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Abstract

In this work we compare the CO, gas sensing properties of two new materials synthesized from rare earth hydroxide (La(OH)s,
Pr(OH);) precursors, with the already reported ones for neodymium oxycarbonate, which was synthesized from the
corresponding Nd(OH); precursor. In-situ XRD measurements show that by following similar thermal treatment, praseodymium
hydroxide is transforming to the metal oxide while lanthanum hydroxide forms an oxycarbonate, like in the case of neodymium.
The chemoresistive effects we found for the lanthanum oxycarbonate were even higher than the ones recorded for the
neodymium oxycarbonate; for the praseodymium metal oxide we could not find any CO, sensitivity. Accordingly, we think that
the condition for CO, sensing is the formation of the rare earth oxycarbonate.
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1. Introduction

For monitoring the important target gas CO, today’s state-of-the-art sensor systems make use of electrochemical
cells [1-3], capacitive sensors [4, 5] or NDIR. The disadvantages of these measurements principles span from high
costs to complicated operation conditions and need for qualified operators. Easy to use chemo resistive sensors
could be very useful due to their lower costs and simplicity in operation.

2. Sensor effects

As a first step towards this goal we reported in [6] that Nd,O,COj is a candidate for use in chemo resistive CO,
sensors. To understand if the sensitivity is associated to the specific formed material, namely the oxycarbonate, or to
the rare earth element, we examined other rare earth metal compounds; it is also known that nearly all rare earth
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metals can form oxycarbonates [7,8]. Accordingly, two new rare earth tri hydroxide precursors (Praseodymium and
Lanthanum) were synthesized by following the same synthesis route; the nanosized hydroxide powder was
processed and screen printed onto sensor substrates and the so formed sensor element was subjected to heating to
400°C. Afterwards, the CO, sensor performance was assessed in a background of humid air (50% relative humidity
at 25°C) and at an operation temperature of 250°C. In Figure 1 are displayed the results obtained for Lanthanum and
Neodymium; the sensor signals of the Lanthanum compound spanned between a 12 times increase of resistance for
exposure to 300ppm up to 20 times increase of resistance for exposure to 5000ppm CO,, higher than in the case of
the Neodymium compound. On the other side, the Praseodymium compound is not showing any sensor signals, see
Figure 2.
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Fig. 1 Sensor signals of the neodymium and lanthanum compounds.

Red line for neodymium and black line for lanthanum. Fig. 2 : Result for a 5000ppm CO; pulse on the yield

Praseodymium compound.

3. XRD measurements Nd(OH)3 - *
= after heating
As the signals are completely different we were " after sensing
analysing the crystal structures with X-Ray Diffraction * from the substrate *

by performed in-situ XRD examinations, directly on the
sensors. This revealed that Nd(OH); is forming an
amorphous material during heating and, after the CO,
exposure, crystalline Nd,0,CO; is formed. In Figure 3
are three XRD measurements shown. Additional peaks
from the platinum electrodes and the alumina support
are marked with a star. The one at the bottom
corresponds to the unheated Neodymium hydroxide.
After a heating over 200°C the red diffraction pattern
are appearing, which shows the fortmation of an PR I TN NN SR Y S '
amorphous compound. During the first CO, exposure at 10 20 30 40 50 60
temperatures over 250°C the green diffraction pattern is 20 (o)

obtained: this corresponds to the fully crystallized

oxycarbonate, which is the operating sensing material.

Fig. 3: XRD results for Nd(OH); conversion: after the heating the
material gets amorphous. During the first measurement with CO,, a

La(OH); transforms easily to La,0,COs only by heating phase pure Nd;0,COs is formed.

in the oven at 400°C in air. In Figure 4, two XRD
spectra are shown, before and after heating together
with the reference XRD spectra for the hydroxide and the oxycarbonate. Before heating, the spectrum is the one of
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the hydroxide with broadened peaks because of the
small crystallite size of the measured material. In the
upper part of the figure the results corresponding to
after heating the post heating situation are displayed; the measured
—La,0,COo, XRD spectrum fits quite well to the oxycarbonate.
This result shows that the Lanthanum oxycarbonate
can be synthesized only by heating the hydroxide over
400°C in air and proves that the lanthanum tri
hydroxide is more easily converted to the
oxycarbonate than the neodymium one. Interestingly
before heating also the sensor signals of the lanthanum compound are
— La(OH), higher. This fact fits to the general properties inside of
the lanthanide elements: Lanthanum is the element
that shows the highest lewis-basicity and the basicity
is getting smaller if one moves in the right direction in
the periodic table. [9]

The question is now, why the praseodymium
10 20 30 40 50 60 compound is not showing any sensor effects. We
26, ° found that the praseodymium tri hydroxide prepared
by the same synthesis route is not converted to
Fig. 4: XRD of La(OH);: Lanthanum compound is transformed Pr,0,CO:s. as proven by the results displayed in

directly to the oxycarbonate. Figure 5; one can observe that as soon as the material

is heated over 200°C it converts directly to a
praseodymium oxide. The resulting material was
identified to be PryO;¢. For comparison, the
praseodymium dioxide and oxycarbonate references i 1 Y
are also displayed. This result suggests that the —Pr,0,CO,
oxycarbonate formation is needed for the CO, | I
sensing, most probably because the metal oxide does —Pro,
not have sufficient surface basicity to bind COs. kj\-/;/\

after heating

4. Conclusion before heating

We found a new rare earth oxycarbonate which shows | Il | | Pr(OH),
even a higher sensitivity towards CO, than the initial b

neodymium oxycarbonate. Additionally we could 10 20 3 40 50
demonstrate that the CO, sensing is linked to the 20(%)

formation of the oxycarbonate phase.
Fig. 5: The Pr(OH);.is forming a non stoichimetric oxide.
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