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FEIE §45%KY Ba(Sb",Sb")0; KK #4 & B FIFRAE

HxEL EXE?
(1. dFXFAF L, RH 300072 THhEAFLFLAMSAREHELFEFAR
BE, K& 130023)

W B RAKRREHET BaSbl SbY)0s HRMEET ALY, B2 XRD , IR
SEM #1 ICP %773 =MW . BRMARSHT TRE. FREW, PYH LT EHKD S
#H, RIRZHY a=04150m , WEN 1~2um RF—ZHABRHZRBEK. ZOHEN =M

ERFHNE. KBEGMEREROFRERZE, Ba(SbT bV )0, & RaEEWERM
nSb(V)/"Sb(l]]) 4513 8~10mol/L KOH #1 0~1.

%X @ 8. KBER S Eikd; R

FEAHES: TQ174 NMEFIRB: A

1 5"

R, SRV HEMYRREMSARYSRENSETHESE, WRT —Kk%
TR H . BLsh, A;BB'Og SARMAATEAT W BB FRAMAL B ETIE K
LFEHRARBZ —. ASbYBOs fl AA'SHY BOs Bl S4E4D E A K &iRE 1~, EHE
Sbl g 3E FHER SbY By ALY, A.SHUSHY Os AT FT ES MR NIRE. SEREME
R, SLAYMAMRESREFAAEGXAMAEETAEENEN. Hik, ®RiM%
RTHEEASHRT ARERX—RE.

KAERERELNRESRFEAL, BARBRBEAREREEKNES, B4
AFEYPEARTRNSHEH S, HEETFELE. SIS LB KM H &
Hib, KMEBEBRNEMYTHNIEMBRHENER I BEZ — SH&P HE4LY KRS
BRESREFE=1TEHY, BEXERBTF TV . ZV |, SnlV ., Fe®* f1 Cr3*+ &% B i
BEFRRBEA R 60, SN BB TFHEAT KRS RBFR MR AME. it B
K#FHT, —#HULBUBNTHEAT ARSREEH T ZHRE 103, BHRXEMNBF
SEBHAMTN, 2V, oV SN BAEFHESSHATNER. BNELIBERT
BaySbY MOg(M=In, Y, Nd) B &40 ' g2 &, 7B T Ba(Sb¥, Sb¥)0, k& BB
%, BB VAERMEMNT.
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SRAEFEB N SbCly 5 SbaOs , 4478l SbyOs F CyH 0sSbK-0.5H,0 , 4 #7#k,
Ba(OH), , 478k, KOH, Zr#rali, W FK. Kl C4H 065bK-0.5H,0 ¥ SbY Eet, ¥
C4H;06SbK-0.5H,0 ¥ F 1:1HCI, 3+ B &, 0.2mol/L #§#, At #thy H.0, , ¥ SbT # 4k
% SbY.

22 8RA*%

¥—EM AR LR AR AR, BESS, BANARENUKZENENFR
FARNED, 240~260°C THRALTX, BEANTY. FHLSEFHEME. T8 T KK
&, i, T
2.3 &8

WHE T HAEY D/MAX-IIA B X §L 8 KM (30kV, 20mA, CuKa) ; itk
WA B A H L X-650 MR, 45060 H % E Nicolet 5SDX-FTIR 43 3¢ Y6 Bf i1 M
£, KBr [E} ; %8 mM % H%E Leeman Labs PLASMA-SPE(I)-AES % ICP 447 {X #i 52 .

3 TRER

3.1 FHHENRERET

EHANREERK, HXRD i (B 1) RESH I IHFESHKT &K, HERERS, |
NEFILBEEERS. WEDBTFREHC PRTEMTE LB, EohaERE R
A npansp=1:0.91~1.01. B SEM MELR (B 2) TTa, P90 RH —2 0 RN FRURR

10 - 30 50 70 80
28/(°)

B 1 Ba(SbY, 5bY)0s f XRD R B 2 Ba(sb®, Sb¥)0s 8 SEM R
:ﬁslbﬂ},cfs;{' ;’;:""“’ diffraction pattern of Fig. 2 SEM morphology of Ba(Sb™, SbY )05
ZRBER, BELR 1~2um. FHHOTIMER (B 3) 2T H S TR AR,
TE 600~700cm™" flE 400cm ™" P MALFFIER IR BUCH, T2 BHS KR SbY O AWt
ShY-O iR 3h 1 O-SbV-O HWihiiRzh. # A:BB'Os MEASSET +, (r5HR/HM BO,
ABEETIMREHRM A, Bt TTHXFPRWHHLS Y SbY 0 AMEMSERK. M
Ab, P47 1600 , 1400 , 1100 , 850cm~! P WAL FFENAB REH, W= K45
ikl H,O . CO, 1 Sb(OH)y (45 IEM U ). E=W ol B T8, MEEREREZRE M
Sb(OH)g . #E 850cm™" il 3 &b iy B e HF 7T 86 J2 SbOs T fk Y vy 3 30 T B HF .
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3.2 WENE KR MW

