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1) It has been suggested that surface melting of ice plays a role in enabling speed skater
to achieve peak performance. The idea is that the pressure from weight of the skater
applied to the ice through the knife edge of the skate, melts a thin layer of surface ice and
lubricated the skate. Let’s test this notion.

At P=1 atm, ice melts at T=273.15K, AH ., =6010Jmol *, the density of ice is
P =920kgm~, and the density of liquid water is Piig =997kgm™.

a) What pressure is required to lower the melting point of ice by 5 K?

b) Assume the width of the skate’s edge that contacts the ice is 25x10 cm.
Assume the length of the contact edge is 15 cm. If the skater weighs 85 kg,
what is the pressure exerted on the ice by the skate edge?

c) What is the melting point of ice under the pressure that you calculated in part
b?

d) If the ice is maintained at 268K, do you expect the ice under the knife edge of
the skater to be melted?

a) What pressure is required to lower the melting temperature by 3.0°C7

(dP}y  _ASF™  as 22.0 Tmol'K™
VaT ) AV M M 18.02x107kg  18.02x107kg
Pro; Pro; 998 kgm™ 920 kgm™

=-1.44x10"PaK™ =144 barK™
The pressure must be increased by 720 bar to lower the melting point by 3.0°C.



b) Assume that the width of the skate in contact with the 1ce 15 25 x 10~ cm, and that the
length of the contact area 15 12 cm. If a skater of mass 85 kg 1s balanced on one skate,
what pressure is exerted at the interface of the skate and the 1ce?

F 85kgx981 ms™ ) :
p= - 2O WS 5 5%10"Pa=22x10%ar
A 15x107mx25%10"m

c) What 15 the melting point of ice under this pressure?
(dT Ic
AT ==

| AF = %x220%10'bar =1.5C: T,,=—1.5°C
\ dP ) fusion 144 bar

d) If the temperature of the ice 15 —5.0°C, do you expect melting of the ice at the ice-skate
interface to occur?

Mo, because the lowening of the melting temperature 1s less than the temperature of the
ice.

2) We learned that differential scanning calorimetry (DSC) yields the enthalpy of
denaturation of a protein. We can also calculate the enthalpy of denaturation using
equation 6.71, by measuring the equilibrium constant for denaturation at two different
temperatures. Assume there are only two forms for the protein: structured (N) and
unstructured (D).

a) At a temperature T=315K, UV absorbance spectroscopy finds that f, =0.965.

Calculate K at this temperature.
b) At a temperature T=345K, UV absorbance spectroscopy finds that f, =0.015.

Calculate K at this temperature.
¢) Assuming the enthalpy of denaturation is constant between T=315K and
T=345K, calculate the enthalpy of denaturation.
d) By DSC, the enthalpy of denaturation was assumed to be 251kJmol™. Does this
direct measurement of the enthalpy agree with the value calculated in part c? If
they do not agree, discuss the reasons for the difference.

SOLUTION

Kas = (fo)/(fn) = (1-fn)/(fn) = (1 — 0.965)/(0.965) = 3.6 x 107

Kags = (fp)/(fn) = (1-fn)/(fn) = (1 - 0.015)/(0.015) = 66.

In(Ksss/ Ks1s ) = -(AH/R)[1/(345. K) — 1/(315. K)]

AH = -R In(Kass/ Kais ) /[1/(345. K) — 1/(315. K)] = -(8.314 J mol™ K™)In(66./0.036)/[-

2.76x10™] = 2.3x10° I mol™

Assumption: enthalpy change does not vary between 310 and 340 K.



3) We did not cover DNA melting in lecture, but like protein melting, DNA melting can
be treated as an equilibrium. DNA melting occurs when double stranded DNA “melts’

into two single strands. If the DNA is self-complementary, the two strands are identical
and the equilibrium is A, = 2A where A; is the self-complementary duplex and A is a

single strand. DNA melting is relevant to DNA sequencing and in forensic DNA analysis.
The subject of DNA melting is described in equations 7.43-7.47.

For a self-complementary DNA oligonucleotide the melting temperature is monitored as
a function of total strand concentration:

Tm (K) 315 318 321 324 327 329 332
Strand 0.00005 | 0.00009 | 0.00015 | 0.00027 | 0.00046 | 0.00082 | 0.0014
Concentration

(M)

Determine the enthalpy and entropy changes associated with the melting of this DNA
duplex. Assume the enthalpy and entropy are both constants in this temperature interval.
State any assumptions. Hint: You will have to do a plot of the data to answer this
question.

