs, and O3 are released during printing and copying 

operations, that induce significant indoor air quality degradation in offices [5 - 7]. 

In this study, the indoor air of a frequent laser printer used office room in an academic institution was 

inspected. Indoor air concentrations of VOCs were determined. A detailed inhalation health risk assessment 

was performed for office workers the exposure to the VOCs to conclude an integrated risk description. 

 

MATERIALS and METHODS 

Gaseous samples were collected from a test room described in Fig 1. Test room is located on the 2nd floor of 

the Engineering Faculty of Bolu Abant Izzet Baysal University, 10 km away from the city center and 

approximately 10 m high from the ground level. The test room includes a personal computer (PC), main office 

furnitures such as two desks and two seats, a bookshelf and a commercial brand laser printer with a printing 

speed of 30 pages per minute. The room is in regular use by the faculty staff as personnel working room. The 

inner volume of the test room was 60 m3 (5m x 3m x 4m), and average temperature and humidity were 23±4°C 

and 35±6%, respectively while the samples were collected. Each test was performed for 9 hours, to represent 

the worker's daily shift time. 

VOCs were sampled using stainless steel thermal desorption tubes packed with 160 mg of Tenax®TA 60/80 

adsorbent (Perkin Elmer, USA). Tenax tubes were pre-conditioned at 335°C for 60 min under a flow of high-

purity He (20 mL min−1) to eliminate the initial impurities, then stored in sealed polypropylene tubes 

containing active charcoal and silica gel until sampling. Office air was passed through the 90 mm long and 5 

mm internal diameter tubes for a sampling of VOCs for 9 hours with a flow rate of 200 mL min-1. Indoor air 

PM and VOC measurements were carried out at 1.50 m above the office ground, 1 m distance from the printer 
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and at least 1.5 m from the closed window and door. Outdoor air around the building was sampled by the same 

approach to obtain outdoor concentrations, and also indoor to outdoor ratios of the VOCs. Collected samples 

were analyzed by using a thermal desorption-GC-MS system. 

RESULTS and DISCUSSIONS 

Measured indoor concentrations of the VOCs were shown in Table 1. Concentrations of 50 VOCs among 68 

compounds were quantified in office samples. Highest concentrations were measured for namely n-hexane, 

toluene, benzaldehyde, benzothiazole, nonanal, isoprene, limonene, decanal, styrene, m+p-xylene, o-xylene, 

and benzene. One of the significant results of the study was the indoor median concentration of benzene was 

exceeded 5 µg m-3 limit value. The concentrations of these pollutants accounted for about 68.4% of the total 

VOC concentration measured in the office atmosphere. According to the relevant literature, benzaldehyde, 

benzene, ethylbenzene, nonanal, styrene, toluene, 1,1,1-trichloroethane, xylenes, and some inorganic gases 

such ozone and ammonia are the most specific emissions of the photo-imaging equipment [8, 9]. 

Probabilistic estimations of the carcinogenic and/or non-carcinogenic health risks due to the exposure of the 

air pollutants are explanatory tools on revealing the direct and indirect effects of the measured pollution levels 

on human health, and also on estimating the authorities expense budgets on public health cares.  Inhalat ion 

health risk assessment of the employees in the printing office environment within this study was performed 

for VOCs. The perceivable nature of indoor air pollutants those causing an unpleasant working atmosphere, 

even in low concentrations they may be associated with chronic outcomes such as carcinogenic and non-

carcinogenic effects. Hazard quotients and lifetime excess cancer risks indicating the potential chronic health 

effects of inhalation exposure to specific VOCs were evaluated in a controlled printing office environment by 

using USEPA’s risk assessment method [10]. Average HQ and ILCR values with the standard deviations 

calculated for the exposure of the non-carcinogenic and carcinogenic VOCs were presented in Figures 2 and 

3.  
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Table 1. Concentrations of the measured VOCs  

VOC Min-Max  

(µg m-3) 

Median 

(µg m-3) 

VOC Min-Max  

(µg m-3) 

Median   

(µg m-3) 

Isoprene 5.9-20.8 6.70 3-Carene - Nd 

Acrylonitrile 0.0-1.35 0.17 1,3,5-Trimethylbenzene 0.0-0.80 0.11 

n-Hexane 19.9-55.1 26.9 Benzaldehyde 10.1-24.7 10.6 

2-Methylfuran 0.0-0.67 0.28 1,4-Cineole - Nd 

Chloroform 2.06-8.29 3.35 Limonene 4.23-9.05 6.59 

1,1,1-Trichloroethane 0.0-1.18 0.20 m-Cymene - Nd 

Tetrachloromethane 0.0-1.96 1.09 p-Cymene 0.0-0.63 0.25 

Benzene 2.52-14.7 5.02 Ocimene - Nd 

1,2-Dichloroethane 0.0-0.24 0.05 Eucalyptol 0.0-9.04 4.73 

n-Heptane 0.0-0.63 0.30 1,2,3-Trimethylbenzene 0.0-2.78 0.15 

Crotonaldehyde - Nd 4-Methylanisole - Nd 

n-Octane 0.22-0.76 0.31 Gamma-Terp inene - Nd 

Toluene 19.9-52.2 21.2 1,3-Diethylbenzene 0.28-1.36 0.86 

Hexanal 6.33-29.1 5.18 1,4-Diethylbenzene 0.62-1.99 1.45 

Chlorobenzene - Nd Phenol 0.84-9.99 4.17 

Ethylbenzene 2.68-6.23 3.45 1,2-Dichlorobenzene 0.0-5.88 0.88 

m+p-Xylene 3.75-15.27 6.51 Terpinolene - Nd 

o-Xylene 3.08-17.24 8.52 Dihydromyrcenol 0.0-15.4 4.68 

Styrene 5.78-22.99 11.7 1-Octanol 0.0-5.78 3.54 

1-Heptanal 0.0-3.96 1.83 Linalool - Nd 

Alpha Pinene 3.41-7.42 4.15 Alloocimene - Nd 

Isopropylbenzene 0.0-0.93 0.35 Nonanal 0.0-18.8 7.50 

Camphene - Nd Acetophenone 1.04-9.09 2.26 

n-Propylbenzene 0.16-0.58 0.38 Alpha Terpinene 0.0-23.9 2.49 

n-Nonane 0.0-0.35 0.18 L-Fenchone - Nd 

n-Decane - Nd n-Dodecane 0.0-23.5 4.76 

m-Ethyltoluene 0.0-0.48 0.30 (+)-Camphor - Nd 

p-Ethyltoluene 0.10-0.51 0.20 1-Terpinen-4-ol - Nd 

Sabinene 0.0-1.52 0.55 Decanal 0.0-21.3 6.56 

Beta Myrcene 0.0-5.10 1.86 Alpha Terpineol - Nd 

1,2,4-Trimethylbenzene 0.0-0.47 0.11 Naphthalene 0.77-3.14 1.43 

Beta Pinene 0.45-1.11 0.74 n-Tridecane 2.0-16.0 4.08 

o-Ethyltoluene 0.0-0.34 0.11 Benzothiazole 4.57-25.0 8.08 

Alpha Phellandrene - Nd n-Tetradecane 2.79-15.8 4.87 

Nd: Not detected 

HQ was calculated for each compound individually using USEPA’s risk assessment model. It was observed 

that the average values of HQ were in the range of 0.94 (isopropylbenzene) to 4.93 (toluene) for VOCs, 

exceeding the threshold of 1 by a total value of 21.5. Total risk arose from the 5 carcinogenic VOCs in this 

study was 1.41x10-5, indicating a possible cancer risk by the categorizations of cancer risks. 
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Figure 2. HQ values due to VOC exposure 

 

  Figure 3. Calculated CR due to VOC inhalation 

CONCLUSIONS 

Indoor air quality measurements were performed for multiple VOCs in a frequent printer used staff room in 

an academic institution. Indoor concentrations of a wide variety of VOCs were measured to maintain the 

printer-related indoor concentrations. As it is cleared by the findings of the study, both carcinogenic and non-

carcinogenic health risks arose mainly due to the inhalation of VOCs.  
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Polycyclic aromatic hydrocarbons (PAHs) are important organic pollutants which are mainly released 

into atmosphere from anthropogenic sources as a result of incomplete combustion of fossil fuels and biomass. 

PAHs are increasing concern in urban and semi-urban atmosphere because of their toxic, carcinogenic and 

mutagenic effects. On the other hand, health effects of particulate matter mainy depend on the particle size 

distribution. 

Size-segregated atmospheric particulate matter (PM) samples were collected from the Bolu Abant Izzet 

Baysal University campus for 30 days period of both summer and winter seasons. Size-segregated PM samples 

were collected using Sioutas Cascade Impactor (SCI) with 4 stages: >2.5, 2.5-1.0, 1.0-0.5, and 0.5-0.25 µm. 

To determinate PAHs concentrations, filters were sonicated with organic solvents and analysed with a gas 

chromatography coupled with a mass spectrometry (GC-MS) system. The most dominant PAH compounds in 

PM phase were Phe, Flt and Pyr both summer and winter samples. The highest concentrations of PM were 

obtained on the smallest PM size (PM<0.25 µm) both summer and winter seasons. Carcinogenic and non-

carcinogenic health risks were determined for PAH compounds for two seasons. Lung cancer risk by the PAH 

exposure was founded higher in winter period than summer period.  

  

Keywords: Size distribution, PAHs, carcinogenic potential  
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INTRODUCTION 

Particulate matter (PM) is a mixture of many contaminating components. It is very important to determine the 

composition of the particulate matter resulting from various anthropogenic and natural activities. Prior to this, 

even knowing the mass of particulate matter is very important in determining the measures to be taken to 

protect the health of people living in a city. 

PAHs are an important group of organic pollutants due to various sources and frequent occurence in urban 

atmospheres. PAHs are generated by incomplete combustion of organic materials and fossil fuels [1,2]. PAHs 

are semi-volatile organic compounds, so they can present on both gas and particle phases in atmosphere [5]. 

Particle size distribution of PAHs determine their environmental fate and health effects [3, 4].  

Many PAH compounds such as benzo(a)pyrene (BaP) and dibenzo(a,h)anthracene (DahA), have been 

identified as possible (Group 2B) or probable (Group 2A) human carcinogens. Some PAH or PAH derivative 

containing mixtures such as soot particles are considered as human carcinogens (Group 1) [7].  

There have been many published studies in the literature on the health effects PAHs and the resulting cancer 

risk via exposure to PAHs [3, 6, 7]. Calculating the BAP equivalent (BaPeq) toxic  concentrations of individua l 

PAHs by using toxic equivalency factors (TEFs) and assessing the inhalation unit risks  are the most common 

techniques with the chronic daily intake (CDI) approach for estimation of the  health risk of PAHs via 

inhalation [7]. 

 

In this study, size distribution of atmospheric particle-bound PAHs in winter and summer seasons were 

determined at a suburban location of Bolu, Turkey. Seasonal variations and inhalation health risk assessment 

was conducted by using BaP equivalent (BaPeq) concentrations.  

 

MATERIALS and METHODS 

 

Ambient size-segregated samples were collected from a suburban location, Bolu Abant İzzet Baysal 

University (BAİBÜ) Campus, in the winter and summer seasons of 2019. 40 samples each were collected 

between 07 January and 15 February 2019 for winter, and 01 July- 09 August 2019 for the summer sampling 

campaigns. 
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Figure 1. Sampling point 

Size-segregated PM samples were collected using a Sioutas Cascade Impactor (SCI) in combination with a 

Leland Legacy Pump (SKC Inc., Pa, USA) with a 9 L min-1 flowrate. SCI was loaded with 25 mm quartz 

filters for first 4 stages and a back-up filter in 37 mm diameter (QFFs-Pall Life Sciences, USA). PM size 

fractions of >2.5; 2.5-1.0; 1.0-0.5; and 0.5-0.25 µm were collected on 25 mm filters; likewise, PM<0.25 µm was 

gathered on 37 mm filters in the SCI. Quartz filters were burned at 600°C for 4 hours to eliminate initia l 

carbon background, conditioned under controlled temperature and relative humidity (23°C ± 2°C and 30% ± 

5%) and weighed before and after the sampling using a microbalance (Model 360 ES, Precisa Gravimetr ics 

AG., Switzerland) to determine the mass concentration. 

PAH concentration on size-segregated aerosol samples were determined by using a gas chromatography- mass 

spectrometry system (GC-MS: Agilent Technologies). PM samples were sonicated for 60 min in a 20 mL of 

mixture of ¼ dichloromethane/petroleum ether mixture. Sample volumes were decreased by a rotary 

evaporator, and then using a gentle stream of ultra pure N2 gas. Evaporated samples were filtered through a 

column chromatography system for clean up, and then injected to GC-MS in 1 mL of n-hexane.  
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RESULTS and DISCUSSIONS 

Average seasonal concentrations of the size-segregated PM and carbon species presented in Figure 2. Mass 

concentration of coarse PM (PM>2.5) is comparable in both winter and summer samples, whereas fine mode 

PM concentrations decreased significantly in summer period. The main reason of the higher winter PM 

concentrations is suspected to be the increasing emissions from space heating related coal and biomass 

combustion, and also the meteorological conditions such as decreasing atmospheric mixing layer height.  

   

 

Figure 2. Average seasonal size-segregated PM mass concentrations 

 
 

Size distribution of PAHs in winter and summer seasons were presented in Figure 3 and Figure 4. A sharp 

decrease in PAH concentrations were obtained in summer samples. Total concentration of atmospheric PAHs 

as the sum of 18 PAHs on 5 different size modes were 298.6±182.5 ng m-3 in winter and 115.3±72.9 ng m-3 

in summer seasons. Besides the meteorological parameters such as atmospheric mixing layer height and 

ambient temperatures, the main sources of PAHs in urban atmosphere is fuel combustion. Increasing coal and 

biomass combustion especially in winter period for space heating is one of the most important reasons of 

higher concentrations in winter period.  
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Figure 3. Size distribution of PAHs in winter period 

 

 
Figure 4. Size distribution of PAHs in summer period 

 

Health risks occured due to the PAH exposure is estimated by using USEPA’s risk assessment method [7]. 

BaPeq concentrations of the PAHs were estimated by using toxic equivalency factors. Total BaPeq 

concentrations were 65.3 ng m-3 and 25.5 ng m-3 in winter and summer, respectively. Cancer risk due to BaP 

inhalation was 2.8x10-5 in summer, but the risk value was 7.1x10-5 in winter season.  

 

CONCLUSIONS 

 

Size distributions, BaP equavalent concentrations and health risks of atmospheric polycyclic aromatic 

hydrocarbons were evaluated at a suburban location of a small town, Bolu, Turkey. Due to their high 

dependancy on combustion sources, a significant seasonality were observed. Ambient concentrations of PAHs 

were increased more than 3 times in winter period. As a result, cancer risk due to the inhalation of atmospheric 

PAHs were increased in winter period.  
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ABSTRACT 

 
Volatile organic compounds (VOCs) are emitted into the ambient from both anthropogenic (e.g., motor 

vehicles, petrochemical plants, refineries)  natural (e.g., emissions from forests, wildfires) sources. VOCs are 

great concern due to their potential acute and chronic adverse effects to urban health. The concentrations of 

atmospheric VOC concentrations is varied from depending on sources, meteorological conditions and 

photochemical reactions. Ambient VOCs were collected from the Bolu Abant Izzet Baysal University campus 

for 30 days periods of both summer and winter seasons by using stainless steel tubes containing Tenax TA 

sorbent. Analyses of the samples were performed by a Thermal Desorber (Markes, Unity 2) connected to a 

Gas Chromatograph (GC) (Agilent, 6890) - Flame Ionization Detector (FID). In this study, inhalation cancer 

risk values were calculated for benzene by using data from USEPA's Integrated Risk Information System.  

Keywords: VOCs, health risk assesment, seasonal variations  
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INTRODUCTION 

Volatile organic compounds (VOCs) are a widespread group of chemicals that can originate from natural and 

anthropogenic sources [1, 2, 4]. Natural sources include biogenic emissions from plants leaf surfaces and the 

metabolic activities of microorganisms while anthropogenic sources include fossil fuel combustion, traffic 

emissions, solvent use and industrial activities [5, 8, 9]. Some VOCs are suspected of causing cancer and some 

have been shown to cause cancer in humans. The health effects caused by VOCs depend on the concentration 

and length of exposure to the chemicals [3, 6, 7, 10]. 

VOCs are important precursors of secondary air pollutants such as ground level ozone (O 3), peroxyacetyl 

nitrate (PAN) and secondary organic aerosol (SOA) formation [6]. While the indoor air concentrations of 

many VOCs tend to be higher than the outdoor concentrations, due to their acute health effects, there is also 

ongoing interest in understanding their levels, sources and health risks in urban atmosphere. In view of the 

adverse health effects of VOCs on air quality and human health in Bolu atmosphere, this study have been 

aimed to characterize the seasonal ambient concentrations and associated human health risks of inhalation in 

a suburban location, in the winter and summer seasons, 2019.  

MATERIALS and METHODS 

Ambient VOC samples were collected from a suburban location, Bolu Abant İzzet Baysal University (BAİBÜ) 

Campus, in the winter and summer seasons of 2019. 40 samples each were collected between 07 January and 

15 February 2019 for winter, and 01 July- 09 August 2019 for the summer sampling campaigns. Ambient 

VOCs were collected using stainless steel tubes (0.25 mm internal radius and 15 mm diffusion length) 

containing Tenax TA sorbent with 35–60 mesh particle size. Before sampling, the sampling tubes were 

conditioned using Markes TC-20 conditioning instrument by purging with nitrogen at 25 psi at 330 °C for 30 

min. Ambient air was passed through the 90 mm long and 5 mm internal diameter tubes for a sampling of 

VOCs for 24 hours with a flow rate of 200 mL sec-1. 
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Figure 1. Sampling point 

After sampling, all the samplers were stored in a freezer (−18 °C) until they were analyzed. Analyses of the 

samples were performed by a Thermal Desorber (Markes, Unity 2) connected to a Gas Chromatograph (GC) 

(Agilent, 6890) - Flame Ionization Detector (FID). Analytes were thermally desorbed at 270 °C for 5 min, and 

then transferred to the cold trap (maintained at −10 °C), then heated rapidly to 270 °C and introduced to the 

GC. The GC is equipped with Deans' Switch System which allows transfer of sample in two columns having 

different polarities (Alumina Plot (HP-AL/S) (50 m, 0.32 mm i.d., 8 μm film thickness) and DB-1 (50 m, 0.25 

mm i.d., 0,25 μm film thickness)) and connected to two FIDs. 

Risk assessment studies focus on chronic exposure rather than acute exposure to chemicals that may or may 

not cause cancer. Inhalation cancer risk values were determined for benzene using the data from USEPA's 

Integrated Risk Information System. The lifetime cancer risk (LCR) and the hazard ratio (HR) were calculated 

to estimate the carcinogenic and non-carcinogenic influences using following Equations [11]. 
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where UR is the unit risk (m3 μg-1), CA is the VOC concentration, ET is the exposure time (24 h day-1), EF is 

the exposure frequency (350 day year-1, for a resident with 15 day year-1 outside the study area), ED is the 

exposure duration (25 years; average assumed years lived in the study area), LT is life expectancy (75 years), 

EC is the exposure concentration (μg m-3 ) and RfC is the inhalation reference concentration (μg m-3 ) that is 

specific to each VOC compound. 

 

RESULTS and DISCUSSION 

Seasonal average concentrations of the measured VOCs were given in Table 1. In the winter period, toluene, 

1-pentene, benzene, ethylbenzene, isopentane, n-pentene, n-hexane, and xylenes were the most abundant 

VOCs. In the summer season, the highest concentrations were measured for toluene, benzene, n-hexane, 

ethylbenzene and xylenes. Concentration of isoprene, an important biogenic VOC, was significant ly increased 

in the summer period probably due to the emissions from the green plants. Total VOC concentration as the 

sum of the 45 measured compounds were 44.2±14.3 µg m-3 in winter and 51.2±14.3 µg m-3 in summer period.  

Increasing rate of the vaporisation from asphalt surfaces and fugitive emissions from the automobile fuel 

tanks, increasing perpiration of the plant leaves are the main sources of the elevated summer concentrations 

of the VOCs. Hence, an elevated inhalation carcinogenic health risk of benzene was estimated in the summer 

period.  

Hazard ratio (HR) which is an indicator of non-cancer health risks due to the exposure to the non-carcinogenic 

VOCs varied between 0.01 and 0.07 in winter and 0.02 to 0.1 in summer seasons. The values of the HR below 

1.0 is accepted to be tolerable, so that concluded not a non-carcinogenic risk due to the VOC exposure in the 

study area. Cancer risk occured due to the ambient benzene inhalation was 5.1x10 -6 in winter, and 1.1x10-5 in 

summer, and that was exceeding the suggested risk level of 1x10-6 by USEPA means that there was a 

significant risk of lung cancer due to benzene exposure and proper cautions should be taken to obtain safe 

levels. 
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Table 1. Ambient levels of VOCs measured at the sampling points for winter and summer season in µg m-3.  

VOCs Winter season Summer season 

Avg Std dev Min Max Avg Std dev Min Max 
Isopentane 1.04 2.56 0.00 8.63 0.51 0.06 0.06 0.68 

1-Pentene 3.04 4.08 1.17 15.16 2.46 0.33 0.33 3.03 

n-Pentene 1.32 0.57 0.57 2.58 1.23 0.10 0.10 1.51 
Isoprene 0.62 0.21 0.00 0.71 2.47 0.61 0.71 4.50 

Trans-2-Pentene 1.31 0.14 0.14 1.67 0.88 0.01 0.01 0.90 

Cis-2-Pentene 1.07 0.10 0.10 1.22 0.65 0.00 0.00 0.66 

2,2-Dimethylbutane 0.14 0.25 0.00 0.64 0.00 0.00 0.00 0.00 

Cyclohexane 0.14 0.25 0.00 0.76 0.17 0.02 0.02 0.20 
Cyclopentane 1.05 0.12 0.12 1.38 0.87 0.02 0.02 0.91 

2-Methylpentane 0.46 0.23 0.23 1.14 0.37 0.14 0.14 0.56 

3-Methylpentane 0.64 0.17 0.17 1.01 0.54 0.07 0.07 0.64 

n-Hexane 1.98 0.96 0.64 3.51 3.05 2.86 1.66 11.55 

2,3-Dimethylbutane 1.19 0.41 0.00 1.52 1.72 0.08 0.08 1.85 
Methylcyclopentane 0.79 0.08 0.08 0.96 0.48 0.04 0.04 0.53 

2,4-Dimethylpentane 0.80 0.27 0.00 0.95 0.62 0.01 0.01 0.66 

2-Methylhexane 0.26 0.35 0.00 0.81 0.52 0.01 0.01 0.54 

2,3-Dimethylpentane 0.22 0.19 0.00 0.43 0.28 0.00 0.00 0.28 

3-Methylhexane 0.09 0.10 0.00 0.24 0.16 0.01 0.01 0.18 
Benzene 2.50 0.28 0.48 3.43 4.91 1.07 0.57 7.03 

2,2,4-Trimethylpentane 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

n-Heptane 0.80 0.13 0.13 1.13 0.55 0.05 0.05 0.64 

Methylcyclohexane 0.73 0.04 0.04 0.80 0.48 0.01 0.01 0.49 

2,3,4-Trimethylpentane 1.11 0.40 0.00 1.59 0.79 0.04 0.04 0.88 
Toluene 5.55 2.22 1.22 8.50 8.65 2.78 2.08 11.31 

2-Methylheptane 0.79 0.05 0.05 0.93 0.51 0.01 0.01 0.54 

3-Methylheptane 0.99 0.12 0.12 1.27 0.75 0.14 0.14 0.97 

n-Octane 1.01 0.23 0.23 1.65 0.73 0.12 0.12 0.95 

Ethylbenzene 1.45 0.53 0.33 4.49 2.35 0.71 0.81 6.38 
m+p Xylene 1.70 0.55 0.15 5.55 2.29 0.62 0.92 5.46 

Styrene 0.59 0.16 0.16 0.97 2.38 0.74 0.84 4.39 

o-Xylene 1.90 0.56 0.29 3.32 2.29 0.62 0.82 5.35 

n-Nonane 0.88 0.52 0.31 2.37 0.81 0.31 0.31 1.35 

Isoprophylbenzene 0.28 0.01 0.01 0.30 0.17 0.01 0.01 0.18 
n-Prophylbenzene 0.52 0.33 0.33 1.49 0.38 0.08 0.08 0.53 

o-Ethyltoluene 0.57 0.17 0.17 0.99 0.42 0.04 0.04 0.48 

p-Ethyltoluene 0.30 0.14 0.14 0.70 0.21 0.05 0.05 0.29 

1,3,5-Trimethylbenzene 0.75 0.41 0.35 1.83 0.98 0.31 0.31 1.81 

1,2,3-Trimethylbenzene 0.40 0.43 0.14 1.65 0.33 0.27 0.13 0.95 
1,2,4-Trimethylbenzene 0.37 0.08 0.08 0.54 0.28 0.03 0.03 0.33 

n-Decane 1.98 1.28 0.45 4.19 0.73 0.44 0.26 1.49 

m-Ethyltoluene 1.93 0.72 0.72 3.61 1.34 0.53 0.53 2.17 

m-Diethylbenzene 0.66 0.69 0.03 2.24 2.40 1.93 0.15 4.86 

p-Diethylbenzene 0.46 0.10 0.10 0.74 0.31 0.05 0.05 0.41 
n-Undecane 0.31 0.56 0.00 1.82 0.42 0.24 0.00 0.84 

n-Dodecane 0.87 0.72 0.00 2.15 1.13 0.59 0.39 2.37 

 

CONCLUSIONS 

Ambient concentration levels of the VOCs in a suburban location of Bolu were monitored for 30 days periods 

in summer and winter, 2019. Elevated concentrations were observed in summer period due to the increased 

temperature. BTEX group compounds of benzene, toluene, ethylbenzene and xylenes were the most abundant 

compounds. Carcinogenic risks were doubled in summer period due to increasing ambient benzene 
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concentrations. Estimated risk levels were above the tolerable level of 1x10-6 suggested by the USEPA both 

in winter and summer seasons.  
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ABSTRACT 

It is well known that carbonaceous aerosol comprises a major fraction of atmospheric PM. Organic 

components constitute a significant percentage of atmospheric fine mode aerosol, as much as 50% or above 

by mass. This organic components of PM have been subjected to comprehensive research in recent years, due 

to their crucial impacts on many environmental aspects including the climate change, visibility reduction, 

source apportionment and also adverse human health effects. 

Size-segregated PM samples were collected from a sub-urban location of Bolu in winter and summer periods 

of 2019 and OC/EC concentrations were determined. Percent OC and EC both increased by the decreasing 

PM size indicating that the anthropogenic emissions are the main sources of organic aerosol in ambient air 

together with the secondary organic aerosol formation. Contribution of the secondary organic aerosol to total 

PM mass was evaluated by using EC-Tracer approach. More than 50% of the fine and quasi-ultrafine mode 

aerosol were estimated to be secondary. 

Keywords: OC, EC, secondary organic aerosol, size-segregated PM 
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INTRODUCTION 

Atmospheric aerosol is a complex mixture of solid and liquid particles suspended in the atmosphere. The main 

parameters determining the aerosol effects are particle sizes and chemical properties, which depend on source 

emissions and following transformations/reactions in atmosphere [1, 3, 5]. 

Carbon is one of the most abundant elements in atmospheric particulate matter (PM), which contains a 

complex mixture of organic carbon (OC) and elemental carbon (EC). Carbonaceous aerosols could have large 

health impacts and play a significant role in visibility and climate change through direct and indirect radiative 

forcing [10]. The two carbonaceous aerosol types are elemental carbon (EC), which is known to be an 

important contributor to radiative heating of the atmosphere, and organic carbon (OC), which is emitted along 

with EC, scatters radiation and has a cooling effect on the atmosphere [11].  

The health effects of PM are closely related to chemical composition, size distribution and atmospheric 

concentrations. Identification of the size distribution and chemical composition of PM especially 

carbonaceous fraction is important to understand many atmospheric events such as secondary particle 

formation [1, 2, 4, 6]. Atmospheric carbonaceous aerosols have been sampled mostly using bulk samplers, 

which usually have an upper cutoff size point of 2.5 or 10 μm [10]. Information provided by these samplers is 

not sufficient when investigating the influence of carbonaceous aerosols on climate, visibility and human 

health since these influences depend strongly on the distribution of carbonaceous matter over the particle size.  

MATERIALS and METHODS 

Ambient size-segregated samples were collected from a suburban location, Bolu Abant İzzet Baysal 

University (BAİBÜ) Campus, in the winter and summer seasons of 2019. 40 samples each were collected 

between 07 January and 15 February 2019 for winter, and 01 July- 09 August 2019 for the summer sampling 

campaigns. 
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Figure 1. Sampling point 

Size-segregated PM samples were collected using a Sioutas Cascade Impactor (SCI) in combination with a 

Leland Legacy Pump (SKC Inc., Pa, USA) with a 9 L min-1 flowrate. SCI was loaded with 25 mm quartz 

filters for first 4 stages and a back-up filter in 37 mm diameter (QFFs-Pall Life Sciences, USA). PM size 

fractions of >2.5; 2.5-1.0; 1.0-0.5; and 0.5-0.25 µm were collected on 25 mm filters; likewise, PM<0.25 µm was 

gathered on 37 mm filters in the SCI. Quartz filters were burned at 600°C for 4 hours to eliminate initia l 

carbon background, conditioned under controlled temperature and relative humidity (23°C ± 2°C and 30% ± 

5%) and weighed before and after the sampling using a microbalance (Model 360 ES, Precisa Gravimetr ics 

AG., Switzerland) to determine the mass concentration. 

Following the gravimetric analysis, a rectangular part (with the area of 1 cm x 1.5 cm) of each QFF was 

analyzed for OC, EC and TC (OC+EC) by applying the NIOSH-5040 protocol based on Thermal Optical 

Transmittance (TOT) method [12] using a laboratory type OC/EC analyzer (Sunset Laboratory Inc., USA). 

RESULTS and DISCUSSIONS 

Average seasonal concentrations of the size-segregated PM and carbon species presented in Figure 2 and 

Table 1. Mass concentration of coarse PM (PM>2.5) is comparable in both winter and summer samples, 

whereas fine mode PM concentrations decreased significantly in summer period. The main reason of the 
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higher winter PM concentrations is suspected to be the increasing emissions from space heating related coal 

and biomass combustion, and also the meteorological conditions such as decreasing atmospheric mixing layer 

height. 

   

 

Figure 2. Average seasonal size-segregated PM mass concentrations 

 

Table 1 shows the seasonal average EC and OC concentrations, and average percent contributions of the 

measured species to PM mass. The concentrations of EC in PM varied from 0.7 to 3.1 µgC m-3; approximate ly 

15.2% of PM mass in winter and 4.9% in summer. The mass of total OC varied from 2.3 to 12.3 µgC m-3 

(approximately 63% of fine PM mass in winter and 58% in summer). Total carbonaceous aerosols (TCA) 

accounted for ~55% of fine mode aerosols, annually. TCA was calculated as the sum of total organic matter 

(OM) and EC concentrations (TCA=OM+EC). The OM concentration was estimated by multiplying the OC 

concentration with a conversion factor of 1.6.  
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Table 1. Seasonal size-segregated OC and EC concentrations and secondary OC 

  PM>2.5 PM2.5-1.0 PM1.0-0.5 PM0.5-0.25 PM<0.25 

Winter 

OC 2.4±0.2 3.2±0.3 5.0±1.1 6.9±0.8 12.3±4.0 

EC 1.9±0.3 1.8±0.4 1.5±0.7 2.1±0.9 3.1±0.9 

OC/EC 1.3 1.8 1.5 2.1 3.1 

OCsec 1.1±0.8 1.4±0.3 1.9±1.1 2.1±1.3 2.6±1.2 

Summer 

OC 2.3±0.5 3.2±0.8 5.8±1.3 6.3±0.9 8.9±1.8 

EC 0.7±0.3 0.7±0.4 0.8±0.3 0.7±0.4 0.8±0.3 

OC/EC 3.3 4.6 7.3 9.0 11.1 

OCsec 1.2±0.6 1.8±0.8 3.6±1.2 4.1±1.1 6.3±1.5 

 

Contribution of OCsec to OCtotal was calculated using EC tracer approach for the atmospheric PM samples both 

for summer and winter seasons. This approach uses EC as a tracer for the primary combustion sources, and 

fort hat, there should be a certain ratio at the combustion sources between OC and EC. This minimum ratio 

can be obtained by the measurements of no secondary OC is formed. The ratios exceeding the minimum ratio, 

the contribution to the OC is accepted as secondary [7-9]. 

Secondary OC was increased especially on smaller particles as a result of condensation and nucleation events 

on atmosphere. The contribution of secondary carbon to the total OC was significant especially in summer 

samples. Approximately 70% of PM<0.25µm particles, whereas the contribution of secondary in this size 

range was 25% in winter period.  

CONCLUSIONS 

By this study; OC and EC concentrations of size segregated PM samples were evaluated in a suburban location 

of a small city, Turkey. Higher concentrations of fine PM was measured with respect to many developed 

countries in the sampling point, as well as higher concentrations of OC and EC were observed. Ambient PM2.5 

concentrations were exceed the EU limit values in 90% of the samples. Contribution of the secondary organic 

constituents to measured PM mass was estimated by an indirect (EC Tracer) approach to the evaluated data.  
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It has become challenging to counteract against security threats recently. Therefore, the moderniza t ion 
planning in defense area and the procurement of necessary assets has become cumbersome since the way to 

handle these issues differs from planner to planner. The globalization, the developments in technology, never 
ending conflicts and problems are strongly related to the selection of the technology. The involvement of 
terrorist organization to the conflicts has forced the government bodies to change their approaches towards 

modernization. On the other hand, the convergence of civil and military technology has come close to each 
other. Therefore, it is a mutual benefit to use civil and military technology in a mixed way which is beneficia l 

for the use of resources efficiently. Conflicts and wars experienced so far has demonstrated the importance of 
the technology for the result achieved at the end. In parallel to new technologies, it is certain that the strategy 
and tactics are also changing every day. Therefore, it is strictly necessary for the planners and capability 

developers to consider the developments very carefully in a systematic manner. This approach is not only 
confined to the development of military technology, but it also covers new and mixed type of threats, social 

changes etc. due to the developments in technology. To predict the emerging technologies and at the same 
time, understanding the threats are very helpful to technology developers.  If defense and security planning 
experts fail to plan the necessary defense and security requirements and the associated supporting technology, 

it is a high probability that the defense against these new threats will not be enough. The main reason for USA 
to fall behind Russia in space program 1950’s   is stated to be the lack of predicting the future technology. In 

this study, a detailed survey of technology analysis conducted by several agencies has been reviewed and a 
technology way ahead is proposed for capability managers. We studied intensively several open source 
detailed reports on emerging technologies including NATO Science and Technology Organization and USA 

DARPA (Defense Advanced Research Advanced Program Agency). In our study, all these technologies has 
been categorized and a Technology Road Map for the next 20-years together with some considerations has 

been developed by utilizing well known scenarios. The aim of the study is to bring academician, industry and 
defense people to come together and develop technology capability for civil and defense sector. Thus, the 
study we believe will inform a guideline to all technology developers, and facilitate the technology 

investments planning. Finally, we propose 20 emerging technologies as a game changer.  
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1. INTRODUCTION 

Throughout history, Science and Technology has been the driving force of progress and development 

in the world and has been seen as one of the most important factors affecting the destiny of countries. Although 

it is impossible to accurately predict the future, it is considered that which areas of development and progress 

in science and technology will be experienced and that the future clues of these developments will be examined 

and draw conclusions, and that it will play an important role in establishing and developing a sustainable and 

competitive defense technology base. 

Today, innovation-based technological advances continue to become increasingly complex, especially 

in conjunction with Industry 4.0 and Digital Transformation leverages. In recent years, it has become very 

different to take measures against the global threats posed by technological developments and to develop talent 

and technology acquisition in every field of industry. The globalization of the world, technologica l 

developments, continuity of conflict and problem areas are very closely related to the choice of technology to 

be used. Convergence of industrial developments and technologies in the field of defense and security and 

taking advantage of each other's results have become a necessity in terms of cost efficiency and efficient use 

of scarce resources. 

In this study, the new trends in science and technology of the strong organizations in the field of global 

technology evaluation and the activities of the two important institutions in the field of defense / security were 

analyzed by combining them in a single reference document and thus, it was aimed to reach two main 

objectives. One objective is to inform strategic technology leaders about future science and technology trends 

likely to impact business / everyday life and shape defense capabilities. The other objective is to contribute to 

the strategic studies related to science and technology investments that should be made in order to make 

technology-based superiority sustainable in the future activities of our national R & D system. 

Within the scope of this study, the technology forecasts published by two leading companies in the 

sector (Frost & Sullivan, Deloitte) in 2018 regarding science and technology trends were analyzed by 

considering the country's capabilities. In addition, the defense-focused technology prediction report, which is 

expected to affect the next 20 years by the NATO Science and Technology Organization (STO), and the 

reports prepared by the Defense Advanced Research Program Agency (DARPA), which conducts research 

and development activities of the United States, are particularly examined. 
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2. MATERIAL AND METHODS  

In order to synthesize the emerging technology trends, the data about 68 disruptive potentials project 

of the DARPA [1] with 300 technologies and identified in the above sources were evaluated together. It is 

possible to undergo quantitative analysis (Latent Semantic Analysis-LSA) and perform clustering once again 

(as done by the US Deputy Secretary of Land Forces Research and Technology). However, it is considered 

that this effort will not create added value in practice, and that the actual content of the science and technology 

trends (regardless of which group they belong to) should be examined qualitatively [2]. 

As it is known, there are some limitations of the studies for clustering. For example, the LSA cannot 

process multiple meaning words. Similarly, it has limited ability to combine synonyms and identify the deep 

structure based on contextual clues. Therefore, in the last step of the research, field experts' convictions are 

still necessary to ensure that these clusters make sense. 

Therefore, in order to combine quantitative (LSA) and qualitative studies, and to reflect the emerging 

trends while supporting them with an objective analysis, in our study, in the light of the common values in the 

reports based on science and technology "mega trends" synthesized by DASA R&T; 20 Common Technology 

Trends identified with the potential to shape the future defense and security environment and the future work 

environment. 

The basic approach used to predict global technology is based on a methodology including four steps. 

Step 1 includes to investigate around 300 technology by scanning the technology pool. The second step is to 

formulate priorities as IP activity, funding, market potential, megatrend impact, sectors of economic impact, 

technology disruptiveness.  Step 3 is the evaluation phase in which Intensity of Impact, Period of Impact and 

Index of Disruption is utilized. The last step is the selection of Top Technologies by applying the Innovation 

Index Score [3].  

3. RESULTS AND DISCUSSION 

In order to understand the change and transformation of science and technology on a global scale, the 

research results of 4 important organizations which are Frost and Sullivan, Deloitte, NATO, DARPA are 

analyzed.  

The review of the forecast study of Frost Sullivan [4], it can be stated that Science Fiction Becomes a 

Reality which implies that the Fiction part is getting disappeared. The Technology and Government relations 

becomes close as the influence of new technologies increases, the tax and similar legal sanctions of the state 
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elements increase. The Wide Spread of Technology to the Industry since the speed of technology changes 

spread across industries is increasing. The technology has become consumer driven technology since the most 

important common feature of new technologies is that they are customer oriented. The growth rate of the 

growing new technology is also increasing which is termed as “Big Tech Gets Bigger”. 

DELOITTE study [5] can be summarized to have three main results. The first one is the so called 

“Symphonic Enterprise” which is the thought of strategy and technology working together. The second one is 

the necessity of reengineering the technology When 2017's trend technologies are critical for IT only, trend 

technologies are cutting all the industries now. The third point is that of “Digitalization Reshape Everything 

“since Digitalization re-shapes everythıng using new products and technologies for innovation. 

NATO's technology trends report [6] indicates mainly eight points. Every projection is supported by a 

Time Schedule which is a unique approach as compared the other organizations’ study. The time schedule is 

defined as close term, medium term and long term effects. The digital transformation is considered to be 

inevitable and IT is believed not only in engineering departments, but everywhere. Layered Production is 

considered as an appropriate name to describe the technologies that build 3D objects by adding layer-upon-

layer of material, whether the material is plastic, metal, concrete or one day human tissue. NATO thinks that, 

AI (Artificial Intelligence), is the only technology to sustain its impact in 20 years and beyond. Autonomous 

technology is found to be a class of technology that can respond to real world conditions without help. In 

addition to these Technologies Advanced Materials, Wearable Technologies and Robotic Technologies 

(Soldier Systems) and Electromagnetic Superiority and Supersonic Vehicles technologies are considered to 

be very important to shape the future of NATO.  

As a national research organization of the USA, DARPA [7] is developing technology by establishing 

Technology Offices for persistent and sustainable technology management, Research Projects conducted by 

DARPA utilized all government laboratory and testing facilities. The importance of technology emphasized 

by DARPA is the so called “Seeds of Surprise” establishments which are the theoretical studies as Quantum 

physics, deep mathematic, new chemical processes, and new materials, “Counterterrorism” Technology 

Research, “Biology” Technology Research such as Nerve systems, epidemic disease, and synthetic biology. 

No effort is spend on Energy and Automotive by DARPA.  

In June 2017, the US Accountability Office (GAO) issued a research report [8] to improve and better 

manage the US Department of Defense (DOD) technology and R & D investments. The report includes eight 

major and leading technology companies (Amazon, Dow Chemical, Honeywell, General Motors, IBM, 
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Qualcomm, Siemens, and AG Valvoline) to manage, prioritize and evaluate technology portfolios and identify 

the practices they use.  

In order to organize the technology development activities of the technology companies in the scope 

of the study, a disciplined approach has been demonstrated by grouping their activities in two areas as gradual 

(incremental) and game changer (disruptive). Research in an Incremental Approach involves Integration of 

Low Risk projects outcome into short term products. Disruptive Research with High Risk potential may have 

major outcomes in the long run. Therefore, it is necessary to manage incremental and disruptive R & D projects 

and technology development activities with different planning and implementation methods. On the other 

hand, the definition and evaluation of technology projects as incremental and disruptive projects should be 

carried out separately.   

Today, the development, growth, maturation of technologies with weak signals takes time [9]. 

Therefore, it constitutes a potentially early window of opportunity. In the final analysis, the ability to learn 

and act faster than our potential competitors will be our main competitive advantage in the future. 

When approximately 300 technologies were analyzed in accordance with the methodology, 20 global 

technology recommendations were obtained. The Global Top Technologies are determined to be Collaborative 

Industrial Robots, Computer Integrated Manufacturing, Metal 3D Printing, Nano 3D Printing (producing 

miniaturized parts), Robotic Exoskeletons (bionic mechanical suits), Corrosion Mitigation, High-strength 

Lightweight Materials (reinforcing graphene and carbon fiber materials), Self-healing Materials, Smart Glass, 

Battery Energy Management (High Capacity Batteries), Distributed Energy Generation (energy storage and 

solar panel combination), 5G, Artificial Intelligence, Natural Language Interaction, Small Data, Holographic 

Display, Next Gen Data Storage, Wearables, Advanced Driver Assistance Systems (ADAS), Biosensors.  

In the light of the information obtained from Frost and Sullivan, Deloitte, NATO and DARPA 

technology projections, considering the data of TUBITAK [10], SSB, STM Think Tech [11], Ministry of 

Industry, it is considered that the following 10 technologies will constitute a list of opportunities for our 

country. These are Intelligent Production, Artificial ıntelligence and Robotic, Big Data Analytics, Internet of 

Things, Enhanced Virtual Reality, Block Chain, Sensor Technologies, Nano and Bio Technologies, Intelligent 

Cities and Cyber security. 
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4. CONCLUSION  

Throughout history, Science and Technology has been the driving force of progress and development 

in the world and has been seen as one of the most important factors affecting the destiny of countries. Although 

it is impossible to accurately predict the future, it is considered that which areas of development and progress 

in science and technology will be experienced and that the future clues of these developments will be examined 

and draw conclusions, and that it will play an important role in establishing and developing a sustainable and 

competitive defense technology base. 

With this study, it has been tried to bring together the multi- faceted researches coming from academic, 

industrial and defense institutions and as a result contributing to the technological competencies and 

technological capabilities that will gain competitiveness both in civil and defense fields. Thus, it was aimed 

to provide reference information to all stakeholders in the field of science and technology, to inform strategic 

technology leaders, and to contribute to strategic studies related to the investments in science and technology.  

It is believed that disruptive technology trends need to be taken into account in order to be ready for 

surprises at sectoral and country level and to have technologies that will surprise competitors if possible. It is 

considered that taking into account the analysis of global technology trends in the preparation of strategic 

plans, technology roadmaps and strategic technology programs is of utmost importance in terms of effective 

R & D and project investments [12]. 

As a result, when the technology predictions of the big organizations in the global and national sense 

are analyzed considering the industrial capacity of our country and the level of original technology levels, a 

very non-magical formula is obtained. 

A three-component formula can be proposed to ensure that investment plans are aligned correctly with 

Technology Management principles and strategies. It is strongly believed the technology investment should 

include whether the technology is electrified, connected and autonomous (ECA).  
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Abstract  

Energy has become an indispensable position into the development goals of today's countries. The need for 

energy is increasing in parallel with the development of the age and technology. To meet the energy demand; 

the use of alternative energy sources (AES) such as wind, solar, geothermal, hydroelectric, biomass, wave 

power, solar cell that support the conventional energy methods such as coal, oil, natural gas and nuclear is 

becoming widespread. To respond the increasing energy demand of the countries, various sources should work 

in the energy production and distribution systems coordinately. In such a system, energy management systems 

are planned in accordance with the determined policies. Following this planning, appropriate operational real 

time working strategies were carried out. As is known, the electrical energy production conditions of some 

plants may vary depending on atmospheric conditions. Energy storage systems (ESS) are used to elimina te 

the instability and the distrust that may occur in electricity generation facilities. Since energy constitutes the 

basic input of all industrial sectors, a small improvement in this direction will affect all industrial sectors with 

the butterfly effect and the parties will gain huge profits. Therefore, there is a need for optimiza t ion 

applications and functional algorithms on ESSs to increase the stability, reliability, sustainability and demand 

responsiveness of energy. ESSs reduce the domino effect of grid failures because they convert interconnected 

grid into a decentralized form. In this study, the solar energy data obtained through PVGIS (Photovolta ic 

Geopraphical Information System), GSA (Global Solar Atlas) and PVSYST programs are adapted to the 

operational strategic working algorithm which is created in Matlab program. The most suitable output data 

are obtained according to the changing situations with the support of the battery energy storage system. The 

established system that is aim to benefit the user, was interpreted in the presence of BESS and in the absence 

of BESS. 

 

Keywords: Battery, battery energy storage system, solar energy, grid 
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1. INTRODUCTION 

Energy demand in the world is increasing day by day. Therefore, to be able to meet the energy demand, 

interconnected grid distribution networks should be expanded and supported. The power generation of power 

plants that can operate in the interconnected grid network should be low cost, the source of energy generation 

should be reliable, stable and sustainable. Efficient production times of the solar power plant (SPP) should be 

determined in the power transmission network and the energy flow should be monitored in a controlled 

manner. Energy control and management systems are needed to control the EDSs and to meet the energy 

demand of the user continuously [1]. When efforts are made to overcome these challenges and availab le 

products emerge, the countries' energy reliability ratio will increase and the dependencies of nations to foreign 

nations will be reduced. However, the problems such as the establishment and operation costs of the alternative 

energy generation systems are higher than the energy capacities, the risk levels formed by the weather 

conditions which cannot be known clearly, and the choice of the suitable facility location cause many 

uncertainties. These uncertainties lead to inefficient use of the resources of the countries and cause ineffic ient 

spending of national wealth and create significant burdens on the economies of countries. The ineffic ient 

resources also affect the socio-economic structure of countries. Electrical energy obtained from AES changes 

continuously in minute, hourly, daily, weekly, monthly and yearly periods. The change in production causes 

instability; on the other hand, it does not exactly coincide with the demand for energy that has become a certain 

shape. In order to provide the amount of energy that users need, ESSs are a key [2]. ESS that is a flexible and 

adjustable power supply,  provides new ideas for dealing with intermittent power integration [3]. Finding the 

right operational strategy to minimize the economic return time of an ESS is a very noteworthy area of research 

for many possible benefits. These strategies usually depend on future demand, production and price estimates 

[4]. In this study; with the programmatic simulation model developed in Matlab program, the most convenient 

and economic working strategy for the variable production and consumption situations of the designed system 

was determined and the results obtained were interpreted. Although the study data could be analyzed in minute 

and yearly periods, weekly data were used in this study. 

2. USE OF BATTERY ENERGYS STORAGE SYSTEM (BESS) IN ELECTRICAL SYSTEMS 

The balance between the interconnected grid system and the continuously changing energy demand-supply 

side should be created [5]. ESSs are the key system to be used to create this balance. ESSs use part of the 

power that they can store to meet their own needs. The fact that the ESS plant is not a clear electricity generator 
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or storage which is one of the significiant considerations. Therefore, diversified uses of ESSs in Figure -1 

should be determined clearly [6-7]. 

 

 
 

 
 
 

 
 

 
 
 

 
 

 
 

Figure-1: Usage areas of ESSs 

 

There are many factors affecting the balance of power quality and stability in the interconnected electricity 

grid. Frequency and voltage are among the most critical of these factors [8]. The frequency value must be kept 

constant at certain intervals in order for a system to operate in a stable manner. The most considerable step in 

achieving this stability is the balance of power. The power balance is provided if the total production to which 

the losses are included is equal to the amount of consumption demanded by the user. If the amount of energy 

supply which is produced by the electric power generation plants which accepts a nominal frequency of 50 

Hz, is more than the amount of energy demand of the consumer, the frequency value is higher than 50 Hz. If 

the energy demand is more than the energy supply, the nominal frequency drops to less than 50 Hz. When the 

downward or upward deviation from the nominal value appears in interconnected grid frequency, electricity 

production and consumption should be changed to solve this problem [9]. A BESS which can perform both 

functions, can serve as frequency holding units in the national electricity grid for the solution of network 

problems. The sudden voltage changes occurring in the grids can damage the electrical appliances used in the 

consumer side. It is noteworhy to check the voltage at the desired nominal range to prevent this damage. 

Generators, uninterruptible power supplies (UPS), power electronic equipment, transformers, compensation 

systems and BESSs can be used as voltage support control components in the reduction of the voltage drop 

effect. A clean voltage can be obtained at the output by eliminating changes in the defined voltage fluctua t ion 

tolerance range, thanks to DC/DC and AC/DC/AC converters in BESSs. A secure system forms the basis of 

a secure capacity in grids. 
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3. THE FORMING REAL TIME OPERATION ALGORITHM AND POSSIBLE STRATEGIC 

OPERATIONAL BEHAVIORS 

Sustainability is one of the major features affecting the innovative value of world technologies. To ensure 

sustainability, the energy considered as the first input should be planned in an optimal way and then it should 

be able to be used at an adequate level. When the developments in the literature are examined; there are two 

substantial parameters of research and development studies; cycle life and investment cost [10-11]. In the area 

of investment cost, improvement works on the electricity market are frequently encountered for the balancing 

of electricity prices in time of different energy demand and for economic benefit [3]. In literature, it is also 

possible to encounter game theory load balancing models established to reduce the cost of electricity 

production and usage [12-13]. The implementation of load balancing procedures by using simulation models  

for many housing users is among the study topics in the literature [14-15]. Among the applications, 

improvement studies are carried out to determine the capacity and characteristics of the most suitable BESS 

for an existing electrical energy production facility [16]. The temporal changes in the production and 

consumption profile of electrical energy indicate the necessity of ESSs. As shown in Figure 2, the curve shown 

by the black line on the left shows the load [17]. As can be seen from the graph in the figure; energy demand, 

which has started to increase in the morning, reaches peak values in the evening hours. To meet the maximum 

demand, energy production plants increase the existing production capacity. On average, energy demand 

declines gradually after 20:00 pm. Decrease in supply, which does not overlap with demand, wasted in the 

form of an energy that cannot be used and can be classified as financial loss. This wasted amount of energy 

causes the production system not to be used efficiently [18-19]. When the production facilities provide energy 

output above the demand value during the low demand times, the excess energy produced can be stored by 

using BESS units. ESSs ensure the conservation of the stored electricity by putting them into use when there  

is insufficient electricity generation [20]. During the coordination of SPP and BESSs in the national 

interconnected grid, the realism parameter plays a role in the industrial applications. It is aimed to provide 

energy production-consumption balance in grids and to meet the demand of user electrical load [21]. In the 

system given in Figure-3, BESS plays a demand balancing role. BESS acts in such a way as to avoid 

overloading the national electricity grid network and to eliminate the lack of energy supply if the customer 

energy demand is not met by the SPP. This behavior of BESS supports supply stability and increases system 

reliability. Due to the fact that the electricity generation facilities are different from each other, system 

efficiency and availability in grid changes. Therefore, studies should be based on real-time algorithms and 

operational operational strategies. In this study; to meet the energy demand of an apartment with a daily 
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average energy demand of 65 kWh, solar energy generation data obtained from PVGIS program of 38.53 °N 

and 35.22 °E coordinates are accepted as PRPV [22]. For SPP with a installed power of 22.5 kWh and planned 

as stationary land facility at the coordinates of 38.53 °N and 35.22 °E, the data prepared in the PVGIS and 

PVSYST computer programs were considered as the weekly average production value. The data obtained as 

a result of the program were controlled by the Global Solar Atlas program and all of the consistent data were 

accepted. Estimation data were obtained through the Matlab program by combining actual installed data and 

theoretical installed power. The variables given in the study are described in Table-1. The data of 48 weeks 

of PD, PRPV, PGPV, Snet values in Figure-4 were accepted as input data.  

 

Figure-2: The variation of typical electrical demand according to the time of day 

 

 

Figure-3: Role of BESS on meeting customer energy demand 
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Table-1: Abbreviations used in real-time operational working strategy and algorithm for real conditions 

Symbol/Abbreviation Description 

PPV Solar power generation 

PBESS 
Output power of battery energy storage system  

(Positive for discharge, negative for charge) 

PPV+BESS Output power of the inverter 

PCL Customer load, energy demand 
PIG Interconnected grid power 

PG Power from grid 

PRPV The real power of the solar power plant 

PD The amount of power requested by the customer 

PGPV Estimated average power of solar power plant 

Snet Clear power stored in the battery energy storage system 

nde Discharge efficiency of battery energy storage system 

nce Charging efficiency of battery energy storage system 

 

 

Figure-4: a) PD, b) PGPV, c) PRPV, d) Snet input data for operational working algorithm  

 

Charging time, discharging time and algorithm operation block diagram of BESS which is continuously in 

coordination with the generated algorithm is given in Figure-5. BESS is discharged when the energy supply 

in the SPP supported grid fails to meet the Demand. Where the energy supply is greater than the amount of 

energy demanded by the user, the excess energy generated by the SPP that is used to charge BESS for reuse. 

If there is no BESS and a useful functioning algorithm, the national electricity grid will be used predominantly 

to meet the user demand given in the graph in Figure-5. After that, unpredictable grid harmonics will emerge 

and the economic load on the user will increase. Although the grid usage seems to be high with the algorithm 

created, BESS + SPP + Grid usage works in a coordinated system in cases where demand increases. These 

data are adapted to the working block diagram of the BESS supported solar power generation system in the 

interconnected grid given in Figure 6. In the system shown in Figure-6, power obtained from photovolta ic 

(PV) panels is transferred to DC busbar by converting to DC/DC converters. 



 

 

International Natural Science, Engineering and Materials Technology Conference 

Sep 9-10, 2019, İstanbul / TURKEY 

99 
 

 

Figure-5: Output data for operational algorithm and flowchart of algorithm, the effect of algorithm and 

BESS on grid usage 

 

Figure-6: Block diagram of the real time operation of the SPP that is supported SPP in the interconnected 

grid system 
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The mechanism, which decides to store the generated photovoltaic energy or to transfer it to the interconnected 

grid, is the control system which is integrated into the DC bus. The output power of the BESS integrated 

photovoltaic power plant is converted to the appropriate format in the inverters and then this power is 

transferred to the AC busbar system. The output power from the AC busbar system is transmitted to the 

interconnected national grid or to private users. The formula in Eq.1 is used to obtain the net power whic is 

stored in the system. The overall power flow of the grid system is explained by the formula in Eq.2. The 

generated algorithm is used in the interconnected grid system where the BESS supported solar power 

generation system is in. BESSs are an alternative solution for energy surpluses in energy generation power 

plants to avoid problems in the national grid system. The process control and flow chart of this algorithm are 

shown in Figure-5. According to the result of running the Matlab program, output values according to different 

strategies were given in Figure-5 and the results are interpreted and explained. Once the most appropriate 

solution is obtained at the output according to the changing situation, the algorithm returns to the beginning. 

The hourly, weekly, monthly, seasonal and annual status of the data determines the repetition period of the 

algorithm. As a result of the strategic work algorithm and simulation, the amount of supply from the solar 

energy production system is compared with the demand of the user. Excess energy is stored by charging the 

BESS while the missing energy is met efficiently and effectively by discharging the BESS. 

Snet(t-1) + [PRPV(t)-PGPV(t)]* nce                    PGPV(t)<PRPV(t) 
Snet(t-1) + [PRPV(t)-PGPV(t)]/nde                            PGPV(t)>PRPV(t)                                       (1) 

 

PRPV(t) + Snet(t) + PG(t) = PD(t)                                                                                     (2)                

 

When the output status in the graph which is shown in Figure-5 are analyzed, the normal deviation of the 

system shows that the status of the charge and discharge zones supports the data that is obtained. Grid usage 

in the designed system has been used as the last choice for cost reduction and economic gain. SPP and BESS 

took over duty of the grid. Frequency control is provided by power balance with this working strategy applied 

in interconnected systems.  The usual deviation of the system has been kept at zero levels with the operational 

strategic working algorithm. As a result of the balance of power, improvement in system stability is 

considered. Supporting the national grid for supply and demand differences that are changing daily, is among 

the tasks of BESS. If there is no support, regulation costs and regulation works will increase in order to balance 

harmonics in the grid system. The harmonics in the grid will reduce the confidence to both BESS and the 

interconnected national grid. 

Snet(t) =   
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4. CONCLUSION  

Working strategies and algorithms can be analyzed in minute, hourly, daily, weekly, monthly and annual 

terms. The increase of the sample data constitutes a more accurate system due to the narrowing of the time 

interval. A battery energy storage system (BESS) which is designed according to the changing energy 

production profile of the solar energy production plant (SPP) is designed with the help of the algorithm that 

is created as a result of this study. As a result of the designed algorithm, energy consumption has been 

prevented and a strategic planning that can adapt to the changing situations, has been formed. In the strategic 

work created, energy stability is achieved by increasing the stability of the system by providing power balance 

and economic benefit is provided. The method and working algorithm of the working strategy to be designed 

should be in a direction to prevent voltage and frequency fluctuations, should exhibit behaviors in a way to 

reduce expenditures and provide economic advantage. Among the issues to be considered in design are; the 

surplus of the supply power provided by the energy production facility can be stored in storage systems and 

transferring of the stored energy to the grid in case of an increase in energy demand that the production facility 

cannot meet, is located. In the case of economically high costs, periodic leasing of energy storage systems 

takes place in alternative solutions. Periodically leased units pay off the rent and allow the production facility 

to gain profit in a short time. The operational strategies and simulation data which is obtained in this study, 

show that; if an intelligent grid is desired, an energy storage system must be used to tolerate the entry of 

unforeseen loads to the national grid.  After this study; developing new approaches for increasing the 

efficiency of battery energy storage systems, solving the problems that is encountered in increasing the 

charging and discharging efficiency of BESS, designing the parameters used in battery management systems, 

among researches and studies planned are included. 
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Abstract  

 

The temperature dependence of current-voltage characteristics permits us to know various aspects of current 

transport mechanisms of Schottky structures. Over the years, many studies have shown that the forward bias 

current-voltage characteristics of Schottky Structures deviate from the ideal Thermionic Emission Theory. It 

was often observed that the ideality factor n was found to increase, while the zero-bias barrier height of 

Schottky structures Bo decreases with decreasing temperature. Especially at low temperatures the changes 

are more remarkable. At low temperatures the standard Thermionic Emission Theory can fail to for explaining 

experimental results. In this study, the experimental forward bias current-voltage characteristics of Al/SiO2/p-

Si Schottky diodes with an insulator layer are reported low temperature ranges. The barrier height, ideality 

factor and series resistance were extracted from forward bias current-voltage measurements. The zero-bias 

barrier height decreases practically linearly with decreasing temperature to relatively low values.   The series 

resistance Rs estimated from Cheung’s method was strongly temperature dependent and abnormally decreased 

with decreasing temperature. This behavior as could be expected for semiconductors in the temperature region 

where there is no carrier freezing out which is non-negligible at low temperatures. 

 

Keywords: Thermionic Emission Theory, Schottky Structures, current-voltage characteristics 
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1. INTRODUCTION 

There are currently a vast number of reports on both experimentally and theoretically studies of 

Schottky structures because of the nature of barrier heights between metal and semiconductor. [1-7]. The 

current-voltage analysis of the Schottky structures only at room temperature does not give detailed information 

about their current transport mechanisms or the nature of barrier formation at interface . However, the 

temperature dependence of current-voltage characteristics permits us to know various aspects of current 

transport mechanisms of Schottky structures[4].  Over the years, many studies have shown that the forward 

bias current-voltage characteristics of Schottky Structures deviate from the ideal Thermionic Emiss ion 

Theory. [3-6]. It was often observed that the ideality factor n was found to increase, while the zero-bias barrier 

height of Schottky structures Bo decreases with decreasing temperature[4]. Especially at low temperatures 

the changes are more remarkable. At low temperatures the standard Thermionic Emission Theory can fail to 

for explaining experimental results. At low temperatures, the lower barrier patches carry a larger fraction of 

the current because of the lower temperature dependence of the current through these patches[4].   

The decrease in the barrier heght at low temperatures leads to non-linearity in the conventiona l 

Richardson plot[4]. Lately, the nature of origin of the decrease in the barrier height and increase in ideality 

factor with a decrease in temperature in some studies [2-5] have been successfully explained on the basis of a 

Thermionic Emission mechanism with Gaussian distribution of the Schottky barrier height [4]. The other 

parameter that exhibited in some cases abnormally behaviour is the Rs. Chand and Kumar studied its 

temperature dependence in Pd2 Sip-Si (111) Schottky diodes [4,8]. They attributed the sharp increase of the 

series resistance below 110 K to the lack of free charge carries in semiconductor at low temperatures.  

 In this study, the experimental forward bias current-voltage characteristics of Al/SiO2/p-Si Schottky 

diodes with an insulator layer are reported low temperature ranges. The barrier height, ideality factor and 

series resistance were extracted from forward bias current-voltage measurements. The zero-bias barrier height 

decreases practically linearly with decreasing temperature to relatively low values.   The series resistance Rs 

estimated from Cheung’s method was strongly temperature dependent and abnormally decreased with 

decreasing temperature. This behavior as could be expected for semiconductors in the temperature region 

where there is no carrier freezing out which is non-negligible at low temperatures[4]. 
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2. MATERIAL AND METHODS  

The Al/SiO2/p-Si (MIS) structure was fabricated on a quarter of 2 diameter float zone <100> p-type 

(boron doped) single crystal silicon (Si) wafer having thickness of 350 m with 0.8 -cm resistivity. For the 

fabrication process the Si wafer was degreased in organic solutions of CHCICCI2, CH3COCH3 and CH3OH, 

then etched in a sequence of H2SO4 an H2O2 20% HF, a solution of 6HNO3: 1HF :35H2O, 20% HF and finally  

quenched  in de-ionized water for a prolonged time. Preceding each step, the wafer was rinsed thoroughly in 

de-ionized water of resistivity of 18 M-cm. The high purity aluminum (Al) with a thickness of  2000 Å 

was thermally evaporated from tungsten filament onto the whole back side on the p-Si wafer at a pressure of 

1 x 10-6 Torr in liquid nitrogen trapped oil-free ultra high vacuum pump system. The ohmic contact was 

formed by sintering the evaporated Al back contact at 700 ºC  for 45 min. in a flowing dry oxygen ambient at 

rate of  1 lt/min. This process served both to sinter the Al and to form the required thin interfacial oxide layer 

(SiO2) on the upper surface of the p-Si wafer.  After oxidation, circular dots of 1 mm diameter and 2000 Å 

thick Al contacts were deposited onto the oxidized surface of the wafer through a metal shadow mask in liquid 

nitrogen trapped vacuum system in a vacuum of 1 x 10-6 Torr. This material is the same as the material of 

Reference [4]. But the different dot in the same wafer measured for this study.  

 The interfacial layer thickness was estimated to be about 36 Å from high frequency (1MHz) 

measurement of the oxide capacitance in the strong accumulation. Current-voltage measurements were 

performed by the use of a Keithley 220 current source, a Keithley 614 electrometer. The sample temperature 

was always monitored by using a copper-constantant thermocouple and a Lakeshore 321 auto-tuning 

temperature controller with sensitivity better than  0.1 K. All measurements were carried out with the help 

of a microcomputer through an IEEE-488 ac/dc converter card. 

3. RESULTS AND DISCUSSION 

Figure 1 shows the forward bias semi-logarithmic current-voltage measurements as a function 

temperature performed in this study for Al/SiO2/p-Si structure.  

As shown in Fig. 1, the forward bias current-voltage characteristics are linear on a semi-logarithmic scale at low 

forward bias voltages but deviate considerably from linearity due to the effect of the interfacial insulator layer, and the 

interface states when the applied voltage is sufficiently large [4]. An interesting feature of the forward bias semi-

logarithmic current curves is the almost common intersection point of all the curves at certain bias voltage and for this 

voltage point the current through the diode is temperature independent.  Chand reported that this crossing of forward 
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bias LnI-V curves for a homogeneous Schotkky diode can only be realized in curves with zero series resistance [4, 8].  

However, for ours sample, the interface states are shown to plays a crucial role in effecting forward bias current curves 

of  barrier height and show the intersection behavior of the forward bias current curves[4]. This behavior of the crossing 

of I-V curves appears as an abnormality when seen with respect to the conventional behavior of Schottky structures[4] 

According to TE theory the forward bias current-voltage relationship for Schottky structures is given as follows 

[1-10]: 

 







 1)exp(

kT

qV
II D

o                                             (1) 

where VD is the voltage across onto the Schottky structure and described  as VD  = V-IRs,  where V is  the definite forward 

bias voltage, IRs term is the voltage drop across series resistance of the device, n is the ideality factor, k  is the Boltzmann 

constant and T is temperature in Kelvin. Io is the reverse saturation current and expressed as 

)/exp(2 kTqΦTAAI Boo  

                                  (2) 

where the quantities 
A ,  A , BoΦ are the effective Richardson constant and equals to 32 A/cm2K2 for p-type Si, the 

diode area and, the zero-bias barrier height, respectively.  
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Figure 1. The forward current-voltage characteristics of the Al/SiO2/p-Si Schottky structure. 

The saturation current Io was obtained by extrapolating the linear portion of the Ln I-V curve to the intercept 

point with current axis at zero bias at each temperature and the zero bias barrier height BoΦ values were calculated from 

Eq. (2).  The ideality factor was calculated from the slope of linear region of ln I-V plots at forward bias. The change in 

n and BoΦ with temperature is seen in Table 1. As shown in Table 1, the BoΦ and n determined from semi-log forward  

current-voltage plots were found to be a strong function of temperature. The values of ideality factor n were found 

increase, while the values of BoΦ decrease with decreasing temperature. As explained in [1-10], since current transport 

across the metal-semiconductor interface is a temperature- activated process; electrons at a low temperatures are able to 

surmount the lower barrier and therefore the current transport will be dominated by current flowing through the patches 

of lower Schottky barrier height and a larger ideality factor[4].  
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Table 1. Temperature dependent values of ideality factor and barrier height determined from forward bias current -voltage  

measurements of the studied Al/SiO2/ p-Si  Schottky structures. 

 

 

 

 

 

 

 

 

 The density distribution curves of the interface state Nss in equilibrium with the semiconductor can be 

determined from the forward bias current-voltage characteristics at each temperature [4]. The effective barrier 

height e is assumed to be bias-dependent due to the presence of an interfacial insulator layer and interface 

states located between interfacial layer and semiconductor interface, and is given by [4,5] 
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For Schottky structure having interface states Nss in equilibrium with semiconductor, the ideality factor n 

becomes greater than unity and is given by 
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is identical to Eq.(18) of Card and Rhoderick [5]  and the expression for the interface state density as deduced 

by Card and Rhoderick [5]  is reduced to   
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where  is the thickness of interfacial insulator layer, WD is the width of the space charge region,  i and s are 

the permittivity of the interfacial insulator layer and the semiconductor, respectively. Furthermore, in p-type 

semiconductors, the energy of interface states Nss with respect to the top of valance band Ev at the surface of 

the semiconductor is given [4] by 

)( VqEE ess                                                   (9) 

T (K) n (I-V) Bo(I-V)  (eV) 

80 5.40    0.195 

150 4.53    0.375 

210 4.36    0.462 

250 4.10    0.616 

300 3.72    0.726 
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                       Figure 2. Density of interface states Nss as a function of Ess-Ev from the current-voltage measurements at various 

temperature for the studied Al/SiO2/ p-Si  Schottky diode. 

For each temperature, =54 Å, calculated from high-frequency (500 kHz) C-V characteristics using the 

equation Cox= ioA/, where  Cox is the capacitance of the interfacial layer,  i=7.2o, s=11.8o [5] and o are 

the permittivities of the interfacial layer, semiconductor and free space, respectively, the values of interface 

states Nss were obtained as a function of (Ess-Ev) and are given in Figure 2.   

From Fig.2 for all temperature it is seen an exponential increase in the interface state density from midgap 

towards the top of valance band[4]. We have observed then that the values of Nss increases with decreasing 

temperature[4]. 

4. CONCLUSION  

The forward bias current-voltage characteristics of Al/SiO2/p-Si  Schottky structure were measured in 

the temperature range of 80-300 K. It has been founded that the experimental forward bias current-voltage 

results reveal an increase of the Bo and a decrease of the ideality factor with decreasing temperature; the 

changes are quite significant at low temperatures. The Nss values as a function of Ess-Ev decreased with 
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increasing temperature. It was seen to appear a minimum and shifting towards the valance band in the Nss 

plots. The improvement obtained by the temperature effect is probably due to thermal restructuring and 

reordering of the Si/SiO2 interface.  
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Abstract  

 

In this study, both Al/p-Si (MS) and Al/(Nanocarbon-PVP)/p-Si (MPS) structures were fabricated on the same 

p-Si wafer in the same conditions to see the effects on the main electrical parameters and conductivity of them 

at room temperature. For this purpose, the forward and reverse bias current-voltage (I-V) measurements of 

them were performed in wide range of applied bias voltage ( 3V) by 50 mV steps. Some main electrical 

parameters such as the reverse-saturation current (Io), ideality factor (n), barrier height (B(I-V)), series (Rs) and 

shunt (Rsh) resistances, and rectifying rate (RR=IF/IR) of them were extracted from the I-V data as 2.36x10-8A, 6.23, 

0.69 eV, 2.94 k, 1.90 Mx102 for MS type SBD and 4.27x10-9A, 2.86, 0.73 eV, 1.25 k, 6.33 M, 

5.06x103 for MPS type structure, respectively. All these experimental results were confirmed that the used 

(nanocarbon-PVP) interlayer between Al and p-Si semiconductor leads to a decrease in the leakage current 

and Rs and increase of BH and RR and hence improved the performance of MS type SBD [1]. It is mean that 

such a (nanocarbon-doped PVP) polymer interlayer can be successfully instead of conventional insulator or 

oxide layer in respect of easy grown methods, low cost, low weight, low energy requirement, and flexibi lity 

when compared with insulator materials[2,3]. 

 

Keywords: Schottky structures, current-voltage characteristics , Polivinil Prolidon interface 
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1. INTRODUCTION 

Metal-Semiconductor (MS) and Metal-polymer-Semiconductor (MPS)  type electronic devices consist of an 

interfacial oxide and polymer layer srespectively between metal and semiconductor and many defects or 

impurities may be occurred during the elaboration/fabrication of them. They are surface/interface states/traps 

and may be changed the performance of these devices. These states are usually originated from dangling 

bounds at surface of semiconductor and chemical composition of the interface [1-5]. The charges in these 

traps and dislocations may be stored or released under electric field [6-9]. Therefore, we can estimate the 

changes to measure series resistance (Rs) or shunt resistance (Rsh) and interface state density (Nss) etc  [5-10].  

 The existence a native/deposited interlayer such as insulator or polymer at junction, MS structure 

converts to the MIS or MPS structures. The thickness of interface state layer and dielectric constant are also 

calculable quantiles from raw data which are important for  the performance of these devices as well as barrier 

inhomogeneity [6-8]. Therefore, the ideality factor (n) value from the slope of forward bias Ln(I)-V curve 

becomes much higher than unity because of  the existence of native or deposited interlayer, Nss, 

inhomogeneous of BH, and tunneling of charge carriers through BH [6-9,11-15]. The Rs and Rsh of MS and 

MPS devices are also more effective on the performance of them. In general, Rs can be estimated from the 

ohmic and Schottky contacts of the device because of the used probe wires to get contacts, the resistance of 

the bulk semiconductor, and inhomogeneity doping atoms [7,9]. But, the value of Rsh can be estimated from 

the physical defects, grain boundaries, and leakage current, and probe wires to the ground.  

 The main aim of this study is to compare the basic diode parameters of fabricated the Al/p-Si (MS) and 

Au/( Nanocarbon-PVP)/p-Si (MPS) structures by considering the effects of nanocarbon-PVP interfacial layer,  

series resistance and shunt resistance.  For this aim, current-voltage measurements were performed in wide 

range of applied bias voltage ( 3V) by 50 mV steps. The main diode parameters of these two structures such 

as Io,  n, BH and Rs were calculated to compare them.  The results show that the nanocarbon-PVP interfac ia l 

lead to a considerably increase in rectifying rate (RR), Rsh and BH when compared with reference device 

(MS). 

2. MATERIAL AND METHODS  

In order to specify the effects of nanocarbon-PVP interlayer on the performance of the conventional MS 

structure, both the Al/p-Si (MS) structure with and without this organic interlayer were performed on the B-

doped (p-Si) wafer having (100) float zone, 350 μm thickness, 2’’ diameter, and 1.38×1016 cm-3 dopant donor 
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concentration atoms in same conditions. Firstly p-Si wafer was dipped in ammonium-peroxide at 50 seconds 

to remove native-oxide layer and organic impurities on the two side of wafers and then wafers etched in the 

(H2SO4:H2O2:H2O=3:1:1) solutions and (HCl:H2O=1:1) for one minute, respectively. After that, wafer was 

rinsed in ultra-pure water and then N2 gas used for drying. Subsequently, 150 nm thickness of high-pure Al 

(99.999%) was evaporated on to the whole back side of the p-Si wafers at  10−6 Torr in high-vacuum 

thermally evaporation system and immediately it was sintered at 450 oC for 5 min in a N2 atmosphere to 

perform the low resistivity ohmic contact. Secondly, utilizing electrospinning method, the growth of the 

prepared (Nanocarbon- PVP) organic solution was realized on the front of second quarter p-Si wafer. The 

organic layer thickness was predicted as 22 nm from the interlayer capacitance (Ci). Immediately, high-pure 

Al (99.999%) circular dots with 1 mm diameter and 150 nm thickness were deposited on the organic layer at 

10−6 Torr evaporation system. The schematic diagrams of the fabricated MS and MPS type SBDs were also 

given in Fig. 1. The I-V measurements were realized by Keithley-2400 source-meter.  

 

 

 

Fig.1. Schematic diagram of the Al/p-Si (MS) and Al/(nanocarbon- PVP)/p-Si (MPS) structures, respectively.  

 

3. RESULTS AND DISCUSSION 

 

Figure 2 shows the forward bias semi-logarithmic current-voltage measurements as a function temperature 

performed in this study for  Al/p-Si (MS) and Al/(nanocarbon- PVP)/p-Si (MPS) structures. As seen in the 

Fig.2 clearly, the lnI-V curve for two structures exhibit typical diode behavior. lnI-V plots have liner part in 

the intermediate forward bias voltage up to ∼0.5 V and then deviate from linearity because of the Rs effects. 
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Because applied biases across the structure will be shared by Rs, interfacial layer and depletion layers. But Rs 

effect at low and moderate bias voltages can be neglected low.  

 Since electronic devices have both Rs and n is greater than unity, TE theory can also be used to determine 

electrical parameters and in this case the I-V relation (≥3 kT/q) is expressed as below [6-8]. 
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In Eq.(1) A* is the effective Richardson constant (32 A/cm2K2 for n-Si), products of IRs is the voltage drop 

across the Rs and the other quantities are most-known in the evaluable literature. Both Io and n values can be 

extracted from the intercepts and slopes of lnI-V plot [Ln(I)=Ln(Io) + (q/nkT)V] as following through the 

relation by using Eq.1, respectively [6-8]:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. The semi-logarithmic I-V plots of the MS and MPS structures. 
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Thus, ΦBo was extracted from Eq.1 by using the acquired Io value and the diode area (A) for MS and MPS 

structures through the equation below [6-8]. 
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 RR, Io, n, ΦBo, and values were extracted from the Ln(I)-V plots and they are tabulated in Table 1, 

respectively.  

Table 1. Diode parameters of the Al/p-Si (MS) and Au/(nanocarbon- PVP)/p-Si (MPS) structures. 

 

 

 

 

 

 

 

It is clear that these values of n are higher than unity due to the lower BHs/patches at around mean barrier 

height, a spatial distribution of interface states densty at the interface. Many charge carriers (electron and 

holes) with low energies can easily pass across these patches and increase the n values. According to Saad and 

Kassis [11], the other reason of high value of n in these structures is the result of conduction dominated by 

interface recombination. The n value is a measure of TE theory and higher values of it deviates the structure 

from TE.  

The voltage dependent resistance (Ri=Vi/Ii) of these structures can be extracted from the Ohm’s law, but the 

real Rs value and Rsh of them corresponds to adequately high forward and reverse bias voltage [12]. Therefore, 

the values of Rs and Rsh were calculated as for MS and MPS at  3V in Table1 and Fig.3 respectively. 

Diyot Parametreleri Al/p-Si Al/(Nanocarbon-PVP)/p-Si  

RR (=IF/IR) x102 5.06x103 

Io (A) 2.36 x10-8 4.27 x10-9 

n 6.23 2.86 

B (eV)  0.69 0.73 

Rs ( k 2.94 1.25 

Rsh  (M 1.90 6.33 
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Fig 3. The LnRi-V plots of the Al/p-Si (MS) and Au/(nanocarbon- PVP)/p-Si (MPS) structures. 

 

4. CONCLUSION  

In the present study, nanocarbon-PVP interlayered and without interlayer Al/p-Si structures were scrutinized 

at same conditions to determine the  effects of nanocarbon-PVP interfacial layer on the I-V characteristics  as 

well as performance of the MS structure at room temperature. For this purpose, the I-V measurements were 

performed at room temperature. In this way, the values of ideality factor, barrier height series and shunt 

resistance were obtained using the experimental measurement methods and also calculated methods namely 

TE theory. When these experimental results are compared for MS and MPS structures, the used nanocarbon-

PVP interlayer at M/S interface leads to a quite decreases in Rs and n and an increase in rectifying rate (RR), 

Rsh and B. All these experimental results were confirmed that the used (nanocarbon-PVP) interlayer between 

Al and p-Si semiconductor leads to improved the performance of MS type diodes. It is mean that such a 

(nanocarbon-doped PVP) polymer interlayer can be successfully instead of conventional insulator or oxide 
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layer in respect of easy grown methods, low cost, low weight, low energy requirement, and flexibility when 

compared with insulator materials. 
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Abstract  

Nucleophilic additions of Grignard and organolithium reagents to a compound having carbonyl functiona l 

group to form C-C bond are well known chemistry. Same addition chemistry is also performed for imine 

derivatives. The former reaction leads to formation of secondary alcohols and the latter addition reaction is 

used to prepare secondary amines. The syntheses of α-hydroxy phosphonates and α-amino phosphonates are 

very important in medicinal and synthetic organic chemistry because of close analogs of α-hydroxy 

phosphonic acids and α-amino phosphonic acids. Compounds containing this functional group in their 

structure are likely to exhibit a wide range of biological activities i.e. antibacterial, antitumor, antibiot ic, 

enzyme inhibition. For that reason synthesis of phosphorous-containing α-hydroxy and α-amino compounds 

are crucial. Grignard and organolithium reagents are very reactive towards the aroyl phosphonates and imino 

phosphonates. With these reagents C-P bond breaks very easily. Herein, the investigation of direct addition of 

the selected organoaluminum and organozinc reagents to the protected imino and aroyl phosphonates will be 

presented at this conference.   

Last part of the investigation (addition of selected organozinc reagents to α-keto phosphonates) has been 

supported financially by Çanakkale Onsekiz Mart University the Scientific Research Coordination Unit 

(Project number: FBA-718). 
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1. INTRODUCTION 

The syntheses of α-hydroxy phosphonates are very important in medicinal and synthetic organic chemistry 

due to close analogs of α-hydroxy carboxylic and phosphonic acids. They have also similar properties to 

important phosphate esters.[1] Compounds containing this functional group in their structure are likely to be 

an antibacterial and antiviral agent. Moreover, the syntheses of tertiary α-hydroxy phosphonates bearing three 

different substituents are even more important. α-Hydroxy phosphonates show wide range of activities such 

as enzyme inhibitors (farnesyl  protein  transferase, human rennin, human protein  tyrosine phosphatase etc.) 

and anticancer activities (various humancancer cell lines and HIV). [2-9] Both α-hydroxy phosphonates and 

α-imino phosphonates [3] are attractive precursors in terms of their wide range applications in biological and 

pharmaceutical industries due to being potentially biologically active compounds. The traditional synthesis of 

α-hydroxy phosphonates is the nucleophilic additions of either Grignard or organolithium reagents to carbonyl 

functional group- aldeydes or ketones. [10] Similar 1,2 addition reactions to imino compounds are traditiona lly 

performed. Addition of organometallic reagents to both aroyl phosphonates and imino phosphonates is not 

preferred because these phosphonates containing functional groups are too reactive. These reagents let to 

cleavage of C-P bonds. The suitable and alternative organometallic reagents are organoaluminum and 

organozinc, which show similar reactivities like Grignard reagents. The use of latter reagents in the addition 

reaction led to the synthesis of enantioselective version of the biologically important compounds of α-hydroxy 

phosphonates and α-imino phosphonates. Herein, we report our efforts towards the alkyl addition of α-imino 

phosphonates to afford α-amino phosphonates derivatives using AlMe3, AlEt3, ZnEt2 reagents. Aryl addition 

to α-keto phosphonates using AlPh3/ZnPh2 to synthesize tertiary α-hydroxy phosphonates is also reported. 

 2. MATERIALS AND METHOD  

We have reported the addition of organoaluminum reagents (AlMe3, AlEt3, Al(i-but)3, Al(CH≡CH)3 , 

Al(CH≡CCH3)3, Al(CH≡CPh)3 to α-keto phosphonates for the syntheses of α-hydroxy phosphonate 

derivatives in good yields. [11,12] Our interest in this α-keto phosphonate chemistry let us to investiga te 

similar addition reactions to the protected imino phosphonates to provide a simple method for the synthes is 

of α-amino phosphonates. The required protected α-imino phosphonates were easily synthesized according to 

a procedure published in the literature. [13, 14] 

In the investigation of the addition reactions of AlPh3/ZnPh2 the α- keto phosphonate derivatives used 

in this work were also synthesized following a literature procedure.[15] α-Keto phosphonates were prepared 

via Arbuzov reaction i.e. treating the parent chlorides with triethyl/trimetyhl phosphites. 
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Herein we use commercially available organoaluminum and organozinc reagents, which are easy to 

handle except diphenyl zinc reagents. Trialkyl aluminum and dialkyl zinc reagents are used as C-based 

nucleophiles i.e. alkyl donor. Arylation of α-keto phosphonate derivatives are carried out using diphenyl zinc 

(phenyl as a nucleophile).  

3. RESULTS AND DISCUSSION 

The addition of organoaluminum and organozinc reagents are investigated for substrates 1a, 1b and 1c 

derivatives of iminophosphonates. Initially, the addition of commercially available Al(CH3)3 reagents to 

compound 1a in DCM did not reacted at all. This could be due to the less electropositive C-atom in PMB-

protected iminophosphonate 1a and could be also due to the steric hindered around the C-atom. Then, we have 

used CF3-iminophosphonate 1b having more electropositive C-atom. Compound 1b is reacted with Al(CH3)3  

in different solvent systems  i.e. DCM, toluene and acetonitrile. In all cases, the reactions were started at low 

temperature (-78oC), then were increased slowly to find the best yield for the used solvent system (Table 1, 

entries 2-4). In Table 1 we summarize our optimized reaction conditions in each experiment. Compound 1b 

was reacted with Al(CH3)3 and the desired product 2a was isolated in 73% yield in DCM without the cleavage 

of C-P bond (Table 1, entry 2). However, compound 2b in toluene was isolated in 56% yield, and compound 

2b in acetonitrile did not form at all (Table 1, entry 4). PMP protected CF3 iminophosphonate 1c in DCM 

gave the C-P bond cleaved product 3 in 52% yield (Table 1, entry 5). In toluene, we were able to isolate the 

desired addition compound 2c in good yield (72%, Table 1, entry 6). The addition of Al(CH2CH3)3 reagent 

was also investigated for both compounds 1b and 1c in DCM and toluene. The ethyl addition product 2d in 

toluene was obtained in 61% isolated yield while compound 2d was attained in low yield (48%, Table 1, entry 

8) in DCM. In the case of compound 1c the addition Al(CH2CH3)3 was tested for both solvents  

(dichloromethane and toluene). The desired addition product was obtained in toluene at low temperature 

(Table 1, entry 10). However, compound 3e in dichloromethane was isolated in 54% yield (entry 9).  
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Table 1. 

N

P(OR3)2R1

O

 Al(R4)3
HN

P(OR3)2R1

O

R2R2

R4

+
N

R1

R2

R4

1 2 3  
Entry α-Imino phosphonates Reaction Con. Product Yield(%)a 

1 R1= Ph,R2= p-MeOPh,R3= OEt,R4= CH3, 1a -78oC then RT 2a NRb 

2 R1= CF3, R2= Ph, R3= OMe, R4= CH3, 1b -78oC, DCM 2b 73 

3 R1= CF3, R2= Ph, R3= OMe, R4= CH3, 1b 0oC, toluene 2b 56 

4 R1= CF3, R2= Ph, R3= OMe, R4= CH3, 1b -30oC, CH3CN 2b Decom.c 

5 R1=CF3,R2= p-MeOPh,R3=OMe, R4= CH3, 1c 0oC, DCM 3c 52 

6 R1= CF3, R2= p-MeOPh,R3= OMe, R4= CH3, 1c -78oC, toluene 2c 72 

7 R1= CF3, R2=Ph, R3=OMe,R4= CH2CH3, 1b -78oC, DCM 2d 48 

8 R1= CF3, R2=Ph, R3=OMe, R4= CH2CH3, 1b 0oC, toluene 2d 61 

9 R1= CF3,R2=p-MeOPh,R3=OMe,R4= CH2CH3, 1c 0oC, DCM 3e 54 

10 R1= CF3,R2=p-MeOPh,R3=OMe, R4=CH2CH3, 1c -78oC, toluene 2e 68 
        aYields refer to isolated yield. bNR: no reaction. cDecomposition 

 

We have also investigated the addition of Zn(CH2CH3)2 to compound 1b and 1c and our experimenta l 

results are listed in Table 2. The addition of Zn(CH2CH3)2 to compound 1b gave the desired product 2b in 

good yields in DCM and toluene, 60% and 71% yields respectively (Table 2, entry 1-2). However the hydride 

addition product 4b in acetonitrile was obtained solely, albeit in low yield (entry 3). When we reacted 

compound 1c with Zn(CH2CH3)2 at 0oC in DCM, the hydride addition product 4c was isolated in 80% yield 

(entry 4). When the same reaction was repeated at low temperature, the desired ethyl addition compound 2c 

was obtained in 62% yield (entry 5). However, the hydride addition compound 4c was attained in 71% yield 

in toluene at 0oC. Compound 2c was isolated albeit in low yield in acetonitrile (entry 8). 
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Table 2. 

N

P(OMe)2F3C

O

HN

P(OMe)2F3C

O

R1R1

Et

+

1
2

HN

P(OMe)2F3C

O

R1

H

4

Zn(CH2CH3)2

 
Entry α-Imino phosphonate Reaction Con.a Product Yield(%)a 

1 R1= Ph,   1b -30oC, DCM 2b 60 

2 R1= Ph,  1b 0oC, toluene 2b 71 

3 R1= Ph,  1b -30oC, CH3CN 4b 44 

4 R1= p-MeOPh, 1c 0oC, DCM 4c 80 

5 R1= p-MeOPh, 1c -78oC, DCM 2c 62 

6 R1= p-MeOPh, 1c 0oC, toluene 4c 71 

7 R1= p-MeOPh, 1c -30 oC, CH3CN 2c 36 

                                       aYields refer to isolated yield.  

 

Our plan is also to investigate the aryl addition to α-keto phosphonates derivatives using either 

triphenyl aluminum or diphenyl zinc reagents. We summarize our results in Table 3. Our first attempt was to 

use AlPh3 reagents. This reagent was very reactive and in every attempts we could not isolate the desired 1,2-

addition adduct 6a. Then, we tested ZnPh2 reagent for the C-arylation reaction of α-keto phosphonates. The 

additions of ZnPh2 to compound 5a both in toluene and DCM were tried. After the optimization of the reaction 

temperature, the best yield was obtained at -5°C in DCM (Table 3, entry 3). Compound 6c, 6e and 6f were 

obtained in 38%, 56% and 73% yields, respectively (Table 3, entries 5, 7 and 8). In the case of electron rich 

benzoyl phosphonate 5d, we could not isolate the addition product due to electron donating groups at the para 

position. The corresponding products were characterized by analyzing the proton and carbon NMR spectrum. 

The products displayed characteristic peaks for the quaternary carbon atom (C-P) in the carbon NMR having 

a large coupling constant. The quaternary C-atom resonances at around 78.0 ppm value as a doublet with a 

coupling constant value around 160-161 Hz (Table 2).  
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Table 3. 

