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Fig.1 XRD patterns of Sro,CoxNb,-xOs.s powders with different

Co contents
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Table 1 Experimental and computed crystal parameters
and energy gap of Sr,CoNbOg

a/nm c/nm V/nm® EgeV
Experiment 5.5851 7.9069  246.643 1.435
GGA-PBE 5.6272 7.9112  250.517 0.683
GGA-RPBE 5.6902 8.0246  259.818 0.471
GGA-PW9I1 5.6143 7.8859  248.567 0.696
GGA-WC 5.5484 7.8073  240.335 0.725
GGA-PBESOL 5.5369 7.8133  239.540 0.714
LDA-CA-PZ 5.4517 7.7208 229.647 0.783
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Fig.2 Electrical conductivity versus temperature curves of

Sr,CoxNb,.«Os.5 with different values of x
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B, FEFCOKIAL Sr LA Nb JGER A% BN, 15
PR AL F By d BUIE LA K p PUE R T 5Tk, 2,
d LB F 2 Co $24t, 17 p PUETTER EEH O 24,
WE R YL, ERMSFHEERNEZEF Co LKL O LEM
TURREC B T EER/EM . xR 20 B 3 WTRLREL,
HSRIFRARES Co TEMMEm MR, 7€ Co/Nb
N1 BPAE] T R KAE, UEATEH R Co & E 1 W A
T R/NE/NT O W2 . 125 18 IR HLth B Bl M )
W SRR S R R A R E B ME, AT LA
HEWT Co & &M R, FFRIRA BT R S AL 0
2.4 Z{E Co-Nb SepES2NE

4 R AR ETT HERRY, SFREM
BRI SRR R S IE R 45/ 1) SCNO M Bt E R A
—EMZER, HEAAEEA 1.878~1.656 eV [X i), 7£5K
B R A — I NS 1 AR LR, T DL SR AR AE
—E L) Co/Nb J 5 hr8kfi. 5 A Co 5 Nb [
3d PuE A% RE, K 5a N Co fE LB SCNO S57E
HA Conp #1 [ SCNO I H5 45 Xt Lk, & 5b 24 Nb
FEAE TG B SCNO S57E A Nbe, HhF SCNO 111t
AR . B 5a. 5b iR T Co #1 Nb 7E SCNO ([
520 ULMCEA RS AL ERFE Y SCNO (Z8) i) 3d #LiE
AT . IR R R A R, ATLUR
i Conp 1 3d BB LA H T F%, 1M Nbc, 1 3d #i
N, X EURE Conp BLI Nbeo B2 H T A [

9 S
""’,’ ’V X
L4 toll 9
1"_'°
ol s
¢ 7.‘_' -
a2
! ’e
o - - 9
—~e
} z z z
e Yl L 2 20 vloax L R, X
. _‘79 % ’-.\,,’ 2 '~-.,’ 2
L el | ¥ [ e ] - ‘ol l 9
p ey ® iTs. - 3%

.. -,,,__. * ® g 2N * ol % hd
o o < 4 . 4
sy etey e,

L = @ . ' | 4R <

'-.’ E - ,""~y' 'f,.’ 2 ]

—e e e
L . o z
ol . 9 YiX
(g, 08
e,
L SRS SS:
s
e
a9 <!
- ,’k’ 0,
.o 207,
£ 1 3
© L8 vl.x < 5 vlax 9 = Yiax
s _‘Ao, > ,7‘_'79 & ,V'VQ 2
[ . .5‘ - - . ~ .u_. ]
‘e -
o Tk e % e o Pits
o e * '3 x =K » o L 5Kl *
e 54 t’( B 34 L 5 v
.ﬂ’ a8 "0 L""?go 0 P .’)_’.Ql
*2_oi’ ® b0, ' o0, e T

o T sor,, & .-°' ~ L N A e

~oZ 0%, -o” dor, e 1o

B4 JoBE L SCNO M 3 R AR R 4 A B s SCNO
H Co(8 ) Fll Nb(HUHE £3%) 28 5 HE IS 1L
Fig.4 Representation of interleaving Co (purple) and Nb (olive
green) of the defect-free supercell of SCNO and three

different antisite defects



. 252 - WA eSS TR

4T %

PDOS/States €V

] b
— Nbg,|

PDOS/States €V

[ 5 S TR NP T -

A A

A A "
-8 —6 -4 -2 0 2 4

F

Energy/eV

K5 Co, Nb 3d #Lil 73 5 % ¥
Fig.5 PDOS plots of the Co (a) and Nb (b) 3d orbitals

MRS A R A T AR A

GELSERRBEESNT, S ES RSN E
BN, 16 SCN #MEMA R+, ##EE Co®-0-Nb>*(~3.28
eV)> Co?*-0-Co*'(~2.73 eV)>Nb*-O-Nb**(~2.14 eV),
B ZE B S B BT T RE EHEF N Co®*-0-Nb®*>Co**-O-
Co**>Nb**-O-Nb**. T LLR I, 7EEAE Co/Nb 547
BRBA ) SCN AR gt rh, S AL 5 A . 1R AL
AR R, 2 HEBLKE R T, 7E SCN 2R+
-HFRA Y FARM R R, AR E, T AR
o5t . HIULRT &0, 7E SCN MRMA R H, FHE 787 6t
e Tk AR R 23 Ao A A R B SRR JE SR S A I T R,
Mk 7 SCN )T ik g, BIPH & 7 0 7 F B ik vy
HL 5 A

