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Formation and Migration of Oxygen Defects in Cathode Materials for
Solid Oxide Fuel Cell by First Principle Calculation
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Abstract: The layered-structure materials of LaSrCoO,4.s and PrBaMn,Os.s as cathode materials for solid oxide fuel cell were
analyzed by the first principle method. Effect of 4 site atom arrangement (i.e., layered and mixed) on the electronic structure, defect
forming energy and oxide ion migrating energy was investigated. The results show that for LaSrCoO,.s, La/Sr atoms layered
arrangement favors the formation and migration of interstitial oxygen ions , and for PrBaMn,0Os,s, Pr/Ba mixing arrangement benefits
the formation and migration of oxygen vacancy. The electronic density distribution in real space was calculated. The results also
indicate the reason for different oxygen defects (interstitial ions or vacancy) forming and migrating in each structure and provide a
specific micro-image for the material research and optimization.
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Table 1 Conductivity, activated energy, area specific resistance (ASR), and power density (PD) of LaSrCoO,.s(LSCO) and

PrBaMn,05(PBMO)
Space group Conductivity/(S-cm™")(Temperature/C) Activated energy/eV ASR/(Q-cm?)/(at 800 °C) PD/(mW-cm 2)(at 800 C)
LSCO-I4/mmm 1.34 0.095 5501201
LSCO-I4/mmm 160.00(900) 2" 1.14 0.180 7108
LSCO-I4/mmm 138.70(800) 0.108 688!'%!
PBMO-Fm 3 m 91.50(800) " 1.601""! 0.2501'% 24511
PBMO—P4/mmm 8.16(800) " 1.481"" 0.460!"%

I Mn [ 3d U3E . O 11 2p BUIE I Pr 1 4f BLiE It
[E Tk, Hrpigd O 1Y 2p BES Mn 34 $LiEIEH
DT ES, REMGNAHEEER.

i PBMO-P4/mmm f] DOS FE WL(& 1d), Pr
(1) 4F PUEE, Mn [ 3d FLUEES O [ 2p FlLiE gy
HEZ, (HE PBMO-Fm 3 m AN IE=ISI%, A
AEJE Pr, Mn 5 O MIAHEAE FH A BT ss S50
22 AR BPEERAERITES

X SRR SRR RLEAT T LI A AiAl, DAE
BAEE S MIERRARME, HAA R TR IERE
KAL) R SR, SRR 2.
22.1 LSCO fghtae. Shammsne T fae Mk
RIGEE e L, LSCO-L4/mmm (UL RRR 4/mmm)

9-51.169 eV/cell, LSCO-Cmem (UL FEIFK Cmem)
HN-51.080eV/cell, Hi#HHREREA, FaE MBI,
R2 HERe EFF/ATSMEMRE SR FIBEER
Table 2 Binding energy (E,), formation energy (Ey,

migrating energy (E,,) of each space group model

Ey/(eV-cell™) EdeV
-51.169

Space group model
LSCO-14/mmm

E./eV
Interstitial 0.594 0.346

LSCO-Cmcem —51.080 Interstitial 0.280 0.772
PBMO-Fm 3 m —72.887 Vacancy 2.557 0.277
PBMO-P4/mmm —73.259 Vacancy 3.434 0.367
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Fig. 2 Image of interstitial oxygen ion formation in LSCO
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Black, gray and white balls represent Sr, La and O atoms, respectively. Red
balls represent interstitial O atoms. Blue polyhedrons represent Co—O
octahedrons. Characters ‘4’ represent the initial point and final point of
ion migration, and Characters ‘B’ represent the transition states of ion
migration, characters meaning in downside curve graph is the same with
main structure graph. Colored slice insert figures represent electron
density distribution of the neck of ion migration, it can be seen that
14/mmm structure on the left has a larger neck, and is easier to oxide ion

migration.

K3 LSCO 45 M/mmm 5 Cmem S5H B TIERE Rex Hm &8
Fig. 3 Image of oxygen ion migration in in LSCO in /4/mmm
and Cmcm space groups



5 49 &5 6 3] WA S B REARE b A AR SR B Y ST R R B SR 5 « 1109 -

SR ARXS 2 PR REATIX ), —MRIINA La/Sr
FBEIURAPIRA, AR kT @7 MR, A
LSCO & & 1 RERAL TR 4R T 77 1]

222 PBMO M45i&ae. ShEETE REE ST RE
XFF PBMO AR, ST ARKILEGHE, PBMO-Fm3 m
(CARTEFR Fm 3 m)A-72.850 eVicell, PBMO-P4/mmm
(LR AR P4/mmm)N-73.259 eV/cell, Ja# fE=E
i, FaE .

PBMO 14 % Fm 3 m 5 PA/mmm "5 15855 L 5k
LR 4 s, WESAIESEE L&, Fm3 m
B, SPAB A GREA 2.633 eV, T P4/mmm H
N 3.434eV, Fm3m AL, BPTEZ 54 RE SN

26330V 3434eV

| | Fm3m

4 PBMO &% Fm3m 5 PA/mmm £ RS ARG AR
IR

Fig. 4 Oxygen vacancy formation in PBMO with space

P4/mmm

groups Fm 3 m and P4/mmm

WK 4 fioR, 78 Fm3 m(B da)f, PeAR 0L
J&, Mn—O J\THAE A T B4, O—Mn—O $# K
AT, REARRE 1800, B 5 i, AL
LA SS T R ) 2 A BT IR Pr S, B,
A AL AR 8 MEUE T ) 6 A, 1 AL A i
¥, 1 R4h 2 AN & =607 RS . 78 2 AN
YR T IXFEIE L. X5 DOS EH (B 1), Pr
1) fPIES O 1) p HUER ESMERL. M P4/mmm
i, TR SMAUGHIE Pr—O 2, F1ff Mn—O J\
MR IEET o #rFi W A EF3m Pr—0 2
ke, TMHs ¢ filiJi M _E O—Mn—O fR¥E T 180°.

MESHERERWE 5 Bin, HT Fm3 m(E
Sa) B TILHRE(0.277 eV) L P4/mmm (& 5b)H FEAIK
(0.367eV), Fm3m BRI TAHTTH. LB, H
T Mn B O msMIEes), ik 5a B, HeE
FERIETE D, B TR 5 iE, %A EFH LSCO
OO TR DL, (B2, & F5 Ba Al Pr EEE
AL, ST RIS AEAT Pro M4 Shannon 557242122
Ba 5 Pr & 112054 0.142 nm 1 0.114nm, Pr
SR Sk R = Ok N S W P

(b) Cmem

Black, gray and white balls represent Ba, Pr and O atoms, respectively. Red
balls represent migrating O atoms. Characters ‘4’ represent the initial
point and final point of ion migration, and Characters ‘B’ represent the
transition states of ion migration, characters meaning in downside curve
graph is the same with main structure graph. Colored slice insert figures
represent electron density distribution of the neck of ion migration.
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