P(OR2)2

O

O

ZnPh2
P(OR2)2

OH

O

Ph

5 6

R1R1

 

Entry α-Keto phosphonate Reaction Con.a Yield(%)a 

1 R1= H, R2=OEt, 5a 0°C, toluene 6a, 58 

2 R1= H, R2=OEt, 5a -5°C, toluene 6a, 62 

3 R1= H, R2=OEt, 5a -5°C, DCM 6a, 87 

4 R1= H, R2=OMe, 5b 0°C, DCM 6b, 47 

5 R1= p-Me, R2=OEt, 5c 0°C, DCM 6c, 38 

6 R1= p-MeO, R2=OEt, 5d -5°C, DCM 6d, Decom.b 

7 R1= p-F, R2=OEt, 5e -5°C, DCM 6e, 56 

8 R1= p-Cl, R2=OEt, 5f -5°C, DCM 6f, 73 

                                                      aYields refer to isolated chemical yields. b Decomposition 

General Procedure for the AlMe3/AlEt3/ZnEt2 addition to α-imino phosphonate: To a solution of α-imino 

phosphonate (1 equiv.) in toluene/DCM/CH3CN (0.5 M) was added AlMe3/AlEt3/ZnEt2 (3 equiv.) slowly at 

the specified temperature reported in Table 1 and 2. The resultant mixture was stirred at that temperature until 

the disappearance of α-imino phosphonate as indicated by TLC. The mixture was hydrolyzed by addition of 

water and was filtrated over Celite and then washed with EtOAc. Purification was carried out by using column 

chromatography.  

Dimethyl 1,1,1-trifluoro-2-(phenylamino)propan-2-ylphosphonate 2b: 1H NMR (CDCl3, 400 MHz): δ 1.5 (d, 

JC-P = 15.5 Hz, 3H, CH3), 3.86 (d, J = 10.7 Hz, 3H, OCH3), 3.89 (d, JC-P = 10.5 Hz, 3H, OCH3), 4.13 (q, JC-C 

= 7.1 Hz, 1H, NH), 6.9 (d, JC-P = 7.4 Hz, 2H), 7.1 (t, JC-P = 6.3 Hz, 1H), 7.2 (d, JC-P = 7.5 Hz, 2H). 13C NMR 

(CDCl3, 100 MHz): δ 14.1 (d, JC-F = 2.8 Hz, CH3), 52.9 (d, JC-P = 7.4 Hz, OCH3), 53.7 (d, JC-P = 6.8 Hz, OCH3), 

61.3 (dq, JC-F = 27.2, JC-P = 158.0 Hz, quaternary C-atom), 122.4 (C), 122.9, 127.8, 128.7 (qd, JC-P = 11.6, JC-

F = 286.6 Hz, CF3). 

Dimethyl 2-(4-methoxyphenylamino)-1,1,1-trifluoropropan-2-ylphosphonate 2c: 1H NMR (CDCl3, 400 

MHz): δ 1.48 (d, JC-P  = 16.0 Hz, 3H, CH3), 3.74 (s, NH), 3.78 (s, 3H, CH3), 3.86 (d, JC-P = 10.7 Hz, 3H, 

POCH3), 3.91 (d, JC-P = 10.5 Hz, 3H, POCH3), 6.79 (d, JC-P = 8.9 Hz, 2H), 6.96 (d, JC-P = 8.9 Hz, 2H). 
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Dimethyl 1,1,1-trifluoro-2-(phenylamino)butan-2-ylphosphonate 2d: 1H NMR (CDCl3, 400 MHz): δ 1.1. (t, 

JC-P = 7.5 Hz, 3H), 2.1-2.2 (m, 2H), 3.8 (d, JC-P = 2.6 Hz, 3H), 3.8 (d, JC-P = 2.7 Hz, 3H), 4.2 (s, 1H), 6.9-7.0 

(m, 3H), 7.2-7.3 (m, 2H). 13C NMR (CDCl3, 100 MHz): δ 8.30 (d, JC-P = 3.8 Hz), 23.1, 54.1 (t, JC-P = 7.6 Hz), 

65.8 (dq, JC-P = 152.6,  JC-F = 25.9 Hz), 122.4, 122.9, 128.8, 125.6 (qd, JC-F = 287.6, JC-P = 8.2 Hz), 142.9 (d, 

JC-P = 8.9 Hz). 

Dimethyl 2-(4-methoxyphenylamino)-1,1,1-trifluorobutan-2-ylphosphonate 2e: 1H NMR (CDCl3, 400 MHz): 

δ 1.09 (t, J = 7.5 Hz, 3H, CH3), 2.06-1.93 (m, 2H, CH2CH3), 3.77 (s, 3H, OCH3), 3.84 (d, JC-P = 1.3 Hz, 3H, 

POCH3), 3.87 (d, JC-P = 1.2 Hz, 3H, POCH3), 3.96 (s, 1H, NH), 6.78 (d, J = 8.9 Hz, 2H), 7.00 (d, J = 8.8 Hz, 

2H). 

Dimethyl 2,2,2-trifluoro-1-(phenylamino)ethylphosphonate 4b: 1H NMR (CDCl3, 400 MHz): δ 3.7 (d, JC-P = 

10.8 Hz, 3H), 3.8 (d, JC-P = 11.1 Hz, 3H), 4.2-4.3 (m, 1H), 4.4 (t, JC-P = 10.0 Hz, 1H), 6.7 (d, JC-P = 7.9 Hz, 

2H), 6.8 (t, JC-P = 7.4 Hz, 1H), 7.1 (t, JC-P = 7.4 Hz, 2H). 13C NMR (CDCl3, 100 MHz): δ 53.7 (d, JC-P = 6.9 

Hz), 54.2 (d, JC-P = 6.6 Hz), 54.3 (dq, JC-P = 154.5, JC-F = 32.2 Hz), 113.5, 119.8, 126.6 (qd, JC-P = 283.1, JC-F 

= 11.2 Hz), 129.3, 145.2 (d, JC-P = 6.5 Hz). 

Dimethyl 1-(4-methoxyphenylamino)-2,2,2-trifluoroethylphosphonate 4c: 1H NMR (CDCl3, 400 MHz): δ 3.65 

(s, 3H, OCH3), 3.70 (d, JC-P = 10.8 Hz, 3H, POCH3), 3.73 (d, JC-P = 11.0 Hz, 3H, PCH3), 4.27-4.08 (m, 1H, 

CH), 6.63 (d, JC-P = 9.0 Hz, 2H), 6.71 (d, JC-P = 9.0 Hz, 2H). 13C NMR (CDCl3, 100 MHz): δ 53.6 (d, JC-P = 

7.0 Hz, PCH3), 55.1 (d, JC-P = 6.5 Hz, POCH3), 55.2 (dd, J = 153.1, 31.5 Hz), 55.4 (OCH3), 114.8, 115.3, 

126.8 (qd, JC-F = 283.1, JC-P = 11.8 Hz), 139.4, 153.5. 

General Procedure for the ZnPh2 addition to α-keto phosphonate: To a solution of α-keto phosphonate 

phosphonate (1 equiv.) in dry toluene/DCM (0.2 M) was added ZnPh2 (1.1 equiv.) at -5°C. The mixture was 

stirred at this temperature until the disappearance of α-keto phosphonate as indicated by TLC. Then the 

mixture was quenched by addition of water (1 ml), and diluted with DCM. After extraction, the organic layer 

was separated, dried over MgSO4 and concentrated in vacuo. Crude compound was purified by silica gel 

chromatography.  

Diethyl hydroxydiphenylmethylphosphonate 6a: 1H NMR (400 MHz, CDCl3): δ 7.65-7.67 (m, 4H), 7.23-7.32 

(m, 6H), 4.41 (broad -OH), 3.86-3.97 (m, 4H, POCH2CH3), 1.13 (t, J = 7.1 Hz, 6H, POCH2CH3). 13C NMR 

(CDCl3): δ 141.6 (d, J = 2.6 Hz), 127.8, 127.4 (d, J = 1.5 Hz), 127.2 (d, J = 5.5 Hz), 78.4 (d, JC-P = 160.3 Hz, 

CP), 63.5 (d, JC-P = 7.6 Hz, POCH2CH3), 16.1 (d, JC-P = 5.5 Hz, POCH2CH3).                 
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Dimethyl hydroxydiphenylmethylphosphonate 6b: 1H NMR (400 MHz, CDCl3): δ 7.65-7.63 (m, 4H), 7.24-

7.33 (m, 6H), 3.57 (d, J = 10.3 Hz, 6H, POCH3). 

Dimethyl hydroxy(phenyl)(p-tolyl)methylphosphonate 6c: 1H NMR (400 MHz, CDCl3): δ 7.66 (d, J = 7.3 Hz, 

1H), 7.54 (d, J = 8.0 Hz, 1H), 7.30 (t, J = 7.4 Hz, 2H), 7.27–7.21 (m, 1H), 7.12 (d, J = 7.9 Hz, 2H), 4.06–3.82 

(m, 4H, POCH2CH3), 2.31 (s, J = 13.6 Hz, 3H, CH3), 1.16 (q, J = 7.0 Hz, 3H, POCH2CH3). 13C NMR (101 

MHz, CDCl3): δ 128.7 (d, J = 3.0 Hz), 127.9 (d, J = 4.0 Hz), 127.5 (d, J = 3.9 Hz), 127.1 (d, J = 4.5 Hz), 78.3 

(d, JC-P = 160.1 Hz, CP), 63. 6 (d, JC-P = 3.3 Hz, POCH2CH3), 63.5 (d, JC-P = 3.6 Hz, POCH2CH3), 21.0 (s, 

CH3), 16.3 (d, JC-P = 5.5 Hz, POCH2CH3). 

Dimethyl (4-fluorophenyl)(hydroxy)(phenyl)methylphosphonate 6e: 1H NMR (400 MHz, CDCl3) δ 7.65–7.58 

(m, 4H), 7.34 –7.22 (m, 3H), 6.98 (t, J = 8.8 Hz, 2H), 4.60 (s, J = 2.6 Hz, 1H, OH), 3.97–3.85 (m, 4H, 

POCH2CH3), 1.14 (td, J = 7.1, 4.9 Hz, 6H, POCH2CH3). 13C NMR (101 MHz, CDCl3): δ 162.0 (d, JC-F = 

253.9 Hz), 141.6, 137.6, 129.2 (dd, J = 7.9, 5.5 Hz), 127.9, 127.6 (d, J = 1.4 Hz), 127.2 (d, J = 5.4 Hz), 114.6 

(d, J = 21.4 Hz), 78.0 (d, JC-P = 161.3 Hz, CP), 63.6 (t, JC-P = 8.1 Hz, POCH2CH3), 16.2 (d, JC-P = 5.6 Hz, 

POCH2CH3). 

Dimethyl (4-chlorophenyl)(hydroxy)(phenyl)methylphosphonate 6f: 1H NMR (400 MHz, CDCl3) δ 7.54– 7.46 

(m, 4H), 7.25 –7.15 (m, 5H), 4.92 (s, 1H, OH), 3.89–3.73 (m, 4H, POCH2CH3), 1.05 (q, J = 7.0 Hz, 6H, 

POCH2CH3). 13C NMR (101 MHz, CDCl3): δ 141.5, 140.5, 133.3, 128.8 (d, J = 5.3 Hz), 127.88, 127.87, 127.6 

(d, J = 1.4 Hz), 127.2 (d, J = 5.5 Hz), 78.0 (d, JC-P = 161.5 Hz, CP), 63.7 (d, JC-P = 7.6 Hz, POCH2CH3), 63.6 

(d, JC-P = 7.6 Hz, POCH2CH3), 16.2 (d, JC-P = 5.7 Hz, POCH2CH3). 

 

4. CONCLUSION  

A new synthetic route to tertiary α-hydroxy phosphonates having three different substituents from α-keto 

phosphonates is reported without the cleavage of the C-P bonds. Direct 1,2-addition of ZnPh2 to α-keto 

phosphonate reactions proceeded in good to acceptable yields. Fairly electron poor substrates in the aroyl 

phosphonates gave good yields. However, low yields were obtained for the electron rich aroyl phosphonates. 

Electron donating ability of the substrate led to easy C-P bond breaking. 

We have also showed that α-trifluoromethyl substituted α-amino phosphonates are easily prepared 

from the α-imino phosphonates via 1,2-addition of organoaluminum reagents. Trifluoromethyl containing α-

amino phosphonates are potent biological activity compounds. The expected products were attained in good 

yields. Diethylzinc was also used as an alkyl donor in the 1,2 addition reactions of α-imino phosphonates. 
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Abstract  

 

In this study, processed carob samples were used as organic additive to improve energy content. Verbascum 

plants were evaluated as biomass source. For torrefaction process, carob samples taken from molasses factory 

were subjected to torrefaction process at low heating rate (10°C/min) between 200-300ºC and under inert 

nitrogen environment. In addition, in order to determine the effects of different torrefaction conditions on 

biomass yield, particle size (1000-5000 µm), process temperature (200-300°C) and process residence time 

(15-60 min) of the biomass were investigated in detail. The results were evaluated in terms of mass yields, 

energy densities and energy yield values. 

Keywords: carob, biomass, torrefaction, Verbascum plant 
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1. INTRODUCTION 

Biomass energy sources; wood and wood wastes, animal wastes, food production wastes, energy crops etc. 

were used for energy generation [1]. In recent years, the torrefaction process is applied to prevent the negative 

effects of biomass usage and to improve the physicochemical properties of biomass. In this way, the moisture 

content is reduced, the calorific value and energy density is increased, and also because of the breakage of the 

bonds between the lignocellulosic polymers, the products can be obtained with improved grindability [2].  

During torrefaction, hemicellulose, cellulose and lignin polymers in the biomass structure are thermally 

degraded and depolymerized. As a result of the process, volatile gases and moisture in the biomass content 

move away from the structure, while degradation occurs in lignin, cellulose and hemicellulose structures [3,4].  

Different organic wastes are used as additives to increase the energy potential of the endemic plants which are 

considered as an alternative to the traditional energy sources commonly used in our country. 

2. MATERIALS AND METHOD 

For the production of high energy biofuels, the torrefaction process was carried out by using Verbascum plant 

obtained from Afyonkarahisar as a biomass source and organic additive (carob), at low heating rate 

(10°C/min) and using an inert nitrogen environment. Samples after torrefaction process were given in Figure 

1.  

Design Expert program/central composite design method was used to optimize the energy potential of biofuel 

production and to evaluate the interaction of independent variables affecting the process with each other and 

response surfaces. In the design, which was entered as 4 independent variables, a total of 30 experiments with 

6 replicates were created at the center. 

 

 

 

 

 

 

 Figure 1. Samples for different process conditions 
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3. RESULTS AND DISCUSSION 

Efficient parameters were determined by Design Expert optimization method (Table 1). The results were 

showed in Figure 2. 

 

When the experimental results were examined, the mass efficiency of the biofuel produced decreased and the 

mass loss increased with the increase in process temperature. This increase in mass loss is due to the difference 

in the degree of disintegration of hemicellulose, which is present in the biomass and has not very high thermal 

stability. It is known that the degree of degradation of hemicellulose, cellulose and lignin molecules in the 

biomass structure is greatly affected by the process conditions [5].  

 

In addition, a decrease in the mass efficiency of biofuels was observed during torrefaction. This decrease may 

be due to thermal effects caused by depolymerization and moisture loss in the biomass cell wall. Because 

carbon monoxide, carbon dioxide, water and aromatic carbon in the structure are removed from the structure 

as a result of depolymerization of biomass. In addition, another reason for the decrease in mass efficiency is 

the removal of bound moisture and thermal decomposition and formation of volatile components such as H2O, 

CO2, CO, acetic acid and other organic compounds.  

 

At a process temperature of 200°C, the majority of the mass loss occurs due to moisture loss, and mass losses 

at 260-300°C are mostly due to thermal degradation of hemicellulose in the biomass structure.  

 

Torrefaction process decomposed the reactive hemicellulose fraction by the removal of oxygen from biomass 

with temperature and residence time. While the yield of biofuel decreased, energy density and the calorific 

value increased [6]. 
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Table 1. The Results of Design Expert for Torrefaction Process 

No 
Temperature 

(°C) 

Residence 

Time  

(min) 

Particle 

Size 

(mm) 

Carob 
(w/w, %) 

Mass 

Yield 

(%) 

Energy 

Yield 

 (%) 

Energy 

Density 
Calorie    

(cal/g) 

1 260 45 3 100 55,64633 78,18118 1,404966 5330,291824 

2 230 60 4 75 57,27127 70,94604 1,238772 4807,392376 

3 260 45 3 50 59,44805 83,56624 1,405702 5439,605852 

4 260 45 3 50 41,18488 55,91910 1,357758 5254,079194 

5 260 45 5 50 44,37624 59,98963 1,351841 5346,428029 

6 290 60 2 75 34,35058 43,46150 1,265233 5143,731836 

7 290 60 2 25 36,98434 47,13514 1,274462 5005,455536 

8 290 60 4 75 37,48001 50,56660 1,349162 5235,791107 

9 290 30 4 25 39,13442 49,12646 1,255326 5067,394277 

10 260 75 3 50 45,66193 61,40126 1,344692 5203,518695 

11 230 60 2 25 70,46360 85,23647 1,209653 4750,915656 

12 230 60 4 25 58,10138 69,22542 1,191459 4809,580598 

13 230 30 2 75 63,84613 76,89392 1,204363 4896,266436 

14 230 30 4 25 58,82259 71,70059 1,218929 4920,470745 

15 230 30 4 75 67,81468 84,79260 1,250358 4852,354173 

16 200 45 3 50 83,56333 99,02562 1,185037 4585,704037 

17 290 30 2 25 37,77618 48,14153 1,274388 5005,165971 

18 260 45 3 50 47,22028 62,50364 1,323661 5122,133609 

19 260 45 3 50 47,44605 63,34959 1,335192 5166,754949 

20 260 45 3 0 40,06474 50,48689 1,260133 5023,354816 

21 260 45 3 50 47,39852 63,02894 1,329766 5145,758788 

22 230 60 2 75 62,47155 73,44993 1,175734 4779,877928 

23 260 45 3 50 48,40809 65,01598 1,343081 5197,28293 

24 290 30 2 75 45,96912 54,88303 1,193911 4853,774041 

25 290 30 4 75 44,59036 63,03771 1,413707 5486,277081 

26 320 45 3 50 29,67826 37,62243 1,267677 4905,492798 

27 290 60 4 25 31,86954 38,77845 1,216787 4911,823513 

28 260 45 1 50 47,81120 64,75342 1,354357 5343,532383 

29 260 15 3 50 46,14106 61,86694 1,340822 5188,540748 

30 230 30 2 25 69,77891 88,09624 1,262505 4958,494742 
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Figure 2. 3D graphs for interactions of process conditions 
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4. CONCLUSION  

Torrefaction is an important pre-treatment convertional process in order to improve the biomass with a high 

quality properties such as grindability, energy density etc. A decrease in mass yield of biofuel was observed 

during torrefaction. This decrease may be due to thermal effects caused by depolymerization and moisture 

loss in the biomass. It can be seen that carbon ratio in structure increased due to losing oxygen and hydrogen. 

In this way, the net calorific value is affected and the biofuel becomes energy denser. In conclusion, as the 

energy density of torrefied product is significantly higher compared to untreated product, larger transportation 

distances can be allowed. 
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Abstract:    

The objective of this study was to investigate the effect of antibacterial and antifungal activity on the raw 

extracts of Cirsium italicum (Savi) DC. Microdilution methods were used to investigations the antibacteria l 

and antifungal effects of extracts obtained from the plant. Six micro-organisms were used for antimicrob ia l 

activity testing Staphylococcus aureus, Bacillus subtilis, Escherichia coli, Pseudomonas aeruginosa, Proteus 

mirabilis, Salmonella typhimurium. Six fungus were used for antifungal activity testing; Candida albicans, 

Candida parapilosis, Candida glabrata, Candida krusei, Aspergillus funigatus, Penicillium chrysogenum. 

The results showed that the antibacterial activity of C. italicum on B. subtilis was found with a MIC (Maximum 

Inhibition Concentration) level of 2.38 mg/ml and inhibition effects were determined higher than C. italicum 

ethyl acetate extract on the other bacterial strains. The highest inhibition effect of C. italicum ethyl acetate 

extract was found C. parapilosis with a MIC level of 1.98 mg/ml. The highest antibacterial and antifunga l 

inhibition effect was determined in ethyl acetate extract of C. italicum. The present work is the first report on 

the antibacterial and antifungal activities of dichloromethane, ethyl acetate and n-butanol extracts of C. 

italicum. 

 

Keywords: Cirsium, C. italicum, antibacterial activity, antifungal activity. 
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1. INTRODUCTION 

Antibiotics are one of our most important weapons in fighting bacterial and fungal infections and have 

greatly benefited the health-related quality of human life since their introduction [1]. But, in recent years, 

many types of microorganisms have become resistant to antibiotics. The increase of multidrug resistant strains 

of fungus and bacteria caused reduced number of drugs are available. So it is necessary to discover new classes 

of antifungal and antibacterial compounds that inhibit these resistans mechanisms. This has led to a search for 

the therapeutic alternatives, particully among medicinal plants [2]. 

Cirsium italicum (Savi) DC. belongs to the Asteraceae family and is an annual herb plant native ly 

grown mainly Turkey. In traditional medicine, some parts of Cirsium species, especially the roots or whole 

plants have been used for treatment some diseases such as hemorrhaging, inflammation of the liver and kidney, 

and a variety of abdominal and intestinal disorders [3]. It was reported that the extract from C. italicum 

prepared by boiling seeds can be effective for the treatment of haemorrhoid [4]. 

In our earlier communication, we have reported the antioxidant activity of new flavonoids and phenolic 

compounds from C. italicum and C. creticum subsp. creticum were determined, respectively [5, 6]. The 

antibacterial and antifungal activities of n-hexane extract of C. italicum have also been reported by Gulen et 

al. (2019) [7]. Here in, we wish to report the antibacterial and antifungal activities of the dichloromethane, 

ethyl acetate and n-butanol extracts of C. italicum. This is reported the first time from C. italicum three extracts 

in the literature. 

2. MATERIAL AND METHODS  

Plant material and extractions  

C. italicum (NGBB 6807) which is wild plant species in Trakya region (Turkey), were collected in 

June 2017. The plants identified by Namik Kemal University, Faculty of Science and Arts, Department of 

Biology. The whole plant was ground and powder-homogenized after drying at room temperature. The 

extractions were carried out for 3 days each time, and a total of 4 times maceration was performed in 80% 

methanol.  After evaporation of solvent in the evaporator, the crude extract was obtained. A small amount of 

water was added to the resulting crude extract, which was back-extracted with n-hexane, dichloromethane, 

ethyl acetate and n-butanol in polarity order. The solvents were evaporated to obtain each crude extracts. 
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Determination of antibacterial and antifungal activities  

Microdilution methods were used to investigations the antibacterial and antifungal effects of extracts 

obtained from the plant. Antibacterial activitiy was carried out on two gram positive bacterial strains 

(Staphylococcus aureus (ATCC 43300), Bacillus subtilis (NRRL NRS-744)) and four gram negative bacterial 

strains (Escherichia coli (ATCC 35218), Pseudomonas aeruginosa (ATCC 27853), Proteus mirabilis (ATCC 

12453), Salmonella typhimurium (ATCC 14028)) were grown in nutrient agar at 37°C for 18 hours. Antifunga l 

activity test was carried out against six fungal strains; Candida albicans (ATCC 90028), Candida glabrata 

(ATCC 90030), Candida parapsilosis (ATCC 22019), Candida krusei (ATCC 6258), Penicillium 

chrysogenum (ATCC 48271) and Aspergillus fumigatus (ATCC 204305) were grown in Sabouraud dextrose 

agar (SDA) at 27°C. For both antimicrobial and antifungal testing, sterile microtiter plates with 96 "U" type 

wells were used. As bacterial growth medium Mueller hinton broth (Gibco®) was used. 

For fungus growth RPMI 1640-L glutamin (Gibco®) was used as the medium and pH was adjusted to 

7 by adding 34.53 gr/l MOPS as buffer. Prepared medium was sterilized by filtration and stored at +4°C until 

use. Bacterial inoculums prapared in Mueller hinton broth by using a Densitometer (Densimat; BioMѐrieux). 

The McFarland bacterial suspension standart at a density of 0.5, approximately 108 CFU/ml. Fungus 

inoculums were prepared in RPMI 1640-L glutamin. By this process, stock yeast suspensions containing 1-

5x106 cells/ml were obtained. Stock yeast suspension was diluted first with 1/50 and then 1/20, resulting in a 

final concentration of 1-5x103 cells/ml to be used in the test. The stock concentrations of extracts obtained 

from the plant for C. italicum was 1411 mg/ml. Serial dilutions to 12 wells are made. As antimicrobic control 

Penicillin G and Gentamicin was used as standart according to CLSI M-100 (2017) [8]. for determination of 

antibacterial activity. For antifugal control, Fluconazole as was used as standart for determination antifunga l 

activity according to CLSI M27-A3 (2008) [9]. 

3. RESULTS AND DISCUSSION 

The antibacterial and antifungal activity three extracts of C. italicum is summerized at Table 1 and 

Table 2. The antibacterial activity of C. italicum on B. subtilis was found with a MIC level of 2.38 mg/ml and 

inhibition effects were determined higher than C. italicum ethyl acetate extract the other bacterial strains 

(Table 1). The ethyl acetate exract showed higher antibacterial activity than n-butanol, dichloromethane and 

n-hexane. Gulen et al. (2019) [7] reported that results of antibacterial activity for n-hexane extract.  
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Table 1. Antibacterial activity of Cirsium italicum and references as MIC values. 

 Extracts (mg/ml) Standart (mg/ml) 

Bacteria Dichloromethane Ethyl acetate n-Butanol Penicillin G1 / 
Gentamicin 

Staphylococcus aureus - 9.5 94.5 0.1251 

Bacillus subtilis 4.56 2.38 47.25 0.125 

Escherichia coli 145.75 19 47.25 0.125 

Pseudomonas aeruginosa - 19 23.63 0.125 

Proteus mirabilis 145.75 19 47.25 0.125 

Salmonella typhimurium - 19 47.25 0.125 

1 Penicillin was used only Staphylococcus aureus.   

The highest inhibition effect of C. italicum ethyl acetate extract was found againts C. parapilosis with 

a MIC level of 1.98 mg/ml (Table 2). C. italicum ethyl acetate extract also showed higher inhibitory effect 

against C. krusei than other fungal strains. For n-butanol and dichloromethane extracts, the results established 

that the obtained extracts were unable to inhibit the grown of tested fungal strains. Gulen et al. (2019) [7] 

reported that results of antifungal activity for n-hexane extract. 

Table 2. Antifungal activity of Cirsium italicum and references as MIC values. 

 Extracts (mg/ml) Standart (mg/ml) 

Fungus Dichloromethane Ethyl acetate n-Butanol Fluconazole 

Candida albicans 71.38 15.81 32.94 0.002 

Candida parapilosis 8.92 1.98 4.12 0.032 

Candida glabrata 142.75 31.63 32.94 0.002 

Candida krusei 8.92 3.95 8.23 0.125 

Aspergillus funigatus 35.69 15.81 16.47 0.256 

Penicillium chrysogenum 17.84 31.63 32.94 0.256 

 

4. CONCLUSION  

The highest antibacterial inhibition effect of C. italicum obtained from ethyl acetate extract and against 

Bacillus subtilis (NRRL NRS-744) with a MIC level of 2.38 mg/ml. The highest antifungal inhibition effect 

was determined in ethyl acetate extract and against Candida parapsilosis (ATCC 22019) with a MIC level of 



 

 

International Natural Science, Engineering and Materials Technology Conference 

Sep 9-10, 2019, İstanbul / TURKEY 

139 
 

1.98 mg/ml. This present work, we can conclude C. italicum might have a possible uses as antibacter ia l, 

antifungal agent in medicinal uses. 
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Abstract  

 

The objective of this study was to investigate the effect of antibacterial and antifungal activity on the raw 

extracts of Cirsium creticum subsp. creticum L. Microdilution methods were used to investigations the 

antibacterial and antifungal effects of extracts obtained from the plant. Six micro-organisms were used for 

antimicrobial activity testing; Staphylococcus aureus, Bacillus subtilis, Escherichia coli, Pseudomonas 

aeruginosa, Proteus mirabilis, Salmonella typhimurium. Six fungus were used for antifungal activity testing; 

Candida albicans, Candida parapilosis, Candida glabrata, Candida krusei, Aspergillus funigatus, 

Penicillium chrysogenum. The results showed that the antibacterial activity of C. creticum on B. subtilis, E. 

coli, P. aeruginosa and P. mirabilis was found similar with a MIC (Maximum Inhibition Concentration) 

level of 31.25 mg/ml and inhibition effects were determined higher than C. creticum methanol extract the 

other bacterial strains. The highest antifungal inhibition effect of C. creticum methanol extract was found 

againts C. albicans, C. parapilosis and A. fumigatus with a MIC level of 7.8125 mg/ml. C. creticum 

methanol extract also showed higher inhibitory effect against C. glabrata and C. krusei than other fungal 

strains. The highest antibacterial and antifungal inhibition effect of C. creticum obtained from methanol 

extract. The present work is the first report on the antibacterial and antifungal activities of methanol, diethyl 

ether and ethyl acetate extracts of C. creticum. 

Keywords: Cirsium, C. creticum, antibacterial activity, antifungal activity. 
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1. INTRODUCTION 

Plants have been classified as a principal source of medicinal agents for centuries and a great number 

of new drug components have been isolated from natural plant sources and it was used in traditional 

medicine. In recent years, natural products with antimicrobial effect gained importance in order to eliminate 

the use of synthetic antibiotics which cause the resistance of microorganisms and can exhibit side effects to 

human health. Natural products from plant may offer novel agents for antimicrobial use [1]. 

The Asteraceae family is one of the largest families of flowering plants (almost 1600 genera and over 

23,000 species) [2] and Cirsium is one of its widespread species. Cirsium species have been defined to have 

a wide range of biological activities, including anticancer [3], antidiabetic [4], antimicrobial [5-10], 

antibacterial [11-13], antifungal [12], antiviral [12] and antioxidant activities [8,14-15]. Genc and Ozhatay 

[16] reported C. creticum are used as cure against mushroom poisoning. Also, it was explored that C. 

creticum's stem can be eaten as raw vegetable or cooked in a meal after peeling its barks [17].  

In our previous studies, antioxidant activity of new phenolic compounds and flavonoids from C. 

creticum subsp. creticum and C. italicum were determined, respectively [18,19]. Besides, antibacterial and 

antifungal activities of n-hexane extract of C. creticum have been detected [20]. The objective of this study 

was to investigate the effect of antibacterial and antifungal activities on the methanol, diethyl ether and ethyl 

acetate  extracts of C. creticum. In the literature, there is no study on the antibacterial and antifungal 

activities of methanol, diethyl ether and ethyl acetate extracts of C. creticum. 

2. MATERIAL AND METHODS  

2.1. Plant material and preparation of extracts 

The plant sample, which is a wild plant species from Trakya region, was collected in June 2016. It 

was classified by E. Cabi, Namik Kemal University, as Cirsium creticum subsp. creticum L. and a voucher 

specimen has been deposited in the Biology Department, Namik Kemal University (NGBB 7230). The 

whole plant were dried (583.74 g) and then cut into small pieces. Afterwards, they were macerated at room 

temperature with n-hexane, diethyl ether, ethyl acetate and methanol, respectively. The extracts were 

concentrated by using a rotary evaporator under vacuum. 
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2.2. Determination of antibacterial and antifungal activities  

Microdilution methods were used to investigations the antibacterial and antifungal effects of extracts 

obtained from the plant. Antibacterial activity was carried out on two gram positive bacterial strains 

(Staphylococcus aureus (ATCC 43300), Bacillus subtilis (NRRL NRS-744)) and four grams negative 

bacterial strains (Escherichia coli (ATCC 35218), Pseudomonas aeruginosa (ATCC 27853), Proteus 

mirabilis (ATCC 12453), Salmonella typhimurium (ATCC 14028)) were grown in nutrient agar at 37 °C for 

18 hours. Antifungal activity test was carried out against six fungal strains; Candida albicans (ATCC 

90028), Candida glabrata (ATCC 90030), Candida parapsilosis (ATCC 22019), Candida krusei (ATCC 

6258), Penicillium chrysogenum (ATCC 48271) and Aspergillus fumigatus (ATCC 204305) were grown in 

Sabouraud dextrose agar (SDA) at 27 °C.  For both antimicrobial and antifungal testing, sterile microtiter 

plates with 96 "U" type wells were used. As bacterial growth medium Mueller hinton broth (Gibco®) was 

used. 

For fungus growth RPMI 1640-L glutamin (Gibco®) was used as the medium and pH was adjusted to 

7 by adding 34.53 gr/l MOPS as buffer. Prepared medium was sterilized by filtration method and stored at 

+4 °C until use. Bacterial inoculums prapared in Mueller hinton broth by using a Densitometer (Densimat; 

BioMѐrieux). The McFarland bacterial suspension standart at a density of 0.5, approximately 108 CFU/ml. 

Fungus inoculums were prepared in RPMI 1640-L glutamin. By this process, stock yeast suspensions 

containing 1-5x106 cells/ml were obtained. Stock yeast suspension was diluted first with 1/50 and then 1/20, 

resulting in a final concentration of 1-5x103 cells/ml to be used in the test. The stock concentrations of 

extracts obtained from the plant was 1000 mg/ml for C. creticum. Serial dilutions to 12 wells are made. As 

antimicrobic control, Penicillin G and Gentamicin was used as standart according to CLSI M-100 [21] for 

determination of antimicrobial activity. For antifungal control, Fluconazole as was used as standart for 

determination antifungal activity according to CLSI M27-A3 [22]. 

3. RESULTS AND DISCUSSION 

The antibacterial and antifungal activities of C. creticum extracts as summerized at Table 1. The 

antibacterial activity of C. creticum on B. subtilis, E. coli, P. aeruginosa and P. mirabilis was found similar 

with a MIC level of 31.25 mg/ml and inhibition effects were determined higher than C. creticum methanol 

extract the other bacterial strains. The methanol exract showed higher antibacterial activity than ethyl 

acetate, diethyl ether and n-hexane. Gulen et al. [20] reported that results of antifungal activity for n-hexane 

extract. 
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The highest inhibition effect of C. creticum methanol extract was found againts C. albicans, C. 

parapilosis and A. fumigatus with a MIC level of 7.8125 mg/ml. C. creticum methanol extract also showed 

higher inhibitory effect against C. glabrata and C. krusei than other fungal strains. For ethyl acetate and 

diethyl ether extracts, the results established that the obtained extracts was unable to inhibit the grown of 

tested fungal strains. Gulen et al. [20] reported that results of antifungal activity for n-hexane extract. 

Table 1. Antibacterial and antifungal activities of raw extract from C. creticum. 

 

1 Penicillin was used only Staphylococcus aureus.  

 

 Extracts (mg/ml) Standart (mg/ml) 

Bacteria Methanol Ethyl acetate Diethyl ether Penicillin G1 / Gentamycin 

Staphylococcus aureus 125 125 125 0.1251 

Bacillus subtilis 31.25 125 62.50 0.125 

Escherichia coli 31.25 62.50 31.25 0.125 

Pseudomonas aeruginosa 31.25 125 125 0.125 

Proteus mirabilis 31.25 125 125 0.125 

Salmonella typhimurium 31.25 125 125 0.125 

Fungus    Fluconazole 

Candida albicans 7.8125 - - 0.002 

Candida parapilosis 7.8125 - - 0.032 

Candida glabrata 15.625 250 - 0.002 

Candida krusei 15.625 250 250 0.125 

Aspergillus funigatus 7.8125 250 - 0.256 

Penicillium chrysogenum 62.50 250 - 0.256 
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4. CONCLUSION  

The highest antibacterial inhibition effect of C. creticum obtained from ethyl acetate, diethyl ether 

extract and against S. aureus, P. aeruginosa, P. mirabilis, S. typhimurium with a MIC level of 125 mg/ml. 

The highest antifungal inhibition effect was determined in ethyl acetate extract and against C. glabrata, C. 

krusei, A. Funigatus, P. chrysogenum with a MIC level of 250 mg/ml. The obtained results in this study 

present the first report on the antibacterial and antifungal activities.  

In conclusion, the results obtained confirm the folkoric anticipation of the antibacterial and 

antifungal influence and the therapeutic applications of the examined plants. The outcomes of these 

experiments showed that medicinal plants, C. creticum can to be a great alternative for synthetic 

preparations and that is the reason for an extensive assessment of their antibacterial and antifungal activities. 

This present work, we can finalize C. creticum might have a possible uses as antibacterial, antifungal agent 

in medicinal uses.  
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Recall a ring R is Baer if the right annihilator of each nonempty set is generated by an idempotent. The concept 

of Baer rings has its roots in operator algebras and functional analysis. This class of rings has close links to 

C*-algebras and von Neumann algebras. A ring R is quasi-Baer if the right (left) annihilator of each ideal is 

generated by an idempotent element of R. Each of these conditions (Baer and quasi-Baer) have certain 

advantages over the other. In general, the Baer condition works well with one-sided ideals, whereas the quasi-

Baer condition works well with two-sided ideals. Therefore, it is natural to investigate a class of rings which 

is strictly between the Baer and quasi-Baer classes. To this end, we investigate a new class of ring which 

satisfies the former condition. We present our results including some applications to polynomial rings and 

matrix rings. 

 

Keywords: Baer rings, quasi-Baer rings, projection invariance.  
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1. INTRODUCTION 

 The concept of Baer rings dates back to the theory of von Neumann algebras. In 1936, Murray and von 

Neumann developed the notion of von Neumann algebras (also called W*-algebras) in an attempt to provide 
a rigorous mathematical model for quantum theory [9]. Their theory was based on rings of operators on a 

Hilbert space [7]. Rickart in 1946 studied C*-algebras which satisfy the condition that the right annihilator of 

every single element is generated by a projection (an idempotent e is called projection if 𝑒 = 𝑒 ∗). Rickart 

also showed that all von Neumann algebras satisfy this property [8]. Motivated by the work of Murray, von 
Neumann and Rickart, Kaplansky showed that von Neumann algebras, in fact, satisfied a stronger annihilato r 
condition, namely, that these are rings with identity in which the right annihilator of any nonempty subset is 

generated by an idempotent [6]. He named a ring with this property a Baer ring. Kaplansky recognized that 
the notions of a Baer ring and a Baer *-ring provide a framework to study the algebraic properties of operator 

algebras. Clark called a ring quasi-Baer if the left annihilator of every ideal is generated by an idempotent [4]. 
Observe that all Baer rings and prime rings are quasi-Baer. In contrast to Baer rings, it was shown that the 
quasi-Baer ring property does transfer to several extensions, such as full and triangular matrix extensions as 

well as polynomial ring extensions of a quasi-Baer ring R. 
 

 Another weaker form of the Baer ring property has been defined recently. A ring R is called 𝜋-Baer 

provided that the right annihilator of each projection invariant left ideal Y (i.e., 𝑒𝑌 ⊆ 𝑌 for all 𝑒 = 𝑒2 ∈ 𝑅) 

is generated by an idempotent element of R [3]. Observe that this class of rings is located strictly between the 

classes of Baer and quasi-Baer rings. It is proved that the 𝜋-Baer property is inherited by the full and triangular 
matrix rings extensions and certain polynomial extensions.  

 
 Throughout this paper, all rings are associative with unity and R denote such a ring. For a nonempty 

subset I of R, 𝐼 ≤ 𝑅𝑅, 𝐼 ⊴ 𝑅, 𝐼 ⊴𝑝 𝑅𝑅 , 𝑀𝑎𝑡𝑛(𝑅) and 𝑇𝑛(𝑅) denote I is a right ideal of R, I is an ideal of R, I 

is a projection invariant right ideal of R, the n-by-n full matrix ring over R, and the n-by-n upper triangula r 

matrix ring over R, respectively. Let ∅ ≠ 𝑋 ⊆ 𝑅. Then 𝑟𝑅(𝑋) and 𝑙𝑅(𝑋) stand by the right annihilator of X 

in R, and the left annihilator of X in R, respectively. Recall that a ring is Abelian if every idempotent elements 
are central. For other terminology and unknown definitions, we refer to [1], [2], and [5]. 

 

2. BASIC RESULTS 

In this section, we present the definitions and relatıons between the classes of rıngs.  

Definition 2.1. [5, 6] R is called a Baer ring if the right annihilator of every nonempty subset X of R is 

generated by an idempotent element.  

Observe that any domain, the endomorphism ring of any vector space, the ring of all bounded linear operators 

on a Hilbert space, every von Neumann algebra and AW*-algebra are the examples of Baer rings. 

It is investigated that how much the Baer property extends to the various its ring extensions such as matrix 

rings and polynomial extensions. In general, it is proved that Baer condition does not transfer from the base 

ring to the its extensions. 
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Example 2.2.  Let 𝑅 =  
ℤ ℤ
0 ℤ

 = { 
𝑎 𝑏
0 𝑐

 : 𝑎, 𝑏, 𝑐 ∈ ℤ}, and 𝑒𝑖𝑗 ∈ 𝑅 be the matrix with 1 in the (𝑖, 𝑗)-

position and 0 elsewhere. Consider 𝛼 = 2𝑒11 + 𝑒12 ∈ 𝑅 and 𝑟𝑅(𝛼). Then 𝑟𝑅(𝛼) is not generated by an 

idempotent of R. Therefore R is not a Baer ring, even though ℤ is a Baer ring.  

 

The following result guarantees that when the Baer ring property transfers to the upper triangular matrix rings.  

 

Proposition 2.3. [5] A is a division ring if and only if the upper triangular matrix ring over A, 𝑇𝑛(𝐴), is Baer 

for every positive integer n. 

 

Example 2.4. Let 𝑆 = 𝑀𝑎𝑡2(ℤ[𝑥]). Then ℤ[𝑥] is a Baer ring. Consider 𝛼 =  
2 0
0 0

 +  
0 0
1 0

 𝑥 =  
2 0
𝑥 0

 ∈ 𝑆. 

Note that 𝑙𝑅(𝛼) is not generated by an idempotent of S. Thus S is not a Baer ring.  

 

Example 2.4 shows that Baer ring property is not inherited by the full matrix rings and also the former property 

does not transfer to the polynomial rings. To this end, the next facts clarify that when Baer property works 

well with both full matrix ring and polynomial ring extensions.  

 

Proposition 2.5. Let A be a commutative domain. Then A is a Prüfer domain if and only if  𝑀𝑎𝑡𝑛(𝐴) is a 

Baer ring for every 𝑛 > 1.  

 

Proposition 2.6. [1] Assume that R has no nonzero nilpotent elements. Then R is a Baer ring if and only if 

R[x], the polynomial ring over R, is a Baer ring.  

 

Since the Baer property does not transfer to its various ring extensions without any additional conditions, 

classes of ring under somewhat weaker conditions are investigated. 

 

Definition 2.7. [4] R is called a quasi-Baer ring if the right annihilator of every ideal X of R is generated by 

an idempotent element of R. 
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Notice that quasi-Baer ring property generalizes the Baer ring property. Thus, any Baer ring and any prime 

ring are examples of quasi-Baer rings. The following results explain that quasi-Baer ring property works better 

than Baer ring property in terms of its various ring extensions.  

 

Proposition 2.8. R is a quasi-Baer ring if and only if 𝑇𝑛(𝑅), the n-by-n upper triangular matrix ring over R, 

is quasi-Baer for every  𝑛 > 1. 

 

Proposition 2.9.  R is a quasi-Baer ring if and only if  𝑀𝑎𝑡𝑛(𝑅), the n-by-n full matrix ring over R, is quasi-

Baer for every positive integer  𝑛. 

 

Proposition 2.10.  R is a quasi-Baer ring if and only if  𝑅[𝑥], the polynomial ring over R, is a quasi-Baer ring.  

 

Observe that both Example 2.2 and Example 2.4 illustrate that the class of Baer rings is a proper subclass of 

the class of quasi-Baer rings.  

 

3. A WEAKER VERSION OF BAER RING PROPERTY 

 

Our motivation of this section is to investigate a weaker condition of Baer ring property which locates 

strictly between the Baer and the quasi-Baer conditions. Recall that a left ideal Y of R is called projection 

invariant in R if 𝑌𝑒 ⊆ 𝑌 for all  𝑒 = 𝑒2 ∈ 𝑅.  

 

Definition 3.1. [3] A ring R is called projection invariant Baer (denoted, 𝜋-Baer) if for each projection 

invariant left ideal Y of R, there exists 𝑐 = 𝑐2 ∈ 𝑅 such that 𝑟𝑅(𝑌)= 𝑐𝑅.   

 

It is shown that 𝜋-Baer condition is left-right symmetric.  

 

Proposition 3.2. R is Baer ⇒ R is 𝜋-Baer ⇒ R is quasi-Baer, but these implications are not reversible. 

Proof.  See the proof of [3, Theorem 2.1].  

 

Proposition 3.3. (𝑖) Assume that R is an Abelian ring. Then R is Baer if and only if R is 𝜋-Baer.  



 

 

International Natural Science, Engineering and Materials Technology Conference 

Sep 9-10, 2019, İstanbul / TURKEY 

150 
 

(𝑖𝑖) Let R be a ring such that R is generated by its idempotents. Then R is 𝜋-Baer  if and only if R is quasi-

Baer.  

Proof. See the proof of [3, Corollary 2.2 and Lemma 2.3].  

 

Corollary 3.4. If R is 𝜋-Baer, then 𝑀𝑎𝑡𝑛(𝑅), the n-by-n full matrix ring over R, is 𝜋-Baer.  

Proof.  Let R be 𝜋-Baer. Then 𝑀𝑎𝑡𝑛(𝑅) is quasi-Baer by Proposition 2.9 and Proposition 3.3. Note that 

𝑀𝑎𝑡𝑛(𝑅) is generated by its all idempotent elements.  Thus Proposition 3.3 (ii) yields the result.  

 

Proposition 3.5. R is a 𝜋-Baer ring if and only if  𝑇𝑛(𝑅), the n-by-n upper triangular matrix ring over R, is  

𝜋-Baer for every positive integer  𝑛. 

 

Proposition 3.6. R is a 𝜋-Baer ring if and only if 𝑅[𝑥], the polynomial ring over R, is a 𝜋-Baer ring.  

 

By using Propositions 3.5 and 3.6, it can be seen that Examples 2.2 and 2.4 are 𝜋-Baer rings which are not 

Baer. One might wonder whether the converse of Corollary 3.4 holds or not. The following example answer 

this situation in negative way.  

 

Example 3.7. Consider a prime ring A which is not nonsingular. Hence A is quasi-Baer which is not 𝜋-Baer 

(see, [3, Theorem 2.1]). Let  𝑅 = 𝑀𝑎𝑡𝑛(𝐴) for 𝑛 > 1. Then R is quasi-Baer by Proposition 2.9. Moreover, 

R is π-Baer by Corollary 3.4.  

 

Since 𝜋-Baer locates between the Baer and quasi-Baer properties, it is natural to notice that 𝜋-Baer property 

sometimes behaves like a Baer property, and it sometimes acts like a quasi-Baer property.  For example, the 

ring extensions of  a 𝜋-Baer ring is again a 𝜋-Baer (like the quasi-Baer property); whereas 𝜋-Baer property is 

not a Morita invariant property (like the Baer property).  
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Abstract  

Let M be a right R-module. Recall that M is called extending (or CS) if every submodule of M is essential in 

a direct summand of M. It is proved that extending property is closed under direct summands, however, it is 

not closed under direct sums, in general. Therefore, in order to avoid this unpleasant situation, it is natural to 

consider the extending property on suitable classes of submodules of M. To this end, it is investigated 

generalizations of extending modules including the following classes: (1) A module M is called FI-extending 

(fully invariant-extending) if every fully invariant submodule of M is essential in a direct summand of M. (2) 

A module M is called π-extending (projection invariant-extending) if every projection invariant submodule of 

M is essential in a direct summand of M. Not only module theoretic properties of the former classes are 

provided, but also the connections between these classes are presented. Furthermore, we attract our attention 

to the ring R as a right R-module which satisfies the above extending conditions.  

Keywords: extending modules, projection invariant submodules, fully invariant submodules. 
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1. INTRODUCTION 

 All rings are associative with unity, and modules are unital right modules unless indicated otherwise. 

We use R to denote such a ring and M to denote such a module.  
 

 In this paper, we deal with the results which relate to extending conditions for modules. Recall from 

[4], [7] that a module M is called extending (or CS, or said to satisfy 𝐶1)  if every submodule of M is essential 
in a direct summand of M, or equivalently, every complement submodule of M is a direct summand of M. The 

origins of extending modules have two bases: (1) the work of von Neumann’s’ in continuous geometries and 
their relations as lattices of principal right ideals of regular rings, (2) the theory of injective modules. The 
class of extending modules contains the classes of injective modules, semisimple modules, and uniform 

modules.  
 

 Recall that extending property is inherited by direct summands (see, [7, Proposition 2.6]), but the 

former property is not closed under direct sums. For instance, let be the ℤ-module such that 𝑀 = (ℤ/ℤ𝑝) ⊕

(ℤ/ℤ𝑝3) for any prime p; and let 𝐴 be the ℤ-module such that 𝐴 = (ℤ/ℤ𝑝) ⊕ ℚ. Then both 𝑀 and 𝐴 modules 
are not extending (see, [8]).  To this end, it is investigated that when the extending property is closed under 

direct sums. Thus, the generalizations of extending modules with respect to various subsets of submodules are 
studied. These special subsets include projection invariant as well as fully invariant submodules. Recall from 

[5] that a submodule X of M is called projection (respectively, fully) invariant if 𝑓(𝑋) ⊆ 𝑋  for all 𝑓2 = 𝑓 ∈
𝐸𝑛𝑑(𝑀𝑅) (respectively,  𝑓 ∈ 𝐸𝑛𝑑(𝑀𝑅)). The set of projection (fully) invariant submodules includes many of 

the most significant submodules of a module (e.g., the Jacobson radical, the socle, the singular submodule of 
𝑀).  Motivating on these classes of submodules, a module M is called projection invariant-extending, 𝜋-

extending [3], (resp., fully invariant-extending, FI-extending [1]) if every projection (resp., fully) invar iant 
submodules are essential in a direct summand of M. Observe that extending implies 𝜋-extending, and 𝜋-

extending implies FI-extending. However, it is shown that these three classes are different from each other 
(see, [3, Proposition 3.7]).  

 
 Module theoretic properties such as direct summands, and direct sums are provided for the classes of 
𝜋-extending and FI-extending modules. In contrast to extending modules, the classes of both 𝜋-extending and 

FI-extending modules are closed under direct sums [3, Corollary 4.11]. However, it is shown that 𝜋-extending 

property is not inherited by direct summands (see, [3, Example 5.5] and [6, Theorem 2.4]). Therefore, it is 
natural to study on the conditions when the direct summands of 𝜋-extending modules are 𝜋-extending. On the 

other hand, it is still an open question whether the direct summand of FI-extending module is FI-extending or 
not (see, [1]).  

 

 Let X be a nonempty subset of M. Then 𝑋 ≤ 𝑀, 𝑋 ≤𝑒𝑠𝑠 𝑀,𝑋 ≤⊕ 𝑀,𝑋 ⊴ 𝑀, 𝑋 ⊴𝑝 𝑀  denote X is the 

submodule of M, X is the essential submodule of M, X is the direct summand of M, X is the fully invar iant 
submodule of M, X is the projection invariant submodule of M, respectively. Note that a ring R is Abelian if 

every idempotent of R is central. For unknown terminology and definitions, we refer to [2], [4], and [7]. 
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2. BASIC RESULTS 

 

 In this section, preliminary results and basic definitions are provided. The connections between the 
classes of 𝜋-extending and  FI-extending modules are presented.  

 

Definition 2.1. Let N be a right R-submodule of M. N is called projection (resp., fully) invariant submodule 

of M if 𝑓(𝑁) ⊆ 𝑁 for all 𝑓 = 𝑓2 ∈ 𝐸𝑛𝑑(𝑀𝑅) (resp., 𝑓 ∈ 𝐸𝑛𝑑(𝑀𝑅)).  
 

Let R be a ring. Then a right ideal I of R is projection (resp., fully) invariant if and only if 𝑒𝐼 ⊆ 𝐼  for all 𝑒 =

𝑒2 ∈ 𝑅  (resp., 𝑒 ∈ 𝑅). Observe that I is a two-sided ideal if and only if I is fully invariant in R.  It is clear 

from Definition 2.1 that fully invariance implies projection invariance, but not vice versa. For example, let R 

be an Abelian ring. Consider a right ideal X of R which is not an ideal. Thus X is not fully invariant in R by 

the above observation. On the other hand, X is projection invariant by Proposition 2.3.  

Definition 2.2. ([3], [1]) An R-module M is called right 𝜋-extending (resp., FI-extending) provided that every 

projection (resp., fully) invariant submodule of M is essential in a direct summand of M. A ring R is called 

right 𝜋-extending (resp., FI-extending) if 𝑅𝑅 is 𝜋-extending (resp., FI-extending).  

Proposition 2.3. Consider the following conditions: 

(i) M is uniform. 

(ii) M is extending. 

(iii) M is 𝜋-extending.  

(iv) M is FI-extending. 

Then (𝑖) ⇒ (𝑖𝑖) ⇒ (𝑖𝑖𝑖) ⇒ (𝑖𝑣), but these implications are not reversible. Additionally, if M is an 

indecomposable module,  (𝑖) ⇔ (𝑖𝑖) ⇔ (𝑖𝑖𝑖).  

Proof. See the proof of [3, Proposition 3.7].  

It is clear from Proposition 2.3 that if R is a domain, then uniform, extending, and 𝜋-extending properties 

coincide. 

Proposition 2.4. (i) Let R be an Abelian ring. Then every one-sided ideal is projection invariant.  

(ii) Assume that R is generated by its idempotent elements (e.g., 𝑅 = 𝑀𝑎𝑡𝑛(𝐴) for 𝑛 ≥ 2). Then every 

projection invariant one-sided ideal is an ideal.  
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Proof. The proof is straightforward.  

Proposition 2.5.(i) For an Abelian ring R, R is right extending if and only if R is right 𝜋-extending. 

(ii) If R is generated by its idempotent elements, then R is right FI-extending if and only if R is right 𝜋-

extending.  

Proof. The proof follows from Proposition 2.2 and Proposition 2.3.  

Corollary 2.6. Let 𝑅 = 𝑀𝑎𝑡𝑛(𝐴) for 𝑛 ≥ 2. Then R is right FI-extending if and only if R is right 𝜋-extending.  

Proof. It is a consequence of Proposition 2.5 (ii).  

The following example shows that the submodule of 𝜋-extending (resp., FI-extending) modules need not to 

be 𝜋-extending (resp., FI-extending).  

Example 2.7. (i) Let 𝑅 = ℤ < 𝑥, 𝑦 >be the free ring on two noncommuting indeterminates. Since R is a 

domain, R is indecomposable. Note that 𝑥𝑅 is not essential in 𝑅𝑅. Hence R is not uniform, so R is not  𝜋-

extending by Proposition 2.3. Consider 𝐸(𝑅), the injective hull of R. Clearly, 𝐸(𝑅) is 𝜋-extending, but R is 

not.  

(ii) Let D be a simple domain which is not a division ring, and consider 𝑅 =  
𝐷 𝐷 ⊕𝐷
0 𝐷

 . It is clear from 

[1, Example 11] that 𝑅𝑅 is not FI-extending. However, the injective hull of 𝑅𝑅 is FI-extending.  

The next result explains that when the 𝜋-extending (resp., FI-extending) property inherited by submodules.  

Proposition 2.8. Let 𝑀 be a 𝜋-extending (resp., FI-extending) module. Then every projection (resp., fully) 

invariant submodule of M is  𝜋-extending (resp., FI-extending).  

Proof.  Assume 𝑀 is 𝜋-extending and 𝑋 ⊴𝑝 𝑀.  Let 𝐴 ⊴𝑝 𝑋. Then 𝐴 ⊴𝑝 𝑀 by [5, p.50]. Hence there exists a 

direct summand D of M such that 𝐴 ≤𝑒𝑠𝑠 𝐷. Observe that 𝑀 = 𝐷 ⊕ 𝐷′ for some 𝐷′ ≤ 𝑀. Since 𝑋 ⊴𝑝 𝑀, 𝑋 =

(𝑋 ∩ 𝐷)⊕ (𝑋 ∩ 𝐷′). Note that 𝐴 = 𝑋 ∩ 𝐴 ≤𝑒𝑠𝑠 𝑋 ∩ 𝐷, where 𝑋 ∩ 𝐷 is a direct summand of X. Therefore 

X is 𝜋-extending. The proof of FI-extending case follows similarly.  
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3. DIRECT SUMS AND DIRECT SUMMANDS PROPERTIES 

 In this section, we deal with the direct sums and direct summands of 𝜋-extending (resp., FI-extending) 

modules. These classes behave differently than extending modules in terms of direct sums. Observe that the 

direct sums of extending modules are not extending, in general.  

Proposition 3.1. ([3, Corollary 4.11]) The class of 𝜋-extending (resp., FI-extending) modules is closed under 

direct sums.  

Recall from [7, Proposition 2.6] that extending property is inherited by direct summands. On the other hand, 

𝜋-extending property behaves differently than extending modules with respect to direct summands.  

Example 3.2. ([3, Example 5.5], or [6, Theorem 2.4]) Let R be the real field and n be any odd integer with n 

≥ 3. Let S be the polynomial ring 𝑅[𝑥1 ,𝑥2 , . . . , 𝑥𝑛] over R indeterminates 𝑥1,𝑥2, . . . ,𝑥𝑛. Let R be the ring 

𝑆/𝑆𝑠, where 𝑠 = 𝑥1
2+.. .+𝑥𝑛−1

2 . Then the free R-module, the countable direct sum 𝑀 = 𝑅(ℕ) of copies of R 

is 𝜋-extending  contains a direct summand which is not 𝜋-extending.  

We should mention that it is unknown whether the direct summand of FI-extending module is FI-extending 

or not. Now, we focus on the direct summand properties for both 𝜋-extending and FI-extending modules.  

Proposition 3.3. (i) Assume that 𝑀 has an Abelian endomorphism ring, and 𝑋 is a direct summand of M. Then 

𝑋 ⊴𝑝 𝑀. Moreover, 𝑋 ⊴ 𝑀 if and only if 𝑋 ⊴𝑝 𝑀.  

(ii) Let M be an 𝜋-extending (resp., FI-extending) with an Abelian endomorphism ring. Then every direct 

summand of M is 𝜋-extending (resp., FI-extending).  

Proof. (i) Assume 𝑆 = 𝐸𝑛𝑑(𝑀𝑅) and 𝑋 = 𝑒𝑀 for some 𝑒 = 𝑒2 ∈ 𝑆. Let 𝑔 = 𝑔2 ∈ 𝑆. Then 𝑔(𝑋) =

𝑔(𝑒𝑀) = 𝑒(𝑔𝑀) ⊆ 𝑒𝑀 = 𝑋, so 𝑋 ⊴𝑝 𝑀. The remaining part is clear.  

(ii) It follows from part (i) and Proposition 2.8.  

Proposition 3.4. Let 𝑀 = 𝑀1 ⊕𝑀2 be a 𝜋-extending module such that 𝑀2 is a projection invar iant 

submodule of M and for every direct summand 𝐾 of 𝑀 with 𝐾 ∩ 𝑀2 = 0,𝐾 ⊕𝑀2 is a direct summand of 𝑀. 

Then 𝑀1  is 𝜋-extending.  

Proof. See the proof of [6, Theorem 2.7].  
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Corollary 3.5. Let 𝑀 = 𝑀1 ⊕ 𝑀2 be a 𝜋-extending module with 𝐶3 condition. If 𝑀2 is a projection invariant 

submodule of 𝑀, 𝑀1  and 𝑀2 are 𝜋-extending. 

Proof. Immediate from Proposition 2.8 and Theorem 2.7. 
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Abstract  

 

Glass is suitable to use in different areas. It is a very important material for the automotive and construction 

industry. It offers a variety of products in different structures. Glass production is also a very difficult and 

fragile process. Especially in recent years, window film applications are in high demand by users. The main 

reason for this demand is the aesthetic concerns of the users. However, the place of window film applications 

in the automotive industry is not only to eliminate aesthetic concerns. with technological advances, many 

innovative solutions are offered to customers through the use of window film applications. Some requirements 

must be met for window film applications. In addition to the sun block function, window film applications 

have a significant contribution to increasing the level of safety in the vehicle. Glass, which is suitable for 

different production and application methods, is a component that goes far beyond a visual element with its 

film applications. In this article, besides the basic information about the glass used in the automotive sector, 

information about production processes, technological developments and window film applications are given.  

 

Keywords: Glasses, Temper and Lamination Processes, Film Coating 
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1. INTRODUCTION 

Glass is a solid material that is hard and brittle. It is also called a non-crystalline solid. It is an 

amorphous solid because its atomic structure is irregular. Glass does not have a definite melting point like 

other materials. It changes from liquid to solid, usually within a certain temperature range around 500 ° C. An 

important feature of glass is its high resistance to many chemicals, making it a very durable material. There 

are numerous types of glass with chemical and physical properties that vary depending on the area of use. The 

most common glass is soda-lime glass, also called soda-lime-silicate glass. Soda-lime glass as raw material; 

sand, soda ash and limestone; and small amounts of various additives. Especially for laminated glass, the 

mechanical properties of the sheets and the structural behaviour of the glass are very important. 

Glass is a non-natural isotropic and brittle material at normal room temperature. It can be defined as a 

ductile material. Elastically deforms under stress and does not show plastic deformation before breaking. As 

a result, the behaviour of the glass is ideally considered elastic. The compressive strength is significantly 

higher than the tensile strength. Glass is susceptible to micro cracks and defects. Tensile strength is low. In 

case of stress loading; stress concentrations develop in micro cracks and defects. High stress concentration 

results from surface imperfections. Because glass does not exhibit plastic behaviour, there is no stress 

distribution to reduce local stress concentration, as is the case with other materials such as steel. Cracks or 

surface defects play an important role in mechanical strength. The practical value for mechanical strength is 

always low due to these defects. Theoretical tensile strength based on molecular forces is 32 GPa. The practical 

value is very low 

2. FLAT GLASS PRODUCTION  

Flat glass is the most widely used glass especially in laminated glass and is usually made of soda lime 

glass. Flat glass can be produced in different ways; however, flotation glasses also represent 90% of soda-

lime glass production. In the buoyancy process invented by Pilkington in 1959, glass; produced by floatation 

in liquid tin bath when molten.  

In this procedure, the glass forms a flat surface on both sides. The thickness of the flat glass can be 

adjusted by the rate at which the glass is withdrawn from the tin bath. Pine; entering the annealing furnace 

and tin bath is slowly cooled. The annealing process reduces the internal stresses in the material with controlled 

cooling process. Controlled and slow cooling is very important. Because irregular cooling can cause a decrease 

in mechanical strength. Another term for flat glass is tempered glass. The final process in glass production is 
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the examination and cutting of glass. However, float glass can be further processed to produce glass products 

such as heat-treated glass and laminated glass [1]. Figure 1 was prepared to show the flow chart of glass 

production operation. 

 

Figure 1. Flow chart of glass production  

3. HEAT TREATED GLASSES 

Laminated glasses can be produced from annealed or heated glass. Besides; in view of the general 

definition, laminated glasses are a kind of tempered glass. Structural performance of laminated glass; it 

depends on the singular structure of the glass and the intermed iate layer. The main advantage of heattreated 

glass is its improved mechanical strength. Due to the high strength, tempered glass is a good option when 

reinforced load bearing capacity is desired. A tempered glass can be chemically or tempered by means of a 

heat treatment[1]. 

Chemically tempering is carried out by an ion exchange process. Chemical annealing is rare in 

structural applications because this annealing is effective in thin glass which is not common in automotive. 

The mechanical strength of the annealed glass can be further improved by a heat treatment, as done in the 

annealing step. Heat treatment (annealing) is generally referred to as a process in which the float glass is 

heated to a glass transition temperature of from about 100 ° C to about 600 ° C. Unlike annealing in flotation, 

the glass is then quickly cooled by cold air jets. This process is called quenching. As a result of quenching, a 

structure is compacted and the tension is centered. There are two types of heat treated glass: fully tempered 

glass and heat-reinforced glass. Fully tempered glass is made by the process described above. Second, heat-
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reinforced glass has a similar production methodology, but is produced with a lower cooling rate. Fully 

tempered glass is divided into small pieces in the face of impact and is thus considered as safety glass. Heat-

reinforced glass is not considered safety glass because it is broken into larger pieces. The refraction pattern 

depends on the energy stored in the glass[1].  

Due to the high residual tensile stress in the fully tempered glass, the material is divided into small 

pieces, unlike annealed glass which is divided into large pieces. Heat-reinforced glass can be said to be a 

material with properties between annealed glass and fully tempered glass. Mechanical strength is lower for 

heat-reinforced glass due to a low cooling rate. Fully tempered glass is four to five times stronger than 

annealed glass. About three times stronger than heat-reinforced glass. 

Any work such as cutting, drilling or grinding on heat treated glass must be performed before 

tempering. Another disadvantage of heat-treated glass is the risk of spontaneous breakage; that is, the glass 

may break without apparent reason. Sudden fractures or bursts are caused by nickel-sulfide content, which is 

a small stone or crystal in the glass. There is always a risk for nickel-sulfide content during production. 

Although the probability is very low, it cannot be ruled out because of its serious consequences. 

Annealed glass may also have a nickel-sulfur content, but that is a problem to be considered because 

it is present only in heat-treated glass. Due to the low cooling rate, nickel-sulfide particles are stable in 

tempered glass. When annealed glass is subjected to a heat treatment, the nickel-sulfite particles increase in 

volume. This causes spontaneous breakage, with high tensile stresses in the glass core. Self-breaking can occur 

days or even years after the production of heat-treated glass. Whether the glasses contain nickel sulphide is 

determined by heat treatment test. In the heat treatment test, the glass is heated slowly and the glass containing 

nickel-sulphite breakage is broken while maintaining the temperature at which the particles are transformed. 

Other unbreakable glasses can be sold. Heat treated glass is more expensive due to tempering and heat 

treatment testing.[2]. There is a comparison table between fully tempered and and heat strength glasses at 

Table 1. 

Flat glasses exhibit very good optical properties and do not exhibit important deterioration, but visual 

degradation may occur with a heat treatment. Therefore, heat treated flat glasses may have low optical 

properties. Tempering reduces the time dependence of power. The greatest advantage obtained with tempered 

glass is that it is twice the high mechanical strength and is desirable.  
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Table 1. Glass type, fracture pattern and mechanical strength comparison table                      

 

4. LAMINATED GLASS  

Laminated glass was invented in 1909 by the French chemist Eduard Benedictus. Laminated glass is 

used in many different applications such as construction industry, aviation and automotive. Laminated glass 

was originally developed as a product with better load carrying capacity than tempered glass. In addition to 

its load-bearing capacity, it also has other desirable features such as improved safety, fire resistance and sound 

reduction. Resistance to impacts and explosion loads; Due to the plastic intermediate layer is very high for 

laminated glass. The laminated glass consists of two or more layers of glass interconnected by a plastic 

intermediate layer as previously mentioned. Laminated glasses of more than two layers of glass are called 

plural and are used, for example, in glass beams, columns, stair steps and descents. The adhesive contact 

between the glass and the intermediate layer is made with high pressure and heat around 140 ° C. This usually 

takes place in a container, autoclave. The purpose of the intermediate layer is to retain the parts after the 

breakage in the laminated glass, which eliminates the risk of injury from glass shards. Laminated glass can 

consist of different glass and intermediate layers [4]. 

The thickness of the panels may be equal or different. The interlayer used in laminated glass is, for 

example, polyvinyl butyral (PVB), ethyl vinyl acetate (EVA) and SentryGlas® Plus (SGP) from DuPont 

(Figure 2). The laminated glass may also consist of a liquid resin instead of plastic-containing components. 

This production method is not very common. [1] 
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Figure 2. Laminated glass components chart 

 

5. TEMPERED GLASS  

The main feature of the tempered glass is that, when broken, the entire sheet is divided into small cells 

whose edges are less sharp than the shattered tempered glass with approximately the length of the glass edges 

(Figure 3). When used in windshields that are often broken by stones or other objects traveling at high speed, 

the entire windshield becomes opaque. In this case, the wind pressure has the chance to enter the vehicle. Tests 

performed; this was not a significant problem in the side windows. 

 

 

Figure 3. Fracture view of Tempered Glass  

 

    Another advantage of tempered glass is that it is thin and lighter than laminated glass. Reduced weight 

basically provides two benefits: 

a) lower center of gravity and consequently a more stable vehicle 

b) provides better mileage at lower weight 

Tempering of automotive glass is achieved by rapidly cooling both surfaces of hot glass with high 

speed air jets. The surface cools while the core is still hot. As the center slowly cools, it forces the surface to 
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compress. Production glass is strong and weak in tension. Generally, the glass breaks in a bending mode when 

it is hit by an inside person or an external object. This causes compression of the impacted side and tension of 

the opposite side. With tempered glass, the tensile side is already compacted, and the bending must overcome 

the compressive stress before it enters the surface tensile state, while placing the side opposite the applied load 

tautly. Glass can be considered to be tempered when the surface compaction is 10,000 psi or higher. The 

automotive side and rear windows are usually tempered to a minimum of 20,000 psi [3]. 

 

6. FILM COATING APPLICATIONS 

Automotive manufacturers have experienced that various environmental factors affect the quality of 

the vehicles after delivering their new vehicle to car owners. A large part of the automotive exterior consists 

of coatings and glass. In the early 1990s, Nitto Denko developed the world's first protective film for 

automotive coatings. Developed film can be suitable to conserve acid rain and other factors. After this result, 

protective films are widely used in automotive coatings, automotive glass repairs.  

Damage to the windscreen can cause serious problems for drivers and passengers. Glass damage can 

occur not only during transport but also by the impact of small stones. Usually, when the car windows are 

damaged, they need to be replaced. Therefore, the cost of repair is proportional to the frequency of damage. 

Global warming is said to be caused by storm and hurricane sizes, causing damage to vehicle windows to 

occur in 10 to 15% of vehicles, causing a major economic problem. Although improving the performance of 

the tempered glass has alleviated the problem, it can only reduce the magnitude of the damage, not the 

frequency [5]. Figure 4 and 5 shown that the views during and after the film coating application at vehicle.  
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Figure 4. Film coating example at vehicle 

 

The following elements are essential features for automotive glass protection film; 

1. Good adhesion to the glass: The film should not be peeled off by water ingress. It should be easy to 

disassemble after film application. 

2. Weather proofness: In case of outdoor exposure up to 6 months, there should be no deterioration. 

3. Visibility: Adhesive film should provide minimum effect on the surface. 

4. Notch protection: The film is protected against notch damage to the glass. 

5. Preventing glass breakage: The film should prevent the glass from scattering when the glass breaks.  

 

 

Figure 5. Film coated vehicle 

 



 

 

International Natural Science, Engineering and Materials Technology Conference 

Sep 9-10, 2019, İstanbul / TURKEY 

166 
 

 7. CONCLUSION 

In the automotive industry there are two different types of glass, laminated and tempered. Although 

the mechanical properties of these glasses are different, they are used in similar regions according to the 

expectations and requirements. The usage of laminated glass at windshields is a legal requirement.  In addition, 

film coating applications have been developed as an alternative to privacy glasses. Design and application 

according to the desired performance level is important for window films applications.  Especially because of 

the resistance wires used in the rear window, the application of window film may be dangerous. The resistance 

wires should not be damaged during the application of the window film to the vehicle. 
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Abstract  

 

In this study, antimicrobial activities of Thymus longicaulis C. Presl, Sambucus ebulus L., Origanum vulgare 

L. and Clinopodium vulgare L.  aqueous extracts  were determined against Staphlococcus aureus mixture 

obtained by using 1: 1 ratio of Staphylococcus aureus ATCC 6538 and Staphylococcus aureus ATCC 29213. 

In addition, the effects of temperature and pH stability on the antimicrobial activities of the extracts were 

investigated. We assessed bacterial cell viability in cheese and meat broth for 24 h at 7oC and 37oC. S. ebulus 

and C. vulgare aqueous extracts showed no inhibitory effect on the mixture of S. aureus. For O. vulgare and 

T. longicaulis, the minimum inhibitory concentrations (MIC) against the mixture of S. aureus were 1000 and 

500 µ / mL, respectively. When the aqueous extracts of O. vulgare and T. longicaulis were heated at 100oC 

and 121oC for 15 minutes, an increase in antimicrobial activity against S. aureus mixture was determined. The 

inhibitory effect for T. longicaulis was better at pH 4.0 and 5.0. The O. vulgare and T. longicaulis (4MIC) 

reduced the viable counts of S. aureus mixture in cheese and meat broth over 24 h at 37oC. However, O. 

vulgare and T. longicaulis (4MIC) in the cheese and meat broth did not reduce the viable counts of S. aureus 

mixture for 24 h at 7oC. We can say that these findings strengthen the potential of O. vulgare and T. longicaulis 

as natural antimicrobials to control S. aureus mixture in cheese and meat. 

 

Keywords: Antimicrobial activity, Meat broth, Cheese broth, Staphylococcus aureus, Plant extract 
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1. INTRODUCTION 

Food safety is a general concern for both consumers and the food industry as the number of reported 

cases of foodborne infection continues to increase. Studies have reported that approximately one-third of 

foodborne infections are caused by bacterial agents and that Staphylococcus aureus is one of the leading 

factors [1]. S. aureus is a pathogen frequently associated with food outbreaks causing a typical intoxica t ion 

through the ingestion of enterotoxins pre-formed in foods [2]. Cheeses and meats have been frequently 

involved in major outbreaks of staphylococcal intoxication worldwide [2,3]. S. aureus can be transmitted by 

infected animals from which food is obtained, people working in food processing, and utensils used in the 

preparation and distribution of food. 

From the middle of the last century, synthetic compouds have been used as additives in foods to control 

the growth and survival of pathogens, such as S. aureus, and give them a long shelf life and safety [4]. 

However, concerns about the presence of chemical residues in food and the safety of certain chemica l 

preservatives cause negative consumer reactions [5]. Therefore, interest in natural alternative food 

preservatives is increasing [6]. Increased foodborne disease rate combined with social and economic impacts 

means continuous efforts to produce safer food and develop new antimicrobial agents [7]. 

It has been suggested that the use of bacterial strain mixture could minimize the expected variation 

existent between different isolates of the same species, as well as the influence of the strain, obtaining an 

average tendency of strains behavior within species [8,9]. In this respect, in this study was evaluated 

antimicrobial activity against foodborne Staphylococcus aureus ATCC 6538 and Staphylococcus aureus 

ATCC 29213 mixture of aqueous extracts of Clinopodium vulgare L., Thymus longicaulis C. Presl, Sambucus 

ebulus L. ve Origanum vulgare L. Hirtum (Link) letsw and effects on viable cell counts in cheese and meat-

based broth over time. 

2. MATERIAL AND METHODS 

Microorganisms 

In this study, foodborne Staphylococcus aureus ATCC 6538 and Staphylococcus aureus ATCC 29213 

bacterial species were obtained from Food Engineering culture collection, Yıldız Technical Univers ity, 

Turkey. The S. aureus mixture was obtained by preparing suspensions in sterile saline solution (0.85% NaCl) 

from overnight cultures grown in brain heart infusion agar at 37oC. The S. aureus mixture was obtained using 

a ratio of 1:1 of each strain (108 CFU/ml). 

Plants materials and extract preparation 

 

Plants from different locations were collected in Yıldız Mountains (Kırklareli, Turkey). Confirmation 

of the taxonomic identification of plants was done by Dr. Hüseyin ERSOY of Trakya University (Edirne, 
Turkey) (Table 1, Figure 1). Aqueous extracts were prepared in accordance with the method introduced by 

Khadri et al., [10]. The obtained aqueous extracts were lyophilized and, then stored at -20oC until use. 
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Table 1: Plant locations 

 
 

 

 

 

 

 

 

Figure 1: Plants 

 

  

Origanum vulgare L. hirtum (Link) letsw Thymus longicaulis C. Presl longicaulis 

  

Clinopodium vulgare L. vulgare Sambucus ebulus L. 

 

 

FAMILY GENUS SPECIES SUBSP PROVINCE LOCALITIES  

Lamiceae ORIGANUM L.  O. vulgare L. 

Hirtum (Link) 

letsw 

Kırklareli Between Yörükbayır and 

Armağan Village 

Lamiceae CLINIPODIUM 

L. 

C. vulgare L. vulgare Kırklareli Mahyatepe exit 8.5 km 

from the turnoff 

Lamiaceae THYMUS L. T. longicaulis C. Presl longicaulis Kırklareli Armagan Village Dam 

Area 

Caprifoliaceae SAMBUCUS L. S. ebulus L. - Kırklareli  Dereköy exit 
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Determination of the Minimum Inhibitory Concentration (MIC) 

The MIC values of the aqueous extracts (1000 to 15.625 µg/ml) were determined according to the 

procedure of the Institute of Clinical and Laboratory Standards (Document M07-A9) [11]. Microdilution tests 

were carried out in triplicate in 96-well microplates.  

Temperature and pH effect 

To study the thermal stability of the extracts, the extracts were treated at 100 or 121oC for 15 min. It 

was then evaluated for antimicrobial activity. For pH stability tests, the extracts were adjusted to pH 4, 5 or 6 

with 1N HCl and stored at 4°C for 24 hours. After 24 hours, the pH values were readjusted to their origina l 

values before use [12]. 

Effects on Viable Cell in Cheese and Meat Broth 

To obtain cheese broth, the cheese (160 g) was cut into pieces of uniform sizes (1 cm × 1 cm × 1 cm), 

added to 1000 mL of sterile distilled water and hand-mixed with a sterile glass stem for 5 min to ensure even 

homogenization. Subsequently, the mixture was placed in a thermostatic water bath (42oC, for 50 min) and 

vacuum-filtered using Whatman no1 filter. The filtrate was sterilized in an autoclave for 15 min at 121oC [13]. 

For preparing meat-based broth, 500 g of beef lean meat type, trimmed of fat and whole external pieces of 

uniform size (3 cm × 3 cm × 3 cm) were boiled (90oC) in 1000 mL of distilled water for 30 min. Then, the 

liquid portion of the cooking material was separated from the solid material, vacuum filtered using Whatman 

no 1 filters and the filtrate was sterilized using autoclave for 15 min at 121oC. Broths were stored at –20oC in 

aliquots of 50 mL, and when required one aliquot was thawed under refrigeration (7 ± 1oC) and used for the 

assays. 

The assays to verify the effects on the viable cell of S. aureus in cheese and meat broth over 24 h were 

carried out at various concentrations (4MIC) of O. vulgare and T. longicaulis aquaeus extracts. Plates 

inoculated with aliquots collected from cheese or meat broths containing O. vulgare and T. longicaulis  

aquaeus extracts were  incubated for 24 h at 7oC and 37oC. 

 

3. RESULTS AND DISCUSSION 

The antimicrobial activities of the plant aqueous extracts tested are summarized in Table 2. The 

aqueous extract of C. vulgare and S. ebulus showed no inhibitory effect on S. aureus growth. T. longicaulis 

and O. vulgare showed an inhibitory effect on growth of S. aureus at a concentration of 500 and 1000 µg/ml, 

respectively. Plants abundantly have a broad range of bioactive secondary metabolites such as tannins, 

terpenoids, alkaloids, and flavonoids stated to possess in vitro antimicrobial properties. Moreover, a series o f 

molecules that possess antimicrobial activity against different strains of bacteria have been found in plants. 

We can say that T. longicaulis and O. vulgare aqueous extracts have antimicrobial potential against S. aureus 

mixture.  
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Table 2. Antimicrobial activities of various plant aqueous extracts on S. aureus mixture 

Plants MIC (µg/mL) 

Origanum vulgare 1000 

Thymus longicaulis 500 

Sambucus ebulus ND 

Clinopodium vulgare ND 

ND; No determined 

In our previous study, the phenolic components of aqueous extracts of these plants were measured by 

HPLC analysis. (Table 3). Carvacrol has been reported to exhibit a broad spectrum of antimicrobial activity, 

particularly against S. aureus. It has been reported that carvacrol increases membrane fluidity, causes protons 

and potassium ions to leak, thus causing membrane potential to collapse and inhibition of ATP synthes is 

[14,15]. As seen in the table 3 carvacrol is not found in C. vulgare and is low in S. ebulus. 

Table 3. Phenolic compounds and amounts of the plant aqueous extracts tested (mg/g) [16]. 

 

*Unable to detect. GA; gallic acid, PA; procatechic acid, CLA; chlorogenic acid, CA; caffeic acid, V; vanillin, PCA; p-coumaric 

acid, FA; ferulic acid, ER; eriodikthiol, CNA; cinnamic acid, LU; luteolin, CA; kaemferol, AP; apigenin, C; carvacrol 

Our study was continued with O. vulgare and T. longicaulis with antimicrobial potential against S. 

aureus mixture. In our country, T. longicaulis is known as “food thyme”, which is used in meals. Turkey and 

Southern Europe shows spread. It is a perennial herbaceous plant with purplish flowers that can grow up to 

10 cm. It blooms between April and August and grows in forest openings, rocky slopes and dry pastures. In 

Anatolia, the aromatic flowers and leaves of the plant are collected and dried, and then used to give flavor to 

the dishes. O. vulgare subsp. hirtum “Istanbul thyme” has a local name. In addition to being used as spices 

and tea, it is known to be good for headaches and stomach pains as a folk medicine. 

Heat treatments commonly used in food processing are boiling (100oC) and autoclaving (121oC) [6]. 

After heating at 100 or 121oC for 15 minutes, the antimicrobial activity of the aqueous extracts of T. 

longicaulis and O. vulgare increased against S. aureus (Table 4). This may be due to the slight increase in 

antimicrobial agents by the effect of evaporation. 

 

Plant Extracts GA PA CLA CA V PCA FA ER CNA LU CF AP C 

C. vulgare  0,10 0,17 0,54 0,52 0,17 0,17 * * 0,30 0,91 0,33 0,42 * 

O. vulgare 0,30 0,14 0,22 0,86 0,29 0,27 * 1,34 0,08 * 0,71 1,32 6,38 

T. longicaulis 0,24 0,15 0,09 1,13 0,07 * 0,24 0,27 0,21 * 0,42 1,03 1,87 

S. ebulus * 0,27 2,40 0,30 0,22 0,05 0,08 *  * 0,13 0,09 0,37 0,06 
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Table 4. Antimicrobial activity of O. vulgare and T. longicaulis aqueous extracts after various heat treatments 

(µg/ml) 

Plants Control 100oC 121oC 

Origanum vulgare 1000 250 125 

Thymus longicaulis 500 250 125 

 

The pH of processed foods usually varies between acid and neutral [5]. As shown in Table 5, T. 

longicaulis at pH 4 and 5 showed the best antimicrobial activity. It is reported that [17] easier dissolution of 

the target bacterium in the lipid of the cell membrane by the hydrophobicity of the antimicrobial activity of 

the extracts at low pH. According to the results, it can be predicted that O. vulgare and T. longicaulis aqueous 

extracts tested for thermal and pH stability can be applied to processed food products against S. aureus.  

Table 5. Antimicrobial activity of O. vulgare and T. longicaulis aqueous extracts at various pH values (µg/ml) 

Plants Original pH* pH 4 pH 5 pH 6 

Origanum vulgare 1000 500 500 500 

Thymus longicaulis 500 125 125 250 

* O. vulgare pH 6.93, T. longicaulis pH 6.73 

The antimicrobial activity of the extracts may vary according to the composition of the food, the 

temperature exposed and the time. The inhibitory effecs of T. longicaulis and O. vulgare aqueous extracts (4 

MIC) on S. aureus pathogen were evaluated in food based media. Viable cell counts of S. aureus mixture 

when exposed to the different combinations (4 MIC) of O. vulgare and T. longicaulis in cheese and meat 

broths at 7oC and 37oC for 24 h are given in Figures 1, 2, 3 and 4. All assayed combinations of plant extracts 

caused similar decreases in counts of S. aureus mixture over 24 h in both cheese and meat broths. A sharp 

decrease in the number of S. aureus mixtures was observed in both cheese and broth at 7oC.  The phospholip id 

composition of the cytoplasmic membrane of cells grown at 7oC has a higher degree of unsaturation than does 

that of cells grown at 35oC to maintain fluidity and function at low temperatures. The increased fluidity would 

enable the O. vulgare and T. longicaulis to dissolve more easily into the lipid bilayer of cells grown at 7oC 

than into that of cell grown at 35oC [17]. 
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             Control          O. vulgare   T. longicaulis 

 

Figure 1. Effects on the viable cell of S. aureus mixture O. vulgare and T. longicaulis aqueous extracts in 

meat broth at 37 oC. 

 

 

                  Control          O. vulgare   T. longicaulis 

 

Figure 2. Effects on the viable cell of S. aureus mixture O. vulgare and T. longicaulis aqueous extracts in 

cheese broth at 37 oC. 
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                   Control          T. longicaulis                        O. vulgare    

Figure 3. Effects on the viable cell of S. aureus mixture O. vulgare and T. longicaulis aqueous extracts in 

meat broth at 7 oC. 

 

 

Control          O. vulgare   T. longicaulis 

 

Figure 4. Effects on the viable cell of S. aureus mixture O. vulgare and T. longicaulis aqueous extracts in 

cheese broth at 7 oC. 

As a result, application of T. longicaulis and O. vulgare aqueous extracts decreased the counts of S. aureus in 

cheese and meat broth stored at refrigerate temperature. These findings may enable the use of aqueous extracts 

of O. vulgare and T. longicaulis to control S. aureus at low temperatures, particularly in food products stored 

in cheese and meat. 
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Abstract  

 

Nowadays, new product development process has become increasingly competitive. The automotive industry 

also needs technological innovations to develop and validate new vehicles in a short time. Durability road 

simulation tests, one of the validation activities, are increasingly important. However, duration of them is still 

considered to be long. There are still available durability road simulators which has single axis road load 

application capability. However, simulating one axis road load could not be sufficient to validate the vehicle 

life and may need several assumptions. 

Accordingly, with the advances in testing technology, multi-axis road simulators become available in the 

markets which named 6 degrees of freedom. With this sophisticated test systems, durability road simula t ion 

tests could be performed reasonably in a short time. Also, they could give more realistic road simulation results 

in laboratory environment. 6 DOF test systems basically having a design to test complete vehicle or semi-cut 

vehicle. Therefore, they can be classified into two main groups as Full Vehicle and Half Vehicle road 

simulators which have their pros and cons with several parameters. This article discusses the basic 

technological features and test capabilities of these systems and gives information about their major selection 

criteria. 

 

Keywords: Single axis road simulators, Multi-axis road simulators, Selection criteria of road simulators, 

Durability road simulation 
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1. INTRODUCTION 

Technological developments have led to the transformation of new products into more complex 

structures. This effect transforms automobiles into electronic devices. Furthermore, just like a mobile phone, 

it has become usual expectation that a new vehicle should also be rapidly developed. Normally, this has led 

the process of new product development into a highly competitive environment in the automotive industry. 

To achieve this, necessity of the new technologies in the product development process has become a 

mandatory. One of the most prominent verification activities in the development phase of a vehicle is 

durability tests. The most important part of them is the road simulation tests performed in the laboratory 

environment. To perform road simulation tests in laboratory environment; a variety of sensors are placed on 

a specifically weighted test vehicle, it is driven on special test tracks to acquire road load data. These road 

loads are re-generated in the laboratory by using special road simulators and after necessary operational 

activities, they become ready to implement on the vehicle without any need for a real test track. 

 A wide variety of road simulators are available in markets today, to meet the above-mentioned product 

development and validation needs. There are companies working in this field in the world such as KNR, MTS, 

BIA, Moog, Instron [1-5]. These simulators could be monoaxial or single axis complete vehicle test systems 

or multi-axis systems which enable to perform complete or half vehicle tests. 

In this article after brief information of single axis full vehicle road simulators, multi-axis full vehicle 

and half-vehicle simulators for vehicle durability testing are explained. It is better to explain that during the 

rest of this article, a half-vehicle is meant to testing any part or region of the vehicle, and for complete vehicle 

testing, is meant to testing a complete vehicle itself.  

 2. MATERIAL AND METHODS  

The road simulators are divided into two according to the type of test vehicle installation; 

 Tire coupled road simulator systems 

 Spindle coupled road simulator systems 

Basically, tire coupled road simulator systems are capable of applying road load in vertical Z axis 

through the tire of a vehicle, while spindle coupled road simulator systems generate multi-axis road load 

conditions through the spindle of a vehicle [6]. In this article, tire coupled road simulator is represented with 

single axis road simulator and spindle coupled road simulator is represented with multi-axis road simulator. 



 

 

International Natural Science, Engineering and Materials Technology Conference 

Sep 9-10, 2019, İstanbul / TURKEY 

178 
 

For the tire coupled system, vehicle could be freely moved to any location by its tires so, the test 

vehicle can be loaded on the test system without the need of any crane etc. equipment. However, since the 

vehicle is not movable, transport/lifting systems are needed for the spindle coupled systems. Furthermore, 

additional features such as precise x-y positioning system should be considered to ensure that the vehicle is 

loaded smoothly from the wheel center into the test system.  

 2.1. Single Axis Road Simulators 

Single axis road simulators have one vertical input which allow to apply road load in Z-axis to each 

wheel simultaneously. Commercially these systems are also called Four Poster and is used in product 

development processes for durability tests [7]. As seen from Figure 1, these systems are used for different 

purposes in other areas such as vehicle durability test with climatic chamber, frequency response on the full 

vehicle and examination of vibration modes in the field of noise, vibration and harshness (NVH) with acoustic 

room. In the most basic way, Four Poster road simulators with single axis have a closed loop-controlled servo-

hydraulic infrastructure with four actuators [8]. 

 

Figure 1. Different applications of single axis road simulators: (a) Tire coupled with climatic chamber, (b) Tire coupled 

with ambient temperature [7], (c) Tire coupled with acoustic room [9]. 

Recently, Four Poster road simulators with electrical infrastructure have been commercialized to meet 

not only NVH testing but also durability testing needs (MTS) [10]. The main parameter controlled here is the 

displacement of the piston shaft along the vertical axis for each actuator. As the actuators positioned in the 

vertical axis, these systems can only apply road loads to the vehicle in a single axis (z-axis) [7]. If the durability 

tests for the full vehicle are to be carried out using these systems, some assumptions are made because the 

road loads from other axes cannot be applied to the test vehicle. This situation requires increasing the tolerance 

range of the validation error predicted to perform the test. 

