Electronic Supplementary Material (ESI) for Materials Advances.
This journal is © The Royal Society of Chemistry 2022

SUPPLEMENTAL MATERIALS
for
High Temperature Thermo-Mechanical Properties of Praseodymium Doped Ceria Thin
Films Measured Two Ways
by

Yuxi Ma, Quan Zhou, Dr. Jason D. Nicholas*

Department of Chemical Engineering and Materials Science, Michigan State University,

428 S. Shaw Lane, Room 2100, East Lansing, MI 48823, USA

*Email: jdn@msu.edu


mailto:jdn@msu.edu

Figure S1. Representative Back Scattered Scanning Electron Microscopy (SEM) images of a)
PCO|MgO and (b) PCO\YSZ samples showing that the film thickness was ~235 + 2 nm and 230 +

5 nm, respectively.
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Figure S2. Biaxial moduli as a function of temperature in the a) (100) MgO plane and b) (100)

(Y>03)0.005(Zr02)9.905 plane calculated from literature data.”> > Note, the radius of each circle

corresponds to the value of the biaxial modulus displayed on the y-axis.
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Figure S3. The effect of cooling rate on the stress vs. temperature measurements of representative
10PCO|YSZ samples. Note, samples tested with either 0.1 or 0.2 °C/min cooling rates were
identical and hence both considered to be in thermal equilibrium from 280-700°C (since the
additional time at each temperature with a slower 0.1 °C/min cooling rate had no effect on the

stress-temperature trajectory).
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Figure S4. X-ray diffraction measurements of the (400) peak of the single crystal
(Y>03)0.005(ZrO3)0.905 (YSZ) substrates used here. Note, the YSZ (200) peak was not used for these

measurements because of overlap with XRD peaks from the overlying PCO film.
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Figure S5. The (100) (Y>03)0.095(ZrO3)9.005 (YSZ) thermal expansion coefficients extracted by 1)
linearly fitting the change in lattice parameter with temperature shown in Figure S4, and 2)
plugging the analytical derivative of that fit and the 25°C lattice parameter indicated in Figure S4
into Equation 1 of the main manuscript. The error bars were calculated from the standard deviation

in the linear fit to the YSZ lattice constant vs temperature data.
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Young's Modulus and Biaxial Modulus in GPa for CeO2
in the (001) Plane
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Figure S6. Directional dependence of the room temperature Poisson’s Ratio, Young’s Modulus,
and Biaxial Modulus in the (100) plane of CeO, calculated from the C;; values of Nakajima et al.?

The moduli values in the figures are in GPa.



10.25C L 500°C
0.8
0.6

0.4

Relative Intensity

0.2

=
-

0.0
S .
0.8
0.6
0.4

0.2

Relative Intensity
=

0.0

1o 575C 600°C

0.8
0.6
0.4

0.2

Relative Intensity
=)

625°C 650C
0.8
0.6
0.4

0.2

Relative Intensity
.

0.0
[675°C ' 700C

0.8

0.6

0.4

0.2

Relative Intensity
=

0.0

31.0 31.5 320 325 33.0 335 340 31.0 3L5 320 325 33.0 335 340
2-Theta (Degree) 2-Theta (Degree)

Figure S7. Pearson VII function fits to the (200) 10PCO peak at various temperatures.
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Figure S8. Representative pole figure of a 10PCO|YSZ sample (top) and a 10PCO|MgO sample

(bottom).



2. Error Analysis

The strain vs. temperature data was fitted by:
_ BT
£, = Ae [S 1]

The first-order derivatives of the strain values with respect to temperature can be expressed as:

de
= —Z = BeBT
oT [S2]
The error of the fitting can be expressed as:*
8y =/(Be" x 54)* + (A" + AB%ePT))? 3]

According to Equation S3, the error of thermo-expansion coefficient is:

s ——1_UJ(5 24 (2 sa)?
€ 14 Y 1-v
[S4]
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