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Introduction: Oxygen reduction reaction

? - Diffusion
- Adsorption
- Dissociation
- Partial reduction
- Charge transfer

Mechanism? Active sites?
Impurities effect?
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Introduction: Oxygen reduction reaction in MIEC

Adler S. B., Chem Rev, 2004, 104, 10, 4791-4843.

Air electrode = MIEC

2𝑒− + 𝑉𝑂
∙∙ +

1

2
𝑂2 → 𝑂𝑂

𝑋
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Introduction: Pr0.1Ce0.9O2-δ (PCO10) 

Smith acidity scale

basicity

acidity

Nicollet C. et al., Nat. Catal. 2020, 3 (11), 913–920.

Smith D. W., Journal of Chemical Education. 1987, 64, 480.

Same Ea

Oxygen exchange coefficient

𝑘𝑐ℎ𝑒𝑚 = 𝐴 ∙ 𝑒
−

𝐸𝐴
𝑘𝑏𝑇
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Introduction: Pr0.1Ce0.9O2-δ (PCO10) 

1 Nicollet C. et al., Nat. Catal. 2020, 3 (11), 913–920.
2 Seo H. G. et al., Adv. Energy Mater. 2022, 12 (43), 2202101.
3 Chen D. et al., J. Electroceramics 2012, 28 (1), 62–69.
4 Ma Y. et al., Phys. Chem. Chem. Phys. 2018, 20 (43), 27350–27360.
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Oxygen exchange 
coefficient

𝑘𝑐ℎ𝑒𝑚 = 𝐴 ∙ 𝑒
−

𝐸𝑎
𝑘𝑏𝑇

different kchem

different Ea
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Objectives

Effect of transition metal impurities on PCO10 surface on:
- oxygen exchange coefficient
- oxygen exchange mechanism
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Why Pr0.1Ce0.9O2-δ (PCO10)?

O

Ce,Pr

PCO=MIEC
Fluorite type structure

Pr mixed valence 3+/4+ 
O2- vacancies

O2 (g) + 4 Pr’Ce +2 𝑉𝑂
..  4 𝑃𝑟𝐶𝑒

𝑋 + 2 𝑂𝑂
𝑋
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Oxygen exchange-conductivity relaxation

Porous MIEC: P
𝑶𝟐

 conductivity

Normalized conductivity: g(t)=
 𝑡 −(0)

∞−(0)
= 1 − 𝑒

−
𝑡



Time constant: 

𝒌𝒄𝒉𝒆𝒎 =
𝟏 − 𝑽𝒗

𝑺𝒗

Ganeshananthan R. et al., J. Electrochem. Soc. 2005, (8) 152, A1620.
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Oxygen exchange-conductivity relaxation

𝒌𝒄𝒉𝒆𝒎 = 𝑨 ∙ 𝒆
−

𝑬𝒂
𝒌𝒃𝑻

kchem ∞ 𝒑𝑶𝟐

𝒎

Chueh, W. C. et al., Annu. Rev. Chem. 

Biomol. Eng. 2012, 3, 313–341.

m >0.5  the RDS involves

diatomic oxygen (𝑂2(𝑔), 𝑂2,𝑎𝑑
𝑞−

)

m <0.25  the RDS involves

atomic oxygen (𝑂𝑎𝑑
𝑞−

)
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Sample preparation: Pr0.1Ce0.9O2-δ synthesis

Citric acid
+ 

DI H2O

Ce(NO3)3

+ 
DI H2O

Pr(NO3)3

+ 
DI H2O

Heating at 180 °C
+

stirring

Combustion Grinding 
resultant powder

Annealing 
grinded power at 
600 °C for 2 h

Grinding 
resultant powder
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Sample preparation: pellet preparation

Pr0.1Ce0.9O2-δ

Pore former: 
cellulose 50 µm

Press into a pellet
Delamination at 
1000 °C for 1 h 

under 1 bar of O2

Sintering at 
1450 °C for 6 h

Porosity35 %

50:50 v:v
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Sample preparation: bar preparation

10 µL
M(NO3)n in EtOH

cut with a 
diamond 

saw Calcination 
at 600 °C to 
form MxOye1.2 mm

l2.2 mm
L7 mm

Conductivity 
relaxation 

measurement
(PO2:0.1  0.2 atm)
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PCO vs. literature

1 Nicollet C. et al., Nat. Catal. 2020, 3 (11), 913–920.
2 Seo H. G. et al., Adv. Energy Mater. 2022, 12 (43), 2202101.
3 Chen D. et al., J. Electroceramics 2012, 28 (1), 62–69.
4 Ma Y. et al., Phys. Chem. Chem. Phys. 2018, 20 (43), 27350–27360.
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Thank you for your attention!