On the other hand, as the tire of the vehicle is a flexible element, it can be seen some uncontrolled 

movement as a result of loading on the vertical axis z in the tire coupled systems. This may require additiona l 

convergence steps in the process of obtaining the road data on the vehicle. However, the vehicle already acts 
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similarly in actual use conditions. In spindle coupled systems, as there is no longer an elastic element between 

the test system and the vehicle, the loads in the vertical axis z can be transferred directly to the vehicle [9].  

Thus, the obtaining of the road data can be completed with less convergence steps than the tire coupled 

systems. However, it should be noted that the entire duration of the convergence process depends on many 

parameters such as user competence, vehicle significance, placement of sensors in the vehicle, software and 

hardware capacity, calibration of the bench, appropriate hydraulic infrastructure, and so on. 

2.2. Multi-axis Road Simulation Test Systems (6 DOF Test Systems) 

The vehicle is not subjected to loads only on the z vertical axis under real road conditions. The structure 

of the road, obstacles on the road and driving maneuvers (lateral (y-axis), longitudinal (x-axis) and braking 

loads, and moments) reveals the loads in other axes and affect the vehicle. These multi-axis loads due to 

natural road conditions can be performed by using sophisticated test systems with newly developed 6 degrees 

of freedom (6 DOF).  

 

Figure 2. General operation of the road simulation test process [8]. 

Figure 2 shows the general operation procedure of the road simulation. First step is obtaining of the 

data from test tracks which followed by data editing and creating desired data. When the same test vehicle is 

loaded on simulator, required drive file is generated with closed loop controller in laboratory environment. In 

this context, while one actuator control is provided for each axle in single degree of freedom systems such as 

Four Posters, 6 DOF systems have six actuator controls for each axle. 6 DOF road simulation test systems 

must have strong software and hardware in order to apply complex and nonlinear road loads to the complete 



 

 

International Natural Science, Engineering and Materials Technology Conference 

Sep 9-10, 2019, İstanbul / TURKEY 

180 
 

vehicle in any time period (t) [11]. Therefore, the control software and hardware of the system could be able 

to communicate properly with the sensors on the vehicle and the controller also should be able to run the 

system accordingly. It is necessary to take these features into consideration when selecting the appropriate 6 

DOF systems on the market. When the multi-axis road loads are applied to the vehicle, the entire vehicle is 

vibrated on the multi-axis with respect to the loads given. Considering an average passenger vehicle, a load 

of around 300-400 kg per axle is required to be shaken in a certain way.  In doing so, the test system itself is 

required to run smoothly without being affected by this vibration. So that, the stable operating frequency 

values of 6 DOF road simulation test systems appear as an important parameter during the test. 

On the other hand, iterative methods for recovering the road data on the vehicle may be criteria such 

as RMS max / min, RMS error and damage for each road data. Considering that this process is performed with 

multi-axis road data, it is time-consuming to carry out these checks for each road data to continue until the 

target values are reached. In Table 1, the sensor parameters to be converged in single and multi-axis road 

simulator benches are given comparatively. As shown in the table, the number of channels to be converged in 

the iteration steps is higher in multi-axis road simulators.  In order to complete the whole work in a short time 

the software's ability, clarity and user-friendly interface is one of the points to be considered. 

Table 1. Used sensor parameters for different road simulators  

Parameter 

4 Poster 

Road 

Simulator 

6 DOF Half 

Vehicle Road 

Simulator 

6 DOF Full 

Vehicle Road 

Simulator 

𝑭𝒙  X X 

𝑭𝒚   X X 

𝑭𝒛   X X 

𝑴𝒙  X X 

𝑴𝒚  X X 

𝑴𝒛 
 X X 

𝒂𝒙  X X 

𝒂𝒚  X X 

𝒂𝒛 
X X X 

𝒙𝒙  X X 

𝒙𝒚   X X 

𝒙𝒛  X X X 

𝜺 X X X 

 

As the 6 DOF systems have servo-hydraulic infrastructure and closed loop control system with 

feedback, they are the systems that works at high pressure (210-280 bars) to be able to perform desired 
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response and drive signal match in order to perform durability tests. So, there is a need for the use of high-

quality oil in the hydraulic pumps, servo valves and other sub-components of the system. It is highly important 

for these systems to be used oil with proper cleaning level and to be performed regular maintenance & 

calibrations accurately. Otherwise, it has been reported to result in loss of system performance and subsequent 

malfunctions. 

In road simulation activities to be performed in 6 DOF systems, road load data are used collected by 

means of appropriate sensors over vehicle body, suspension and identified critical parts. There are a wide 

range of sensors that can be used for this purpose. For each operation, the number of sensors, their position 

on the vehicle and the part are individually determined and can be completely different. The most common 

types of used sensors are given in the Table 2. 

Table 2. Sensors and parameters used in multi-axis road simulators 

Sensors Parameters 

Wheel Force Transducer Mx, My, Mz, Fx, Fy, Fz 

Strain Gauge 휀 

Displacement Transducer mm 

Accelerometer m/s2, g 

Thermocouple °𝐶 

 

Here, to read the force and torque parameters from the center of the wheel, three-axis wheel center 

force measurement sensor (Wheel Force Transducer-WFT) is used. Sensors such as string potentiometers can 

be used to measure the displacement movements of the suspension and related moving parts. By performing 

acceleration and strain measurements in critical or reference points and parts, it can be verified that road loads 

are properly transferred to the vehicle with more data. Multi-axis road simulators can be classified into two 

main groups: full vehicle and half vehicle road simulators. In the following sections, these two systems will 

be examined in order. 

2.2.1. 6 DOF Full Vehicle Road Load Simulator 

In this simulator systems, the entire vehicle is mounted to the test system from its center of the axles 

(Figure 3). Since each axle is mounted to the test system in such a way that it can move independently from 
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each other, the vehicle itself can move freely. For this reason, they can be called as free moving (floating 

body) road simulation test system [12]. At real conditions, the loads such as acceleration, displacement and 

force from the road, the vehicle's suspension and body are subjected to bending and torsion. These loading 

conditions that occur in the vehicle body stand out particularly in the complete body and suspension fatigue 

tests. The amount of torsion affects the amount of damage that will occur. The 6 DOF full vehicle test 

simulators allow the application of bending-torsional loads under real conditions to the vehicle in a meaningful 

manner. Thus, structural life-strength tests of body and suspension systems and parts of the vehicle can be 

performed by using these systems. 

Collected road data on both the body and the suspension system are required to perform the 6 DOF 

full vehicle test, as it can be seen from Table 2. To work with 6dof road simulators, the need of using full 

vehicle having meaningful body and suspension system force company so that it should be compatible to 

product development overall planning.  

 

Figure 3. 6 DOF full vehicle road simulation (a) view of the whole system [2], (b) view of the one corner [2], (c) 6 DOF with 

climatic chamber [5] 

2.2.2. 6 DOF Half Vehicle Road Load Simulator 

These are test simulators that simulates only the connection points and geometry on the vehicle or road 

simulators where suspension system tests can be performed using a half vehicle body instead of the full 

vehicle. In these systems, the test fixture to which the suspension is attached, or half vehicle body is located 

in a fixed manner. For that reason, these systems can be found as “fixed body”,” fixed reacted” in literature 

[6].  

The 6 DOF half-vehicle road simulator can perform the durability test of the front or rear complete 

suspension of the vehicle (Figure 4). Since the half vehicle body or fixture is fixed, the bending and torsion 

effects cannot be transmitted to the body via road signals. Therefore, the suspension system and body 

connections can be verified. To confirm the accuracy of the road simulation test, it is necessary to check that 

the convergence process made by collecting data with strain gauge on critical parts is at target values.  
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Figure 4. 6 DOF half vehicle road simulation (a) view of the whole system [13], (b) view of the one corner [12]. 

3. RESULTS AND DISCUSSION 

Because of the requirements of competitiveness and environmentally friendly products, durability tests 

in automotive product development processes should be carried out in a shorter time and more realistic. While 

single-axis road simulators were developed and released in different versions, multi-axis road simulators were 

also developed. These systems have a wide variety of advantages and disadvantages, compared with each 

other and the place of use. Although these systems are essential in automotive product development processes, 

some constraints that may vary depending on their software & hardware and usage places play an important 

role in the selection of the simulators. These constraints are mentioned in below; 

 User-friendly with software and hardware 

 Remotely controllable and IoT (Internet of Things) compatible for efficient use 

 The total investment, running and maintenance costs 

 Designed to provide suitable environmental requirements 

 Climatic chamber for body and chassis durability testing, acoustic room for NVH testing.  

 Software and hardware infrastructures should be able to work with integrated systems; 

      such as safety, alarm system according to CE (Conformity of European) etc.  

 Product development strategy of the company 

Since the users must comply with the legal environmental requirements, both for the single-axis and 

multi-axis, electrically-powered versions have started to be commercialized by the companies such as MTS, 

Moog and BIA. Electrical systems were initially intended for use in quality and NVH fields and became 

available in systems with increased capacity to perform new vehicle durability tests. 
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4. CONCLUSION 

To move one step forward between the competitors, car manufacturers should consider the more realistic road 

simulation activities for their vehicle validation. Hence, 6 DOF multi-axis road simulators became a solution 

by providing more realistic simulation to meet durability testing and major advantages & disadvantages is 

given in Table 3: 

Table 3. Advantage and Disadvantages of Multi-Axis Road Simulators. 

Advantages Disadvantages 

 More realistic durability results  High investment and maintenance cost 

 To develop competitive products by eliminating over-
engineering (cost & quality) 

 May needs, more iteration time 

 User friendly software structure  Need more sensors 

 Adaptable to safety precaution  High experienced user is needed 

 Hydraulic or electrical hardware alternatives  

 Compatible for NVH, body and chassis testing  

 Easy to adopt new technological requirements  
 

As seen from Table 3, for new technological road simulators, which can be said to be more complex, 

their software and hardware should be user-friendly and remotely controlled, and it is becoming more 

important that to be compatible with IoT for efficient using of these systems. On the other hands, ability of 

remotely access to the systems is important to track general trends or to report automatically for any problems 

to the related department staffs. This is also critical for the high cost of maintenance and the timely completion 

of the testing activities. 

In addition, the total investment cost is expected to be high in the selection of such systems. Users 

maintenance costs, product development strategies and infrastructure facilities should also be taken into 

consideration. Moreover, systems must be designed to provide an environment that is suitable for occupationa l 

safety, and software infrastructures must be able to work integrated with such systems. Considering the speed 

of technology, in road simulation test systems, intelligent solutions that are easier to use and having compact 

structures expected to emerge. Moreover, it is expected that with the help of advanced engineer ing 

implementations, the need of physical test track usage will be dramatically decreased. Several studies have 

been already started on it [14,15]. 
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Smarandache TNB curves of helices in terms of their curvature and torsion. Finally, we find out their explicit 
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1. INTRODUCTION 

A fundamental advance in theory of curves was the advent of analytic geometry in the seventeenth 

century. This enabled a curve to be described using an equation rather than an elaborate geometrica l 

construction. This not only allowed new curves to be defined and studied, but it enabled a formal distinc t ion 

to be made between curves that can be defined using algebraic equations, algebraic curves. Some curves and 

surfaces have been also represented as motion by several authors [1-7]. 

The geometry of the Galilean Relativity works such as a bridge from Euclidean geometry to special 

Relativity. The geometry of curves in Euclidean space have been developed in the past [4] . In modern times, 

mathematicians have started to research curves and surfaces some different spaces [8-24] . 

Helices are among easy and simple styles that are located in the filamentary and molecular 

improvements of mechanics. A nearby physical elements of such components have a inclination to be made 

by way of a standard elastic potential energy dependent on bending and opinion, which is accurately what we 

call a pole version. 

In this paper, we study Smarandache TNB  curves of helices in the 3Sol . We characterize Smarandache 

TNB curves of helices in terms of their curvature and torsion. Finally, we find out their explicit parametric 

equations. 

2. MATERIAL AND METHODS  

Sol space, one of Thurston's eight 3-dimensional geometries, can be viewed as 3R  provided with 

Riemannian metric 

 ,= 22222

3 dzdyedxeg zz  

Sol
 

where ),,( zyx  are the standard coordinates in 3R . 

Note that the Sol metric can also be written as [25]: 
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and the orthonormal basis dual to the 1-forms is 
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Assume that  BN,T,  be the Frenet frame field along  . Then, the Frenet frame satisfies the following 

Frenet--Serret equations [26,27]: 
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where   is the curvature of   and   its torsion and 
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With respect to the orthonormal basis },{ 321 e,e,e  we can write 
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Theorem 2.1. ([28]) Let 3: SolI   be a unit speed non-geodesic general helix. Then, the 

parametric equations of   are 
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3. RESULTS AND DISCUSSION 

 

Definition 3.1. Let 3: SolI  be a unit speed helix in the Sol Space 3Sol  and }{ BN,T,  be its moving 

Frenet frame. Smarandache TNB  curves are defined by 

  .
222

1
=

22
BNTTNB 

 
  

 

  

Theorem 3.2. Let 3: SolI  be a unit speed non-geodesic helix in the Sol Space .3Sol  Then, the 

equation of Smarandache TNB  curve of a unit speed non-geodesic helix is given by 
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where 21,CC  are constants of integration and 
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Corollary 3.3. Let 3: SolI  be a unit speed non-geodesic helix in the Sol Space .3Sol  Then, the 

parametric equations of Smarandache TNB  curves of a unit speed non-geodesic helix are given by 
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where 21,CC  are constants of integration and 
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Abstract  

 

In this paper, we study  Π₂ Bishop spherical images in Euclidean space E³. Using the type-2 Bishop frame of 

the given curve, we present partial differential equations. We give some characterizations for curvatures of a 

curve in Euclidean space E³.  
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1. INTRODUCTION 

Construction of fluid flows constitutes an active research field with a high industrial impact. 

Corresponding real-world measurements in concrete scenarios complement numerical results from direct 

simulations of the Navier-Stokes equation, particularly in the case of turbulent flows, and for the 

understanding of the complex spatio-temporal evolution of instationary flow phenomena. More and more 

advanced imaging devices (lasers, highspeed cameras, control logic, etc.) are currently developed that allow 

to record fully timeresolved image sequences of fluid flows at high resolutions. As a consequence, there is a 

need for advanced algorithms for the analysis of such data, to provide the basis for a subsequent pattern 

analysis, and with abundant applications across various areas, [1-12]. 

Physically, inextensible surface area and curve flows bring about motions where zero strain energy is 

normally induced. The swinging movement of a cord of set length, for instance, could be referred to by 

inextensible surface area and curve flows. Such motions occur quite normally in an array of physical 

applications, [13-29]. 

In this paper, we study  
2Π  Bishop spherical images in Euclidean space 3E . Using the type-2 Bishop 

frame of the given curve, we present partial differential equations. We give some characterizations for 

curvatures of a curve in Euclidean space .3E  

2. MATERIAL AND METHODS  

Let us express a relatively parallel adapted frame: 
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We shall call this frame as Type-2 Bishop Frame, [30-32]. 

Definition 2.1. Let   be a regular curve in 3E . If we translate of the second vector field of type-2 

Bishop frame to the center O  of the unit sphere 
2S , we obtain a spherical image  . This curve is called 2Π  

Bishop spherical image or indicatrix of the curve   [33]. 
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3. RESULTS AND DISCUSSION 

Let  tu,  is a one parameter family of smooth curves in .3E  

Any flow of   can be represented as BΠΠ ,, 21
 

 ,= 32211 BΠΠ bbb 




t


 

where ).(,, 3

321 Ebbb C  

Definition 3.1. The flow 
t


 in 3E  are said to be inextensible if  

 0.=
ut 





 
 

Lemma 3.2. Let 
t


 be a smooth flow of the curve   according to new type-2 Bishop frame.  The 

flow is inextensible if and only if 
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Theorem 3.4.  
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where 321654321 ,,,,,,,, bbbpppppp  are smooth functions of time and arc length. 

Theorem 3.5. Let 
t


 be inextensible according to new type-2 Bishop frame. If   is spherical image 

of ,  then, 
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 where 3211 ,,, bbbp  are smooth functions of time and arc length. 

Corollary 3.6. 
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where ii bp ,  are smooth functions of time and arc length. 
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Corollary 3.7. 
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where ii bp ,  are smooth functions of time and arc length. 

Theorem 3.8. Let 
t


 be inextensible according to new type-2 Bishop frame. If   is spherical image 

of ,  then, 
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where 321654321 ,,,,,,,, bbbpppppp  are smooth functions of time and arc length. 

Corollary 3.9. 
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where 321654321 ,,,,,,,, bbbpppppp  are smooth functions of time and arc length. 

Corollary 3.10. 
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where 321654321 ,,,,,,,, bbbpppppp  are smooth functions of time and arc length. 
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Theorem 3.11. Let 
t


 be inextensible according to new type-2 Bishop frame. If   is spherical image 

of ,  then, 
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where 321654321 ,,,,,,,, bbbpppppp  are smooth functions of time and arc length. 
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Thus, we obtain the theorem. 
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4. CONCLUSION  

Corollary 4.1. 
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where 321654321 ,,,,,,,, bbbpppppp  are smooth functions of time and arc length. 

 

Corollary 4.2. 
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where 321654321 ,,,,,,,, bbbpppppp  are smooth functions of time and arc length. 
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In this paper, we study B- surfaces of biharmonic constant Π₁-slope curves according to type-2 Bishop in the 

SOL³. We characterize the B- surfaces of biharmonic constant Π₁-slope curves in terms of their Bishop 

curvatures. Finally, we find out their explicit parametric equations in the SOL³.  
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1. INTRODUCTION 

Design and style applying some type developable surfaces performs a great significant part on 

developing differential geometry. Presently virtually all industrial devices may certainly assist transforming 

free type surfaces inside estimate some new surfaces. Immediate style apply some new surfaces by means of 

illustrative curves [1-11]. 

Differentiable function MN :  is labeled biharmonic if   is a critical point of bienergy functiona l 

   .)(
2

1
=

2

2 h
N

dvE  T  

Here  dtr:=)(T  is tension, [12,13]. Also, bitension field of   is described by means of 

   .),(tr)(=)(2   ddR TTT   

 

Biharmonic curve also play important roles in geometry. Also, a large number of experts have analyzed 

geometric biharmonic curve and surface conditions. On the other hand, energy concept have been obtained 

with some characterizations, [14-20]. 

In this paper, we study B surfaces of biharmonic constant 1Π slope curves according to type-2 

Bishop in the 3SOL . We characterize the B  surfaces of biharmonic constant 1Π slope curves in terms of 

their Bishop curvatures. Finally, we find out their explicit parametric equations in the 3SOL . 

2. MATERIAL AND METHODS  

Sol space, one of Thurston's eight 3-dimensional geometries with group structure 

      zzyeyxexzyxzyx zz ~,~,~=~,~,~,,    

and left invariant metric 

 ,= 22222

3 dzdyedxeg zz  

SOL
 

where ),,( zyx  are the standard coordinates in 3R . 

The space Sol is realized as the following solvable matrix Lie group, [21-24]: 

 .,,:

1000

00

00

001

=3
















































RSOL zyx

ye

xe

z

z

z

 



 

 

International Natural Science, Engineering and Materials Technology Conference 

Sep 9-10, 2019, İstanbul / TURKEY 

204 
 

 

3. RESULTS AND DISCUSSION 

 

Assume that  BN,T,  be the Frenet frame field along  . Then, the Frenet frame satisfies the following 

Frenet-Serret equations: 
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where   is the curvature of   and   its torsion, [25]. 

The Bishop frame or parallel transport frame is an alternative approach to defining a moving frame 

that is well defined even when the curve has vanishing second derivative, [26,27]. The Bishop frame is 

expressed as 
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Let   be a unit speed regular curve in 3SOL  and above equations be its Frenet--Serret frame. Let us 

express a relatively parallel adapted frame: 
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We shall call this frame as Type-2 Bishop Frame, [28]. 

With respect to the orthonormal basis },{ 321 e,e,e  we can write 
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Theorem 3.1. Let 3: SOLI   be a unit speed non-geodesic biharmonic constant 1Π slope curves 

according to type-2 Bishop frame in the 3SOL . Then, the parametric equations of   are 
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where 321 ,, RRR  are constants of integration, [29] .  

4. CONCLUSION  

The purpose of this section is to study B surfaces of biharmonic constant 1Π slope curves according 

to new type-2 Bishop frame in Sol space 3SOL  

The B  surface of   is a ruled surface 

     .=, Busus E  

 

 

Theorem 4.1. Let 3: SOLI   be a unit speed non-geodesic biharmonic constant 1Π slope curve 

according to type-2 Bishop frame and E  its B  surface in the 3SOL . Then, the equation of E  is 
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where 321 ,, RRR  are constants of integration .  
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Proof. We assume that   is a unit speed biharmonic constant slope curve according to type-2 Bishop 

frame and in the 3SOL . 

The vector B  is a unit vector, we have the following equation 

     ,cossin= 221121 eeB RRRR  ss   

where RRR 21, . Thus, the proof is completed. 

 

We can prove the following interesting main result. 

 

Corollary 4.2. Let 3: SOLI   be a unit speed non-geodesic biharmonic constant 1Π slope curve 

according to type-2 Bishop frame and E  its B  surface in the 3SOL . Then, the parametric equations of E  

are 
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where 321 ,, RRR  are constants of integration .  
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Abstract  

 

In this paper, the (3+1)-dimensional nonlinear Shrödinger equation with kerr law nonlinearity is analysed. An 

exact 1-soliton solution is obtained in closed form using the solitary wave ansatz. Then the conserved 

quantities are investigated via this soliton solution.  
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1. INTRODUCTION 

In the past few decades, a lot of study on optical solitons has been doing [1-10]. The nonlinear wave 

process can be viewed in several scientific fields, such as optical fiber, quantum theory, plasma physics, fluid 

dynamics [11-14], etc. In the main, solitons are one pulse forms which are created due to the proportion 

between nonlinearity and wave stage speed dispersal impacts in the system. In addition to, solitons are the 

consequence of an attentive adjust between dispersal and nonlinearity. The envelope soliton which holds both 

fast and slow vibrations performs for nonlinearity proportions with the wave group dispersal impacts in the 

physical systems. The envelope soliton is controlled to a small field adjusted wave package whose dynamica ls 

is controlled via the nonlinear Schrödinger equation (NSE) [1-14]. The analytical solutions of these NPDEs 

performs a significant part in the analyse of nonlinear phenomenal. Numerous methods were developed to 

obtain exact solutions of NPDEs as the inverse scattering method [15], Exp-Function method [16], Homotopy 

perturbation method [17], Hirota's bilinear method [18], homogeneous balance method [19], Bäcklund 

transformations [20] and Jacobi and Weierstrass elliptic function method [21], etc, in the past decades. 

The (3+1)-dimensional dependent NLSE is given by: 

 0.=)(
22 qqFqiqt   (1.1) 

 Symmetry reductions for the (3 + 1)-dimensional NLSE are analysed in [10-14,22,23]. 

For kerr law nonlinearity, Eq. (1.1) is converted to 

 0.>0,=
22 tqqqiqt   (1.2) 

In (1.2), the first expression describes the evolution condition, the second expressions, describe the 

dispersal in yx,  and z  directions while the third expression describes nonlinearity. 

In this work, we analyse (3+1)-dimensional nonlinear Shrödinger's equation to obtain 1-soliton 

solution with the aid of the solitary wave transformation in closed form [23]. 

2. MATERIAL AND METHODS  

(3 + 1)-dimensional NLSE by kerr law nonlinearity is as follows, 

 0.>0,=)(
2

tqqqqqiq zzyyxxt   (2.1) 

 

Solitons are the product of a delicate adjust between dispersion and nonlinearity. In this work, we will 

use solitary wave transformation to obtain 1-soliton solution of Eq. (2.1). This solution isas follows [22, 24] 
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where, A  is the amplitude of the soliton, 
1 , 

2  and 
3  is the inverse width in the ,,  yx  z

directions respectively and   defines the velocity of the soliton. Also 
21,  and 

3  defines the soliton 

frequency in the  yx ,  and z  directions respectively.   is the solitary wave number and finally   is the 

phase constant of the soliton. 

In Eq.(2.2), r  will be decised while the exact soliton solution found. 

Now, substituting Eq. (2.2)  into Eq. (2.1) , and equating the real and imaginary sections, gives the 

following pair of relations, 

 0,=222 331122  rArArAAr   (2.3) 
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From (2.3), it can be seen that 

 )2(= 331122    (2.5) 

Now, from (2.4) equating the exponents r3  and 2 r  gives  

 1=r  (2.6) 

 

Then, Eq.(2.4) gives, 
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Thus, by using eqs.(2.5), (2.7) and (2.8), the 1-soliton solution of the NLSE in 3+1 dimensions by Kerr 

law nonlinearity is as follows 

 
)

)(cosh
=),,,( 321

(

321





 



 tzyx
e

tzyx

A
tzyxq

i
 (2.9) 

 

 

3. RESULTS AND DISCUSSION 

 

The surface graphic of the obtained solution were drawn below by using Mathematica. In Figs.1, we 

represent numerical models for ),,,( tzyxq  when 1010  x  and 1010  t . 

 

  

Fig 1. a) The surface graphic of the 
2

),,,( tzyxq , b) Contour plot for the 
2

),,,( tzyxq  

The above graphics were drawn for 0.=1,=2,===1,=== 321321   

We obtained the 1-soliton solution found for the presented the (3+1)-dimensional NLSE with kerr law 

nonlinearities. 

4. CONCLUSION  

In this paper, exact 1-soliton solution of the (3+1)-dimensional NLSE with kerr law nonlinearities is 

obtained by using the solitary wave transformation. The obtained soliton solution is considerable for scientis ts 

for the agreement the physical effect of this equation. By choosing suitable values of parameters, the behaviors 

of ),,,( tzyxq  have been showed by using 3D and 2D graphic. These figures are also presented in .1Fig . We 

express that the applied method is convenient to investigate the many problems located in science and 

engineering. 
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Abstract  

 

In this article, the extended direct algebraic method (EDAM) is applied to obtain the optical solitons  in 

modified unstable nonlinear Schrödinger's equation. First of all, this equation is changed into the ordinary 

differential equation by applying the wave variables transformation. Then new several forms of optical 

solitons are obtained by using EDAM.  

 

Keywords: Optical solitons,  Modified unstable nonlinear Schrödinger's equation, Extended direct algebraic 

method. 
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1. INTRODUCTION 

Recently, many scientists studied several methods to form optical solutions in the field of nonlinear 

optics because of optical solitons shape the fundamental component to transport data from side to side the 

earth for very wide distances.Some of these methods are the functional variable method, the kudryashov 

method, the trial solution method, the Jacobi elliptic function expansion method, the Exp-function method, 

the sine-cosine method, residual power series method and others [1-8]. There is a countless of style that 

effectively define this movement of soliton construction [9--20]. 

In this work, we analyse a modification of the unstable nonlinear Schrödinger's equation (UNLSE) 

[9,10] to form optical solitons using the extended direct algebraic method (EDAM) [11,12]. The found 

solutions are identified bright optical soliton, dark soliton, singular soliton, combo soliton solution and 

periodic solutions. 

The UNLSE is a kind of NLS equation with time and space variables. This kind of movement presents 

for the lossless symmetric two-stream plasma instability [13] and the two-layer baroclinic instability [14]. The 

UNLSE as follow 

 0.=22
2

qqqqiq xxt   (1.1) 

In [9] studied as a modification of UNLSE a similar Hamiltonian complex amplitude equation  

 0.=2
2

xtxxt qqqqiq    (1.2) 

that definites standart instabilities of modulated wave-trains [10]. 

In this work we find exact solutions for a complex NLSE by using the EDAM. In [15-18], we showed 

the some studies that the solutions of NLSE obtained by using many other methods. 

2. MATERIAL AND METHODS  

Suppose that the general nonlinear partial differential equation, 

 0.=,...),,,,( ttxxxt qqqqqA  (2.1) 

where q  is an unknown function depending on x  and t , A  is a polynomial in ),(= txqq  and the sub-

indices give the partial derivatives. 

  Assume the traveling wave variable:  

 ,=),(=),( Qtxutxq   (2.2) 

From Eq. (2.2), is obtained an ordinary differential equation for ),(u  

 

 0.=,...),,,(  uuuuB  (2.3) 
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where the sub-indices give the ordinary derivatives with respect to .  

   Assume the solution of Eq. (2.3), 

 ),(=)(
0=

 i

i

i

N

Gu   (2.4) 

where 0n  and )(G  can be satisfied as follows: 

 0,1,),)()()((ln=)( 2  AhgGfGAG'   (2.5) 

where hgf .,  are arbitrary constants. 

    N  is found by balancing between the nonlinear terms and the highest order derivatives in Eq.(2.3).  

   Replacing Eq. (2.4) together with Eq. (2.5) into the Eq. (2.3), then equating each coefficient of the 

polynomials to zero, give a set of algebraic equations for i  )1,2,...,=( Ni , hgf ,,  and .Q  

    Solving the obtained system, we find i  )1,2,...,=( Ni  and .Q  Thus, solutions of Eq. (2.3) are 

obtained. Where a few specific solutions of Eq. (2.3) are given by; 

1)  When 0<42 hfg   and 0,f  
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    2)  When 0>42 hfg   and 0,f  
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     3)  When 0>hf  and 0,=g  
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4)  When 0<hf  and 0,=g  
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         5)  When fh =  and 0,=g  
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6)  When fh =  and 0,=g  
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Remark. The generalized trigonometric and hyperbolic functions are defined as [19]; 
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where 0>  and 0>  are deformation parameters and   is an independent variable. 

3. RESULTS AND DISCUSSION 

Suppose the traveling wave variable as follows [6-8] 

 ,=,)(=),( )( Qtxeutxq wtxi     (3.1) 

where  , w  and Q , respectively, define the frequency, wave number and the speed of the wave. 

By placing Eq. (3.1) into Eq. (1.2), are obtained real and imaginary sections. 

The real sections are as follows; 

 0,=)(2)( 232 uwwuuQ ''    (3.2) 

and the imaginary sections gives: 
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 ,
1

2
=

2







 w
Q  (3.3) 

Consider the solution of Eq.(3.2) is expressed as a finite series as follows: 

 
N

j

j

jGu
0=

)(=)(   (3.4) 

where )(G  satisfies Eq.(2.5) ,  Qtx=  and j  for Nj 1,=  are values to be definited. 

By balancing ''u  with 3u  in Eq. (3.2), is obtained 1=N . 

The solution of Eq. (3.2) is given by: 

 ),(=)( 10  Gu   (3.5) 

where )(G  satisfied Eq.(2.5). 

Substituting (3.2) and (2.5) into (3.2), collecting the coefficients of )(G , and solving the obtaining 

system, the following groups of some solutions are obtained: 

One of the four groups of values is as follows 
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(3.6) 

The solutions of Eq.(1.2) are obtained as follows; 

1)  When 0<42 hfg   and 0,f  the singular periodic solutions are as below 
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2)  When 0>42 hfg   and 0,f  thus the dark and the singular soliton solutions are as below 
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3)  When 0>hf  and 0,=g  thus the singular periodic solutions are as below 
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4)  When 0<hf  and 0,=g  thus the dark, bright and singular soliton solutions are as below  
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5)  When fh =  and 0,=g  thus the singular periodic solutions are as below  
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6)  When fh =  and 0,=g  thus the dark, bright and singular soliton solutions are as below 
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Graphical representation of the solutions  

 The graphical representations of the solutions are showed below in the figures by using Mathematica.  

The graphics below were drawn for 1==2.7,=1,=2,== A . We wrote the some of 

solutions found for Modified UNLSE. In addition to we drawn 3D graphics for some of solutions in Fig 1. 



 

 

International Natural Science, Engineering and Materials Technology Conference 

Sep 9-10, 2019, İstanbul / TURKEY 

223 
 

  

Fig 1. The 3D graphics for the 
2

),( txq  analitical solution of the Modified UNLSE obtained with 

EDAM. 

(a) ),(1 txq  2)==1,=( hgf , (b) ),(5 txq  1)=0,=1,=( hgf , (c) ),(8 txq  1)=0,=1,=( hgf , (d) 

),(10 txq  1).=2,=1,=( hgf  

4. CONCLUSION  

In this paper, the EDAM is used to find new soliton solutions of the modified unstable nonlinear 

Schrödinger's equation. These solutions consist of twelve different cases. The existences of solutions derived 

from these functions are all guaranteed through constraint conditions that are also listed beside the solutions. 

The obtained soliton solutions are important for scientists about the agreement the physical event of this 

equation. By selecting appropriate values of parameters, the behaviors of some solutions have been viewed 

with the help 3D graphics. We say that the presented method is suitable to examine the many problems located 

in science and engineering. 
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Abstract  

 

In this study, we firstly characterize biharmonic curves and associated curvature tensor field by considering 

extended Darboux frame. Then, we obtain the relation of each quasi curvatures of curve. Finally, we give 

some new conditions with the normal curvature, the geodesic curvatures, and the geodesic torsions of the 

curve.  
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1. INTRODUCTION 

Let ),( gM  and ),( hN  be manifolds and NM :  a smooth map. Denote by   the connection of 

the vector bundle TN  induced from the Levi-Civita connection h  of ),( hN . The second fundamental form 

d  is defined by 

         .,,=, TMYXYdYdYXd XX     

 

Here   is the Levi-Civita connection of ),( gM . The tension field    is a section of TN  defined 

by 

   .=  dtr  

 

A smooth map   is said to be harmonic if its tension field vanishes. It is well known that   is harmonic 

if and only if   is a critical point of the energy [1]: 

     gdvddhE  ,
2

1
=   

over every compact region of M . Now let NM :  be a harmonic map. Then the Hessian H  of E  is given 

by 

       .,,,=, TNWVdvWVhWV g

  JH  

Here the Jacobi operator J  is defined by 

      ,,:= TNVVVV   RJ  

 

       ,,=,:= 1=1= ii

Nm

i
i

i
ei

e
i

e

m

i ededVRVe 


 R







   

where NR  and  ie  are the Riemannian curvature of N , and a local orthonormal frame field of M , 

respectively [1]. 

Let ),(),(: hNgM   be a smooth map between two Lorentzian manifolds. The bienergy )(2 E  of 

  over compact domain M  is defined by 

        .,=2 gdvhE    
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A smooth map ),(),(: hNgM   is said to be biharmonic if it is a critical point of the )(2 E . 

The section )(2   is called the bitension field of   and the Euler-Lagrange equation of 
2E  is 

   0.=)(:=)(2  J  

Any harmonic map is biharmonic. Additionally, there are many works related with curves [2-18]. 

 In this paper, we firstly characterize biharmonic curves and associated curvature tensor field by 

considering extended Darboux frame. Then, we obtain the relation of each quasi curvatures of curve. Finally, 

we give some new conditions with the normal curvature, the geodesic curvatures, and the geodesic torsions 

of the curve. 

2. MATERIAL AND METHODS  

By way of design and style, this is model to kind of a moving frame with regards to a particle. In the 

quick stages of regular differential geometry, the Frenet-Serret frame was applied to create a curve in location. 

After that, Frenet-Serret frame is established by way of subsequent equations for a presented framework [19], 

 ,

00

0

00

=
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n
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where t=  and   are the curvature and torsion of  , respectively. 

Let M  be an orientable hypersurface oriented by the unit normal vector field N in E 4  and   be a 

Frenet curve of class C n  (n4) with arc-length parameter s lying on M. We denote the unit tangent vector 

field of the curve by T, and denote the hypersurface unit normal vector eld restricted to the curve by N, i.e. 

 )).((=)(),(=)( ssss '  NNT  

 

We can construct the extended Darboux frame field along the Frenet curve as follows [20]: 

 

Case 1. If the set },{ ''TN,  is linearly independent, then using the GramSchmidt orthonormalizat ion 

method gives the orthonormal set },{ ETN, , where 

 .
,<

,<
=

N>N

N>N
''''

''''
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Case 2. If the set },{ ''TN,  is linearly dependent, i.e. if ''  is in the direction of the normal vector N

, applying the Gram-Schmidt orthonormalization method to }{ '''T,N,  yields the orthonormal set }{ ET,N, , 

where 

 .
,<,<

>,<>,<
=

T>TN>N

TTNN
E

'''''''''

'''''''''








 

 

In each case, if we define ETN=D  , we have four unit vector fields DE,T, , and N , which are 

mutually orthogonal at each point of  . Thus, we have a new orthonormal frame field ND,E,T,  along the 

curve   instead of its Frenet frame field. It is obvious that E (s) and D (s) are also tangent to the hypersurface 

M for all s. Thus, the set DE,T,  spans the tangent hyperplane of the hypersurface at the point  (s) . We call 

these new frame fields " extended Darboux frame field of first kind" or in short " ED-frame field of first kind" 

in case 1, and " extended Darboux frame field of second kind" or in short " ED-frame field of second kind" in 

case 2, respectively. 

 

Therefore, we obtain the differential equations of ED-frame fields: 

 

Case 1: 
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Case 2: 
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3. RESULTS AND DISCUSSION 

 

Biharmonic equation for the curve   reduces to 

   0,=,3
TTTTT

'R  

that is,   is called a biharmonic curve if it is a solution of the above equation. 

 

Theorem 3.1. Let   be a non-geodesic curve with ED-frame field of first kind in the ordinary space. 

Then   is a non-geodesic biharmonic curve if and only if 
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Proof.  From Biharmonic equation, we obtain 
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A direct computation using flat space yields 

   0.=, TTT
'R  

These, together with above equation, complete the proof of the theorem.  

 

Theorem 3.2. Let   be a non-geodesic curve with ED-frame field of second kind in the ordinary space. 

Then   is a non-geodesic biharmonic curve if and only if 
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Proof. By using ED-frame field of second kind, we have 
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From biharmonic equation, we get 
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4. CONCLUSION  

Biharmonic features are used in several physical circumstances, especially on smooth mechanics and 

flexibility complications. Virtually all essential uses of the basic principle of features of a complicated variable 

were acquired inside aircraft principles of flexibility and during the approximate principles of system subject 

matter to regular packing. Specifically, in circumstances once the alternatives are biharmonic maps. In 

sequential elasticity, in the event that equations are developed by way of displacements meant for two-

dimensional conditions after that the release of a tension action contributes to a fourth-order equation of 

biharmonic design. 

In this study, we firstly characterize biharmonic curves and associated curvature tensor field by 

considering extended Darboux frame. Then, we obtain the relation of each quasi curvatures of curve. Finally, 

we give some new conditions with the normal curvature, the geodesic curvatures, and the geodesic torsions 

of the curve. 
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Abstract  

 

We discuss the geometric characterization of the spacelike trajectory of a moving relativistic charged 

particle, for the case of a homogeneous electromagnetic field, in De-Sitter space when the motion is governed 

by the Lorentz equation. We employ totally relativistic approach during the discussion and it is based on a 

systematic use of the four-dimensional Frenet-Serret formulae, which is adapted to the De-Sitter space to 

determine the worldline geometry of the electromagnetic field acting on the particle in De-Sitter space, and of 

the Faraday antisymmetric tensor properties. 

  

 

Keywords: De-Sitter space, Homogeneous electromagnetic field, Faraday antisymmetric tensor, Frenet-

Serret frame, Trajectory of a charged particle. 

 

 

 

 

 

 

 

 

 

mailto:rcdemirkol@gmail.com


 

 

International Natural Science, Engineering and Materials Technology Conference 

Sep 9-10, 2019, İstanbul / TURKEY 

233 
 

1. INTRODUCTION 

Principal least action governs the dynamics of a mechanical system between the times a  and .b  It is 

defined by the following integral and it takes the least possible value.  

 ,dt
b

a
L=Q   

where L  is used to describe positions and velocities of the system. The action is defined, for a free 

relativistic particle, by  

 ,1
2

2
2 dt

c

v
mc

b

a
 =Q  

where m  is a mass, v  is a velocity, and c  is the speed of light in a vacuum. The dynamics of the 

relativistic particle has been studied intensively in Minkowski spacetime for a long time. In Minkowski 

spacetime, an event is described by the point particle motion whose collection creates the worldline of the 

particle. The generalization of the action of the relativistic particle can be given by the curvatures  neee ,...,, 21  

of the worldline of the particle in  1n  dimensional Minkowski spacetime in the following manner. 

     .,...,,= 21 deee nLXQ   

Here X  is embedding function of the particle given by 0,1,2,3= ),,,,(=  zyxctX  such that  

 ,=  d  

where  .1 =
ds

D

ds

D 


XX

 This approach has been effectively used to determine the dynamics of 

a system even though its internal form is not fully solved. For example, in the bosonic theory, the action and 

evolving of a supersymmetric particle can be understood via curvature dependent action of the relativist ic 

particle  2 .  It was proved by Polyakov in  3  that explicit solutions of the dynamics of a rigid body are 

divided into three types: tachyonic, massless, and massive depending on the value of the invariant of the 

particle. Kuznetsov and Plyushchay in   4,5,6,7 investigated the curvature and torsion dependent model of 

the action of the relativistic particle linearly. The relationship between the equation of the motion of the 

relativistic charged particle in the homogeneous electromagnetic field and the equation of the motion of the 

particle containing a linear term on the torsion of the trajectory are demonstrated by Plyushchay in  .8  It was 

proved by the authors in  179  that the correspondence between the dynamics of a relativistic charged 

particle and the geometry of a worldline described by the Frenet-Serret equations can be given by using the 

invariants of the electromagnetic field and the curvatures of the worldline. Also some curves and surfaces with 

motion studied in [18-32]. 

The main goal of the present study is to investigate the motion of a relativistic charged particle in a 

homogeneous (uniform and constant) electromagnetic field by emphasizing on the invariant geometric 

description of its spacelike trajectory in De-Sitter spacetime. We also aim to clarify the nature of the Frenet-
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Serret equations on the basis of a given physical system. This is achieved through the use of the Lorentz 

equation together with the Frenet-Serret formalism. We also establish a connection between the intrins ic 

scalars of the spacelike worldline of the curve and field invariants of the electromagnetic field in De-Sitter 

space. 

2. MATERIAL AND METHODS  

The intrinsic geometric features of a moving particle in space is determined mostly by using the Frenet-

Serret formulae. These formulations are obtained by the Frenet-Serret (FS) tetrad, which is constructed by the 

tangent vector of the worldline, normal and binormal vectors together with a number of associated curvatures 

of the curve depending on a dimension of a space. In this work, the particle is assumed to follow a spacelike 

worldline in De-Sitter spacetime. Thus, as a result of this motion, it is obtained a curve, which has a spacelike 

tangent vector and timelike normal or binormal vector. Here, the arc-length parameter is also described to 

compute the distance traveled by the particle along its spacelike worldline. When the main tetrad is stated 

initially and the associated curvatures are defined in terms of the functions of the arc-length parameter on the 

path, then the trajectory is found thanks to the FS relations. By the assumption, we restrict ourselves to a 

spacelike curve  ),(= s
ββ which corresponds to a moving spacelike particle in special relativity. In this 

theory, the complete coordinate system for any event is defined by  

 0,1,2,3.= ),,,,(=)(  zyxctβ  

The distance between two distinct events is computed by  

 ,= 222222 dtcdzdydxds   

where c  is the velocity of light in the vacuum. Thus, for a spacelike curve, we have  

 1,=))((
ds

D

ds

D 


ββ

 

where   is a metric tensor and s  is the arc-length parameter. If we choose components of the unit speed 

spacelike tangent vector as  

 1,==,= 



  TTTT

β
T

cb

bc
ds

d
 

then we have normal and binormal vectors 
1,2=

E  defined along the curve. So far it is described three 

orthogonal vectors along the worldline. However, De-Sitter spacetime is a four-dimensional space. Thus, there 

must be a fourth vector in addition to the tangent, normal, and binormal vectors for the complete framework 

construction. Therefore, it is considered that the curve β  itself  is a vector to establish FS equation system in 

De-Sitter spacetime. Finally, the main tetrad ),,,(
321




 EEET  is defined by FS frame in the following manner.  

 1.= 1,2;=1,=0;=
331,2,3=

k

k

k

k

k

k EEEEET 
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It implies that there exist two different cases for the construction of the orthonormal frame structure in 

De-Sitter spacetime according to the choice of the normal and binormal vectors 
1,2=

E  as being timelike or 

spacelike  . Here we exchange the notation of the spacelike curve β  with 
3

k
E  for the simplicity purpose of the 

notation. This construction also obeys the following FS equation system. 

Case 1.  If 
1



E  is timelike then, we have following FS equations  18 . 

 

,=

,=

,=

,=

3

1
2

2

2
21

1

31
1
















T
E

E
E

ET
E

EE
T

ds

D

e
ds

D

ee
ds

D

e
ds

D

k

k



 

where 1,=   
1e  is the curvature and 

2e  is the torsion of the spacelike worldline. 

3. RESULTS AND DISCUSSION 

 

Now, we adapt FS frame construction to the De-Sitter spacetime to investigate the motion of the 

accelerated charged particle within the context of general and special relativity. This leads us to determine 

intrinsic geometric features of the spacelike trajectory of the moving charged particle in the electromagnetic 

field, ultimately. The first step in that process is to observe the behavior of the uvF  in the main tetrad. 

Case 1.  In this case, we assume that the normal vector is timelike. Thus, we have 

 1=
11

k

k EE  

We firstly write uvF  in terms of its bases, which are the class of antisymmetric tensors at each point of 

the spacelike curve. 

 

.=

,=

,=

1,2,3,= ,=

32326

31315

21214

uvvuuv

uvvuuv

uvvuuv

uvvuuv
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Thus, we have 
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 ,=
6

1=

uvuv CbF






  

where b  are some smooth functions along the worldline of the spacelike curve. Using simple algebraic 

properties and FS frame construction given in above equations we reach following equalities. 

 

.when0,=

2,3,6,=when2,=

1,4,5,=when2,=
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Then we are allowed to write  

 .=
6

1=

6

1=

uv

uv

uv

uv CbCbFF









  

Then 

    .= 2

6

2

5

2

4

2

3

2

2

2

1

22 bbbbbbSR   

Also, we can define the dual of each 
1,...,6=
uvC  in the following manner. 

 .
2

1
=

1,...,6=1,...,6= 

 ab

uvabuv CC  

Here we assume that the FS tetrad ),,,(
321




 EEET  is positively oriented when  

 1.=
321

bavu

uvab EEET  

Hence, we obtain that 
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6

1=

6

1=
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uv
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To expand the above equation we first need to give the following equalities, which are obtained by 
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Now, have  

   .= 435261 bbbbbb RS  

As a consequence, above equations give the invariant of the electromagnetic field in terms of arbitrary 

functions defined along the worldline of the curve. To observe the behavior of the uvF  along the spacelike 

worldline we also need to compute  

 ).(=
6

1=

uv
uv

Cb
ds

D

ds

DF






  

Differential properties of the tensor 
1,...,6=

uvC is calculated as 
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Thus, the evolution of uvF  on the spacelike worldline is stated by 
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4. CONCLUSION  

In the present paper, we introduce a geometric approach to investigate the motion of a spacelike 

relativistic charged particle subjected to a homogeneous electromagnetic field in De-Sitter space. Aside from 

the geometric characterization of the spacelike wordline of the charged particle in De-Sitter space we also 

correlate the intrinsic scalars of the worldline of the charged particle and field invariants of the electromagnetic 

field in De-Sitter space. 

This study will also lead up to further research on the investigation of the dynamics of the moving charged 

particles when they are experienced some well-known external forces beside the electromagnetic field i.e. the 

frictional force, the gravitational force, the normal force, and the resultant force in De-Sitter space. 

Consequently, we aim to obtain more applicable and widely acceptable results to comprehend the exact 
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movement of the charged particle in a given homogeneous electromagnetic field in De-Sitter space when the 

motion is governed by the Lorentz equation. 
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Abstract  

 

In this study, we investigate the special type of magnetic trajectories associated with a magnetic field B defined 

on a 3D Riemannian manifold. Firstly, we consider a moving charged particle which is under the action of a 

normal force, N_{f}, in the magnetic field B. Then, we assume that trajectories of the particle associated with 

the magnetic field B correspond to normal magnetic curves (N_{f}-magnetic curves) of magnetic vector field 

B on the 3D Riemannian manifold. Thus, we are able to investigate some geometric features and physical 

consequences of the particle, which is assumed to be under the action of normal force in the magnetic field B 

on the 3D Riemannian manifold 
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1. INTRODUCTION 

Lorentz force law together with Maxwell equations constitutes the basis for electric circuits, classical 

optics, and classical electrodynamics. Gauss law for magnetism is known as the second equation of Maxwell, 

i.e. 0.=B  It implies that magnetic field B  is a divergence-free vector field. This property of Maxwell 

equations allows us to determine the magnetic field B  on a n dimensional oriented Riemannian manifo ld .  

The trajectory of a moving charged particle on the manifold corresponds to a magnetic curve under the action 

of the magnetic field. Magnetic curves generalize geodesics, which have the form of second order non-linear 

Euler-Lagrange differential equation, [1-9]. 

In the literature, one of the major goals is to obtain magnetic curves associated with the magnetic field 

B  on a n dimensional Riemannian manifold, [10-15].  Thus, intrinsic geometric features of the n

dimensional Riemannian manifold can be used to determine the curvature of the magnetic curves. 

Consequently, magnetic curves can be figured out completely depending on the particular structure of the 

manifold [16-19]. For instance, [20-22] obtained explicit trajectories associated with a Kahler magnetic fields 

by assuming the ambient space is a complex form of space. Also, energy and biharmonicity concept have been 

obtained with some characterizations, [23-28]. 

2. MATERIAL AND METHODS  

Let   be a particle moving in a space such that the precise location of the particle is specified by 

 ,= t  where t  is a time parameter. Changing time parameter describes the motion and trajectory of the 

particle, ultimately. In most cases, this trajectory corresponds to a particular curve in the space. It is convenient 

to remind that arc-length parameter s  is used to compute the distance traveled by a particle along its trajectory 

and defined by  

 ,== v
dt

ds
v  

where  
dt

d
t


=v=v  is the velocity vector and 0

dt

d
. In particle dynamics, the arc-length parameter 

s  is also considered as a function of .t  Thanks to the arc-length, it is also determined Serret-Frenet frame, 

which allows us to describe the characterization of the intrinsic geometric features of the regular curve.  This 

coordinate system is constructed by three orthonormal vectors  ,

e  assuming the curve is sufficiently smooth 

at each point. The index within the parenthesis is the tetrad index that describes a particular member of the 

tetrad. In particular,  

0e  is the unit tangent vector,  



1e ,  

2e  are unit normal and binormal vectors of the curve 

,  respectively. Orthonormality conditions are summarized by     ,= 




 ee  where   is Euclidean metric 

such that: diag  .1,1,1  For non-negative coefficients ,,  and vectors   0,1,2=ii


e  following equations and 

properties satisfy  29 : 



 

 

International Natural Science, Engineering and Materials Technology Conference 

Sep 9-10, 2019, İstanbul / TURKEY 

242 
 

 

 

   

     

   .=

,=

,=

12

201

10



















ee

eee

ee







'

'

'

 

Arc-length parameter s  is also necessary for defining velocity and acceleration of the particle. Here, 

we get  

    

0== ev

dt

ds

dt

d
s  

and 

      .== 1

2

02

2
  ee

v
a 










dt

ds

dt

sd

dt

d
s  

The motion of the particle or block on a curve is a well-known problem for circular and flat surfaces. 

Point particle that slides on a downward concave surface under the action of frictional force, normal force, 

and gravitational force can be determined by the Serret-Frenet frame. 

It is shown that for any particle sliding down on a surface with a mass ,m  the normal force is  

  ,1


e=Nf Nù  

where ,= fNN  1;= ù  the gravitational force is  

    ),( 1100


ee=G ggm   

where 0,1=ig  are gravitational coefficient; the frictional force is  

  ,= 0

 eNf   

where   is frictional coefficient  30,31  . 

3. RESULTS AND DISCUSSION 

Now, we assume that for a moving charged particle in any magnetic field B  on ),,( 3 M  there exists 

a normal force acting on the particle. Then, trajectories of the particle of the magnetic field B  on the 3D 

Riemannian surface give a new kind of magnetic curve. 
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 Definition 3.1 Let   be an arc-length parameterized magnetic curve in the 3D Riemannian manifold 

),( 3 M  and B  be a magnetic field on .3M  We call the curve   as a 
fN -magnetic curve if the normal force 

field of the curve meets the following Lorentz force equation; 

 

 .=)(= fff NNN  B
 '  

 Proposition 3.2 Let   be an arc-length parametrized fN magnetic curve of B  with the Frenet 

frame elements       }.,,,{ 210 
ee,e  Then, Lorentz force   of a magnetic field B  is written in the Frenet frame 

as the following; 

 

       

     

       ,=)(

,=)(

,=)(

261052

24031

221010













eeee

eee

eeee







 

where ,i  61  i  are smooth functions along the curve .  

 

 Proof Let   be an arc-length parametrized fN magnetic curve in ),( 3 M  together with the Frenet 

frame elements       }.,,,,{ 210 
eee  Knowing the fact that        },,{)( 2100

 eeee span and  

          )),(,(=))(,(=)),((= 01000

  eeeNeNe ff NN ùù   

we get        ;=)( 221010

  eeee   where 1  and 2  are some smooth functions along the curve .  

Proof is completed by using similar procedure for  )( 1

 e  and  ).( 2

 e  

 

 Theorem 3.3   is a unit speed fN magnetic curve of the magnetic field B  if and only if  

       0,)(= 321

3

5

3

1
0  









 

eeeB  

or equivalently  

       0,)(= 421

4

6

4

2
0  









 

eeeB  

along the curve .  
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 Proof Let us choose      ,= 221100


eee aaa B  where ,ia  0,1,2=i  are some functions along  . We 

also suppose that B  does not vanish along the curve. Now, from the definition of 
fN -magnetic curve we have  

        ).()(= 1221100


 eeeeNf Naaa' ù  

Here, we obtain =0a  and .=2 a  Also, from the definition of Lorentz force ,  we get 

0.==)( BBB   Thus, we have  

      ),()()(=0 221100

  eee aaa   

which means ),(=
3

5

3

1
1









 a  03   or equivalently ),(=

4

6

4

2
1









 a  0.4   

 

 Corollary 3.4 Let ,i  61  i  be arbitrary smooth functions given in Proposition 3.2. Then, we have 

the following relation   

 0,= 3241

3241

4536 












 

 

 Proof By definition we get 0.==)( BBB  Thus, we have  

      ).()()()(=)(=0 21

3

5

3

1
0

 








 eee B  

If we also use above theorem, then the proof is completed. 
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Abstract  

 

We take the De-Sitter space 2

1S  and the transformation .: 3

1

2

1 RSI   Considering their definition in terms 

of spherical geometry in the Minkowski space, we investigate the magnetic curves of the spherical vector 

field. An entire characterization is developed for timelike spherical magnetic curves, denoting particularly the  

changes of their energy with respect to time, the influence of the magnetic force on them, and the existence 

condition for the uniformity of these curves.  
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1. INTRODUCTION 

A classical model of magnetic fields is easily developed if one multiplies a scalar p  (generally known 

as magnitude or strength) to the area form on a Riemannian surface  .,hR  For instance, on a hyperbolic plane 

,2H  magnetic trajectories are either open curves or closed curves, on the Euclidean plane magnetic trajectories 

are circles, and on the sphere,  they are tiny circles having a particular radius  31 . 

In this construction, one can observe some exclusive behaviors in the three-dimensional case due to 

the fact that the volume form hdv  and the Hodge star operator of the manifold identify a  11  correspondence 

between divergence-free vector fields and closed 2-forms. In three-dimensional pseudo-Riemannian manifo ld, 

this leads to describe the special class of Killing magnetic curves and Killing magnetic fields  4,5 . Also some 

curves and surfaces with energy studied in [6-29]. 

In this manuscript, we take the De-Sitter space 2

1S  and the transformation .: 3

1

2

1 RSI   Even 

though the selection of the spherical frame is basically owing to its geometrical understanding, it may be seen 

that features of the worldline of the particle frequently emerge in physics. Considering the definition of 2

1S  

and   in terms of pseudo-orthonormal frame, we investigate the magnetic curves of spherical vector field. 

An entire characterization is determined for its timelike magnetic curves. Moreover, we also obtain some 

physical properties of timelike magnetic curves lying on the 2

1S . We also analyze the necessary and suffic ient 

conditions of the uniformity of the timelike magnetic curves lying on the 2

1S . 

2. MATERIAL AND METHODS  

Magnetic Curves 

The trajectories of a charged particle moving under the influence of a magnetic field on any manifo ld 

are represented by a magnetic curve. A magnetic field on a k-dimensional semi-Riemannian manifold  h,R  

is any closed 2-form G . The Lorentz force of the magnetic field G  is an antisymmetric one-to-one tensor 

field   such that it is defined by 

      .,where,,=, X(R)BABAGBA h  

The magnetic trajectories of the magnetic field G  correspond to magnetic curves   on R . These 

curves satisfy the following Lorentz formula 

 ).(=
''

' 


  

Evidently, magnetic curves generalize geodesics due to the following equation, which is satisfied by 

geodesics. 

 0.='

' 
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This formula obviously represents the Lorentz formula in the nonappearance of the magnetic field. 

Consequently, a geodesic corresponds to a trajectory of the moving charged particle when it is free from the 

magnetic field 0).( =G  

A significant feature of magnetic curves is that they have a constant kinetic energy since their speed is 

a constant. This is an obvious result of the antisymmetric propertiy of the Lorentz force. 

In the case of a D3  pseudo-Riemannian manifold  ,,hR  vector fields and 2-forms may be described 

thanks to the volume form hdv  and the Hodge star operator å  of the manifold. Hence, divergence free vector 

fields and magnetic fields are in  11  correspondence. Therefore, Lorentz formula is given for any vector 

field S  on the D3  pseudo-Riemannian manifold as follows.  

 ,=)( AGA   

where G  is a magnetic field such that X(R)A  with 0=)(Gdiv . As a consequence, the magnetic 

flow reduced by the Lorentz formula is written as the following form.  

 .= ''

' 


 G  

The Geometry of the De-Sitter Space 2

1S  

Let 2

1: SI  be a unit speed timelike regular spherical curve, that is it is an arc-length parametrized 

and sufficiently smooth. Then Sabban frame is defined along the curve   as follows. 

 

,

,=

=

T=N

NT

T,













'

'

'







 

where   is a Levi-Civita connection and  'TT,,det=   is the geodesic curvature of .  The 

following identities including pseudo vector product also hold  10 . 

 T.NN,TN,T   ===  

 

 

3. RESULTS AND DISCUSSION 

 

Definition 1. Let 2

1: SI  be a unit speed regular timelike spherical curve on the De-Sitter 2-space 

and G  be the magnetic field on .2

1S  Timelike spherical magnetic curves of   are defined via the Lorentz 

force formula given by Eqs.  31  as follows. 
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For further references, we call these timelike spherical magnetic curves as a 

,   ,  , curvemagneticandcurvemagneticcurvemagnetic  SNSTS  respectively. In other words,   is 

called as an curvemagnetic S  if the first equation holds;   is called as an curvemagnetic ST  if the 

second equation holds;   is called as an curvemagnetic SN  if the third equation holds.  

Proposition 2. Let   be an arc-length parametrized timelike spherical magnetic curve together with 

the Sabban frame elements },,,{  NT  on the De-Sitter space .2

1S  Then, Lorentz force   of the magnetic 

field G  is written in the Sabban frame as follows. 

   In the case of an , curvemagneticS    is defined by  

 

T,N

N,T

T,

1

1

=)(

=)(

=)(

c

c











 

where 1c  is an arbitrary smooth function along with the magnetic curve such that it satisfies  .),(=1 NThc  

  In the case of an , curvemagneticST    is defined by 

 

T,N

N,T

N,T













2

2

=)(

=)(

=)(

c

c  

where 2c  is an arbitrary smooth function along with the magnetic curve such that it satisfies  .),(=2 Nhc  

  In the case of an , curvemagneticSN    is defined by 

 

N.T

T,

TN













3

3

=)(

=)(

=)(

c

c  

where 3c  is an arbitrary smooth function along with the magnetic curve such that it satisfies  .),(=3 Thc  

Proof. Let   be an arc-length parametrized S - curvemagnetic  on the De-Sitter 2-space .2

1S  It is 

evidently true from the definition of the Sabban frame and Lorentz equation given in Eqs.  4,5  that 

T.=)(  It is also canonically true that  

 ,=)( 321 NTT    
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since  }.,,{)( NTT span  If one uses the features of anti-symmetry of the Lorentz force and consider the 

metric defined on the ,2

1S  one reaches that 

 ,= 0,= 1,= 1321 c  

where 
1c  is an arbitrary smooth function along with the magnetic curve such that it satisfies  .),(=1 NThc  

By using a similar argument it is also obtained that T.N 1=)( c  This finalizes the proof for the case of 

 . curvesmagneticS The rest of the proof is completed if one follows similar steps for other cases. 

Theorem 3. Let   be an arc-length parametrized timelike spherical magnetic curve on the De-Sitter 

space .2

1S  

   is an S - curvemagnetic  of the magnetic field G  on the 2

1S  if and only if  

 N1c=G  

where  NT),(=1 hc  along with the curve. 

   is an ST- curvemagnetic  of the magnetic field G  on the 2

1S  if and only if  

 NT 2c=G  

where  N),(=2 hc  along with the curve. 

   is an SN- curvemagnetic  of the magnetic field G  on the 2

1S  if and only if  

 N3c=G  

where  ),(=3 Thc  along with the curve. 

Proof. Let   be an S - curvemagnetic  of the magnetic field G  on the .2

1S  Let us choose 

,= 210 NT aaa G  where ,ia  0,1,2=i  are some smooth functions along with the curve  . We also suppose 

that B  does not vanish along with the curve. Now, from the definition of the S - , curvemagnetic  one has  

 .)(= 210 


 NT aaa' =G  

We already computed that .=)( T  Hence, we obtain that 0=1a  and 1=2 a  by using the basic 

properties of the vector product and the given equality .=)( 
 '  Also, from the definition of the Lorentz 

force ,  one knows that 0.==)( GGG   Thus, one should have  

 ).()()(=0 210 NT  aaa   

If one plugs each Lorentz force computed in the above equality, then it is computed that .= 10 ca  

Conversely, if we suppose that N1c=G  and  ,),(=1 NThc  then we can easily observe that 

.=)(= 
 ' GG  This fact obviously implies that the curve   is an ST- curvemagnetic  of the magnetic 

field G  on the .2

1S  The rest of the proof is completed if one follows similar steps for other cases. 



 

 

International Natural Science, Engineering and Materials Technology Conference 

Sep 9-10, 2019, İstanbul / TURKEY 

252 
 

4. CONCLUSION  

The De-Sitter space is a famous and proper model in mathematical physics, and it has been 

investigating under a comprehensive range of distinct perspective. In mathematical point of view, De-Sitter 

space is identified to be the semi-Riemannian sphere in Minkowski spacetime with a positive curvature. 

In this work, we investigate the magnetic curves of the spherical vector field. An entire characterizat ion 

is developed for timelike spherical magnetic curves, denoting particularly the changes of their energy with 

respect to time, the influence of the magnetic force on them, and the existence condition for the uniformity of 

these curves. 
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In this work, we study inextensible flows of pseudo null curves according to the Bishop frame in Minkowski 

3-space. We present some necessary and sufficient conditions as a partial differential equation involving the 

curvatures for inextensible flows of pseudo null curves according to the Bishop frame in .  
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1. INTRODUCTION 

           Inextensible flows of curve and surface give rise to motions in which no strain energy is induced from 

the point of view of physics. The swinging motion of a cord of fixed length, for example, or of a piece of 

paper carried by the wind, can be described by inextensible curve and surface flows. Such motions arise quite 

naturally in a wide range of physical applications. For example, both Chirikjian and Burdick [4] and 

Mochiyama et al. [16] studied the shape control of hyper-redundant, or snake-like, robots. Inextensible curve 

and surface flows also arise in the context of many problems in computer vision [9] and [15] and computer 

animation [5], and even structural mechanics [19]. 

The time evolution of a curve or surface is generated by its corresponding flow in . For this reason we shall 

also refer to curve and surface evolutions as flows throughout this article. Flow is said to be inextensible if, in 

the former case, its arclength is preserved, and in the latter case, if its intrinsic curvature is preserved. 

         Kwon et al. investigated inextensible flows of curves and developable surfaces in  [14]. Necessary 

and sufficient conditions for an inextensible curve to be flow first were expressed as a partial differentia l 

equation involving the curvature and torsion [14]. Then, they derived the corresponding equations for the 

inextensible flow of a developable surface, and showed that it suffices to describe its evolution in terms of 

two inextensible curve flows [14]. Inextensible flows have been studied as handled intensively with many 

different aspects by Körp nar, (see, [10], [11], [12], [13] ) In addition, many researchers have studied on 

inextensible flows such as [1], [2], [6], [8] and [21]. 

The behaviour of curves are generally studied by making use of Frenet-Serret frame. But there are some 

alternative frames to Frenet-Serret frame such as Bishop frame (parallel transport frame), Sabban frame, etc. 

In [3], Bishop defined an alternative over Frenet frame for a curve and called it Bishop frame. The advantage 

of Bishop frame is well-defined when the curve has a vanishing second derivative in 3-dimensional Euclidean 

space  unlike Frenet frame. Also, Bishop frame is used in many applications such as engineering, computer 

aided design, DNA analysis etc. By means of this alternative frame, there are many studies about theory of 

curves and surfaces, for some of them, see ([7], [8]). 

In this work, we study inextensible flows of pseudo null curves according to the Bishop frame in Minkowski 

3-space . We present some necessary and sufficient conditions as a partial differential equation involving the 

curvatures for inextensible flows of pseudo null curves according to the Bishop frame in . 
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2. PRELIMINARIES 

           The three dimensional Minkowski space  is a real vector space 3R  endowed with the standard 

indefinite flat metric .,.  defined by 

  (2.1) 

where  and  are any two vectors in  Since this metric is an indefinite metric. 

an arbitrary vector  has one of three Lorentzian characters: it is a spacelike vector if  or 

; timelike  and null (lightlike)  for  The pseudo-norm of an arbitrary vector  

is given by  Similarly, an arbitrary curve  in  can locally be spacelike, timelike or 

null (lightlike) if its velocity vector  are, respectively, spacelike, timelike or null (lightlike), for every 

. The curve  is called a unit speed curve if its velocity vector  is unit one i.e., 

[17]. 

          A spacelike curve  is called a pseudo null curve, if its principal normal vector field  and 

binormal vector field  are null vector fields satisfying the condition  The Frenet formulae of a 

non-geodesic pseudo null curve  have the form  

  (2.2) 

where the first Cartan curvature  and the second Cartan curvature (torsion)  is an arbitrary 

function of arclength parameter  of  [20]. Also the vector fields of Frenet frame holds the following 

relations: 

  

and 

  

The Cartan frame  is positively oriented, if . 

Definition 2.1. The Bishop frame  of a pseudo null curve  in  is positively oriented pseudo-

orthonormal frame consisting of the tangential vector field  and two relatively parallel lightlike normal 

3
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vector fields  and  [7]. 

The vector fields of The Bishop frame of a pseudo null curve  in  satisfy the relations (see [7])  

  (2.3) 

and 

  (2.4) 

Theorem 2.2. ([7]) Let  be a pseudo null curve in  parameterized by the arc-length  with the curvature 

 and the torsion  

(i) Then the Bishop frame  and the Frenet frame  of  are related by: 

  (2.5) 

and the Frenet equations of  according to the Bishop frame read 

  (2.6) 

where  and  

(ii) Then the Bishop frame  and the Frenet frame  of  are related by: 

  (2.7) 

and the Frenet equations of  according to the Bishop frame read 

  (2.8) 

where  and  
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3. INEXTENSIBLE FLOWS OF PSEUDO NULL CURVES DUE TO THE BISHOP FRAME IN 

MINKOWSKI 3-SPACE  

       Given that  is a one parameter family of smooth pseudo null curves due to the Bishop 

frame in Minkowski 3-space , where  is arclength of the initial curve. Let  be the curve parametrizat ion 

variable, . The arclength of  is given by  

      The operator  is given in terms of  by  where  The arclength parameter is 

. 

Definition 3.1. Let  be a pseudo null curve with the Bishop frame  in Minkowski 3-space  

Any flow of the pseudo null curves can be given as follows 

  (3.1) 

where  ( ) is a smooth function.  

Let the arclength parameter be  Pseudo null curves are not subjected to any elongation or 

compression can be expressed by the condition where  

Definition 3.2. Let  be a pseudo null curve with the Bishop frame  in Minkowski 3-space  

A pseudo null curve evolution  and its flows  are said to be inextensible if  

  (3.2) 

3.1. INEXTENSIBLE FLOWS OF PSEUDO NULL CURVES WITH  DUE TO THE BISHOP 

FRAME 

In this section, we study inextensible flows of pseudo null curves with  in  

Lemma 3.3. Let  be a smooth flow of a pseudo null curve with  in  If 

the flow is inextensible, then 
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  (3.3) 

Proof. Given that  is a smooth flow of pseudo null curve  with  in  By using the definit ion 

of  we have  

  (3.4) 

Differentiating (3.4) with respect to  gives 

  (3.5) 

Substituting (3.1) into (3.5), we obtain 

  (3.6) 

which implies that 

  (3.7) 

By (3.7), we have  

  (3.8) 

which completes the proof.  

Theorem 3.4. Let  be a smooth flow of a pseudo null curve with  in  

Then the flow is inextensible if and only if 

  (3.9) 

Proof. Let  be inextensible. From (3.2), we have 

  

Substituting (3.3) in (3.11), we find   

We now restrict ourselves to arc length parametrized curves. That is,  and the local coordinate  
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corresponds to the curve arclength . Then, we have the following lemma.  

Lemma 3.5. Let  be a smooth flow of a pseudo null curve with  in  

Then we have the following 

  

where  

Proof. Let  be a smooth flow of a pseudo null curve with  in  Then  

  (3.10)  

which results  

  (3.11) 

From (3.11), we obtain 
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where  This completes the proof.  

Theorem 3.6. Let  be a smooth flow of a pseudo null curve with  in  

Then the following partial differential equations hold:  

  (3.12) 

Proof. From Lemma 3.5, we have 

  

On the other hand,  

  

From the equality of the Bishop vector fields in above equations, we get the results in (3.12).  

 

Theorem 3.7. Let  be a smooth flow of a pseudo null curve with  in  

Then the following partial differential equations hold: 
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Proof. From Lemma 3.5, we have 

  

On the other hand,  

  

From the equality of the Bishop vector fields in above equations, we get the results in (3.13).  

Theorem 3.8. Let  be a smooth flow of a pseudo null curve with  in  

Then the following partial differential equations hold:  

  (3.14) 

Proof. From Lemma 3.5, we have 

  

On the other hand,  

  

From the equality of the Bishop vector fields in above equations, we get the results in (3.14).  

 

3.2. INEXTENSIBLE FLOWS OF PSEUDO NULL CURVES WITH  DUE TO THE 

BISHOP FRAME  

        In this section, we give the results about inextensible flows of pseudo null curves with  in  

Lemma 3.9. Let  be a smooth flow of a pseudo null curve with  in  If 

the flow is inextensible, then  
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Then the flow is inextensible if and only if  

Lemma 3.11. Let  be a smooth flow of a pseudo null curve with  in  

Then we have the following 

  

where  

Theorem 3.12. Let  be a smooth flow of a pseudo null curve with  in  

Then the following partial differential equations hold:  

  

Theorem 3.13. Let  be a smooth flow of a pseudo null curve with  in  

Then the following partial differential equations hold:  

  

Theorem 3.14. Let  be a smooth flow of a pseudo null curve with  in  
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Then the following partial differential equations hold:  
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 Abstract 
 

In this work, we extend null Cartan slant helix by using Bishop frame to Minkowski space-time. We 

define type-1 and type-3 null Cartan slant helices due to the Bishop frame in Minkowski space-time . 

Moreover, we present some characterizations of such curves.  
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1. INTRODUCTION 

 
A. Einstein's theory opened a door of use of new geometries at the begining of the twentieth century. 

One of them, Minkowski space-time, which is simultaneously the geometry of special relativity and the 

geometry induced on each fixed tangent space of an arbitrary Lorentzian manifold, was introduced by the 

researchers. 

In the case of a differentiable curve, at each point a tetrad of mutually orthogonal unit vectors (called 

tangent, normal, binormal and trinormal) was defined and constructed, and the rates of change of these vectors 

along the curve define the curvatures of the curve in the space 4

1E  [19]. Helices (inclined curves) are a well-

known concept in classical differential geometry, see ([4], [10]). The notion of a slant helix is due to Izumiya 

and Takeuchi [10]. They defined that a curve = ( )s   with non-vanishing first curvature is called a slant 

helix in 3E  if the principal lines of   make a constant angle with a fixed directon. 

In recent years, the theory of degenerate submanifolds are treated by the researchers and some of 

classical differential geometry topics are extented to Lorentz manifolds, see ([12], [13], [14], [15], [16]). For 

instance, K.L. Duggal and D. H. Jin [4] studied null curves and hypersurfaces of semi-Riemannian manifo lds. 

And also, A. Ferrandez et al. [6] study null generalized helices in Lorentz-Minkowski space. In the light of 

degenerate submanifold theory, in [11], the authors define null slant helix and write some characterizations in 

3

1E  and also prove that there does not exist a null slant helix in 4

1E . Moreover, some characterizations of the 

Cartan framed null generalized helix and also null slant helix having non-null axis in Lorentz-Minkowsk i 

space are given in [5]. Also there is nowadays a common research field called as k  type slant helices in 

different spaces [1, 17, 18, 20]. 

The Bishop frames of null Cartan curves and pseudo null curves have been obtained, and some 

characterizations of slant helices according to this frame have been given in Minkowski spaces [7, 8, 9].  

In this paper, our motivation is based on the work of Turgut and Yılmaz [21]. We define a special slant 

helix whose Bishop vector field 1N  lines make a constant angle with a fixed direction and call such curves 

“type-1 slant helices”  and similarly, whose Bishop vector field 3N  lines make a constant angle with a fixed 

direction and call such curves “type-3 slant helices”. Additionally, we present some characterizations of 

mentioned curves according to the Bishop frame of null Cartan curves given by Ilarslan [9] in the space 
4

1E . 
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2. PRELIMINARIES 

 

Minkowski space-time 4

1E  is the real vector space 4R  provided with the standard indefinite flat metric 

.,.  given by 

                                              1 1 2 2 3 3 4 4, = ,x y x y x y x y x y                    (2.1) 

for any two vectors 
1 2 3 4= ( , , , )x x x x x  and 

1 2 3 4= ( , , , )y y y y y  in 4

1E  [19]. 

Since .,.  is an indefinite metric, recall that a vector 4

1vE  can have one of the three causal 

characters; 

(i) spacelike if , > 0v v  or = 0v ; 

(ii) timelike if , < 0v v ; 

(iii) null (lightlike) if , = 0v v  and 0v  . Similary, an arbitrary curve = ( )s   in 4

1E  can be locally 

spacelike, timelike or null (lightlike), if all of its velocity vectors ( )' s  are respectively spacelike, timelike or 

null [19]. 

The norm of a vector v  is given by  

 = , .v v v  

 Therefore, v  is a unit vector if , = 1v v  . Next, vectors ,v w  in 4

1E  are said to be orthogonal if , = 0v w . 

The velocity of the curve ( )s  is given by ( )' s . Let a  and b  be two spacelike vectors in 4

1E , then there 

is a unique real number 0 ,    called the angle between a  and b , such that , = . cosa b a b  . Let 

= ( )s   be a curve in 4

1E . If the tangent vector field of this curve forms a constant angle with a constant 

vector field U , then this curve is called a general helix or an inclined curve [19]. 

A curve 4

1: I E  is called a null curve, if its tangent vector =' T  is a null vector. A null curve   

is called a null Cartan curve, if it is parameterized by the pseudo-arc function s  defined, ([2]) by 

 
0

( ) = ( ) .

t

''s t u du                 (2.2) 

The moving frame  ( ), ( ), ( ), ( )T s N s B s E s  along a non-geodesic null Cartan curve ( )s  is called the Cartan 

frame in the space 
4

1 .E  The vectors , , ,T N B E  are called, respectively, the tangent, the principal normal, the 
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binormal, and the trinormal vector fields. The Cartan frame equations of the curve = ( )s   are given as 

follows:  

 

1

2 1

2 3

3

0 0 0

0 0
= ,

0 0

0 0 0

'

'

'

'

TT

NN

BB

EE



 

 



     
          
     
     

   

 (2.3) 

where the first Cartan curvature 
1( ) =1s  and the second and the third Cartan curvatures 

2 ( )s  and 
3( )s  are 

arbitrary functions in pseudo-arc parameter s . If the second Cartan curvature 
2 ( )s  vanishes, then the curve 

is said to be null Cartan cubic [4]. The Cartan's frame vectors satisfy the following relations: 

 

, = , = 0, , = , = 1,

, = , = , = , = 0, , = 1.

T T B B N N E E

T N N B T E B E T B 

                                           (2.4) 

 

The Bishop frame of a null Cartan curve in 4

1E  parameterized by pseudo-arc s  whose the third Cartan 

curvature 3( )s  is non-vanishing ([9]). The relation between the Bishop frame 1 2 3{ , , , }T N N N  and the Cartan 

frame { , , , }T N B E  of the curve = ( )s   is given by  

 

2 2

1 2 3 1 3 1 3

1 2 2 2
2 22 1 3

2 2 1 3

3 2 2

2 3 3 1 3 3 1

1 0 0 0

0

= ,
1

2

0

' '

' '
' '

' '

T T

N N

N B

N E

      

  
  

      

 
    
      
          
    

    
    

 (2.5) 

and ([9]) the Cartan equations of   due to the Bishop frame are given as follows: 

 

2 1 3

1 11

2 22

3 33

0

0 0 0
= ,

0 0 0

0 0 0

'

'

'

'

TT

NN

NN

NN

  







     
     
     
     
     

      

 (2.6) 

where the first Bishop curvature  

 1( ) = sin ( ),s s   (2.7) 

the second Bishop curvature 2 ( )s  satisfies the differential equation 
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 3
2

( ) ( )
( ) = , ( ) 0,

( )

''
'

'

s s
s s

s

 
 




  (2.8) 

the third Bishop curvature  

 
3( ) = cos ( ),s s   (2.9) 

and the function ( )s  satisfies the differential equation 

 4 2 2

3 3 3 22 ( ) 2 ( ) ( ) 2 = 0,' ''' ' '' '' ' '' '                  (2.10) 

where  

 ( ) { , }, .
2

s k k k


    Z  (2.11) 

The Bishop frame vectors satisfy the following relations: 

2 2 1 1 3 3

1 1 2 3 2 3 2

, = , = 0, , = , =1,

, = , = , = , = 0, , = 1.

T T N N N N N N

T N N N T N N N T N 
                                             (2.12) 

 

3. TYPE-1 AND TYPE-3 SLANT HELICES IN MINKOWSKI SPACE-TIME 4

1E  

 

Definition 3.1. A null Cartan curve = ( )s   is said to be 

(i) a type-1 slant helix according to the Bishop frame if the lines of   spanned by the vector field 1N  

make a constant angle with a fixed direction in 4

1E , and 

(ii) a type-3 slant helix according to the Bishop frame if the lines of   spanned by the vector field 3N  

make a constant angle with a fixed direction in 4

1E . 

Theorem 3.2. Every null Cartan curve = ( )s   with the third Cartan curvature 3 0   due to the Bishop 

frame in 4

1E  is a type-1 slant helix. 

Proof. Assume that ( )s  is a type-3 slant helix. Hence there is a relation between the vector field 1N  and the 

non-zero fixed direction U  such that 

 1, = ,N U C  (3.1) 

where C  is a constant from definition of type-1 slant helix. Considering the Bishop frame, the axis U  can be 

decomposed by 

 1 1 2 2 3 3= ,U T CN N N      (3.2) 
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where = ( )( =1,2,3)i i s i   are analytic functions of pseudo arc length s . Differentiating (3.2) with respect to 

s , we get  

 
1 2 1 1 1 1 2 2 2 2 3 1 2 3 3 1 3( ) ( ) ( ) ( ) = 0,' ' 'T N C N N                      (3.3) 

which suggests the following system of differential equations: 

 

1 2 1

1 1

2 2 2 2 3 1

3 3 1

= 0,

= 0,

= 0,

= 0.

'

'

'

C

  

 

     

  

 







  






 (3.4) 

From (3.4) 2 , we have two cases such that either 1 = 0  or 1 = 0 : 

Case 1: If 1 = 0,  then using the expression sin ( ) = 0s  in (2.7), it is seen that the first Bishop curvature 1  

can not be vanishing. So we exclude this case. 

Case 2: If 1 = 0,  then we find the function 3  as 

 3 1= ,C  (3.5) 

where 1C  is a constant. By using (3.5) in (3.4) 3 , we obtain the function 2  as  

 
2 2

2 1 3 1= ( ) .
ds ds

e C C e ds
 

  


   (3.6) 

The axis in (3.2) is formed as  

 
2 2

1 1 3 1 2 1 3= ( ) .
ds ds

U CN e C C e dsN C N
 

 


   
 (3.7) 

Differentiating (3.13), we have = 0'U , that is, U  is a constant vector field. Conversely, defining the axis as 

in (3.7), we see that null Cartan slant helix is a type-1 slant helix. 

Corollary 3.3. Let = ( )s   be a type-1 null Cartan slant helix due to the Bishop frame in 4

1 .E  Then the axis 

of type-1 null Cartan slant helix is obtained as  

 
2 2

1 1 3 1 2 1 3= ( ) ,
ds ds

U CN e C C e dsN C N
 

 


   
 (3.8) 

where 1,C C are constants. 

Proof. It has been obtained in the proof of Theorem 3.2. 
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Corollary 3.4. The causal character of the axis of a type-1 null Cartan slant helix due to the Bishop frame in 

4

1E  is spacelike. 

Proof. It is straightforwardly seen from 
2 2

1, = 0.U U C C   

Theorem 3.5. Every null Cartan curve = ( )s   with the third Cartan curvature 
3 0   due to the Bishop 

frame in 4

1E  is a type-3 slant helix. 

Proof. Assume that ( )s  is a type-3 slant helix. Hence there is a relation between the vector field 
3N  and the 

non-zero fixed direction U  such that 

 3, = ,N U C  (3.9) 

where C  is a constant from definition of type-3 slant helix. Considering the Bishop frame, the axis U  can be 

decomposed by 

 1 2 1 3 2 3= ,U T N N CN       (3.10) 

where = ( )( =1,2,3)i i s i   are analytic functions of pseudo arc length s . Differentiating (3.10) with respect 

to s , we get  

 1 2 1 2 1 1 1 3 1 2 2 3 3 2 3 1 3( ) ( ) ( ) ( ) = 0,' ' 'T N C N N                       (3.11) 

which suggests the following system of differential equations: 

 

1 2 1

2 1 1

3 1 2 2 3 3

3 1

= 0,

= 0,

= 0,

= 0.

'

'

' C

  

  

     

 

 


 




  




 (3.12) 

From (3.12) 4 , we have two cases such that either 3 = 0  or 1 = 0 :  

Case 1: If 3 = 0,  then using the expression cos ( ) = 0s  from (2.9), it is seen that the third Bishop curvature 

3  can not be vanishing. So we exclude this case. 

Case 2: If 1 = 0,  then we find the function 2  as 

 2 1= ,C  (3.13) 

where 1C  is a constant. By using (3.13) in (3.12) 3 , we obtain the function 3  as  
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2 2

3 3 1 1= ( ) .
ds ds

e C C e
 

  


   (3.14) 

The axis in (3.10) is formed as  

 
2 2

1 1 3 1 1 2 3= ( ) .
ds ds

U C N e C C e dsN CN
 

 


     (3.15) 

Differentiating (3.15), we have = 0'U , that is, U  is a constant vector field. Conversely, defining the axis as 

in (3.15), we see that null Cartan slant helix is a type-3 slant helix. 

Corollary 3.6. Let = ( )s   be a type-3 null Cartan slant helix due to the Bishop frame in 4

1 .E  Then the axis 

of type-3 null Cartan slant helix is obtained as  

 
2 2

1 1 3 1 1 2 3= ( ) ,
ds ds

U C N e C C e N CN
 

 


     (3.16) 

where 1,C C are constants. 

Proof. It has been obtained in the proof of Theorem 3.5. 

Corollary 3.7. The causal character of the axis of a type-3 null Cartan slant helix due to the Bishop frame in 

4

1E  is spacelike. 

Proof. It is straightforwardly seen from 
2 2

1, = 0.U U C C   

We infer out the following result from Theorem 3.2 and Theorem 3.5: 

Corollary 3.8. Type-3 null Cartan slant helices according to the Bishop frame is also type-1 slant helices. 
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 Abstract 

 

 In this study, we give a characterization of Darboux helices in Euclidean 3-space 3E  by using Darboux 

vector of an curve according to the Bishop frame. We obtain the position vector of a non-zero fixed direction 

U . Then we present some characterizations of Darboux helices due to the Bishop frame in Euclidean 3-space 

3E .  
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1. INTRODUCTION 

General helix is a curve whose tangent makes a constant angle with a non-zero constant vector field 

(the axis of the helix) in the local diferential geometry of space curves. Moreover, the necessary and suffic ient 

condition for a curve to be a general helix is the ratio of the curvature and the torsion of that curve to be 

constant [6]. There are also different studies on curves from physical point of view, see ([10], [11], [13]). 

A slant helix is defined as a curve whose principal normal vector makes a constant angle with a fixed 

direction by Izumiya and Takeuchi in 3E  [9]. Some characterizations of slant helices have been investigated 

in Euclidean 3-space 3E , see ([1], [14]) .  Ali and Turgut have generalized the notion of slant helix to Euclidean 

n-space nE  and given some properties of slant helices [2]. Öztürk et.al. have considered the focal 

representation and some properties of focal curves with their curvatures of k-slant helices in 1mE  [15]. 

The behaviour of curves are generally studied by making use of Frenet-Serret frame. But there are 

some alternative frames to Frenet-Serret frame such as Bishop frame (parallel transport frame), Sabban frame, 

etc. In [3], Bishop defined an alternative over Frenet frame for a curve and called it Bishop frame. The 

advantage of Bishop frame is well-defined when the curve has a vanishing second derivative in 3-dimensiona l 

Euclidean space 3E  unlike Frenet frame. Also, Bishop frame is used in many applications such as engineer ing, 

computer aided design, DNA analysis etc. By means of this alternative frame, there are many studies about 

theory of curves and surfaces, for some of them, see ([4], [5], [12]). 

As a special case of helices, Darboux helices are formed by obtaining the relation between the Darboux 

vector of the curve and a non-zero fixed direction. Darboux helices were studied in both Euclidean and 

Minkowski 3-spaces by [8, 16, 18, 19]. 

In this study, using Darboux vector of an curve according to the Bishop frame, we give a 

characterization of Darboux helices in Euclidean 3-space 3E . We obtain the position vector of non zero fixed 

direction U . Then we present some characterizations of Darboux helices due to the Bishop frame in Euclidean 

3-space 3E . 

2. PRELIMINARIES 

The standard flat metric in Euclidean 3-space 3E  is given by 

 
2 2 2

1 2 3.,. = ,dx dx dx   (2.1) 

where 1 2 3( , , )x x x  is a rectangular coordinate system of Euclidean 3-space 3E . The norm of an arbitrary vector 

3aE  is given by = ,a a a . The curve   is called an unit speed curve if velocity vector v  of   satisfie s 
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= 1v . For vectors ,v w 3E  it is said to be orthogonal if and only if , = 0v w . Let = ( )s   be a regular 

curve in Euclidean 3-space 3E . If the tangent vector field of this curve forms a constant angle with a constant 

vector field U , then this curve is called a general helix or an inclined curve [6]. 

Denote by  , ,T N B  the moving Frenet-Serret frame along the curve   in the space 3E . For an 

arbitrary curve   in Euclidean 3-space 3E , the following Frenet-Serret formulae is given with respect to the 

first curvature  , the second curvature ,  ([7]), as 

 

0 0

= 0 ,

0 0

'

'

'

T T

N N

B B



 



     
     

     
         

 (2.2) 

where , ,T N B  are called the tangent, the principal normal, the binormal vectors of the curve ,  respectively.  

Bishop frame is also referred to as parallel transport that is an orthonormal frame formed by 

transporting in parallel each component of the frame. The parallel transport is formed with tangent vector and 

any convenient arbitrary basis for the remainder of the frame (for details, see [3, 4]). Then, the relations 

between Frenet-Serret frame and parallel transport frame for the curve 3: I R  E  are given as follows: 

 
1 2

1 2

( ) = ( ),

( ) = cos ( ) sin ( ) ,

( ) = sin ( ) cos ( ) ,

T s T s

N s s M s M

B s s M s M

 

 



 

 (2.3) 

The parallel transport frame equations are expressed as [4]  

 

1 2

1 1 1

2 2 2

0

= 0 0 ,

0 0

'

'

'

T k k T

M k M

M k M

     
     

     
         

 (2.4) 

where  

 
2 2 2

1 2

1

( )
( ) = , ( ) = arctan( ), ( ) = .

k d s
s k k s s

k ds


     (2.5) 

The Bishop Darboux vector of the curve ( )s  is, ([4]), as follows: 

 2 1 1 2= .w k M k M   

 

 (2.6) 
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ON DARBOUX HELICES DUE TO THE BISHOP FRAME 

Definition 3.1.  Let ( )s  be a unit speed curve framed by the Bishop frame 
1 2{ , , }T M M  in 3.E  If there exists a 

nonzero constant vector field 3U E  such that 

    • ,T U  is a constant, then it is said to be a 0 type helix (general helix), 

    • ,kM U  ( =1,2,k  respectively) k  type helices, and U  is called the axis of ( )s .  

Definition 3.2. A curve 3: I  E E  with the Darboux vector w  is called Darboux helix, if there exists a 

non-zero fixed direction 3U E  such that  

 , = ,w U C  (3.1) 

where C  is a constant. 

Theorem 3.3. Let = ( )s   be a unit speed curve in 3.E  ( )s  is a Darboux helix if and only if the Bishop 

curvatures satisfy the condition  

 2

2 1 2 2( ) = 0.' 'k k k k  (3.2) 

 

Proof. ( ): Assume that ( )s  is a Darboux helix. Hence there is a relation between the Darboux vector w  

and the non-zero fixed direction U  such that 

 , = ,w U C  (3.3) 

where C  is a constant from definition of Darboux helix. Considering the Bishop frame, the axis U  can be 

decomposed by 

 1 2 1 3 2= ,U T M M                  (3.4)                      

where = ( )( =1,2,3)i i s i   are analytic functions of arc length s . Putting (2.6) and (3.4) into (3.3), we obtain  

 2 2 1 3 = .k k C    (3.5) 

Differentiating (3.4) with respect to s , we get  

 1 1 2 2 3 2 1 1 1 3 2 1 2( ) ( ) ( ) = 0,' ' 'k k T k M k M             (3.6) 

which suggests the following system of differential equations: 
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1 1 2 2 3

2 1 1

3 2 1

= 0,

= 0,

= 0.