RInC+ AS°
AH® AR

The equation for the melting temperature is Ti =—

m
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Transforming data into a plot of (1/Tr,) vs. (InC) and fitting to a straight line, we get

Slope = (R/AH®) = -4.88 x 10° K™




slope = —4.88x10°K ™ = R

AH®

-1 -1

He = 83LKmOL ) 20510° Jmol
4.88x107K

Offset = (AS® /AH®) = 2.79 x 10° K™

AS® = (170 ki mol™)(2.79 x 10° K) = 474.  mol™* K™

4) A surfactant molecule is a molecule like a fatty acid, which has a carboxyl group acid
attached to a long aliphatic chain which forms a monolayer on a water surface), Butanoic
Acid CH,CH,CH,COOH is a surfactant. I mentioned in class that surfactants lower the

: . : C, d
surface tension. Equation 7.35 tells you how to calculate this effect: " = —é% where
2
C is the bulk solution concentration of the surfactant, g is the surface tension and I is the
surface adsorption, or moles of surfactant molecules per m? of surface.

The surface tension » (Nm™) of aqueous solutions of butanoic acid is given in the table
below as a function of butanoic acid concentration C, ( moles L™).

Concentration (molesL™) Surface tension (Nm™)

0.01 0.000704
0.05 0.000639
0.10 0.000587
0.20 0.000521
0.30 0.000477
0.40 0.000445
0.50 0.000419
0.60 0.000397
0.70 0.000379
0.80 0.000363
0.90 0.000348

From a graph of the surface tension as a function of concentration determine the surface
adsorption I" of butanoic acid at a concentration of 0.40M. Assume T=291K. Hint: it
would be most efficient to plot the data in semi-log fashion, i.e. plot y as a function of
InC,. Why?

SOLUTION

A simple approach is to use difference between data at 0.50 and 0.30 M to estimate



derivative at ¢ = 0.40 M:

Ay/AC = [(4.19 — 4.77) x 10* N m™]/[(0.50 —0.30) mol L] =-2.9 x 10* N m™ mol™ L
I' ~ -(c/RT)(Ay/Ac)

= -(0.40 mol L™/ (8.314 J mol™ K1)(291. K)] x (-2.9 x 10* N m™ mol™ L)

= 4.8 x 10® mol m*

5) Autoclaves that are used to sterilize surgical tools. Must operate at T=393K to kill

bacteria. If water is used in the autoclave to wash the surgical tools at T=393K, at what
pressure must the autoclave operate? Assume the normal boiling point of water is

T=373.15K. The enthalpy of vaporization of water is AH,,, = 40.656kJmol ™ and is
constant between T=373K and T=393K.

P, L iH;@:rf:ﬂL'Dﬁ _." 1 l

\I
mL=-"Fm |
|

= |
E R \ I, I;
P, 40 656x10°Tmol™ [ 1 1
In—f — MO = -0.6667
P 8314 Tmol™K™ " 1393.15K 373.15K )
P, _
— =195 P. =195 atm

6) Here is an application of ideal solution theory to a binary solution. Assume 1-
bromobutane and 1-chlorobutane form an ideal solution. At T=273k P, . =3790Pa

chloro
and P, =1394Pa. When only a trace of liquid is present at T=273K, vy, =0.75.

a) calculate the total pressure above the solution.

b) Calculate the mole fraction of 1-chlorobutane in the solution.

c)What value of Zchloro have in order for there to be 4.86 moles of liquid and 3.21 moles
of gas at a total pressure equal to that in part a?

a) Calculate the total pressure above the solution.
- - +
— Pr.'.'u'dr: ol _'E:'.-'ijn-mﬂm.'na

F tal ::_Pr:‘.u'.:-ra - P‘ ]

,
Yenors

1o brama

075 3790 PaxP,, —3790 Pax1394 Pa

P, %3790 Pa—1394 Pa

foral h

b 3790 Pax1394 Pa
" 3790 Pa —0.75% (3790 Pa —1394 Pa)

=2651Pa




b)