3 &£ i

1) GGA-PBE fil GGA-PW91 5 SCNO Sz 463 3 (1)
LSRR AT ZZWE N, HEH GGA-PBE

5 H I 80, f# ) GGA-PBE 14, Ugo=6 eV, Uyny=3
eV I, Fedin SLI AR A5 R .

2) {E Sr,CoxNb,Os.; I Co & &1 %, SCNO
(1326 AE x=1.0 B I T ACORE, HH7E 850 CHY
B3 %N 6.26 S.em™s

3) SCNO ' Co LA f O Ju 7 H o 5 2 520 T1 ik
WK, GELmHEASE, O nRRH T AKREN
EH .

4) E N A LT BE & Co’-0-Nb°*>Co**-O-
Co**>Nb*-0-Nb®". SCNO 1, FHES 1 I8 /7 Bl s 38 i %
R A0 7 A e B SR AR g AR S IR T B, 3 T 5% T
SCNO M5 tEfe, WS FLEFREERE, BSE
R

&30

[1] Minh N Q. Journal of the American Ceramic Society[J], 1993,
76(3): 563

[2] Yamamoto O. Electrochimica Acta[J], 2000, 45(15): 2423

[3] Ormerod R M. Chemical Society Reviews[J], 2003, 34(16): 17

[4] Cayan F N, Pakalapati S R, Elizalde-Blancas F et al. Journal
of Power Sources[J], 2009, 192(2): 467

[5] Lu Junbiao(/51& %), Zhang Zhongtai(ik+ &), Tang Zilong
(F¥FJE). Rare Metal Materials and Engineering (#i & 4 J& #4
5 THE)[J], 2005, 34(8): 1177

[6] Wachsman E D, Lee K T. Science[J], 2011, 334(6058): 935

[7] Singhal S C. Solid State lonics[J], 2002, s152-153: 405

[8] Steele B C H. Solid State lonics[J], 2000, 134(1-2): 3

[9] Hauch A, Jensen S H, Mogensen M. Proceedings of the 26th

References

Risc International Symposium on Materials Science[C].
Roskilde: Technical University of Denmark, 2005
[10] Jensen S H, Hauch A, Mogensen M. Proceedings of the 26th
Risc International Symposium on Materials Science[C],
Roskilde: Technical University of Denmark, 2005
[11] Kim G, Wang S, Jacobson A J et al. Journal of Materials
Chemistry[J], 2007, 17(24): 2500
[12] Tarancén A, Burriel M, Santiso J et al. Journal of Materials
Chemistry[J], 2010, 15(20): 3799
[13] Goldschmidt V M. Naturwissenschaften[J], 1926, 14(21): 477
[14] Blasse G. Journal of Inorganic & Nuclear Chemistry[J], 1965,
27(5): 993



W 1 ik fd%F: Co-Nb BN SraCouNbo.Oe.; 5 HLPERE SR 19 55 — 1L R BLH AL + 253 ¢

Influence of Co-Nb Defects on the Conductive Performance of
Sr,Co,Nb,_,Og¢_s by the First Principles

Zhang Jian'?, Ai Desheng?, Lin Xuping"?, Xu Shun'?, Ge Ben®
(1. Collaborative Innovation Center of Advanced Nuclear Energy Technology, Tsinghua University, Beijing 100084, China)
(2. State Key Laboratory of New Ceramics and Fine Processing, Tsinghua University, Beijing 100084, China)
(3. China University of Mining and Technology, Beijing 100083, China)

Abstract: Sr,CoxNb,.,Os.s (SCN) was selected as the electrode materials. Due to the similar radii and small covalent difference between Co
and Nb, cation disorder is intrinsic within this perovskite. A combination of first-principles and density-functional-theory (DFT)
calculations were performed on both SCN and SCN with Cony-Nbc, antisite defects, focusing on the formation of bulk oxygen vacancies,
which played a pivotal role in oxygen ion diffusion process. It is found that the covalent states are +2, +3 and +4 for Co (most is +3, and
the ratio of +4 is very small) and +4 and +5 for Nb at their regular sites while in the antisite Co is +2 and Nb is +4. The oxygen vacancy
formation energies follow the order Co®*"-O-Nb®** >Co?*-0-Co** > Nb**-0-Nb®". The more electron delocalization between Co**-0-Co*" and
Nb**-0-Nb®* is beneficial to weaken the electronic repulsion and stabilize vacancies. Therefore, we can see that higher degree of cation
disorder can enhance oxygen ionic conductivity.
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