'

'

'

k k

k

k

  

 

 

 





 (3.7) 

Rewriting (3.5) gives 

 1
2 3

2 2

1
= .

k
C

k k
    (3.8) 

Substituting (3.8) into (3.7)
2

, we obtain 

 1
3 1 1

2 2

1
( ) = 0,'k

C k
k k
    (3.9) 

substituting (3.7) 3  into (3.9), we have  

 2
3

1 2 1 2

= .
'

' '

Ck

k k k k



     (3.10) 

Using (3.8) in (3.6) gives 

 1
2

1 2 1 2

= .
'

' '

Ck

k k k k



 (3.11) 

To find the fuction 1,  we put (3.10) and (3.11) into (3.7) 1,  then we have  

 1 1 2 2
1

1 2 1 2

= .
' '

' '

k k k k
C ds

k k k k





 (3.12) 

The axis in (3.4) is formed as  

 1 1 2 2 1 2
1 2

1 2 1 2 1 2 1 2 1 2 1 2

= ,
' ' ' '

' ' ' ' ' '

k k k k Ck Ck
U C dsT M M

k k k k k k k k k k k k


 

  
 (3.13) 

The vector 'U  to vanish, the following condition has to be satisfied: 

 
2

2 1 2 2( ) = 0.' 'k k k k  (3.14) 

(): Conversely, Assume that (3.1) holds. We define the vector field U  as 

 1 1 2 2 1 2
1 2

1 2 1 2 1 2 1 2 1 2 1 2

= ,
' ' ' '

' ' ' ' ' '

k k k k Ck Ck
U C dsT M M

k k k k k k k k k k k k


 

  
 (3.15) 

where C is constant. Considering (3.1) in the differentiation of (3.15), we have = 0'U , that is, U  is a constant 

vector field. Because , =w U C  is a constant, so we arrive the result that ( )s  is a Darboux helix. 
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Corollary 3.4. Let = ( )s   be a Darboux helix due to the Bishop frame in 3.E  Then the axis of Darboux 

helix is obtained as  

 1 1 2 2 1 2
1 2

1 2 1 2 1 2 1 2 1 2 1 2

= ,
' ' ' '

' ' ' ' ' '

k k k k Ck Ck
U C dsT M M

k k k k k k k k k k k k


 

  
 (3.16) 

where C is constant. 

Proof. It has been obtained in the proof of Theorem 3.2. 

Corollary 3.5. Let = ( )s   be a Darboux helix due to the Bishop frame in 3.E  Then the following condition 

holds:  

 
2 2

1 1 2 2 1 2
0 2

1 2 1 2 1 2 1 2

= ,
( )

' ' ' '

' ' ' '

k k k k k k
ds C

k k k k k k k k

 


 
 (3.17) 

where 0C is constant. 

Proof. It is straightforwardly seen by using the feature of the axis to be constant, that is, 0, = .U U C  

Corollary 3.6. Let = ( )s   be a Darboux helix due to the Bishop frame in 3.E  Then Darboux helix is a curve 

of constant precession if and only if the Bishop curvatures satisfy the condition 

 2 2

1 2 = ,' 'k k C  (3.18) 

where C  is a constant. 

Proof. Scofield defined that curves of constant precession are curves whose Darboux vectors make a constant 

angle with a fixed direction and rotate about it with a constant speed [17]. Taking into account of Darboux 

helix   with the Darboux vector ,w  If the speed of Darboux vector is constant, that is,  

 
2 2

2 2

2 1 1 2 1 2= = = .' ' ' ' 'w k M k M k k C    

Theorem 3.7. Let = ( )s   be a Darboux helix due to the Bishop frame in 3.E  Then, 

(i) = ( )s   is a 0 type slant helix if and only if the equation  

 
2 2

1 2

22
1

1

( )
= 0

( )

'

'

k k
C

k
k

k


 (3.19) 

holds. Here C is taken as nonzero constant. 

(ii) = ( )s   is a 1 type slant helix if and only if the equation  
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 1 1 2 2
1

1 2 1 2

= 0
' '

' '

k k k k
Ck ds

k k k k




 (3.20) 

holds. Here C is taken as nonzero constant. 

(iii) = ( )s   is a 2 type slant helix if and only if the equation  

 1 1 2 2
2

1 2 1 2

= 0
' '

' '

k k k k
Ck ds

k k k k




 (3.21) 

holds. Here C is taken as nonzero constant. 

Proof. (i) Let isotropic Darboux helix = ( )s   be 0 type slant helix in 3.E  Then the relation  

 , = constantT U  (3.22) 

holds. Differentiating (3.22), we have 

 
1 1 2 2, = , = 0.'T U k M k M U  (3.23) 

From (3.23), we obtain the relation in (3.19). 

Conversely, assume that the relation (3.19) holds. Then, since = ( )s   is a Darboux helix, using the 

axis in (3.16) which is a non-zero fixed direction, we have the result  

 1 1 2 2

1 2 1 2

, = ,
' '

' '

k k k k
T U C ds

k k k k




 (3.24) 

where C  is a constant. Rewriting (3.24) by using (3.19) gives  

 , = 0,T U  (3.25) 

which means that Darboux helix = ( )s   is a 0 type slant helix, that is, general helix. 

(ii) Let Darboux helix = ( )s   be 1 type slant helix in 3.E  Then the relation  

 1, = constantM U  (3.26) 

holds. Differentiating (3.26), we have 

 
1 1, = , = 0.'M U k T U  (3.27) 

From (3.27), we obtain the relation in (3.20). 

Conversely, assume that the relation (3.20) holds. Then, since = ( )s   is a Darboux helix, using the 

axis in (3.16), we have the result  

 1
1

1 2 1 2

, = ,
'

' '

Ck
M U

k k k k
 (3.28) 
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where C  is a constant. Rewriting (3.28) by using (3.20) gives  

 1, = 0,M U  (3.29) 

which means that Darboux helix = ( )s   is a 1 type slant helix. 

(iii) Let Darboux helix = ( )s   be 2 type slant helix in 3.E  Then the relation  

 2 , = constantM U  (3.30) 

holds. Differentiating (3.30), we have 

 
2 2, = , = 0.'M U k T U  (3.31) 

From (3.31), we obtain the relation in (3.21). 

          Conversely, assume that the relation (3.21) holds. Then, since = ( )s   is a Darboux helix, using the 

axis in (3.16), we have the result  

 2
2

1 2 1 2

, = ,
'

' '

Ck
M U

k k k k
 (3.32) 

where C  is a constant. Rewriting (3.32) by using (3.21) gives  

 2 , = 0,M U  (3.33) 

which means that Darboux helix = ( )s   is a 2 type slant helix. 
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Abstract 
 

Aluminum is one of the most important metallic material that has a combination of various features such as 

high specific strength, corrosion resistance against harsh environments and lightness. In order to improve 

properties of aluminum such as corrosion or wear resistance, toughness or hardness, hard particles are being 

used currently. This study concerned with the corrosion behavior of Al and Al/SiC/nano-FeB metal matrix 

composite samples. These composites which include various weight contents of SiC and nano-FeB (0%, 10%) 

are produced by powder metallurgy-hot pressing method. Optical microscopy was used to study the effect of 

SiC and nano-FeB on microstructure. Then the samples were exposed to corrosion in 3.5 % NaCl solution. 

From the results of the electrochemical potentiodynamic test SiC and nano-FeB reinforced composite was 

exhibited higher corrosion resistance compared to pure Al.  

 

Keywords: Aluminum, SiC, FeB, Metal matrix composites (MMCs), Corrosion 
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1. INTRODUCTION 

Aluminum composites are used in many fields such as automotive and  aerospace industry, because of high 

of great strength, elastic modulus, toughness and impact resistance, low sensitivity-to changes in temperature 

or thermal shock, high surface durability, low sensitivity to surface flaws, high electrical and thermal 

conductivity, superior wear resistance when compared to unreinforced materials [1] Metals are reinforced with 

hard particles such as SiC, B4C,  TiC, and Al2O3 to enhance mechanical properties to produce composite [2]. 

The recent studies in metal matrix nanocomposites are getting more and more attractive in the field of 

automotive and aerospace industries [3]. Metal-ceramic nano composites are particularly interesting as they 

offer a combination of high ductility of metallic parts and the strength and stiffness of ceramic parts. [4]. 

Owing to their excellent mechanical properties SiC particulates were among the most preferred reinforcements 

especially that the addition of such a material was not found to significantly affect the density of the final 

composite [5]. Ferro-boron (Fe-B) is a binary alloy of iron with boron content between 10 % and 20 % and is 

the lowest cost boron additive [6]. So, micro SiC and nano-FeB reinforcements have used as  reinforc ing 

elements in this study. 

The present work is the first attempt to produce an Al/SiC/nanoFeB hybrid composite. The main objective is 

developing a high strength SiC and nano FeB reinforced-aluminum-matrix-composite with uniform spreading 

of reinforcements. The microstructure mechanical and corrosion properties of manufactured composites are 

studied. The paper is organized as follows: the experimental procedure is presented in section 2, 

microstructural observations, mechanical properties, and characterization are illustrated in section 3. 

Conclusion remarks are finally presented in section 4. 

 

2. MATERIAL AND METHODS  

Pure aluminum powder was used as a matrix material. Nano-FeB particles have an average size of 600 nm 

and SiC particles were used as reinforcements. Aluminum powders and reinforcements were hot-pressed for 

1 hour at 500 ºC and 300 MPa. The produced samples were cut into 16x16x6 mm3 pieces.  

Densities of the composite samples were determined by using the Archimedes principle. Microstructura l 

investigations were fulfilled by Nikon Eclipse LV 150 optical microscope using Clemex Software. Hardness 

measurements were carried out by using Duravision 2000 EMCO Test Brinell hardness tester under 6.25 kg 

load.  
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A corrosion cell with three electrodes (shown in Fig 1.) was used for corrosion tests. Saturated calomel 

electrode was used as a reference electrode, graphite electrode was used as a contrary electrode and, a sample 

used as a working electrode. Corrosion tests were performed in 3.5% NaCl solution in room temperature. The 

open-circuit potential was measured for 30 minutes before the Tafel measurement began, and measurements 

were started after this value was fixed. The -0.25 anodic and 0.25 cathodic potential ranges were scanned at a 

scanning rate of 1 mV/s and then the corrosion rates were calculated by Tafel extrapolation using the 

instrument software.  

 

Figure 1. Corrosion cell with three electrodes 

 

3. RESULTS AND DISCUSSION 

The density of samples was calculated as theoretical and the actual densities were measured by practical.  The 

density-porosity values shown in Table 1. The true density values achieved were slightly below the theoretical 

values in both samples. Moreover, it was above the expected level and very close to the theoretical density in 

the nFeB-SiC sample. Although Al powders have approximately the same size and spherical in shape, SiC 

and nFeB particles have different shapes and are smaller in support of pressability.  This increased the expected 

true densities and reduced the amount of porosity compared to the pure aluminum sample containing the same 

size particles.  

Table 1. Density values of samples  

Sample Theoretical 
density 
(g/cm3) 

True 
density 
(g/cm3) 

Density 
value 
(%) 

Porosity 
(%) 

Al 2.70 2.66 98.5 1.5 

Al + nFeB/SiC 2.85 2.83 99.3 0.7 
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When the studies in the literature were examined, it was seen that the amount of porosity increases during 

compaction of particles of the same size and the porosity amount of pure materials containing mixed shaped 

particles is lower [7]. For composite samples in our study, it was thought that nFeB particles reduced the 

porosity both with their size and reticulated structures. 

The microstructure images of the composite samples produced were shown in Fig 2. The grains were nearly 

equiaxial. SiC-nFeB particles showed an almost homogeneous distribution in the aluminum matrix. Some 

porosities also were observed in the microstructure. These porosities in microstructure are thought to be 

compatible with the porosity percent values in Table 1.  

 

Figure 2. Microstructures of composites a) pure Aluminum, b) 10 wt.% SiC/nFeB reinforced aluminum composite  

 

 

Figure 3. Brinell Hardnesses of samples  
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Reinforced SiC and nFeB particles were positively affected the Brinell hardness (Fig 3). Due to their  

hardnesses and physical properties, hard particles may contribute to Al matrix hardnesses. Not only the 

hardness but also they may encourage wear and mechanical properties of aluminum alloys [8].  

 

Figure 4. Corrosion test results 

When Tafel curves examined it was seen that the potential (V) value of reinforced composite shifts toward a 

more positive zone (shown in Fig 4). This roughly shows that pure aluminum is more corroded than nFeB and 

SiC reinforced samples. When the corrosion rates calculated by the Tafel extrapolation method are compared, 

we can easily see the same situation. The corrosion rate of aluminum is 0.07408 mm/year while the corrosion 

rate of the reinforced sample is 0.04106. When the results were examined, it was observed that the added 

supplements reduced the corrosion rate. 

 

4. CONCLUSION  

 

The aim of the study is to obtain a homogeneously distributed composite structure by adding reinforcements 

of various sizes. At the same time, this reinforced aluminum-matrix nano-composite structure should provide 

high strength and high corrosion resistance. In this study, the following results were obtained for these 

purposes. 

 

-SiC particles showed an almost homogeneous distribution in the aluminum matrix.  
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-Porosities were found to be less in two samples from density tests and microstructure investigations. 

-Reinforcements had a little positive effect on the hardness of the samples. 

-With the addition of reinforcements, the corrosion potential toward shifted a more positive zone. The 

addition of nFeB and SiC increased the corrosion resistance 1.5 times. 
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Abstract  

Aluminum is one of the most important metallic material that has a combination of various features such 

as high specific strength, corrosion resistance against harsh environments and lightness. In order to improve 

both the strength and toughness of the alloys, hard particles such as TiC, SiC and Al2O3 are being used 

currently. But today, recycling is needed to support environmentally friendly production techniques. In this 

study, Al2O3 reinforced composites were produced by the swarf of AA7075 aluminum alloy as matrix 

material. Samples were produced by hot pressing. Changes in the mechanical properties of the produced 

composites depending on pressing direction were investigated.  

 

AA7075 swarf have 5-25 mm length and 3 mm width and Al2O3 powders were hot-pressed for 1 hour at 

500 ºC and 300 MPa. Microstructural investigations were fulfilled by Nikon Eclipse LV 150 optical 

microscope using Clemex Software. Hardness measurements were carried out by using Duravision 2000 

EMCO Test Brinell hardness tester under 6.25 kg load. The investigations were made both from parallel to 

the pressing direction and from the vertical surfaces. And the differences between the hardness values of these 

two surfaces were evaluated.  

Microstructural images showed that the grains of AA7075 swarf are equiaxed. Samples have micro-sized 

pores within the matrix phase. This can be attributed to the low compressibility of the swarf matrix phase 

which resulted in the insufficient bond between the soft phase particles at this level of pressure. Hardness test 

results revealed that both the pressing direction and reinforcement amount affected the hardness of the 

composite. When the hardness test results were examined, it was increased by ≈ 27 % on the surface and by 

29 % on the cross-section. 

Keywords: Aluminum, 7075, Swarf, Metal matrix composites (MMCs), Recycling 
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1. INTRODUCTION 

Aluminum is one of the most important metallic material that has a combination of various features 

such as high specific strength, corrosion resistance against harsh environments and lightness [1, 2].  

2xxx, 5xxx, 6xxx and 7xxx Al alloy series have been widely used as matrix materials [3].  In order to 

improve both the strength and toughness of the matrix alloys, hard particles such as TiC, SiC and Al2O3 are 

being used currently [2]. But today, recycling is needed to support environmentally friendly production 

techniques [4, 5]. By using some methods such as powder metallurgy (PM), severe plastic deformation, equal 

channel angular pressing (ECAP), cyclic extrusion compression (CEC), friction stir extrusion (FSE), high 

pressure torsion (HPT) or spark plasma sintering (SPS) metal chips can be returned directly to bulk material. 

In addition, there is less energy loss and metal loss while recycling. The harmful gases emitted to the 

environment are also less [6-9]. 

In this study, Al2O3 reinforced composites were produced by the swarf of AA7075 aluminum alloy as 

matrix material. Samples were produced by hot pressing. Changes in the mechanical properties of the 

produced composites depending on pressing direction were investigated.  

2. MATERIAL AND METHODS  

AA7075 swarf shown in Fig.1, that have 5-25 mm length and 3 mm width were used as a matrix 

material. The chemical composition of AA7075 alloy is given in Table 1. Al2O3 particles have an average size 

of 1 µm. Hot pressing was applied for 1 hour at 500 ºC and 300 MPa. The produced composite was cut into 

16x16x6 mm3 pieces. Then the second sintering process was applied at 600 ºC for 1 hour. 

 

Figure 1. AA7075 Swarf 
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Table 1. Chemical composition of AA7075 

Element Zn Mg Cu Cr Si Fe Mn Zi+Ti Other Al 

wt. % 5.1-6.1 2.1-2.9 1.2-2.0 0.18-0.28 0.4 max 0.5 max 0.3 max 0.25 max 0.15 Balance 

 

Microstructural investigations were fulfilled by Nikon Eclipse LV 150 optical microscope using 

Clemex Software. Hardness measurements were carried out by using Duravision 2000 EMCO Test Brinell 

hardness tester under 6.25 kg load. The investigations were made both from parallel to the pressing direction 

and from the vertical surfaces. And the differences between the hardness values of these two surfaces were 

evaluated. 

3. RESULTS AND DISCUSSION 

 

Figure 2. Microstructures of composites from the surface, a) unreinforced, b) 5% c) 10% d) 15% reinforced with Al2O3 by weight 

 

 

As a result of the microstructure studies, some porosity was observed between the grains and swarf at 

the microstructure (Fig. 2). These porosities observed between the grains are the porosities found in the bulk 
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aluminum itself, but the porosities at the swarf boundaries are caused by the low compressibility of the swarf. 

Some swarf was also distant from each other during sintering and this prevents the reduction of porosities. In 

addition, reinforcements that were thought to be Al2O3 in the middle parts of the grains could also be observed 

in the microstructure. 

 

Figure 3. Microstructures of composites from the cross section a) unreinforced b) 5% c) 10% d) 15% reinforced with Al2O3 by 

weight 

When the images taken from the cross-section were examined (Fig. 3), it was observed that the distance 

between the swarf increased with an increasing amount of Al2O3. However, when the SEM images were 

examined in Fig. 4, it was observed that the situation was much more striking. Considered as porosity in the 

microstructure was observed to be actually filled with swarf layer.  Al2O3 reinforcements distributed 

homogeneously into the microstructure were clearly visible. Although some porosity was observed in SEM 

images, good results were obtained for a production with such large swarf using the powder metallurgy 

method. 
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Figure 4. SEM images of a) 5 wt.% Al2O3 reinforced composite surface, b) 10 wt.% Al2O3 reinforced composite cross section, c) 

15 wt.% Al2O3 reinforced composite 

 

 

Figure 5. Brinell Hardness test results taken from surface and cross section 

 

When the hardness values of the samples taken from the surface and cross-section were examined (Fig. 

5), it was observed that the Brinell hardness of the samples increased with the increase of reinforcement up to 

10% reinforcement ratio. Both surface and section hardness were higher than all other samples in 10 wt. % 

Al2O3 reinforced sample. However, a decrease in hardness was observed by increasing the amount of 

reinforcement to 15%. This may be related to the compressibility of the hard particles. With the increasing 

amount of reinforcements, the reinforcements were filled between the swarf and increased the hardness. 

However, excess amounts of reinforcement filled the areas between the swarf to be pressed and sintered. This 

is thought to cause a decrease in the mechanical properties of these parts. 
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4. CONCLUSION  

Microstructural images showed that the grains of AA7075 swarf were equiaxed. Samples have micro-

sized pores within the matrix phase. This can be attributed to the low compressibility of the swarf matrix phase 

which resulted in the insufficient bond between the soft phase particles at this level of pressure.  

Hardness test results revealed that both the pressing direction and reinforcement amount affected the hardness 

of the composite. When the hardness test results were examined, it was increased by ≈ 27 % on the surface 

and by 29 % on the cross-section up to 10% reinforced sample. However, excess amounts of reinforcement 

filled the areas between the swarf to be pressed and sintered and caused a decrease in the mechanica l 

properties. 
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Abstract  

 

Contraction or expansion of printed circuit boards (PCB’s) due to thermal effects can damage solder joints or 

directly cause failures due to deformations on the PCB itself. In this study, a PCB used in a missile being 

carried on an unmanned aerial vehicle (UAV) is being examined. Finite element analysis is conducted to 

determine the time for the PCB to reach the minimum temperature specification limit (-35°C) in UAV cruising 

altitudes. A specimen was cut-out from the PCB and subjected to cold test chamber using the temperature and 

time data. Strain data from the sample are gathered using a strain gauge and a data acquisition system. 

Obtained strain values are compared to industry standards to see if there is failure risk or not. Strain levels are 

found out to be fairly under acceptable standard limits. Moreover, thermal expansion values obtained during 

the tests can be used in applications using similar type of PCB’s. 

 

Keywords: Missile, Strain, Pcb, Cold, Contraction 
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1. INTRODUCTION 

Today, guided missiles play a very important role in defence industry. Unlike ballistic missiles of 

earlier eras, guided missiles functionality depends heavily on electronics and printed circuit board assemblies. 

Tests that are conducted on these types of systems increase day by day because of the advance of technology 

and addition of more electronic sub-systems, which leads to vulnerability under harsh environmenta l 

conditions [1].  

Missiles that are carried by manned or unmanned aircrafts are exposed to cold and moist in high 

altitudes. Under certain circumstances, some malfunctions are detected during launch and separation. Reason 

for this study is to determine if one of the reasons of these kind of malfunctions lie within the guidance system 

PCB structure or not.  

It is well known that, temperature changes cause expansion or contraction in solids. Considering 

negative temperature change and PCB materials, contraction occurs in the PCB structure. This contraction can 

cause deformation between PCB layers or may cause separation between PCB and components on the PCB  

by damaging solder joints [2-6]. 

After estimating accurate temperature and time data, a test is conducted on a flat PCB piece and strain 

data is acquired via strain gage. Results are compared to IPC(Institute of Printed Circuits) standards to 

determine if such strain can cause mechanical PCB failure. Also, using the strain data, thermal expansion 

coefficient of PCB board is determined. 

 2. MATERIAL AND METHODS  

Experiment is conducted using a cold chamber, strain gage, a PCB piece as a specimen and a 

thermocouple to read temperature directly on the specimen.  

To adjust the temperature rate of test chamber, a simplified model of missile guidance system is 

modelled and transient thermal analysis is conducted in ABAQUS to determine how fast the temperature drops 

in UAV altitudes. Ambient temperature is assumes as -35°C and convection coefficient (h) is assumed as 200 

W/m2K based on previous operational data. Time for the PCB to reach -35°C is found out to be approximate ly 

10 minutes. After that knowledge, cold chamber can be adjusted. Scheme of the experiment is provided in 

Figure 1. 
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Figure 1. Experiment plan. 

A flat PCB part is cut out and a FRA-1-11 strain gauge is applied on the specimen. Thermocouple is 

applied on the opposite side of the PCB. Wheatstone bridge is established for fine reading of strain data. As 

there is only one strain gage in the experiment, quarter bridge method is used. 

 

Figure 2. Wheatstone bridge and Quarter Bridge strain gage circuit respectively. 

In Wheatstone bridge, if R1 = R2 = R3 = R4 or R1 x R3 = R2 x R4 is known, Output voltage is zero 

regardless of the input voltage. If one of the resistances changes, an output voltage occurs, which can be 

acquired and interpreted as strain in software. [7] 

𝑒 =
1

4

∆𝑅1

𝑅1
𝐸           (1) 
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As temperature changes during experiment, strain gage properties also differ. Strain gage materia l 

itself also expands and contracts under temperature changes and this causes misinterpretation of the output 

data. To overcome this problem, strain gage temperature correction polynomial that is provided in strain gage 

datasheet is implemented in software, therefore providing a pure result. 

휀𝑇/𝑂 = 𝐴0 + 𝐴1𝑇 + 𝐴2𝑇
2 + 𝐴3𝑇

3 + 𝐴4𝑇
4         (2) 

 

3. RESULTS AND DISCUSSION 

 

Temperature data that is obtained from thermocouple is recorded as 28,3°C and changes to -34,8°C in 

along the experiment. As a tri -3axial strain gage is used, results are obtained in different directions. Directions 

are provided in Figure 3 

 

Figure 3. Strain directions on PCB 

 

Data is obtained in 100Hz and simplified to 1/10Hz. Results are plotted versus time. 
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Figure 4. Strain results in different directions  

 

 

Maximum strain is measured as -350 µ in direction 3. After further examining the results, it is clearly 

seen that PCB does not behave isotropic, which is expected. Using this data, thermal expansion coefficient is 

also calculated. To determine thermal expansion coefficient with strain gages, a prior or simultaneous 

experiment should be conducted with a known material [8]. In this study, a prior strain gage calibration test 

results that is provided in datasheet will be used. Calibration was done on SS400 steel.   

                𝛼𝑆 − 𝛼𝑅 =
( 𝑆− 𝑅)

∆𝑇
     (3)   

             In equation 3, 𝛼𝑆 is specimen thermal expansion factor,  𝛼𝑅 is reference material thermal expansion 

factor and ε values are strain results. 𝛼𝑆 can be found as 15,57x10-6 /°C in maximum strain direction and 

13,37x10-6 /°C in mininum strain direction. 

4. CONCLUSION  

Strain results are compared to IPC standards for possible solder damages and mechanical deformations 

on board structure. -350 µ with low strain rates are below %10 of the specified limits [9]. Therefore it can be 

stated that PCB remains safe in mechanical terms after experiencing such temperature changes.  

It should be noted that PCB properties can vary due to watermarks and components on pcb structre, 

therefore obtained cannot be valid for every section of the PCB. Also, PCB layers and material types can 
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change according to the application, therefore corresponding experiments should be conducted for that 

specific PCB beforehand.  
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Abstract  

 

Honey is produced by honey bees (Apis mellifera) by using nectar secreted from the flowers or other living 

parts of the plants. It is a natural, sweet and functional food produced by collecting, changing the compositions, 

storing in the honeycomb cells and maturing the nectars by honey bees. The chemical composition of honey 

varies according to geographical and climatic conditions, environmental factors and plant diversity. Inorganic 

compounds known to be present in honey are potassium (K), calcium (Ca), magnesium (Mg), copper (Cu), 

manganese (Mn), iron (Fe), chloride (Cl), sulfur (S), phosphorus (P) and silicium (Si). However, the minera l 

content of honey varies according to the geographical characteristics of the region where it is produced. In 

this research, metal contents were monitored by flame atomic absorption spectrometer (FAAS) equipped with 

a D2 background correction. By using these calibration graphs, the quantities of the relevant metals in the 

honey samples were determined. The amounts of metal elements in honeys are as follows respectively with 

their maximum and minimum values: Zn (142.0-446.2 µg kg-1), Pb (13.6- 301.2 µg kg-1), Mn (10.4- 229.5 µg 

kg-1), Co (28.4- 278.4 µg kg-1), Cd (21.4- 275.9 µg kg-1), Cu (39.9- 289.5 µg kg-1), V (10.5- 274.7 µg kg-1), 

Fe (128.5- 484.2 µg kg-1). The mineral content and trace elements of honey can be used to determine the 

geographical origin of honey. 

Keywords: Atomic absorption, metal element content, honey 
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1. INTRODUCTION 

Nectar collected by bees from plant sources converts honey into metabolic biochemical process in a natural 

environment in the hive. There are approximately 10000 -40000 bees in each hive and each bee get out of the 

hive for 10-15 times a day, and for  each exit, bees  collects nectar and pollen from 80-100 flowers [1,2]. There 

are approximately more than 200 kinds of ingredients in honey contents. Honey is an important functiona l 

food with its nutritious and terapotic properties due to ingredients like vitamins, minerals, organic acids, 

flavonoids, phenolic acids, amino acids and enzymes  [3,4]. The chemical composition of honey varies by 

geographical and botanical source. But basically honey is formed about 82% carbohydrate, 17% water, 0.7% 

mineral, 0.3% protein, vitamins, organic acids, phenolic compounds and free macro and micro components  

[3-7]. Also honey is very rich source of minerals with the potassium, phosphorus, iron, magnesium, sodium, 

manganese, chlorine, sulfur and iodine mineral composition. In some studies, honey samples have heavy 

metals inside, and therefore bee products can be one of the indicators of pollution and it is inexpensive and 

effective to determine and to follow up the environmental pollution with this method [1,2]. Today, 

environmental pollution from industry threatens bees and bee products. Metaller in the environment come 

mainly from industry and traffic and can contaminate bee colonies and bee products. Lead (Pb) and cadmium 

(Cd) are the most important heavy metal impurities for the bee products. Pb compounds on air comes mainly 

from traffic and directly contaminates nectar and bees but does not move from plants. Cd compound from 

industry and wastes is transported from soil to plants, which contaminates nectar,  honey and the other bee 

products [2,8]. 

2. MATERIAL AND METHODS  

In this study, it is aimed to determine the amount of some of the elements in honey samples collected from 

Bingol province and surrounding villages which is widely used in beekeeping activities in Turkey by using  

spectrophotometrical analysis. Honey samples included in the study were obtained from various bee breeders 

engaged in beekeeping activities in a total of 6 different regions of Bingol province and its vicinity. Metal 

contents were monitored by flame atomic absorption spectrometer (FAAS, Shimadzu AAS-6300 model) 

equipped with a D2 background correction. Calibration graphs are prepared using the aqueous standards of 

each analyte. By using these calibration graphs, the quantities of the relevant metals in the honey samples 

were determined. 
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3. RESULTS AND DISCUSSION 

In this study, the amounts of metal elements in honeys from different localities were obtained as follows 

respectively with their maximum and minimum values: Zn (142.0-446.2 µg kg-1), Pb (13.6- 301.2 µg kg-1), 

Mn (10.4- 229.5 µg kg-1), Co (28.4- 278.4 µg kg-1), Cd (21.4- 275.9 µg kg-1), Cu (39.9- 289.5 µg kg-1), V 

(10.5- 274.7 µg kg-1), Fe (128.5- 484.2 µg kg-1). The quantities of the different elements found in each honey 

sample are detailed in the Table 1. The mineral content and trace elements of honey can be used to determine 

the geographical origin of honey. It also gives an idea about the pollution in the environment where the bee 

feeds according to the amount of heavy metal in honey. Generally the quantities of Lead (Pb), Cadmium (Cd), 

Iron (Fe), Zinc (Zn), Aluminum (Al), Mercury (Hg) and Copper (Cu) were investigated in different honey 

brands and other bee products according to the literature [8-10]. Pb levels were found between 0.001-1.8 

mg/kg in different honey samples and in different countries. In honey studies conducted in different countries, 

Cd levels were found to be different values in the range of 0.001 - 0.113 mg/kg [2,8,10].  In a study conducted 

in Turkey found some metal levels in a variety of honey brands were as follows, respectively:  Cd (0.216-

1.553 mg/kg), Pb (0.699- 12.3 mg/kg), Fe (13.45-97.3 mg/kg), Zn (3.82- 17.96 mg/kg), Al (0.038-4.57 mg/kg), 

Hg (0.25-0.852 mg/kg), Cu (0.011- 0.098 mg/kg) [8].  In this study, the amounts of different metal elements 

found in different honey samples were found to be quite low compared to the studies given in the literature in 

general. However, the amount of Cu metal in honey samples in our study was found to be higher than other 

studies in the literature (Table 1). 

No standards have been established for the amount of metal contents that should be present in the honey 

samples. The greatest concern was in the past due to the amount of Pb. However, after the prohibition of 

leaded gasoline, this concern gradually disappears. Rather than honey samples, bees retain the Pb element 

more in their own bodies. Therefore, bees are considered as bioindicators for metal gathering for a 3 km radius 

around them. The element Pb is not a problem in honey, but due to its accumulation, it is necessary to pay 

attention to propolis and keep it away from contaminated areas with Pb. Also the levels of Ni, Hg and other 

undesirable metals likely to be present in honey are quite low [2,8]. 

…
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Table 1. The metal amounts of the various honey samples from Bingol province.  

Sample Adde

d (µg 
kg-1) 

Zn(µg kg-1) Pb(µg kg-1) Mn(µg kg-1) Co(µg kg-1) Cd(µg kg-1) Cu(µg kg-1) V(µg kg-1) Fe(µg kg-1) 

Foun
d 

Recover
y% 

Foun
d 

Recover
y% 

Foun
d 

Recover
y% 

Foun
d 

Recover
y% 

Foun
d 

Recover
y% 

Foun
d 

Recover
y% 

Foun
d% 

Recover
y% 

Foun
d 

Recover
y% 

Bingol  
province-

Genc 

dis trict-
Sancak 

vi l lage 

- 167.4 - 13.6 - 10.4 - 88.2 - 44.6 - 68.2 - 10.5 - 229.4 - 

200 361.2 96.9 206.6 96.5 206.0 97.8 278.4 95.1 236.2 95.8 260.4 96.1 198.3 93.9 422.4 96.5 

Diyarbaki

r 
province- 

Hani  
dis trict 

- 223.6 - 45.8 - 18.8 - 61.7 - 28.3 - 46.7 - 18.2 - 163.7 - 

200 408.0 92.2 233.6 93.9 215.5 98.4 254.3 96.3 218.5 95.1 240.5 96.9 207.6 94.7 355.9 96.1 

Bingol  

province-
Genc 

dis trict-
Servi  

vi l lage 

- 175.7 - 66.2 - 29.4 - 39.1 - 79.4 - 102.1 - 26.8 - 188.4 - 

200 371.5 97.9 260.6 97.2 222.6 96.6 232.3 96.9 272.2 96.4 289.5 93.7 220.6 96.9 383.0 97.3 

Bingol  
province-

Genc 
dis trict 

- 255.4 - 56.9 - 31.3 - 28.4 - 82.7 - 77.1 - 35.9 - 294.2 - 

200 446.2 95.4 251.7 97.4 229.5 99.1 224.0 97.8 275.9 96.9 274.9 98.9 230.3 97.2 484.2 95.0 

Bingol  
province-
Solhan 
dis trict 

- 142.0 - 105.4 - 17.5 - 71.8 - 29.4 - 39.9 - 19.5 - 128.5 - 
200 338.6 98.3 301.2 97.9 214.1 98.3 264.4 96.3 224.4 97.5 232.5 96.3 210.5 95.5 325.9 98.7 

Bingol  
province-

Kigi  
dis trict 

- 178.5 - 27.2 - 26.9 - 30.9 - 21.4 - 78.4 - 77.9 - 225.4 - 

200 374.5 98.0 224.6 98.7 220.1 96.9 225.9 97.5 210.0 94.3 271.2 96.4 274.7 98.4 423.8 99.2 
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4. CONCLUSION  

In our study, the examined metal elements in the honey samples were generally found lower than the metal 

ranges from the literature. Only Cu metal value was obtained slightly higher according to the literature 

knowledge. Honey has a very complex structure due to the differences in the substances it carries. It shows 

quite different structures according to various regions and times of acquisition.  
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Abstract  

 

Wood, which constitutes the original texture of Anatolian architecture, is an important building material that 

maintains its sustainability even today,  transferring its existence to future generations throught history. It is 

useful in historical buildings due to its features such as processing, obtaining and easy transportation. Wooden 

structures are more common in forested areas. İbrahim Pilavcı House, which is one of the examples of civil 

architecture of Taraklı architecture, the interior layout, construction system, roof features and environmenta l 

compatibility with the original quality. Considering these characteristics, the damage status of the building 

was examined and information was obtained by interviewing the landlord. İbrahim Pilavcı House's rolove, 

restitution, restoration projects were prepared and their facade features, plan properties were supported with 

pictures and reports were prepared and documented with the approval of Kocaeli Regional Cultural Heritage 

Protection Board. After the architectural, structural and structural analysis of İbrahim Pilavcı House, the 

techniques applied during the application phase and the use of natural materials without deteriorating the 

originality of the structure were controlled under the supervision of the repair techniques and the works were 

completed. 

  
Keywords: Wood, Taraklı, Restoration. 

 

 

 

 

 

mailto:ozkanonurozlem@gmail.com


 

 

International Natural Science, Engineering and Materials Technology Conference 

Sep 9-10, 2019, İstanbul / TURKEY 

308 
 

1. INTRODUCTION 

 

Figure 1. General view from Taraklı [1].  

Taraklı is one of the important settlements that shows the qualified examples of the traditional Ottoman 

settlement texture in Anatolia and can survive the majority of the tissue to date [2]. Taraklı, which is connected 

to Sakarya province, is one of the districts that exemplify the Western Black Sea architecture. The traditiona l 

architectural texture of Taraklı has survived to the present day with its necessary features [4]. 

 In Taraklı architecture, pine tree species is generally used. Resin of these trees causes high strength. 

Taraklı architecture contains beautiful examples of wooden construction art.  

              

Figure 2. Taraklı architecture [3].  
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Figure 3. Taraklı architecture [3].  

İbrahim Pilavcı House, which is one of the examples of Taraklı's civil building, has been chosen as the 

subject of the study and its physical structure, historical and architectural values have been examined together 

with its environment for an effective restoration.  

2. RESTORATION WORKS OF IBRAHIM PILAVCI HOUSE  

2.1. Location and General Characteristics of the Building  

           İbrahim Pilavcı House; Adapazarı province Taraklı district, Ulu Mosque Quarter, Hamam is located on 

the street. The structure is made of wood carcass technique on a stone foundation in a sloping land and consists 

of ground and first floor. The exact date of the construction has not been reached. However, it is estimated 

that it was built in 1950 [5].  

 

Figure 4. Plan example of İbrahim Pilavcı House [5].  
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2.2. Facade Features of the Building  

2.2.1. Southern Facade  

        

Figure 5. İbrahim Pilavcı House’s view rolove of the southern facade.  

The southern facade of İbrahim Pilavcı House is the most spectacular facade of the building. Entrance 

is provided from the ground floor. On the first floor there is a wooden balcony with a triangular pediment. 

There are a total of 10 windows on this facade of the building.  

The balcony is made of wood with a triangular pediment. There are breaks on the balustrades of the 

balcony and decay in the wooden material.  

                    

Figure 6. İbrahim Pilavcı House of balcony view and detailing system. 
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2.2.2. Western Facade  

      

Figure 7. İbrahim Pilavcı House’s view rolove of the western facade.  

2.2.3. Northern Facade 

        

Figure 8. İbrahim Pilavcı House’s view rolove of the northern facade.  

2.2.3. Eastern Facade  

            

Figure 9. İbrahim Pilavcı House’s view rolove of the eastern facade. 
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2.3. Plan Features of the Building  

All the ceilings of the ground floor and first floor spaces are wooden beamed flooring. Most ceilings 

have deformations.  

  

Figure 10. İbrahim Pilavcı House's view rolove of ground floor and first floor ceiling plans . 

 

Figure 11. Ceiling view of İbrahim Pilavcı House.  

The ground floor rooms have wooden flooring, kitchen, warehouse, bathroom and hall flooring floors 

are in concrete. The floors of the spaces of the first floor are also wooden covering. There are breaks and decay 

on wooden flooring. 
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Figure 12. İbrahim Pilavcı House of floor and first floor flooring plans.  

 

Figure 13. İbrahim Pilavcı House of flooring. 

          All the windows of the building are guillotine and rectangular wooden frame.  

 

Figure 14. İbrahim Pilavcı House rolove of window detailing . 
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Figure 15. İbrahim Pilavcı House of window views. 

           The entrance to the structure is provided by two-leaf wooden doors. Above the door there are overhead 

window divided into 4 sections with wooden laths. The exterior of the door is painted. In time, cracks in the 

paints have been formed and degradation is possible due to atmospheric conditions. 

 

Figure 16.  İbrahim Pilavcı House of rolove entrance door detailing. 
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                   Figure 17. İbrahim Pilavcı House of entrance door from inside and outside views. 

           The interior doors of the building are made of wood. The exterior surfaces of some doors are painted. 

                      

Figure 18. İbrahim Pilavcı House of door views.  

           The walls of the building are mud plaster on mudbrick filling between wooden carcass. There are 

serious damage to the wall caused by atmospheric conditions.  
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Figure 19. İbrahim Pilavcı House of wall views.  

2.3.1. Ground Floor Plan  

 

Figure 20. İbrahim Pilavcı House of ground floor plan. 

There is a wooden staircase leading from the ground floor to the top floor. There is also a worktop on 

stone foundation and a demolished stove in the kitchen.  
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Figure 21. İbrahim Pilavcı House of stairs and ve kitchen views. 

2.3.2. First Floor Plan 

 

Figure 22. Ibrahim Pilavci House of rolove first floor plan. 

This floor has a plan with a central sofa. The main feature of the plan type with a central sofa is that 

surrounding by rooms. Room entrances are chamfer. The sofa and rooms have cedar.  
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Figure 23. İbrahim Pilavcı House of cedar and cupboard views. 

              

Figure 24. Ibrahim Pilavci House of first floor interior views.  

 

Figure 25. İbrahim Pilavcı House of first floor sofa view. 
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2.3.3. Roof Plan 

 

Figure 26. İbrahim Pilavcı House of rolove roof plan. 

The roof of the structure has a plan feature with a broken roof. Generally, this type of plan is 

encountered in the buildings with middle sofa. The roof material is alaturka tile and the construction elements 

are wooden. 

          

Figure 27. İbrahim Pilavcı House of roof views. 
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2.3.4. Section Views of the Structure  

 

Figure 28. İbrahim Pilavcı House of rolove  A-A section and B-B section. 

3. RESTORATION PROJECT 

          The house, which is architecturally and structurally problematic, has serious damages. Taking these 

damages into consideration, rolove, restitution and restoration projects were prepared.  

 

 

Figure 29. İbrahim Pilavcı House of restoration ground floor and first floor plan. 
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Figure 30. İbrahim Pilavcı House's view restoration of ground floor and first floor ceiling plans . 

 

   

Figure 31. İbrahim Pilavcı House of restoration roof plan and roof view. 
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Figure 32. İbrahim Pilavcı House of restoration  A-A section and B-B section. 

 

               

Figure 33. İbrahim Pilavcı House’s view restoration of the southern facade and eastern facade.  

 

             

Figure 34. İbrahim Pilavcı House’s view rolove of the western facade and northern facade. 
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Figure 35.  İbrahim Pilavcı House of restoration entrance door detailing. 

 

Figure 36.  İbrahim Pilavcı House of restoration wood window detailing. 
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4. RESTORATION PROPOSAL 

           First, roof tiles and damaged construction elements should be removed and replaced with new ones, It 

should be made in such a way that the original construction system and insulating material.  Walls should be 

scrapped to see the state of the carrier system and should be replaced with appropriate material. Elements in 

good condition should also be cleaned and maintained on site if necessary. Deformed elements should be 

replaced with materials suitable for the original material. Wall fillings should be made with appropriate 

materials and techniques, interior walls should be plastered with Baghdadi plaster technique. Wooden 

windows should be repaired without deteriorating the originality, and windows in very bad condition should 

be replaced with new ones. Wooden doors and floors should be maintained and damaged ceilings caused by 

water intake from the roof should be repaired. Stair steps and railings should be rebuilt without deteriorating 

the originality. The cupboards and cedars in the rooms should be preserved and re-used with on-site repairs. 

In the facade coating, the ground floor and the first floor should be made as lime whitewash over the adobe.  

           The restoration of the Ibrahim Pilavci House, which was supported by the project and the pictures, was completed 

a few years after the preliminary preparations and the analysis studies were carried out and the application was 

completed under the supervision of the authorities. 

 

Figure 37. İbrahim Pilavcı House of after restoration views [23]. 
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5. CONCLUSION  

The restoration works applied to restore the original appearance of the historical wooden structures, 

fittings and furniture should have an important place in preserving and transferring the wood material to future 

generations. During the restoration, it should be aimed to introduce surface cleaning methods that will remove 

the dirty and damaged area from the surfaces of the wood material and which are based on human and 

environmental health [17].  

As a result; Precautions should be taken for the long-lasting wooden and masonry structures without 

disturbing the original texture of traditional Turkish houses and necessary maintenance suggestions should be 

made and maintained. Spatial, formal, structural features and adaptation to the environment of cultural assets 

should be repaired with original materials.  
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Abstract  

 

In this study, we obtain necessary and sufficient conditions for |𝐴𝑓 , 𝜃𝑛|𝑘
 ⟹ |𝐵𝑓 ,𝜑𝑛 |

𝑠
 for the case 1 < 𝑘 ≤

𝑠 < ∞, where θ, 𝜑 are positive sequences and |𝐴𝑓 , 𝜃𝑛|𝑘
, |𝐵𝑓 , 𝜑𝑛|𝑘

are absolute factorable summabilities. Also, 

in the special cases,  we obtain some well-known results. 
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1. INTRODUCTION 

 Let 𝑋 and 𝑌 be two subspaces of 𝜔 and 𝐴 = (𝑎𝑛𝜈) be an arbitrary infinite matrix of complex numbers. 

By 𝐴(𝑥) = (𝐴𝑛(𝑥)),  we denote the 𝐴 −transform of the sequence 𝑥 = (𝑥𝜈), i.e., 

𝐴𝑛(𝑥) = ∑𝑎𝑛𝜈

∞

𝜈=0

𝑥𝜈, 

provided that the series converges for 𝑛 ≥ 0. Then, 𝐴 defines a matrix transformation from 𝑋 into 𝑌, it is 

written that 𝐴 ∈ (𝑋, 𝑌), or 𝐴: 𝑋 → 𝑌, if 𝐴𝑥 = (𝐴𝑛(𝑥)) ∈ 𝑌 for every 𝑥 ∈ 𝑋.   

Let ∑𝑥𝜈 be a given infinite series with its 𝑛-th partial sum 𝑠𝑛,  𝜃 be any positive sequence and 1 ≤
𝑝 < ∞. If  

∑ 𝜃𝑛
𝑝−1|𝐴𝑛(𝑠) − 𝐴𝑛−1(𝑠)|

𝑝

∞

𝑛=1

< ∞                                                          (1) 

then, the series ∑𝑥𝜈  is said to be summable |𝐴,𝜃𝑛 |𝑝  [5]. 

  Suppose that 𝐴 and 𝐵 are two summability methods.  If every series summable by the method 𝐴 is also 

summable the method 𝐵, it is said that   𝐵 includes 𝐴 and written that  𝐴 ⟹ 𝐵. If each method includes the 

other one, then we say that these methods are equivalent.  

Note that if we take the weighted mean matrix instead of 𝐴 in (1), the summability |𝐴, 𝜃𝑛|𝑝  is reduced 

to the summability  |𝑁, 𝑞𝑛, 𝜃𝑛|𝑝 ,  𝑝 ≥ 1, [8].  Also, using this method, the following space  

 

| 𝑁𝑞
𝜃 |

𝑝
= {𝑥 =  (𝑥𝑣) ∶ ∑ 𝜃𝑛

𝑝−1 |
𝑞𝑛

𝑄𝑛𝑄𝑛−1

∑𝑄𝜈−1𝑥𝜈 

𝑛

𝜈=1

|

𝑝

<

∞

𝑛=1

∞}, 

 
was introduced and studied [5]. In this situation, the series  ∑𝑥𝜈 is summable  |𝑁, 𝑞𝑛, 𝜃𝑛|𝑝 if and only if the 

sequence  𝑥 =  (𝑥𝑣)𝜖| 𝑁𝑞
𝜃|

𝑝
. Further, the summability  |𝑁, 𝑞𝑛,𝜃𝑛|𝑝 was extended by Hazar and Gökçe [3] to 

the factorable summability |𝐴𝑓 ,𝜃𝑛 |
𝑘

 as follows: The series is summable |𝐴𝑓 , 𝜃𝑛|𝑘
 if  

 

∑ |𝜃𝑛
1/𝑘∗

𝑎𝑛 ∑ 𝑎𝜈𝑥𝜈

𝑛

𝜈=1

|

𝑘

< ∞

∞

𝑛=1

, 

 

where  θ is a sequence of positive numbers. One knows that a factorable matrix A is given by 
 

𝑎𝑛𝜈 = {
𝑎𝑛𝑎𝜈,     1 ≤ 𝜈 ≤ 𝑛
0,                   𝜈 > 𝑛
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where  (𝑎𝑛) and (𝑎𝜈) are any sequence of real numbers.  

Also, it is clear that if 𝑎𝑛 = 𝑝𝑛/𝑃𝑛𝑃𝑛−1 and 𝑎𝜈 = 𝑃𝜈−1 (𝜃𝑛 = 𝑃𝑛 𝑝𝑛⁄ and 𝜃𝑛 = 𝑛), then we get the 

summability |𝑁, 𝑝𝑛 , 𝜃𝑛|𝑘  (|𝑁, 𝑝𝑛|𝑘  [2] and |𝑅, 𝑝𝑛|𝑘   [7], respectively) [8]. 

 2. MATERIAL AND METHODS  

The aim of this study is to obtain necessary and sufficient conditions for |𝐴𝑓 , 𝜃𝑛|𝑘
 ⟹ |𝐵𝑓 , 𝜑𝑛|𝑠

 for the case  

1 < 𝑘 ≤ 𝑠 < ∞, where θ and 𝜑 are positive sequences. Also, in the special cases, we obtain some well-known 

results. 

Firstly, we remind Bennett’s theorem [1] which plays an important roles in proving our theorem.  

Theorem A  Let 1 < p ≤ q < ∞, a and b be sequences of non-negative numbers, and let 𝐴 be a factorable 

matrix. Then the following conditions are equivalent.  
 

(i) 𝐴 maps  𝑙𝑝 into 𝑙𝑞. 

(ii) There exists 𝐾1, such that, for 𝑚 = 1,2, …, 

∑ (𝑎𝑛 ∑𝑏𝑘
𝑝∗

𝑛

𝑘=1

)

𝑞

≤ 𝐾1 (∑ 𝑏𝑘
𝑝∗

𝑚

𝑘=1

)

𝑞
𝑝

.

𝑚

𝑛=1

 

      (iii)      There exists 𝐾2, such that, for 𝑚 = 1,2,…, 

( ∑ 𝑎𝑛
𝑞

∞

𝑛=𝑚

)

1/𝑞

(∑𝑏𝑘
𝑝∗

𝑚

𝑘=1

)

1/𝑝∗

≤ 𝐾2. 

      (iv)       There exists 𝐾3, such that, for 𝑚 = 1,2,…, 

∑ (𝑏𝑘 ∑𝑎𝑛
𝑞

∞

𝑛=𝑘

)

𝑝∗
∞

𝑘=𝑚

≤ 𝐾3 ( ∑ 𝑎𝑛
𝑞

∞

𝑛=𝑚

)

𝑝∗/𝑞 ∗

, 

[1]. 

 

3. RESULTS AND DISCUSSION 

Theorem B Let 1 < 𝑘 ≤ 𝑠 < ∞, 𝜃 and 𝜑 be  sequences of positive terms. Then,  |𝐴𝑓 , 𝜃𝑛 |
𝑘
 ⟹ |𝐵𝑓 , 𝜑𝑛|𝑠

 if 

and only if  

(i) (
𝜑

𝑛

1
𝑠∗

𝑏𝑛�̂�𝑛

𝜃
𝑛

1
𝑘∗

𝑎𝑛𝑎𝑛

) = 𝑂(1)  

(ii) There exists 𝐾, such that, for 𝑚 = 1,2, …, 

( ∑ 𝜑𝑛

𝑠
𝑠∗

�̂�𝑛
𝑠

∞

𝑛=𝑚

)

1/𝑠

(∑
1

𝜃𝑣𝑎𝑣
𝑘∗ (∆

𝑏𝑣

𝑎𝑣

)
𝑘∗𝑚

𝑣=1

)

1/𝑘 ∗

≤ 𝐾, 
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where 

 ∆
𝑏𝑣

𝑎𝑣
=

𝑏𝑣

𝑎𝑣
−

𝑏𝑣+1

𝑎𝑣+1
. 

 

Proof Let 𝑋 = (𝑋𝑛) and 𝑌 = (𝑌𝑛) be the transformation sequences of the series  ∑𝑥𝜈 summable by the 

methods |𝐴𝑓 , 𝜃𝑛|𝑘
 and |𝐵𝑓 ,𝜑𝑛 |

𝑠
, respectively, i.e.,  

𝑋 = (𝑋𝑛) = (𝜃𝑛

1
𝑘∗

�̂�𝑛 ∑𝑎𝜈𝑥𝜈

𝑛

𝜈=1

), 

𝑌 = (𝑌𝑛) = (𝜑𝑛

1
𝑠∗

�̂�𝑛 ∑ 𝑏𝜈𝑥𝜈

𝑛

𝜈=1

). 

Then, 𝑋𝜖𝑙𝑘 and 𝑌𝜖𝑙𝑠. Now, since  

𝑥𝑛 =
1

𝑎𝑛

(
𝑋𝑛

𝑎𝑛𝜃𝑛
1/𝑘∗ −

𝑋𝑛−1

𝑎𝑛−1𝜃𝑛−1
1/𝑘 ∗), 

we get  

𝑌𝑛 = 𝜑𝑛

1
𝑠∗

�̂�𝑛 ∑ 𝑏𝜈𝑥𝜈

𝑛

𝜈=1

= 𝜑𝑛

1
𝑠∗

�̂�𝑛 ∑𝑏𝜈

1

𝑎𝑣

(
𝑋𝑣

𝑎𝑣𝜃𝑣
1/𝑘∗ −

𝑋𝑣−1

𝑎𝑣−1𝜃𝑣−1
1/𝑘∗)

𝑛

𝜈=1

 

=
𝜑𝑛

1
𝑠∗

𝑏𝑛�̂�𝑛 𝑋𝑛

𝜃𝑛

1
𝑘∗

𝑎𝑛𝑎𝑛

+ 𝜑𝑛

1
𝑠∗

�̂�𝑛 ∑
1

𝜃𝑣

1
𝑘∗

�̂�𝑣

(
𝑏𝑣

𝑎𝑣

−
𝑏𝑣+1

𝑎𝑣+1

)

𝑛−1

𝑣=1

𝑋𝑣 

= ∑𝑐𝑛𝑣

𝑛

𝑣=1

𝑋𝑣                                                                     

where 

𝑐𝑛𝑣 =

{
 
 
 
 

 
 
 
 𝜑𝑛

1
𝑠∗

�̂�𝑛

𝜃𝑣

1
𝑘∗

𝑎𝑣

(
𝑏𝑣

𝑎𝑣

−
𝑏𝑣+1

𝑎𝑣+1

) , 1 ≤ 𝑣 ≤ 𝑛 − 1

𝜑𝑛

1
𝑠∗

𝑏𝑛�̂�𝑛

𝜃𝑛

1
𝑘∗

𝑎𝑛�̂�𝑛

,  𝑣 = 𝑛

0, 𝑣 > 𝑛 .  

 

Note that  |𝐴𝑓 , 𝜃𝑛|𝑘
 ⟹ |𝐵𝑓 , 𝜑𝑛|𝑠

 if and only if   
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∑|𝑌𝑛 |
𝑠 < ∞

∞

𝑛=1

 whenever ∑|𝑋𝑛 |
𝑘 < ∞

∞

𝑛=1

, 

or, equivalently 𝐶 = (𝑐𝑛𝑣)𝜖(𝑙𝑘 , 𝑙𝑠).  Also, it is clearly that   

𝑌𝑛 = ∑ 𝑑𝑛𝑣

𝑛−1

𝑣=1

𝑋𝑣 + 𝑒𝑛𝑛𝑋𝑛 = 𝐷𝑛(𝑋) + 𝐸𝑛(𝑋) 

where  

𝑑𝑛𝑣 =

{
 
 

 
 𝜑𝑛

1
𝑠∗

�̂�𝑛

𝜃𝑣

1
𝑘∗

𝑎𝑣

(
𝑏𝑣

𝑎𝑣

−
𝑏𝑣+1

𝑎𝑣+1

) , 1 ≤ 𝑣 ≤ 𝑛 − 1

0,                   𝑣 ≥ 𝑛,

 

𝑒𝑛𝑣 =

{
 
 

 
 𝜑𝑛

1
𝑠∗

𝑏𝑛�̂�𝑛

𝜃𝑛

1
𝑘∗

𝑎𝑛𝑎𝑛

, 𝑣 = 𝑛

0,                𝑣 ≠ 𝑛.

 

So, if 𝐷𝜖(𝑙𝑘 , 𝑙𝑠) and 𝐸𝜖(𝑙𝑘 , 𝑙𝑠), then it is clear that 𝐶𝜖(𝑙𝑘 , 𝑙𝑠). Conversely, if 𝐶𝜖(𝑙𝑘 , 𝑙𝑠), then,  since 𝑙𝑘 and 𝑙𝑠 

are Banach spaces,  𝐶:𝑙𝑘 → 𝑙𝑠 is a bounded linear operatör and so there exists a number 𝑀 such that  

 

 ‖C(x)‖≤  M‖x‖ 

for all  𝑥𝜖𝑙𝑘 .  Now let 𝑥 = (𝑒(𝑛))𝜖𝑙𝑘. It follows from the last inequality that the conditions (i) of the theorem   

holds, i.e., 𝐸𝜖(𝑙𝑘 , 𝑙𝑠), which implies that 𝐷𝜖(𝑙𝑘 ,𝑙𝑠).  Therefore, we get  𝐷𝜖(𝑙𝑘 , 𝑙𝑠) and 𝐸𝜖(𝑙𝑘 , 𝑙𝑠) if and only if 

𝐶𝜖(𝑙𝑘 , 𝑙𝑠),  which completes the proof of the theorem together with Theorem A. 

In the special cases, by Theorem B, we obtain some well-known results and list as follows: 

 

Corollary 1  Let 1 < 𝑘 ≤ 𝑠 < ∞, 𝜃 and 𝜑 be  sequences of positive terms. Then, |𝑁, 𝑝𝑛 , 𝜃𝑛|𝑘  ⟹ |𝑁, 𝑝𝑛, 𝜑𝑛 |𝑠  

if and only if  

(i) (𝜑𝑛

1

𝑠∗ 𝜃𝑛

−
1

𝑘∗ 𝑞𝑛𝑃𝑛

𝑄𝑛𝑝𝑛
) = 𝑂(1)  

 

(ii)    (∑ 𝜑𝑛

𝑠

𝑠∗
(

𝑞𝑛

𝑄𝑛𝑄𝑛−1
)
𝑠

∞
𝑛=𝑚 )

1/𝑠

 (∑
1

𝜃𝑣
|𝑄𝑣 −

𝑞𝑣𝑃𝑣

𝑝𝑣
|
𝑘∗

𝑚
𝑣=1 )

1/𝑘 ∗

= 𝑂(1).    

 

Corollary 2  Let 1 < 𝑘 ≤ 𝑠 < ∞. |𝑁, 𝑝𝑛 |𝑘  ⟹ |𝑁, 𝑞𝑛 |𝑠  if and only if  
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(𝑖)       (𝑞𝑣/𝑄𝑣)
𝑘(𝑃𝑣/𝑝𝑣)

𝑠 = 𝑂(1)                                                                                                                   

(𝑖𝑖)       ∑ |𝑄𝑣 −
𝑞𝑣𝑃𝑣

𝑝𝑣

|
𝑘∗

𝑝𝑣

𝑃𝑣

𝑚

𝑣=1

= 𝑂(𝑄𝑚
𝑘∗

)                                                                                                         

where 𝑘∗ is the conjugate of 𝑘. 

Note that, for 𝑝𝑣 = 1 for all 𝑣, the summability |𝑁, 𝑝𝑛 |𝑘  is reduced to the summability |𝐶, 1|𝑘 . So the 

following results are immediately obtained. 

Corollary 3  Let  1 < 𝑘 < ∞.𝑇ℎ𝑒𝑛,  |𝐶, 1|𝑘  ⟹ |𝑁, 𝑞𝑛 |𝑘 if and only if 

(𝑖)   𝑛𝑞𝑛 = 𝑂(𝑄𝑛)                  (𝑖𝑖)       ∑|𝑄𝑣 − (𝑣 + 1)𝑞𝑣|
𝑘∗ 1

𝑣

𝑚

𝑣=1

= 𝑂(𝑄𝑚
𝑘∗

). 

Corollary 4  Let  1 < 𝑘 < ∞. Then, |𝑁, 𝑞𝑛 |𝑘 ⟹ |𝐶, 1|𝑘  if and only if 

(𝑖)   𝑄𝑛 = 𝑂(𝑛𝑞𝑛)                  (𝑖𝑖)       ∑ |𝑣 + 1 −
𝑄𝑣

𝑞𝑣

|
𝑘∗

𝑞𝑣

𝑄𝑣

𝑚

𝑣=1

= 𝑂(𝑚𝑘 ∗
). 

4. CONCLUSION  

In this study, it is determined necessary and sufficient conditions for  |𝐴𝑓 , 𝜃𝑛|𝑘
 ⟹ |𝐵𝑓 ,𝜑𝑛 |

𝑠
 for the case 1 <

𝑘 ≤ 𝑠 < ∞, where θ,𝜑 are positive sequences and also, in the special cases, given some known results. 
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Abstract  

 

In the present study, we introduce the absolute Lucas space |𝐿𝜃(𝑟, 𝑠)|𝑝 where 𝑟, 𝑠 𝜖 ℝ, 𝜃  be any positive 

sequence and 1 ≤ 𝑝 < ∞. Then,  we give some topological and algebraic properties of this space such as 𝐵𝐾- 

space, norm and show that the absolute Lucas space is isomorphic to the space 𝑙𝑝 . 
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1. INTRODUCTION 

 Let ω be the set of all sequences of complex numbers and 𝑙𝑝 ,p ≥ 1, be the set of all p-absolutely 

convergent series space. A linear subspace of ω is called a sequence spaces. Let X and Y be sequence spaces 

and  A = (ank) be an infinite matrix of complex numbers. If the series  

An(x) = ∑ ank

∞

k=0

xk  

converges, for all xϵX, nϵℕ, then, by 𝐴(𝑥) = (𝐴𝑛(𝑥)) we denote the A-transform of the sequence x =  (xk). 
Also, A defines a matrix mapping from X into Y,  if 𝐴(x) = (An(x))ϵ Y for every xϵX and it is shown that 

𝐴𝜖(𝑋, 𝑌) or 𝐴: 𝑋 ⟶ 𝑌. The domain of the matrix A in X, which is a sequence spaces, is defined by 

 
𝑋𝐴 = {𝑥 = (xk)ϵω: A(x)ϵX}. 

 
If 𝑋 is a complete normed space with continuous coordinates 𝑝𝑛: 𝑋 → ℂ, 𝑝𝑛(𝑥) = xn defined by 𝑝𝑛(𝑥) = xn 

for all nϵℕ, then  𝑋 is called a BK- space. 

Let ∑𝑎𝜈  be a given infinite series with its 𝑛-th partial sum 𝑠𝑛,  𝜃 be any positive sequence and 1 ≤
𝑝 < ∞. If  

∑ 𝜃𝑛
𝑝−1|𝐴𝑛(𝑠) − 𝐴𝑛−1(𝑠)|

𝑝

∞

𝑛=1

< ∞                                                                         (1) 

then the series ∑𝑎𝜈  is said to be summable |𝐴, 𝜃|𝑝 . 

The Lucas sequence (𝐿𝑛) given by the Fibonacci recurrence relation with different initial condition is defined 

as follows: 

𝐿0 = 2, 𝐿1 = 1, 𝐿𝑛 = 𝐿𝑛−1 + 𝐿𝑛−2, 𝑛 ≥ 2. 

Now, we mention some of the properties of the Lucas numbers [4]: 

∑𝐿𝑘

𝑛

𝑘=1

= 𝐿𝑛+2 − 3,      ∑ 𝐿2𝑘−1

𝑛

𝑘=1

= 𝐿2𝑛 − 2, 

∑ 𝐿2𝑘

𝑛

𝑘=1

= 𝐿2𝑛+1 − 1,∑𝐿𝑘
2

𝑛

𝑘=1

= 𝐿𝑛𝐿𝑛+1 − 2,      

𝐿𝑛−1𝐿𝑛+1 − 𝐿𝑛
2 = 5(−1)𝑛+1,                   

 

𝐿𝑛−1
2 + 𝐿𝑛𝐿𝑛−1 − 𝐿𝑛

2 = 5(−1)𝑛+1.                    
 

Further, the Lucas band matrix  �̂�(𝑟,𝑠) = (𝑒𝑛𝑘(𝑟,𝑠)) has been defined in [3] as follows 
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𝑒𝑛𝑘(𝑟,𝑠) =

{
 
 

 
 𝑠

𝐿𝑛

𝐿𝑛−1

, 𝑘 = 𝑛 − 1

𝑟
𝐿𝑛−1

𝐿𝑛

,          𝑘 = 𝑛       

0,𝑘 > 𝑛 or 0 ≤ 𝑘 < 𝑛 − 1

 

where  𝑟, 𝑠 𝜖 ℝ. 
 
The method of generating a new space by means of the matrix domain of a triangle matrix has recently been 

studied by several authors. In [3], Lucas difference space has been studied. Also, Kara has defined Fibonacci 
difference sequence space using by Fibonacci band matrix [2]. Moreover, from a different viewpoint, Gökçe 

and Sarıgöl have introduced absolute Fibonacci series spaces [1]. 
 
2. MATERIAL AND METHODS  

Let take the Lucas matrix instead of the matrix 𝐴 in (1). Then, we can write  

𝐴𝑛(𝑠) = ∑𝑒𝑛𝑘(𝑟,𝑠)𝑠𝑘

𝑛

𝑘=1

= ∑𝑒𝑛𝑘(𝑟,𝑠) ∑ 𝑥𝑣

𝑘

𝑣=1

𝑛

𝑘=1

 

                                = 𝑥𝑛𝑒𝑛𝑛(𝑟,𝑠) + ∑ 𝑥𝑣

𝑛−1

𝑣=1

(𝑒𝑛,𝑛−1(𝑟, 𝑠) + 𝑒𝑛𝑛(𝑟, 𝑠)) 

            = 𝑥𝑛𝑟
𝐿𝑛−1

𝐿𝑛

+ ∑ 𝑥𝑣

𝑛−1

𝑣=1

(𝑠
𝐿𝑛

𝐿𝑛−1

+ 𝑟
𝐿𝑛−1

𝐿𝑛

) 

 

and the matrix 𝐿 = (ℓ𝑛𝑣) corresponding to above transformation is given by 

ℓ𝑛𝑣 =

{
 
 

 
 𝑟

𝐿𝑛−1

𝐿𝑛

,          𝑣 = 𝑛            

𝑠
𝐿𝑛

𝐿𝑛−1

+ 𝑟
𝐿𝑛−1

𝐿𝑛

, 1 ≤ 𝑣 < 𝑛 − 1

0,                   𝑣 > 𝑛.

                                                  (2) 

A few calculations give that 

𝐴𝑛(𝑠) − 𝐴𝑛−1(𝑠) = 𝑥𝑛𝑟
𝐿𝑛−1

𝐿𝑛

+ ∑ 𝑥𝑣

𝑛−1

𝑣=1

(𝑠
𝐿𝑛

𝐿𝑛−1

+ 𝑟
𝐿𝑛−1

𝐿𝑛

) − 𝑥𝑛−1𝑟
𝐿𝑛−2

𝐿𝑛−1

− ∑ 𝑥𝑣

𝑛−2

𝑣=1

(𝑠
𝐿𝑛−1

𝐿𝑛−2

+ 𝑟
𝐿𝑛−2

𝐿𝑛−1

) 

                                       = 𝑥𝑛𝑟
𝐿𝑛−1

𝐿𝑛

+ 𝑥𝑛−1 (𝑠
𝐿𝑛

𝐿𝑛−1

+ 𝑟
5(−1)𝑛+1

𝐿𝑛𝐿𝑛−1

) + ∑ 𝑥𝑣

𝑛−2

𝑣=1

5(−1)𝑛 (
𝑠

𝐿𝑛−1𝐿𝑛−2

−
𝑟

𝐿𝑛𝐿𝑛−1

) 
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= ∑𝜉𝑛𝑣

𝑛

𝑣=1

𝑥𝑣                                                                                                  

where  

𝜉𝑛𝑘 =

{
 
 
 

 
 
 𝑟

𝐿𝑛−1

𝐿𝑛

,                               𝑣 = 𝑛 

𝑠
𝐿𝑛

𝐿𝑛−1

+ 𝑟
5(−1)𝑛+1

𝐿𝑛𝐿𝑛−1

,            𝑣 = 𝑛 − 1

5(−1)𝑛 (
𝑠

𝐿𝑛−1𝐿𝑛−2

−
𝑟

𝐿𝑛𝐿𝑛−1

) , 1 ≤ 𝑣 < 𝑛 − 1

                   0,                                  𝑣 > 𝑛.          

 

So, the absolute Lucas series space can be expressed as 

|𝐿(𝑟, 𝑠)|𝑝 = {𝑥 ∈ 𝜔:   ∑ |𝜃𝑛
1/𝑝∗

∑ 𝜉𝑛𝑘

𝑛

𝑘=1

𝑥𝑘|

𝑝∞

𝑛=1

< ∞} 

where 𝑝∗ is conjugate of 𝑝, i.e., 1/𝑝 + 1/𝑝∗ = 1, 𝑝 > 1,  and 1/𝑝∗ = 0 for 𝑝 = 1. 

According to the notation of domain, the absolute Lucas series spaces can be redefined as  
 

|𝐿𝜃(𝑟, 𝑠)|𝑝 = (𝑙𝑝)𝐸(𝑝)∘𝐿
. 

where the matrix 𝐸(𝑝) = (𝑒𝑛𝑣

(𝑝)
) is given by 

𝑒𝑛𝑣

(𝑝)
=

{
 
 

 
 𝜃𝑛

1
𝑝∗

,            𝑣 = 𝑛            

−𝜃𝑛

1
𝑝∗

,          𝑣 = 𝑛 − 1      
      0 ,                𝑣 ≠ 𝑛, 𝑛 − 1.  

                                                                        (3) 

 

3. RESULTS AND DISCUSSION  

 

Theorem 1 Let 1 ≤ 𝑝 < ∞ and 𝜃 = (𝜃𝑣)  be any positive sequence. Then, the set  |𝐿𝜃(𝑟, 𝑠)|𝑝 is a linear spaces 

with coordinate-wise addition and scaler multiplication. Also, it is a BK- spaces with respect to norm  

‖𝑥‖|𝐿𝜃(𝑟,𝑠)|𝑝
= ‖𝐸(𝑝) ∘ 𝐿 (𝑥)‖

 𝑙𝑝
. 

Proof  The proof of the first part of the theorem is a routine verification, and so it is  omitted. Further, since 

the matrices 𝐸(𝑝) and 𝐿 are triangles,  |𝐿𝜃(𝑟, 𝑠)|𝑝 = (𝑙𝑝)𝐸(𝑝)∘𝐿 and the space 𝑙𝑝 is a BK- space, Theorem 4.3.2 

of Wilansky [6] implies that the space |𝐿𝜃(𝑟, 𝑠)|𝑝 is a BK- space. 
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Theorem 2 Let 1 ≤ 𝑝 < ∞ and 𝜃 = (𝜃𝑣)  be any positive sequence. Then, there exists a linear isomorphism 

between the spaces |𝐿𝜃(𝑟, 𝑠)|𝑝 and 𝑙𝑝 . 

Proof  To prove this, we should show the existence of a linear bijection between the spaces |𝐿𝜃(𝑟, 𝑠)|𝑝 and 𝑙𝑝 . Now, 

we consider the transformations 𝐿: |𝐿𝜃(𝑟,𝑠)|𝑝 → (𝑙𝑝)𝐿
 and  𝐸(𝑝) : (𝑙𝑝)𝐿

→ 𝑙𝑝 defined by 

𝐿(𝑥) = 𝑥𝑛𝑟
𝐿𝑛−1

𝐿𝑛

+ ∑ 𝑥𝑣

𝑛−1

𝑣=1

(𝑠
𝐿𝑛

𝐿𝑛−1

+ 𝑟
𝐿𝑛−1

𝐿𝑛

), 

𝐸(𝑝)(𝑥) = 𝜃𝑛

1
𝑘∗⁄

(𝑥𝑛 − 𝑥𝑛−1),n ≥ 1. 

The matrices corresponding these transformations given by (2) and (3) are triangles, it is clear that  𝐿 and 𝐸(𝑝) 

are linear bijections. So, the composite function is a linear bijection. Moreover, the norm is preserved. This 

completes the proof of theorem.   

 

4. CONCLUSION  

In this study, it has been aimed to introduce the absolute Lucas series space and to show existence of a linear 

isomorphism between the spaces 𝑙𝑝 and |𝐿(𝑟, 𝑠)|𝑝.  
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Abstract  

 

In this paper, we study inextensible flows of timelike curves in Minkowski space-time. Necessary and 

sufficient conditions for an inextensible curve flow are expressed as a partial differential equation involving 

the curvature. 
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1. INTRODUCTION 

Inextensible curve flows have a significant influence both in a wide variety of applied mathematics 

and also in nonlinear phenomena belonging to physics. This setting contains problems in field theories, 

nonlinear optics, fluid dynamics, sigma models, relativity, water wave theory, and so on. A key point of the 

research of flows equations focuses on the fact that numerous different contexts can be obtained by solely 

single example. This type of universality might be exceedingly concerned about the fact that these equations 

generally have a concealed meaning in terms of geometrical manner. 

Recently, an interest for studying the inextensible surface and curve flows in different spaces besides 

their properties has gained much attention. Physically, inextensible curve and surface flows are characterized 

by the absence of any strain energy induced from the motion. In [1], studied inextensible flows of developable 

surfaces and curves in 3R . Corresponding equations are derived for developable surfaces inextensible flow. 

Additionally, there are many works related with inextensible flows [2-12]. 

The Bishop frame was first proposed by Bishop in 1975 [13]. Unlike the Frenet frame, Bishop's frame 

is not unique and is well defined even at points where the curvature of the curve vanishes [14-16]. In [17], 

introduced inextensible flows of curves wtith Bishop frame. With this new concept, we derive the necessary 

and sufficient condition for the given curve to be the inextensible flow. Finally, we give some new 

characterizations for curvatures of a curve. 

  

 2. MATERIAL AND METHODS  

Minkowski space-time 4

1E  is a usual vector space provided with the standard metric given by [18],   

 ,=, 2

4

2

3

2

2

2

1 dxdxdxdx    

where ),,,( 4321 xxxx  is a rectangular coordinate system in 4

1E . Any vector x  in 4

1E  can be characterized as 

follows: the vector x  is called spacelike, lightlike or timelike if 0>>,< xx , 0>=,< xx  or 0,><,< xx  

respectively. 

Theorem 2.1. Let 4

1: E I  be a unit speed timelike curve, the following relations are satisfied: 
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(ii)  
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where )(),( ss   and )(s  are curvature, first and second torsion functions and ),(1 sk  )(2 sk  and )(3 sk  are 

principal curvatures of the curve   ccording to the parallel frame, [15]. 

 

3. INEXTENSIBLE FLOWS OF TIMELIKE CURVES WITH PARALLEL TRANSPORT FRAME 

IN MINKOWSKI SPACE-TIME 

 

Let ),( tu  is a one-parameter family of smooth timelike curves in .4

1E  The flow of   can be 

represented as 

 ,= 3423121 MMMT  




t
 (3.1) 

where 4321 ,,,   are smooth functions. 

Definition 3.1. A curve evolution ),( tu  and its flow 
t


 in 4

1E  are said to be inextensible if 

 0.=
ut 






 (3.2) 
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Lemma 3.2. Let 
t


 be a smooth flow of the timelike curve .  The flow is inextensible if and only if 

 ,= 433221
1 


vkvkvk
ut

v










 (3.3) 

 

Proof. From the relations (2.3) and (3.2), we obtain 
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which completes the proof. 

 

Theorem 3.3. Let 
t


 be a smooth flow of the timelike curve .  The flow is inextensible if and only 

if 

 .= 433221
1 


vkvkvk
u





 (3.4) 

 

Proof. Now let 
t


 be extensible. By using (3.2), we obtain 
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 (3.5) 

We now restrict ourselves to arc length parameterized curves. 

 

Lemma 3.4. Let 
t


 be a smooth flow of the timelike curve  . Then, 
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where  

 .>M
M

>,M
M
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3
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1 ,=<,=<,,=<
ttt 










  

Proof. From definition of flow, we get 

 ).(== 3423121 MMMT
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From the (2.3) equations, we have 
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Using Lemma 3.2, we get 
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From the above and using  
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which completes the proof. 

The following theorem states the conditions on the curvature and torsion for the curve flow ),( ts  to 

be inextensible. 

Theorem 3.5. Let the flow 3423121= MMMT  




t
 be a smooth flow of the timelike curve 

 . Then, the following system of partial differential equations holds: 
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On the other hand, from Bishop frame we have 
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This means that 
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which completes the proof. 

Theorem 3.6. Let the flow 3423121= MMMT  




t
 be a smooth flow of the timelike curve 

 . Then,  

 .)(= 3311122
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Proof. From the relations (2.3) and (3.6), we find 
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 Corollary 3.7. 

 .)(= 23122

4

2

33
3 kk

s
k

st

k



 













 (3.8) 

 

REFERENCES 

 

[1] Kwon, D. Y., Park, F.C., Chi, D. P., Inextensible flows of curves and developable surfaces, Appl. Math. 

Lett., 18, 1156-1162, 2005. 

[2] Bas, S., Korpinar, T., Inextensible Flows of Spacelike Curves on Spacelike Surfaces according to Darboux 

Frame in 3

1M , Boletim da Sociedade Paranaense de Matematica, 31 (2), 9-17, 2013. 



 

 

International Natural Science, Engineering and Materials Technology Conference 

Sep 9-10, 2019, İstanbul / TURKEY 

345 
 

[3] Bas, S., Korpinar, T., A New Characterization of One Parameter Family of Surfaces by Inextensible Flows 

in De-Sitter 3-Space, Journal of Advanced Physics, 7 (2), 251-256, 2018. 

[4] Bas, S., A New Method For Inextensible Flows of Adjoint Curves in Space, AIP Conference Proceedings 

2116, 240003, 2019. 

[5] Korpinar, T., Bas, S., On evolute curves in terms of inextensible flows of in 3E , Bol. Soc. Paran. Mat., 36 

(1), 117-124, 2018. 

[6] Korpinar, T., Turhan, E., A New Version of Inextensible Flows of Spacelike Curves with Timelike B2 in 

Minkowski Space-Time 4

1E , Differ. Equ. Dyn. Syst., 21 (3), 281-290, 2013. 

[7] Korpinar, T., On Inextensible flows of curves according to alternative moving frame, Journal of Dynamica l 

Systems & Geomatric Theories, 15 (1), 15-27, 2017. 

[8] Korpinar, Z., Inc, M., On the Biswas--Milovic Model with Power Law Nonlinearity, Journal of Advanced 

Physics, 7(2), 239-246, 2018. 

[9] Korpinar, T., On Inextensible flows of curves according to alternative moving frame, Journal of Dynamica l 

Systems & Geomatric Theories, 15 (1), 15-27, 2017. 

[10] Korpinar, T., Demirkol, R. C.,, A new characterization on the energy of elastica with the energy of Bishop 

vector fields in Minkowski space. Journal of Advanced Physics,  6(4), 562-569, 2017. 

[11] Korpinar, T., Bas, S., A new approach to inextensible flow of curves with Blaschke frame, Journal of 

Science and Arts, 1(46), 15-22, 2019. 

[12] Korpinar, T., Bas, S., A new approach for inextensible flows of binormal spherical indicatrices of 

magnetic curves, International Journal of Geometric Methods in Modern Physics, 16 (2), 1950020, 2019. 

[13] Bishop, L. R., There is More Than One Way to Frame a Curve, Amer. Math. Monthly, 82 (3), 246-

251,1975. 

[14] Bukcu, B., Karacan, M. K., Special Bishop motion and Bishop darboux rotation axis of the space curve , 

Journal of Dynamical Systems and Geometric Theories, 6 (1), 27-34, 2008. 

[15] Erdogdu, M., Parallel frame of non-lightlike curves in Minkowski space-time, International Journal of 

Geometric Methods in Modern Physics, 12 (10), 1550109, 2015. 

[16] Gokcelik, F., Bozkurt, Z., Ekmekci, F. N., and Yaylı, Y., Parallel transport frame in 4-dimensiona l 

Euclidean space 4E , Caspian J. Sci., 3, 91-102, 2014. 

[17] Korpinar, T., Asil, V., Bas, S., On Characterization Inextensible flows of Curves According to Bishop 

frame in 3E , Revista Notas de Matematica, 7 (1), 37-45, 2011. 

[18] O'Neill, B., Semi-Riemannian Geometry with Applications to Relativity, Academic Press, London, 1983.  

  

https://www.worldscientific.com/toc/ijgmmp/12/10


 

 

International Natural Science, Engineering and Materials Technology Conference 

Sep 9-10, 2019, İstanbul / TURKEY 

346 
 

INEXTENSIBLE FLOWS OF DUAL CURVES ACCORDING TO BISHOP FRAME 

IN DUAL EUCLIDEAN SPACE  

S. Baş1, R. C. Demirkol2, T. Körpınar3 
  

1 Department of Mathematics, Mus Alparslan University, Mus, TURKEY 
2Department of Mathematics, Mus Alparslan University, Mus, TURKEY 
3Department of Mathematics, Mus Alparslan University, Mus, TURKEY 

  
E-mail: slckbs@hotmail.com 

 

 
 

Abstract  

 

Inextensible flows of curves plays an important role in practical applications. We construct a new method for 

inextensible flows of dual curves in dual space 
3D . In this paper, we study inextensible flows of dual curves 

according to Bishop frame in dual space .3D  The concepts with the inextensible flows are analyzed by using 

Bishop frame. 
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1. INTRODUCTION 

Dual numbers were investigated by W.K. Clifford [1] and rediscovered by Study [2]. Then he used 

dual numbers and dual vectors in his research on the geometry of lines and kinematics, and defined the 

mapping which is called by his name E. Study's mapping: the set of oriented straight lines in the Euclidean 3-

space 3E  is one-to-one correspondence with the dual points on the surface of a dual unit sphere 2Ŝ  in the dual 

space 3D  of triples of dual numbers. It can be seen that the dual number is a powerful mathematical tool for 

spatial mechanism design. Hence, dual numbers are analysis have important applications to differential line 

geometry and kinematics, [3-7]. 

In differential geometry, the special curves are an important subject of curve theory [8-11]. A large 

number of aspects of applied physics and engineering utilized gaseous and smooth flows. Gaseous flows are 

extremely essential in spacecraft, automobiles, and aeroplanes. The research of smooth flow is extremely 

important meant for the uses of naviero, just like the style of boats and various tasks in municipal design 

including the design of the harbor and the safety of seaside. Physically, inextensible curve and surface flows 

are characterized by the absence of any strain energy induced from the motion. Kwon etc [12] investigated 

inextensible flows of curves and developable surfaces in 
3R . Then, they derived the corresponding equations 

for the inextensible flow of a developable surface and showed that it suffices to its evolution in terms of two 

inextensible curve flows. Additionally, there are many works related with inextensible flows, [13-15]. 

Inextensible flows of curves plays an important role in practical applications. We construct a new 

method for inextensible flows of dual curves in dual space 
3D . In this paper, we study inextensible flows of 

dual curves according to Bishop frame in dual space .3D  The concepts with the inextensible flows are analyzed 

by using Bishop frame.  

 2. MATERIAL AND METHODS  

We start our discussion by reviewing some of the basic concepts of dual numbers [6]. Dual numbers 

are the set of all pairs of real numbers written as 

 ,,,= R    

where the dual unit   satisfies the relationships  

 0.=,1=10, 2   

For any 3=ˆ,= D  nnn  , the scalar product and the vector product of   and n̂  are 

defined as, respectively [6], 
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where 3.,1=ˆ,= 3   innn D  If 0,x  the norm   of  =  is defined as 
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Let  21
ˆ,ˆ,ˆ MMT  be the Bishop frame of the differentiable dual curve in the dual space 3D . Then, the 

Bishop frame equations are [16]  
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3. INEXTENSIBLE FLOWS OF DUAL CURVES WITH BISHOP FRAME IN D3 

 

Assume that ),(ˆ tu  is a one parameter family of smooth dual curves in dual space 
3D . 

Then, the flow of ̂  can be represented as f  
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Definition 3.1. The flow 
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Lemma 3.2. Let 
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 be a smooth flow of the dual curve .̂  The flow is inextensible if and 
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which completes the proof. 

 

Theorem 3.3. Let 
t

̂
 be a smooth flow of the dual curve .̂  The flow is inextensible if and only if 
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Finally, we express the desired result. 

 

We now restrict ourselves to arc length parametrized curves. 

 

 

 



 

 

International Natural Science, Engineering and Materials Technology Conference 

Sep 9-10, 2019, İstanbul / TURKEY 

350 
 

Lemma 3.4. 

 

,)()(=

,))(=

,))()(

)(=

,)(=

,)(=

,)(=

11222
2

22111
1

2222211

111

12
2

21
1

22121

MMTT
M

MMT(T
M

M(MM

M
T

MT
M

MT
M

)M(M
T

























































































































s

h
fk

s

h
kffk

t

s

g
fkfk

s

g
kf

t

s

h
gkhk

s

h
fk

s

g
fk

fk
s

g
kf

t

s

h
gk

t

s

g
fk

t

s

h
gkhk

s

g
fk

t

 

where 
2

1 ˆ,
ˆ

==ˆ M
M

t


   .  

 

Proof. Using definition of ̂ , we get 
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From the dual Bishop equations, we have 

 

).)()()(

)()()((

))()(=
ˆ

2222121

12111

221121





























































MMM

MTT

M(MT
T

s

h
gk

s

h
gkghk

s

g
fk

hhk
u

g
kfgk

u

f
gk

s

f

s

h
fk

s

g
fkhvkgvk

s

f

t

  

Using Lemma 3.2, we get 
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 , which completes the proof. 

Theorem 3.5. Let the flow 
t

̂
 be inextensible. Then, the following system of partial differentia l 

equations holds: 
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which completes the proof. 
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1. INTRODUCTION 

The focal curve of a smooth curve 1:  mRR , consists of the centers of its osculating hypersphere. 

The focal curve can be state as 

 ),...(= 2211 mmcccC NNN   

where  mNNNT, ,...,, 21  is the Frenet frame of   and mccc ,...,, 21  are smooth functions that we call focal 

curvatures of  . Vargas found an expression of the curvatures i  of   ; in terms of the focal curvatures of ic  

and show that the focal curvatures satisfy some scalar Frenet equations in the Euclidean space. Besides, the 

focal curvatures of a non-lightlike curve in Minkowski (m+1)-space which satisfy the " scalar Frenet 

equations" [2]. The notion of the focal curve of a smooth curve of a consists of the centers of its osculating 

sphere. Moreover, the fundamental results of the focal curves which defined in nE  were given by favour of 

Darboux vector. The focal curves of a null Cartan curve was examined by [3]. Some special types of ruled 

surface, choosing one of the base curves or director curves as the focal curve were investigated by [4]. 

Lightlike hypersurfaces and lightlike focal sets of null Cartan curves in Lorentz-Minkowski spacetime were 

given by Liu and Wang [5]. Furthermore, different applications of focal curves were given in the studies [6-

12]. In this paper, we study timelike B-focal curves in the Minkowski 3-space 3

1E . We characterize timelike 

B-focal curves in terms of their focal curvatures. 

  

 2. MATERIAL AND METHODS  

The Minkowski 3-space 3

1E  is a real vector space 3E  endowed with the standard flat 

Lorentzian metric given by [13],  

 ,>=.,.=< 2

3

2

2

2

1 dxdxdxI    

 

where ),,( 321 xxx  is a rectangular coordinate system of 3

1E . Let ),,(= 321 uuuu  and ),,(= 321 vvvv  be arbitrary 

vectors in 3

1E , the 

Lorentzian cross product of u and v defined by 

 .=

321

321

vvv

uuu

kji

vu
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The norm of 3

1Ev  is defined by 

  

.>,<= vvv  

A vector 3

1Ev  is said to be spacelike if 0>>,< vv  or 0=v , timelike if 0><,< vv , and lighlike (or null) if 

0>=,< vv  and 0v . 

Denoted the moving Frenet frame along a space curve   by  BN,T,  where N,T,  and B  are tangent, 

principal normal and binormal vector of  , respectively. If   is a timelike curve, then this set of orthogonal 

unit vectors, known as the Frenet frame, has the following properties [13], 

 

 

 

  N,=B

B,T=N

N,=T











s

s

s

'
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'

  

where   is the curvature of   and   is its torsion and 

 
     
      0.===

1,=1,=1,=

BN,BT,NT,

BB,NN,TT,

ggg

ggg 
  

The Bishop frame or parallel transport frame is an alternative approach to defining a moving frame 

that is well defined even when the curve has vanishing second derivative. One can express parallel transport 

of an orthonormal frame along a curve simply by parallel transporting each component of the frame. The 

tangent vector and any convenient arbitrary basis for the remainder of the frame are used. Denote by 

 21,MMT,  the moving Bishop frame along the timelike curve 3

1:)( EIs  in the Minkowski 3-space 3

1E . 

For an arbitrary timelike curve )(s  in the space 3

1E , the following Bishop formula are given by [14], 
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Here, we shall call the set  )(),(),( 21 sss MMT  as Bishop trihedra, 1k  and 2k  as Bishop curvatures, 

where ,arctan=)(
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k
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ds

sd
s
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1 kks   Thus, Bishop curvatures are defined by 
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Definition 2.1. The curve 
1)(:  mCC R   consisting of the centres of the osculating 

hyperspheres of a good curve 1)(:  mR  is called the parametrised focal curve of  , [1]. 

For a unit speed curve 3:)(= EIs  the curve consisting of the centers of the osculating spheres 

of   is called the parametrized focal curve of  . The hyperplanes normal to at a point consist of the set of 

centers of all spheres tangent to   at that point. Hence the center of the osculating spheres at that point lies in 

such a normal plane. Therefore, denoting the focal curve by C  we can write  

 ),)((=)( 2211 sccsC NN    

where the coefficients 
21,cc  are smooth functions of the parameter of the curve   , called the first and second 

focal curvatures of  , respectively. Further, the focal curvatures 
21,cc  are defined by 

 0.0,;=,
1

= 1
21  



'c
cc   

 

Theorem 2.2. Let 3:)(= EIs  be a unit speed curve and  

 ),)((= 2211 sffB
MM F   

its Bishop-focal curve on 3E . Then 

 ),)(
1

(= 2

2

1
1 s

k

pk
pB

MM


F   

where p  is a constant. 