‘F:.:-m.' = I:r‘.j.}mﬁf‘!.‘:ro + rl = Xihiors \l Pﬁ;'.:-m:
e = Pow =B, 2651Pa-1394Pa_ o
chere — pt o —PB.. 3790 Pa—1394 Pa
c)
v _ Prt‘.u'ar:ﬁomf _'E:';.'W'DPﬁ:D.'Hd
e iil:':.:-.'::l.' |: Pr‘-;.u'.:-m - Pﬁ:'ﬂ.‘ﬂd ]
_ 3790 Pax2651 Pa—3790 Pax1394 Pa _ 0.750
2651 Pax (3790 Pa—1394 Pa) B
."'.:il.':rpfﬁ;m".:-
Xehiors = a y " )
Pr.'.'u'-:lr: + [Eﬁr:mp _'Fr.il.'wa:- :I Viniora
_ 0.750x1394 Pa . 0525
3790 Pa + (1394 Pa—3790 Pa )= 0.750
”E::;Irr [z:.-‘ijw.:- = Xhigrs 1 = n'.h:sar [J'rr‘.u'.:-r-:l - z:.'.'.'ar: 1
Z, - nmu + n”“’r; _ 321 molx0.750 + 4.86 mol x0.525 _ .,
' Mper + 11 3.21 mol+ 4 86 mol

7) Henry’s Law quantifies the solubility of gases in liquids. As such it is useful for
understanding the conditions faced by ambient pressure divers.

a) Calculate the pressure exerted by a column of water 40 meters in height. Give your
answer in bars.

pgh =(1000kgm*)(9.8ms *)(40m) = 3.92x10° Pa = 3.92bars

b) What is the pressure on a diver who dives to the depth in part a?

P =1latm+ pgh =101325Pa + 3.92bar ~ 1.01bar +3.92bar = 4.93bar . Note the
calculation most include the atmospheric pressure plus the hydrostatic pressure.

c) According to the NOAA diving handbook, the maximum operational depth (MOD) is
the deepest that a diver can go and not exceed an oxygen partial pressure of 1.6 bars,
where it is assumed the diver breaths a mixture of oxygen and nitrogen. If the diver in
part b breaths a mixture that is 0.36 oxygen (i.e. y, =0.36) calculate the partial pressure

of oxygen. Has this diver exceeded the MOD?



Solution: Diver has to breath air at the pressure of the surroundings. Therefore the partial
pressure of the oxygen is: P, = y, P =(0.36)(4.93bars) =1.78bars . Therefore the diver

has exceeded the MOD.

d) If as determined in part c the diver has exceeded the MOD, determine what the MOD
is for the oxygen/nitrogen mixture in part c.
P, = Xo,P = (0.36) P =1.6bars

p_L16bars _, abars

0.36
444-101 MOD 3.44
493-101 40 3.93

-.MOD = (40m)% —35m

e) For conditions in parts ¢ and d, calculate the mole fractions of oxygen and nitrogen in
the diver’s tissue fluids. Assume Henry’s Law behavior.

P P
Py, =KuXo, = Xo, = - = >
: 2 >k, 4.95x10%bars

P
ForP, —1.78bars = z, = - = -/00AIS __ 34, 10+
’ * k, 4.95x10bars
P
For P, =1.6bars = z, =— L6bars 3910

k, " 4.95x10%bars

f) Assume the diver breaths an oxygen/helium mixture that is 0.36 oxygen. Repeat the
calculations in part e. What does this suggest about the use of oxygen/helium mixtures in
ambient pressure diving?

8) At P=50 atm and T=423K, CO, gas obeys the Berthelot equation of state which has
2

IPT, 1—6T—°2 P. and T, are constants, called the critical

128P.T T

pressure and the critical temperature, respectively. For CO, at P=50 atm and T=423K,

Pc=73atm and Tc=304K. Calculate the fugacity and the fugacity coefficient for CO, at

P=50atm and T=423. Note the fugacity coefficient y; is defined by the equation f= vy P.

the form: PV = nRT(lJr

2
Solution: PV =nRT [1+ 9PT, (1—61—#)} =nRT (1+ PJ) where

128PT T?
2
L 1-6< |.
128PT T




We need an expression for a.. According to the Berthelot equation of state...

a:!— RT _ RT(1+PJ) RT

———=RTJ . Then
n P P P
P P 2\ P 2
ijadP:deP: M 1 6l [dP= Pl 1 61 |- 0073
RT ] ) 128PT " T?); 128PT( T

Evaluate the fugacity...In(f)=In(50)-0.073=3.84. Therefore f=46.48 atm.

The fugacity coefficient y¢ can be calculated in two ways...

f 46.48atm
1) fopPoy = -20408M
) =y =y =5 = 0am

=0.93

1 50
2 =exp| — | adP |=e%% =0.93
) Vi p{ RT E[a J