  

3. TIMELIKE B-FOCAL CURVES ACCORDING TO BISHOP FRAME IN 3

1E  

Denoting the focal curve by ,B

G  we can write  

 ),)((= 2211 srrB
MM G   

where the coefficients 21, rr  are smooth functions of the parameter of the curve  , called the first and second 

focal curvatures of ,  respectively. 

To separate a focal curve according to Bishop frame from that of Frenet- Serret frame, in the rest of 

the paper, we shall use notation for the timelike focal curve defined above as timelike B-focal curve. 

Theorem 3.1. Let 3

1:)(= EIs  be a unit speed curve and  
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 ),)((= 2211 srrB
MM G   

its timelike B-focal curve on 3

1E . Then 

  

 

),)(
1

(= 2

2

1
1 s

k

ak
pB

MM


G  

where a  is a constant. 

 

Proof: Assume that   is a unit speed curve and 
B

G  its focal curve on 3

1E . So, by differentiating of 

the formula (4), we get  

 .)())(1=)( 22112211 MM(T
'''B rrkrkr G   

Using above equation, the first 2 components vanish, we get  

                       
0.=

1,=

1

2211

'g

krkr 
                                                                                  (2) 

Considering second equation above system, we have 

 0.constant==1 ar  

Since, we immediately arrive at  

 .
1

=
2

11
2

k

kr
r


  

By means of obtained equations, we express (2). This completes the proof. 

 

Corollary 3.2. Let 3

1:)(= EIs  be a unit speed curve and 
B

G  its focal curve on 3

1E . Then, the 

focal curvatures of 
B

G are 

.
1

=

0,constant=

2

11
2

1

k

kr
r

r






 

 

 In the light of Theorem 3.1, we express the following corollary without proof: 
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Corollary 3.3. Let 3

1:)(= EIs  be a unit speed curve and 
B

G  its focal curve on 3

1E . If 
1k  and 

2k  

are constant then, the focal curvatures of 
B

G  are  

 
0.constant=

0,constant=

2

1





r

r
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1. INTRODUCTION 

In geometry, Ruled surfaces have already been widely used in designing cars, ships, production of 

products and several additional areas for example movement analysis and simulation of a rigid body and 

model-based object recognition systems. Contemporary surface area modeling systems consist of ruled 

surfaces. The geometry of ruled surfaces is vital for studying kinematical and positional mechanisms in 

Euclidean 3-space. This surface area is often found in the scientific study from days gone by. For example, 

Odehnal explored subdivision algorithms ruled surfaces and Chen defined the mu-basis for a rational 

ruled surface, [5,10,13].  

A developable surface may be formed by bending or rolling a planar surface without stretching out or 

tearing; in additional terms, it can become created or unrolled isometrically onto a plane. Developable 

surfaces are also known as singly curved surfaces since one of their principal curvatures is usually zero. 

Developable surfaces are broadly utilized with components that are not really responsive to extending. 

Applications consist of the development of ship hulls, ducts, shoes, clothing, and car parts such as 

upholstery, body windshields and panels, [3]. 

 

2. RESULTS AND DISCUSSION 

Assume that  : s s  , which is parameterized by the arc-length parameter s  is a regular curve. 

The derivative of the Frenet frame according to the arc-length parameter is governed by the relations;  

T' N ,

N' T B ,

B' N ,



 





  

   

where   is the curvature and  is torsion of the curve  . Now, we present an orthogonal frame  1 2 3e ,e ,e  

as follows: 

1 11 2

2 1 3 2

2 33 3

e e0
d

e 0 e ,
ds

0e e

 

 

 

    
    

     
           

where  i  denotes the q  curvatures satisfying, [2], 
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1 1 2

2 1 3

3 3 2

cos e' ,e ,

sin e' ,e ,

d e' ,e .

  

  

  

 

  

   
 

Definition 1. Let   be a unit speed curve and  t ,n,b is its Frenet frame in Euclidean 3-space. Then, the 

adjoint curve of curve   is, [12],  

    
0

s

s

s b s ds   . 

Theorem 2. Let   be a unit speed curve,  t ,n,b is its Frenet frame and   be adjoint curve of the curve   

in Euclidean 3-space. Denote by  t ,n ,b  
 the moving Frenet frame along the curve  s . Then, it can be 

written as, [12], 

 

t b,

n n,

b t









 



  

and 

 
,

.





 

 




  

We will describe the adjoint curve of a space curve as in [12] according to quasi frame in Euclidean 3-space. 

Definition 3.  Let   be a regular curve with parametrized by arc-length and  q q qt ,n ,b  be its quasi frame. 

Then, the adjoint curve of a space curve   according to quasi frame is  

    
0

s

q

s

s b s ds   . 

Theorem 4. Let   be a unit speed curve,  q q qt ,n ,b is its quasi frame and   be adjoint curve of the curve    

in Euclidean 3-space. Denote by  t ,n,b%%%  the moving Frenet frame along the curve  s . Then, it can be 

written as 
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Theorem 5. A ruled surface 

 

3S : I

( s ,t ) S( s ,t ) s tt





 

  

¡

%
 

for which  s  is a the line of curvature of surface S , can not be described. Here   is adjoint curve of the 

any space curve   and t% is tangent vector of curve   in Euclidean 3-space. 

Proof. Let   be adjoint curve of a regular curve with parametrized by arc-length. If the curve   is the line 

of curvature of the ruled surface S , the following equation must be provided 

  det ',t ,t ' 0 %%   

and we know that   is a line of curvature on the surface S  if and only if the normal vector field  n s ,t   of 

the surface S  along the curve   s  is parallel to the principal normal vector field n% of the curve  ; that is, 

 n s ,t n%P . But with simple operations, we have seen that  n s ,t  andn% are not parallel. 
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Abstract  

 

Notions of the pedal curves of regular curves are classical topics in differential geometry. Pedal curves are the 

loci of the feet of perpendiculars to the tangents of a fixed curve to a fixed point called the pedal point. In this 

paper, we present the concept of pedal surface of a pedal curve according to quasi frame in 3-dimensiona l 

Euclidean space. Additionally, some results and theorems are presented with special cases. 
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 1. RESULTS AND DISCUSSION 

Assume that  : s s  , which is parameterized by the arc-length parameter s  is a regular curve. 

The derivative of the Frenet frame according to the arc-length parameter is governed by the relations;  

T' N ,

N' T B ,

B' N ,



 





  

   

where   is the curvature and  is torsion of the curve  . Now, we present an orthogonal frame  1 2 3e ,e ,e  

as follows: 

1 11 2

2 1 3 2

2 33 3

e e0
d

e 0 e ,
ds

0e e

 

 

 

    
    

     
           

where  i  denotes the q  curvatures satisfying, [1], 

1 1 2

2 1 3

3 3 2

cos e' ,e ,

sin e' ,e ,

d e' ,e .

  

  

  

 

  

   
 

Definition 1. Let C  be a curve in 3E  and O  be a fixed point not on C . The locus of the foots of perpendicular 

drawing from O  to the tangents of C  with respect to O  as origin are called the pedal curve of C  with respect 

to O , [13]. 

 

Definition 2. Let S  be a smooth, convex surface in 
3E  and O be a point not on S . If is position vector of a point 

k  on S with respect to O as origin and N  is the inner unit normal vector of the surface at k S , then support 

function h  of S is defined by 

 h X ,N    

where ,  is the usual metric in 
3E , [4]. 

 In this section, we will describe the pedal curve and the pedal cone surface as in [kasap] according to 

quasi frame.  
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Let   be a regular curve with parametrized by arc-length and 

 

3

1

S : I

( s ,t ) S( s ,t ) s te





 

  

¡
   

be a ruled surface in 3E .  Here 1e  is unit quasi tangent vector of curve .   In this case, the pedal curve of ruled 

surface S  can be written as follows 

       1s s q s e s ,  
)

   

where q  is the distance between the points  s  and  s
)

. 

Since 

 
s 1 1 2 2 3

t 1

S e t e t e ,

S e .

   


   

From Eq. (1), normal vector of surface S  is 

    2 2 3 3n s,t t e e   .  

Then, the ruled surface S
)

 can be written by 

      S s ,u s un s ,t 
) )

. 

Example 3. Let us consider the space curve   which is defined by 

 
 

3: R R

18 t 2 9t
sin sin ,

5 4 45 4

18 t 2 9t
t cos cos ,

5 4 45 4

3
cost

5







    
      

    
    

       
    

 
 
 

  

Calculating the first derivative of  ; one can easily see that 

  ' t 0    
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for all t R . So we can say that  is a regular space curve. In the light of the quasi formulas, one can easily 

obtain the quasi frame  q q qt ,n ,b  of  . The graphics of the curve   and its spherical images are given below.  

 

 

 

 

 

 

Fig. 1. The Curve   

 

Fig. 2. Tangent Vector of The Curve   



 

 

International Natural Science, Engineering and Materials Technology Conference 

Sep 9-10, 2019, İstanbul / TURKEY 

368 
 

 

Fig. 3. Pedal Curve of The Curve  ,    q t log t  

 

Fig. 4. Pedal Curve of The Curve  ,    q t sin(log t )  
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Abstract  

 

In order to determine the NSS, Rs and interfacial layer on the electrical characteristics, both the c-v and G/-

V measurements were performed at 7 and 500 kHz at room temperature. Experimental results were confirmed 

that the main electrical parameters such as diffusion potential (VD), series residence (Rs), Fermi energy level 

(EF), barrier height (B (C-V)) and surface states (NSS) are found a strong a function of frequency and voltage. 

Both the Rs and NSS were excepted from the Nicollian-Brews and high-low CHF-CLF frequency method, 

respectively. They show a distinctive peak at about depletion region due to surface state and interfacial layer.   

 

Keywords: Interfacial layer, Nicollian-Brews method, High-low CHF-CLF frequency method 
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1. INTRODUCTION 

Since an interfacial insulator or polymer layer inserted between metal and semiconductor, metal-

semiconductor (MS) structure is converted to MIS or MPS structure or capacitor. [1-3]. Especially, the use of 

high-dielectric interfacial leads to improve the performance of the MS and MIS type structure [3-8]. The 

capacitance-voltage (C-V) and conductance-voltage (G/-V) measurements in the wide range of applied bias 

voltage can be supplied more information on the electrical characteristics of these devices. Therefore, in this 

study, the electrical characteristics of Au/(Ca3Co4Ga0.001Ox)/n-Si (MPS) have been investigated by using C-

V and G/-V measurements for  at low (7 kHz) and high (500 kHz) frequencies at room temperature by taking 

into account density distribution of Nss, and Rs and polymer interfacial layer.  

2. MATERIAL AND METHODS  

In this study, Au/ Ca3Co4Ga0.001Ox /n-Si/Au structures were fabricated on n-Si single crystal (P-doped) 

with 0.001-0.005 .cm resistivity, (100) orientation and 250 μm thickness.  

Firstly, wafer was ultrasonically cleaned in the various solutions, rinsed by propylene glycol and blown 

dry N2 gas.  Secondly, wafer immediately was transferred into the high vacuum metal evaporation system and 

then high purity Au (99.999 %) with 150 nm thickness was thermally evaporated onto the whole back side of 

n-Si wafer at 10-6 Torr and then was  annealed at 500oC in the nitrogen ambient at 5 min to get a good ohmic 

contact.  

After formation ohmic contact, Ca3Co4Ga0.001Ox interfacial layer was grown on front of the n-Si wafer 

by using electrospinning method. Finally, the high purity of Au dots with 1 mm diameter and at about 150 nm 

thickness were deposited on the (Ca3Co4Ga0.001Ox) interfacial layer. The C-V and G/-V measurements were 

performed by using an HP 4192A LF impedance analyzer. 

The VHR method arises from recording the maximum temperatures of the glow peak with different 

heating rates. The maximum temperature Tm is associated with the heating rate β, this relation could be 

described in equation (1) as VHR method:  

         (1) 

where k is Boltzmann’s constant, Tm is the maximum temperature of glow peak ,  E is  the activation energy 

(eV) and s is the frequency factor (s-1). After recording Tm with a number of different heating rates, E could 

be calculated from the slope of the straight line obtained from the plot of the ln (T2
m/ β) versus 1/Tm. The 

)/ln(/)/ln( 2 ksEkTET mm 
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intercept of the slope this plot gives the value of s [12, 13]. Kitis and Tuyn proposed a model to correct for the 

temperature lag based on TSL measurements [14]. This model is given as an equation (2): 













b

aa

m

b

m cTT



ln                                           (2) 

where c is a constant and Tm
a and Tm

b are the maximum temperatures of glow peaks with heating rates βa and 

βb, respectively. 

 

3. RESULTS AND DISCUSSION 

 

 Both the C-V and G/-V measurements of the Au/Ca3Co4Ga0.001Ox/n-Si/Au capacitor was given in 

Fig. 1(a) and (b), respectively. As can be seen in this figure, both the C-V and G/w-V plots have an invers ion, 

depletion and accumulation regions at 7 and 500 kHz. 

 Both the values of C and G/ show (Figs.1 (a) and (b)) quite dispersion with frequency especially in 

the depletion region due to the existence of Nss and surface polarization at low frequency.  

 On the other hand, these discrepancy in the accumulation region is the result of series resistance (Rs) 

and interfacial layer. Such high values of C and G/ at low (7 kHz) were attributed to the  relaxation times (t) 

of the charges at surface states are much larger than the measured period (T=1/=1/2pf) and so they can follow 

an ac signal and polarization (surface and dipole) [1,4]. But at high frequency (500 kHz), Nss and polarizat ion 

cannot an excess contribution to the measured C and G values contrary to low frequency 

 The main electrical parameters such as diffusion potential (VD = Vo+kT/q), doping concentration of 

donor atoms (ND), Fermi energy level (EF), and barrier height (B (C-V)) were obtained from the intercept 

and slope of the reverse bias C-2 vs V plot for 500 kHz as 0.850 eV, 8.95x1017cm-3, 0.086 eV, and 0.936 eV, 

respectively. 
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Figure 1. (a) C-V and (b) G/w-V plots of Au/Ca3CO4Ga0.001OX/n-Si capacitor for 7 and 500 kHz. 

     ND =
2

(qεSεOA2tanθ)
           (1)  

ΦB =
kT

q
+ VO + (

kT

q
) ln(

NC

ND
)                             (2) 
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   Figure 2. The C-2-V  plot of Au/Ca3Co4Ga0.001Ox/n-Si caapcitor for 500 kHz. 

 

The value of Nss and Rs are also very important effect on C-V and G/-V characteristic especially at low and 

high frequencies, respectively. Therefore, the voltage dependent profile of Rs and Nss were obtained by using 

Nicollian-Brews [1,10] ang high-low frequency capacitance method, and they represented in Figures 3 and 4, 

respectively.  

Nss = (qA)-1. [(1/ CLF- 1/Ci) -1 - (1/ CHF- 1/Ci) -1]         (3)                        

As shown in the Ri-V plot (Fig. 3), the value of resistance (Ri) increase with decreasing voltage, but the real 

value of Rs is corresponding to the strong accumulation region. 

 

Figure 3. The Rs-V Au/(Ca3Co4Ga0.001Ox)/n-Si capacitor for 500 kHz. 
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             Figure 4. The (a) Nss-V Au/Ca3Co4Ga0.001Ox/n-Si caapcitor for 500 kHz 

 

    As can be seen in Fig. 4, the Nss vs V plot has a distictive peak between 1 and 1.5 V due to a special 

density of surface states located between an interfacial layer and semiconductor. These values of Nss are 

suitable for an electronic device.  

 

4. CONCLUSION  

 As a conclusion the prepared (Ca3Co4Ga0.01Ox) interfacial can be successfully used instead of a 

traditional insulator layer. 
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Abstract  

 

Heterogeneous photocatalysis is an advanced oxidation process and this alternative approach has gained an 

enormous interest to degrade organic contaminants in wastewater in recent decades. The process is based on 

the combined use of UV-A light and semiconductors to decompose organic pollutants. Owing to its chemica l 

inertness, photostability, low-cost, non-toxicity and high oxidative power, TiO2 is the most effic ient 

photocatalyst for this process. However, TiO2 is active under only UV light because of its wide band gap. This 

disadvantage, limits its usage under solar light as a renewable energy source. Overcoming this issue, TiO 2 is 

doped with metal or non-metal ions to improve its activity under solar light in recent years. 

In this study, solar light sensitive copper doped TiO2 photocatalyst containing 0.25 wt% Cu (0.25%Cu-TiO2) 

was prepared by a simple wet-impregnation method and followed by a heat treatment. Cu(NO3)2·3H2O was 

used as the dopant source. The photocatalytic activity of 0.25%Cu-TiO2 photocatalyst was determined by 

investigating the photocatalytic decolorization of Reactive Yellow 145 under solar light irradiation. The effect 

of operational parameters such as amount of catalyst, the initial dye concentration, and the initial pH on the 

decolorization percentage of dye was also studied. 

 

Keywords: Copper doped TiO2, Decolorization, Photocatalysis, Reactive Yellow 145 
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1. INTRODUCTION 

Reactive dyes are anionic dyes that extensively used especially in textile industry [1-3]. They can be 

expressed by chromophoric system such as azo, anthraquinone, phtahalocyanine etc. and the anchor group 

such as vinylsulfone, chlorotriazine etc. [4]. Azo dyes constitute an important class of pollutants in wastewater 

released from textile industries. Discharging of these azo dyes into water after dyeing and finishing processes 

in the textile industry can cause serious environmental and health problems [5-6]. Reactive azo dyes are 

resistant to aerobic degradation and their degradation products are highly carcinogenic.  

Conventional treatment methods are either ineffective to remove them from wastewater or they only 

transfer them to another phase causing a secondary pollution. These synthetic dyes are resistant to microbia l 

degradation. Thus, removal of azo dyes from wastewater of the textile industry is greatly significant and many 

studies are made for the development of water treatment technologies in recent years. Photocatalysis is an 

advanced oxidation process to destroy organic contaminants in water or air converting them to small molecules 

such as CO2, H2O and HCl. The process is based on the combined use of UV-A light and semi-conductors to 

decompose organic pollutants. Owing to its chemical inertness, photostability, low-cost, non-toxicity and high 

oxidative power the anatase form of TiO2 is the most efficient photocatalyst for this process [7-10].  

Doping TiO2 with metal or non-metal ions to improve its activity under solar light has attracted great 

interest in recent years. New photocatalysts are made with using impurity doping approach to improve the 

photocatalytic property of TiO2. For this reason, recent studies have focused on doping TiO2 with metallic 

elements (such as Ag, Pt, Cr, V and Fe) and non-metallic elements (B, C, S, F and N) to enhance the 

photocatalytic activity in visible light. The doped metal ion enhances the photocatalytic activity by reducing 

electron–hole pair recombination and narrowing the band gap [12-22]. 

In the present study, visible light active photocatalyst was prepared. For this reason, copper doped 

TiO2 photocatalyst containing 0.25 wt% Cu (0.25%Cu-TiO2) was prepared by a simple wet-impregna tion 

method and followed by a heat treatment.  Cu(NO3)2·3H2O was used as the dopant source. Reactive Yellow 

(RY 145) is a commercial azo dye widely used in dyeing process of textile The photocatalytic activity of 

0.25%Cu-TiO2 photocatalyst was determined by investigating the photocatalytic decolorization of RY 145 

under solar light irradiation. The effect of operational parameters such as amount of catalyst, the initial dye 

concentration, and the initial pH on the decolorization of the dye was also studied. 
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2. MATERIAL AND METHODS  

TiO2 Evonik P25 grade with a particle size of about 21 nm and a surface area of 50 m2 g−1 was used as 

the photocatalyst without further treatment. Evonik P25 powder, which is a mixture of anatase and rutile 

phases (79 % anatase, 21 % rutile) is one of the photocatalysts with high activity and has been used as a 

standard TiO2 reference material. Cu(NO3)2·3H2O was purchased from Merck. All the chemicals that were 

used in the experiments were of laboratory reagent grade and used as received without further purificat ion. 

The solutions were prepared with doubly distilled water. 0.25 wt% Cu (0.25% Cu-TiO2) was prepared by a 

simple wet-impregnation method described as follows: 10 g TiO2 Evonik P25 and appropriate amount of 

Cu(NO3)2·3H2O were mixed with definite volume of doubly distilled water and stirred for 1h. Evonik P25 

was mixed with 15 mL of aqueous solutions of dopant and stirred for 1 h at room temperature. Then, the 

prepared photocatalyst was washed with water, heat-treated at 373 K for 24 h to eliminate water, calcined at 

773 K for 3 h, ground and sieved [23].   

Photocatalytic decolorization of RY 145 was performed in an ATLAS Suntest CPS+ simulator as solar 

photocatalytic reactor, equipped with an air cooled Xenon lamp (250 W m−2 and wavelength range of 300–

800 nm) as the light source. 50 mL of 20 mg L−1 dye solution was put in a 150 mL cylindrical Pyrex reaction 

vessel and subjected to solar photocatalytic oxidation process in the presence of 0.25 mg mL−1 photocatalyst. 

An ultrasonic water bath was used for the preparation of a homogenous suspension. Continuous stirring was 

applied during the experiments. After the experiments, samples were filtered through 0.45 m Millipore filters 

in order to remove TiO2 specimens from the solution prior to analyses via UV-Vis spectrometer. max value 

and molecular weight of RY 145 was 419 nm and 1026.2 mol.g-1, respectively. The chemical structure of RY 

145 is given in Figure 1. 

 

Figure 1. The chemical structure of RY 145. 
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3. RESULTS AND DISCUSSION 

The effect of operational parameters such as photocatalyst amount, initial concentration of RY 145 and 

pH of the solution was investigated.  

 

 

Figure 2. The UV-Vis spectra of RY 145 with different amounts of 0.25%Cu-TiO2.  

Figure 2 shows the UV-Vis spectra of RY 145 with different amounts of 0.25%Cu-TiO2. The dye 

concentration was 20 mg/L. The removal percentage was obtained 92% and 96% after irradiation 80 minutes 

for 0.25 gL−1 and 0.50 g L−1 of 0.25%Cu-TiO2, respectively. As the amount of the photocatalyst was increased, 

a slight change was observed. Thus, a minimum catalyst dose, 0.25 g L−1 was preferred in experiments. 

Removal percentages were determined from Equation (1), where C0 is the initial concentration of the 

dye and C is the dye concentration at time t. 

(A) 

(B) 
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𝑅𝑒𝑚𝑜𝑣𝑎𝑙 % = 
𝐶0−𝐶

𝐶0
 𝑥 100            (1) 

In Figure 3, the effect of initial dye concentration on the removal percentages after 60 minutes 

irradiation time was given. The initial concentration of RY 145 was investigated in the range of 10 mg/L-40 

mg/L. The results showed that the removal percentage of RY 145 depended on the initial dye concentration. 

For the lowest initial concentration 10 mg/L of RW 145, removal percentage was 86%. However, at higher 

concentrations, several layers of the RY 145 could be adsorbed on to the photocatalyst surface. This may 

inhibit the removal of dye with photogenerated holes or hydroxyl radicals [24-25].   

 

Figure 3. The effect of initial dye concentration on the removal percentages of RY 145. 

In this study, the effect of variation of pH on the removal percentages of RY 145 was investigated and 

presented in Figure 4.  The best result was obtained in acidic pH=3 (92%). At almost neutral pH=6, the removal 

percentage for RY 145 was 81%. The removal percentage was the lowest at pH=10 (49%). The reason could 

be the decreasing of the oxidation potential of hydroxyl radicals [24-25].    
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Figure 4. The effect of pH on the removal percentages of RY 145. 

4. CONCLUSION  

In this study, copper doped TiO2 photocatalyst, 0.25%Cu-TiO2 was prepared by a simple wet-

impregnation method and photocatalytic decolorization of RY 145 was investigated. Moreover, the effects of 

the amount of the photocatalyst, the initial concentration of RY 145 and the pH variation of the solution on 

the removal percentage of RY 145 was examined. The removal percentages of azo dyes strongly depended 

upon the pH of the solution. The highest removal percentage of RY 145 was obtained for pH=3.  
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Abstract  

 

Surfactants and water-soluble polymers are of very great application. It is important that polymers are 

combined with surfactant in the industry and the related research has been made. Interaction between polymer 

and surfactant in an aqueous solution relies on the molecular aspects of the polymer and the surfactant. 

Moreover, polymer and surfactant mixture is effected by a variety of factors, including hydrophilic polar head 

group, hydrophobic hydrocarbon tail, cosurfactant, temperature, PH etc. 

Thermodynamics of the micellization process of the surfactant in water with and without the polymer 

has been widely examined using conductometry technique. Conductometric measurements have been made 

to obtain a comprehensive knowledge of the interactions of the surfactant with the polymer in a solution. 

Considering importance of the polymer−surfactant system, intermolecular interactions of 

Cetyltrimethylammonium chloride (CTACl) with polymer (PVP) in the solution has been studied. 

The present study has determined a critical micelle concentration(CMC), critical aggregation 

concentration (CAC) and degree of ionization (α) of the aqueous solution composed of CTACl surfactant and 

PVP by electrical conductivity at distinct temperatures. One has calculated the thermodynamic parameters 

(Gibbs free energy, enthalpy and entropy) of the surfactant in the absence and presence of the polymer.  

 

Keywords: Critical Micelle Concentration(CMC), Enthalpy, Entropy, CTACl 
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1. INTRODUCTION 

The word surfactant is an acronym for surface active agent [1]. Surface active agents are chemica l 

compounds to affect surface tension (mostly reduce) once they have been dissolved in water or in an aqueous 

solution. Surfactants also influence the interfacial tension between the two liquids. Surface active agents are 

those which can be self-assembly consisting of hydrophilic and hydrophobic parts.  

Their most explicit properties are that they accumulate on both the water-air and the water-oil surfaces 

when they have been added to water, the reason for which is that water molecules are closely connected to 

each other by means of hydrogen bonds [1, 2]. This leads to the fact that water molecules in contact with the 

air wrap the water surface like a stretched membrane. Therefore, the water is collected as droplets when they 

poured onto a surface. With the surfactant, this qualification of the water is disturbed. The polar main group 

of the surfactant can be decomposed in water through ionization or establishment of hydrogen bonds. 

However, hydrocarbon chain has no edge to hold onto the water molecules. Thus, it can be present in water 

only at the expense of deformation of part of the hydrogen bonds, which could just be tolerated with very low 

surfactant concentrations. When the concentration increases up to a given value, the majority of the surfactant 

molecules are aggregated in micelles and the others are pushed to the water-air interface in the forms of the 

head groups inside and the hydrocarbon chains outside [1, 3]. That is why, such substances are named 

surfactant. The concentration at which surfactant molecules begin to accumulate in micelles is called the 

Critical Micelle Concentration (CMC), a characteristic for each surfactant [4]. Surfactants have a cleansing 

impact only above the CMC.   

Monomer is a phrase to refer to small molar mass chemical. They bond to each other by covalent 

bonds, producing larger molecules. Polymer is bigger macromolecules made up of hundreds of monomers. 

Use of the material is as an antiseptic, a cationic surfactant and its other uses are shampoo and cosmetic ıtems. 

PVP is known to be widely utilized as a medicine in pharmacy. On the other hand, it is a potential substitute 

for albumin serum in the blood [5]. 

2. MATERIAL AND METHODS  

Material 

Cetyltrimethylammonium chloride (CTACl-at no: 52366 Fluka) of molecular weight 320.00g/mol is 

supplied by Fluka, which has been used with no processes or modifications. Polyvinylpyrrolidone (PVP), aka 

polyvinylpyrrolidone, is a water-soluble polymer made from the monomer N-vinylpyrrolidone. 
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Polyvinylpyrrolidone (PVP-cat no: 9003-39-8) with an average molar mass 10000 g/mol is obtained from 

Sigma-Aldrich. Deionized water has been used as the solvent medium of the experiment. 

 

Methods 

Krüss Easy Dyne tensiometer was used to measure the surface tension of the samples. For the 

measurements made with Wihelmy plate method, the samples were placed in a container and the plate was  

submerged by tensiometer in a small amount. Depending on the breakout force, the surface tension results are 

shown on the tensiometer display.  

The system which measures the electrical conductivity is basically consist of two main parts. One of 

them is the WTW  Cond Level 3 module to which the probe is connected. The TetraCon 325 prob convenient 

for our measurements, which has been coupled with the cable-galvanized module. The probe measurement 

range is of  5–100 °C (with an accuracy of 0.2 °C) for temperature and 1 μS/cm-2 S/cm (the accuracy is 

temperature dependent and 5%) for electro conductivity. The other one is the WTW Cond Level 3 termina l 

section where the system is managed and the measurements are displayed. A PHYWE make thermostat heater 

has been selected to heat the sample. 

3. RESULTS AND DISCUSSION 

 

To determine CMC is usually based on the localizing the position of a breaking point in the 

concentration dependencies of selected physical or chemical properties of surfactant solutions [6]. Figure 1 a 

exhibits characteristic plots of the surface tensions versus CTACl in water. Given the surface activity of such 

substances, measurement of the surface tension of surfactant solutions represents the major method to 

determine CMCs.  

The electrical conductivity is based on discovery of a breaking point on the curves, which describes 

the dependence of conductivity on concentration. It is obvious that the electrical conductivity of any solution 

is directly proportional to the concentration of its ions. The point where the micelle formation starts is shown 

as a breaking point of electrical conductivity. It is easy to find the breaking point since it indicates a significant 

change of the linear slope of the dependence. 
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Figure 1.CMC value was determined as 1.7 mM at 20C a)by using surface tension methodb)by usıng electrical conductivity 

method 

 

The present study has examined the aggregation process between a cationic surfactant 

(Cetyltrimethylammonium Cloride_CTACl) and Polyvinylpyrrolidine (PVP) to study the energetics of the 

process.  

 

Figure 2. Change in electrical conductivity of different concentrations of CTACl in PVP solutions a) at 30C b) 35 C 

With the addition of PVP polymer to the solution, significant changes in slopes can be seen on the 

graph (Figure 2 a-b), occurring based on polymer-surfactant interaction. The breaking points are called CAC 

and C2 [7]. As observed on the graph, they are accounted for by strong bindings and clustering at the CAC 
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point in the presence of polymer. The surfactant monomer concentration and activity have increased again 

due to the interaction between surfactants and polymers and thus normal micelles begin to shape at C2. 

Molecules accumulate around the polymer chain and begin to create pre-micelles due to hydrophobic 

and hydrophilic groups in the PVP/ CTACl solution, in which the molecules beginning to aggregate are 

surrounded by opposite charges. Such screening effect causes the CAC value to drop under the CMC value 

[8]. 

At CMC, the term Gibbs free energy is calculated with the equation (1) whereas the surfactants are 

aggregated with the passage of the hydrocarbon chain in the surfactant through the aqueous platform into the 

micelle.  

∆𝐺 = (2−∝)𝑅𝑇𝑙𝑛𝑋𝑐𝑚𝑐……..(1) 

Xcmc is the mol amount of surfactant at the critical micelle concentration, R the general gas constant 

and its value R=8,31J/mol, the temperature value T in Kelvin and the degree of ionization of micelle in α. The 

degree of ionization of micelle α is calculated by the ratio between the slopes of the curves in the region before 

and after micelle formation. 

The term, Gibbs free energy is calculated with equation (2) during the aggregation of surfactant in the 

surfactant/polymer solution. Xcac is the molar amount of surfactant at critical aggregation concentration.  

∆𝐺𝑝𝑠𝑖 = (2−∝)𝑅𝑇𝑙𝑛𝑋𝑐𝑎𝑐……..(2) 

All the interactions exhibits that Gibbs free energy changes (Figure 3a) are negative, thus showing that 

the micellization process occurs spontaneously [9]. There is no regular change of free energy due to 

temperature increase, which emerges because the polymer does not show a regular expansion based on 

temperature. The increase of the hydrophobic interactions also reduces the free energy values, though the 

regular change was not observed. 

The enthalpy is calculated with equation (3) and (4) during the aggregation of surfactants in water 

absence and presence polymer, respectively 

∆𝐻 = −(2−∝)𝑅𝑇2(
𝜕𝑙𝑛𝑋𝑐𝑚𝑐

𝜕𝑇
)………(3) 

∆𝐻𝑝𝑠𝑖 = −(2−∝)𝑅𝑇2(
𝜕𝑙𝑛𝑋𝑐𝑎𝑐

𝜕𝑇
)……….(4) 
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Figure 3.Variation of a)Gibbs Free Energy (∆G)b)Enthalpy (∆H) c) Entropy (∆S), with temperature 

Examination of the ΔH enthalpy values for the formation of micelle CTACl in water shows that ΔH 

enthalpy values are seen as negative (exothermic). As the temperature increases, ΔH values decrease (Figure 

3b). When the PVP polymer is added into the mixture, ΔH enthalpy values become positive (endothermic). In 

other words, it changes from negative (exothermic) to positive (endothermic). The negative valence of ΔH 

associates with the London-dispersion interactions as an attractive force for micellization [10]. The positive 

valence of ΔH means that the structured water around the hydrophobic parts of the molecules is broken [10]. 

The increase of the freedom of the hydrophobic chains within the micelle originates due to the presence of a 

completely nonpolar part.  
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The entropy is calculated with equation (5) and (6) during the aggregation of surfactants in water 

absence and presence polymer, respectively. 

∆𝑆 =
∆𝐻−∆𝐺

𝑇
…………….……(5) 

∆𝑆𝑝𝑠𝑖 =
∆𝐻𝑝𝑠𝑖−∆𝐺𝑝𝑠𝑖

𝑇
………….(6) 

During the micellization of CTAC1 in pure water, entropy value of ΔS is positive (Figure 3c). As the 

temperature increases, the entropy value decreases and changes from positive to negative. The addition of 

PVP polymer into the water increases the ΔS entropy value. The positive entropy value decreases with 

temperature and approaches zero, but it always remains positive. 

4. CONCLUSION  

The present study goes to show examination of the micellization process of CTACl and its mixtures 

with PVP using electro conductivity techniques in aqueous media at different temperatures. From the 

experimental results it is concluded that interaction between CTACl and PVP exists. Although enthalpy is 

negative at all temperatures, entropy is positive at low temperature and negative at high temperature for 

CTACl micellization in water. Thus, the micellization of CTAC in water is an entropy-enthalpy controlled 

process at low temperatures with the increasing temperature micellization is also entropy controlled. ΔH may 

be negative when hydration of the hydrophilic main groups become more important than the deterioration of 

the water structure around the hydrophobic alkyl chain of the surfactant monomers [10] 

In the presence of PVP polymer in the mixture, the ΔH value for CTACl’s micellization decreases 

from positive to negative. The ΔS value is positive and remains positive even if it decreases with increasing 

temperature. Positive value of entropy refers to the significance of hydrophobic interactions [11].CTACl-PVP 

system’s micellization process are rely on the enthalpy and entropy change.    
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Abstract 

 

Al/YMn0.95Os0.05O3/p-Si/Al devices were fabricated within the scope of this study. The 5% Os doped YMnO3  

thin layers were coated on a p-Si substrate by RF sputtering technique under 2 mTorr pressure, 100 W power 

and with a substrate temperature of 500 C. In this report, the capacitance to voltage (C-V) characteristics of 

those devices with varying temperature between 40 and 320 K were presented. According to this data, C -2 vs 

V characteristics plotted and the barrier heights were calculated from the intercepts of the C -2 vs V plot with 

V axis for each temperature. The temperature dependent barrier height ФCV (T) behavior was almost linear and 

decreased with increasing temperature. The barrier height value at 0 K was obtained as 1.85 eV. The graph of 

the carrier concentration Na showed a little fluctuation; it reached a peak with a value of 9x1015 cm-3 at 75 K, 

and decreased linearly till 150 K, which is about 8x1015 cm-3, then showed almost a constant value of this 

concentration up to 300 K and finally made a rigid peak at 350 K with a concentration of 8.8x1015 cm-3. 
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1. INTRODUCTION 

The perovskite oxides, which are in general form of ABO3, have attracted considerable attention from 

the researchers due to their advantages in chemical and semiconductor device industries. Although perovskite 

oxides are most prominent and prevelant compounds in the form of perovskite structures, some other types 

(such as nitrides, carbides, and halides) can also be crystallized in this structure [1-3]. Some perovskites have 

multiferroic property, which means comprising more than one physical features  at the same time. For example 

they may have both magnetic and ferroelectric properties. Therefore, these materials provide immense 

opportunities to the opto-electronic and magnetoelectric device indusrty [4,5,7-11]. Because of those 

properties, multiferroic perovskite oxides are preferably used by the scientists as a semiconductor in 

heterojunciton structures [3-5].  

 

Figure 1. The structure of an ABO3 perovskite with the origin centered at (a) the B-site ion and (b) the A-site ion [6] 

YMnO3 (YMO) , which is a rare-earth manganite, exhibits attracted multiferroic features and is studied 

for electronic device technology such as spintronics, data storage media, sensors, antennas and so on. 

Therefore this material has drawn intensive consideration among the researchers and device manfucte r 

companies as well [12-21]. Because of those physical properties, YMO is classified as a multiferroic material 

by sicentists. However, in terms of the chemical structure, it is in perovskite-oxide class under the huge 

perovskite tree.  If it is investegated as a multiferroic, it is a typical type-I multiferroic, which has a very high 

Curie temperature (TC ~ 900 K) and a low antiferromagnetic ordering temperature (TN ~ 70 K) [22,23]. Having 

suitable dielectric features as a powder, YMO shows a great dielectric interface layer property in 

semiconductor devices and this leads to an extensive research literature about YMO based devices [24-28].  

In the fabrication process of YMO thin films, several methods may be used. If it is coated directly on 

a Si substrate, YMO possesses a great dielectric oxide layer because it does not exists volatile components. 

Therefore YMO is commonly used as an interface layer in many electronic and magnetic devices such as 
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magnetic sensors, ferroelectric random access memories, metal–ferroelectric–insulator–semiconductor  field  

effect  transistors (MFIS-FET) and so on [29-37]. 

In crystal structure studies, YMO has been found in hexagonal form. However, when the B site of 

YMO, which is Mn, is doped with other elements, it exhibits a phase transitions [38]. The oxidation state of 

the dopant plays an important role on the physical and chemical properties of the compouds and so on YMO. 

For example the ionic radius is directly affected by the oxidation state of the dopants. Such influences of the 

ionic radius of dopant may change the energy in the parent compound. In the literature, it has been proclaimed  

that such distortions in the energy modifies the electrical, magnetic, and optical properties of the materials. In 

this study Os has been chosen as a dopant because of its various oxidation states, which are +2, +3, +4, +6 

and +8 [39]. 5% Os doped YMO, which has the chemical formula of YMn0.95Os0.05O3 (YMOO) has been used 

for the device fabrication. As explained in the materials and methods part the devices were fabricated and the 

C-2 vs V characteristics were investigated. The barrier heights were calculated from the intercepts of the C-2 

vs V plot with V axis for each temperature. The temperature dependent barrier height ФCV(T) behavior was 

also examined. 

 2. MATERIAL AND METHODS  

The YMOO powder was prepared by the solid-state reaction method, which has been declared in the 

previous study of the author [40]. After this preparations the YMOO sputter targets, with 5 cm diameter, were 

pressed under 10 tones as shown in figure 2 and put into the physical vapor deposition (PVD) system.  

 Meanwhile, the previously Al coated p-type Si substrates were chemically cleaned by RCA method 

and they were put into PVD system as well.  The chamber of the system were vacuumed to 2x10 -7 mTorr 

Figure 2. Preparetion scheme of the YMOO target 
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pressure. RF power was applied to the YMOO targets and after manipulations with the chamber pressure the 

YMOO thin films were deposited onto the p-Si substrates under 20 sccm Ar flow, 100 W RF power, 2.5 mTorr 

pressure and 500 °C substrate heating and rotating for 1 hour. After YMOO thin film deposition, Al was 

thermally evaporated on the shadow mask with dots of about 1 mm diameter in order to form Schottky 

contacts. Finally, the heterojunction device structure of Al/p-YMOO/p-Si/Al was fabricated. The capacitance-

voltage (C-V) characterization of the fabricated device was performed in ARS 4K closed cycle helium (He) 

cryostat, which has LakeShore 330 temperature controller with 0.2 K temperature precision, between 30-320 

K temperatures using Boonton 72B capacitance meter. 

3. RESULTS AND DISCUSSION 

 

The capacitance to voltage (C-V) characteristics of Al/YMn0.95Os0.05O3/p-Si/Al devices are 

demonsrated in figure 3. In this figure the C-V characteristics of the devices from 30K to 320K are shown.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. C-V characteristics of Al/YMn0.95Os0.05O3/p-Si/Al devices 
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Temperature dependent C-2&V plots are shown in figure 4. As seen from the figure, at reverse bias 

the graph shows almost a lineer behaviour. However at about zero bias the graph deviate from the lineer 

form. This behavior can be attributed to the effect of carrier concentration.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. C-2-V characteristics of Al/YMn0.95Os0.05O3/p-Si/Al devices 

 

 

 

 

 

 

 

 

 

Figure 5. Barrier Height with varrying temperature 
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The Barrier Height (ΦCV) behaviour with varrying temperature is shown figure 5.  ΦCV of a device can be 

calculated from:  

Φ𝐶𝑉 = 𝑉𝐷0 + 𝑉𝑝                                        (1) 

where Vp is the potential difference between Fermi level and the valance band maximum in the neutral region 

of p-type semiconductor and is stated by the relation: 

𝑉𝑝 = 𝑘𝑇𝑙𝑛(
𝑁𝑣

𝑁𝐴
)                                    (2) 

Where; 

𝑁𝐴 =
2

𝑞 0𝐴2

𝑑𝑉

𝑑(𝐶−2)
                                      (3) 

 

The values of figure 5 were calculated from the equations (1), (2) and (3). The graph in the figure was plotted 

according to those values and we can say that the ΦCV exhibits almost a lineer behavior. The ΦCV  values 

decreases with increasing temperature.  

 

 

The Carrier concentration (NA) versus temperature calculations and plots are demonstrated in figure 6. The 

NA values from 100K and 300K are almost constant. However at temperatures lower than 100K, it exhibits a 

fluctuation which may be attributed to the interface situations.  
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Figure 6. Carrier concentration versus temperature 

 

 CONCLUSION  

In this study, the 5% Os doped YMOO thin films were grown on p-Si substrates using RF sputter 

technique. Electrical characterization was performed in ambient condition. The C-V measurements were done 

and C-2-V calculations were conducted. After the calculations from C-2-V characteristics, it has been seen that 

the barrier height of YMOO material decreases with increasing temperature. The carrier concentration remains 

constant between 100K and 300K – which is an expected state – but increases after 100K and 300K. This 

deviation can be attributed to the interface layers.  
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Abstract  

 

The aim of this study is to determine and investigate the electrochemical corrosion behavior of thermal barrier 

coatings (TBCs). The electrochemical corrosion effect of the TBCs was investigated microstructurally under  

acidic-basic environments and seawater environments. TBC system was composed of a CoNiCrAlY bond coat 

and a ZrO2–8% Y2O3 (YSZ) ceramic top coat on Inconel 718 nickel-based super alloy disk-shaped substrate. 

High-velocity oxygen fuel (HVOF) technique was used to produce CoNiCrAlY metallic bond coats. 

Atmospheric plasma spraying (APS) technique was used to produce ceramic YSZ top coats. Electrochemica l 

tests were performed after the production of the coatings and structural changes of the coatings were examined. 

0.1 molar NaCl (sodium chloride) solutions were prepared to immerse the samples to be corroded. 

Experiments were carried out at room temperature and at 3-electrode classical system. Three different 

corrosion tests were applied to the samples including open circuit potential (OCP), impedance measurement 

(EIS) and potentiodynamic polarization test (PDP). EIS analysis were performed in the frequency range of 20 

kHz-10 mHz and 10 mV AC depending on the OCP test.   

 

Keywords: Thermal barrier coatings (TBCs), Atmospheric plasma spraying (APS), High-velocity oxygen 

fuel (HVOF), Electrochemical corrosion. 
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1. INTRODUCTION 

The main function of TBCs is to provide thermal insulation against hot gases in engines and turbines 

and to prevent the materials used in corrosive and humid environments such as salt water environments from 

being affected by the adverse conditions of the environment [1,2]. Understanding of damage mechanisms of 

thermal barrier coatings is the key factor to increase durability and reliability [3]. Electrochemical corrosion 

is also one of these damage mechanisms [4,5]. Offshore oil and gas production environments represent 

aggressive conditions in terms of erosion and corrosion [6, 7].  

TBC systems are consist of a Ni-based super alloy substrate material, a ceramic overcoat providing 

thermal insulation, a bond coat that protects the substrate material against oxidation and a thermally grown 

oxide (TGO) layer formed during the coating process and growth by oxidation of the bond coat during the 

service life [8-12].  

In high-velocity oxygen fuel (HVOF) method that used for bond coating, the process is involved with 

an internal combustion to rapidly heated and accelerated of powder consumable to high velocities[11-13].  

The high combustion pressure and rapid exposures through a nozzle facilitated the particle velocity to reach 

supersonic speed before impacting on to a surface [14]. This provides excess impacting force which, results 

in mechanical adhesion of powders to the solid surface [13-15].  

The electrochemical ımpedance spectroscopy (EIS) method which used for electrochemical corrosion 

tests is based on the application of a low amplitude alternating current voltage signal (10–20 mV) to the coated 

metallic sample using a conventional three-electrode electrochemical cell [16].  EIS data of the coated metals 

is usually presented by using Bode plot, which displays the variations of logarithm of the impedance modulus 

and phase angle versus the logarithm of the frequency [17,18].  The Nyquist plot is used to present the features 

such as diffusion effects on EIS data of the coated metals [17-19].  

The general purpose of this research is to observe the effect of the applied methods on Inconel-718 

nickel-based super alloy metal used as substrate material for increase the service life at intense aggressive 

environments. Especially in terms of the subject of the study; was investigated the effect of the electrochemica l 

corrosion on the coating surface on the parts such as propellers used in working environments such as acidic -

basic environments, seawater environments. The physical absorption of electrolyte in the coating and 

structural changes were estimated. Additionally, the mechanism of electrochemical reactions at the 

coating/metal interface was investigated by EIS. In this study, the corrosion resistance of Inconel 718 samples 
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that covered with HVOF sprayed CoNiCrAlY bond coatings and atmospheric plasma sprayed YSZ (ZrO2 + 

Y2O3) top coating was evaluated using potentiodynamic polarization and EIS in 0.1 mol NaCl solution.   

2. MATERIAL AND METHODS  

It is safe to use EIS to provide an understanding of the mechanism of damage to TBCs by creating an 

artificial seawater environment. Experiments carried out under room temperature conditions provide an 

understanding of the quality and durability of the coating by the leakage of electrolytes. Inconel 718 nick el 

based superalloy disk shaped samples with a diameter of 25.4 mm and thicknesses of 4 mm, were used as 

substrate. HVOF technique was used to produce CoNiCrAlY metallic bond coats. APS technique was used to 

produce ceramic YSZ top coats the thickness of the bond coating was measured as approximately 100 μm and 

the thickness of the top coat was measured as 300 μm, respectively. 

The electrochemical corrosion test apparatus; Gamry Instrument Model 600 (Gamry Interface 1010B) 

is used to characterize the samples and generate the electrical current potential curves. Then 0.1 mol of NaCl 

(Sodium Chloride) solution was prepared in order to immerse the samples to be corroded. Experiments were 

carried out in a conventional 3-electrode system at room temperature. Three different corrosion tests includ ing 

open circuit potential (OCP), impedance measurement and potentiodynamic polarization test (PDP) were 

applied to the samples. Electrical values of the experiment was realized in the frequency range of 20 kHz-10 

mHz and 10 mV AC depending on the OCP test. Gamry Echem Analyst program was used to analyze the 

tests. The starting potential of the curves obtained from the potentiodynamic (PDP) tests is stated as ± 250 

mV and the ending potential is +1500 mV. 

3. RESULTS 

           Corrosion potential (Ecorr) and the corrosion current density (icorr) values which is corresponding to 

potential can be found by drawing anodic and cathodic polarization curves between the voltages and the 

current logarithm for anodic and cathodic reactions. The low Ecorr indicates that the metal subjected to 

electrochemical corrosion test has a higher susceptibility to corrosion. On the other hand, the decrease in the 

icorr indicates that the corrosion resistance increases. Electrochemical corrosion values in NaCl solution are 

shown in Table 1. Polarization curves of samples in NaCl solution are shown in Figure 1. 
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Table 1. Electrochemical corrosion values in NaCl solution. 

Test Samples OCP (mV) Ecorr (mV) icorr (uA/cm2) 

Inconel 718 Substrate 

Material -403  -435 4.8 

CoNiCrAlY HVOF 

Bond Coat -64 -102 0.123 

HVOF + APS (TBC 

system) -26 -146 0.7 

 

 

 

 

Figure 1. Polarization curves of samples in NaCl solution. 

Polarization curves, corrosion current density and corrosion potential values are given of these samples 

for uncoated, HVOF coated and HVOF + APS coated samples in the figure and table. For the results obtained; 

it can be said that the current density value (icorr) of the uncoated Inconel 718 sample is higher than the current 

density values of the samples that are tested separately by HVOF and HVOF + APS method.  Decreasing of 

the corrosion current density by coating of the material shows that the corrosion resistance is increased. The 

corrosion potential of the uncoated sample (Ecorr) appears to be considerably lower than that of HVOF and 

HVOF + APS coated samples. The low corrosion potential indicates that the metal undergoing electrochemica l 

corrosion test has a higher susceptibility to corrosion. Therefore, it can be said that thermal barrier coated 

samples are less susceptible to corrosion than uncoated sample. Electrochemical impedance spectroscopy 
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means measuring the resistance where the electron flux is. The nyquist graphs generated accordingly are given 

at Figure 2 and Figure 3. 

 

Figure 2. Nyquist curves of samples subjected to corrosion test in NaCl solution. 

            

Figure 3. Bode curves of samples subjected to corrosion test in NaCl solution. 
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Table 2. EIS data of samples in NaCl solution. 

Solution 
Content 

Condition Rp (ohms) Ru (ohms) Y0  Alpha 

 
0.1 M NaCl 

Solution 

Inconel 718 16.51.103 35.71 50.35.10-6 685.9.10-3 

Inconel 718 + HVOF 296.9.103 38.35 18.09.10-6 759.7.10-3 

Inconel 718 + HVOF + 
APS 

128.5.103 373.3 71.05.10-6 806.9.10-3 

 

According to the graphic; where the electron flow occurs, the sample with the shortest time and least 

resistance to this flow is the uncoated sample, while the HVOF coated sample shows the most resistance. 

 

Figure 4. Uncoated Inconel 718 microstructure image. 

The SEM image of the uncoated sample were subjected to electrochemical corrosion tests seen at 

Figure 4. Based on these image; can be seen that salt crystals used as electrolytes cause deposits in some parts 

of the sample surface. The seen micro-cracks can be seen in similar experiments as a result of poor cleaning 

of NaCl from the surface. From this, it can be said that the cracks progress and cause damage at the uncoated 

parts which is exposed to salt water environment for a long time. 
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Figure 5. Cross-sectional view of part treated with HVOF bond coat and electrochemical corrosion. 

                

Figure 6. Cross-sectional views of the part undergoing HVOF + APS topcoat and electrochemical corrosion testing. 

Figure 5 and Figure 6 on the top shows the HVOF coated sample and HVOF + APS coated sample. 

This may be better to have the particles adhere to each other as the deposition process is completed by climb ing 

to supersonic levels during particle spraying in the HVOF technique. The density of surface cracks is 

remarkable when the surface images of APS coatings are examined. 

 

4. CONCLUSION  

It can be said that the coatings made using APS technique are more susceptible to surface cracks and 

dense porosity due to their low thermal conductivity and application of this method in open air environment. 

It cannot be said that the electrochemical corrosion test results in the formation of superficial cracks at the top 

coat produced using ceramic based materials. The reason of this; it does not have an ambient temperature that 

will cause thermal shock since no high temperatures are reached. In addition, formation of TGO layer observed 

at high temperatures is not seen in the electrochemical corrosion environment, because of not reached to high 

temperatures.  As a result of the experimental studies; it was determined that the uncoated sample was affected 

most and primarily by the environmental conditions and the bond coated sample had higher corrosion 

resistance than the sample with top coating. HVOF bond coat method has higher performance and dens ity 

compared to other coating methods as it seen in the literature researches. 

This is related to coatings made by APS method has high porosity and low density structure because 

of it is a method applied in open air environment and because of the effect of high application temperature. It 

can be said that this reason why the bond coat is more successful in electrochemical corrosion behaviour than 

top coat in coating process. 
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Abstract 

 

Cold Gas Dynamic Spray (CGDS) and Atmospheric Plasma Spray (APS) techniques were employed to 

deposit the CoNiCrAlY bond coats and the ceramic top coats of thermal barrier coating (TBC) systems, 

respectively. Corrosion experiments were carried out electrochemically on open circuit potential (OCP) and 

potentiodynamic polarization (PDP) curves in 0.1 M sodium chloride (NaCl) solution at room temperature. 

The potentiodynamic polarization scan was started from the starting potential (-0.250 mV vs. OCP) to ending 

potential (+1.500 mV vs. OCP) with a scan rate of 1 mV/s. Electrochemical experiments were performed 

using a potentiostat/galvanostat. The study is examined the electrochemical corrosion behaviour of uncoated, 

and coated with different coating conditions in NaCl solution. 

 

Keywords: Thermal Barrier Coating (TBC); Electrochemical Corrosion; Cold Gas Dynamic Spray (CGDS); 

Atmospheric Plasma Spray (APS); CoNiCrAlY; YSZ; NaCl 
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1. INTRODUCTION 

Thermal barrier coatings (TBCs) are widely used in energy, aircraft, automotive and aerospace 

industries [1]. TBCs are applied for the protection of metallic components that are exposed to high thermal 

gradients in applications such as gas turbines, diesel engines, and jet engines. To ensure high engine efficiency, 

TBCs durability should be maintained at higher working gas temperatures without increasing component 

temperatures [2,3,4,5]. To obtain low thermal conductivity, TBCs are generally applied onto a superalloy 

substrate and composed of a metallic bond coat and a ceramic top coat. A typical metallic bond coat, which is 

used as an oxidation resistance layer, consists of a MCrAlY alloy (M: Co and/or Ni) [6]. Metallic bond 

coatings in TBC systems are produced using thermal spray methods such as Atmospheric Plasma Spray (APS), 

High Velocity Oxy-Fuel (HVOF) Spraying, Detonation Gun (D-Gun), and Cold Gas Dynamic Spray (CGDS). 

Ceramic top coatings are generally produced using processes such as APS, and Electron Beam Physical Vapor 

Deposition (EB-PVD) [7,8]. 

Since the mechanism of damage encountered in aqueous environments is electrochemica l, 

electrochemical corrosion testing is a great alternative for the investigation of a material operating in such a 

corrosive environment [9]. Electrochemical corrosion occurs at the metal/solution interface in atmospheric, 

soil and similar aqueous environments. To evaluate degradation mechanism of TBCs in artificial seawater the 

electrochemical corrosion tests is a reliable method [10,11,12]. Electrochemical tests is a generally common 

way to characterize the reactivity of a surface, where a more reactive surface has a lower anodic open circuit 

potential (OCP) [13,14]. In this study, electrochemical corrosion behaviour of TBC system was investigated 

using open circuit potential (OCP) and potentiodynamic polarization (PDP) tests. 

 2. MATERIAL AND METHODS  

Metallic bond material CoNiCrAlY was coated on Inconel 718 superalloy substrate material with a 

thickness of approximately 100 μm using CGDS method. Production of ceramic top coat, which content ZrO 2 

+ Y2O3 (YSZ), were produced by APS technique. The top coating thickness is approximately 300 μm.  

Produced TBC samples and uncoated samples were subjected to electrochemical corrosion tests. 

Corrosion experiments were carried out electrochemically on EIS and potentiodynamic polarization curves in 

0.1 M sodium chloride (NaCl) solution at room temperature. A conventional three using electrode cell, with a 

graphite counter electrode and a reference electrode (Ag/AgCl), and the coating as the working electrode, was 

employed. OCP is applied for at least 5 min. The PDP scan was started from the starting potential (-0.250 mV 

https://www.sciencedirect.com/topics/materials-science/thermal-spray
https://www.sciencedirect.com/topics/physics-and-astronomy/velocity
https://www.sciencedirect.com/topics/physics-and-astronomy/gas-dynamics
https://www.sciencedirect.com/topics/materials-science/electron-beam-physical-vapor-deposition
https://www.sciencedirect.com/topics/materials-science/electron-beam-physical-vapor-deposition
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vs. OCP) to ending potential (+1.500 mV vs. OCP) with a scan rate of 1 mV/s. Electrochemical experiments 

were performed using a Gamry Interface 1010B potentiostat/galvanostat. 

3. RESULTS 

The OCP results of the Inconel 718 super alloy substrate material, CoNiCrAlY metallic bond coating 

and YSZ ceramic top coating are given in Figure 1. 

 

Figure 1. OCP results of Inconel 718 substrate, CoNiCrAlY bond coat and TBC system. 

 

It is seen that the lowest OCP value in NaCl solution was obtained for Inconel 718 superalloy substrate 

in Table 1 and Figure 1. On the other hand, CoNiCrAlY metallic bond and YSZ ceramic top coating exhibited 

higher OCP value. This is due to the fact that the Inconel 718 superalloy substrate material exhibits less noble 

behavior (more negative) than other metal bond coat and YSZ ceramic top coat. 

Table 1. Electrochemical corrosion values of Inconel 718 substrate, CoNiCrAlY bond coat and TBC system.  

Test Conditions OCP (mV) Ecorr (mV) icorr (μA/cm2) 

Inconel 718 -403  -435  4.8  

Inconel 718 + Bond Coat -230  -270  0.9  

TBC system -54  -182  0.18  

 

The PDP values of the Inconel 718 super alloy substrate material, CoNiCrAlY metallic bond coating 

and YSZ ceramic top coating are given in Table 1 and Figure 2. 
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Figure 2. PDP curves of Inconel 718 substrate, CoNiCrAlY bond coat and TBC system. 

 

It is seen that the highest icorr value in NaCl solution was obtained for Inconel 718 superalloy substrate 

in Table 1 and Figure 2. On the other hand, CoNiCrAlY metallic bond and YSZ ceramic top coating exhibited 

lower icorr value and higher electrochemical corrosion performance. This is related to the corrosion resistance 

and structural properties provided by the coating layer. The best electrochemical performance value was found 

in the samples of TBC system due to its superior properties. 

4. CONCLUSION 

In this study, the electrochemical corrosion behavior and of cold gas dynamic sprayed TBCs have been 

conducted and evaluated. CoNiCrAlY coatings and YSZ ceramic coatings were successfully deposited using 

CGDS technique for bond coat and APS technique for the top coat. TBC system with YSZ ceramic top 

coating and CoNiCrAlY metallic bond coating has been shown to exhibit superior electrochemical corrosion 

resistance compared to Inconel 718 substrate. This situation is due to the microstructural properties of the 

coating layers. Future studies will be carried out to determine the electrochemical properties of hot corrosion 

tested TBC samples and to examine the properties of the TGO layer at the interface. 
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Abstract  

 

Nanoparticles play an important role in the advancement of manufacturing technologies and the emergence of 

new synthesis methods. In this study, experimental studies have been performed in order to absolutize the 

stoichiometric rates of oxidizing agent and fuel by using CuO and ZnO nanoparticles and by taking literature 

and application studies into consideration. In order to determine their phase structures, examine their 

microstructural properties and both CuO and ZnO have been characterized with x-ray diffraction, scanning 

electron microscope (SEM). 
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1. INTRODUCTION 

Nanoparticles play an important role in the development of synthesis and production technologies and 

the emergence of new methods. With the usability of their exceptional properties and qualities in different 

applications, the have shown an extremely rapid technological development [1]. Thanks to the excellent 

properties of nanostructured particles, they are widely used in various industrial areas especially in industries 

electric-electronic, biomedical, automotive and chemical [2]. In recent years, synthesis of metal oxide 

nanoparticles has advanced with great momentum due to its ability to produce materials in nanoscale and their 

applications in various fields. One of the main advantages of preparing metal oxide nanoparticles is their 

extremely small size and high surface ratio. Due to their extremely refined size, the metal nanoparticles have 

unique physical and chemical properties compared with nanometals. Some of the important metal oxide 

nanoparticles are CuO, ZnO, TiO2, Fe2O3, Al2O3, MgO, AgO, CeO2, ZrO2 etc. [3]. Among these important metal 

oxides, CuO and ZnO have been examined. 

Copper oxide nanoparticles are one of the very useful metal oxides and they appear to be brownish-

black powder. The properties like high electrical conductivity, toughness, excellent ductility, high hardness 

and luminescent efficiency of semiconductors have made CuO nanoparticles one of the valuable metal oxides 

[4]. Nano-copper oxide is a widely used material. It has been applied to the catalyst, superconducting 

materials, thermoelectric materials, sensing materials, glass, ceramics and other fields [5]. Another important 

class of metal oxide nanoparticles is zinc oxide they are available as white powders and dispersions. The 

general properties of ZnO nanoparticles include antibacterial, anti-corrosive, antifungal and UV filter ing 

properties. Zinc oxide is one of the metal oxides having wide range of applications [6]. This application areas 

of solar cells, light-emitting device, a transparent conductive film, a UV transparent property, chemica l 

sensors, gas sensors, bio-cells, cosmetics, antibacterial, air-conditioning, chemical, cooling, electrical and 

optical devices, catalysts and catalyst selection for hydrogenation of liquid phase photocatalytic, biomedica l, 

textile, organic coatings can be shown as an example [7,8,9,10]. In this study, experimental studies have been 

performed in order to absolutize the stoichiometric rates of oxidizing agent and fuel by using CuO and ZnO 

nanoparticles. 

2. MATERIAL AND METHODS  

In this study, 3g zinc (II) nitrate was used as zinc source, 1.5 g urea as organic fuel and 20 ml deionized 

water as solvent for zinc oxide synthesis. For copper oxide synthesis, 5 g copper (II) nitrate was used as copper 

source, 5 g urea as organic fuel and deionized water as solvent. In the combustion synthesis of both metal 
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oxide nanoparticles, blend the solution for homogeneity and keep the reaction solution in a silica crucible. The 

reaction mixture is heated on a magnetic stirrer at 300 °C. Initially, the viscous gel undergoes dehydration and 

starts combustion. Black products were obtained for CuO nanoparticles while white products were obtained 

for ZnO nanoparticles. 

3. RESULTS  

3.1 X-Ray Diffraction (XRD) Analysis 

  

Figure 1. XRD diffraction pattern of CuO nanoparticles prepared by combustion method. 

 Figure 1 shows the XRD diffraction pattern of CuO nanoparticles prepared by combustion method.  

 

Figure 2. XRD pattern of ZnO nanoparticles prepared by combustion method  

Similarly, the figure 2 depicts the XRD pattern of ZnO nanoparticles prepared by combustion method.  
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 3.2 Scanning Electron Microscopy (SEM) Analysis of CuO and ZnO Particles  

 

Figure 3. XRD pattern of nanoparticles prepared by combustion method a) CuO and b) ZnO, respectively. 

Figure 3a depicts the SEM image of CuO nanoparticles prepared by combustion method. SEM image 

shows that CuO nanoparticles appear spongy where the nanoparticles are linked together to form agglomerates 

of different sizes and shapes. Ultimately, we have prepared CuO nanoparticles to exhibit both spherical and 

rod shapes as shown in figure 3a. Similarly, in figure 3b shows the SEM image of ZnO nanoparticles prepared 

by combustion method. SEM image shows that ZnO nanoparticles appear spongy and are spherical in nature 

linked together to form a big porous structure. Prepared ZnO nanoparticles exhibit very fine size and spherical 

shape as shown in figure 3b.  

3.4 UV-Visible Spectroscopy Analysis of CuO and ZnO Particles  

 

Figure 5. UV-Visible spectra of a) CuO and b) ZnO nanoparticles prepared by combustion method  
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Figure 5a depicts the UV-Visible spectra of CuO nanoparticles prepared by combustion method. Due 

to the presence of absorption edge, the type of transition and bandgap value can be determined [11,12]. Figure 

5b depicts the UV-Visible spectra of ZnO nanoparticles prepared by combustion method. The UV-Visib le 

spectrum shows a characteristic absorption peak of ZnO at a wavelength of 360 nm and which confirms the 

band gap due to the intrinsic transition of the ZnO. This intrinsic band gap absorption of ZnO is due to the 

electron transitions from the valence band to the conduction band [13,14].  

4. CONCLUSION  

The combustion method of metal oxide nanoparticle synthesis is proved to be a very simple and robust 

technique. CuO and ZnO nanoparticles were successfully prepared by using urea as fuel and were 

characterized through XRD, SEM, UV-Visible spectroscopy, particle size analyzer. According to XRD 

analysis results, CuO nanoparticles are monoclinic crystalline, while ZnO nanoparticles have a hexogona l 

crystal structure SEM images of CuO nanoparticles show both spherical and rod shaped structure, whereas, 

ZnO nanoparticles show only spherical structure. EDS data of both the metal oxide nanoparticles confirms 

that they are stoichiometric and are a good agreement with the theoretical values. UV-Visib le 

Spectrophotometer for ZnO and CuO nanoparticles obtained the desired result. Particle size analysis of CuO 

nanoparticles show two strong peaks and this is due to the different shapes of prepared CuO nanoparticles 

(Spherical and rod shape). The particle size distribution curve of both the metal oxide nanoparticles shows a 

wide range of particle sizes ranging from nano to microns and this is due to the agglomeration of prepared 

metal oxide nanoparticles. 
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Abstract  

 

The methodologies developed to specify the corrosion rate is divided into two distinct groups: “chemical” and 

“electrochemical” methods. Chemical methods are based on the detection of mass loss and atomic absorption 

spectroscopy analysis. However, electrochemical methods are more widely used and more important in 

determining the corrosion rate.  

Electrochemical methods are known as (i) Tafel extrapolation, (ii) linear polarization, and (iii) impedance 

spectroscopy methods. The Tafel extrapolation method is based on the implementation of the Tafel equation 

found by Tafel. The corresponding Tafel equation is given by the following formula; η = a+blogi; where η is 

overvoltage, i represents the corrosion current density, a and b are the constants. Another method used to 

determine the corrosion rate is named as linear polarization or polarization resistance method. The theoretical 

basis of this method is given by Stern-Geary equation 

 

 

In the above-given equation; ΔE and Δi signify the potential and current differences, respectively. icor 

represents the corrosion current density and βa – βc define the anodic and cathodic Tafel constants. In order to 

determine the corrosion rate, Electrochemical Impedance Spectroscopy (EIS) could also be used to obtain 

accurate and error-free results. Besides, this method is also crucial for developing electroplating and electro -

organic synthesis methodologies, and it provides an effective way to generate and modify high-techno logy 

semiconductors and batteries. During an EIS analysis, we measure the resistance and capacitance properties 

of the studied materials via the application of a sinusoidal AC excitation signal (0.2 – 10 mV). The 

corresponding spectrum obtained by the variation frequency in a defined range. This spectral method is more 

sensitive and effective than the other techniques discussed herein.   

Keywords : Corrosion, Corrosion rate,  Chemical methods, Electrochemical methods 

ΔE 

Δi 

βa × βc 

2.303 × icorr × (βa + βc) 
= 
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1. INTRODUCTION 

In general, the corrosion is defined as the chemical and electrochemical degradation of substances as 

a result of their interaction with their environment; this phenomenon is particularly applies for metals and 

alloys.  The corrosion can be defined in different ways [1]. Those could be summarized as: 

a) degradation and decomposition of the substances through the reactions within its environment,  

b) direct decomposition of materials by non-mechanical factors, 

c) reverse process of obtaining metals from oxidized minerals. 

The most prominent examples of corrosion are; formation of rust and other corrosion products on iron 

and steel, tarnish on silver, formation of green patina on copper and brass, formation of rust, ruptures and 

cracks on aircrafts, cars, and ships.  

Corrosion in an electrochemical event based on the exchange of electrons between the metal surface 

and the aqueous electrolyte solution [2].  

       

          

Figure / Some examples of corrosion 

In order to exemplify the nature of corrosion we could use the reaction of salt acid over zinc. Following 

to the immersion of a zinc piece into the aqueous salt acid solution, a severe reaction will be observed. 

Hydrogen gas production is observed on the zinc surface, the comcomitant step involves the dissolution of 

zinc metal, and result to the formation of zinc chloride. The corresponding reaction is depicted as follows: 

Zn(s) + 2 HCl                 ZnCl2 + H2(g) 

Considering that the chloride ion does not change in the reaction, the equation can be simplified as 

follows: 

Zn + 2H+                 Zn2+ + H2 
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Thus, in the acid solution, zinc reacts with the hydrogen ion to form the zinc ion and hydrogen gas is 

released. If the latter reaction is examined closely, it is seen that during the reaction, zinc is oxidized to form 

zinc ions and hydrogen ions are reduced to hydrogen. The above reaction can be divided into half-reactions. 

The oxidation of zinc and the reduction of hydrogen ions.  

Oxidation (anodic reaction)    : Zn              Zn2+ + 2e– 

Reduction (cathodic reaction) : 2H+ + 2e–             H2 

A crucial principle for corrosion can be derived from these half-reactions. The oxidation rate during 

the corrosion process is equal to its reduction rate. Therefore, corrosion is a hazardous problem seen in various 

industries such as chemical industry, petrochemical industry, construction, automotive, railways, marit ime 

and aviation.  

Corrosion wastes sources and products, stops the production and causes various accidents. In addition, 

corrosion also causes significant economic losses. Corrosion is an essential factor in industrial investment and 

production processes. In accordance with some estimations, the cost of corrosion is between 3.5-5.5% of gross 

national product in many countries [2, 3]. Each year, it is thought that 20% of the produced iron is lost due to 

corrosion.  

2. MATERIAL AND METHODS 

The corrosion rate determination methods are primarly classified as chemical and electrochemica l 

methods.  

Chemical methods are; 

i) Mass-loss method 

ii) Atomic absorption method 

Electrochemical methods; 

i) Tafel extrapolation method 

ii) Polarization resistance (linear polarization) method 

iii) Alternative current impedance method 

Chemical methods 

i) Mass-loss method 

In order to compare the corrosion resistance of metals and alloys with each other, the corrosion rate of 

each must be given quantitatively. As shown in Table 1, the corrosion rate is explained in various ways in 

literature [2]. In order to determine the corrosion resistance of a material, the mass reduction of a material 
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deposited in the corrosion environment can be given in grams or milligrams and as a percentage change in 

mass. However, this method finds very limited application area. In both ways, mass reduction is related to 

how much material is exposed to the corrosion environment. Furthermore, the shape of the corroded material 

affects the rate of corrosion.  

For example, if we leave the same metal with the same mass as a sphere shape and as a thin layer for 

the same duration, both mass-loss and percentage change in mass will be higher for the thin layer shaped 

sample, because thin layer sample has a greater surface area per unit of corrosion environment. Therefore, 

both ways of expression should be avoided in order to avoid uncertainties and misunderstandings in defining 

the corrosion rate. In another definition of corrosion rate, the mass reduction was changed to the mass 

reduction per unit surface for unit time. In British and American literature, the commonly used definition is 

the daily milligram mass reduction (mdd) per square decimeter.  

Table 1. Expressions used to compare corrosion rates for engineering applications. 

Expression Comment 

Mass decrease in grams or milligrams, percentage mass change. Less frequently used, the shape of the sample, the residence time 

in the corrosion environment, affects the result. 

Daily milligram (mdd) per square decimeter, daily gram per 

square decimeter, hourly gram per square centimeter, hourly 

gram per square meter, hourly gram per square inches, hourly 

mol per square centimeter. 

Good, but these expressions cannot express the metal thinning 

rate.  

Inchese per year, inches per month, milimeters per year. Better, these expressions give the  metal thinning rate.  

Miles per year (mpy)  Best, the metal thinning rate can be expressed with smaller 

numbers without decimals. 

From an engineering point of view, the rate of penetration of the metal or the thinning of a component 

can be used directly to predict the life of the material. The last four statements give the corrosion rate directly 

in the thinning term; inches per year, inches per month, millimeters per year, and miles per year. Since the 

corrosion rate of metals used in the industry ranges from about one to two hundred mpy, in practice, the 

expression of shaft thinning per year is superior. If this latter statement is used, it is possible to give the 

corrosion data in small numbers, avoiding decimal numbers [2]. 

mpy =   

W: mass-loss, mg,   D: sample density, g/cm3,  A: sample surface, square inches,  T: time, hour 

When the corrosion rate is given in other units, it must be multiplied by the following coefficients to 

obtain (mpy). 
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 factor 

inches/year 1000 

inches/month 12000 

mg/dm2/day 1.44 / specific mass 

Corrosion rate given in miles per year is converted to metric system with the following conversions.  

mpy = 0.0254 mm/year = 25.4 µm/year = 2.90 nm/h = 0.805 pm/S 

(mm = 10–3 m, µm = 10–6 m, nm = 10–9 m, pm = 10–12 m) 

Electrochemical methods 

i) Tafel extrapolation method 

η = a + b · log i     (Tafel equation) 

η: overvoltage, i: current density, a and b: constants. 

The anodic and cathodic curves for the corroded metal are determined experimentally, and their linear 

parts are lengthened, and the corrosion potential Ecorr and corrosion rate icorr are determined from the cutting 

points [1 – 4]. Under ideal conditions, the sensitivity of the Tafel extrapolation method is equal to or higher 

than the sensitivity of the mass-loss method. By applying this technique it is possible to determine meager 

corrosion rates and continuously monitor the corrosion rate of the system. (A polarization curve can be 

achieved in ten minutes or less.) 

Although this method can be achieved in a short time and the degree of sensitivity is high, there are 

many limitations in the application of this method. In order to obtain a reasonable accuracy, the Tafel region 

must extend at least ten times in a current density region.  

 

Figure 1. Experimental E-log i curves of iron in sulfuric acid solution (Tafel curves). 
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ii) Linear polarization (polarization resistance) method 

The theoretical foundations of the method were given by Stern and Geary in 1957. According to this 

method, there is a linear correlation between the effect of current Δi and the potential difference ΔE formed 

due to the corrosion potential.  

                                                                          (Stern-Geary equation) 

βa: anodic Tafel constant, βc: cathodic Tafel constant. icorr: corrosion current density 

This linear equation applies to a maximum 10 mV. Generally after 7 mV deviation from the linear ity 

is observed [2, 6].  

In Stern-Geary equation, if B constant is defined as; 

B =  

icorr  =  B ×  

By using this method, i – E curves can be depicted in Figures 2 and 3.  

If βa and βc constants are unknown in a system,  it can be considered as βa = βc = 0.12 V (average value 

for industrial metals) and therefore, B constant is accepted as 0.026 V. 

 

Figure 2. Current-potential curve. 
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Figure 3. Current-potential curve. 

 

Figure 4. Linear polarization curve. 

Table 2. B constants used for some systems in determining corrosion rate according to polarization resistance method  

Corrosion system Constants for calculations  References  

βa/V/ βc 

0.12  0.12 

0.12  ∞ 

0.06  0.12 
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  B = 17.4 mV 

 

[5] 
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Fe 

 

B ~ 90 mV 
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Fe 

pH < 3 

Fe 
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B = 30 mV 

 

[8] 
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Pros and Cons of The Polarization Resistance Method 

Pros 

- The polarization resistance method is easy to apply. 

- The devices used are less expensive than those used in other methods. 

- Meager corrosion rates which cannot be determined by other methods can be measured. 

- The average corrosion rate can be determined at any time other than the determination of the corrosion 

rate. 

- Corrosion rate determinations can be made in a concise time. 

- The corrosion rate can also be determined without removing the metal from its location. 

- The method can be used for the determination of corrosion rate of buried underground pipes, determination 

of corrosion rates of metals used in surgeries and determination of corrosion rate under severe nuclear  

radiation. 

Cons 

- The method gives good results in neutral and acidic environments but it is not sensitive to basic 

environments. 

- It gives relative corrosion rate rather than absolute corrosion rate.  

- The βa and βc values cannot be reliably determined for each electrode reaction. However, data available in 

this field indicate that βa values are generally between 0.06-0.12V. 

Determination of Corrosion Rate by Alternating Current Polarization Method 

The main criticism of the direct current methods used to determine the corrosion rate experimenta lly 

is that the polarization of the dissolved metal leads to the removal of the corrosion potential from natural 

conditions. EES method is an experimental approach in response to this problem. In this method, the 

dissolving metal electrode is stimulated by sending a potential sinusoid with a small amplitude (5-10mV). In 

this embodiment, a wide frequency range is scanned.  

The result obtained by interpreting the current obtained against the frequency obtained. The responses  

received were resistive and capacitive. Resistive ones are due to ambient resistance (RΩ)and polarizat ion 

resistance (Rp); the capacitive is due to the electrical double layer (Cdl) at the metal-electrolyte interface [2,3].  

The time-dependent potential signal and the current response are expressed by the following 

equations. 
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Vt  = V0 sinωt 

It  = I0 sin(ωt + θ) 

t: time,  ω: radial frequency (rad/s),  θ: phase degree between Vt and It,  ωt is given as radial unit thus, θ should 

also be given in radial unit.  

Between the radial frequency (ω), frequency (f) and period (T), there are correlation of ω = 2πf and 

T= 2π/ω. The relationship between Vt and It is a magnitude that is the function of angular frequency and is 

called impedance (Z). (Zω = Vt/It) 

 

 

 

 

 

 

 

 

Figure 5. Voltage-current relations in alternating current 

a. Ohmic resistance b. capacitive resistance circuit 

 

Zω = RΩ +                        – j 

Real impedance  Z'ω = RΩ +                         

 

Virtual impedance  Z''ω =  

Another approach used in presenting the impedance data is to carry log |Z| against logω or log θ against 

log ω. Bode diagrams gathered by both methods are shown in Figure 6b. 
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Figure 6. Two choices for EES data presentation  

a) Nyquist          b) Bode diagrams 

In this method, which is considered equivalent to the Nyquist presentation, the polarization resistance 

is obtained by subtrac  ting the Rω value measured at high frequency and (Rω + Rp) measured at low frequency. 

The portion of the (log |Z| – log ω) curve recorded in the mid-size values contains a linear portion with a slope 

of –1.0. Two examples of Nyquist and Bode diagrams recorded under actual corrosion conditions are shown 

in Figures 7a and b.  

 

Figure 7. Nyquist (a) and Bode (b) diagram examples. 

Material: Carbon steel, environment: 1000 ppm chloride + sulfate and bicarbonate consisting water. 

Temperature: 32oC. Warburg impedance due to concentration polarization is clearly seen in both diagrams. 

3. RESULTS AND DISCUSSION 

EES has significant advantages over direct current methods used to determine the corrosion rate. EES 

provides information about the mechanisms determining the corrosion kinetics as well as measuring the 

polarization resistance [3]. For example, the capacity of the electrical bilayer located at the metal-electro lyte 

interface can be measured by EES. However, there are some factors that limit the reliability of the impedance 

measurement results. In particular, if the corrosion rate does not remain constant during the extended test 

period at shallow values of the frequency, the impedance behavior changes. It should be added that the 

Warburg impedance that occurs in corrosion reactions where diffusion control is predominant. Warburg 

impedance prevents lossless reflection of low-frequency data on the measurement results [10, 11]. As a result, 

R
β

R
β
+R

p

R
p
/2

Zı
max

=R
p
/2

β
maxZ

ı

R
β
+R

p
/2

|Z|

Zıı

Zı

(β=β ) (β=0)(β=[1+R
p
C)]1/2)

β
(x)

(a) (b)

lo
g

 |Z
|

R
β
+R

p

β
max

R
β

log β

β
(x)

lo
g

 β

Measured

Calculated

(a) (b)

Zı
 
(β .cm2) β  , Hz

Z
 (
β

.c
m

2
)

Z
ıı

 (
β

.c
m

2
)

β
 (

D
e
g

re
e
)Measured

Calculated

600

500

400

300

200

100

0

104

103

102

101

60

40

20

0
200 400 600 800 1000 12000

10–3 10–2 10–1 100 101 102 103 104



 

 

International Natural Science, Engineering and Materials Technology Conference 

Sep 9-10, 2019, İstanbul / TURKEY 

433 
 

it can be said that the limiting factors, which we mentioned apart, negatively affect the interpretation and 

usefulness of EES data. On the other hand, significant advances have been made to overcome these challenges 

with the strong support of digital computers and improved programs. The type of equivalent circuits that the 

measured impedance data are compatible with can be determined by computer programs. 
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Abstract 

In general terms, passivation is defined as the loss of a metal's ability to react under certain environmenta l 

conditions. Alternatively, passivation is also referred as the anodic potential applied to the system externally 

in order to substantially reduce the rate of corrosion or the addition of an oxidizing component to the corrosive 

medium in which the metal is present. The corrosion rates decrease by 104 – 106 when the metal goes from 

active to passive state, and the passive state is usually unstable. The passivation state may be degraded due to 

electrochemical or mechanical effects. Electrochemical effects include altering the potential of the metal or 

its alloy, excessive oxidation, and dissolution processes. Eliminating the passivation by scraping the metal 

surface with a glass rod is an example of the mechanical effect. The metals that are first passivated and then 

reactivated are described as active-passive metals. Following the elimination of passivation, the current in the 

solution will start to rise, and the crude metal will dissolve again into the solution by generating its cation 

species but in a higher state. For example, in the beginning, if the reaction environment consists of the iron 

ion, which is in Fe+2 state, after the elimination of the metal passivation step, the metal will dissolve in +3 

state. The region that occurs following the passivation is known as the transpassive region. In the case of 

anions such as chloride are present in the solution medium where the passivation is carried out, the degradation 

potential of the passivation shifts to less noble values so that the passivation zone becomes narrower, and 

therefore the metal will be corroded. The shape of the passivation curves depends on the type of the studied 

metals, the passivation medium, and the specific ion species present in this medium. For instance, in the same 

acidic environment, the passivation curves obtained from Ti, Cr, and stainless steel will be different from each 

other. Howbeit, for the same stainless steel sample, the passivation curves obtained in three different media 

will also be distinctive. The temperature and increase in acid concentration also affect the passivatio n curve 

of the active-passive metals.  

Keywords: Metals and alloys, Corrosion, Passivation 
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1. INTRODUCTION 

What is passivity? 

Passivity is the loss of chemical activity of some metals and alloys under special environmenta l 

conditions (1 – 5). 

Passivity is very important in engineering. The passivity of many metals and alloys allows them to be 

used as building materials in engineering. The corrosion rate of an inactivated metal in an air-free acid solution 

is indicated by point A. If oxygen or Fe3+ is added to this solution, it is observed that the corrosion rate of the 

metal increases. 

 

Figure 1. Corrosion rate of a non-passive metal dependence on the oxidation power of the solution  

Corrosion in a passivating metal 

The corrosion state of a passivated metal or alloy can be examined in three zones [1, 2]. 

a) Active region 

b) Passive region 

c) Transpassive region 

 

Figure 2. Corrosion of an active-passive metal depending on the oxidation power (electrode potential) of the solution  

The state of this metal in the active region is identical to that of a non-passivating normal metal. 
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A slight increase in the oxidation potential of the solution causes the corrosion rate to increase rapidly 

(the situation in Figure 1). If more oxidants are added, the corrosion rate suddenly decreases.This corresponds 

to the beginning of the passive region. 

Increasing the oxidizing agent will slightly or does not change the corrosion rate of the metal (passivity 

region). 

Chromates (CrO4
–), nitrites (NO2–), molybdates (MoO4

–2) and tungstates (WO4
2–) are used as oxidizing 

agents and are called passivators [6, 7]. 

The condition for success with passivators is that they are added to the environment in a way that 

exceeds the minimum amount required for passivation. The amount of passivators added below this amount 

causes the corrosion rate to increase rather than decrease. In the transition from active region to passive region, 

corrosion rate is generally reduced by 103 – 106. 

It is believed that in the passive region, a thin oxide layer is formed which is invisible on the metal 

surface and this layer protects the metal with a high protective concentration of the oxidizing agent.  

It has been shown that in the high concentration of the oxidizer or in environments with high oxidation 

power, this protective layer breaks down and the metal begins to redissolve. This region, where the corrosion 

rate increases again, is called the transpassive region. 

Some metals and alloys can be passivated by direct active–passive conversion in the immers ion 

medium. This is called self-passivation. 

In the absence of self-passivation under current conditions, active-passive conversion can be realized; 

a) By adding strong passivators to the environment, 

b) By lowering the passivation potential by forming alloys with high passivation metals, 

c) By applying external current to increase the potential of the metal to exceed the passivation potential.  

2. MATERIALS AND METHODS 

Passivity is also defined as the reduction of the rate of corrosion of a metal and alloy in certain 

environmental conditions. 

In order to indicate the nature of passivity, it is useful to look at Faraday's experiments with iron in 

nitric acid in 1840. 
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If a piece of iron or steel is immersed in a nitric acid concentration of about 70% at room temperature, 

no reaction is observed. 

If mass losses are determined, it is seen that the corrosion rate of iron is very small and it approaches 

zero. 

If enough water is added to this nitric acid to a dilution of about 1:1, no change is seen, or if the iron 

is shaken to the edges of the beaker, it is observed that nitrogen gases are released and iron dissolves in a 

drastic reaction (Figure 3.C). 

If the iron piece is introduced directly into dilute nitric acid, it is observed that it reacts drastically in 

the same manner. 

 

 

 

 

Figure 3. Schematic representation of Faraday's experiments on iron passivation. 

Electrochemical investigations in recent years have significantly increased the knowledge of corrosion 

and passivity. The film is understood to be composed of metal oxides and hydroxides. 

Electrochemical studies have shown that the dissolution rate of some metals in a large potential region 

is very small. 

Not all metals show passivity, but there are many alloys that show passivity in solutions. 

Fe, Cr, Ni, Ti and their alloys (for example stainless steels) are the most important of passive metals 

[8]. 
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Figure 4. Two examples showing the corrosion behavior of metals in acidic environments: active dissolution of iron in HCl                

(no passivation) and active-passive conversion in H2SO4 

Ensuring passivity by applying anodic current and examining regions in active-passive metals 

itp  net passivity current density 

ip  passivation critical current density 

Ecorr  corrosion potential 

Epp  primary passivation potential 

Etp  net passivation potential 

Ep  pitting potential 

Et  Transpassivation potential  

 

Figure 5. Schematic potential – log i curve for an active-passive metal. 

As the potential in the active region (AB) is increased, the rate of dissolution of the metal increases, 

while the metal ions formed are transferred to the medium, Epp potential (B) begins to precipitate as the 

hydroxide or oxide on the metal surface by exceeding the solubility product of the metal hydroxide or oxide.  

The current decreases between BC as the surface begins to be covered. Both the formation and 

deterioration of the oxide lattice causes current oscillations in this region. 
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The shapes of the passivity curves depend on the type of metal, the passivation medium, the special 

ions in the medium. 

 

Figure 6. Passivity curves for Ti, Cr and stainless steel in acidic media. 

If the passivity curves for the same stainless steel in different environments are examined, differences 

are observed. 

 

Figure 7. Passivity curves for stainless steel in three different environments. 

The potential at which the passivation begins is called Flade Potential and is symbolized by Epp. This 

value is an important quantity for determining the corrosion conditions of active-passive metals. 

Passivity dissolution current ipp and critic current density ip are two other important parameters. 

The change of temperature and acid concentration affect the corrosion of active - passive metals. 

Anodic critical current density increases with increasing temperature and hydrogen ion concentration, other 

parameters change slightly. 

3. RESULTS AND DISCUSSION 

Three conditions are shown for an active-passive metal which yields an anodic dissolution curve in the 
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three different equilibrium reactions are thought to be the current density. In case 1 there is only one stable 

intersection point (A). 

Since this intersection is in the active region, a high dissolution rate is observed. 

 

Figure 8. Effect of temperature and acid concentration on the anodic dissolution curve of an active -passive metal. 

 

Figure 9. Behavior of an active-passive metal in corrosive environment. 

It can be deduced from Figure 9 why the position of the current maximum or arch of the anodic 

dissolution curve is important. If the curve of the cathodic reduction event passes over the arch of the anodic 

dissolution curve, as in case 3, spontaneous passivation occurs. In other words, for spontaneous passivation, 

the rate of cathodic reduction in the primary passivation potential must be equal to or greater than the rate of 

anodic dissolution. 
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quantitative susceptibility of a metal or alloy to passivation from its anodic dissolution state, and consequently 

its resistance to corrosion. 

Figure 10 shows the effect of Epp on passivity. Schematic anodic polarization curves for two metals 

are shown here. The cathodic process was assumed to have the same electrochemical parameters on both metal 

surfaces. 

 

Figure 10. Effect of Epp on passivity. 

In system 1 with higher primary passive potential, the anodic and cathodic polarization curves intersect 

each other in the active region A and the corrosion rate is high. On the other hand, in system 2 where the Epp 

potential is lower, the intersection occurs in the passive region B and the corrosion rate is smaller than the 

other. 

Figure 11 shows the effect of passivation critical current density, ip on corrosion conditions of metals 

showing active-passive transition. The anodic polarization curves are the same as in Figure 10. 

 

Figure 11. Effect of critical current density on passivity. 
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The cathodic process is assumed to be the same for both metals, but it is diffusion-controlled. The 

cathodic and anodic polarization curves have only one point of intersection (A) for the metal with a smaller 

critical current density. 

However, for metal 2, there are two stable intersection points, B and C. Since one of these points is 

located in the active region and the other is in the passive region, it is difficult to determine whether the metal 

2 undergoes corrosion with a low corrosion rate or with a high corrosion rate. 

 

Figure 12. Effects of H + and O2 reduction processes on corrosion of 18Cr – 8Ni Steel in acidic medium. 

In the figure, the corrosion situation of 18Cr – 8Ni steel in sulfuric acid is shown schematically. If 

there is no oxygen in the environment, since the reduction curve of hydrogen ions HI intersects the oxidation 

curve of the steel JK in the active region, corrosion occurs. The situation gets worse if a small amount of 

oxygen is found in the environment: Reduction curve of oxygen D E F G, intersects S curve of steel at three 

points E, F and G (such as the case 2 in Figure 10). If abundant oxygen is present, reduction curve of oxygen 

A B C, intersects S curve of steel in the passivity region, B, and corrosion occurs slightly. 

Deterioration of passivity 

Since passivity is based on a passivating film formed by anodic oxidation or chemical oxidation on the 

metal surface, various factors that cause this film to partially or completely deteriorate, cause the passivity to 

deteriorate. 

These factors may be electrochemical oxidation and reduction, excessive chemical oxidation or 

dissolution (acidic or basic media and complex forming anions) and mechanical [1]. 
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M If there is plenty of oxygen in the environment, 

the reduction curve (ABC) intersects the S 

curve of the steel at point B (in the passive 

region) and corrosion is minimal.

The situation worsens if a small amount of 

oxygen is found in the environment. The 

reduction curve of oxygen (DEFG) intersects 

the S curve of steel at three points, E, F and G.

If there is no oxygen in the medium, the 

reduction curve of hydrogen ions HI intersects 

the oxidation curve of the steel JK in the active 

region and corrosion occurs.
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Electrochemical Deterioration 

If the potential of an anodically passivated metal or alloy is further increased, the current increases 

again in the transpassive region (DF in Figure 5). In this region, the metal can often begin to redissolve with 

higher valence, for example, like Fe3+ ion. Often this dissolution proceeds by forming pits. 

The potential in which the current starts to increase in the transpassive region is called the passivity 

deterioration potential (Et). Oxygen is also released in the transpassive region. 

If there are activating anions such as Cl– in the passiavation medium, this passivity distortion potential 

shifts to less nobel potential, so the passivity region becomes narrower, metal exposes to corrosion by forming 

pits. Ep is called pit potential. 

If the amount of Cl– ions is large, the passivity region may disappear completely and the metal will 

continue its active dissolution, i.e., corrosion occurs. 

If Cl– is added to the medium after the metal is passivated, the same effect is observed, i.e., the passivity 

is deteoriated [9]. 

Stainless steels containing large amounts of chromium dissolve easily in the transpassive region by 

forming chromium-VI compounds and passivity is deteoriated. 

If the passivating oxides formed on the metal surface are reduced by cathodic process, the passivity is 

deteoriated again.  

Mechanical Deterioration 

The passivating oxide film can be deteoriated by bending, impact, stretching, scratching, stripping and 

other mechanical forces. In practice, it is desirable to maintain the passivity of electrophilic or chemically 

spontaneous oxide formation of the degraded sites of the passivating oxide film on the metal which is intended 

to be protected by passivation. 

3. RESULT AND DISCUSSION 

Passivity is a state in which metals and alloys are not corroded, they are desirable from the engineer ing 

point of view, but are not always continuous. 
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Abstract  

In this study, the effects of thermal, UV and surface modification processes applied to ITO and PEDOT: PSS 

surfaces on the photovoltaic performance of P3HT:PCBM based organic solar cells were investigated. Organic 

solar cells were prepared and their device performances were examined. UV effect and thermal annealing 

were observed to improve the photovoltaic performance. 

Thermal annealing was applied to ITO; also ITO and PEDOT:PSS layers were exposed to UV irradiation. As 

a result, it is observed that these processes have positive impacts on the photovoltaic performances of bulk 

heterojunction organic solar cells. 

Keywords: organic solar cells, temperature annealing, P3HT:PCBM 
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1. INTRODUCTION 

 Organic solar cells have been the subject of deep research in recent years. The lightness, flexibility, 

ease of production and easy adjustability of chemical and physical properties of organic materials via chemica l 

synthesis routes make them advantageous over their inorganic counterparts [1]. Organic solar cells are 

prepared by blending two different organic materials, one of which is a donor and the other is an acceptor, and 

sandwiching the resulting thin film between two metal electrodes [2-4]. Although the power conversion 

efficiencies of organic solar cells have increased rapidly in recent years [5-8], it is still not comparable to 

silicon solar cells [9], which dominate the photovoltaic market. Therefore, research and development studies 

to increase the efficiency of organic solar cells are of great importance [10]. 

 In this study, the effects of thermal, UV and surface modification processes applied to ITO and 

PEDOT: PSS surfaces on the photovoltaic performances of organic solar cells were investigated. Organic 

solar cells were prepared and the device performances were examined. UV effect, thermal annealing and 

surface modification of PEDOT:PSS were observed to improve the photovoltaic performance. 

 2. MATERIAL AND METHODS  

The Indium Tin Oxide (ITO) coated substrates from Kintec Company with a thickness of around 120 

nm, a sheet resistance of 34 Ω/sq. and a size of 1.5×1.5 cm2 were used as transparent oxide electrodes. One-

third of ITO was patterned by etching with an acid mixture (HCl:HNO3:H2O) and then each substrate was 

cleaned with distilled water. After cleaning procedure, glass substrates were cleaned in ultrasonic bath with 

acetone and isopropanol at each stage for 20 minutes, respectively. P3HT:PCBM solution was prepared by 

dissolving P3HT and PCBM in 1 ml of chlorobenzene (CB) 2:1.1 ratio. ITO substrates and PEDOT:PSS layers 

were exposed to UV radiation 30 minutes for ITO and 15 minutes for PEDOT:PSS. ITO substrates were 

annealed 5 to 10 minutes separately. Poly(3,4-ethylenedioxythiophene)– poly(styrenesulfonate ) 

(PEDOT:PSS) was spin coated at 2000 rpm on the glass–ITO substrates. The PEDOT:PSS layers were 

annealed in a furnace at 140 °C for 10 minutes. P3HT:PCBM solution was spin cast on the ITO/PEDOT:PSS 

substrates. P3HT:PCBM layers were annealed in a furnace at 120 °C for 4 minutes. Finally, 100 nm Al was 

thermally evaporated as top contact. All current–voltage (I–V) characteristics of the PV devices were 

measured (using a Keithley 2400) under nitrogen in a dry glove box immediately after production. 
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3. RESULTS AND DISCUSSION 

 

The current density-voltage (J-V) characteristics of reference devices in the form 

ITO/PEDOT:PSS/P3HT:PCBM/Al is shown in figure 1. These devices were non-annealed to better 

understand the effect of thermal and UV annealing on the device performance. As can be seen from the figure 

1, reference device exhibited a short circuit current density (Jsc) of 6 mA/cm2, an open circuit voltage (Voc) of 

625 mV, a fill factor (FF) of 0.5 was calculated using J-V curves which led to a power conversion efficiency 

(PCR) of 1.8 %. 

 

 

Figure 1. J-V curves of a reference device under illumination (red) and dark (black). 

Figure 2 shows the J-V characteristics of devices comprising of both UV treated ITO and PEDOT:PSS 

in the form of ITO (UV)/PEDOT:PSS (UV)/P3HT:PCBM/Al. As can be seen from the figure 1, reference 

device exhibited a short circuit current density (Jsc) of 6.1 mA/cm2, an open circuit voltage (Voc) of 625 mV, 

a fill factor (FF) of 0.49 was calculated using J-V curves which led to a power conversion efficiency (PCR) 

of 1.9 %. 
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Figure 2. J-V curves of devices in the form of ITO(UV)/PEDOT:PSS(UV)/P3HT:PCBM/Al  

under illumination (red) and dark (black). 

Figure 3 shows the J-V characteristics of  devices comprising of PEDOT:PSS treated with dimethyl 

sulfoxide (DMSO) in the form of ITO/PEDOT:PSS(DMSO)/P3HT:PCBM/Al. Such devices exhibited a short 

circuit current density (Jsc) of 6.7 mA/cm2, an open circuit voltage (Voc) of 575 mV, a fill factor (FF) of 0.56 

was calculated using J-V curves which led to a power conversion efficiency (PCR) of 2.15 %. 
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Figure 3. J-V curves of devices in the form of ITO/PEDOT:PSS(DMSO)/P3HT:PCBM/Al  

under illumination (red) and dark (black). 

Figure 4 shows the J-V characteristics of  devices comprising of UV treated ITO and both UV and 

DMSO treated PEDOT:PSS in the form of ITO(UV)/PEDOT:PSS(UV+DMSO)/P3HT:PCBM/Al. Such 

devices exhibited a short circuit current density (Jsc) of 6.5 mA/cm2, an open circuit voltage (Voc) of 625 mV, 

a fill factor (FF) of 0.55 was calculated using J-V curves which led to a power conversion efficiency (PCR) 

of 2.23 %. 
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Figure 4. J-V curves of devices in the form of ITO (UV)/PEDOT:PSS(DMSO+UV)/P3HT:PCBM/Al  

under illumination (red) and dark (black). 

Figure 5 shows the J-V characteristics of devices comprising of thermally treated ITO and DMSO 

treated PEDOT:PSS in the form of ITO(Annealing)/PEDOT:PSS(DMSO)/P3HT:PCBM/Al. Such devices 

exhibited a short circuit current density (Jsc) of 6.5 mA/cm2, an open circuit voltage (Voc) of 625 mV, a fill 

factor (FF) of 0.56 was calculated using J-V curves which led to a power conversion efficiency (PCR) of 2.27 

%. 
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Figure 5. J-V curves of devices in the form of ITO (Annealing)/PEDOT:PSS(DMSO)/P3HT:PCBM/Al  

under illumination (red) and dark (black). 
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Table 1. The photovoltaic properties of the herein investigated devices  

Device Jsc(mA/cm2) 

Voc 

(mV) FF Efficiency(%) 

Reference Device 6 625 0.5 1.8 

ITO(UV)/PEDOT:PSS(UV)/P3HT:PCBM/Al 6.1 625 0.49 1.9 

ITO/PEDOT:PSS(DMSO)/P3HT:PCBM/Al 6.7 575 0.56 2.15 

ITO(UV)/PEDOT:PSS(DMSO+UV)/P3HT:PCBM/Al 6.5 625 0.55 2.23 

ITO(Annealing)/PEDOT:PSS(DMSO)/P3HT:PCBM/Al 6.5 625 0.56 2.27 

 

It has been observed that the thermal, UV and DMSO treatment on either ITO and PEDOT:PSS 

improved the device performance as compared to non-annealed reference devices. PEDOT:PSS is a p type 

polymer with several advantages such as easy deposition, low temperature processing, high transparency, 

controlled p type conductivity. The conductivity of PEDOT:PSS can be further improved using solvents such 

as DMSO [11]. Such annealing also leads to a change in the work function of PEDOT:PSS. The improved 

short circuit current is attributed to the increase in the conductivity of PEDOT:PSS samples whereas the slight 

change in the open circuit voltage is attributed to the change in the work function of PEDOT:PSS upon DMSO 

treatment. We have not observed a reasonable change in the device performance upon UV treatment.  

 

4. CONCLUSION  

 

            We investigated the effect of different annealing methods for ITO and PEDOT:PSS surfaces on the 

performance of bulk heterojunction organic solar cells. The devices were fabricated in ambient atmosphere 

and characterized in a glovebox. The reference device where no further treatment applied exhibited a PCE of 

1.9 %. The devices in which ITO was thermally annealed and PEDOT:PSS surface was modified with DMSO 

exhibited the best performance among the herein investigated devices with a PCE of 2.27 %. The better 

performance for these devices is attributed to the better morphology of ITO surfaces upon thermal annealing 

and also improved conductivity of PEDOT:PSS. 
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Abstract  

 

In this study, facade damages on Atatürk Cultural Center (AKM) building, which is a socio-cultural structure 

located in the coastal band of Ereğli Atatürk Boulevard in Zonguldak-Karadeniz (Kdz.), were investigated. 

Facade investigations were carried out in the headings of the problems caused by damages (aesthetic problems, 

usage and comfort problems, health and safety problems) and human faults (wrong detail design, wrong 

applications, wrong use and maintenance of the building) that caused damage on the facade. As a result of the 

study, the facade damages that occurred on the Eregli AKM facade were determined and a base was prepared 

to prepare the data on the measures that could be taken in order to prevent the permanent damages. Possible 

damage to new buildings has been identified and it has been concluded that necessary measures have to be 

taken during the design process. 

 

Keywords: Atatürk Cultural Center (AKM) Building, Facade Damage, Physical Building Problems 
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1. INTRODUCTION 

The facades of the building's shell are the structural elements that are affected most by the external 

conditions and other physical and mechanical factors. Therefore, many damages occur on the building facades. 

“Building façades must fulfill the task of providing aesthetics, economy, protection of the building from 

environmental influences and providing comfortable environments for the inhabitants of the building in 

accordance with the function they are designed. If the building facades fail to fulfill the task expected from 

them, they provide a comfortable environment for the inhabitants. They cause problems that do not meet the 

requirements of building physics. As a result, the building facades are damaged in a short time, they wear out, 

and the quality of the building decreases “[1]. 

The loss of the first effect of color, shape and texture changes on the building facade can be defined as 

aesthetic distortions. Use and comfort problems can be explained as the failure of the structure to meet the 

intended needs and rendering it unusable for the user. Deformations affecting building static balance and 

causing deformation of building elements are safety and health problems [2].   

The problems caused by facade damage can be classified as follows (Table 1). [3] 

                 

                                                              Table 1. Problems caused by facade damages. 

The components and salts in the cement mortar dissolve in the presence of water and leak out of the 

material. The infiltrating components crystallize as a result of atmospheric interaction to form stains on the 

surface can be defined as efflorescence [4, 12]. 
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Most of the physical damage caused by the facade is caused by human errors which are the primary 

users of the buildings. Lack of information, carelessness and lack of maintenance for the building result in 

damage to the facade [4]. 

During the facade damage process, it is possible to collect the human factor under the following 

headings. 

a) False detail design 

b) Incorrect application 

c) Misuse and maintenance of the building [1, 9]. 

In this study, facade investigations were carried out under the titles of problems caused by damages in 

AKM building (aesthetic problems, usage and comfort problems, health and safety problems) and human 

errors (wrong detail design, wrong applications, wrong usage and maintenance of the building) causing 

damage to the facade. 

2. MATERIAL AND METHODS  

2.1 Material 

The building where the facade damages are examined is a building belonging to the public institut ion 

located in Kdz Eregli district of Zonguldak province. Kdz Eregli Orhanlar Neighborhood 160 is located on 

the parcel of the island 7 is located on the shore band of Ataturk Boulevard, 50 m away from the sea (Figure 

1). AKM Building consists of ground floor and 1st floor. Kdz Ereğli has been in service since 1996 and has 3 

cinema halls, 2 exhibition halls, 1 public library, 1 wedding hall, 1 city council hall and 1 cafeteria. The 

building was constructed as reinforced concrete and no thermal insulation (Figure 2). 

2.2. Metod 

Kdz. Investigations were carried out on the facade damages on the AKM building, a socio-cultura l 

structure located on the coastal line of Ereğli Atatürk Boulevard. The damages of the facade in AKM building 

were examined by visual analysis. The research is mainly focused on research, examination and visual. The 

facade damages in the AKM building were photographed and the subject was discussed and photographs of 

the factors causing the damage to the facade were interpreted.  
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3. RESULTS AND DISCUSSION 

3.1. Damages Caused by Incorrect Detail Design 

In the sections where the structures join the ground, algae formations have been seen due to material 

breakage on the facade and lack of necessary water insulation due to lack of insulation or removal of water 

from the structure. The facade of the building is under the influence of sea salts due to the winds blowing from 

the sea due to its proximity to the sea. Sea salts are thought to cause effloresence on the facade. For this 

purpose, necessary laboratory tests should be performed (Photo 1). 

        

Photo 1. Damage to the facade exposed to water. 

  

Figure 1. Location of Kdz Ereğli Atatürk Culture Center. Figure 2. Kdz Ereğli Atatürk Cultural Center. 
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Rain water accumulated on the roof 

should be removed as soon as possible and 

correctly. Parapet dropper should be 

designed to remove the accumulated water 

from the structure due to rainfall. Material 

spills and material discolorations occurred 

in the parapet due to incorrect detailing. 

Water acting along the surface of the 

parapet may seep into the material and 

cause corrosion in the floor reinforcement.  

Material spillage under the observed 

(Photo 2). 

                                                                                                                                                                                     

In roof design, water cannot be removed from the   structure quickly and accurately.  and over time, 

the water leaked through these cracks caused efflorescence.                                                                                                                                                                                                                                      

 

Building facades are under the influence of water as a 

result of condensation of water vapor and freezing of ice due 

to leakage of ground water through precipitat ion. 

Disturbances occur in the structure and building materia ls 

with the effect of water [1,8]. The presence of water is a 

danger to buildings. Necessary precautions should be taken 

by considering the factor of water in building design. Failure 

to take the necessary precautions for water on the facade of 

the AKM building was observed to cause cracks and 

efflorescence on the facade (Photo 3). 

 

 

 

Photo 3. Cracks and effloresence on the facade  

 

Photo 2. Cracks and spills in the eaves. 
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3.2.Damages Caused by İmproper Applications  

   

As a result of water leakage and incorrect combination of rain 

pipes, rain water leaks, causing structural damage on the facade. The 

water coming into contact with the facade building material is absorbed 

into the material and interacts with the components in the building. In 

addition, freezing and thawing occurs as a result of the temperature 

differences of the water filling the cracks on the surface of the building 

day and night. Distortion occurs on the building surface. Water leaks 

have occurred as a result of improper application of rain downpipes [6]. 

Algae formations where water is active on the facade were observed 

(Photo 4).  

 

 

 Photo 4.  Moss formation on the facade. 

 

With the incorrectly applied window sill detail, cracks 

in the building which may cause problems in terms of safety and 

health were observed (Photo 5). ilure to ensure proper 

integration of building elements with joints and insulat ions 

caused serious structural cracks. Visual contamination under 

windows caused by incorrectly applied dropper. 

 

 

 

 

 

 

 

   Photo 5.  Incorrectly applied sills detail. 
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Some of the devices added to the structure 

(usually air conditioning) added to the surface of the 

facade errors made in the form of growing damage over 

time. The air conditioning pipes are arranged randomly. 

Water leaked in the air conditioning pipes caused 

aesthetic deterioration such as color change on the 

facade [6]. The pipes of the air conditioner should be 

placed in the water channels with appropriate details 

(Photo 6).  

 

 

 

 

 

Photo 6. Incorrectly applied air conditioning application. 

 

3.3. Damages Due to Misuse of the Building and Lack of Maintenance 

 

During some installation works that were added to the 

building, physical damage was caused to the building facade 

(Photo 7). Failure to perform the necessary maintenance and 

repair as a result of the damage has caused damage that may 

cause serious health and safety problems in the future. Due to 

this damage to the structural element of the structure, 

reinforcement corrosion has occurred as a result of the direct 

contact of the reinforcement with the atmosphere. 

 

 

 

Photo 7.  Damage due to building renovation. 
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Lack of necessary maintenance and insulation in the structure caused spilling and flowering on the 

facade (Photo 8). Building materials and building elements in the facade are exposed to constant wetting and 

drying as a result of rainfall. Precipitation waters affect the structural elements and materials, causing 

biological and chemical damage. Necessary insulation should be made for thermal changes and water-induced 

damages that may occur on the facades.  

                               

                                                    Photo 8.  Damage to the facade exposed to rainwater 

 

4. CONCLUSION  

As a result of the facade investigations carried out in Karadeniz Eregli AKM Building, it was observed 

that damages occurred in the facade cladding materials and carrier elements. The evaluation of the damages 

on the building facade and suggestions for solutions are given below. 

 As a result of the investigations, biological and chemical deterioration was observed on the 

facade. Material breaks and chemical deterioration have occurred due to improper application 

of waterproofing from the ground on the facades. Ground water insulation should be done 

correctly and the water should be removed from the ground correctly in order to prevent the 

water from being absorbed by the building. 

 Rain downpipes where serious damages are detected as a result of the contact of the structure 

with water should be applied by detailing as required. Water leakage in rain pipes should be 

prevented by timely intervention and maintenance and repair. 
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 The elements that are subsequently assembled to the structure must be detailed so as to prevent 

damage Before installation, the necessary material selection should be done and planning 

should be prevented. 

 Attention should be paid to the installation of ait conditioning and air conditioning pipes.  Air 

conditioning water should be removed from the facade without damaging the facade with 

appropriate details. 

 User-induced damage to the facade should be corrected by making necessary repairs. Thus, 

durability problems that may occur will be prevented. 

As a result of the study; the facade damages on the Kdz Ereğli AKM facade were determined and was 

prepared data    for the measures that can be taken in order to prevent permanent damages. The possible 

damages in new buildings were determined and necessary precautions should be taken during the 

design process. Due to various reasons arising from the design, application and usage phases of the 

structure, it is possible to solve the damages caused by external factors by eliminating the factors 

causing the damages. Thus, healthy conditions can be created for the structure and users. 
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Abstract  

 

In the past decade, many MXenes are intensively investigated due to their high surface area and unique 

properties in various field. Using a set of first-principle calculations, we have studied structural, magnetic and 

electronic properties of 2H-phase monolayers of MXenes. We have established 2H-phase MXenes (Cr2C, 

Mo2C, V2C and Nb2C). Our electronic structure calculations indicate that 2H-phase monolayers of MXenes 

exhibit metallic properties. We have also demonstrated that these MXenes are thermodynamically stable. This 

research will deepen understanding of the electronic properties of 2H-phase monolayers of MXenes.  

 

Keywords: MXenes, Density Functional Theory, Electronic Properties, Ab-initio Molecular Dynamic. 
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1. INTRODUCTION 

Due to fact that lack a degree of freedom, which always results in impressive changes in electronic and 

magnetic properties in two-dimensional (2D) material differ from those of their 3D precursors. Since the 

discovery of graphene [1-2], finding and designing 2D materials has become important in the research area. 

Very recently, a family of 2D materials have increased with a new member, which called as MXenes [3]. The 

MXenes are synthesized by chemical exfoliation from the transition metal carbides/nitrides, which belong to 

MAX phase using hydrofluoric acid. Basically, they are produced by selectively “A” layers out from MAX 

bulk. Their chemical formula is given with Mn+1AXn (n= 1,2,3), where M is early transition metal, A is an 

element from group IIIA or IVA, and X is carbon or nitrogen. The MXenes attract great attention due to their 

potential applications in sensors, catalysis, energy storage and nanoelectronics. Most of previous studies 

showed the MXenes are synthesized with 1T-configuartion. Further more from these general studies, 

monolayer Mo2C MXenes showed ground state in the 2H-configuration. Moreover, 2H-Mo2C was found 

metallic behavior regardless of whether surface functionalization exists or not. It is well known that 1T-phase 

MXenes’ electronic properties or mechanical behaviour strongly depend on surface functionalization [4].  The 

electronic band structure of V2C is indicated that metallic as well as the corresponding functionalized system 

for 1T-V2C by Champagne et al.. [5] Besides, 1T-Cr2C MXene  showed that half-metallic ferromagnetic 

behaviour with a large half-metallic gap [6].  Nb2C behaves electrochemically more like a supercapacitor than 

a battery, and its 2H phase should be investigate [7]. The studies showed that structural configuration is critical 

on MXenes. Besides of this study, we were motivated by the question of investigating the 2H phases of  

“other” MXenes. 

2. MATERIAL AND METHODS  

 The structural, magnetic and electronic properties are calculated using the DFT as implemented in the 

Vienna ab-inito simulation package (VASP) [8]. Electron- ion interactions were described using standard 

PAW potentials. The generalized gradient approximation (GGA) with the format of Perdew-Burke-Ernzeho f 

(PBE) was applied for the exchange-correlation functional [9]. Since traditional DFT calculations at the PBE 

level cannot correctly include the nonlocal van der Waals interactions, the calculations with dispersion 

corrections may affect the adsorption energies of small molecules. In this regard, the DFT-D3 method was 

used for dispersion corrections here [10]. A plane-wave basis set with the cut-off kinetic energy of 600 eV 

and the Gamma-centered (16𝑥16𝑥1) k-point grids are utilized for structural optimization and static self-

consistent calculations of  2H-phase of MXene. All the atoms were allowed to relax until the Hellmann-
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Feynman forces were smaller than 0.02 eV/Å, and the convergence criterion for the self-consistent electronic 

optimization loop was set to 10-5 eV. Our calculations were performed with a large unit cell, which are limited 

with 20 Å vacuum region along the out-of-plane direction.  

 

3. RESULTS AND DISCUSSION 

 

 Although 1T phase is the most common crystal structure for MXenes, structural and electronic 

properties of 2H-MXene. The optimized atomic structures of monolayers of MXene forming 2H polytypes is 

shown in Figure 1 (a) and (b). 2H-phase of MXenes belong to P6m2  space groups, with the hexagonal Bravais 

lattice. Lattice parameters, bond distances between transition metal atoms (Mo, Cr, V and Nb) and C atom, 

and thickness of optimized crystal structure of primitive cell are defined in Table 1. The primitive cell of the 

2H-MXene contains three atoms with the two layers. The thicknesses of 2H-MXene structures were 

determined by the uppermost and lowermost atomic layers along the z-direction. The cohesive energy per 

atom was calculated by using the formula as: 

𝐸𝑐𝑜ℎ = (𝑛𝑀𝐸𝑀 + 𝑛𝐶𝐸𝐶 )− 𝐸𝑀2𝐶/3 

where 𝐸𝑀  and 𝐸𝐶  represent the energies of isolated single transition metal atom and carbon atom; 𝐸𝑀2𝐶  

represents the total energy of 𝑀2𝐶, 𝑛𝑀  and 𝑛𝐶  stand for number of transition atom and carbon atom, 

respectively. We have also calculated spin-polarized and spin-unpolarized states. We have spin polarized case 

found ground state in 2H-Cr2C and 2H-V2C. The energy difference between the spin polarized and spin-

unpolarized state are found 0.95 eV for 2H-Cr2C, 40 meV for 2H-V2C. We have found that non-magnetic 

ground state for 2H-Nb2C and 2H-Mo2C. 

Table 1. The calculation results on optimized structure of pristine 2H-phase MXenes .  

 
𝒂 (Å) 𝒅 (Å) 𝒉 (Å) Ecoh (eV) Etot (eV) µB 

Cr2C 2.62 2.51 2.50 -4.80 -26.54 0.00 

Mo2C 2.84 2.71 2.70 -6.41 -29.68 0.00 

V2C 2.75 2.55 2.55 -5.78 -25.86 1.66 

Nb2C 2.95 2.79 2.80 -7.03 -28.78 0.58 
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Figure 1. Top (a) and side (b) views of geometric structures of 2H-MXenes. Dark blue balls show Cr, Mo,V or Nb , brown balls 

represents C atom. 

 

Figure 2. The electronic band structure of  2H- (a) Cr2C, (b) Mo2C, (c) V2C and (d) Nb2C. Fermi level is set to zero. 

 The thermal stability investigations were achieved by the ab-initio molecular dynamic (AIMD) 

simulation. The calculations are carried out on a 4𝑥4𝑥1 supercell which containing 48 atoms and a 4𝑥4𝑥1 k-

points.  AIMD calculation were performed in the NVT ensemble with fixed particle number, volume and 

temperature.  The time step was set to 2 fs (1000 steps) with a total simulation time of 2 ps. The temperature 

was increased to 900 K with 300 K steps. The structure snapshots are taken at the end of the each simula t ion 

in every temperature steps; 300 K, 600K, and 900 K. The simulation has been finished at 6 ps for all different 

temperature.  The evolution of free energy for 2H-MXene during the simulation time is shown in Figure 3. As 



 

 

International Natural Science, Engineering and Materials Technology Conference 

Sep 9-10, 2019, İstanbul / TURKEY 

468 
 

an example, 2H-phase Cr2C shows thermal dynamic stability till 900 K. Our results show that they are 

promising monolayer MXenes with a good thermal stability. 

 

Figure 3. Snapshots of for AIMD simulation of geometrical structure for the 2H-Cr2C at the temperature of (a) 300 K, (b) 600 K 

and (c) 900 K during the timescale of 2 ps.  

4. CONCLUSION  

By employed density functional theory calculations with ab-initio molecular dynamic simulation, a 

pristine two-dimensional MXenes are theoretically predicted with 2H symmetry. The electronic band structure 

results showed that they have metallic feature, while AIMD calculations suggest that 2H-MXenes possess 

good thermal stability. We expect that this theoretical study will stimulate further experimental research on 

this material in the future.  
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Abstract  

 

Graphene-like two-dimensional materials have garnered tremendous interest as emerging device materials in 

the field of material science and engineering due to their remarkable properties. Based on recent experimenta l 

and theoretical findings of transition metal carbides/nitrides (also known as MXene), we have performed the 

structural, electronic, magnetic, vibrational properties of alloy forms of MXenes by using first-princ ip le 

calculations. Performance in device applications that used MXenes is directly related to electronic and 

magnetic properties. To further improve performance, there is a need to increase MXenes’ electronic 

conductivity. For the motivation, we also investigated the effect of double M-elements on Mo2C based MXene 

in 1T- and 2H- phase to understand their role in manipulating its electronic, magnetic and vibrationa l 

properties. Moreover, ab-initio molecular dynamic simulations (AIMD) are also performed to check the 

thermal stability of these MXenes. Our results highlight a new promising material with tunable magnetic and 

electronic properties toward nanoscale spintronics and electronics applications. 

 

Keywords: DFT, First-principle calculations, Double-M ordered MXenes, Structural properties, Electronic 

properties, Dynamical properties. 
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1. INTRODUCTION 

 Since the successful discovery of graphene [1] from its bulk counterpart, two-dimensional (2D) 

materials have received immerse interest in material science and device technology due to their unique 

electronic, optical, mechanical and thermal properties. These unique properties are the result of quantum 

confinement effect in 2D materials and they are strongly dependent on the layer thickness and composition. 

The hottest subject in the field of 2D material is the tunable engineering [2]. Many effort such as defects, 

dopants or external electric field have been put forward to design of 2D-material based devices [3,4].  

Very recently, a new member of 2D early transition metal carbides and/or nitrides just entered the 

research area [5]. M. Naguib have reported that they obtained compose of a few Ti3C2 layers and canonical 

scrolls produced by exfoliation of Ti3AlC2 in hydrofluoric acid at the room temperature. These new 2D 

materials occur when Al atoms are extracted from Ti3AlC2, which was proposed to be called ''MXene'' to 

emphasize its graphene-like morphology. Their general formula consist of Mn+1AXn (n=1,2,3), M, A and X 

represent early transition metal, A-group elements and C and/or N, respectively. They were produced by 

selectively etching "A" layers out of the MAX bulk. After their exfoliation from the MAX phase, MXenes are 

fully surface terminated by functionalized groups. Various MXenes were already prepared experimenta lly 

from parent MAX phase materials. The MXenes possess great attention due to their potential applications in 

sensors, catalysis, energy storage and nanoelectronics.  

 2D layered Mo2C as a new member of MXenes was formed from Mo2Ga2C thin films, it can be 

produced by selectively etching the Ga layer. Among the three candidate structures (alpha, 1T, 2H), the most 

stable form is found to be 2H.  Monolayer Mo2C is found non-magnetic and appears strong metallicity [6]. 

This two properties are different from the other MXenes and we have motivated to investigated Mo2C-based 

double-M elements MXenes in the 1T- and 2H-phase . 

 The other interesting MXenes should be cite here: Cr2C MXene exhibits half-metallic ferromagnetic 

behaviour with a large half-metallic gap of 2.85 eV stem from itinerant Cr d electrons which are 100% spin-

polarized around the Fermi surface. It introduces a promising material in the Mxenes family, with tunable 

magnetic and electronic properties by Si et al. [7] V2C and Ti2C is also considered non-magnetic MXenes 

because of  very small magnetic moment around 0.14 µB  and 0.15 µB, respectively [8,9]. Given that there is 

no experimental evidence of magnetic properties for these system as confirmed by the ab-initio simulations.  
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2. MATERIAL AND METHODS  

 The density functional theory (DFT) calculations were performed using the Vienna ab initio Simulat ion 

Package (VASP) by using the plane-wave basis projector augmented wave (PAW) method [10]. For exchange-

correlation potential, the generalized gradient approximation (GGA) in Perdew-Burke-Ernzerhof (PBE) for 

was employed in all the calculations [11]. The vdW correction to GGA functional was included by using DFT-

D2 method of Grimme [12]. The cutoff kinetic energy for plane waves was set to 600 eV. The total energy 

was minimized until the energy variation in successive steps became less than 10-5 eV in the geometrica l 

optimization. The converge criterion was taken to be 10-5 eV/A for Hellmann-Feynman forces. A Gamma k-

point mesh of 16𝑥16𝑥1 was used to sample the Brillouin zone for geometry optimization. To hinder 

interactions between the adjacent cells, vacuum spacing was set to 20 A along the z-direction. Gaussian 

smearing factor was used and pressures on the unit cell were decreased to a value of less than 1.0 kBar in all 

three directions. Geometrical and electronic relaxations of the structures were performed by considering a unit 

cell which contain two transition metal atoms (Cr, Ti, V, Nb) and one carbon (C) atom.  

3. RESULTS AND DISCUSSION 

 

  We firstly discuss the stucture properties of systematically 1T- and 2H- phase Mo2C-based double-M 

elements MXenes. Monolayer M2X is composed of triple layers, in which the X layer is sandwiched between 

two M layers in Fig 1(a) and (b) shows the top and side views of the possible configurations of monolayer 

M2C. Both 1T- and 2H- MXenes are with hexagonal lattices.  The optimized structural properties are given in 

Table 1. 

Figure 1. Top and side views of 1T- (a) and 2H- (b) phase structure of Mo2C-based double-M elements MXenes.Purple and 

brown ball represents Mo, and C atoms. Red balls shows double M element (Cr,Nb,Ti, and V) 
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Table 2. The strcutural parameters, total energy (eV) for both 1T- and 2H- structures of Mo2C-based double M-elements. GS 

represents ground state corresponding to the most stable structure. 

 
 𝒂 (Å) 𝒅 (Å) Etot (eV) µB 

 

Mo2C 
1T 

2.89 2.57 -29.39 0.00 - 

2H 
2.84 2.70 -29.68  GS 

MoCrC 
1T 

2.95 2.16 -27.95 1.50 - 

2H 
2.75 2.58 -28.02 0.15 GS 

MoVC 1T 
2.99 2.14 -28.20 0.00 GS 

 2H 
2.79 2.63 -27.86 0.73 - 

MoTiC 1T 
3.03 2.28 -27.62 0.63 GS 

 2H 
2.87 2.70 -26.98 1.15 - 

MoNbC 1T 
3.12 2.24 -29.59 0.00 GS 

 2H 
2.87 2.78 -29.30 0.00  

 

 We have systematically investigated double M elements in both 1T- and 2H- MXenes. While pristine 

Mo2C ha shown ground state in 2H- phase, MoNbC, MoTiC and MoVC have 1T-phase ground state. MoCrC 

has kept its ground state configuration in 2H-phase. Our results show that these MXenes show metallic 

character. The band structure of Mo2C-based double-M elements MXenes are given in Figure 2.  

 The dynamical stability of each 1T and 2H- phase of Mo2C-based double-M elements MXenes are 

examined by calculating the corresponding phonon band structure through the whole BZ in Figure 3. It is 

clearly show that, these MXenes are dynamically stable with no significant imaginary frequenc ies.  

Additionally, thermal stability of Mo2C-based double-M elements MXenes are further examined by the ab-

inito molecular dynamic (AIMD) simulation. The calculations are carried out on 4x4x1 supercell. They kept 

their original structure at given temperature.  

4. CONCLUSION  

 By employing DFT calculations including AIMD, pristine Mo2C and Mo2C-based double-M elements 

MXenes are theoretically predicted with 1T- and 2H- symmetries.  The electronic structure results showed 

that metallic feature. AIMD calculations suggest that they posses good thermal stability. 
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Figure 2. Band structure of Mo2C-based double-M elements MXenes. The Fermi level is at zero. 
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Figure 3. Phonon dispersion of 1T- phase of Mo2C-based double-M elements MXenes and the snapshots of for AIMD simulation 

of geometrical structure at the temperature of 300 K, 600 K, and 900 K.  
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Abstract  

 

Today, the rapid development of communication and information technologies has a positive effect on 

transportation systems. Intelligent Transportation Systems, ITS, utilize this to shorten travel times and increase 

traffic safety. Intelligent Transportation Systems facilitate more rapid thinking and decision-making than 

individuals. By using ITS, The International Road Federation (IRF) aims at achieving increased driving safety 

and sustainable road transport by means of automatic data collection, transfer, processing and analyses which 

are necessary elements for conscious decision making. Radio over Fiber (RoF) technology is an integrat ion 

of microwave communications and optical networks. It has been emerged as a potential tool for rising capacity 

and mobility as well as reducing costs of the broadband access network. RoF technology is based on 

transmitting information over optical fibers by modulating light with radio frequency signal (RF) to take 

advantage of the low loss characteristic of an optical fiber. Therefore, in this study, RoF structures which are 

beginning to be used in intelligent transportation systems to gain great advantages are introduced and their 

superiority is emphasized. 

 

Keywords: Communication Technologies, Optical Communications, Radio over Fiber, Intelligent Transportation 

Systems, Optical Fiber, Modulation. 

 

 

 

 

mailto:tuce_ackgz@hotmail.com
mailto:unverdi@yildiz.edu.tr


 

 

International Natural Science, Engineering and Materials Technology Conference 

Sep 9-10, 2019, İstanbul / TURKEY 

478 
 

1. INTRODUCTION 

The objectives of Intelligent Transportation Systems, ITS, include obtaining standardized data 

transmission in multidimensional data exchange among humans and vehicle- infrastructure-center, controlling 

the traffic flow according to the capacities of rail roads, thereby  improving traffic safety, enhancing mobility 

and reducing harmful environmental effects by means of energy efficient systems.  

Fiber optical communication systems are important in monitoring and controlling rail systems by 

facilitating accurate and rapid transmission of data. Recently introduced Radio over Fiber (RoF) technology 

is based on analog optical communications that transmit modulated RF signals from a central location to 

remote antenna units by means of optical fiber connections. Due to the low loss of optical fiber and ultra-wide 

bandwidth of intelligent transportation systems, RoF systems with high data rates have begun to be preferred 

for wireless broadband communications [1, 2]. Radio over Fiber technology, which is based on hybrid systems 

combining fiber and radio technologies, is used to enlarge the coverage of the wireless millimeter-wavelength 

signals. RoF is an analog transmission system in which the radio signals are only transposed onto an optical 

carrier by modulating the light intensity of an optical source, without changing the modulation format. This 

technology conveys the information over long distances with a low cost and high performance provided by 

the optical fiber. The structure of the RoF system is shown in Fig. 1. 

 

Fig 1. Fundamental structure of basic RoF system [3] 
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2. MATERIAL AND METHODS  

In this study, a fiber optical system is analyzed by means of OptiSystem 7.0 tool for different 

modulation techniques and the most suitable modulation method is determined. As shown Fig. 2, two random 

bit sequence generators are implemented to modulate two different data signals. This data is used to modulate 

two different electrical carrier frequencies. After passing through the optical band pass filter, the signals are 

combined by means of an electrical power combiner, and then the combined signal modulates an optical carrier 

by means of a Mach-Zehnder modulator. These optical signals are then fed to a Bessel optical filter. Thereafter 

filtered signals are fed to a photodetector which converts optical signals directly to base-band signals. Finally 

the initially transmitted data is recovered by filtering high frequency components by low pass filters.  

 

3. RESULTS AND DISCUSSION 

In this study, Q-factor (quality factor) and BER (Bit Error Rate) parameter of the systems with DPSK 

(Differential Phase Shift Keying), CPSK (Continuous Phase Shift Keying), PAM (Pulse Amplitude 

Modulation), FSK (Frequency Shift Keying) and QAM (Quadrature Amplitude Modulation) modulat ion 

techniques are calculated and the results are compared. As a result of this study, it is found that performance 

of RoF systems is enhanced by implementing DPSK modulation technique because of its higher quality factor 

and low Bit Error Rate. The results reveal that the proposed system has great potential for future broadband 

multimedia applications in intelligent transportation systems. 

 

 

 

Fig 2. DPSK based RoF system design  
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The simulation results for different modulation schemes, namely FSK, CPFSK, PAM, QAM, PSK and 

DPSK, are shown as eye diagrams, which give performance matrices in terms of the quality factor and Bit 

Error Rate analyses results of the systems, in Fig. 3 to Fig. 8. 

i. Bit Error Rate 

Bit error rate is the number of received bits of a data stream over a communication channel that have been 

altered due to noise, interference, distortion or bit synchronization errors [1]. 

ii. Quality Factor 

Q-factor is a parameter which shows the quality of an optical communication system directly. It shows how 

beneficial, i.e low loss, the system is. The higher the value of Q is, the better the quality of the system [4].  

 iii. Eye Diagram 

Q-factor symbolizes the quality of the SNR in the “eye” of a digital signal – the “eye” being the human eye 

shaped pattern on an oscilloscope which shows the performance of a transmission system. The best place for 

assigning whether a given bit is a “1” or a “0” is the sampling phase with the biggest “eye opening.” The larger 

the eye is, the greater the gap between the mean values of the signal levels for a “1” and a “0”. The bigger the 

gap is, the higher the Q-factor and the better the BER performance. An open eye pattern indicates minimal 
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signal defect. Deterioration of the signal waveform due to inter-symbol interference and noise is manifested 

by decreased enclosure of the eye pattern [5]. 

iv. Eye Height and Threshold 

In a digital optical telecommunications receiver, the contingent signals are sampled in the centre of the bit 

period and the sampled level is contrasted to a threshold to appoint the existence of a one or zero. With 

threshold identification of this nature errors arise when noise in the system pulls a one signal level below 

threshold at the sampling point and pushes a zero above threshold [6]. Simulation results of modulat ion 

schemes of the proposed RoF system are shown in Table 1. 

 
Table 1. Simulation results of Modulation Schemes of the Proposed RoF system 

 

 

4. CONCLUSION 

In this study, Q-factor and BER parameter of the systems with PSK, DPSK, FSK, CPFSK, PAM and 

QAM modulation techniques are calculated and  the results are compared. It is found that performance of a 

RoF system is enhanced by implementing DPSK modulation technique because of its higher quality factor 

and  low  Bit Error Rate. The results reveal that the proposed system has great potential for future broadband 

multimedia applications in intelligent transportation systems. 
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Abstract  

 

The electronic structure of materials is significantly tunable as a function of many factors such as 

temperature, an atom substitution or using different theoretical and experimental methods, etc. Thus, the 

changes in the bandgap and photophysical properties of carbazole organic molecule  have been investigated  

using the self-consistent charge density functional based tight-binding (SCC-DFTB) which is based on the 

density-functional theory (DFT). Firstly, some benchmarks were carried out on carbazole by Slate-Koster 

parameters including DFTB3 and long-range corrected (LC) parameters. Later, the electronic and optical 

properties of carbazole by substitution of Oxygen (O) atom was performed. HOMO, LUMO and bandgap 

energies, dipole moments, and Fermi levels were investigated. Absorption spectral analysis has also been 

obtained by time-dependent (TD)-DFTB calculations-based on the Casida's approach. The obtained results 

were compared to experimental and DFT data. The HOMO energy level of carbazole from SCC-DFTB and 

DFT calculations was found -5.49 and -5.68 eV, respectively, which are compatible with experimental HOMO 

(-5.40 eV) energy level. The band energy is  4.13 eV wide i.e. smaller 0.52 eV from DFT result (4.65 eV). 

The gap energy of carbazole decreases from 4.13 eV to 4.02 eV when it comes to O-doped carbazole which 

is about 0.11 eV smaller than that of carbazole. SCC-LC-DFTB results also compared with DFT, SCC-DFTB 

and experimental data. The calculated maximum absorbance peak is 239 nm which is close to experimenta l 

value (291 nm). 

 

Keywords: Carbazole, Bandgap, Electron transport, LC-DFTB, DFT 
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1. INTRODUCTION 

Recently, organic semiconductors (OSs) are finding use in many applications, especially, electronic and 

photonic applications [1, 2]. Among them, the chemistry and biology of Carbazole have attracted increasing 

interest over the last 50 years because it possesses desirable electronic and charge transport properties, as well 

as a large π-conjugated system. This enables various functional groups to be easily introduced into the 

structurally rigid carbazolyl ring. These characteristics result in the extensive potential application of 

Carbazole in the field of chemistry (photoelectrical material, dyes, supramolecular recognition) and medicina l 

chemistry (antitumor, anti-inflammatory, antimicrobial, psychotropic, anti-oxidative) [3-6]. These Carbazole-

based compounds are also considered to be potential candidates for electronic applications, such as color 

displays, organic semiconductors, lasers, and solar cells, as they demonstrate electroactivity and luminescence 

[7,8]. 

The electronic structure of materials is significantly tunable as a function of temperature and an atom 

substitution [9, 10]. In these regards, in this study, the changes in the bandgap and photophysical properties 

of carbazole have been investigated using the self-consistent charge density-functional based tight-bind ing 

(SCC-DFTB) which is based on the density functional theory (DFT). Firstly, some benchmarks were carried 

out on carbazole organic compound using Slate-Koster parameters including DFTB3 and long-range corrected 

(LC) parameters. Later, the electronic and optical properties of carbazole by substitution of Oxygen (O) atom 

was performed. HOMO, LUMO and bandgap energies, dipole moments, and Fermi levels were investigated. 

Absorption spectral analysis has also been obtained by time-dependent (TD)-DFTB calculations.  

 

2. MATERIAL AND METHODS  

The electronic structure and optical properties of undoped and O-doped carbazoles organic molecule 

have been examined using DFTB implemented in DFTB+ code [11] with the matsci/matsci-0-3 [12] and ob2-

1-1/base [13] sets of Slater Koster parameters. Firstly, some benchmarks were carried out on carbazole organic 

compound using Slate-Koster parameters including DFTB3 and long-range corrected (LC) parameters. Later, 

the electronic and optical properties of carbazole by substitution of Oxygen (O) atom was performed. HOMO, 

LUMO and bandgap energies, dipole moments, and Fermi levels were investigated. Absorption spectra have 

also been obtained by TD-DFTB calculations-based on Casida's approach [14]. 
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3. RESULTS AND DISCUSSION 

The picture of the optimized geometry of the carbazole organic molecule is indicated in Fig. 1.  
 

 

Figure 1. The optimized geometry of carbazole organic molecule. (Blue is Nitrogen, purple is Hydrogen and brown is Carbon). 

 

 

 

To get detailed information on electronic states in carbazole organic semiconductor, firstly, the results of the 

electronic total and partial DOS of carbazole based on the LC-DFTB and DFTB methods as seen in Fig. 2. 

The most contribution of the density of localized states comes from p orbital of C atoms for both methods, but 

they are greater for the LC-DFTB method. These fluctuations progressively increase from LC-DFTB to DFTB 

method also there is a considerable shift in energy values. The density of localized states has a sharply 

increasing tendency to occur in the region of between -10 and -8 eV. The DOS analysis also indicates that 

carbazole has the energy gap, so, all the nanoparticles show semiconductor character. There is an increase in 

HOMO and LUMO energy levels form DFTB to LC-DFTB method. 

The obtained results were also compared to experimental and DFT data. The HOMO energy level of carbazole 

from SCC-DFTB and DFT calculations was found -5.49 and -5.68 eV, respectively, which are compatible 

with experimental HOMO (-5.40 eV) energy level [15]. The band energy is  4.13 eV wide i.e. smaller 0.52 

eV from DFT result (4.65 eV). The SCC-LC-DFTB calculations show that the HOMO and LUMO levels are 

-5.14 eV and -0.83 eV, respectively, which are more convenient with experimental data. 

 



 

 

International Natural Science, Engineering and Materials Technology Conference 

Sep 9-10, 2019, İstanbul / TURKEY 

487 
 

 

 

Figure 2. The total and partial density of states (DOS) of carbazole based on (a) LC-DFTB and (b) DFTB methods. 
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On the other hand, the energetic properties of O-doped carbazole have been investigated. The HOMO, 

LUMO, Fermi energy levels and HOMO-LUMO gap were tabulated in Table 1. The gap energy of carbazole 

decreases from 4.13 eV to 4.02 eV when it comes to O-doped carbazole which is about 0.11 eV smaller than 

that of carbazole. It is interesting to note that it was predicted that there is the p- to n-type transition with a 

single atom substitution due to the  Fermi energy level close to the conduction band rather than the valance 

band.  

 
Table 1. The electronic structure data undoped and O-doped carbazole based on different methods. 

 

 HOMO LUMO Energy gap Fermi energy 

SCC-DFTB -5.878 -2.444 3.434 -4.161 

SCC-LC-DFTB -5.140 -0.836 4.304 -2.988 

DFT - 5.686 -1.034 4.652 - 

Experiment [15] -4.797 -3.130 1.667 - 

O-doped  -5.216 -1.187 4.029 -1.186 

 

 

The dipole moment (DM) results from differences in electronegativity. The bigger DM means stronger 

intermolecular interaction. The component of DM along the y-axis (4.39 Debye) gives rise to the largest 

positive charge separation in the y-direction obtained from SCC-DFTB. DM decreases along x- and y-

directions when using the SCC-LC-DFTB method; it increases along the z direction. When it comes to total 

DM, DFT calculations show that it is 1.66 Debye i.e. smaller 2.73 Debye than SCC-DFTB and 1.59 Debye 

than SCC-LC-DFTB calculations. These values are comparable with the bandgap energy because the lowest 

gap energy of carbazole obtained from SCC-DFTB means that electrons easily transfer from HOMO to 

LUMO. In this regard, there is a highly relevant correlation between DM and the energy gap of carbazole. 

Thus, it can be concluded that the large DM has a small energy gap. 

Absorbance spectra of carbazole in terms of different DFTB methods were depicted in Fig. 3. The carbazole 

exhibits the maximum peaks 6.10 eV (209 nm) and 5.18 eV (239 nm) from the LC-DFTB and DFTB 

calculations, respectively, which correspond to the near ultraviolet (UV) region, which is well-matched with 

experimental data 4.26 eV (291 nm) [16].  
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Figure 3. Absorbance spectra of carbazole based on the SCC-DFTB and LC-DFTB methods. 

 

 

4. CONCLUSION  

The electronic and photophysical properties of carbazole organic semiconductor-based on a single atom 

substitution and DFT, SCC-DFTB, and SCC-LC-DFTB methods. The HOMO energy level of carbazole from 

SCC-DFTB and DFT calculations was found -5.49 and -5.68 eV, respectively, which are compatible with 

experimental HOMO (-5.40 eV) energy level. The band energy is  4.13 eV wide i.e. smaller 0.52 eV from 

DFT result (4.65 eV). The gap energy of carbazole decreases from 4.13 eV to 4.02 eV when it comes to O-

doped carbazole which is about 0.11 eV smaller than that of carbazole. SCC-LC-DFTB results also compared 

with DFT, SCC-DFTB and experimental data. The component of DM along the y-axis (4.39 Debye) gives rise 

to the largest positive charge separation in the y-direction obtained from SCC-DFTB. The calculated 

maximum absorbance peak is 239 nm obtained from the SCC-DFTB method which is close to experimenta l 

value (291 nm). 
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Abstract  

 

The electronic and optoelectronic properties of materials are considerably tunable as a function of an 

atom substitution. Herein, the changes in the bandgap and photophysical properties of F8T2 have been 

investigated using the self-consistent charge density-functional based tight-binding (SCC-DFTB) which is 

based on the density functional theory (DFT). Later, the electronic and optical properties of F8T2 by 

substitution of Carbon (C) single atom were performed. The HOMO, LUMO and bandgap energies, dipole 

moments, refractive index and Fermi levels were investigated. Absorption spectral analysis has also been 

obtained by time-dependent (TD)-DFTB calculations-based on the Casida's approach. Our results show that 

the HOMO and LUMO energy levels of F8T2 were found -5.045 and -2.729 eV, respectively, which are 

compatible with experimental HOMO (-5.44 eV) and LUMO (-2.95 eV) energy levels. The band energy (2.32 

eV) is also consistent with experimental findings (2.49 eV). The gap energy for F8T2 decreased from 2.32 eV 

to 0.13 eV which is about 2.19 eV shorter than that of F8T2. The calculated maximum absorbance peak of 

F8T2 is 437 (2.83 eV) nm which is shorter 266 nm (4.66 eV) than that of C-doped F8T2 (703 nm; 1.76 eV). 

 

Keywords: F8T2, Bandgap, Electron transport, DFTB. 
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1. INTRODUCTION 

Recently, organic semiconductors have been of important attention in many applications, especially, 

electronic and photonic applications [1, 2]. Among them, poly[(9,9-dioctylfluorenyl-2,7-diyl)-co-bithiophene] 

(F8T2), especially, is a promising class in organic field effect phototransistors as the active material due to its 

high ionization potential (5.5 eV). Besides, the transistors show highly stable and reproducible performance 

under heat treatment [3, 4].  

The electronic structure of materials is significantly tunable as a function of an atom substitution or 

temperature [5, 6]. Thus, in this study, the changes in the bandgap and photophysical properties of undoped 

and C-doped F8T2 organic molecule have been carried out by the self-consistent charge density-functiona l 

based tight-binding (SCC-DFTB) which is based on the density functional theory (DFT) [7, 8]. First of all, 

the electronic and optical properties of F8T2 by substitution of O-doped F8T2 were performed. HOMO, 

LUMO and bandgap energies, dipole moments, and Fermi levels were investigated. Absorption spectral 

analysis has also been performed using time-dependent (TD)-DFTB.  

 

2. MATERIAL AND METHODS  

The electronic structure and optical properties of undoped and Carbon (C)-doped F8T2 organic molecule 

have been examined using DFTB implemented in DFTB+ code [11] with the 3ob/3ob-3-1 [9, 10] set of Slater 

Koster parameters. Firstly, some benchmarks were carried out on F8T2 organic compound using Slate-Koster 

parameters including DFTB3 parameters. Later, the electronic and optical properties of F8T2 by substitut ion 

of C atom was performed. HOMO, LUMO and bandgap energies, dipole moments, and Fermi levels were 

investigated. Absorption spectra have also been obtained by TD-DFTB calculations-based on Casida's 

approach [11]. The detailed descriptions of theoretical aspects and performance of the DFTB approach, as 

well as advances in theoretical development and application have been studied in Refs [12-15]. 

 

3. RESULTS AND DISCUSSION 

 

The picture of the optimized geometry of the F8T2 organic molecule is indicated in Fig. 1. The F8T2 molecule 

is composed of two symmetric chains as shown in Fig. 1. 
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Figure 1. Different views of the optimized geometry of F8T2 organic molecule. (Yellow is Sulfur, purple is Hydrogen 

and brown is Carbon). 
 
 

To predict the electronic states in F8T2 organic semiconductor, firstly, the results of the electronic total DOS 

of undoped and C-doped F8T2 as seen in Fig. 2. The contribution of the density of localized states of undoped 

F8T2 is greater than that of C-doped F8T2. These fluctuations progressively increase from 0 eV to -15 eV and 

also there is a considerable shift in energy values. The density of localized states has a sharply increasing 

tendency to occur in the region of between -9 and -6 eV. The DOS analysis also indicates that F8T2 has the 

energy gap, so, all the nanoparticles show semiconductor character. There is an increase in HOMO energy 

levels, but a decrease in LUMO level.  

The obtained results were also compared to experimental and DFT data.  The results show that the 

HOMO and LUMO energy levels of F8T2 were found -5.045 and -2.729 eV, respectively, which are 

compatible with experimental HOMO (-5.44 eV) and LUMO (-2.95 eV) energy levels [16]. The band energy 

(2.32 eV) is also consistent with experimental findings (2.49 eV). The gap energy for F8T2 decreased from 

2.32 eV to 0.13 eV for C-doped F8T2 which is about 2.19 eV shorter than that of F8T2. The obtained energy 

values were indicated in Table 1.  
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Figure 2. The total density of states (DOS) of undoped and C-doped F8T2 organic molecule.  

 

 
Table 1. The electronic structure data undoped and C-doped F8T2. 

 

 HOMO LUMO Energy gap Fermi energy 

F8T2 -5.045 -2.729 2.316 -3.887 

Experiment [16] -5.440 -2.950 2.490 - 

C-doped F8T2 - 5.032 -4.895 0.137 -4.963 

 

 

The dipole moment (DM) results from differences in electronegativity. The bigger DM means stronger 

intermolecular interaction. The component of DM along the z-axis (-0.48 Debye) gives rise to the largest 

negative charge separation in the z-direction. DM increases along x- and y-directions when it comes to a carbon 

substitution on the F8T2; it decreases along the z direction. It is found 1.43 and 1.87 Debye along with x and 

y-directions, respectively. These values are comparable with the bandgap energy because the lowest gap 

energy of F8T2 obtained from SCC-DFTB means that electrons easily transfer from HOMO to LUMO. Also, 
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there is a highly relevant correlation between DM and the energy gap of F8T2. Thus, it can be concluded that 

the large DM has a small energy gap. 

Absorbance spectra of undoped and C-doped F8T2 organic molecule were depicted in Fig. 3. The calculated 

maximum absorbance peak of F8T2 is 437 (2.83 eV) nm which is shorter than that of C-doped F8T2 (510 nm; 

2.43 eV) [16].  

 

 

Figure 3. Absorbance spectra of undoped and doped F8T2 molecule. 

 

4. CONCLUSION  

The electronic and photophysical properties of F8T2 organic semiconductor-based on a single atom 

substitution. Our results show that optoelectronic properties, optoelectronic parameters can be controlled with 

a single atom substitution. C-doped on F8T2 significantly improve the photophysical properties of F8T2. The 

gap energy for F8T2 decreased from 2.32 eV to 0.13 K. The results obtained from DFTB calculations are 

good agreement with experimental data. 
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Abstract  

 

We performed the electronic and structural properties of CuO nanoparticles (NPs) using the density functiona l 

tight-binding (DFTB) method. An increase in the size of the CuO NPs, the number of bonds, segregation 

phenomena and radial distribution function (RDF) of two-body interactions such as Cu-Cu, Cu-O and O-O 

were investigated using new algorithms. The results reveal that the number of Cu-Cu bonds is larger than that 

of Cu-O and O-O bonds; thus, it appears that Cu atoms have a greater preference for Cu or O atoms. The RDFs 

of Cu and O atoms decrease based on the increase in the size. The segregation of Cu and O atoms show that 

O atoms tend to co-locate at the center, while Cu atoms tend to reside on the surface in general. CuO NPs 

shows a semiconductor character that is compatible with experimental data. The HOMO-LUMO energy gap 

decrease with an increase in size. We can conclude that the stabilization of CuO NPs decreases with increasing 

NP size because of a decrease in the energy gap. 

 

 

Keywords: CuO, Nanoparticles, Electronic structure, Segregation phenomena. 
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1. INTRODUCTION 

Nanoparticles (NPs) have attracted very wide interests in many applications including energy, electronics, 

biomedical and optical fields due to their excellent size and shape dependence properties comparing with their 

bulk materials. Taking into consideration the various types of NPs such as metal, semiconductor, and insula tor, 

semiconductor NPs have been widely investigated because the materials have been found useful in important 

applications [1-3].  

Metal oxide NPs have a very important place in material science. Among them, for instance, cupric oxide 

(CuO) NPs have been the hot topic because of their monoclinic structure, narrow bandgap with p-type and 

semiconducting properties [4, 5]. They are prominent due to their diverse applications such as photodetector 

[6], energetic materials [7], supercapacitors [8]. The factors including size, shape and composition of NPs 

affects the interaction between the NPs and living cells [9].  

In this study, a density functional based tight-binding (DFTB) which is based on the density functiona l 

theory (DFT) have been performed to study the size-dependent electronic structure properties such as HOMO, 

LUMO and bandgap energies, total energies, dipole moments and Fermi levels. The results were compared 

with experimental results and discussed in detail. Besides, we have performed the structural analysis using R 

which is an open-source programming language. To make the program more accessible, we have designed 

and implemented R programs to simplify structural analysis [10]. These include functions to analyze the 

number of bonds, segregation phenomena, and RDF of the CuO NPs based on the size. We also have made 

the code open source freely available online (https://github.com/hasankurban/Structural-Analys is-

NanoParticles). Moreover, these programs include high-resolution visualizations to plot data. 

 

2. MATERIAL AND METHODS  

The structural and electronic structure analysis of CuO NPs molecule have been examined using DFTB 

implemented in DFTB+ code [11] with the matsci/matsci-0-3 [12] set of Slater Koster parameters. Firstly, 

some benchmarks were carried out on CuO NPs using Slate-Koster parameters including DFTB3 parameters. 

Later, the electronic and optical properties such as HOMO, LUMO and bandgap energies, dipole moments, 

and Fermi levels were investigated. We do not explain the procedure of DFTB calculations in detail because 

there currently exist several studies available with detailed descriptions of theoretical aspects and performance 

of the DFTB approach, as well as advances in theoretical development and application [13-16]. 

 

 

https://github.com/hasankurban/Structural-Analysis-NanoParticles
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3. RESULTS AND DISCUSSION 

 

The initial picture of the CuO NPs according to the size is indicated in Fig. 1. The CuO NPs were characterized 

by 30×30×30 supercells of the monoclinic structure (space group C2/c,#15). The constant volume has been 

performed to construct the NP models.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Some initial structures of CuO NPs for 0.4, 0.6 and 1.0 nm from left to right, respectively. (Blue is Copper, red is 

Oxygen). 

 

 

 

The number of the nearest neighbor contacts (𝑛𝑖𝑗), that is the number of bonds, is generally adopted 

to distinguish the degree of packing, which is an important property of NP. The number 𝑛𝑖𝑗  [17] for the NP is 

given by 

𝑛𝑖𝑗 = ∑ 𝛿𝑖𝑗                                                                   (1)
𝑖<𝑗

 

where 𝛿𝑖𝑗 = {
1, 𝑟𝑖𝑗 ≤ 1.2𝑟𝑖𝑗

(0)

0, 𝑟𝑖𝑗 > 1.2𝑟𝑖𝑗
(0)

  𝑖, 𝑗 = Cu or O, 𝑟𝑖𝑗 is the distance between atom 𝑖 and 𝑗 and 𝑟𝑖𝑗
(0)

 is a nearest  

neighbor criterion derived by fitting the experimental data [18, 19]. Fig. 2 indicates the numbers of bonds in 

the CuO NPs. From the Fig. 2, the number of Cu-Cu, Cu-O and O-O bonds increase gradually in terms of an 

increase in the size in the CuO NP. Moreover, the number of Cu-Cu bonds is relatively smaller than total 

bonds, while O-O bonds are the smallest. Thus, Cu atoms tend to form more bonds with Cu and O atoms: that 

Cu2 tends to scatter on the surface can likewise be inferred. Moreover, the number of Cu-Cu bonds is larger 

https://www.sciencedirect.com/science/article/pii/S0925838816318412#fig7
https://www.sciencedirect.com/science/article/pii/S0925838816318412#fig7
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than that of Cu-O and O-O bonds; thus, it appears that Cu atoms have a more preference to O atoms rather 

than Cu atoms with the increase of CuO NP size. 

 

Figure 2. Variation of number of bonds of binary Cu-Cu, Cu-O and O-O interactions based on the content of N atoms in the CuO 

NPs. 

 

The order parameter (𝑅𝑇𝑖
) is calculated to determine the stable structure in the NPs by analyzing the 

distribution of the different types of atoms  [20]. 𝑅𝑇𝑖
 is identified by the average distance of a type 𝑇𝑖 atoms 

in accordance with the center of a nanoparticle, 

 

𝑅𝑇𝑖
=

1

𝑛𝑇𝑖

∑𝑟𝑖

𝑛𝑇𝑖

𝑖=1

                                                                       (2) 

 

where 𝑛𝑇𝑖
  is the number 𝑇𝑖 type atoms in the ternary 𝐴𝐵𝐶 NPs, and 𝑟𝑖 is the distance of the atoms to the 

coordinate center of the nanoparticle. If an 𝜖 distance from center of nanoparticle to a reference point is defined 

to show the location of atoms; if 𝑅𝑇𝑖
<  𝜖𝑚𝑖𝑛  (a “small” value) , it means that the  𝑇𝑖 type atoms are at the 

center, and if 𝑅𝑇𝑖  
> 𝜖𝑚𝑎𝑥   (a “large” value), it means that the 𝑇𝑖 type atoms are at the surface region of 
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nanoparticle.  If neither is true, i.e., if  𝜖𝑚𝑖𝑛  ≤ 𝑅𝑇𝑖
≤ 𝜖𝑚𝑎𝑥  (a “medium” value), it means a well-mixed 

nanoparticle. 

   

The variations of 𝑅 of Cu and O atoms depend on the size of CuO NP were shown in Fig. 3. The segregation 

of atoms in the CuO NPs is carried out by the 𝑅 which indicates that Cu atoms tend to locate at the center, 

while O atoms tend to occupy the surface as a general trend. The segregation of O atoms to the surface is due 

to its lower cohesive energy. The 𝑅 shows different characteristics with the increase in the size of the CuO 

NPs. For example, 𝑅𝐶𝑢 values sharply increase after an increase in the size of CuO NPs with 0.4 nm and 

𝑅𝑂  smoothly decrease.  

 

Figure 3. Variation of the order parameter of Cu and O atoms in the CuO NPs. 
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The Radial Distribution Function (RDF) is a significant parameter that defines the probability of finding a 

particle at a distance r from another tagged particle. The RDF is mathematically defined as 𝑔(𝑟𝑖)
=

𝑛(𝑟𝑖 )
/(|∆| × 𝑉𝑠 × 𝑉𝑑) where 𝑛(𝑟𝑖 )

 is the mean number of atoms in a shell of width 𝑑𝑟 at distance  𝑟𝑖, |∆| 

represents total atom number and 𝑉𝑠  is the volume of the spherical shell and 𝑉𝑑 is the mean atom density. Fig. 

4 shows the RDF Cu-Cu and O-O binary interactions in CuO NPs. The RDFs are calculated for each atomic 

pair of optimized structures. Cu-Cu has a narrower and higher distribution than O-O interactions. When it 

comes to an increase in the size of CuO NPs, the peaks for both pairs decrease with increasing of the size of 

CuO NP. Moreover, the RDF of O-O interactions increases with raising the size of the CuO NP. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Radial distribution function of R4 (left) and R10 (right) CuO NPs. 

 

 

3.2. Electronic structure 

To predict the electronic states of the CuO NP, we analyzed the results of the HOMO, LUMO and Fermi 

energy levels based on the size as seen in Fig.5. Our results indicate that the CuO NPs have the energy gap, 

so it shows semiconductor character.  
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There is a considerable increase in LUMO and Fermi energy with increasing temperature, the HOMO level 

decreases.  The HOMO value for CuO NP with R3 is -4.385 eV,  i.e., about 0.65 eV greater than that of R10. 

R9 has the lowest HOMO value (-3.58 eV) and is less reactive while being more stable than that of the other 

NP models (see Fig. 5). Fermi energy levels are found to be the middle of the valence and conduction band. 

The HOMO-LUMO energy gap of CuO NP is 0.55 eV, which decreases from 0.55 eV to 0.11 eV (see Fig. 6) 

except for R7 which has a bandgap 0.3 eV. It is clear then that an increase in the size of CuO NP contributes 

to the destabilization due to a decrease in the energy gap. Lowering of the bandgaps can be preferred for 

optoelectronic applications or devices, which prefer lower band gaps because the electronic transfer is easier.  

The dipole moment (DM) results from differences in electronegativity. The bigger DM means stronger 

intermolecular interaction. The component of DM along the z-axis (-104.26 Debye) gives rise to the largest 

negative charge separation in the z-direction for R7. All the NP models show different characteristics in terms 

of size. These values are comparable with the bandgap energy because there is a highly relevant correlation 

between DM and the energy gap of the material. Thus, it can be concluded that the large DM has a small 

bandgap. 

  

Figure 5. HOMO, LUMO and Fermi energies of CuO NP in terms of the size. 
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Figure 6. HOMO-LUMO energy gap and total energy CuO NP in terms of the size. 

 

 

Table 1. The electronic structure data of CuO NPs with different size 

Models HOMO LUMO Energy gap Fermi energy 

R3-10 atoms -4.385 -3.832 0.55300 -4.1086 

R4-30 atoms -3.903 -3.439 0.46400 -3.6713 

R5-48 atoms -4.068 -3.663 0.40500 3.8655 

R6-92 atoms -3.867 -3.811 0.05600 -3.8391 

R7-142 atoms -3.920 -3.618 0.30200 -3.7691 

R8-210 atoms -3.839 -3.728 0.11100 -3.7832 

R9-312 atoms -3.585 -3.357 0.22800 -3.4711 

R10-418 atoms -3.733 -3.606 0.12700 -3.6698 
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Figure 7. Dipole moments of CuO NPs in the x-, y- and z- directions. 

 

4. CONCLUSION  

This work examines the structural and electronic properties of a CuO NPs with different sizes, using DFTB 

method. To get insight about structural properties of CuH NPs, we analyzed the number of bonds, segregation 

phenomena, and RDFs of binary interactions in the CuO NPs. Our results show that the number of Cu-Cu 

bonds is larger than that of Cu-O and O-O bonds. The segregation of Cu and O atoms indicates that O atoms 

tend to locate at the center, while Cu atoms tend to occupy the surface as a general trend. The HOMO energy 

level decreases; however, the LUMO level increase, thus the HOMO-LUMO band gap decreases from 0.55 

to 0.05 eV. The decrease in the HOMO levels contributes to the stabilization of the CuO NPs.  The CuO NP 

with 92 atoms is more desirable in energy. The component of DM along the z-axis (-104.26 Debye) gives rise 

to the largest negative charge separation for CuO NP with 312 atoms in the z-direction. 
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Abstract  

A novel approach bacterial biosynthesis of complex nanoparticles is simple, eco-friendly and economic. In 

this research, complex graphene doping cooper and indium metals (GO: Cu: In) reduced together via a special 

type of bacteria in the Luria-Bertani medium under dark conditions for the first time. The synthesized by GO: 

Cu: In nanoparticles in solution dropped on glass and p-Si substrates and then they were dried for the formation 

thin film structure in 300oC temperature. Optical properties of the GO: Cu: In thin film have been investigated 

by UV-Vis. Spectrophotometer method. The indirect band gap of GO:Cu:In thin film obtained as 1.75 eV. 

Structural characterization of the thin film was investigated by X-ray diffraction (XRD) and Field-emiss ion 

scanning electron microscopy (FE-SEM) with energy dispersive techniques (EDS) techniques. GO: Cu: In 

thin film had good nano-crystalline nature. Then rectifying (Au) and ohmic (Al) metal contacts were 

performed on direct GO: Cu: In thin film and p-Si substrate, respectively. Au/ GO: Cu: In /p-Si/Al structure 

was obtained and its electrical properties were investigated by current-voltage (I-V) measurements. Some 

electrical parameters of the Au/ GO: Cu: In /p-Si/Al structure as ideality factor (n), saturation current (Io) and 

potential barrier height (Фb) were calculated. 

Keywords: GO:Cu:In, Complex nanoparticles, Bacterial Synthesis, Thin Films 
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1. INTRODUCTION 

Plants, bacteria, fungi, and algae are used for green synthesis of metallic nanoparticles. Biologica l 

approaches are easy, eco-friendly and low cost. Physical and chemical methods used for nanoparticle synthes is 

are toxic lead to non-environmentally friendly by-products and using expensive high vacuum systems. Also, 

researchers are used many different methods (chemical, physical, and biological) to synthesis nanoparticles 

which are of the required composition, shape, and size because these factors significantly affect the properties 

of the material. It is advantageous over chemical and physical methods as it is safe, simple, eco-friendly, 

cheap, reproducible, and often results in more stable materials [1-2]. A variety of metal nanomateria l 

(magnesium, gold, graphene, selenium, copper, zinc, silver, iron, titanium, cadmium, etc.) is being produced 

for the use of electronic, textile, energy, computer, medical, food, optic and space industries. Bacterial 

synthesis method, some special ones are unique to tolerate high chemical concentration. [1-3]. Among the 

different synthesis methods, using microorganisms for nanoparticle synthesis can be suitably scaled up for 

large-scale synthesis of nanoparticles.  

Copper nanoparticles have various properties such as optical, catalytic, anti-bacterial, anti-fungal and 

anti-cancerous ones [3-4]. GONPs have been proposed to be incorporated into heavy metal detecting sensors 

[5], electrodes [6], and biomedical applications [7]. The excellent tensile and compressive strengths, high 

hardness, and good electrical conductivity have been obtained simultaneously in the RGO-Cu composites [8]. 

Metal elements have been synthesized by using bacteria in the literature. However, the production of 

the compound and complex nanoparticles have already not studied in the literature. Furthermore, it is very 

difficult to fabricate directly high-quality complex GO:Cu:In thin films by using chemical and physical 

methods based on the growth mechanism. In this study, we report firstly eco-friendly approach microbia l 

biosynthesized complex GO:Cu:In nanoparticles and also we sintered these nanoparticles used as metal-

semiconductor interlayer thin films for the first time in the literature. GO:Cu:In/p-Si heterojunction was 

fabricated and current-voltage characteristics  of Au/GO:Cu:In/p-Si/Al were investigated. 

2. MATERIAL AND METHODS  

2.1 Obtaining Complex GO:Cu:In NP by Bacterial Synthesized method 

P. aeruginosa bacteria, first, as mentioned in our previous studies, was cultured [9-10]. The cell 

suspension (100 µl, OD600 1) was taken from inoculums and inoculated into the Luria Bertani Broth medium 

(20 mL) and added 1 mM CuSO4, 1 mM Graphene oxide and 1 M InSO4 into this medium. Complex GO:Cu:In 
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nanoparticles, biosynthesis was conducted at 30 °C for a period of 96 h on rotating shaker (150 rpm) in dark 

condition. Control experiments without CuSO4, Graphene oxide, and InSO4 were performed, simultaneous ly.  

It was observed that the color of the reaction mixtures was changed during the biosynthesizing process.  

Complex GO:Cu:In nanoparticles were cleaned and removed from the bacteria cellular impurities by 

following a procedure modified from Oremland et al. [11-13] in the form of a solution. This process is 

described in detail in our previous studies [9- 10]. After this process, only complex GO:Cu:In nanoparticles 

suspended in solution. The solution of complex GO:Cu:In nanoparticles were directly dropped on the surface 

of the p-Si and glass substrates and then they were dried on a heater plate at 300oC for 60 min. Hence, complex 

GO:Cu:In thin films were synthesized on both glass and p-Si substrates. Thus, GO: Cu:In thin films were 

obtained.  

2.2. Obtaining Complex GO:Cu:In the thin film on glass and p-Si substrates and 

Characterizations   

Size determination of complex GO:Cu:In nanoparticles was performed by using transmission electron 

microscopy  (TEM  Hitachi HighTech HT7700) image. After completing the fabrication of the samples, we 

performed the characterization of the thin film samples. We determined the optical properties, crystal 

structures, surface morphology, and qualitative analysis of GO:Cu:In thin films by using UV-VIS 

spectrometer (Perkin-Elmer Lambda 2S UV-Visible spectrometer), X-rays diffractometer (XRD Bruker D2, 

Kα, λ=1.54 A, Scanning angle 70o), Scanning electron (FE-SEM) (Sigma 300 Model Zeiss Gemini) and 

electron diffusion X-ray (EDX associated with FE-SEM),  respectively. 

            2.3. Obtaining Au/GO:Cu:In/p-Si/Al device 

             Au/ GO:Cu:In /p-Si/Al and device structures used in this study were fabricated on p-type Si wafer 

with (100) surface orientation and glass.  

            Process of converting bacterial metal salts into complex GO:Cu:In nanoparticles and fabricating device 

structure (Au/ GO: Cu: In /p-Si/Al) was shown in Figure 1. 
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Figure 1. Process of converting bacterial metal salts into complex GO:Cu:In nanoparticles  and  fabricating device sturucture . 

The p-Si wafer Si was sliced to pieces and they were degreased acetone and methanol in an ultrasonic cleaner 

for 10 min and consecutively they were etched in a sequence of H2O:H2O2:HNO3 (6:1:1) at 60oC, 20% HF 

and a solution of H2O:H2O2: HCl (6:1:1) at 60oC, 20% HF. Finally, the substrates were rinsed thoroughly in 

de-ionized water with resistivity of 18 MΩ cm. An ohmic contact was formed by thermally evaporating Al 

onto the backside of this substrate in a vacuum system with a pressure of 1×10  -5 Tor. In order to obtain low 

resistivity back ohmic contact, p-Si/Al structure was annealed at about 550 oC for 3 min in flowing dry 

nitrogen ambient. At the end, another Au metal was again directly evaporated on the GO:Cu:In thin films 

surfaces as rectifying contact with shadow mask cylindrical geometry of 1.00 mm diameter in vacuum pump 

(1.5 10-5 Torr).  Au/ GO:Cu:In /p-Si/Al device were fabricated and the electrical properties of the device were 

obtained by Keithley 2400 Picoammeter/Voltage Source meter at 300 K. 

 

3. RESULTS AND DISCUSSION 

Figure 1 shows the TEM image of GO:Cu:In nanoparticles at the race of 100 nm, respectively.  In Fig. 

1 (a), it can see a uniform relatively dispersion of GO:Cu:In nanoparticles with an average particle size of 

about 15–30 nm. TEM investigation for the GO:Cu:In nanoparticles indicates that the nanoparticles are well 

separated and tend to form a nano sheeted structure. 
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Figure 1. The TEM image of Complex  GO:Cu:In nanoparticles (200 nm). 

            Figure 2 shows the optical absorption spectra measured between 300 nm and 1000 nm for GO:Cu:In  

thin film. The absorption coefficient and the optical band gap values were determined from the transmiss ion 

data. The optical band gap energy (Eg) value of the thin film sample is calculated substituting the values of 

absorption coefficients, α, corresponding to each wavelength into Equ. 1 given as following:  

ɑhυ=A (hυ-Eg) n                                    (1) 

where A, h, Eg, hυ, and n are 𝛼 absorption coefficient values constant related to the effective masses of charge 

carriers, the Planck constant, the band gap energy, the energy of the photon, and the exponent that depends on 

the nature of the optical transition. The band gap energy of GO:Cu:In  thin film have been determined as 1.98 

eV  by the extrapolation of the linear region on the energy axis (hυ) as shown in Fig. 2.  

   

                       Figure 2. Optical absorbance versus the wave-length of incident photons and (ɑhυ)2 plot versus photon energy (hυ) 

and the band gap energy (Eg) determined by extrapolation for GO:Cu:In thin film 
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XRD peaks of the GO: Cu:In/glass (red line), GO: Cu/p-Si (blue line), GO: Cu:In /p-Si (green line) 

and are shown in Figure 3. Herein, the strongest peaks appearing at 2θ ~ 33, ~61 and ~70o and directed as 

(100) correspond p-Si (100).  Table 1 shows the structural parameters of published in our previous research 

GO:Cu thin film on the p-Si substrate [9]. All of the peaks shift to bigger 2θ angles with indium (In) deposition 

in GO:Cu thin film. Table 2 shows the structural parameters of GO: Cu:In /p-Si structure. 

 

 

Figure 3. XRD patens of the GO:Cu:In thin film grown on p-Si and glass substrates . 

According to XRD pattern of GO: Cu/p-Si (blue line) and GO: Cu:In /p-Si (green line) peaks at about 28.27° 

and 28.21°  belongs to (002) plane of graphide, and they have 0.38 nm and 0.32 nm interlayer distance, 

respectively. The strong peaks of GO: Cu/p-Si (blue line) and GO: Cu:In /p-Si (green line at about 9.36° and 

10.46 o shows (002) plane of graphene oxide with 0.94 nm and 0.85 nm interlayer distance, respectively. The 

increase at the interlayer distance of the GO can be attributed to presence of the oxygen-containing functiona l 

groups and some other structural defects [14-15]. Also, the peaks of GO: Cu/p-Si (blue line) and GO: Cu:In 

/p-Si (green line) at 45.02o and 44.96o angles corresponds to graphene oxide phase with 0.2 nm  interlaye r 

distance, respectively. 

The peaks of GO: Cu/p-Si (blue line) and GO: Cu:In /p-Si (green line) at 31.31o and 31.25o 2θ angles 

corresponds to CuO cubic phases, respectively. The peak of GO: Cu:In /p-Si (green line) at 35.34o at 2θ angle 

corresponds to the InO phase.  
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Table 1. The structural parameters of GO:Cu thin film on the p-Si  substrate  [9] 

(hkl) FWHM  
Intensity 

(a.u.) 

2θo 

(Observed) 
d-values (nm) 

Crystal size (D) 

nm 

Crystal 

(002) 3.58 4745.10 9.36 0,94 2,23 GO 

(101) 0,38 383,16 28.27 0,35 21,60 Graphite 

(110) 0.20 2467.33 31.31 0.29 41.51 CuO 

(200) 0.255 790.87 45.02 0.20 33.73 GO 

 

Table 2. The structural parameters of GO:Cu:In thin film on the p-Si  substrate 

(hkl) FWHM  
Intensity 

(a.u.) 

2θo 

(Observed) 
d-values (nm) 

Crystal size (D) 

nm 

Crystal 

(002) 0,52 2784,18 10,46 0,85 35,23 GO 

(101) 0,45 66,42 28,21 0,32 25,60 Graphide 

(110) 0,19 1164,59 31,25 0.29 45.51 CuO 

(111)     0,37  78,40 35,34 0.25 22.03 InO 

(200) 0.26 252,13 44,96 0.20 33.73 GO 

 

The surface morphology and thin film composition of the prepared sample were obtained from the FE-SEM 

and EDX analysis techniques. Figure 4 (a) shows the FE-SEM image of prepared GO:Cu:In/p-Si structure, it 

can be observed that the GO:Cu:In thin film exhibits sheeted structure with nanometer-scale well cover the 

substrate and distribution of the crystallites are very uniform. As indicated in the literature, the image indicates 

graphene oxide typically sheeted layers [15].  

Figure 4 (b) shows the EDX results of complex GO:Cu:In /p-Si structure and component elements percentages 

are given in the list, taking place in the composition of GO:Cu:In /p-Si structure. According to this list, it has 

consisted of expected elements for GO:Cu:In /p-Si structure, O, Cu, C, In, and Si. 

 



 

 

International Natural Science, Engineering and Materials Technology Conference 

Sep 9-10, 2019, İstanbul / TURKEY 

514 
 

 

(a)                                                                                                           (b) 

Figure 4. FE-SEM image and EDX spectrum of GO:Cu:In/p-Si structure a) FE-SEM image with magnification scale (100nm), b) 

EDX spectrum 

Figure 5 presents the I-V characteristics graph of Au/GO:Cu:In/p-Si/Al devices for darkroom conditions. The 

devices exhibit good rectifying properties. According to the thermionic emission theory (V≥3kT/q), the 

current, I, is expressed as follows: 

                                              𝐼 = 𝐼0  𝑒𝑥𝑝 (
𝑞𝑉

𝑛𝑘𝑇
)− 1                                        (3) 

Herein, Io is saturation current which is obtained by the intercept of the linear region at the I-V graph. 

Saturation current is given as an equation (4): 

𝐼0 = 𝐴𝐴∗𝑇2𝑒𝑥𝑝(
𝑞𝜙𝑏

𝑛𝑘𝑇
)                                        (4) 

Au/GO:Cu:In/p-Si/Al device has 1.50×10−10 A saturation current value at room temperature. Ideality factor 

and barrier height values for V≥3kT/q are derived from the equation (5). They can be rearranged as below: 

 

𝑛 =
𝑞

𝑘𝑇
𝑒𝑥𝑝(−

𝑑𝑉

𝑑𝑙𝑛𝐼
)                       (5) 

                                                𝜙𝑏 =
𝑘𝑇

𝑞
𝑙𝑛 (−

𝐴𝐴∗𝑇2

𝐼0
)                     (6) 

 

             Ideality factor, n, and barrier height, 𝜙𝑏  values of Au/GO:Cu:In/p-Si/Al structure are calculated from 

equation (5) and (6) of 3.18 and 0.74 eV, respectively. Higher ideality factor values in the study can be 

attributed to barrier inhomogeneity and non-uniform distribution of the carriers in the interface [16]. 



 

 

International Natural Science, Engineering and Materials Technology Conference 

Sep 9-10, 2019, İstanbul / TURKEY 

515 
 

 

Figure 5. Current-Voltage (I-V) characteristic pilot of Au/ GO:Cu:In /p-Si/Al structure 

4. CONCLUSION   

In this report, complex GO:Cu:In nanoparticles synthesized via the microbial green method for the 

first time and used these as an interfacial thin film on Au/GO:Cu:In/p-Si/Al device structure. Size of complex 

GO:Cu:In nanoparticles were determined by TEM image of 15-30 nm. GO:Cu: In thin film deposited on p-Si 

and glass substrates by sintering at 300oC. Thin film properties were investigated UV-Vis. Spectrophotometer 

method, XRD, FE-SEM with EDS and these results showed that GO:Cu:In thin film were obtained 

successfully. XRD graph indicates that GO:Cu:In thin film have a polycrystalline structure. FE-SEM image 

revealed that the GO:Cu thin film has a nano-sheeted structure and the structures composed to expected 

elements checked with EDS. The GO:Cu:In thin film inserted between the Au metal and p-type Si, and 

Au/GO:Cu:In /p-Si/Al device was obtained. The device tested by I-V measurements under dark. The obtained 

device has 3.18 ideality factor and 0.74 eV barrier height according to the thermionic emission theory. The 

device has good and stabile rectifying properties. 
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Abstract  

 

Many different methods such as chemical, physical, and biological methods are used to synthes is 
nanoparticles. Among the different synthesis methods, using microorganisms for nanoparticles synthesis can 
be suitably scaled up for large-scale synthesis of nanoparticles.  

  In this research CuZnSe nanoparticles were synthesized by using selected special bacterium under dark 
conditions for the first time. The synthesized CuZnSe nanoparticles were characterized by transmiss ion 

electron microscopy (TEM). Then their solution dropped on different substrates (glass and p-Si) and then they 
were dried at 65oC. Optical properties of the CuZnSe thin film was investigated by UV-Vis. 
Spectrophotometer method. Structural properties of CuZnSe thin film were characterized X-ray diffract ion 

(XRD), Atomic force microscopy (AFM) and Field-emission scanning electron microscopy (FE-SEM) with 
energy dispersive X-ray spectroscopy (EDS) techniques. CuZnSe 

  
 

Keywords: Bacterial synthesized, Complex nanoparticles, CuZnSe, Thin film 
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1. INTRODUCTION 

Bacterial synthesis of nanoparticles is a green chemistry approach that non-toxic and economic. 

Among the bacteria, some special bacteria is unique to tolerate high chemical concentration [1-2]. 

Nowadays, nanoparticles (NPs) have a great interest due to their matchless physicochemical structures 

and photoluminescence, electronic, optical, and photocatalytic properties they have prominent potential 

applications in a wide variety fields such as nanotechnology, industry, electro-optics, optoelectronics, lasers, 

photovoltaic cells, light emitting diodes, and sensors [3]. Many researchers studied different nanoparticles 

produced from different materials and applied methods using different systems or chemical and physical, 

methods. These have performed the different methods used for the production of the nanoparticles are based 

on the chemical and physical processes in the literature [4-8]. However these processes have many 

disadvantages and difficulties such as non-ecofriendly, non-economical, non-cleanly, and toxicity and need 

highly advanced experimental instruments. Therefore, researchers focused on new methods that do not have 

the disadvantages mentioned above for the production of nanoparticles and considered the biologica l 

synthesizing method as a new method that will be an eco-friendly alternative candidate instead of these 

methods. Many researchers concentrate on studies involving biosynthesis methods for the production different 

types of nanoparticles [9] which have produced using bacteria [10], fungi [11], enzyme [12], and plant [13].  

    In this study, we focused on the production of complex CuZnSe nanoparticles via ecofriend ly 

biosynthesizing method using a special bacterium for the first time. Also, these nanoparticles were also 

deposited as CuZnSe thin films on glass and p-Si substrates and performed their characterizations.  

 2. MATERIAL AND METHODS  

Two different types of substrates (glass and p-Si) with sliced as 15mm×10mm pieces were prepared. 

These substrates were chemically cleaned separately. Firstly, p-Si substrates were cleaned as following; these 

substrates were decreased for 10 min, acetone, and methanol in an ultrasonic cleaner, consecutively and then 

etched in a sequence of H2O:H2O2:HNO3 (6:1:1) at 60oC, 20% HF, a solution of H2O:H2O2: HCl (6:1:1) at 

60oC, 20% HF. The p-Si substrates were rinsed thoroughly in de-ionized water with a resistivity of 18 MΩ 

cm. After completing the cleaning of p-Si substrates, the glass substrates cleaned using piranha solution.   
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2.1. Production of complex CuZnSe nanoparticles 

In order to obtain CuZnSe nanoparticles, the selected special bacterium was used. Pseudomonas sp. 

OG1 was cultured in the Tryptic Soya Broth for 24 h at 150 rpm and 30 °C.  The cell suspension (100 µl, 

OD6001) was inoculated into the Luria Bertani Broth medium (20 mL) containing 0.5 mM CuSO4 + 0.5 mM 

ZnSO4 + Na2SeO3. All the nanoparticles biosynthesis was conducted at 30 °C for a period of 96 h on rotating 

shaker (150 rpm) at dark conditions. Then nanoparticles were cleaned from the broth medium by using a 

procedure modified by Oremland et al. [14]. After this process, cleaned CuZnSe nanoparticles were suspended 

in deionized water. These nanoparticles characterized by using the TEM technique.  

Solutions of CuZnSe nanoparticles were dropped and distributed homogeneously on p-Si and glass 

substrates (50cc solution) and they were dried on the hot plate at 75oC for 60 min. Thus, ZnSe and CuSe thin 

films were formed on p-Si and glass substrates. 

2.2. Characterization of CuZnSe thin film 

The optical properties, crystal structures, surface morphology, and qualitative analysis of CuZnSe thin 

film were determined by using UV-VIS spectrometer (Perkin-Elmer Lambda 2S UV-Visible spectrometer and 

in these measurements CuZnSe thin film formed on glass substrates were used), X-rays diffractometer (XRD 

Bruker D2, Kα, λ=1.54 A, Scanning angle 70o), scanning electron (FE-SEM) (Sigma 300 Model Zeiss Gemini) 

and electron diffusion X-ray (EDX associated with FE-SEM), respectively.  

3. RESULTS AND DISCUSSION 

            3.1. TEM results of CuZnSe nanoparticles 

Fig. 1 shows TEM images of CuZnSe nanoparticles at the race of 100 nm. In Fig. 1, it can clearly see 

a uniform dispersion of CuZnSe nanoparticles with an average particle size of about 10–30 nm. Also in Fig.2, 

it can say a uniform dispersion of CuSe nanoparticles with an average particle size of about 20–45 nm. 
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Figure 1. TEM image of complex CuZnSe nanoparticles  

3.2. Optical and structural characterisation of CuZnSe thin film   

As seen in Fig. 2, to calculate the energy band gap of CuZnSe thin film, absorption vs. wavelength and 

(ɑhυ)2 vs. hυ graphs were plotted. The band gap energy of film has been determined as 2.30 eV by the 

extrapolation of the linear region on the energy axis (hυ) set in Fig. 2. The optical band gap (Eg) values were 

determined from the commonly known equation: 

            ɑhυ=B (hυ-Eg) n                                                                                                                      (1) 

where A is a constant related to the effective masses of charge carriers, h is the Planck constant, Eg is 

the band gap energy, hy is the incident photon energy, and n is the exponent that depends on the nature of the 

optical transition (n = 0.5 and 2 for direct and indirect transition, respectively) [15]. 
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                       Figure 2. . Plots of ɑhυ)2 vs. hυ and variation of optical absorbance versus the wavelength of incident photons of the 

CuZnSe thin film on the glass substrate 

 

Fig. 3 shows the XRD pattern of an CuZnSe thin film deposited on the glass substrate. The six XRD 

peaks located at 2Ɵ angles, shown in Table 1,  are clearly identified and matchwell with the JCPDS 00-021-

1016 pattern corresponding to a tetragonal phase of CuZnSe thin film. It can be seen that the CuZnSe film is 

found to have polycrystalline nature and grown inthe tetragonal crystal structure with nano-cristallyn natüre. 

  

                       Figure 3. .XRD pattern of CuZnSe thin film deposited on glass substrate 
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Table 2. XRD parameters of the CuZnSe thin film. 

(hkl) FWHM 
Intensity 

(a.u.) 

2θo 

(Observed) 

d-values 

(nm) 

(111) 0.1624 202.01 27.68 3.2269 

(220) 0.2165 273.64 28.84 3.0959 

(200) 0.1624 601.10 32.01 2.7963 

(042) 0.3788 860.29 40.98 2.2023 

(220) 0.2165 1902.29 45.74 1.9836 

(222) 0.3960 119.20 56.75 1.6208 

 

The one-dimensional cross section image (1D) of surface profile is plotted in Fig. 4  for CuZnSe thin 

film. As can be see that the granules of same scales exist in the film and are distributed evenly in same ranges. 

Also, the granules have relatively regular spherical shapes, sizes, and separations. The interconnected cylinder 

type grains are observed in Figure 4, such type of morphology may be employed in many optoelectronic 

devices. 

 

 

                       Figure 4.. AFM image of CuZnSe thin film with scale 2μ×2μ      

 

Fig. 5 (a) shows the FE-SEM image of prepared CuZnSe thin film, it can be observed that the CuZnSe 

thin film is uniform and cover the substrate well. In Fig. 5 (a), it is clear that the films were composed single 

type of small densely packed nanocrystals. The grains are well defined, spherical, of almost similar size, which 

were uniformly distributed. The average diameter of spherical particles is about 20-40 nm. XRD, AFM and 

https://www.sciencedirect.com/science/article/pii/S016943320700709X#fig4
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FESEM results are well-matched. It is determined that CuZnSe thin film has a high quality nanocrystall ine 

structure Figure 5 (b) shows that EDX spectrum for the CuZnSe thin film, deposited on p-Si substrate 

 

 
                       Figure 5.  FE-SEM image and EDX spectrum of CuZnSe thin film (a) FE-SEM image with magnification scale 

(100nm) (b) EDX spectrum 

 

4. CONCLUSION  

CuZnSe complex nanoparticles are synthesized via bacterial green biosynthesis method for the first 

time and they have characterized by the TEM analysis method. CuZnSe complex nanoparticles size has 

determined of 20-45 nm range and these are deposited as thin films on glass and p type Si substrates at 75oC.  

CuZnSe thin film properties were detailed investigated UV-Vis. Spectrophotometer method, XRD, 

AFM, FE-SEM with EDS techniques and these results showed that CuZnSe thin film were obtained 

successfully nanocrystalline nature and high quality. XRD graph indicates that CuZnSe thin films have 

polycrystalline structure. FE-SEM and AFM images revealed that the CuZnSe thin film has nano granular 

structure and the structures composed to expected elements checked with EDS. 
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Abstract  

 

Preparation of porous alginate films with a well-controlled architecture useful for tissue engineering is still a 

challenge. Here, T-shaped microfluidic junction device method is utilized to design highly monodispersed 

porous alginate scaffolds with a contribution of PEG-40S surfactant. The mechanism of pore formation is 

studied considering two factors affecting the pore size: i) stability of bubbles and ii) evaporation of solvent 

during the drying environment and time. Microbubble stability can achieve a control in determining coating 

surface morphology because the microbubbles often get destroyed during the drying process in coating 

formation. Optimizing the concentration of the surfactants on its shell layer is crucial for minimizing 

microbubble destruction. Presence of surfactants greatly influence the size and stability of the microbubbles 

and thus different surfactant concentrations and alginate polymeric solution concentrations were examined. 

This could potentially determine duration of microbubble destruction time and affect surface morphology of 

alginate film structures.  

 

Keywords: Surfactant, Microbubbles, Microfluidics, Scaffolds 
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1. INTRODUCTION 

Microbubbles have gained the great interest for their application in cosmetics, food, biomedical, and 

chemical industries [1-3]. Controllable size and size distribution of microbubbles plays a vital role to meet the 

demands of all of these applications [1, 4]. Precise control in space and time over the transport of fluids as 

well as their easy-going production enabled by microfluidics, making microfluidic techniques a highly 

promising production way for monodisperse microbubbles [5, 6]. 

Microbubbles may have the ability to generate new alternative materials and make them easier to use 

as scaffolds for photonics, microporous media, drug delivery and tissue engineering [7]. Microbubbles also 

have various other applications between bacteria and protein separation and contaminated water treatment [5, 

8]. Microbubbles are widely used for the abovementioned applications because of their stability for enhanced 

mass transfer, the adsorption of particles at the microbubble interface, and their large interfacial area [1, 4]. 

Microfluidic devices play an important role to form such materials, enabling the desired level of control over 

the physical properties of them [9, 10]. 

Generation of microbubbles and enhancing the stability of the bubbles formed can be precisely 

controlled by using surfactants [4]. Surfactants are available to produce highly stable aqueous microbubb le 

clusters when they are incorporated into the liquid phase. They may minimize an interfacial tension between 

the gas-liquid interface and influence on microchannel’s internal surface characteristics to control whether it 

is hydrophilic or hydrophobic [11]. The physical characteristics of polymeric liquid phase depend upon 

surfactant material’s concentration and molecular structure and both will influence bubble generation and play 

a vital role to indicate bubble stability. Changing the surfactant concentration can thus have a significant effect 

on microbubble behaviour as various surfactant concentrations have different characteristics. To achieve the 

demanded microbubble characteristics, the decision of surfactant concentration has thus a crucial role. 

In the present study, microbubbles prepared by a T-shaped microfluidic junction device technique was 

used. In this work, the microbubble stability and bubble size and distribution investigation were performed to 

indicate the influence of varying surfactant concentrations in the microfluidic system constructed. It was 

observed that the larger diameter of microbubbles and most stable bubbles were obtained when an increase in 

surfactant concentration in a constant alginate aqueous solution at a constant feeding liquid’s flow rate and 

gas pressure. 
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2. MATERIAL AND METHODS  

An aqueous polymeric solution of sodium alginate (Sigma Aldrich, UK) was prepared to achieve 1 wt. 

% sodium alginate concentration. Polyoxyethylene glycol 40 stearate surfactant (PEG-40S purchased from 

Sigma Aldrich, UK)) was added to the aqueous 1 wt.% alginate solution in varying concentrations (0, 0.25, 

0.50 and 0.75 wt. %) under vigorous stirring to facilitate bubble formation and investigate the effect of liquid 

surface tension and surfactant concentration on the size and stability of the bubbles produced. Nitrogen inert 

gas was used as the dispersed phase in the experimental work. Table 1 shows the physicochemica l 

characteristic of the PEG-40S surfactant and properties of the different solutions. 

Table 1. Physical properties of the solutions used in this experimental work at ~23 C. 

Viscosity was measured using an Oswalt’s U-tube viscometer (BS/E type, VWR, UK). The surface 

tension for the solutions prepared was measured with an error of ±0.03% using a One Attension Theta Lite 

System (Biolin Scientific, Gothenburg, Sweden). Calibration was carried out with pure water and ethanol. All 

the measurements, presented in Table 1, were carried out in triplicate under ambient conditions after 

calibrating the equipment using distilled water. 

In order to investigate the resultant bubble size and size distribution, microbubbles were collected on 

microscope slides from the outlet of the device and immediately observed under an optical microscope (Zeiss 

Axio Imager M1m) fitted with a camera (Axiocam). Also, microbubbles were collected in vector test tubes to 

determine stability of the alginate-PEG-40S aqueous solutions with a change in surfactant concentrations.  

The experiments were conducted using the T-shaped microfluidic junction device designed to generate 

microbubbles. The T-shaped microfluidic junction device details are shown in Figure 1. The device consisted 

of three teflon fluorinated ethylene polypropylene (FEP) capillaries embedded into a transparent 

Solution ID 
Polymer concentrations Physical properties 

Alginate (wt. %) PEG-40S (wt. %) Viscosity (mPa s) Surface tension (mN/m) 

1 1 - 12.4 0.03 70.7 0.80 

2 1 0.25 14.6 0.03 56.3 0.40 

3 1 0.50 15.1 0.03 53.8 0.20 

4 1 0.75 16.3 0.03 51.5 0.30 
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polydimethylsiloxane (PDMS) platform (100 × 100 × 10 mm) as inlet and outlet channels. The interna l 

diameter for all of the capillaries was fixed at 100 μm. The top capillary (Inlet 1) was connected to a gas  

regulator fitted to a nitrogen gas tank via 6 mm diameter tubing, where the gas was supplied to the junction at 

constant pressure of 0.8 mbar. The liquid feeding capillary (Inlet 2) perpendicular to the capillary supplying 

air was connected to a 10 ml BD plastic syringe (Becton, Dickinson and Company, NJ, USA). A Harvard 

syringe pump Elite 11 (Harvard, Holliston MA, USA) was used to insert polymeric solution through the 

capillaries at a constant flow rate of 350 l.min-1. A third FEP capillary (Outlet) was fitted in the PDMS 

platform aligned with the gas inlet channel distance to create the junction where the two phases meet. All 

experiments were performed in triplicate wells for each set to confirm the reproducibility of the resultant 

bubbles with a mean diameter which was calculated to be approximately between 2 and 5%. 

 

Figure 1. Schematic view of the T-shaped microfluidic junction microfluidic device setup to generate microbubbles in vector test 

tubes. 

3. RESULTS AND DISCUSSION 

The effect of PEG-40S surfactant in 1 wt. % alginate aqueous polymer solution was investigated with 

concentrations of 0, 0.25, 0.50 and 0.75 wt. %. Bubble size distribution and mean diameter of the microbubbles 

collected were measured for surfactant’s different concentrations are presented in Figure 2. The mean diameter 

values of the microbubbles obtained at 0 (Figure 2a), 0.25 (Figure 2b), 0.50 (Figure 2c) and 0.75 (Figure 2d) 

wt. % PEG-40S concentrations were approximately 1506, 1803, 1896, and 1905 m, respectively. For 

the given PEG-40S surfactant concentrations at constant alginate concentration, gas pressure and polymeric 
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solution feeding rate, the bubbles produced with the solely alginate solution were generally the smallest, 

followed by the solution containing 0.25 wt. % PEG-40S. It was shown that for a given gas pressure, flow rate 

and low surfactant concentration smaller microbubbles were produced at higher surface tension and lower 

viscosity for the PEG-40S surfactant, while the higher surfactant concentration produced the largest bubbles 

due to lower surface tension and higher viscosity (Table 1). Previous studies conducted by Takagi S. et al. and 

Beneventi D. et al. indicated the effect that surfactants have on the dynamics of bubble formation by 

influencing the wettability of the channel surface, the dynamic adsorption of surfactant molecules on the 

liquid–solid and liquid–gas interfaces in the microchannels and the physical properties of the liquid phase [5, 

8]. Wetting characteristics of the channel wall surface was found to be key factor in determining the size of 

microbubbles. The diameter and size distribution of microbubbles generated by a T-shaped microfluid ic 

junction device may be depending on solution’s physical properties, particularly surface tension and viscosity.  

Figure 2. Changes of microbubble (mb) diameter as a function of the PEG-40S surfactant concentrations at both constant 0.8 bar 

N2 gas pressure and 1 wt. % alginate aqueous polymer solution ’s 350 l  min-1 flow rate. 

Microbubble stability length was observed as a function of time via digital camera imaging. 

Microbubbles from each sample collected in 1.5 cm length the vector test tubes (2 samples for concentrations) 

were studied and measured every 20 min for an hour. For the purpose of comparison, 1 wt. % concentration 

of alginate aqueous solution was set. As shown in Figure 3, microbubbles produced with solely 1 wt. % 

alginate solution was the least stable, and over the course of 60 minutes at the ambient temperature and flow 

rate and gas pressure, the size distribution of the bubbles broadened greatly bubble coalescence observed 

finally more bursting occurred was indicated. Microbubbles produced with both 0.5 and 0.75 wt. % PEG-40S 

surfactants were the most stable for 1 wt.% alginate aqueous solutions studied herein this study. Algina t e 

solution with 0.75 wt.% PEG-40S surfactant had a lower surface tension then the other solutions used, and it 

produced the most stable large bubbles in this study. Previous studies conducted by Atta K. et al. and Stride 

E. et al. indicated  the more closely packed the surface monolayer at the interface, the more the diffusion of 

the encapsulated gas into the surrounding is limited and therefore bubbles become more stable [6, 10].Thus, 

this could be attributed to steric stabilization by the non-ionic surfactant PEG-40S at the adjacent bubbles.  
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Figure 3. Vector test tube captures of microbubbles generated from 1 wt. % Alginate aqueous solution with PEG-40S surfactant 

in varying concentrations at time of collection, 20 mins, 40 mins and 60 mins  after collection. 

4. CONCLUSION  

Investigation of the effect of the concentration of PEG-40S surfactant on the formation and stability of 

microbubbles using the T-shaped microfluidic junction device method was conducted. For all surfactant 

concentrations, significant changes in the bubble diameter and distribution, and stability were observed by 

increasing the concentration of the PEG-40S surfactant. It was noted that microbubbles produced with 

solutions containing the nonionic surfactant PEG-40S were generally larger, with 0.75 wt. % PEG-40S 

producing the largest bubble size of ∼190 μm for fixed alginate concentration and processing parameters. 

Analysis of microbubble stability was also performed and it was found that the solution containing 0.50 and 

0.75 wt. % PEG-40S produced microbubbles that were highly stable, busting less bubbles (the length of the 

study). On the other hand, the microbubbles produced with solely 1 wt. % alginate were the least stable. 

Increasing the PEG-40S surfactant concentration did significantly change the microbubble stability. 
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Abstract 

In the scope of this study, it has been investigated; (i) in situ synthesis of Cu(%1)@Starch nanopartic les 

(NPs) in the green (solventless) dehydrogenation of dimethylamine borane, (ii) effect of extensive kinetic data 

under stirring conditions depending on the substrate and catalyst concentrations to define the rate law of 

Cu(%1)@Starch NPs catalyzed dehydrogenation of DMAB at 35.0 + 0.1°C, (iii) determination of activation 

parameters (Ea, ΔH# and ΔS#) for Cu(%1)@Starch NPs catalyzed green dehydrogenation of DMAB; (iv) 

demonstration of the catalytic lifetime of Cu(%1)@Starch NPs in the green dehydrogenation of DMAB at 

35.0 + 0.1°C, (v) quantitative carbon disulfide (CS2) poisoning experiments to find a corrected TTO and TOF 

values on a peractivecopperatom basis, (vi) testing isolability and reusability of Cu(%1)@Starch NPs in the 

green dehydrogenation of DMAB at 35.0 + 0.1°C.  

 

Keywords: Copper, starch, heterogeneous, dimethylamine-borane, green dehydrogenation. 
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1. INTRODUCTION 

Today's biggest and most important problems include the production and storage of green energy. Hydrogen 

is one of the most important alternative energy sources due to its properties. Nevertheless, difficulties remain 

with regard to the safe and efficient storage of hydrogen. For this purpose, studies on the economical, safe, 

effective, inexpensive and easy storage materials of hydrogen are continuing. Recently, ammonium borane 

and its derivatives are among the most preferred hydrogen materials owing to their simple handling, easy 

storage, low cost and high efficiency. Ammonium boranes (AB) or dimethylamine boranes (DMAB), 

methylamine boranes (MAB), hydrazine boranes (HB) have significant hydrogen content, but hydrogen 

production from these materials can be occurred in the presence of a suitable nano-catalyst. Nanocatalysts 

have high catalytic activities, highly stable structures, reusability, very small particle size, thus ensuring high 

efficiency in their reaction. To date, many different nanocatalysts / catalysts have been designed and used to 

expose hydrogen trapped in the structure of dimethylamine boranes [1,2,3,4,5].  

In this study, a starch supported copper (Cu(%1)@Starch) nanoparticles (NPs) was prepared for 

dehydrogenation of DMAB. The catalytic activity of the prepared nanoparticles was also investigated for 

dehydrogenation of DMAB. As a result, it was observed that the Cu(%1)@Starch NPs had high catalytic 

performance.  

2. MATERIAL AND METHODS  

Copper(II) acetylacetonate (Cu(acac)2), starch, dimethylamine-borane complex (DMAB, Me2NHBH3, 97%), 

1,10-Phenanthroline (≥99%) and hexane (99%) were purchased from Sigma-Aldrich®. All glassware and 

Teflon-coated magnetic stir bars were cleaned with acetone, followed by copious rinsing with distilled water 

before drying at 150ºC in oven for a few hours. 

The experimental setup used for performing the dehydrogenation of DMAB borane under argon or 

nitrogen atmospheres and measuring the hydrogen gas generated from the reaction consists of a 50 mL 

jacketed reaction flask containing a Teflon-coated stir bar placed on a magnetic stirrer (IKA®RCT Basic) and 

thermostated by circulating water through its jacket from a constant temperature bath (RL6 LAUDA water 

bath). A graduated glass tube (50 cm in height and 2.5 cm in diameter) filled with water was connected to the 

reaction flask to measure the volume of the hydrogen gas to be evolved from the reaction. The temperature 

was also controlled via a thermocouple placed inside the reactor. Measuring the total turnover number (TTO) 
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was performed under argon or nitrogen atmospheres in a stirred reactor with a circulating water-bath for 

constant temperature control. 

Before determining the catalytic activity of Cu(0) NPs in presence of starch in the dehydrogenation of 

DMAB, Reaction mixture was prepared as described above: In order to study the effect of starch concentration 

on the catalytic activity of copper nanoparticles in the dehydrogenation of DMAB (2.0 mmol), five sets of 

experiments were performed at 35.0 ± 0.1ºC by using copper nanoparticles prepared with different starch 

amounts (30-70 mg). All these tests were performed in the same conditions as described above with copper 

and DMAB concentrations kept constant (%Cu = 4.0, DMAB= 2.0 mmol in solvent-less medium) at 35.0 ± 

0.1ºC. The good stability and the highest activity of copper nanoparticles in the dehydrogenation of DMAB 

were achieved at the starch amount 50 mg. Thus, 50 mg starch was selected for the further experiments.  

In order to study the kinetics of dehydrogenation of DMAB catalyzed by Cu(%1)@Starch NPs, all 

reactions were performed in solvent-less medium in which DMAB (in the range of 1.0-3.0 mmol) and 

Cu(acac)2 (in the percentage of 0.5-6.0%) (plus 50 mg of starch) are mixed. Then, all reactions were started 

by closing the reactor and turning on the stirrer at 1000 rpm simultaneously. The hydrogen generation was 

measured by recording the water level in graduated glass tube, which is connected to the reaction flask, in 

every 5 min. 

Kinetics of the dehydrogenation of DMAB catalyzed by Cu(%1)@Starch NPs were studied depending 

on substrate concentration, catalyst concentration and the temperature. In a set of experiments, DMAB 

concentration was held constant at 2.0 mmol and Cu(acac)2 percentage (plus 50 mg of starch) was varied in 

the range of 0.5-6.0% at 35.0.0 ± 0.1ºC. The hydrogen generation was measured for each set by recording the 

water level in graduated glass tube, which is connected to the reaction flask, in every 5 minutes. In the second 

set of experiments, Cu(acac)2 percentage (plus 50 mg of starch) was held constant at 1.0%, while DMAB 

concentration was varied in the range of 1.0-3.0 mmol at 35.0.0 ± 0.1ºC. In the third set of experiments, the 

catalytic dehydrogenation of DMAB with Cu(acac)2 percentage of 1.0% (plus 50 mg of starch) was performed 

by keeping DMAB concentration constant at 2.0 mmol at various temperatures in the range of 35-50ºC. The 

values of the observed rate constant kobs were determined from the slope of the linear portion of the 

dehydrogenation curve used to obtain the activation energy Ea by using an Arrhenius plot [6]. The pressure 

versus time data was processed using Microsoft Office Excel 2010 and Origin 8.0 and then converted into the 

values in the proper unit, volume of hydrogen (mL).  
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The catalytic lifetimes of Cu(%1)@Starch NPs in the dehydrogenation of DMAB were determined by 

measuring the total turnover number (TTO). Such a lifetime experiment was started with 1.0% copper  plus 

50 mg of starch and 10.0 mmol DMAB. When the complete conversion was achieved, more DMAB was 

added and the reaction was continued in this way until no hydrogen gas evolution was observed.  

For poisoning experiment, copper nanoparticles plus 1,10-phenanthroline in the dehydrogenation of 

DMAB starting with Cu(%1)@Starch NPs was performed, as detailed above: A quantitative, predetermined 

amount of 1,10-phenanthroline [7] was added to solution after the 50% conversion. For this purpose, 0.1 equiv 

1,10-phenanthroline per total copper was added for poisoning experiment. The catalytic activity was measured 

by monitoring the rate of hydrogen generation before and after the addition of 1,10-phenanthroline. When no 

more hydrogen generation was observed the experiment was stopped.  

3. RESULTS AND DISCUSSION 

Cu(%1)@Starch NPs was synthesized in situ from the reduction of copper(II) acetylacetonate during the 

dehydrogenation of DMAB in solvent-less medium at 35.0 ± 0.1°C. Cu(%1)@Starch NPs was higher active 

and stable solution (no precipitation of copper from the solution was observed even after several weeks of 

storage) than Cu(0) NPs in absence of starch. Bulk metal formation was observed towards the end of 

dehydrogenation reaction for Cu(0) NPs in absence of starch and this result demonstrate that Cu(0) NPs in 

absence of starch were active but unstable. This behavior indicates the efficiency of starch in the stabiliza t ion 

of copper nanoparticles. Addition of starch as stabilizer to Cu(acac)2 has been found to significantly increase 

the rate of the dehydrogenation reactions in all cases [8].  

Copper nanoparticles are highly active catalyst in the dehydrogenation of DMAB; totally one 

equivalent of hydrogen gas per DMAB are generated at all catalyst concentration. The one equivalent of H2 

generation from DMAB is completed in 1 h and 2 h from the dehydrogenation of DMAB catalyzed by copper 

nanoparticles in the presence and absence of starch, respectively (1.0wt% Cu). The initial turnover frequencies 

of catalytic dehydrogenation of DMAB catalyzed by copper nanoparticles in the presence and absence of 

starch were measured to be 51 h-1 and 25 h-1 at 35.0 ± 0.1°C, respectively (Figure 1).  
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Figure 1. Plots of equivalent H2 per mole of DMAB versus time for the green dehydrogenation of DMAB in 

the presence of Cu(1%)@Starch (red circle) and Cu(1%) (black square)NPs at 35.0 ± 0.1°C. 

The next issue is to determine the optimum amount of starch for obtaining the highest catalytic activity 

and stability. In order to pick out the best starch amount in terms of activity to conduct the remainder of the 

study, we investigated the effect of starch amount on the catalytic activity by performing the catalytic 

dehydrogenation of DMAB ([DMAB] =2.0 mmol) with 30-70 mg starch at 35.0±0.1ºC. We observe that the 

TOF increases with the starch amount until the highest TOF value of 200 mol H2 (Cu-1h-1) obtained for an 

amount of 50 mg but decreases for higher amount (Figure 2). However, as the starch amount increases, the 

nanoparticle surface is more covered by the stabilizer causing a significant decrease in the catalytic activity. 

In the present study, the maximum catalytic activity is achieved with the amount of 50 mg starch. Therefore, 

in all tests reported hereafter the catalyst prepared with amount of 50 mg starch is used, unless otherwise 

stated. 

 

Figure 2. Plots of equivalent H2 per mole of DMAB versus time (h) for the dehydrogenation of DMAB in 

the presence of Cu(1%)@Starch NPs (Inset shows TOF versus amount of starch in NPs). 
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Kinetic studies in the dehydrogenation of DMAB catalyzed by Cu(1%)@Starch NPs were studied by 

monitoring hydrogen generation depending on catalyst concentration, substrate concentration and 

temperature. Catalytic activities of the systems Cu(1%)@Starch NPs in the dehydrogenation of DMAB show 

expectedly dependence on the copper concentration. Figure 3 depicts the plots of mole hydrogen per mole 

DMAB versus time during dehydrogenation of DMAB performed starting with constant substrate 

concentrations of 2.0 mmol and various percentage of Cu(acac)2 in presence of 50 mg starch at 35.0 ± 0.1°C. 

After the induction time (�25 min), the rate of hydrogen generation, obtained from the slope of the linear 

portion of plots, increases with the increasing concentration of Cu(acac)2 in presence of starch. Inset in Figure 

3 shows the plot of TOF versus the initial loading of copper. We observe that the TOF increases with the 

loading of copper until the highest TOF value of 100 mol H2 (Cu-1h-1) obtained for a percentage of 1% Cu but 

decreases for higher amount.  

 

Figure 3. Plots of equivalent H2 per mole of DMAB versus time (h) for the dehydrogenation of DMAB in 

the presence of Cu(1%)@Starch NPs (Inset shows TOF versus metal loadings in NPs). 

The effect of substrate concentration on the hydrogen generation rate was also investigated by varying 

the concentration of DMAB (1.0-3.0 mmol) at constant copper percentage of 1.0% copper in presence 50 mg 

starch at 35.0±0.1°C. The plots of initial rate of hydrogen generation versus DMAB concentration in the inset 

of Figure 4 gives straight line with slope of about 0.81. This indicates that dehydrogenation of DMAB is also 

first-order with respect to the substrate concentration.  
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Figure 4. Plots of equivalent H2 per mole of DMAB versus time (h) for the dehydrogenation of DMAB in 

the presence of Cu(1%)@Starch NPs (Inset shows initial ln rate versus ln DMAB). 

Dehydrogenation of DMAB was carried out at various temperatures in the range 35-50°C starting with 

2.0 mmol DMAB and 1.0% copper in presence of 50 mg starch. The values of the rate constant k were 

determined from the linear portion of the plots after induction period and used for the calculation of the 

activation parameters for the catalytic dehydrogenation of DMAB by using Arrhenius plot (inset in Figure 5). 

The Arrhenius activation energy is found to be Ea= 25 ± 2 kJmol-1for the catalytic dehydrogenation of DMAB 

starting with 1.0% copper in presence of 50 mg starch.  

 

Figure 5. Plots of equivalent H2 per mole of DMAB versus time (h) for the dehydrogenation of DMAB in 

the presence of Cu(1%)@Starch NPs (Inset shows ln k versus 103/T (K), Arrhenius plots). 

A catalyst lifetime experiments (starting with 1.0% Cu(0) NPs in the presence of 50 mg starch and 5.0 

mmol of DMAB at 35.0±0.1ºC) reveal record total turnover (TTO) values of 12,950 in the dehydrogena tion 
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of DMAB over 8 h (Figure 6) before deactivation occurs due to aggregation into bulk copper. This TTO value 

is higher than the most of the catalysts.  

 

Figure 6. Plot of turnover number versus time (h) for the dehydrogenation of DMAB in the presence of 

Cu(1%)@Starch NPs. 

All poisoning experiments, 1,10-phenanthroline was added after ∼50% of conversion was achieved to 

effect fully evolved sample of catalyst. It observed that the addition of 0.1 equiv of 1,10-phenanthroline per 

total copper did strongly slow the initial catalytic activity for Cu(1%)@Starch NPs (see Figure 7) [9]. To 

investigate the possibility of any homogeneous complex that can contribute to the observed activity in the 

dehydrogenation of DMAB was performed filtration experiments. For this aim, we filtered the reaction 

solution obtained after the formation of bulk copper through a micropore filter (200 nm) to remove any traces 

of bulk copper metal. Then, we tested the catalytic activity of the filtrate by the addition of fresh substrate in 

the dehydrogenation of DMAB, but we didn’t observe any activity in the dehydrogenation of DMAB. Th is 

result shows that there is active heterogeneous catalyst under our reaction conditions.  
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Figure 7. The plots of mol H2/mol DMAB versus time for 1,10-phenonethroline poisoning experiments 

starting with 2.0 mmol DMAB and Cu(1%)@Starch NPs at 35.0 ± 0.1°C; in absence of 1,10-phenonethroline ; 

after the addition of 0.1 equiv. of 1,10-phenonethroline when 50% of conversion achieved; starting with 0.1 

equiv1,10-phenonethroline. 

 

4. CONCLUSION  

In summary, main findings of this work as well as implications or predictions can be summarized as follows: 

(i) In this work, active, cheap and readily available metal catalyst like Cu(acac)2 in the presence of 50 mg 

starch was used for the deydrogenation of DMAB at 35.0±0.1ºC. We found that dehydrogenation of DMAB 

catalyzed by Cu(0) NPs in absence of starch is very slow, with one equivalent of H2 released in 2 h when more 

rapid H2 loss in 1 h was observed from dehydrogenation of DMAB catalyzed by Cu(1%)@Starch NPs.  

(ii) Kinetic studies on varying catalyst and substrate concentrations reveal that dehydrogenation of DMAB 

catalyzed by Cu(1%)@Starch NPs are first-order with respect to both catalysts and DMAB concentrations.  

(iii)  The temperature dependence of hydrogen generation rate from Cu(1%)@Starch NPs catalyzed 

dehydrogenation of DMAB was also investigated by performing these catalytic reactions at different 

temperatures. The activation parameter for Cu(1%)@Starch NPs is Ea=25±2 kJ mol-1, indicate that 

Cu(1%)@Starch NPs catalyzed dehydrogenation of DMAB proceeds via an associative mechanism.  

(iv) Moreover, the catalytic lifetime experiment showed that Cu(1%)@Starch NPs is the longest-lived 

catalyst with TON value of 12950 over 8 h before deactivation in the dehydrogenation of DMAB at 

35.0±0.1ºC.  
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Abstract 

 

Ru(4%)@Cellulose nanoparticles which was isolated after finishing the catalytic dehydrogenation of 

dimethylamine-borane starting with Ru(acac)3 and cellulose compounds, were used as catalyst and tested for 

dehydrogenation of dimethylamine borane. Kinetics of dehydrogenation of dimethylamine borane catalyzed 

by Ru(4%)@Cellulose nanoparticles were studied depending on catalyst concentration, substrate 

concentration and temperature. The experimental results demonstrated that hydrogen release rate from 

Ru(4%)@Cellulose nanoparticles (TOF=122.56 mol H2/(molRu*h)) in the dehydrogenation of dimethylamine 

borane is over 3 times higher than from sole Ru(acac)3 (TOF=44.91 mol H2/(molRu*h)). Simila r ly, 

deactivation studies carried out both at constant temperature (35.0 + 0.1 °C) and in retardation experiments, 

reveal that Ru(4%)@Cellulose nanoparticles is the most stable catalyst. To determine whether the 

dehydrogenation of dimethylamine borane catalyzed by Ru(4%)@Cellulose nanoparticles is homogeneous or 

heterogeneous, poisoning experiments were performed and observed that this nanoparticles were 

heterogeneous catalyst in the dehydrogenation of dimethylamine borane.  

 

Keywords: Ruthenium, cellulose, heterogeneous, dimethylamine borane, green dehydrogenation. 
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1. INTRODUCTION 

Hydrogen has been considered as one of the best alternative energy carriers to satisfy the increasing 

demand for an efficient and clean energy supply because of its abundance, high-energy density, and 

environmental friendliness. Various materials such as metal hydrides [1], carbon based materials (carbon 

nanotubes, graphene) [2], metal organic frameworks [3] are under investigation as hydrogen storage materia ls. 

However, the gravimetric hydrogen storage of most of these materials is less than the U. S. Department of 

Energy (DOE) target (2015) of 9 wt%. B-N compounds are attracting more attention in recent times because 

of their larger hydrogen content [4]. Containing both protic N-H and hydridic B-H hydrogen within the same 

molecule, dimethylamine borane appears ripe for dehydrogenation. Chemical hydrogen storage, wherein 

hydrogen is stored in a chemical compound and released via a reversible chemical reaction, is a promising 

strategy [3, 4]. However, efficient and reversible H2 release from dehydrogenation of dimethylamine borane 

requires a suitable catalyst [5, 6]. Many transition metals can catalyse the dehydrogenation of dimethylamine 

borane [7]. [(1-Methylborabenzene)2YR] [8], [Ir(1,5-cod)(-Cl)]2 [9], [Rh(1,5-cod)(-Cl)]2 [10], 

Rh(0)/[N(oct)4]Cl [11], RhCl3 [9], [RhCl(PHCy2)3] [12], Rh(0) Nanoclusters [13], 

[Ru(H)(PMe3)(N(C2H4PiPr2)2] [11], Ru(0) NPs /OAm [14], Ru(0) NPs /APTS [15], Pd(0) NPs /MOF [16], 

Pt(0) NPs /TBA [17], Pt(0) NPs/AA [18], Pt(0) NPs/DPA@GO [19], [ReBr2(NO)(PiPr3)2(CH3CN)] [20], 

Cp2Ti [21,22], [5-C5H3-1,3-(SiMe3)2Ti]2 [Hata! Yer işareti tanımlanmamış.], Ni(0) [23], Ru@PVP, 

Ru@PS-co-MA and Ru@Al2O3 nanoparticles (NPs) [24]. However, in literature, first time, we reported 

concerning the use of cellulose as a stabilizing agent for heterogeneous catalysis leading to adsorption of 

cellulose to metal.  

 Herein, for the first time, we report the use of cellulose as adsorption agent in catalytic 

dehydrogenation of dimethylamine borane starting with Ru(acac)3 which lead to formation of a novel 

ruthenium heterogeneous catalyst containing cellulose natural polymer, Ruthenium(4%)@Cellulose 

nanoparticles. Besides, it is aimed with this study that generation of hydrogen from suitable solventless 

catalytic dehydrogenation of dimethylamine borane to green synthesis principles using simple mechanica l 

stirring technique, definition of many parameters (ratio of amine borane/catalyst, catalytic activity, 

temperature, time, activation energy, reusability, TOF etc) of active Ruthenium(4%)@Cellulose nanoparticles 

as catalyst. 
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 2. MATERIAL AND METHODS  

Ruthenium(III) acetylacetonate (97%), cellulose, dimethylamine borane complex (97%) were purchased from 

Sigma-Aldrich®. All glassware and Teflon-coated magnetic stir bars were cleaned with acetone, followed by 

copious rinsing with distilled water before drying at 150 ºC in oven for a few hours. 

The experimental setup used for performing the dehydrogenation of dimethylamine borane was 

performed under argon or nitrogen atmospheres and measuring the hydrogen gas generated from the reaction 

consists of a 50 mL jacketed reaction flask containing a Teflon-coated stir bar placed on a magnetic stirrer 

(IKA® RCT Basic) and thermostated to 35.0 ± 0.1 ºC by circulating water through its jacket from a constant 

temperature bath (RL6 LAUDA water bath). A graduated glass tube (50 cm in height and 2.5 cm in diameter) 

filled with water was connected to the reaction flask to measure the volume of the hydrogen gas to be evolved 

from the reaction. Measuring the total turnover number (TTO) was performed under argon or nitrogen 

atmospheres with a circulating water-bath for constant temperature control. The temperature was also 

controlled via a thermocouple placed inside the reactor.  

 Kinetics of the dehydrogenation of dimethylamine borane catalyzed by Ruthenium(4%)@Cellulose 

nanoparticles was studied depending on substrate concentration, catalyst concentration and the temperature. 

In a set of experiments, dimethylamine borane concentration was held constant at 2.0 mmol and Ru(acac)3  

concentration was varied in the range of 1.0%-5.0% at 35.0 ± 0.1ºC. The hydrogen generation was measured 

for each set by recording the water level in graduated glass tube, which is connected to the reaction flask, in 

every 5 minutes. In the second set of experiments, Ru(acac)3 concentration was held constant at 4%, while 

dimethylamine borane concentration was varied in the range of 1.0-3.0 mmol at 35.0 ± 0.1ºC. In the third set 

of experiments, the catalytic dehydrogenation of dimethylamine borane with Ru(acac)3 concentration of 4% 

was performed by keeping dimethylamine borane concentration constant at 2.0 mmol, at various temperatures 

in the range of 35-50ºC in order to obtain the activation energy (Ea), enthalpy of activation (H) and entropy 

of activation (S). The pressure versus time data was processed using Microsoft Office Excel 2003 and Origin 

7.0 and then converted into the values in the proper unit, volume of hydrogen (mL).  

 The catalytic lifetime of Ruthenium(4%)@Cellulose nanoparticles in the dehydrogenation of 

dimethylamine borane was determined by measuring the total turnover number (TTO). Such a lifet ime 

experiment was started with 4% mM Ru(acac)3 on 50 mg cellulose and 2.0 mmol dimethylamine borane at 

35.0 ± 0.1ºC. When the complete conversion is achieved, more dimethylamine borane was added and the 

reaction was continued in this way until no hydrogen gas evolution was observed.  
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 To determine whether the dehydrogenation of dimethylamine borane catalyzed by 

Ruthenium(4%)@Cellulose nanoparticles is homogeneous or heterogeneous, 1,10-phenonthroline poisoning 

experiments were performed [25]. To the reaction solution started with dimethylamine borane and 

Ruthenium(4%)@Cellulose nanoparticles were added 3.0 equivalent of 1,10-phenonthroline per ruthenium 

after the 50% conversion and at the beginning. The hydrogen generation rates were not changed after the 

addition of 1,10-phenonthroline, indicating that these reactions are indeed a heterogeneous catalysis.  

3. RESULTS AND DISCUSSION 

A recent study [Hata! Yer işareti tanımlanmamış.] has shown that ruthenium(III) acetylacetonate acts as 

heterogeneous catalyst at near room temperature in the dehydrogenation of dimethylamine borane in presence 

of Polyvinylpyrrolidone (PVP), polystyrene co maleic anhydride (PS-co-MA) and alumina (Al2O3). 

Comparable to the dehydrogenation of dimethylamine borane, catalytic activities of these in-situ ruthenium 

nanocatalysts containing polymer, Ru@PVP, Ru@PS-co-MA and Ru@Al2O3 NPs, are higher than sole 

Ru(acac)3 and for that reason we decided to test other suitable stabilizing agents such as natural polymer 

cellulose to see whether there is any possibility to be adsorbed cellulose to ruthenium and evaluate the potential 

effect on the catalytic activity of stabilized ruthenium catalyst by cellulose.  

 Before starting the kinetic studies with Ru(acac)3 and cellulose system, one question needed to be 

addressed regarding the effect of varying amount of cellulose per ruthenium on the rate enhancement of 

hydrogen evolution. In order to answer this question, a series of experiments were performed starting with 2.0 

mmol of dimethylamine borane, 4% Ru(acac)3 and different concentrations of cellulose in the range of 30-70 

mg at 35.0 ± 0.1ºC (Figure 1). The rate of hydrogen generation obtained from the linear portion of curves is 

plotted against the amount of cellulose to TOF (inset of Figure 1). However, 50 mg of cellulose was used for 

further experiments concerning the kinetic study.  

https://www.googleadservices.com/pagead/aclk?sa=L&ai=DChcSEwjwh5Lt547lAhXDDxgKHSXdD5IYABAAGgJsZQ&ohost=www.google.com&cid=CAESQeD2Th0nFzhRkD6XzX-zgyl-AcmSdmKc44HWoIk2O27vSWdOyc7X0PGsQw2sN5_wSobw7dz0hLDT1YKdFeitPxmc&sig=AOD64_0Uip49I9hhe-gLhUf-jwqHLfhfjg&adurl=&q=
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Figure 1. Plots of equivalent H2 per mole of dimethylamine borane versus time (h) for the dehydrogena tion 

of dimethylamine borane in the presence of Ru(4%)@Cellulose (Inset shows TOF versus amount of cellulose 

in NPs). 

 Kinetics of the dehydrogenation of dimethylamine borane in the presence of 

Ruthenium(4%)@Cellulose NPs was studied by monitoring hydrogen generation depending on catalyst 

concentration, substrate concentration and temperature. Figure 2 shows the volume of hydrogen versus time 

plots during dehydrogenation of dimethylamine borane (2.0 mmol) catalyzed by Ru(acac)3 plus 50 mg 

cellulose in different ruthenium percentages at 35.0 ± 0.1°C. After the induction time (~15 min.), the rate of 

hydrogen generation, obtained from the slope of the linear portion of plots, increases with the increasing 

concentration of Ru(acac)3 up to 6% shown in the inset of Figure 2. Accordingly, hydrogen evolution rate 

shows first-order dependency on the ruthenium concentration (in the range of 1-6%).  

 

Figure 2. Plots of equivalent H2 per mole of dimethylamine borane versus time (h) for the dehydrogena tion 

of dimethylamine borane in the presence of Ru(4%)@Cellulose NPs (Inset shows TOF versus metal loading 

in NPs). 
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 The effect of substrate concentration on the hydrogen generation rate was determined by varying the 

concentration of dimethylamine borane at constant ruthenium percent of 4% presence of 50 mg cellulose and 

temperature of 35.0 ± 0.1°C based on Figures 3. The plot of hydrogen generation rate versus dimethylamine 

borane concentration in inset of Figure 3 gives a straight line with a slope of about 1.2. This indicates that 

dehydrogenation of dimethylamine borane is first order with respect to the substrate concentration, at least in 

the range of 1.0-3.0 mmol dimethylamine borane, in the presence of 4% ruthenium and 50 mg cellulose.  

 

Figure 3. Plots of equivalent H2 per mole of dimethylamine borane versus time (h) for the dehydrogena tion 

of dimethylamine borane in the presence of Ru(4%)@Cellulose NPs (Inset shows TOF versus amount of 

DMAB). 

Dehydrogenation of dimethylamine borane was carried out at various temperatures in the range of 35 

to 50.0 ± 0.1°C starting with 2.0 mmol dimethylamine borane and 4% Ru(acac)3 in presence of 50 mg 

cellullose based on Figures 4. After the induction time, the values of the rate constant k were determined from 

the linear part of the plots considering the rate dependency on ruthenium or substrate concentration at four 

different temperatures in order to attain the activation parameters for the catalytic dehydrogenation of 

dimethylamine borane by using Arrhenius plot (inset of Figure 4). The Arrhenius activation energy was found 

to be 43 ± 2 kJ.mol-1 for the catalytic dehydrogenation of dimethylamine borane starting with 4% Ru(acac)3.  



 

 

International Natural Science, Engineering and Materials Technology Conference 

Sep 9-10, 2019, İstanbul / TURKEY 

548 
 

 

Figure 4. Plots of equivalent H2 per mole of dimethylamine borane versus time (h) for the dehydrogena tion 

of dimethylamine borane in the presence of Ru(4%)@Cellulose NPs (Inset shows ln k versus 103/T (K), 

Arrhenius plots). 

The system comprising Ru(acac)3 and cellulose appears to be stable and long-lived catalyst in 

dehydrogenation of dimethylamine borane. Lifetime of the catalyst was measured by determining the total 

turnover number (TTO) in hydrogen generation from dehydrogenation of dimethylamine borane at 35.0 ± 

0.1°C as observed in Figure 5. The TTO value and the higher value of initial turnover frequency (TOF) for 

the active catalyst Ru(4%)@Cellulose NPs are 4900 (over 6 h) and 122.56 mol H2/(molRu*h), respectively, 

in dehydrogenation of dimethylamine borane at 35.0 ± 0.1°C.  

 

Figure 5. Plot of turnover number versus time (h) for the dehydrogenation of dimethylamine borane in the 

presence of Ru(4%)@Cellulose NPs. 

1,10-phenonthroline poisoning experiment was performed in order to show whether the catalytic 

dehydrogenation of dimethylamine borane starting with Ru(4%)@Cellulose NPs is homogeneous or 
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heterogeneous [Hata! Yer işareti tanımlanmamış.]. The hydrogen generation rate in the system active 

catalyst, Ru(4%)@Cellulose, was stopped by the addition of 0.1 equivalent of 1,10-phenonthroline to the 

reaction solution after 50% conversion of dimethylamine borane and at the beginning of reaction. This 

observation indicates that the catalytic reaction is heterogeneous (Figure 6). 

 

Figure 6. The plots of mol H2/mol dimethylamine borane versus time for 1,10-phenonethroline poisoning 

experiments starting with 2.0 mmol dimethylamine borane catalyzed by Ru(4%)@Cellulose NPs at 35.0 ± 

0.1°C; in absence of 1,10-phenonethroline; after the addition of 0.1 equiv. of 1,10-phenonethroline when 

50% of conversion achieved; starting with 0.1 equiv1,10-phenonethroline. 

 

4. CONCLUSION  

In summary, our study on ruthenium(III) acetylacetonate pre-catalyst and ruthenium(III) acetylacetonate plus 

cellulose natural polymer in dehydrogenation of dimethylamine borane leads to the following conclusions and 

insights, some of which were previously unavailable: (i) Similar to the dehydrogenation of dimethylamine 

borane catalyzed by Ru(acac)3 and cellulose, Ru(4%)@Cellulose NPs, was isolated after catalytic 

dehydrogenation of dimethylamine borane starting with Ru(acac)3 and cellullose. (ii) Ru(4%)@Cellulose NPs 

is formed in-situ during catalytic dehydrogenation of dimethylamine borane, has higher catalytic activity in 

comparison with Ru(acac)3 alone. (iii) Ru(4%)@Cellulose NPs is a very long-lived catalyst providing a total 

turnover number of 4900 over 6 hours. (iv) Dehydrogenation of dimethylamine borane catalyzed by 

Ru(4%)@Cellulose NPs, is first order regarding ruthenium concentration and first order with respect to 

substrate concentration. (v) It is clearly seen that the reaction is entirely ceased upon addition of 0.1 equiv. 

1,10-phenanthroline per mole of ruthenium catalyst in a very short time which indicates that the 
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dehydrogenation of dimethylamine borane catalyzed by Ruthenium nanoparticles supported on natural 

polymer is indeed heterogeneous catalysis. 
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Abstract  

 

In this study, the growth of full composition graded ZnCdSSe thin film structures on a single substrate is 

presented and 3D junction based solar cells with enhanced solar conversion efficiency will be proposed. All 

these were realized by a temperature dependent composition deposition method using a CVD reactor. Along 

with thin film growth, nanowires on top of various compositional thin films within the ZnCdSSe material 

system were also grown. After the successful growth of those materials we proposed a method to build thin 

film/nanowire hybrid structures to form 3D junctions for enhanced solar conversion efficiencies in solar cells. 
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1. INTRODUCTION 

The increasing demand of energy and the limited reserves of fossil fuels require the development of renewable 

energy sources such as solar, wind, geothermal, and etc. Solar among the others is the most promising one as 

it provides 1400 times more energy than what the whole world currently consume in a year [1]. The best way 

to capture the solar energy is the photovoltaic cells and those are composed of various semiconductors with 

different properties. It has been a great research area to grow semiconductors with proper bandgap energy 

values making them suitable for solar cell applications. II-VI materials ZnS and CdSe can be used to form 

quaternary alloys and their full compositions can cover a wide range of the spectrum [2] and can be utilized 

for solar cell application.  

Our aim is to grow hybrid structures having bandgap energy suitable for solar cell applications and then build 

3D junction based solar cell for enhanced solar conversion efficiencies. 

 2. MATERIAL AND METHODS  

Producing planar junctions with conventional methods for bulk materials are easy; however creating 3D 

junctions require a dozens of steps taken in clean room environment. By utilizing bottom-up approach we can 

easily form 3D junctions and problems related to the limited diffusion length can be solved through our 

proposed method with minimum number of steps. 

Single crystal wide composition graded ZnxCd1-xSySe1-y quaternary alloy thin films on a single substrate 

were grown via vapor-solid (VS) growth mechanism using a single zone chemical vapor deposition (CVD) 

reactor [2]. Growth was carried out utilizing the temperature dependent composition deposition [3-4] and 

CdSe and ZnS powders were used as source materials. By placing the precursors and substrate at the right 

position full composition graded quaternary films can be grown on the substrate as various compositions prefer 

distinctive growth temperatures. 

 

3. RESULTS AND DISCUSSION 

By using various growth parameters we demonstrated the growth of full composition graded ZnCdSSe thin 

films on a single substrate and all the characterizations results revealed that those materials can be grown in 

high crystal quality and exhibit promising optical features. The detailed analysis results can be found in 

recently published article [2]. In addition to the thin film growth we have also grown hybrid structures with 

thin film at the bottom and nanowires on top. From the full composition graded thin film growth study, we 

know what position favors for what chemical composition of ZnCdSSe. Therefore we can easily grow 
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structures with any desired composition just by changing the position of the substrate. In order to grow hyb rid 

structures we coated the pre grown thin film layer with catalyst material and then the growth was taken place 

at the right position to grow CdSe-rich nanowire structures. Figure 1(b) illustrates this procedure in detail. As 

a result of that pin brush-like materials were obtained as seen in the SEM images in Fig.1 (c,d). 

 

Figure 1-) . (a) Schematic view of the growth setup. (b) Illustration of the procedure applied to grow brush-

like structures. (c) Top-view SEM image of brush-like structure (d) 60 degree tilted SEM images of a spot on 

same substrate.  

 

After we obtain brush-like structures, a thin layer of insulator material can be spin coated to close any gaps to 

hinder the short circuiting. After that we can deposit p-type material to create 3D pn junctions as CdSe is 

inherently n-type. Figure 2 shows the procedure in detail. If we design a solar cell based on 3D pn junctions 

we can eliminate the short diffusion length problem of the carrier because photo generated carriers can become 

majority carrier by moving in the perpendicular direction to the substrate as seen in Fig. 2(c). By this way 

external quantum efficiency of the cells might be greatly enhanced and our future work will be the production 

of planar and 3D junction solar cells and make the comparison between those.  
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Figure 2-) (a) Schematic illustration of the fabrication steps for the proposed thin film/nanowire hybrid 3D 

junction solar cells. (b) Cross-sectional view of the device. (c) Movement of minority carrier in both planar 

and 3D pn-junction. 

 

4. CONCLUSION  

In conclusion, wide composition graded quaternary alloy thin films grown by a facile method based on the 

temperature dependent composition deposition was demonstrated. The emission of those materials lies in 

between the wavelength range of 400nm-700nm and therefore making the structures key material for various 

photonics applications. We also grew pin brush-like thin film/nanowire hybrid structures for the first time 

with a single growth steps to potentially create 3D pn junctions. Since our proposed device structure can 

reduce the carrier recombination in the device and collects more photo-generated carriers high efficiency full 

spectrum solar cells can be realized. Along with device application, the growth method can be also adopted 

for other important material systems besides ZnS-CdSe to develop novel photonic applications. 
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Abstract  

 

In this study, growth and characterization of monolithic nanostructures with multiple segments having 

dissimilar chemical compositions is presented. We realize it by a novel growth method using chemical vapor 

deposition system and we have demonstrated tuning of correlated color temperature of trichromatic white light 

emission using a single quaternary alloy nanosheet. In addition to controlling correlated color temperature 

from warm white to cool white, we also demonstrated emission of some intermediate colors formed by 

pumping each segment with different pumping power.   
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1. INTRODUCTION 

Development of LEDs for various applications such as lighting and displays has been a very attractive research 

area for over 50 years and has greatly intensified over the last two decades due to their low power consumption, 

long lifetime, high efficiency and small footprint.   Especially the development of blue LEDs has been a big 

breakthrough as 2014 Nobel Prize in Physics was given to the inventers of blue LEDs for leading highly 

efficient and less power consumed white LEDs [1]. In our daily life, we see RGB and white LEDs almost 

everywhere and makes our life very colorful. They are expected to completely replace incandescent and 

fluorescent lamps in the near future. Although there are two ways of producing white LEDs: either all-

semiconductor LED based approach or semiconductor LED combined with phosphorus coating, more than 

90% of the white LEDs in commercial market uses the latter approach [2]. However, due to the degradation 

of the phosphors over time and the energy efficiency losses caused by the Stokes shift [3] where part of the 

high energy photons (blue) is consumed by the phosphorus layer, makes this choice non-ideal.   

Our aim in this work is to build CCT tunable light emitters based on all semiconductor materials in a single 

body and present an ideal material for personalized lighting.  

2. MATERIAL AND METHODS  

Producing white LEDs based on all semiconductors is very difficult since it requires to grow epitaxia l 

materials with dissimilar chemical compositions on a single substrate. Due to the lattice mismatch of different 

compositional materials it is unlikely to be grown on a single chip. Although there are some approaches such 

as die transfer, they increases the cost of LEDs tremendously and make it impractical. 

 

In this work, nanotechnology plays a crucial role and we have achieved growing single nanostructures with 

multiple segments possessing dissimilar chemical compositions [4-7]. This is realized by a unique growth 

method using chemical vapor deposition and we have demonstrated tuning and control of correlated color 

temperature of trichromatic white light emission from a single ZnCdSSe nanosheet. The nanosheets have 

thicknesses in the range of 60-350 nm and lateral dimensions of tens of microns. Our growth procedure utilizes 

temperature-dependent composition deposition [8-10] and by changing the position of substrate during a 

single growth run we can grow multiple segments with various chemical compositions of ZnCdSSe quaternary 

alloys. The width of each segment in nanosheet structures can be controlled by the growth time at a specific 

position. Such controls determine the chemical composition (therefor emission color) and relative intensity of 
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each segment, and thus resulting in the tuning of the color temperature of the white light, or in the realizat ion 

of any visible colors. 

 

3. RESULTS AND DISCUSSION 

By using various growth parameters we demonstrated trichromatic white light emission with the CCT ranging 

from 2700K to 14400K. It was also shown that by adjusting the growth parameters and growth paths we can 

grow any number of segments in a monolithic structure and color can be tuned by segment width or pumping 

power density. As illustrated in Fig. 1 the growth range of our materials lies between positions P1 and P3. By 

changing the substrate position during the growth we can grow a new segment with position defined chemica l 

composition. In case of using a number of steps as illustrated, we can grow nanosheet structures with a number 

of segments able to emitting any color in the visible spectra. This makes our growth strategy very unique 

because by using some other techniques MBE, MOCVD, etc.. this cannot be realized.  

 

Figure 1-) (a) Schematic view of the growth setup (b) Illustration of resulted products when different growth 

positions used. Right hand side images are the PL image of such materials.   

 

In Fig. 2, there a number of structures’ PL images grown using various growth parameters. For those materia ls 

mainly 3 different growth position used but for each growth these three position were different, but in the 

range of P1-P3. Since we utilize temperature dependent composition deposition, this resulted multisegment 

nanosheet structures with different chemical composition for each segment. PL spectra was also taken using 

a homemade µPL setup under 405nm laser diode pumping and results show that each segment gives off 

different wavelength of light. It is also important that in our growth strategy growth time determines the width 

of the segments and width directly affects the emission intensity. In PL spectra, we see some segments have 

stronger light emission but some weaker. The reason is just as explained. After calculating the CCT value 

using the data (Fig.2 (a)) taken by spectrometer, we placed the combination of each spectra on CIE 1931 
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chromaticity diagram and as seen in Fig. (b)  we can tune our white light in a wide CCT range. It is obviously 

seen that we can gather white light from warm to cool and this can be tuned by our growth parameters.  

 

Figure 2-) (a) PL spectra (b) CIE 1931 Chromaticity diagram position (c) PL images of a number of structures 

grown in a separate growth run using different growth positions and growth time for each step.  

 

As mentioned previously, we are not only able to get CCT tunable white light emission, but also get any 

intermediate color emissions using our materials. Figure 3 shows the capacity of our materials emitting 

intermediate colors. Since RGB are the main colors in the vision and any intermediate colors can be 

obtained mixing them partially, we can pump each segment of our structures with different pumping power 

to obtain the intermediate colors. For the sake of easiness, we used laser beam sweeping method as 

illustrated in Fig. 3. In this method, we started to project our laser beam mostly on the blue emitting 

segments and in an order we move it towards the upper segment. In each movement we can different light 

inbtensity from each segment and therefore we automatically tuned the resulted colors. In this example, we 

were able to get blue, cyan, white, yellow and orange, but by using a more advanced pumping method we 

are unlimited in the CIE 1931 Chromaticity diagram seen in Fig. 2(b).  

 

Figure 3-) Illustration of laser beam sweeping method to obtain intermediate colors using our multisegment 

structures.  
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4. CONCLUSION  

All the presented results pave the way for various applications in solid state lighting and displays. By tuning 

the relative emission intensity of different segments either by optical pumping or electrical injection we can 

change the warmness of the white light emission. People can choice their favorite type of white light in a wide 

range of CCT by utilizing this technology and therefore we can call it personalized white light. It is also 

important to note that our approach meets the Solid state lighting requirements for CCT tunable, and phosphor -

free white light emission from a single structure grown using a single ZnCdSSe material system. These results 

show great potential for various types of device applications in optoelectronic and photonics fields. 
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Abstract  

 

In this paper, we investigate the global character of following rational difference equation 𝑥𝑛+1 =
𝛽𝑥𝑛

𝐴+𝐷𝑥𝑛−2
 

where 𝛽, 𝐴,𝐷 positive parameters and the initial conditions positive numbers. We also study the bounded or 

unbounded solutions of related difference equation. In addition, our study gives answer to Conjecture 5.25.1 

asserted by Camouzis and Ladas in their book (Dynamics of third order rational difference equations with 

open problems and conjectures. CRC, Boca Raton, 2008). 
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1. INTRODUCTION 

Due to the fact that most mathematical models need discrete variables, difference equations have great 

interest in among fields of science. Because, all of difference equations consist of these discrete variables. In 

additions to this, mathematical models apply to different fields in science such as physics, economy, 

engineering, etc. In [1], Camouzis and Ladas investigated the global behaviours of solutions of the following 

difference equations  

𝑥𝑛+1 =
𝛼 + 𝛽𝑥𝑛 + 𝛾𝑥𝑛−1 + 𝛿𝑥𝑛−2

𝐴 + 𝐵𝑥𝑛 + 𝐶𝑥𝑛−1 + 𝐷𝑥𝑛−2

,𝑛 = 0,1,⋯.    (1) 

with nonnegative parameters 𝛼, 𝛽, 𝛾, 𝛿, 𝐴, 𝐵, 𝐶, 𝐷 and with arbitrary nonnegative initial conditions 𝑥−2,𝑥−1, 𝑥0 

such that the denominator is always positive.  

Moreover many authors have studied the dynamical behaviours of some difference equations (see [1]-

[9]), for examples:  

In [2], Göcen et al. studied global attractivity of following rational difference equations:  

𝑥𝑛+1 =
𝛼 + 𝛽𝑥𝑛 + 𝛾𝑥𝑛−1

𝐶𝑥𝑛−1 + 𝐷𝑥𝑛−2

. 

 In [3], Dekkar et al. investigated dynamics of the following two rational difference equations:  

𝑦𝑛+1 =
𝛼𝑛 + 𝑦𝑛

𝛼𝑛 + 𝑦𝑛−1

 and 𝑦𝑛+1 =
𝛼𝑛 + 𝑦𝑛

𝛼𝑛 + 𝑦𝑛−2

. 

In this study we investigate the stability of following rational difference equations:  

𝑥𝑛+1 =
𝛽𝑥𝑛

𝐴 + 𝐷𝑥𝑛−2

, 𝑛 = 0,1, …                 (2) 

where 𝛽, 𝐴,𝐷 positive parameters and the initial conditions positive numbers. 

2. PRELIMINARIES 

Definition 1. Let I be some interval of real numbers and let 𝑓: 𝐼𝑘+1 → 𝐼 be a continuously differentiab le 

function. A difference equation of order (k+1) is an equation of the form 

𝑥𝑛+1 = 𝑓(𝑥𝑛, 𝑥𝑛−1, ⋯ , 𝑥𝑛−𝑘), 𝑛 = 0,1,⋯.       (3) 

A solution of Eq.(3) is a sequence {𝑥𝑛}𝑛=−𝑘
∞  that satisfies Eq.(3) for all 𝑛 ≥ −𝑘.  
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As a special case of Eq.(3), for every set of initial conditions 𝑥−2, 𝑥−1, 𝑥0 ∈ 𝐼, the third order difference 

equation 

𝑥𝑛+1 = 𝑓(𝑥𝑛,𝑥𝑛−1, 𝑥𝑛−2), 𝑛 = 0,1,⋯.       (4) 

has a unique solution {𝑥𝑛}𝑛=−2
∞ .  

Definition 2. A solution of Eq.(3) that is constant for all 𝑛 ≥ −𝑘i s called an equilibrium solution of 

Eq.(3). If 

𝑥𝑛 = �̅�, 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑛 ≥ −𝑘 

is an equilibrium solution of Eq.(3), then �̅� is called an equilibrium point, or simply an equilibrium of Eq.(3).  

So a point �̅� ∈ 𝐼 is called an equilibrium point of Eq.(3) if 

�̅� = 𝑓(�̅�, �̅�, ⋯ , �̅�), 

that is, 

𝑥𝑛 = �̅�, 𝑓𝑜𝑟 𝑛 ≥ −𝑘 

is a solution of Eq.(3). 

Definition 3. Suppose that the function f is continuously differentiable in some open neighborhood of 

an equilibrium point �̅�. Let 

𝑞𝑖 =
𝜕𝑓

𝜕𝑢𝑖

(�̅�, �̅�, ⋯ , �̅�),𝑓𝑜𝑟 𝑖 = 0,1,2,⋯ , 𝑘 

denote the partial derivative of 𝑓(𝑢0, 𝑢1, ⋯ , 𝑢𝑘) with respect to 𝑢𝑖 evaluated at the equilibrium point �̅� of 

Eq.(3). 

The equation 

𝑧𝑛+1 = 𝑞0𝑧𝑛 + 𝑞1𝑧𝑛−1 + ⋯, 𝑞𝑘𝑧𝑛−𝑘 , 𝑘 = 0,1,⋯.        (5) 

is called the linearized equation of Eq.(3) about the equilibrium point �̅�. 

Definition 4. The equation 

𝜆𝑘+1 − 𝑞0𝜆
𝑘 + 𝑞1𝜆

𝑘−1 + ⋯, 𝑞𝑘 = 0          (6) 

is called the characteristic equation of Eq.(5) about �̅�. 



 

 

International Natural Science, Engineering and Materials Technology Conference 

Sep 9-10, 2019, İstanbul / TURKEY 

565 
 

Definition 5. Let �̅� an equilibrium point of Eq.(3). 

(a) An equilibrium point �̅� of Eq.(3) is called locally stable if, for every 휀 > 0; there exists 𝛿 > 0 such 

that if {𝑥𝑛}𝑛=−𝑘
∞  is a solution of Eq.(3) with 

|𝑥−𝑘 − �̅�| + |𝑥1−𝑘 − �̅�| + ⋯+ |𝑥0 − �̅�| < 𝛿 

then 

|𝑥𝑛 − �̅�| < 휀, 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑛 ≥ −𝑘. 

(b) An equilibrium point �̅� of Eq.(3) is called locally asymptotically stable if, it is locally stable, and 

if in addition there exists 𝛾 > 0 such that if {𝑥𝑛}𝑛=−𝑘
∞  is a solution of Eq.(3) with 

|𝑥−𝑘 − �̅�| + |𝑥1−𝑘 − �̅�| + ⋯+ |𝑥0 − �̅�| < 𝛿 

then we have 

lim
𝑛→∞

𝑥𝑛 = �̅�. 

(c) An equilibrium point �̅� of Eq.(3) is called a global attractor if, for every solution {𝑥𝑛}𝑛=−𝑘
∞  of  

Eq.( 3), we have 

lim
𝑛→∞

𝑥𝑛 = �̅�. 

(d) An equilibrium point �̅� of Eq.(3) is called globally asymptotically stable if it is locally stable, and 

a global attractor. 

(e) An equilibrium point �̅� of Eq.(3) is called unstable if it is not locally stable. 

Theorem 1 (The Linearized Stability Theorem). Assume that the function F is a continuous ly 

differentiable function defined on some open neighborhood of an equilibrium point �̅�. Then the following 

statements are true: 

(a) When all the roots of Eq.(6) have absolute value less than one, then the equilibrium point �̅� of 

Eq.(3) is locally asymptotically stable. Moreover, in this here the equilibrium point �̅� of Eq.(3) is called sink. 

(b) If at least one root of Eq.(6) has absolute value greater than one, then the equilibrium point �̅� of 

Eq.(3) is unstable. 
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(i) The equilibrium point �̅� of Eq.(3) is called hyperbolic if no root of Eq.(6) has absolute value equal 

to one. 

(ii) If there exists a root of Eq.(6) with absolute value equal to one, then the equilibrium �̅� is called 

nonhyperbolic. 

(iii) An equilibrium point �̅� of Eq.(3) is called a saddle point if it is hyperbolic and if there exists a root 

of Eq.(6) with absolute value less than one and another root of Eq.(6) with absolute value greater than one.  

(iv) An equilibrium point �̅� of Eq.(3) is called a repeller if all roots of Eq.(6) have absolute value 

greater than one. 

Theorem 2 ([1], p14).  

 (i) 𝑓 ∈ 𝐶((0,∞)3, (0,∞)) and 𝑓 is strictly monotonic all of its arguments. 

 (ii) For each 𝑚 ∈ (0,∞) and 𝑀 > 𝑚, we assume that 

either 

(𝑓(𝑀,𝑀,𝑀) − 𝑀)(𝑓(𝑚,𝑚,𝑚) − 𝑚) > 0 

or  

𝑓(𝑀,𝑀,𝑀) − 𝑀 = 0, 

𝑓(𝑚,𝑚,𝑚) − 𝑚 = 0. 

 (iii) The function f is strictly increasing in 𝑥𝑛 or 𝑥𝑛−2, or strictly decreasing in 𝑥𝑛−1.  

If (i), (ii) and (iii) hold then every solution of Eq.(4) bounded by positive constants and every solution of 

Eq.(4) converges to a finite limit. 

3. MAIN RESULTS  

Now, we present some results given by Camouzis and Ladas in [1] p.166.  

We know that from [1], p.166, with arbitrary nonnegative initial conditions and positive parameter 𝛽, the 

normalized form Eq.(2) is  

𝑥𝑛+1 =
𝛽𝑥𝑛

1 + 𝑥𝑛−2

, 𝑛 = 0,1,⋯.            (7) 
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Beside the equilibrium point of Eq.(7) is �̅� = 𝛽 − 1. Further, if 1 < 𝛽 <
3+√5

2
 

holds then the equilibrium point �̅� = 𝛽 − 1 of Eq.(7) is locally asymptotically stable.  

Theorem 3. Let the initial conditions 𝑥−2, 𝑥−1, 𝑥0 ≥ 0 and 1 < 𝛽 <
3+√5

2
. Thus Eq.(7) is bounded from 

below with 𝑥𝑛 ≥ 0 for all 𝑛 ≥ −2. 

Proof. Let 𝑥−2,𝑥−1, 𝑥0 ≥ 0  and 1 < 𝛽 <
3+√5

2
. \ Hence, we have from Eq.(7),  

𝑥1 =
𝛽𝑥0

1 + 𝑥−2

≥
𝑥0

1 + 𝑥−2

≥ 0, 

𝑥2 =
𝛽𝑥1

1 + 𝑥−1

≥
𝑥1

1 + 𝑥−1

≥ 0, 

and by induction, we get  

𝑥𝑛 =
𝛽𝑥𝑛−1

1 + 𝑥𝑛−3

≥
𝑥𝑛−1

1 + 𝑥𝑛−3

≥ 0, 

for all 𝑛 ≥ −2. So, the proof is complete as desired. 

Theorem 4 (Conjecture 5.25.1 of [1]). 1 < 𝛽 <
3+√5

2
 holds. Then every positive solutions of Eq.(7) 

converges to the positive equilibrium, �̅� = 𝛽 − 1. 

Proof. Now we apply to Theorem 2 for Eq.(7). Assume that 𝑓: (0,∞)3 → (0,∞) is a function defined 

by  

𝑓(𝑥𝑛,𝑥𝑛−1 ,𝑥𝑛−2) =
𝛽𝑥𝑛

1 + 𝑥𝑛−2

,            (8) 

(i) Here, we calculate the partial derivative of (8):  

𝜕𝑓(𝑥𝑛,𝑥𝑛−1, 𝑥𝑛−2)

𝜕𝑥𝑛

=
𝛽

1 + 𝑥𝑛−2

> 0,        (9) 

𝜕𝑓(𝑥𝑛,𝑥𝑛−1, 𝑥𝑛−2)

𝜕𝑥𝑛−1

= 0,        (10) 

𝜕𝑓(𝑥𝑛,𝑥𝑛−1 ,𝑥𝑛−2)

𝜕𝑥𝑛−2

= −
𝛽𝑥𝑛

(1 + 𝑥𝑛−2)
2
< 0.        (11) 
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So, f is strictly monotonic all of its arguments. 

(ii) Assume that 𝑚 ∈ (0,∞) and 𝑀 > 𝑚, 

(𝑓(𝑀,𝑀,𝑀) − 𝑀)(𝑓(𝑚,𝑚,𝑚) − 𝑚) = (
𝛽𝑀

1 + 𝑀
− 𝑀)(

𝛽𝑚

1 + 𝑚
− 𝑚)  

= 𝑀(
𝛽 − 1 − 𝑀

1 + 𝑀
)𝑚(

𝛽 − 1 − 𝑚

1 + 𝑚
) 

From 𝛽 > 1, we have  

𝑀 (
𝛽 − 1 − 𝑀

1 + 𝑀
) 𝑚(

𝛽 − 1 − 𝑚

1 + 𝑚
) > 𝑀(

−𝑀

1 + 𝑀
) 𝑚(

−𝑚

1 + 𝑚
) =

𝑀2

1 + 𝑀

𝑚2

1 + 𝑚
> 0. 

Moreover, from (9), function f is strictly increasing in 𝑥𝑛. 

So, according to Theorem 2 that every solution of Eq.(7) bounded from below and above by positive 

constants and every solution of Eq.(7) converges to a finite limit. 

Example 1. Consider the Eq.(7) with initial conditions 𝑥−2 = 0.75, 𝑥−1 = 0.1, 𝑥0 = 1 and  𝛽 = 2.15. 

Thus, every positive solutions of Eq.(7) converges to the equilibrium point �̅� = 𝛽 − 1 = 1.15. The following 

figure verifies our theoretical results. 

 

 Figure: Plot of Eq.(7) for 𝛽 = 2.15. 
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Abstract  

 

In this study, we deal with the global asymptotic stability of following non-symmetric rational difference 

equations 𝑥𝑛+1 = 2 +
𝑦𝑛−1

𝑦𝑛
, 𝑦𝑛+1 = 3 +

𝑥𝑛−1

𝑥𝑛
 with positive initial values. We also investigate the boundedness 

of related system.  
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1. INTRODUCTION AND PRELIMINARIES 

Nowadays, investigation of dynamic behaviour of recursive sequences (also called difference 

equations) have attracted significant interest. Especially researchers have studied the stability, boundedness 

and oscillatory behaviour of system of difference equations [1]-[16]. 

In [16], Amleh et al studied the global stability, the boundedness and periodicity nature of positive 

solutions of difference equation  

𝑥𝑛+1 = 𝛼 +
𝑥𝑛−1

𝑥𝑛

. 

Moreover, in [4], Hamza studied the global stability, the permanence and the oscillation character of 

related difference equation. 

In [14], Zhang et al studied the behaviour of the following symmetrical system of rational difference 

equation 

𝑥𝑛+1 = 𝐴 +
𝑦𝑛−𝑘

𝑦𝑛

, 𝑦𝑛+1 = 𝐴 +
𝑥𝑛−𝑘

𝑥𝑛

.  

Additionally, in [5], Gümüş studied both the global asymptotic stability of positive equilibrium point 

and the rate of convergence of positive solutions of the related system. 

In this study we investigate the global asymptotically stability of unique positive equilibrium point of 

following non-symmetric system of rational difference equations 

𝑥𝑛+1 = 2 +
𝑦𝑛−1

𝑦𝑛

, 𝑦𝑛+1 = 3 +
𝑥𝑛−1

𝑥𝑛

.                     (1) 

where the initial values 𝑥−1, 𝑥0,𝑦−1, 𝑦0  are positive real numbers. 

Firstly, we give some definitions and significant theorems which are used during this study. 

The form of a four-dimensional discrete dynamical system is 

𝑥𝑛+1 = 𝑓(𝑥𝑛, 𝑥𝑛−1, 𝑦𝑛, 𝑦𝑛−1), 𝑦𝑛+1 = 𝑔(𝑥𝑛,𝑥𝑛−1 , 𝑦𝑛,𝑦𝑛−1),             (2) 

𝑛 = 0,1, … where 𝑓: 𝐼4 × 𝐽4 → 𝐼 and 𝑔:𝐼4 × 𝐽4 → 𝐽 are continuously differentiable functions and 𝐼, 𝐽 are some 

intervals of real numbers. Moreover, a solution {(𝑥𝑛, 𝑦𝑛)} 𝑛=−1
∞  of system (2) is uniquely determined by init ia l 

values (𝑥𝑖 ,𝑦𝑖) ∈ 𝐼 × 𝐽 for i∈{-1,0}.  
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Definition 1. Along with the system (2), we consider the corresponding vector map  

𝐹 = {𝑓, 𝑥𝑛,𝑥𝑛−1, 𝑔, 𝑦𝑛,𝑦𝑛−1}. 

A point (�̅�, �̅�) is called an equilibrium point of the system (2) if 

�̅� = 𝑓(�̅�, �̅�, �̅�, �̅�), �̅� = 𝑔(�̅�, �̅�, �̅�, �̅�).  

The point (�̅�, �̅�)  is also called a fixed point of the vector map F. 

Definition 2. Let (�̅�, �̅�) be an equilibrium point of the system (2). 

i. An equilibrium point (�̅�, �̅�) of system (2) is called stable if, for every ε>0, there exists δ>0 such 

that, for every initial value (𝑥𝑖 ,𝑦𝑖) ∈ 𝐼 × 𝐽, with 

∑ |𝑥𝑖 − �̅�|
0

𝑖=−1

< 𝛿,∑ |𝑦𝑖 − �̅�|
0

𝑖=−1

< 𝛿, 

implying |𝑥𝑛 − �̅�| < 휀| and |𝑦𝑛 − �̅�| < 휀 for 𝑛 ∈ ℕ. 

ii. An equilibrium point (�̅�, �̅�) of system (2) is called unstable, if it is not stable. 

iii. An equilibrium point (�̅�, �̅�) of system (2) is called locally asymptotically stable if it is stable 

and if, in addition, there exists γ>0 such that 

∑ |𝑥𝑖 − �̅�|
0

𝑖=−1

< 𝛾,∑ |𝑦𝑖 − �̅�|
0

𝑖=−1

< 𝛾, 

and (𝑥𝑛,𝑦𝑛)→(�̅�, �̅�) as n→∞. 

iv. An equilibrium point (�̅�, �̅�) of system (2) is called a global attractor if (𝑥𝑛,𝑦𝑛)→(�̅�, �̅�) as 

n→∞. 

v. An equilibrium point (�̅�, �̅�) of system (2) is called globally asymptotically stable if it is stable 

and a global attractor. 

Definition 3. Let (�̅�, �̅�) be an equilibrium point of the map F where f and g are continuous ly 

differentiable functions at (�̅�, �̅�). The linearized system of system (2) about the equilibrium point (�̅�, �̅�) is 

𝑋𝑛+1 = 𝐹(𝑋𝑛) = 𝐵𝑋𝑛,              (3) 

where 
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𝑋𝑛 = (

𝑥𝑛

𝑥𝑛−1

𝑦𝑛

𝑦𝑛−1

) 

and B is a Jacobian matrix of system (2) about the equilibrium point (�̅�, �̅�). 

Theorem 4. (Linearized Stability Theorem [3], p.11) Assume that 

𝑋𝑛+1 = 𝐹(𝑋𝑛),    𝑛 = 0,1, …, 

is a system of difference equations such that X is a fixed point of F. 

i. If all eigenvalues of the Jacobian matrix B about X lie inside the open unit disk |λ|<1, 

that is, if all of them have absolute value less than one, then X is locally asymptotica lly 

stable. 

ii. If at least one of them has a modulus greater than one, then X is unstable. 

Definition 5. (See [3], p.10) The characteristic equation of linear equation (3) is 

𝜆𝑘+1 − 𝑞0𝜆
𝑘−1 − 𝑞1𝜆

𝑘−2 − ⋯ − 𝑞𝑘 = 0.                 (4) 

Definition 6. A solution {(𝑥𝑛,𝑦𝑛)} 𝑛=−1
∞  of system (2) is bounded and persists if there exist constants 

M, N such that M<N and 

𝑀 < 𝑥𝑛,𝑦𝑛 < 𝑁,     𝑛 = −𝑚,−𝑚 + 1,… 

2. EQUILIBRIUM POINT OF SYSTEM (1) 

The next theorem shows that system (1) has a unique positive equilibrium point. 

Theorem 6. The unique equilibrium point of system (1) is (�̅�, �̅�)=(3,4). 

Proof Let 𝑥𝑛 = �̅� and 𝑦𝑛 = �̅� for all n≥-1. Thus, we can easily obtain from system (1): 

�̅� = 2 +
�̅�

�̅�
= 3, 

�̅� = 3 +
�̅�

�̅�
= 4. 
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3. BOUNDEDNESS OF SOLUTIONS OF SYSTEM (1) 

Now we study the boundedness of solutions of system (1). 

Theorem 7. The every positive solutions of system (1) is bounded and persist. 

Proof Let {(𝑥𝑛,𝑦𝑛)} 𝑛=−1
∞  be an arbitrary positive solution of system (1). We know from system (1) 

𝑥𝑛 > 2 and 𝑦𝑛 > 3 for 𝑛 = 0,1,2, …. Therefore we have  

𝑥𝑖 ,𝑦𝑖 ∈ [𝐿,
𝐿

𝐿 − 3
] , 𝑖 = 1,2, …, 

where 𝐿 = 𝑚𝑖𝑛 {𝑎,
𝑏

𝑏−3
}, 𝑎 = 𝑚𝑖𝑛{𝑥𝑖 ,𝑦𝑖} and 𝑏 = 𝑚𝑎𝑥{𝑥𝑖 ,𝑦𝑖}. 

Hence we get 

𝐿 = 2 +
𝐿

  
𝐿

𝐿− 2  
≤ 𝑥3 = 2 +

𝑦1

𝑦2

≤ 2 +
  

𝐿
𝐿 − 2  

𝐿
≤

𝐿

𝐿 − 2
≤

𝐿

𝐿 − 3
, 

𝐿 = 3 +
𝐿

  
𝐿

𝐿− 3  
≤ 𝑦3 = 3 +

𝑥1

𝑥2

≤ 3 +
   

𝐿
𝐿 − 3

   

𝐿
≤

𝐿

𝐿 − 3
. 

So we obtain from induction 

𝑥𝑖 ,𝑦𝑖 ∈ [𝐿,
𝐿

𝐿 − 3
] , 𝑖 = 1,2, …,      (5) 

4. GLOBAL STABILITY ANALYSIS OF SYSTEM (1) 

In this here, we investigate the stability analysis of unique equilibrium point of system (1). 

Theorem 7. The equilibrium point (�̅�, �̅�) = (3,4) of system (1) is locally asymptotically stable. 

Proof Firstly we study linearized form of system (1). For this, we conceive the transformation: 

(𝑥𝑛,𝑥𝑛−1, 𝑦𝑛,𝑦𝑛−1) → (𝑓, 𝑓1, 𝑔, 𝑔1), where 

𝑓 = 2 +
𝑦𝑛−1

𝑦𝑛

, 

𝑓1 = 𝑥𝑛, 
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𝑔 = 3 +
𝑥𝑛−1

𝑥𝑛

, 

𝑔1 = 𝑦𝑛. 

Therefore we have the Jacobian matrix about equilibrium point (�̅�, �̅�): 

𝐵(�̅�, �̅�) =

(

 
 
 

0 0 −
1

�̅�

1

�̅�
1 0 0 0

−
1

�̅�

1

�̅�
0 0

0 0 1 0)

 
 
 

 

Thus, the linearized system about the equilibrium point (�̅�, �̅�) = (3,4)  is 𝑋𝑛+1 = 𝐵(�̅�, �̅�)𝑋𝑛 where 

𝑋𝑛 = ((𝑥𝑛,𝑥𝑛−1, 𝑦𝑛, 𝑦𝑛−1))
𝑇
 and 

𝐵(�̅�, �̅�) =

(

 
 
 

0 0 −
1

4

1

4
1 0 0 0

−
1

3

1

3
0 0

0 0 1 0)

 
 
 

 

So, the characteristic equation of 𝐵(�̅�, �̅�) is 

𝜆4 −
𝜆2

12
+

𝜆

6
−

1

12
= 0.             (6) 

Thus we obtain the four roots of characteristic equation (6): 

|𝜆1| = |0.14434− 0.51753i| = 0.53728, 

|𝜆2| = |0.14434 + 0.51753i| = 0.53728, 

|𝜆3| = |−0.70067| = 0.70067, 

|𝜆4| = |0.41200| = 041200. 

So, all roots of roots of characteristic equation (6) lie inside unit disk. 

The next theorem presents that the unique positive equilibrium point of the system (1) is globally 

asymptotically stable. 
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Theorem 8. The every positive solution of system (1) converges to the equilibrium point (�̅�, �̅�) =

(3,4). 

Proof We have from (5), 

𝑀1 = lim sup 𝑥𝑛 > 2 > 1, 

𝑚1 = lim inf 𝑥𝑛 > 2 > 1, 

𝑀2 = lim sup𝑦𝑛 > 3 > 1, 

𝑚2 = lim inf 𝑦𝑛 > 3 > 1. 

From there we obtain 

𝑀1 ≤ 2 +
𝑀2

𝑚2

,               𝑀2 ≤ 3 +
𝑀1

𝑚1

, 

𝑚1 ≥ 2 +
𝑚2

𝑀2

,              𝑚2 ≥ 3 +
𝑚1

𝑀1

. 

Therefore we have 

3𝑀1 + 𝑚1 ≤ 𝑚2𝑀1 ≤ 2𝑚2 + 𝑀2, 

2𝑀2 + 𝑚2 ≤ 𝑚1𝑀2 ≤ 3𝑚1 + 𝑀1. 

Hence we can be written as 

(3𝑀1 + 𝑚1)+ (2𝑀2 + 𝑚2) ≤ (2𝑚2 + 𝑀2) + (3𝑚1 + 𝑀1) 

2(𝑀1 − 𝑚1)+ (𝑀2 − 𝑚2) ≤ 0 

So we obtain 𝑀1 = 𝑚1 and 𝑀2 = 𝑚2. Thus lim 𝑥𝑛 and lim 𝑦𝑛 exist. Now we assume that lim 𝑥𝑛 = 𝐿1 

and lim 𝑦𝑛 = 𝐿2. Letting 𝑛 → ∞ in system (1), we have 

𝐿1 = 2 +
𝐿2

𝐿2

= 3, 

𝐿2 = 3 +
𝐿1

𝐿1

= 4. 
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This system has the unique equilibrium point (�̅�, �̅�) = (3,4). So every positive solution of system (1) 

converges to the equilibrium point (�̅�, �̅�) = (3,4) as 𝑛 → ∞ as desired. 

5. NUMERICAL EXAMPLE 

In this section, we give some numerical examples so as to verify our theoretical results. 

Example Consider the system (1) and the initial values 𝑥−1 = 1,𝑥0 = 0.4, 𝑦−1 = 2 and 𝑦0 = 0.2. 

According to Theorem 8, the unique equilibrium point (�̅�, �̅�) = (3,4) of the system (1) is globally 

asymptotically stable. The following figure verifies our theoretical results. 

 

Figure 1: The plot of system (1). 

6. CONCLUSIONS 

This paper we investigated the stability analysis of system (1). Moreover we obtained that unique 

equilibrium point of system (1) is globally asymptotically stable. 
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Abstract  

 

Portable yet precise robot manipulators are needed for field applications when phenomena or source of it 

which is wanted to measure is not able to carry to laboratories or measuring rooms or just need to on field 

measurement. Precision in the design of such machines should be considered according to the characteristics 

of the sensor to be used. In this paper “Cartesian Magnetic Flux Mapper” is studied. Measuring of magnetic 

flux is important to find force index in specifics distance from magnetic circuit and find to find broken 

magnets. In this study Solidworks has been used for developing design and run for analysis. At the end the 

cartesian robot has been assembled, tested and operated. 

 

Keywords: Permanent magnet, cartesian, quality control 
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1. INTRODUCTION 

Magnetic Circuit (MCs) are commonly used in Magnetic Separators (MSs). MSs have wide range of 

uses in many industrial applications such as Recycling, Food Processing, Construction, Casting, etc[1]. MS 

branches two main branches, those are Permanent Magnetic Separators (PMSs) and Electromagnetic 

Separators (ESs). In this paper chassis of Magnetic Flux Mapper (MFM) for use of quality control and 

measure of PMS is studied. 

When designing or building of MC those are inside of MSs, MCs are designed to achieve to Force 

Index (FI) at the desired distance to attract ferrous object to separate from bulk. Any failure on 

manufacturing MC will affect FI [2] thus brings failure on separation process. 

Cartesian movement is very suitable for the application, because general geometry of MS ar rectangular. 

There is also cylindrical shaped MSs but with a few adjustments to cartesian robot such as dividing head, the 

robot also measures cylindrical ones. In this paper, FI and the way of calculation has been mentioned but 

structural behaviour of robot is studied. 

The study of structural behaviour of the chassis of MFM, Solidworks “Frequency Analysis” is used 

and also analysed several positions of the robot, “Impact Hammer Modal Test” is performed by hammering 

in line with the x and y axes and acceleration data obtained by wireless accelerometer. And the data is 

studied on MATLAB to gathering visualized information by using signal processes tool called Fast Fourier 

Transform (FFT). After analysis results and test results are compared.  

2. DESING  

Generally, design is inspired from CMM (Coordinate Measuring Machine) and 3D Printers [3]. To 

achieve lightweight construction and avoiding deflection of the magnetic flux, the construction is design for 

made by aluminium. 
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Figure 1. Design of Cartesian Magnetic Flux Mapper. 

2.1 Analysis And Test 

Before starting of analysis, positions of end effector are decided and named systematically.  

2.1.1 Naming Of Positions 

The First Letter of code refers to position of end effector (EE) along the “z” axis. For this letter there are 

three alternatives “d” for bottom” for middle, and “u” for top position. The Second Letter refers to position of EE 

along the “x” axis. For this letter there are three alternatives “s” for maximum  value of “x” it refers to “south ” , “m” 

for middle, and “n” for minimum value of  “x” it refers to “north”.The Third Letter of code refers to position of EE 

along to “y” axis.  For this letter there are two alternatives “l” for maximum and minimum value of “y” and “m” for 

“middle”. There is only one letter for maximum and minimum of “y”, because construction has a symmetry plane 

parallel to “xz” plane.So there will be same vibrations characteristic(Figure 2).  

 

Figure 2. Naming methodology schema of positions. 

2.1.2 Deciding Critical Positions According to Mode Shapes 
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Due to named positions, modal frequency analysis are done in Solidworks and data gathered from that set of 

analysis a table developed below (Table 1). 

 

 

Figure 3. The mode shapes of the system (Left to right are F1 to F5). 

 

 

Table 1. Mode shape frequencies those are gathered from modal analysis for specific positions. 

 ags ako aks aoo Aos ogs oko oks ooo oos ugs uko uks uoo uos 

F1 38.96 39.58 40.1 45.12 45.73 38.57 39.12 39.64 44.7 45.22 52.78 53.54 52.72 51.16 51.14 

F2 22.49 22.49 22.49 22.48 22.48 30.7 30.68 30.68 30.53 30.52 21.25 21.25 21.26 21.24 21.25 

F3 34.76 34.76 34.76 34.78 34.78 34.8 34.81 34.85 34.88 35.93 28.07 30.23 27.96 30.77 28.24 

F4 34.81 34.81 34.8 34.81 34.81 38.03 38.91 38.02 39.21 38.18 38.33 38.93 39.43 44.41 45.01 

F5 38.96 39.58 40.1 45.12 45.73 38.57 39.12 39.64 44.7 45.22 52.776 53.54 52.72 51.16 51.14 

 

On that “Table 1” Above 30 Hz are displayed with ligth green background color and bellow of 30 Hz  are 

displayed in light red bachkground color. And maximums and minumums are displayed dark shades. In this case 

some of positions there are bellow 30 Hz [4] mode shape frequencies according to “Table 2”. Most of bellow 30 Hz 
situations are seen at second mode shapes. 

 According to Table 1’s the second column, the common feature of critical positions is that the end effector is 

at the top or at the bottom. 

The most generalized positions considered to be critical according to the second and third rows of Table 1 

are shown in Figure 4. 



 

 

International Natural Science, Engineering and Materials Technology Conference 

Sep 9-10, 2019, İstanbul / TURKEY 

583 
 

 

Figure 4. The critical mode shapes according to Table 2. 

3.1.3 Performing Impact Hammer Test And Processing The Results 

After the chassis is assembled. The chassis was bolted to a rigid surface in accordance with the boundary 

conditions in the modal analysis. The Impact Hammer Modal [5] Test was performed similar to to Schwarz and 

Richardson's 1999 work by hammering the directions of x and y axis (Figure 1). The transmission information 

obtained during the test was recorded by a computer using a wireless accelerometer. FFT Analysis was performed by 

using Matlab "Signal Processing" library, then the information obtained was visualized and graphs to be compared 
with the results obtained from Modal Analysis [6] were obtained.The re sults of this phase are shown at Table 2. 

Table 2. The impact hammer test results. 

 
Impact  

Direction 
X Y(Hz) 

ags 
 

x 25.6 30.4 - - 

y 25.9 30.8 41 - 

ako 
x 25.6 31 - - 

y 30.8 - 41 - 

aks 
x 25.6 31 - - 

y 25.6 30.8 41 - 

aoo 
x 25.3 30.8 - - 

y 25.6 30.8 41.3 - 

aos 
x 

Not Mesured* 
y 

ogs 
x 22.9 39.5 - - 

y 22.9 39.5 35.3 - 

oko 
x 23.2 39.2 - - 

y 23.5 39.8 36.5 - 

oks 
x 23.5 39.8 - - 

y 23.5 52.8 35.9 - 

ooo 
x 23.2 38.6 - - 

y 23.4 38.6 36.8 - 

oos 
x 

Not Mesured*- 
y 

ugs x 18.4 - 29.6 - 
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y 18.4 - 25 29.5 

uko 
x 18.4 49.1 29.5 - 

y 18.4 - 29.8 - 

uks 
x 18.4 - 29.5 - 

y 18.4 - 25.3 29.5 

uoo 
x 

Not Mesured* 
y 

uos 
x 

y 

 

The unmeasured parts in Table 2 are not measured because they show close values according to the 
information in Table 1. 

Comparing of Table 1 and Table 2 Shows us in the world conditions the higher the elevator part, the lower 

the frequency.Such as reverse pendulum. At the miniumum measured frequency to resonate the system you need 

18 Hz of vibration or 1104 rpm of motor movement. 

3.1.4 Performing Movement Test And Processing The Results 

While performing this test, the "end effector" was moved for 10mm by the velocity profile [7-9] given below 

(Figure 5) and specs according to Table 3. And with the wireless accelerometer placed on the “end effector”, the 

data was recorded on the computer. Matlab "Signal Processing" library FFT analysis was performed. The results were 

visualized and examined. 

 

Figure 5. Velocity profile of test movement. 

 

 

Table 3. The impact hammer test results. 
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Variable Value Comment 

Vmax 153.5[mm/s] 
Maximum 
Velocity 

Value 

Acc. 3000[mm/s^2] 
Acceleration 

Value 

Disp. 10[mm] 
Desired 

Displacment 

Tj 0.025[s] Jerk Time 

Ts 0.025[s] Snap Time 

 

In these measurements,to name test movements the letter coding used for naming positions was used. In 
addition, the letter was added to indicate the direction of movement (Figure 6).  

 

Figure 6. Naming methodology of test movements. 

In this step, measurements were taken for the positions mentioned in Table 4 in accordance with the 

velocity profile in Figure 6 in the x axis and y axis direction. Since it was decided that the positions at the top were 
critical, the focus was on the data of movements with the initial letter "u".  

 

Table 4. The movement test results. 

Positions Graphs Comments 

ugsd 

 

There was no 
significant 

peak. 
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ugsk 

 

A peak at 
25.31 Hz was 
seen along 
the y axis. 

ukod 

 

Harmonic 
peaks were 

observed 
starting at 4.5 

Hz with 
approximately 

10 Hz 
intervals. It is 

likely that 
there is a 

mechanical 
gap due to 

the alignment 
of the stepper 
motors in this 

section. 

ukog 

 

A peak at 24.1 
Hz was seen 
along the y 

axis. 
A peak at 

19.28 Hz was 
seen along 
the x axis. 

uksd 

 

Peaks were 
seen at 18.98 
Hz and 29.22 

Hz along the x 
axis. 
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uksg 

 

A peak at 24.1 
Hz was seen 
along the y 

axis. 
A peak at 

19.28 Hz was 
seen along 
the x axis. 

 

3. CONCLUSION AND FUTURE PERSPECTIVE 

Critical positions were determined by modal frequency analysis, "Impact Hammer Test" was applied in these 

positions. Since the accelerometer used in the experimental setup could measure the translational acceleration, only 

translational vibrations could be measured, and torsional vibrations could not be measured. The t ranslational 

vibrations were observed in the second, third and fourth mode shapes in the modal analysis. The frequencies 
obtained were confirmed by testing with a difference of about 4 Hz.  

Critically determined positions are "uks, uko, ugs". Among the test movements, "ukod" movement was the most 
critical. 

By adding beams to the top of the design, the weak points of the design can be strengthened. However, in 

this design, the chassis is not intended to be weighed further. Considering this situation and eliminating these 

weaknesses in future designs, lighter chassis designs will be made. However, in order to rethink these, it is necessary 
to learn the use of this design and its disadvantages. 
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Abstract  

 

In this study, the aim is to extract the features from an object image in order to develop a decision making 

mechanism for multi-fingered robot hand which is capable of deciding automatically its hand grasping shapes 

based on the images taken by a camera from a work space. A hand has an action for grasping that consists of 

first deciding how to grasp an object and then activating the fingers to shape the hand which is appropriate for 

grasping. This study covers the process which consists of extracting the most effective image features for 

classification. Due to accomplish this task, one of the most popular deep learning method is used: 

convolutional neural network (CNN). On the other side, we utilized as a classifier Support Vector Machine 

(SVM). 

 

Keywords: classification, convolutional neural network, deep learning, feature selection, multi fingered robot 

hand, image processing. 
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1. INTRODUCTION 

 Although numerous feature extraction and selection methods are exiting, even the best researchers 

cannot be certain about which method is appropriate for their dataset. It seems fair enough when the various 

data types and the aim of the studies are considering. Hence countless academic works are conducted so far 

[1-3]. 

 On the other hand, when regarding some datasets like images, dimension of the data may be a problem. 

To overcome this difficulty, dimension reduction techniques are utilized and the most popular one is principa l 

component analysis (PCA) [4-7].  

 From another perspective, working with the big data leads us to deep learning systems, for instance, 

convolutional neural networks (CNN), deep belief networks (DBN), and recurrent neural networks (RNN). 

These networks are handling the decision making process very well [8-11]. Nevertheless, these networks for 

very big data analysis. On account of our dataset which consisted of only fifty images, rather than these 

networks we tried conventional classifier: support vector machines (SVM) [12,13]. Still, instead of 

classification, we used CNN as a feature extraction method. So this pre-study only covers investigation of the 

feature extraction and classification parts. Our main purpose is to develop a multi- fingered robot hand which 

can decide its hand grasping shapes according to images. In order to accomplish this purpose, hundreds of 

images are going to studied. Thus, we intent to investigate these deep structures, yet this intention belongs to 

the future task. 

 Several works have been done about multi- fingered robot hand, but for the first time of the literature 

hand grasping shapes were divided into six categories by Schlesinger. In this way, we tagged our data based 

on these six categories, with the exception of one: lateral grasp. The labels we used for the classification are 

cylindrical, spherical, tip, hook and palmar grasps. The hand grasping shapes that we considered in our work 

are given Fig. 1 [14]. 

 

Figure 1. Hand grasping shapes: cylindrical grasp, tip grasp, hook or snap grasp, palmar grasp, spherical grasp respectively [15] 
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 2. MATERIAL AND METHODS  

A. Dataset 

Our dataset is consisting of fifty images total. We took ten photographs for each classes. The classes 

are determined according to the hand grasping shapes. We decided to use five hand grasping shapes: 

cylindrical, spherical, tip, hook and palmar grasping. The dataset is formed by images that different kind and 

brand of pencils, pens, pencil cases, mugs, glasses, erasers, pencil sharpeners, boxes, balls, apples, bags, etc. 

A visual example of our dataset is shown in Fig 2. 

 

Figure 2. Several images from the dataset 

 

B. Convolution Neural Network 

 Although, number of the images of our dataset is not many, still processing a hundred-thousand-

dimension matrixes is needed. To cope with this numerous data in matrix which some of them are not relevant, 

CNN is performed.  

 

 CNN is a deep learning algorithm which is generally using for classification process [16,17]. It is quite 

popular now because of its powerful performance. Its power is based on using a pre-trained network as a 

feature extractor instead of wasting time for training process. There are lots of pre-trained networks and most 

of them have been trained on the ImageNet dataset, which has 1000 object categories and 1.2 million images 

[18]. In our study, we used Residual Network-50 (ResNet-50). ResNet-50 is the network can learn several 

features at the end of its layers and the network has 50 layers total [19].  
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 In CNN network, there are convolutional layer, rectified linear units (ReLU) layer, max-pooling layer 

and fully-connected layer. The basic architecture of CNN is given Fig. 3. However, there are only a few layers 

are useful for extracting features. In deeper layers, these primary features are operating and this deeper 

processes are ended up with classification with softmax function. 

 

  At the beginning of the network, basic image features are extracted for instance edges, lines, corners 

and blobs [19]. After performing CNN algorithm, the first convolutional layer’s output is given Fig. 4. By 

observing this figure, we can say that primary features are captured successfully. 

 

 

Fig. 3. Basic CNN Structure [20] 

 

C. Classification 

 In order to classify our dataset according to the assigned labels as a hand grasping shape, we applied 

SVM algorithm. It is because SVM algorithm is working well with images, texts and audios [21-23]. 

 

 Our first goal is to extract features from the images with CNN network and the other goal is to classify 

data according to hand grasping shapes. After choosing the training and the test data sets, we obtained 

classifier’s accuracy for both raw and the reduced data with CNN. The results are shown in Table I. According 

to the results, CNN as a feature extractor is suitable for our dataset.  
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Fig. 4. First Convolutional Layer Output 

 

3. RESULTS AND DISCUSSION 

 The outcomes show us how CNN network is successful. It is a clear fact that CNN has a huge impact 

on classifier’s accuracy. Besides, employing less data after CNN increasing the SVM algorithm’s speed. On 

the other side, SVM may seem suitable classifier but, the process may continue by trying out other classifie rs 

for future studies. 

Table 1. Classification Successes. 

Dataset Classifier Success  (% ) 

Raw Data 30 

Reduced Data with CNN 92 

 

 From Table I, classifier’s accuracy is only 30% for raw data. Because the dataset is created by 

aggregated only fifty images and like this number of images, it is tough to learn for a classifier. Whereas, 

classification accuracy after CNN is spectacular.  

 

            So this study is a pre-study for realizing our major goal in the near future. In the meantime, we are 

progressing the hardware part which is given a visual example in Fig. 5. 
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Fig. 5. Robot hand 

 

4. CONCLUSION  

 This study is comprised of extracting the most effective features from images with convolutional neural 

network (CNN) which is one of the most popular deep learning method and classifying the images with 

Support Vector Machine (SVM) algorithm. The study is a pre-study for realizing our main goal and its results 

are very promising. 

 

 In a nutshell, while we are dealing with the hardware part, we expanded our dataset for better learning 

and we consider CNN algorithm for feature selection and may be a classifier for larger dataset. Ultimate ly, 

multi-fingered robot hand will detect the object from images automatically and it will be ready for holding the 

object in the image. 
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Abstract  

 

In this study, models have been developed to predict the daily changes of the ISE100 index. First, raw data is 

trained without any pre-processing. K-Nearest-Neighbor, Naive Bayes, Support Vector Machines and Neural 

Networks have been used. In order to increase the success of the model, from the feature extraction algorithms, 

Principal Component Analysis and Independent Component Analysis were selected. The results of algorithms 

and the contribution to the models of the feature extraction methods were invest igated.  

 

Keywords: k-Nearest-Neighbors; Naive Bayes; Neural Networks; Support Vector Machines; Princip le 

Component Analysis; Independent Component Analysis 
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1. INTRODUCTION 

Stock market movements are one of the difficult processes to predict. The fact that the stock market is 

one of the investment instruments makes this problem more important. In order to estimate the direction of 

movement of the stock market, a number of algorithms, based on statistical and artificial intelligence, are used. 

Statistical models are based on the assumption that there is a linear correlation structure between time series 

values. Therefore, solutions of non-linear problems are not possible in these models [1]. This deficiency in 

statistical models intensified researchers in artificial intelligence methods. These methods include genetic 

algorithms, artificial neural networks and various algorithms. 

One of the first applications was announced by Graham and Todd in 1934 [2]. Armano et al. have 

developed a hybrid method for forecasting stock market movements. In the method they developed, they 

combined the genetic algorithm with the feed forward neural network. [3] Probabilistic Neural Networks were 

used in another study using the Taiwan stock exchange data [4]. Compared to the results of the statistica l 

models, the predictors have higher accuracy. As well as Artificial Neural Networks, one of the main methods 

used are Support Vector Machines. Madge has achieved an accurate estimate of 40% by using SVM [5]. 

Karathanasopoulos et al. introduced a new model by combining genetic algorithm and SVM [6]. With this 

method, even in the times of financial crisis, model gives successful results. In another SVM application, 

attributes were prepared using single spectrum analysis and the success was increased [7]. In addition to the 

trained models, this problem can be solved by the algorithms that do not require training. Alkhatib and his 

friends have used the K Nearest Neighbor algorithm to predict the stock market movement [8]. They have  

achieved an acceptable error rate. 

Besides the methods of estimation and classification, it is necessary to arrange the attributes to be used 

in the model's training. To eliminate noise and reduce the size of raw data Principal Component Analys is 

(PCA) [9], Core Principle Component Analysis [10], Continuous Points of Interest [11], Partial Aggregate 

Approach [12], Single Spectral Analysis [13], Discrete Fourier Transform, Discrete Wavelet Transform [14], 

Central model [15] and Random Matrix Theory [16] methods has been proposed. Kim and Han used the 

genetic algorithm for their financial data [17]. The most common method used on financial data is independent 

component analysis. 

In this study, models were developed for daily estimation of ISE100 index. The dataset was trained 

with and without pre-processing and the results were compared. In the pre-processing stage, feature extraction 

methods were added to the model.  
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 2. DATASET  

The data is collected from imkb.gov.tr and finance.yahoo.com [18]. Data associated with work days at 

the Istanbul Stock Exchange were arranged. There are 536 samples with 8 attributes. 

 

 

Figure 1.Data sample 

The dataset is arranged in binary system before the training process. If the stock market is decreasing, 

its value is 0 and it is increasing, its value becomes 1. 

Table 1. Dataset information 

Attribute  Description 

ISE100  Istanbul stock exchange national 100 index 

SP  Standard & poor’s 500 return index 

DAX  Stock market return index of Germany 

FTSE  Stock market return index of UK 

NIK  Stock market return index of Japan 

BVSP  Stock market return index of Brazil 

EU  MSCI European index 

EM  MSCI emerging markets index 

 

3. METHOD 

 

In order to estimate the movement of the Istanbul stock exchange, K Nearest Neighborhood, Artific ia l 

Neural Networks, Naive Bayes and Support Vector Machines were used. First, the dataset was applied to the 

algorithms as raw. Then, the size and noise of the attributes were reduced by using Principal Component 

Analysis and Independent Component Analysis methods and re-trained. 

To reduce the impact of the periodic changes of the stock data on the model, the training set was 

divided into the previous 250 days for the 20-day to forecast. The accuracy of the models was calculated and 

compared. While calculating the accuracy of the models, the success of the periods was utilized.  

date ISE ISE SP DAX FTSE NIKKEI BOVESPA EU EM

5-Jan-09 0.0357537 0.03837619 -0.00468 0.002193 0.003894 0 0.03119 0.012698 0.028524
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K Nearest Neighbors algorithm is one of the algorithms frequently used in classification problems. 

The algorithm uses the distance from the labelled data to classify new data. Therefore, how many neighbors 

are used and how to formulate the distance from that data directly affects the success of the algorithm. Thus, 

the most appropriate k parameter and distance formula was tried to be found in this study. For this, the graph 

showing the accuracy of the model for each k parameter was used with the Euclidean distance formulas 

because of the best accuracy obtained with this distance. In the model using Euclidean distance, the highest 

value of k was found to be 7 in the Fig. 2. 

 

Figure 2. Accuracy of k-NN with Euclidean distance. 

Although the success rate of Minkowski and Manhattan distances was reduced by 0.1%, the best k 

value was obtained as 7. 

Another algorithm used frequently in classification problems is the Naive Bayes algorithm. It has been 

seen that the classification problems have been solved successfully with this statistical based algorithm. Kane 

and Khanna used the Naive Bayes algorithm to describe hand movements in their study [19]. 

To increase the success of the Naive Bayes classifier, the possibilities of the attributes can be given to 

the model first. In addition, specifying the distribution of attributes affects the success of the system. Table 2 



 

 

International Natural Science, Engineering and Materials Technology Conference 

Sep 9-10, 2019, İstanbul / TURKEY 

600 
 

shows the distributions used for each attribute. Table 3 is the success of the classifications using these 

distributions. 

Table 2. Feature distribution. 

No Att1 Att2 Att3 Att4 Att5 Att6 Att7 

1 normal normal normal normal normal normal normal 

2 normal normal kernel kernel normal kernel kernel 

3 kernel kernel kernel kernel kernel kernel kernel 

4 kernel normal kernel kernel kernel kernel kernel 

5 kernel normal normal normal normal normal kernel 

6 normal normal normal normal normal normal normal 

7 mvnn mvnn normal normal normal normal mvnn 

8 mvnn mvnn mvnn mvnn mvnn mvnn mvnn 

9 mvnn mvnn mvnn normal normal normal normal 

 

Table 3. Performance of Naïve Bayes. 

No 1 2 3 4 5 6 7 8 9 

Accuracy 0.7238 0.7345 0.7321 0.7311 0.7231 0.7115 0.7366 0.7310 0.7290 

 

One of the algorithms used in this study is Support Vector Machines. The kernel function used in this 

method, which classifies the data according to the support vectors it creates, greatly changes the classifica t ion 

success. Therefore, the kernel function should be chosen according to the problem. Table 4 shows the kernel 

functions and achievements. 

The most appropriate kernel function for this study was found to be linear kernel function. 

Table 4. Performance of SVM. 

Kernel Function polynomial rdf linear 

Accuracy 0.7068 0.7104 0.7688 
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In recent years, the developing technology has facilitated the training processes of neural networks and 

led to the top of the algorithms which have the highest success in classification problems. Two of the 

parameters that directly affect the success of the model in the ANN are the number of layers and the number 

of neurons in the layers. The structure of ANN used in this study is shown in the Fig. 3. 

Table 5. Performance of Neural Networks. 

 

Hidden Layers 
Accuracy 

Layer-1 Layer -2 Layer -3 Layer -4 

N
u

m
b

er
 o

f 
N

eu
ro

n
 

25 - - - 0.604 

50 15 - - 0.629 

10 8 3 - 0.628 

22 8 3 - 0.638 

12 15 10 - 0.637 

50 15 10 - 0.642 

12 15 10 5 0.634 

 

It is seen from Table 5 that the model which has 3 hidden layers and has 50, 15 and 10 neurons 

respectively, has the highest accuracy. 

 

Figure 3. ANN Model. 

 

4. FEATURE EXTRACTION  

One of the methods frequently used to improve the success of pattern recognition algorithms is feature 

extraction. Here, the raw data is prepared through a series of operations. One of these processes is defined as 
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attribute extraction. In this study, Principal Component Analysis and Independent Component Analys is 

algorithms were used. 

PCA is a method used to reduce the number of attributes in data sets that have a high number of 

attributes. It aims to represent the main components of the data set and to represent the data with these 

components in the Fig. 4. 

 

Figure 4. Three of principal components . 

The first 3 components were selected which can represent 84% of the data (Table 6). 

Table 6. Variations of the principal components. 

Principal Component 1 2 3 4 5 6 

Variation 50.49 22.15 11.20 8.84 6.2 1.12 

 

Despite the decrease in the success of kNN and Naive Bayes algorithms in the models trained using 

the first three components, it was observed that accuracies of SVM and ANN increased. 

Another feature extraction algorithm used is Independent Component Analysis. ICA is generally used 

in signal processing and is used to separate signals from a mixture of independent signals. 

When training attributes obtained using ICA were trained, only k-NN performance decreased in the 

Table 7.  
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The performance of algorithms based on stock market data is measured by taking into account the 

financial return. An investor who redirected $ 100 by using the model developed using PCA and SVM has 

obtained 163 dollars at the end of 250 days. Anyone who didn't make any investment would have $ 104 can 

be seen in the Fig. 5. 

Table 7. Performance of algorithms. 

Algorithm Raw PCA ICA 

k-NN 76.00 54.68 68.93 

Naive Bayes 73.66 60.38 73.80 

SVM 76.88 77.20 76.98 

ANN 64.20 71.70 71.80 

 

 

Figure 5. Status of $100 investment. 

 

5. CONCLUSION  

In this study, for the ISE100 index estimation, raw data was used firstly in the trainings. The most 

successful methods were seen in kNN and SVM. New models have been created with new attributes obtained 
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by using PCA and ICA, which are attribute algorithms. The model used together with PCA and SVM was the 

most successful model with 77.2%. 

When the PCA and SVM algorithms applied to the stock market data is measured by taking into 

account the financial return, an investor has obtained 163 dollars at the end of 250 days. It is seen from our 

suggestion that by using the proposed algorithm, earning of investors increases. 

PCA and ICA increased the accuracy of ANN. Performance can be increased by using different 

network structures. In future studies, it is aimed to increase the success by using higher layer and neuron 

numbers.  
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Abstract  

 

In this research, the electrochemical etching process has been used for surface modification of p-Si 

semiconductor material and their morphological and electrical properties have been investigated. Five regions 

of porous silicon with different etching rates are selected for comparison and called P1, P2, P3, P4, and P5. The 

purity, Surface morphology and roughness of the prepared samples have been investigated by Energy-

dispersive X-ray spectroscopy (EDX) and Field Emission Scanning Electron Microscopy (FE-SEM) and the 

results show a meaningful effect of the etching on the porosity.  The electrical parameters of the porous silicon 

(PS) at different etching conditions have been investigated by the I-V characteristic in the range of voltage 

(1.5V). The ideality factor (n), barrier height in zero bias (φ0), voltage-dependent barrier height (φ), saturation 

current (I0), resistance in forwarding bias (Rs), resistance in inverse bias (Rsh) and rectifying rate (RR) in 

different etching conditions have been investigated. The Rs value of the different regions of PS has obtained 

from different methods such as Ohm’s law and Cheung method and compared to each other. The surface sta tes 

(Nss) versus energy (Ess- Ev) plots were obtained from the forward bias I-V data by considering the voltage 

dependence of BH and n. The results obtained from electrical characteristics show that, by increasing the 

etching process, the performance and rectifying of the Schottky structures are improved. 

 

Keywords: p-Si, porous silicon(PS), etching process, electrical properties 

 

 

 

 

mailto:yashar.a.k@gmail.com


 

 

International Natural Science, Engineering and Materials Technology Conference 

Sep 9-10, 2019, İstanbul / TURKEY 

607 
 

1. INTRODUCTION 

In recent decades semiconductor nanostructures have been considered much attention due to their 

structural, optical, electrical, mechanical and thermal properties [1-9]. Between different semiconducto r 

materials, silicon is one of the oldest and low-cost materials, which has many applications in various fields, 

especially in electronics and semiconductor device fabrication technology [10-13]. The unique characteristics 

of silicon are more evident when its dimensions are reduced. By reducing the size and dimension of silicon, 

its physical and chemical properties change due to the quantum confinement effect [14, 15]. There are different 

methods which used for manipulation of Si nanostructures to change its physical properties such as doping by 

other materials [16, 17], thermal annealing [18, 19], plasma treatment [20, 21] and electrochemical etching [6, 

7].  One of these types of manipulations is to create of the porosity in silicon structure and the production of 

porous silicon (PS). Porous silicon is a dielectric material composed of silicon dioxide and air, which has a 

structural heterogeneity much smaller than normal light wavelength [22]. Between different above-mentioned 

methods, electrochemical etching is one of the most widely used methods for surface treatment of Si wafers. 

In this method, the surface morphology of the samples has changed with the condition of the electrochemica l 

etching [6, 7, 23].  Surface treatment contain formation of porosity in the structures of the silicon 

semiconductors have different applications such as nonlinear optics [24, 25], biology, solar cells and 

fabrication of Bragg reflectors [26, 27], microelectronics[28], waveguides[29], optical filter [30], gas sensors 

[31, 32], photoluminescence devices in visible region [33-35], energy [36], drug industry [37], biotechno logy 

[37] and some other complex optical devices [14] due to its high surface-to-volume ratio, high reactivity, 

luminescence properties at room temperature and its adaptive nature. There are several works about the optical 

and structural applications of porous silicon (PS) reported by researchers [22, 38, 39].  

The electrical and dielectric characteristics of metal-semiconductor (MS) type Schottky barrier diodes 

(SBDs) have been extensively investigated due to their importance in technological applications. The current 

conduction mechanism (CCM) and formation of  barrier height (BH) in MS are dependent on various 

parameters such as intrinsic layer at M/S interface, doping acceptor/donor concentration of atoms(N a or Nd), 

density of interface states  (Nss), the homogeneity and thickness of barrier height (BH) and interfacial layer, 

series resistances (Rs) of the diode, sample temperature and applied bias voltage [13, 40]. 

In recent years, extensive studies have been carried out to control the modification of electronic and 

transport properties of conventional metal/semiconductor structures by using an organic interfacial insulato r 

or polymer layer. by inserting an insulator or organic layer at M/S interface, MS type diode converts to the 
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MIS or MPS type diode. The presence of the insulating layer in MIS type diode reduces the leakage current, 

series resistance and density of surface states and thus enhances the device performance [41-44]. 

As our knowledge, the study of electrical properties of porous silicon structures has not been seriously 

investigated. Therefore, this research has been conducted to control the main electrical parameters of the 

metal-semiconductor structure by modifying the surface morphology of silicon using the etching process. For 

this aim, the forward and reverse bias I-V characteristics in the range of voltage (1.5V). The results show that 

the etching process has a significant effect on the electrical parameters of the (MS) Schottky diode, and the 

diode performance has been greatly improved by increasing the amount of etching process. 

  2. MATERIAL AND METHO-DS  

The porous silicon wafer was purchased from Russia and was used as a metal-semiconductor (MS) 

Schottky diode without any contact. The surface morphology of the modified p-Si was analyzed by field 

emission scanning electron microscopy (FE-SEM, TeScan - Mira III, Czech Republic). The Keithley 2450 

SourceMeter I-V characteristics system (USA) has been used for electrical properties of the sample. Kinetic 

parameters such as kinetic order, activation energy and the frequency factor have a remarkable influence on 

the thermoluminescence characterization of a phosphor. Hence, knowledge of these parameters has critical 

importance for understanding the thermoluminescence phenomenon in the phosphor, and there have been 

many methods for determining these parameters experimentally [11].  

3. RESULTS AND DISCUSSION 

3.1 FE-SEM AND EDX ANALYSIS 

Figure 1 shows a schematic image of different porous silicon(PS) regions and shows the related to the cross-

section images of PS with different levels of etching process of the p-Si surface obtained from field emission 

scanning electron. In Fig. 1, the area P1 is related to the normal silicon region without manipulation, and the 

P2 to P5 regions respectively correspond to the regions of the least to the highest amount of etching process  

performed on the surface of the silicon. As can be seen from Fig.1, by increasing the amount of etching 

process, the porosity increase, so that the average value of porosity size has changed from the 300 nm for the 

least amount of etching (P2) up to 2 μm for the maximum amount of etching (P5). The mean size of different 

regions of silicon tabled in the table (1). 

Table 1: Average diameter of different regions of PS. 

5P 4P 3P 2P sample 

2000 1500 700 300 Size(nm) 
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Figure 1. The schematic image of different porous silicon regions, FE-SEM images of the electrochemically etched p-Si (P1 to 

P5). 

The EDX profile of the different region of PS with different etching rate shown in Fig .2.  

 

Figure 2.  EDX profiles of a different region of porous silicon. 

As can be seen from Fig. 2, the whole region of porous silicon includes the silicon and oxygen atoms 

and no impurities or other compounds have been introduced in the prepared samples. Also, the silicon content 

of different regions of PS are upper than 80 % and the oxygen content is less than 20 %.  

3.2 ELECTRICAL PROPERTIES 

The normal and semi-logarithmic forward and reverse bias I-V characteristics of the different regions 

(P1 – P5) of a p-type silicon wafer as shown in Fig.3. 

 

Figure 3. The normal and semi-logarithmic plot of I-V for all region of PS. 
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As shown from Fig.3, the P1 region lacking the etching process has a near-ohmic behavior, and 

gradually, by increasing the amount of the etching process, the I-V plot of the P2 to P5 regions exhibits diode's 

behavior. The least rectifier rate (RR) is 25.5 for P2 region with the least porosity, and the highest is 47.2 for 

P4 and its amount is 9.7 related to P5 that decreases with increasing porosity. In addition, the ideality factor 

(n) of the P2 region is 2.6 and its value equal 2.4 has reached least value at P4 and then increased in P5 region. 

Also, the values of saturation current(I0) in P2, P3, P4 and P5 region are 99.8 nA, 62.3 nA, 13.4 nA, and 15.2 

nA respectively.  

The ideality factor (n), barrier height in zero bias (φ0), saturation current (I0), resistance in forwarding 

bias (Rs), resistance in inverse bias (Rsh) and rectifying rate (RR) of a different region of PS are given in Table 

(2). 

Table 2: Main electrical parameters of all regions of PS obtained from the I-V method. 

Samples (nA)oI n (eV)BoΦ RR )Ω(sR )Ω(MshR 

2P 99.8 2.6 0.71 25.5 111 3.36 

3P 62.3 2.5 0.72 41.9 202 5.60 

4P 13.4 2.4 0.76 47.2 370 8.06 

5P 15.2 2.7 0.76 9.7 162 2.07 

 

                        

 

 

As shown in Table (2), P4 has the least n, I0 and Rsh and highest Rs, RR, and ΦB0. Therefore, 

increasing the etching process (up to P4 region) improves the performance of the diode and after that, the 

performance of the diode decreased with increasing porosity. Both of Rs and Rsh values increase by 

increasing the porosity. Increasing the Rsh value reduces the leakage current of the diode and enhancement 

diode rectification.  

 The main electrical parameter can be an extract of I-V characteristics that analyzed using thermionic 

emission theory. the relationship between current and applied bias voltage in terms of thermionic emission is 

given as [45, 46]: 
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* 0 ( )
exp( )[exp( ) 1]B sq q V IR

I AA
kT nkT

 
          (1) 

Where Rs, q, k, T, n, φB0, A*, V, I and A are the series resistance, electronic charge, Boltzmann 

constant, absolute temperature in Kelvin, ideality factor, zero bias barrier height, effective Richardson 

constant, applied bias voltage, current, and rectifier contact area. Also, the reverse saturation current (I0) and 

ideality factor (n) can be obtained from the intercept at zero bias and slope of the linear region of LnI-V plot 

and given by: 

* 2 0
0 exp( )Bq

I AA T
kT


           (2) 

( )
( )

q dV
n

kT d LnI
           (3) 

As shown in Table 2, the ideality factor of all region of silicon greater than unity related to several 

effect such as series resistance, barrier inhomogeneity, interface traps (Dit) and interface stats (Nss) at 

metal/semiconductor interface [47-49], which indicate the deviation of experimental I-V information from 

ideal thermodynamic theory. 

Other important parameters of the Schottky diodes are the series (Rs) and shunt (Rsh) resistance that 

results from the resistance of bulk semiconductor, ohmic contact and non-uniform doped atoms in the 

semiconductor, which it can cause errors in the extracted electrical parameters. There are several methods to 

the determination of the Rs from the forward bias I-V data such as Ohm’s law, Norde, Cheung, and modified 

Norde functions by Bohlin [38]. The Rs values were obtained using Ohm’s law and Cheung methods and 

compared with each other.  

In addition, the value of Rs can also be calculated from Cheung functions developed by Cheung [50]. 

As follows from equation 4(a) to 4(c): 

( )
( )

s

dV kT
IR n

d LnI q
           (4 a) 

* 2
( ) ( ) ( )

kT I
H I V n Ln

q AA T
          (4 b) 

( ) s BH I IR n            (4 c) 

Where IRs is the voltage drop across the series resistance of the SBD. the functions of dV/d(LnI) and 

(H(I)) were obtained from I-V characteristics. Experimental dV/d(LnI) and (H(I)) vs I plot of a different region 

of PS are shown in Fig. 4. After fitting the curve to a straight line and using equation 4(a), Rs and n can be 
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extracted from the slope and the intercept of the line.  The Cheung functions were also used for the 

determination of Rs and ΦB values. These values were derived from the slope and intercept of the H(I)-I curve 

and reported in table 3. 

Table 3. Some electrical parameters extracted from the different methods for all regions of PS. 

Region             n                                             R s (Ω)                                    ΦB (eV) 

                     _____________________                 _________________________________                 ___________________ 

           ∂V/∂I    dV/d Ln(I)           ∂V/∂I       dV/d Ln(I)     H(I)                I -V       H(I) 

              ______________________________________________________________ 

 

P2           2.6           3.6                   111            17.9           24.2                 0.69       0.65       

P3           2.5           4.4                   202            15.8           22.3                 0.70       0.63 

P4           2.4           4.0                   370            28.6           44.9                  0.74       0.63 

P5          2.7            3.4                   162            11.2           20.3                 0.73       0.69 

 

The Rs values obtained from dV/d(LnI) vs I and H(I) vs I plot for P4 region are 28.6 Ω and 44.9 Ω.  As 

shown in Table 3, the obtained value of HB and Rs values from Norde and I-V methods have good agreements 

with each other. Also, the obtained results from both methods show that the increasing porosity of silicon 

wafer improves the performance and rectifying of SDs. 

 

Figure 4. The plots of dV/d Ln(I)-I and b) H(I)-I for all regions of PS. 

 

The Peak Shape method developed by Chen, which takes into account the peak shape or geometrica l 

properties of a well-known method of TL glow curve analysis, has been applied [22]. According to this 

method, the average activation energy (E) was found to be 1.11 eV and average frequency factor (s) 1.80x10+10 

s-1 according to the peak shape method of high-temperature peak (501 K) which can be taken as a dosimetric 

peak.  
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In Schottky diodes, both MS or MIS type, many surface states/traps (N ss or Dit) are created between 

interfacial layer and semiconductor in the forbidden band gap of semiconductor during fabrication process 

[35,38]. These traps, as recombination centers, can store and release the electronic charges under the bias 

voltage. Therefore, the profile of surface states vs energy for all regions of PS was obtained from the forward 

bias I–V data by taking into account both the voltage-dependent ideality factor n (V) and barrier height (ΦB). 

The expression for the density of the interface states as deduced by Card and Rhoderick [51] can be 

reduced to:   

1
( ) [ ( ( ) 1) ]si

ss

D

N V n v
q w




            (7) 

Here, εs (=11.8εo), εi (=4εo) and εo (=8.5 × 10-14 F/cm) is the permittivity’s of the semiconductor, 

intrinsic interlayer, and free space, respectively. WD and δ are the depletion layer width and the thickness of 

the interlayer[52]. 

 

Figure 5. Energy density distribution of the surface states for all regions of PS. 

For p-type semiconductors, the energy level of traps/states (Ess) with respect to the bottom of the 

valance band (Ev) at the surface of the semiconductor is expressed as [38]. 

 ( )ss v eE E q V              (8) 

Here; V is the voltage drop across depletion layer and Φe is the effective barrier height.  

Thus, Nss vs (Ess- Ev) profile of the different region of PS were obtained from Equations 7 and 8 are shown in 

Fig. 5(b).  As shown in Fig. 5(b), the energy values of the N ss of P2, P3, P4, and P5 region are in the range of 

0.42 eV-Ev to 0.67 eV-Ev. The magnitude of Nss at 0.42 eV-Ev are 1.8× 1013 eV- 1 cm-2, 2.1× 1013 eV-1 cm-

2, 2.6× 1013 eV- 1 cm-2 and 1.8× 1013 eV- 1 cm-2 for MS and 2.0× 1013 eV-1 cm-2 , and its value at 0.67 eV-

Ev are 8.6× 1012 eV- 1 cm-2, 9.9× 1012 eV- 1 cm-2, 1.6× 1013 eV- 1 cm-2 and 1.9× 1013 eV- 1 cm-2 for  P2, 

P3, P4 and P5 region of PS, respectively. As can be seen clearly from Fig. 5 (b), due to being the same as the 

intrinsic interlayer for all regions, the magnitude of Nss for all regions is approximately the same. But the 

energy dependence of the Nss in different regions is different. At low porosity region(P2), the density of states 
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decreased with increasing energy, while in high porosity region, with increasing energy, the Nss decreased and 

then increased again after a minimum value. 

 

4. CONCLUSION  

In this study, the effect of the etching process on electrical parameters of porous p-Si has investiga ted 

using forward and reverse bias I-V in a wide range of applied bias voltage. In this way, the values of n, BH 

and Rs were obtained from the forward and reverse bias I-V data by using the different experimenta l 

measurement methods and also calculated methods namely TE theory and Cheung’s methods and compared 

with each other. The energy-dependent profile of Nss was extracted from the forward bias I-V data by 

considering voltage-dependent of BH and n. the obtained results of both methods are confirmed that the 

increasing porosity of silicon wafer improves the performance and rectifying of SD in the respect of a 

decreases in n and leakage current and increase in rectifying rate (RR) and BH. 
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Abstract  

 
 

Double confluent Heun equation (DHE) is studied analytically by using extended NU method. Heun equation 

in which Gauss hypergeometric, confluent hypergeometric, Mathieu, Ince, Legendre, Laguerre, Bessel 

functions are involved, is a general second order linear differential equation. The Heun equation is a Fuchsian 

type equation with four regular singular points. The DHE which is derived from Heun equation when two 

regular singular singularities coalesce, has two irregular singularities at zero and infinity and contains four 

parameters. Since there is no regular singular points, the DHE has not got convergent Frobenius solutions. On 

the other hand, solutions have the DHE have great importance in some physical problems as in gravitationa l 

theory. Therefore, eigenvalue problem of the DHE must be solved analytically. 
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1. INTRODUCTION 

Heun equation in which Gauss hypergeometric, confluent hypergeometric, Mathieu, Ince, Legendre, Laguerre, 

Bessel functions are involved, is a general second order linear differential equation:  

 
𝑑2𝑤

𝑑𝑧2 + [
𝛾

𝑧
+

𝛿

𝑧−1
+

𝜖

𝑧−𝑎
]
𝑑𝑤

𝑑𝑧
+

𝛼𝛽𝑧−𝑞

𝑧(𝑧−1)(𝑧−𝑎)
𝑤 = 0.       (1) 

where 𝛾, 𝛿, 𝜖, 𝛼 and 𝛽 are constant parameters and the complex number 𝑞 is called accessory parameter [1]. 

The Heun equation is a Fuchsian equation with four regular singular points. Irregular singularities can be 

generated by confluences in Heun equation. Confluent, biconfluent, double and triconfluent Heun equation 

are important confluent forms of Heun equation. Scientists encounter Heun equation and its confluent forms 

in many branches of Physics [2]. Solutions of Heun type equations are given by using the power series method 

[1] which involves detailed processes. As an alternative solution method for Heun type differential equations 

we have introduced extended Nikiforov-Uvarov (NU) method and presented applicability for some physical 

problems [3, 4, 5, 6]. Extended form of NU method is achieved by changing boundary conditions of the NU 

method which are related to the degrees of polynomial coefficients in the basic equation of NU method. If any 

second order differential equation can be reduced to the basic equation, the differential equation can be solved 

exactly in a systematic way [7, 8]. NU method succeed only differential equations which has at most three 

singular points. The motivation of derivation of extended NU method is to expand the number of solvable 

differential equations and it is based on solving extended hypergeometric type equations systematically.  

The aim of this work is analytical study of double confluent Heun equation (DHE) by using extended NU 

method. The DHE which is derived from Heun equation when two regular singular singularities coalesce, has 

two irregular singularities at zero and infinity and contains four parameters. The DHE is given in the following 

form;  

 𝑧2 𝑑2𝑦(𝑧)

𝑑𝑧2 + (−𝑧2 + 𝑐𝑧 + 𝑡)
𝑑𝑦(𝑧)

𝑑𝑧
+ (−𝑎𝑧 + 𝜆)𝑦(𝑧) = 0,      (2) 

 where 𝑐 and 𝑎 are local parameters which indicate the behavior of the solution at 𝑧 = 0 and 𝑧 = ∞, 𝑡 is 

scaling parameter and 𝜆 is the accessory parameter [9]. Since there is no regular singular points, the DHE has 

not got convergent Frobenius solutions. On the other hand, solutions have the DHE have great importance in 

some physical problems as in gravitational theory [9, 10]. Therefore, eigenvalue problem of the DHE must be 

solved analytically. The manuscript is organized as follows: In Sec.2 the extended NU method is explained 
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briefly. Exact eigenvalue solutions of the DHE are achieved by extended NU method in Sec.3. Finally, our 

results were presented. 

 2. EXTENDED NIKIFOROV-UVAROV METHOD 

If any second order differential equation which can be reduced to the following form;  

 𝜓′′(𝑧) +
𝜏�̃�(𝑧)

𝜎𝑒 (𝑧)
𝜓′(𝑧) +

𝜎�̃� (𝑧)

𝜎𝑒
2(𝑧)

𝜓(𝑧) = 0        (3) 

where �̃�𝑒(𝑧), 𝜎𝑒(𝑧) and �̃�𝑒(𝑧) are polynomials of at most second, third and fourth-degrees respectively, the 

equation can be solved analytically. Eq.(3) is the basic equation of the extended NU method. Starting with 

transformation given as;  

 𝜓(𝑧) = 𝜙𝑒(𝑧)𝑦(𝑧),           (4) 

where 𝑦(𝑧) corresponds to polynomial solution of the equation, Eq.(3) is reduced to a more comprehensib le 

form;  

 𝜎𝑒 (𝑧)𝑦′′(𝑧)+ 𝜏𝑒 (𝑧)𝑦′(𝑧)+ ℎ(𝑧)𝑦(𝑧) = 0,        (5) 

 where  

 𝜏𝑒 (𝑧) = 𝜏�̃�(𝑧) + 2𝜋𝑒(𝑧),          (6) 

 ℎ(𝑧) − 𝜋𝑒′(𝑧) = 𝑔(𝑧)          (7) 

 and  

 𝜋𝑒 (𝑧) =
𝜎𝑒′(𝑧)−𝜏�̃�(𝑧)

2
± √(

𝜎𝑒′(𝑧)−𝜏�̃�(𝑧)

2
)2 − 𝜎�̃�(𝑧) + 𝑔(𝑧)𝜎𝑒(𝑧).     (8) 

Recently defined polynomials 𝜏𝑒(𝑧) and 𝜋𝑒(𝑧) are polynomials of at most second-degree and ℎ(𝑧) is a 

polynomial at most first degree. In order to determine all of possible values of the polynomial 𝜋𝑒(𝑧), the 

polynomial 𝑔(𝑧) must be known explicitly. According to the condition on 𝜋𝑒 (𝑧) namely a polynomial of at 

most second-degree, the expression under the square root sign must be square of a polynomial at most second-

degree. Thus the polynomial 𝑔(𝑧) must be chosen appropriately. 

In order to generalize the solutions of Eq.(5), this equation is differentiated once;  

 𝜎𝑒 (𝑧)𝑦
(3)(𝑧)+ (𝜏𝑒(𝑧) + 𝜎𝑒 ′(𝑧))𝑦′′(𝑧) + (𝜏𝑒′(𝑧) + ℎ(𝑧))𝑦′(𝑧) + ℎ′(𝑧)𝑦(𝑧) = 0.  (9) 

Eq.(9) is an extended hypergeometric type differential equation and its all derivatives have the same form. 

Therefore, it can be differentiated 𝑛 times by using the new representation 𝑦(𝑛)(𝑧) = 𝑣𝑛(𝑧) [3, 4]. When the 

coefficient of 𝑣𝑛(𝑧) is equal to zero, polynomial ℎ𝑛(𝑧) is defined as  

 ℎ𝑛(𝑧) = −
𝑛

2
𝜏𝑒 ′(𝑧) −

𝑛(𝑛−1)

6
𝜎𝑒 ′′(𝑧) + 𝐶𝑛,        (10) 
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where 𝐶𝑛 is an integration constant. Eigenvalue solution of the problem can be found out by taking ℎ(𝑧) equals 

to ℎ𝑛(𝑧). Therefore Eq.(5) can be rewritten in the following form;  

 𝜎𝑒 (𝑧)𝑦′′(𝑧)+ 𝜏𝑒 (𝑧)𝑦′(𝑧)+ ℎ𝑛(𝑧)𝑦(𝑧) = 0.       (11) 

This equation has a particular solution of the form 𝑦(𝑧) = 𝑦𝑛(𝑧) which is a polynomial of degree 𝑛. The 

function 𝜙(𝑧) in the initial transformation 𝜓(𝑧) = 𝜙(𝑧)𝑦(𝑧) is defined as a logarithmic derivative;  

 
𝜙′(𝑧)

𝜙(𝑧)
=

𝜋(𝑧)

𝜎(𝑧)
.            (12) 

Determining all of the newly defined polynomials, eigenvalue and eigenfunction spectra can be obtained 

analytically by the extended NU method. 

 

3. SOLUTION OF DOUBLE CONFLUENT HEUN EQUATION 

The DHE provides the boundary conditions of extended NU method. Comparing Eq.(2) with the basic 

equation of the extended method given by Eq.(3) the polynomial coefficients can be associated as;  

   �̃�𝑒(𝑧) = −𝑧2 + 𝑐𝑧 + 𝑡 

   𝜎𝑒 (𝑧) = 𝑧2 

 �̃�𝑒(𝑧) = −𝑎𝑧3 + 𝜆𝑧2.           (13) 

The polynomial 𝜋𝑒(𝑧) can be obtained by substituting these polynomials in Eq.(8);  

 𝜋𝑒 (𝑧) =
𝑧2+(2−𝑐)𝑧−𝑡

2
± √(

𝑧2+(2−𝑐)𝑧−𝑡

2
)2 + 𝑎𝑧3 − 𝜆𝑧2 + 𝑔(𝑧)𝑧2.     (14) 

The polynomial 𝑔(𝑧) which provides the condition of 𝜋𝑒(𝑧) is a second degree polynomial and corresponding 

polynomials 𝜋𝑒 (𝑧) can be listed as follows;  

 𝜋𝑒1(𝑧) = 𝑧2 + (2 − 𝑐)𝑧 − 𝑡          (15) 

 𝜋𝑒2(𝑧) = 0            (16) 

for 𝑔1(𝑧) = −𝑎𝑧 − 𝜆. Each of the polynomials 𝜋𝑒 (𝑧) generates a different eigenstate solution for DHE. The 

solution for 𝜋𝑒1(𝑧) is given in details; by using Eq.(7), Eq.(6) and Eq.(10) respectively the polynomials ℎ(𝑧), 

𝜏(𝑧) and ℎ𝑛(𝑧) can be achieved as;  

 ℎ(𝑧) = (2 − 𝑎)𝑧 + 2 − 𝑐 − 𝜆         (17) 

  𝜏(𝑧) = 𝑧2 + (4 − 𝑐)𝑧 − 2𝑡          (18) 

  ℎ𝑛(𝑧) = −𝑛𝑧 − 𝑛(
4−𝑐

2
+

𝑛−1

3
)         (19) 

Equating the right hand sides of ℎ(𝑧) and ℎ𝑛(𝑧) and taking the integration constant 𝐶𝑛1 = 0 one can get the 

following relations;  
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 2 − 𝑎 = −𝑛            (20) 

 𝜆 = 𝑛(
4−𝑐

2
+

𝑛−1

3
) + 2 − 𝑐          (21) 

Eq.(20) indicates the necessary condition for an eigensolution to be a polynomial where 𝑛 = 0,1. . . .. and 

Eq.(21) gives eigenvalue solution of the DHE for the polynomial 𝜋𝑒1(𝑧). 

Eigenfunction solution behaves related to the function 𝜙𝑒(𝑧) defined by Eq.(12). The function 𝜙𝑒(𝑧) becomes 

in this stage;  

 𝜙𝑒1(𝑧) = 𝑒𝑥𝑝[𝑧+
𝑡

𝑧
]𝑧2−𝑐 .          (22) 

One can achieve to the following results for the polynomial 𝜋𝑒2(𝑧) by using the above mentioned process; 

For Eq. (16);  

 𝑎 = −𝑛            (23) 

 𝜆 = 𝑛(
𝑐

2
+

𝑛−1

3
)           (24) 

 𝜙𝑒1(𝑧) = 1.            (25) 

 

4. CONCLUSION  

The DHE is handled in analytical treatment by using extended NU method. The parameter λ which plays the 

role of eigenvalue parameter is derived together with the necessary condition for the eigenfunction to be a 

polynomial in each stage corresponds to the different values of the polynomials π_e (z). To the best of our 

knowledge, the DHE has been solved analytically by the first time. 
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                           The effect of Ag doping on dielectric behaviors of ZnO nanocrystals was investigated using 

spectroscopy.  The AFM images indicate that the ZnO films are formed from the nanofibers. Moreover, the 

dispersion parameters such as dispersion energy, oscillator energy, dielectric constants and dissipation factor 

were determined. From optical constants analysis for ZnO films, the real (ε1) and imaginary (ε2) dielectric 

constants, optical conductivity and dissipation factor were also studied. The dielectric constants was found to 

decrease with Ag amounts. Low values of dielectric loss with Ag doping suggest that Ag-doped ZnO is 

suitable way for low frequency devices applications. 
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1. INTRODUCTION 

Zinc oxide (ZnO) is highly transparent conducting oxide in the visible region with a wide and direct band gap 

of about 3.37 eV at room temperature and a high exciton binding energy of 60 meV [1]. The exciton binding 

energy of ZnO is up to 60 meV, so devices made from ZnO can operate more efficiently at a high temperature. 

It possesses good optical, electrical and piezoelectric properties, which has been extensively used in many 

fields including electronic and photonic application [2-4]. Especially, ZnO is deemed as very promising 

photonic materials in industry owing to its outstanding optical and electrical properties [5,6]. Due to its wide 

band gap characteristics, ZnO has attracted a lot of attention for a variety of potential applications in both 

microelectronic and optoelectronic devices such as solar cell, transparent conducting electrode, UV and blue 

light emitter and thin film transistor.  

ZnO thin films are prepared by variety of techniques, such as pulsed laser deposition, magnetron sputtering, 

chemical vapor deposition, atomic layer deposition, molecular beam epitaxy, and sol-gel method. However, 

the sol-gel method offers some advantages over all above mentioned techniques, e.g. it is very simple, cost is 

low, no requirement of vacuum, composition can be easily controlled, and one can also coat a large substrate 

area. The sol-gel method for the synthesis of inorganic nanoparticles such as ZnO, TiO2 and SiO2 has become 

one of the most popular chemical procedures [7,8]. 

At the same time, various metal and non-metal co-doping can also change electrical conductivity and optical 

characteristics of ZnO doped system. Doping process has ability to absorb photons of light with a widening 

range of the solar spectrum. The photocatalytic activity of ZnO nanoparticles was improved using various 

dopants such as Ag, Ni, Mn, Fe, Co, and Pd [9,10]. In the present study, we have investigated the effect of Ag 

dopants as well as their concentration on the structural and electrical properties of ZnO thin films. 

 

2. MATERIAL AND METHODS 

 

       ZnO and Ag doped ZnO solutions were produced by sol-gel method and p type silicon substrates were 

coated using spin coating method. For the thin film preparation, 0.5 M zinc acetate was dissolved in 10 ml 

isopropanol (IPA) and silver acetate was added to the solution with the molar ratios of 0,2 % and 0,5 % and 

stirred using magnetic stirrer at 500 rpm. When the metallic salts totally dissolved in the liquid ethanolamine 

was added as a stabilizer to the solution and final solution was stirred for 1 hour at room temperature. Then, 

p type Si wafers were kept in IPA and water for 5-minute periods, respectively. Si wafers then cleaned with 

nitrogen gas. Prepared undoped ZnO and Ag doped ZnO solutions were drop cast on Si wafers and the spin 
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coating process was performed under 3000 rpm for 30 seconds. To evaporate the solvents existing in solutions, 

thin films were baked at 150 ˚C for 5 minutes. Final products were then annealed at 450 ̊ C for 1 hour. Surface 

properties of the thin films were investigated using PARK SYSTEM XE-100E atomic force microscope 

(AFM) in non-contact mode at room temperature in ambient conditions. The optical properties of the thin 

films were assessed at room temperature using SHIMADZU UV–Vis–NIR 3600 spectrophotometer in the 

wavelength between 200 and 1200nm. Electric and optoelectronic properties of photodiodes were investigated 

using FYTRONIX FY-7000 Solar Simulator I-V Characterization System. 

In this way, the photodiodes were ready for determining their characterizations. Thus, photodiodes were called 

Z01 (Undoped ZnO), Z02 (% 0.5 Ag doped ZnO) and Z03 (% 2 Ag doped ZnO). 

 

3. RESULTS AND DISCUSSION 

 

The structural properties of the samples were characterized by using non-contact mode AFM which is used 

an appropriate special tip. The 5 μm × 5 μm AFM images were taken from the prepared thin film samples. 

AFM images of the surfaces were presented in Fig. 1. AFM images were obtained in non-contact mode at 

room temperature in ambient conditions. When the images were assessed, it was seen that undoped ZnO films 

consist of flake like structures. AFM images revealed that flake like structures covered the substrate 

homogeneously and form cascaded arrangement. 

 

 

Figure 1: AFM images belonging Z01, Z02 and Z03 thin films 

 

The electrical characteristics of Z01, Z02 and Z03 Ag doped ZnO based photodiodes which are were 

investigated at room temperature. The semi-logarithmic I-V graph given in Fig. 2 was drawn with obtained I-

V data of Z01, Z02 and Z03 photodiodes. 
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Figure 2. The lnI-V characteristics of the photodiodes. 

 

The photodiodes were quantitatively analyzed by using the standard thermionic emission (TE) theory [11]. 

 
exp

s

o

q V IR
I I

nkT

 
  

 
              (1) 

where k is the Boltzmann’s constant, Io is reverse saturation current, IRs is the voltage drop across the series 

resistance, q is the electronic charge, n is the ideality factor and T is the absolute temperature in Kelvin. 

 

 

The fundamental electron excitation spectrum of the films was described by means of the frequency 

dependence of the complex electronic dielectric constant. The complex refractive index (�̂� = 𝑛 + 𝑖𝑘) and the 

dielectric function 휀̂ = 휀1 + 𝑖휀2 characterize the optical properties of any solid material.  
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The real and imaginary parts of the complex dielectric constants are expressed as [12, 13] 
 
휀(𝜔) = 휀1

(𝜔) + 𝑖휀2(𝜔)                   (8) 

 
where e1 and e2 are the real and imaginary parts of the dielectric constant, respectively.  

 
휀1

(𝜔) = 𝑛2(𝜔) − 𝑘2(𝜔)                        (9) 

 

휀2
(𝜔) = 2𝑛(𝜔)𝑘(𝜔)          (10) 

 

Some other optical properties such as refractive index and extinction coefficients of the samples were 

studied. The refractive index is an important optical parameter. The refractive index of the films was calculated 

using reflectance and absorption data. The refractive index (n) of the films was determined by the following 

relations [14]; 

 

𝑅 =
(𝑛−1)2+𝑘2

(𝑛+1)2+𝑘2           (11) 

𝑛 = (
1+𝑅

1−𝑅
) + √

4𝑅

(1−𝑅)2
− 𝑘2          (12) 

 

k (k=/4) where k is the extinction coefficient. 
 

The dependence of ε1 and ε2 on the wavelength for undoped ZnO and Ag doped ZnO, films are shown 

in Fig. 3. It is seen that the real and imaginary part of dielectric constant changes with the wavelength, which 

suggest that some interactions between the photons and electrons in the films are taking place. The real part 

of the complex dielectric constant is higher than the imaginary part of the dielectric constant.  
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Figure 3: The plot of wavelength dependent real part of dielectric constant of the undoped ZnO and Ag doped ZnO thin films. 

 
 
 

 
 

 
 

 

 

 

 

 

 

 

 

 

Figure 4: The plot of wavelength dependent imaginary part of dielectric constant of the undoped and Ag doped ZnO thin films. 
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Photon energy dependence of both ε1and ε2 are depicted in Fig. 3. Values of ε1exhibits are higher than 

those for the ε2 in the studied photon energy range. There are different behaviors for the two parts of the 

dielectric constant. The variation of the dielectric constant with photon energy indicates different interact ions 

between photons and electrons in the films are produced in this energy range. These interactions are observed 

on the shapes of the real and imaginary parts of the dielectric constant and they cause formation of peaks in 

the dielectric spectra which depends on the material type different behaviours were observed for both ε1 and 

ε2 and the spectral dependence indicates different interactions between photons and charge carriers in the 

semi-conductor are achieved in this energy range [15, 16] which causes characteristic peaks in the dielectric 

spectra. An intense peak, shown in the spectral dependence of ε2 is observed at ≈3 eV fool-lowed by a 

minimum intensity in ε1 at the same energy. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: The plot of photon energy dependent real part of dielectric constant of the undoped and Ag doped ZnO thin films. 
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Figure 5: The plot of photon energy dependent imaginary part of dielectric constant of the undoped and Ag doped ZnO thin films. 

 

4. CONCLUSION 

In this work, ZnO thin films were doped with 0,5 % and 2 % Ag for photodiode applications. Surface 

characteristics of the photodiodes were characterized using AFM. AFM images revealed that flake like 

structures covered the substrate homogeneously and form cascaded arrangement. 

 The optical analysis of the films indicates that the optical constants such as, dielectric constants depend on 

the composition of the film. The real part of the complex dielectric constant is higher than the imaginary part 

of the dielectric constant 
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Abstract 

Frequency and voltage dependence of complex-dielectric, complex-electric modulus, and dielectric loss 

tangent (tan) of the Au-(ZnO2Fe4-PVP)-nSi (MPS) capacitors were investigated in wide range of frequency 

(10kHz-5MHz) and voltage (-2V/+5V) by using capacitance/conductance-voltage (C/G-V) measurements to 

get accuracy and reliable results on the dielectric properties. The decreases of ε' and dielectric loss (ε'') with 

increasing frequency was attributed to the polarization and surface states (N ss). Both the tanδ and M’’ was 

changed with bias voltage and dhow a peak behavior and changes their magnitudes and positions with 

frequency were attributed a special distribution of Nss, their lifetime, and polarization. Thes results show that 

the -(ZnO2Fe4-PVP) organic interlayer can be successfully used instead of traditional insulator materials in 

respect of low cost, low weight, flexibility, required low energy consumption, and easy grown processes.  

Keywords: Interfacial (ZnO2Fe4-PVP) interlayer; Surface states and polarization effects; Series resistance  
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1. INTRODUCTION 

 In recently, many studies were performed on the electrical and dielectric properties of the MS type 

electronic devices by using various interlayer materials such as insulator (TiO2) [1]), ferroelectric (Bi4Ti3O1 2  

[2], polymer (graphene-PVA) [3]. Among them, polymer has grasped more attention due to its low-cost 

production, flexibility, and large area of production compared to traditional insulator materials. Especially 

PVA and PVP have unique features such as high-water solubility and a large crystallinity range. At low and 

moderate frequencies C and G values become strong function of frequency and voltage due surface states (Nss) 

and dislocations and their lifetimes () [10,11]. Additionally, the value of series resistance (Rs) becomes more 

effective on the C/G-V plots at accumulation region [6]. Therefore, the investigation of the electric and 

dielectric properties of semiconductor devices in wide range of frequency and bias voltage is more important 

because of a detail physical mechanism of them are not well understood yet.  

 The aim of this study is to fabricate Au/nSi capacitor with (ZnO2Fe4-PVP) polymer interlayer utilizing 

electrospinning method and their dielectric properties, ac electrical conductivity (ac), and complex electric 

modulus of them in wide range of frequency and voltage at room temperature by using by using impedance 

spectroscopy method to get more accuracy and reliable results.  

 

2. EXPERIMENTAL DETAILS 

 Au/(ZnO2Fe4-doped PVP/n-Si capacitors were performed on the P-doped Si wafer with (100) float zone, 

300 μm thickness, and 1015cm-3 doping donor atoms. Before the formation of ohmic and rectifier contacts, 

n-Si wafer was cleaned in various acid solutions and dried with high-pure nitrogen gas. After that 150 nm 

thickness of high-pure Au (99.999%) was thermally evaporated onto the backside of wafer at 10-6 and then it 

was sintered at 550 oC for 5 min in a N2 atmosphere to perform a good ohmic contact. Immediately, the 

prepared (ZnO2O4-PVP) organic solution utilizing electrospinning method was grown on the front of wafer 

with 22 nm from the interlayer-capacitance (Ci). Finally, Au circular dots with 150 nm thickness and 7.85x10-

3 cm-2 were evaporated on the (ZnO2O4-PVP) in the same system.  

 

3. RESULTS AND DISCUSSIONS 

 Fig. 1 and 2 show the (’-V-f) and (’’-V-f) plots of the Au/(ZnO2Fe4-PVP)/n-Si (MPS) capacitor were 

obtained from the measured Cm and Gm data by using following relations [7]. 

휀′ =
𝐶

𝐶0

=
𝐶𝑑𝑖

휀0𝐴
 

        (1) 
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휀′′ =
𝐺

𝜔𝐶0

=
𝐺𝑑𝑖

휀0𝜔𝐴
 

        (2) 

The loss tangent (tanδ=″/which is a ratio of ″ to and the investigation of it is depend on both frequency 

and voltage. As shown in Figs 1 and 2, the changes in ’ and ’’ in the depletion region is result of Nss and 

their restructure and reordering under an external electric field but the changes at accumulation region usually 

is result of Rs and organic layer. According to Maxwell-Wagner-Sillars effect, current follows from the 

interface of the composites, space charges can be accumulated and so leads to polarization [8]. 

 

Fig 1. The frequency dependent (’-V) plots of  

Au/(ZnO2Fe4-PVP)/n-Si (MPS) capacitor. 

 

Fig 2. The frequency dependent (’’-V) plots of  

Au/(ZnO2Fe4-PVP)/n-Si (MPS) capacitor. 

  

   The complex electric modulus (M*) is defined in terms of the complex * as given following form [7]:  

2222*

*

'''

''

'''

'
'''

1









 



 jjMMM                                                (3) 

     Thus, the real (M’) and imaginary (M") parts of M* were calculated from the Eq. 3 using ε’ and ε″ values. 

The value of M’ decreases with increasing bias voltage but increases rapidly with increasing frequency due to 

the shortrange mobility of electrons. The observed in M’’ vs V which is corresponding to the dielectric 

relaxation processes and peak position shift towards to higher voltage with increasing frequency due to Nss 

and Maxwell-Wenger type polarization [7,8]. The ac-ln(f) and ln(ac)-ln(f) plots of the capacitor for various 

voltages at accumulation region were obtained by using the following equation.   
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0''tan  







 C

A

di
ac

                                   

(4) 

The σac value remains almost constant at low frequencies which is corresponding to the dc conductivity (dc) 

and then starts increase almost as exponentially at high frequencies due to Josher’s power law [9].  

 

4. CONCLUSION 

 The calculated value of ’ ( 6) even at 10 kHz for the fabricated Au/(ZnO2Fe4-PVP)/n-Si (MPS) 

capacitor is considerably high when compared the SiO2 insulator. The surface morphology of the zinc ferrite 

nanostructures was investigated by FE-SEM and the image show that the surface analysis shows the formation 

of clusters. The values of tanδ and M’’ were found changed with bias voltage and show a peak behavior and 

changes their magnitudes and positions with frequency were attributed a special distribution of Nss, their 

lifetime, and polarizationThe tanδ and M’’ show a peak behavior and changes their magnitudes and positions 

with frequency were attributed a special distribution of Nss, their lifetime, and polarization. These results are 

confirmed that the value of C one has to increase of the  ' and the decrease of interlayer thickness, but it is 

largely determined by the working voltage and cannot be tempered. As a result, the grown organic interlaye r 

at M/S interface is more important due to its low cost and low molecular weight, flexibility, and large area of 

production compared to insulators. 
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Abstract 

Hydrothermal method is the method of producing nanomaterial with the help of high pressure and temperature. 

In this way, nanomaterials with different morphologies are produced by changing the pressure and temperature 

values depending on the main material. In hydrothermal system produce all materials from the solutions such 

organic materials and metal oxides and all-in solutions for various applications. FYHD-8000 produce 

materials from the solution as powder and thin films on any substrate. Hydrothermal method is the most 

suitable and inexpensive method for these applications. High efficiency materials can be produced with 

minimum loss  of material under high vapor pressure 

 

Keywords: Nanomaterial, hydrothermal synthesis, fytronix.  
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1. INTRODUCTION 

Hydrothermal synthesis is the synthesis of single crystalline materials due to the solubility of materials under 

high temperature and pressure in a closed ambient [1]. Hydrothermal synthesis in aqueous ambient 

corresponds to reactions above 100 ° C and 1 bar. Natural phenomena are the best examples of hydrothermal 

reaction. This method is also used in the separation of various chemicals especially in the industrial field [1]. 

In order to control the morphology of the materials to be prepared by hydrothermal method, low pressure or 

high pressure conditions can be used depending on the vapor pressure of the main material in the reaction.  

Also materials having different morphologies can be obtained by changing the reaction time. Many 

nanomaterials can be synthesized easily and successfully by hydrothermal method.  this method has significant 

advantages over other nanomaterials production methods. It can produce nanomaterials at variable high 

temperatures. For this during the hydrothermal reaction process the conditions of the reaction are very 

important. 

Physical and chemical properties of water under hydrothermal conditions investigated by Franck (1978). The 

Physical properties of the water with PVT data 1000 oC and 10 kb under can be better detected [2].  

 

Fig.1. Schematic phase diagram of water showing specific areas during hydrothermal process 
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As seen Fig.1 Pt,Vt and PbVb indicate the triple point and boiling point respectively, while PcVc are the 

pressure and temperature of the critical point (374oC and 221 bar). In addition, the Pc curve is automatica lly 

generated in all temperature ranges [3]. 

 
2. MATERIAL AND METHODS  

In seen Fig.2. System ıncludes a high pressure reactor and temperature controller. This system Reaction 

temperature: 50-300 oC 100 ml PTFE or black carbon:TFE sample holder as seen in Fig.3. PID Temperature 

controller System automatically adjusts internal-pressure from low to high pressure by temperature or solution 

volume or external gas. The solution prepared in aqueous ambient is placed into the teflon holder, then placed 

into the system and the screws are closed. External gas valve is also closed after the screws are closed. After 

a completely airless indoor ambient, pressure-temperature and heating steps are determined according to the 

properties of the main material and the system is operated. The system automatically turns off after the set 

time has elapsed. In order to remove the nanomaterials from the closed system, first the external valve is 

opened and then the nanomaterials are obtained by applying centrifugation or filtration to the aqueous 

nanomaterials. 

 
3. RESULTS AND DISCUSSION 

FYTRONIX FYHD-8000 System includes a high pressure reactor and temperature controller. Synthesize 

powder nanomaterials, nanostructure thin films with FYHD-8000 hydrothermal device. Also controlling of 

nanosize with reaction time, nanosize and nanostructure with reaction temperature and controlling of nanosize 

and nanostructure with pressure.  

 

       
 

Fig.2. Nanomaterial production system FYTRONIX F 8000     Fig.3. Teflon Holder  
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Systems produces the following materials or more; All ceramic materials, Bioceramics, Polymer 

nanocomposites, Polymers, Metal complexs, Organometallic complex, Metal complex nanocomposites, 

Bioglass ceramic materials, Carbon based materials, Graphene , Graphene Oxide, Boron based materia ls, 

Coating metal oxide films on substrate, Coating bioceramic films on substrate 

, Graphene-nanocomposite materials, Nanocomposite metal oxide materials, Metal oxide semiconductors, 

Boron nitride, boron carbide, Film growth on any substrate, Battery materials, Solar cell materia ls, 

Ferroelectric materials, Piezzo materials, PL materials, Chalcogenide materials, Biomaterials, Hybrid 

materials and more. 

 
4. CONCLUSION  

As a result, the hydrothermal method is one of the easiest and most successful methods for the production of 

single crystal nanomaterials. Hydrothermal method, which is commonly used in chemistry and materials field, 

is also used in quantum dot and drug delivery systems in medicine [4]. 

 

REFERENCES 

 
[1] Voltage and frequency dependence of negative capacitance behavior in a Graphene-TiO2 nanocomposite 

photoanode based on quantum dot sensitized solar cells, MesutYalcin, FahrettinYakuphanoglu, Optik 

Volume 183, April 2019, Pages 1099-1105. 

[2] Hydrothermal Synthesis, Encyclopedia of Materials: Science and Technology (Second Edition), 2001, 

Pages 3989-3992 

[3] Hydrothermal synthesis of nanomaterials, O. Schäf, H. Ghobarkar* and P. Knauth, Nanostructured 

Materials pp 23-41.  

[4] Graphene Quantum Dots: Syntheses, Properties, and Biological Applications, T.A.Tabish, S Zhang, 

Comprehensive Nanoscience and Nanotechnology (Second Edition), Volume 3, 2016, Pages 171-192. 

 

 

 

 

 

 



 

 

International Natural Science, Engineering and Materials Technology Conference 

Sep 9-10, 2019, İstanbul / TURKEY 

640 
 

FULL AUTOMATIC SOLAR SIMULATOR SYSTEMS FOR PHOTOVOLTAIC 

APPLICATIONS 

A.Dere1, B. Coşkun2, F. Yakuphanoğlu3 
  

1Firat University, Nanoscience and Nanotechnology Laboratory, Elazig, 23200 TURKEY  
2Department of Physics, Faculty of Arts and Sciences, Kırklareli University, Kırklareli, TURKEY 

3 Firat University, Department of Physics, Elazig, 23200 TURKEY  

  
E-mail: a.dere@firat.edu.tr 

 

Abstract  

 

This system analyze all photovoltaic and photoconducting characteristics of all solar cells such Dye sensitized 

solar cell, quantum dots solar cells, Organic solar Cells, Silicon Solar cells, Thin films solar Cells under 

various solar light intensities from 0.1 W/cm2 to 1500 W/m2. This system is a complete current-voltage (I-

V), current-time (I-t) and power-voltage (P- V) measurement environment. Voltage range: -45 V to +45 V 

Current range: 100 pA to 200 mA. 19 independently controlled LED wavelengths from 400 nm – 1100 nm. 

FY-8000 solar simulator should have sample holder and it is comprised of two probes. Holder size should 

have 132.5mmx132.5mm. This solar simulator should have software to control measurements and analysis of 

data. Device should automatically measure open circuit voltage Voc and short circuit current, ISC , Shunt 

resistance (Rsh) • Conversion efficiency (n), Maximum power output (Pmax), Voltage at Pmax (Vmax), 

characteristic resistance, Rch , Fill factor (FF) • Series resistance (Rs). 

 

Keywords: Solar simulator, electrical properties, diode, solar cell. 
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1. INTRODUCTION 

Semiconductor compounds are of great interest in electronic technology because they have important 

electronic, structural and optical properties in various phase structures [1].  

Accurate measurement of the electrical properties of semiconductors is very important for the correct and safe 

operation of any electronic device produced [2]. The performance of electronic devices depends on how the 

charge carriers move in the conduction and valence band. Electrical behavior of materials is explained by band  

structures. electrical conduction is the physical properties of materials that vary according to the distance and 

electron density between these bands.Conductivity equation of materials; 

  ne            1 

, (-1cm-1 or Scm) expressed as a function of the charge carrier density, n, (cm-3) the electron charge, e, (C) 

the  (cm2/Vs) is the so called drift mobility. The mobility expresses the average velocity gained by a charge 

carrier in an applied electric field of 1 V/cm. 

According to quantum theory, an electric current can flow through a material if it has a partially filled electron 

band ( the so called conduction band). In this way, electrons can be brought slightly above the fermi energy. 

Thus, current is generated by the electric field. but only those close to the fermi energy allow the transmiss ion 

of electric current. conductivity equation according to quantum mechanics is given as follows; 

 1/3 e2 vF  N(EF)           (2) 

where vF is the velocity of the electrons at the Fermi energy and  N EF is the density of filled electron states 

at the Fermi energy. 

 

 

Figure 1: Schematic of a band diagram showing the energy levels filing for a semiconductor, near 0 K, and  

for an insulator. Eg represents the amplitude of the energy gap of the material. 
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At 0 K, the VB, entirely filled with valence electrons is separated by a gap, Eg from the entirely free 

conduction band. Band gap (Eg) of semiconductors is in the range of about 0.1-4 eV. 

The electronic properties of the devices produced from semiconductors can be determined by optical, electrica l 

and dielectric analysis. performance of solar cells made of semiconductor materials can be measured by 

several electrical characterization techniques. Tests in PV cells include current or capacitance measurements 

by applying external DC voltage. Tests in PV systems include various parameters; wavelength of monochrome 

light, intensity of illumination, illumination position and device temperature etc. Device parameters such as 

output current and voltage; energy conversion efficiency; maximum power output; doping intens ity; 

Resistance, etc. data are obtained from current voltage (I-V) or capacitance voltage (C-V) measurements 

performed in DC or pulsed mode. One of the main conditions of characterization is the measurement of current 

- voltage (I - V) curves under standard conditions, ie at 25 ° C and under illumination using an AM1.5G 

spectrum. Solar Simulator system is controlled automatically by computer. System adjusts automatically the 

intensity of light 0.1 W/m2-1000 W /m2 by any step, for example from 1 W/m2 to 1000 W/m2 with 1 W/m2. 

System automatically measures current-voltage (I-V) under various light intensities and automatica lly 

measures power-voltage (P-V) under various light intensities, automatically analyses photovoltaic mechanism 

(I-V) under various light intensities also this system system automatically measures photo transient current -

time (I-t) under various light intensities however system measures automatically open circuit voltage- t ime 

(Voc-t) under various light intensities Solar Simulator system measures automatically short current-time (Isc-

t) under various light intensities 

2. MATERIAL AND METHODS  

The sample to be analyzed is characterized on the electronic parameters by means of computer control by 

touching the metal part of the probe to the contact point of the probe at one end of the probe by placing it on 

the probe of Figure 2. The intensity of solar simulator should automatically adjust by system. seen in Figure 

3 solar simulator system should simultaneously measure I-V characteristics curve of the device, Solar Cell I-

V characteristic curve, Power-voltage curve, lsc-Solar light intensity curve and photovoltaic mechanism curve 

and should analyse photovoltaic mechanism and write type of the mechanism on computer screen. 
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Fig. 2. Probe holder for electrical measurements  

 

3. RESULTS AND DISCUSSION 

 

The FYTRONIX FY 8000 fully automatic solar simulator system used to characterize the electronic properties 

of the various circuit elements is shown in Figure 3. Then, the current voltage I-V, power-voltage (P-V) and 

solar irradiation graphs analyzed by this device are shown. The current voltage (I-V) characteristics of any PV 

cell characterized by the FYTRONIX FY-8000 Solar simulator system are shown in Figure 4. As shown in 

Figure 4, the current of the PV cell increases as the photo current increased. This explains that the device 

exhibits rectifying behavior. This result can be explained by the thermionic emission theory (TE). TE theory, 

the correlation between current (I) and voltage (V) for forward biases of V > 3kT/q is given as; 

 

𝐼=𝐼𝑜[exp(𝑞(𝑉−𝐼𝑅𝑠)/𝑛𝑘𝑇)−1] 

where I0 is the reverse saturation current, V is the applied bias voltage, Rs is the series resistance, n is the 

ideality factor, k is the Boltzman's constant, and T is the absolute temperature. 
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Fig.3. FYTRONIX FY 8000 Solar Simulator   Fig.4. Solar Simulator system automatically measures 

current-voltage (I-V) under various light intensities  

 

 

Fig.5. Solar Simulator system automatically measures  

power-voltage (P-V) under various light intensities 

 

Fig.6. Technical data and calibration results  photovoltaic I-V test results 
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The power voltage (P-V) characteristics of any PV cell characterized by the FYTRONIX FY-8000 Solar 

simulator system are shown in Figure 5. As shown in Figure 5, the power-voltage curve is obtained by 

increasing the light intensity from 10 mW/cm2 to 100 mW/cm2 with 1 mW/cm2 steps. 

 

4. CONCLUSION  

FYTRONIX FY-8000 solar simulator system determine all photovoltaic parameters. Software of Solar 

Simulator system determine the following photovoltaic parameters such as short circuit current Isc, open 

circuit voltage Voc, maximum power Pmax, maximum current Imax, maximum voltage Vmax, 

efficiency , shunt resistance Rsh and series resistance Rs.Also ,system analyze the automatically the 

photovoltaic mechanism analysis. 
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ABSTRACT 

In this study, the damages of the buildings in the Düzce Kalıcı Konutlar (Yenikent) area built for 

earthquake victims in Düzce province after the 17 August 1999 and 12 November 1999 earthquakes were 

investigated. The aim of the study is examination of the facade damages, analyze the causes and suggest 

solutions. Four different buildings of two different types, two buildings with two apartments on the floor and 

two buildings with four apartments on the floor, were selected from four different islands in the region. 

Elevations and orientations diffrence of the selected buildings were considered. A field study was carried out 

in order to identify the damages causing aesthetic problems and photographs of the damaged areas on the 

facades were taken. Damages that cause damage to building facade materials and aesthetic problems were 

identified; efflorence, surface deterioration, color changes, atmospheric contamination, atmospheric 

corrosion, obsolete appearance, deterioration due to usage errors and surface corrosion of metals. 

When the errors made during the design, application and usage process were examined, it was found 

that the most damaging factor was caused by the errors in the application phase. 

Keywords: Duzce Kalıcı Konutlar, Facade Damages, Physical Building Problems. 
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INTRODUCTION 

Depending on the functions of the building facades, it is necessary to meet the needs of its users such 

as aesthetics, comfort and protection from environmental influences. Facade materials cover the surfaces of 

building materials, and they appear to be smooth and designed, while at the same time protecting the structure 

from atmospheric effects and rainfall[1]. Regulations, specifications, standards have been prepared in order 

to provide a quality use of the structures. However, errors occur in the buildings due to reasons such as controls 

and inspections being carried out randomly, lack of employees who will perform the application meticulous ly 

on the construction sites, and lack of materials in compliance with the relevant standards. Due to these errors, 

especially building facades are damaged and worn out and these errors lead to damages that cause aesthet ic 

problems. Failure to perform the applications properly in the first stage will result in maintenance and repair 

costs after damage occurs. Considering that construction materials are expensive and limited, the costs incur 

damage to the building owners and the national economy[2]. 

METHODOLOGY 

          In this study, Banu Erturan, Özlem Eren 's ,evaluation of building facades can be used to decide on the 

renovation model [3] in the work of the list of damage prepared for the facade of the example of the aesthetic 

problems based on the title of damage; effloresence, surface deterioration, atmospheric corrosion, 

deterioration due to usage errors, surface corrosion in metals, were investigated in the context of substances.      

1.Effloresence 

The definition of effloresence can be expressed as water entering the building element to dissolve the 

salts in the environment and evaporating after the heat changes, and observing the salts in the form of white 

spots and feathery formations on the inner surfaces. Effloresence on the facades is observed depending on the 

properties of the building material and the conditions of the environment. Used in the structure; bricks, mortar 

containing sea sand, some cement and additives are effective in the formation of effloresence [4]. In addition, 

the forms of storage of building materials trigger the formation of effloresence, materials should be prevented 

from the interaction with the soil when stored, stored in appropriate conditions. Blossoms seen at the basement 

level are caused by moisture, surface waters and splash rising from the ground by capillary; the causes of 

effloresence seen above the basin level can be shown as soil moisture and rainfall [5]. 
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2.Surface Deterioration 

These are surface deformations that occur in various factors in building materia ls.  

Material losses occur due to changes in the integrity of the material with a physical effect or fracture. Due to 

climatic factors such as temperature changes and frost-thawing events and physical effects, cracks and crevices 

may occur in the material. When the necessary precautions are not taken, these cracks grow in time and cause 

part losses. Another surface deterioration is contamination. Contamination Superficial contamination occurs 

when pollutants such as dust and soil accumulate on the surface of the material. Black colored contamina tion 

occurs due to atmospheric reasons. Depending on the usage, paint residues on the facades also cause 

contamination [6]. 

3.Atmospheric Corrosion  

It is the abrasion and melting of the surfaces of materials due to the effects of rain, snow and wind. 

One of the damages on the surface of the structure is erosion. Climatic factors such as rain, snow and wind 

cause abrasion and wear on the surface of the material [6]. 

4.Deterioration Due to Use Errors 

Human-induced defects are effective in causing physical damage to building materials. As a result of 

the wrong practices, damages occur on the exterior of the building due to natural events and living things. 

Problems caused by human effects are caused by incorrect or incomplete information and also by careless 

practices. Human factor in the process of damage and defect formation; incorrect detail design, misapplicat ion, 

misuse and maintenance of the building [7]. 

Damages occur in the buildings due to the intervention and changes made by the building owners at 

their own will. During the usage phase, the building owners can open the windows to their facades as they 

wish and cause the balconies to be closed and to look different from the facades drawn in the architectura l 

project[2] . 

5. Surface Corrosion in Metals 

The corrosion of metal or metal alloys by chemical effects is called corrosion. Corrosion causes 

staining of surfaces and cracking and separation of metal-containing composite material from other material. 

[8]. The main important effect of corrosion is the damage of structures to the carrier system. When the metal 

inside the building elements expands due to corrosion, the volume increases and starts to press around it; color 
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deformation on the facade can cause damage such as cracks and fragment breaks[9]. In addition, the main 

reason for demolition of buildings in earthquakes is the corrosion occurring in the reinforcement, the reason 

is not water insulation or insufficient. 

AREA STUDY 

Duzce-Permanent Houses (Yenikent) region, which was selected as the study area, was opened to 

settlement in 2003, consists of 14 regions and these regions are divided into 6 neighborhoods and there are 

approximately 7000 houses. In this study, four buildings of two different plan types were selected from four 

different islands in Bahçelievler Neighborhood. 

The climate here is mild, and generally warm and temperate. The average annual temperature is 11.8 

c in Düzce with significant rainfall and the average annual rainfall is 660 mm. During the year, the average 

temperatures vary by 17.9 ° C. Northern winds are dominant [10]. 

  

  

 

 

 

Fig.1. Bahçelievler neighborhood satellite view Fig.2. Working area satellite view 
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Type-1 floor two-room buildings, Type-2 floor four-room buildings were identified as. 

Fig. 3. Selected buildings 
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Fig 4-Type-1.1 The building was placed on the 

193th island at 288 m elevation in northeast-southwest 

direction. The residence area is approximately 210 m2 

with three floors and a total of 6 apartments. 

Fig 5-Type-1.2The building was placed on the 

191th island at 238 m elevation in the northeast-

southwest direction. The residence area is approximately 

210 m2 with three floors and a total of 6 apartments.

  

  

Fig 6-Type-2.1 The building was placed on the 

137th island at 280 m elevation in northwest-southeast 

direction. The residence area is approximately 465 m2. It 

has five floors and consists of 18 apartments in total.  

Fig 7-Type-2.2 The building was placed on the 

203th island at 254 m elevation in northwest-southeast 

direction. The residence area is approximately 465 m2. It 

consists of four floors and 14 apartments in total.  
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Fındıngs And Evaluatıon  

Effloresence 

  

Fig.8 Type-1.1 effloresence(northeast) Fig.9Type-1.1 efflorence (northwest) 

The waterlogging level of the structure and the effloresence at the junction of the ground are the 

formation of the water rising from the ground by capillary on the surface of the facade by evaporation by 

combining with the chemicals in the wetted material. With the arrangements around the building, the water 

coming to the ground should be removed from the building. 

  

Fig.10 Type-1.2 Effloresence (southeast) Fig.11 Type-2.3 effloresence(northwest) 
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Surface Deterioration  

           When rainwater enters the facade cladding materials or the water vapor coming from the interior is 

under the impermeable layer due to the impermeable material, the water condenses and the swelling cracks 

occur due to the difference in the thermal expansion coefficients of the two materials. 

  

Fig. 12. Type-1.1 Paint damage (southwest) Fig.13. Type-1.1Paint damage 

(northeast) 

Changes in temperature cause effects such as expansion-shrinkage of materials. The application of 

materials with different properties interactively causes separation from the joints and damage to the coating 

surfaces and paint coatings. 

  

Fig.14 Type-2.2 Paint damage (southwest)   Fig. 15. Type-1.2 Paint damage (southwest) 

In reinforced concrete surfaces without using primer materials or coatings with insufficient quality 

materials, temperature changes, rainfall, sun and wind combined with the effects of breakage and spills caused.  
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Atmospheric Corrosion 

Coating materials get wet when in contact with water and damage the internal structure of the materia l. 

Due to the effects of climatic factors, these damages are seen as cracks and breaks in facade materials in time.  

  

Fig. 16. Type 1.1 Corrosion on the roof 

(southwest) 

Fig. 17. Type-1.2 Corrosion on the roof 

(southwest) 

Damage of rain gutters, insufficient water carrying capacity, etc. due to various reasons such as water 

coming down from the roof to come into contact with the building surfaces, water adheres to the surfaces and 

penetrates into the material with the effects of wind. These damages on the roof pavement continued as the 

water caused swelling, cracking and subsequent rupture. 

  

Fig. 18. Type-1.2 Wall surface corrosion(northeast) Fig.19.Type-2.2Wear in horizontal discharge(northeast) 
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        Elevated water that is not removed from the ground by appropriate methods and the material used in 

subsequent additions to the structure with different characteristics of the facade cladding material caused 

cracking, breakage and abrasion by atmospheric factors. With the lack of proper detailing in the horizonta l 

protrusions, the water could not be removed from the structure of the material and cracking from weak points 

and abrasion occurred over time [11]. 

Deterioration Due to Use Errors 

  

Fig.20.Type-1.2 surface 

contamination (southwest) 

Fig.21.Type-1.2 Damages under dropper unregulated windowsill 

(southeast) 

In the windowsills without dropper details, the pollutants (exhaust smoke, dust, etc.) accumulated on 

the facade surface started to flow from the corners of the windowsills and unwanted images were formed on 

the coating material. deterioration and swelling of the paint, followed by cracking and various deformations.  
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Fig. 22. Type-2.2 facade view (southeast) Fig.23.Type-1.2 anchor materials and drilled 

holes 

Appliances such as antennas, air conditioners added to the building facades, and also the devices added 

by the building users for hanging clothes, cause visual negative effects on the building facades. The difference 

between the properties of the materials used during the installation of the devices will be combined with the 

effect of heat and water, causing damage to the facades over time. Failure to plan these additions to the facades 

and the subsequent displacements results in both aesthetic and physical damage to the facade. 

  

Fig.24. Type-2.2Eaves attached to the facade(southeast)  Fig. 25. Type-2.2 Closed balcony 
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Building users can make changes in the building facades in line with their wishes and damage the 

facades. In use, as shown in the figures, unlike the architectural project, balconies have been closed, garden 

floor users have entered the apartments from the balcony and covered the garden entrances with sheet metal 

porch. Due to the material properties, structural and aesthetic damage has occurred. Failure to apply sanctions 

to prevent the building owners from acting in accordance with their wishes, lack of controls has led to the 

appearance of images in the figures. 

  

Fig. 26. Type-1.1 Rain downpipe (northeast) Fig. 27. Type-2.2 rain downpipe (northwest) 

The building material gets wet and damages the internal structure of the water as the rain down pipes 

are not lowered to the ground or the water coming from the pipes is not removed from the ground. Various 

microorganisms, algae and so on. It is formed. These formations damage the structure both aesthetically and 

because of the smell they emit. 

  

Fig.28.Type-2.2 Rain downpipe and bird droppings  Fig.29. Type-2.1 rain downspout (northeast) 



 

 

International Natural Science, Engineering and Materials Technology Conference 

Sep 9-10, 2019, İstanbul / TURKEY 

658 
 

The feces of the birds perching on the rain downpipes cause a dirty appearance in the facade covering 

material. Combines with precipitation waters and damages the material as abrasive on the surface. 

  

Fig. 30.. Type-2.1 facade deterioration Fig. 31.. Type-2.1 facade deterioration 

In the structure seen in the figures, it was decided to renew the facade cladding but due to the 

characteristics of the material used, the insufficiencies in application, and the lack of binding primer on the 

surface to be applied, the new material could not provide adherence with the existing surface, and breaks were 

observed in all parts of the facade. 

         

Fig.32. Type-2.1 Facade deterioration (southeast) Fig 33. Type-2.1 Facade deterioration (southeast) 

The main reason for the formation of ruptures can be shown as the lack of adherence of the materia l 

with the existing surface, while atmospheric factors have triggered the formation of ruptures. 
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Surface Corrosion in Metals 

 The physical properties of the ceramic and the plastered surface were not the same, the expansion 

coefficients in the temperature changes were different, causing cracks from the joints and water leakage from 

these cracks for various reasons. chemical reactions on metal surfaces and the increase in the volume of metal 

as a result of these reactions caused fractures with various stresses in the coating to break the parts.  

 

Fig. 34. Type-1.1 corrosion (northeast) 

RESULTS AND RECOMMENDATIONS 

As a result of the study, after the 17 August 1999 and 12 November 1999 earthquakes in the Permanent 

Houses (Yenikent) built for earthquake victims in the province of Düzce, causing damage to the front of the 

buildings and causing damage to the aesthetic problems, the most damage when examined through the design, 

application and use of the damage It was determined that the causative factor was caused by errors in the 

application phase. 

Results 

• Fragmentation and ruptures occurred due to frost and corrosion effects in the facade cladding 

materials and the damaged parts should be repaired with suitable materials in order to prevent these ruptures 

and breaks. 

• It has been observed that the water leaking into the ground is not solved by appropriate drainage 

systems and the presence of rising water sucked from the ground due to pressurized ground water. Due to the 

lack of proper waterproofing on the surfaces that come into contact with the soil, the water has risen through 

the capillary and the water, which is combined with the effect of temperature differences, frost and thawing 



 

 

International Natural Science, Engineering and Materials Technology Conference 

Sep 9-10, 2019, İstanbul / TURKEY 

660 
 

during the day and night, has caused breaks. In order to prevent this, waterproofing should be repeated on 

surfaces where the material interacts with the soil. 

• It should be solved and applied with correct details at the connection points of the buildings with the 

ground. The detachment should be made prone from the ground junctions, and water should be prevented 

from accumulation and removed from the structure. Rain downpipes should be lowered to the ground, hidden 

channels should be arranged and water should be removed from the structure. 

• In the presence of oxygen and water, metals such as iron and steel are corroded by chemical reactions. 

As it is seen in the buildings, corrosion occurs with the effect of atmosphere and water. Corrosion-induced 

rust takes up more space than metal, resulting in internal stresses and cracking caused by structural damage. 

• It is seen that bird nests and wastes damage the facade and floor coverings. Precautions should be 

taken to prevent birds from roosting and away from the structure. 

• The appropriate installation details of the satellite antennas and air conditioners added to the build ing 

facades must be arranged. Damages were observed at the mounting points, anchoring elements remaining on 

the facade after unnecessary assemblies damage the facade aesthetically. Mounting materials should be chosen 

appropriately and labor errors should be prevented. 

• When the structures after the earthquake were examined, it was observed that structural damages 

were caused by corrosion of reinforced concrete reinforcement with water moisture. For this reason, necessary 

precautions should be taken in the buildings before they reach the extent of structural damage. 

• Since the dropper detail was not made, the water was held on the surface and caused damage. The 

dripping of the coating materials and water should be detailed and applied. 

Suggestions 

• In order to prevent effloresence on the facades of buildings, it is possible to prevent effloresence and 

staining with chemical additives as well as preventing contact with soil when storing building materials. 

• In order to prevent corrosion from physico-chemical problems in the structures, cathodization can be 

done on the materials or protection can be realized by covering or covering the surface of the metals. Metal 

surfaces to be protected in this method; oxide, silicate, metallic or organic based (oil, bitumen, plastic and oil 

paint) coatings. In order to protect against corrosion, it is necessary not to put together two different metals 

without insulation and to apply protection methods and to maintain them continuously. 
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