£ C(Ba)=0.22mol/L, "Ba/"Sb(m) M
nBa/ngy vy BN 2.2, MLEEN 260°C,
s LB R R 7 REGKRSKET, MHRBE
3t Ba(SbM, SbV)0; £ M HwmimE 1
7R. % C(KOH)<4 mol/L KOH B}, Ba(SbT,
SbY)0s REETE ;s C(KOH)<6 mol/L KOH
it, Ba(SbM,SbV)0; BE[4RL, HMEH
BREHNLERR T FEBHARME
B % C(KOH) # & 8~10mol/L KOH Ht,
Ba(SbM,SbV)0; & S ELH B, TE
RRaMEHBRAETEHE, HEHE
. /> B B O M P BB £
B, 3t Ba(Sb™, Sb¥)0; K # A M,
8~10mol/L KOH 4 i =& B -

2000 1700 1400 1100 900 750 600 400
Wave number/cm—1!

B 3 Ba(Sbll, sbY)0s g4 41t
Fig. 3 IR spectrum of Ba(Sb¥, SbY)0s

%1 BEX Ba(sb, sbY )0, kA S RHIFE
Table 1 Effect of alkalinity on the hydrothermal synthesis of Ba(Sbm, sbV )O3

nkon/nsb KOH/mol-L™! Phase by XRD analysis

20 2 Impurities

40 2 Impurities

40 4 Ba(Sb™, SbV)O; + impurities
60 6 Ba(Sb®, sbY )O3 + impurities
80 8 Ba(Sb™, 5bV)0;

100 10 Ba(Sb™, SbY)0;

140 14 Ba(Sb™, sb¥ )0,

4 #Rihie
4.1 F=H RS MENE

TE npa i nsp=1 WATRT, KEZPTHEERWLBHRT EWEEA =M Brownmillerite
Z5HIH BaySbI 05 , BT M) BaySbY O7 FI S EISB4K B 25 iy Ba(SbT,SbY)0s. i1 F A
HENENERB I TFTBRTEERKER, b, 2F XRD SR 2 HBREEEDY
ATfEHE. ARH% Anderson & [N fyif3l, BAEY BABFREGRAL TEHHM BAETF
MM ERERTHRE. Ba(SbU,SbV)0; FEMETEBME 2 Fin, SHT M SbY 2
#70.016nm , HEfERN 2. M BABEFHEEFEN 2, ¥£2% <0.020nm #f, ¥4 B i & F
TFHFIHE SSEY, AR A L T MERFF RGN, EXEMUE A-O8K/NF
V2B-O F-¥fgk . ARHAZET t <L WA BB M. B33 2 40, Ba(Sb™, SbY)0; #Y Ba-O 4
£ 4 0.301nm> +/25b-0 FH &K (0.208nm) , =X (1) REMAZE Tt =1.023>1, HIK,
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Ba(Sbll, Sb¥)0s W RA LK EH. RIFETFRLBM LT BET EHHIE, BaSbl;Sbys0s
HEESHTHER (2) KB, SESEMERERSY 0=0416nm, V=0.07199nm®. g3 XRD
Wi R R B R WS HA R ERK a=04150m ,  V=0.071470m® , FH+ 53
I, BREAS B KR 0.29%(F M S50 f 0.86% (% Mk ).

P ra +TO (1)

VA 7o)

a =20+ 20 _s¥ ZTS"V ) )

FRESCHR [16) # [17), BT HESE Y RRERTH B AR TFERMRELZTAER.
V1/3(A)=2.37rg + 2.47 — 2.00(t — 1) (3]
V(A3)=2.906r3 + 19.24r3 + 42.48rp+31.26 (4)07]

K 3) AKX (4) TR RS E O FE IR ZFE £0.005nm LApY. X ra:B T3, i
FEEBEKT N BAUABTHEHER, t A FTBETF. XRTRANE L2000 % MR
RPHAEEN BE 2 BX 3) MK 4) KEMWHEBRARMERSEH : a(3)=0.4015nm,
V(3)=0.06473nm® F1 a(4)=0.4120nm, V' (4)=0.06996nm?. F RSB H AN ELME SR, 3) FERMIR
24 0.013n0m>0.005nm. {HEZ, K#ER=WHSRSPB B R TERMEH N>, X
—EHEBNFEXMIT/ENIEN. AETFERAML T ERT EWFERBHRBSEE LR
HER, TEETREZEAX: OBUBTFLFHINLFENESERY F, HELA
FHB, R BAUBTFATEEEE—SHB A QEESEKY +, BAuETH
FIHHF R HE WG . BT MAELE Basbl,SbY 0s Mk, I HHFE—BiRE
RIE#EH. BERKVEWFTEMNRESE ZUP=ENS8nANSBERETaR 6) G5,
fHE R Nsp(m) ° nSb(v)=4:6~7:3.

Mopmy (er(m) +ro)— 0.5

Tsorv)  (Tspmy T70) ~ (Tgpey) +70)

(5)

# 2 Ba(sb", sb")0; MitmmE T &
Table 2 Ionic radii of Ba(Sbm, sbY )O3 oxide

Ion Ba’t spll sbY 0%~
Radius/nm 0.161° 0.076° 0.060° 0.140°

a: Twelve-coordinated state; b: Six-coordinated state

H—HE, BERY M v WX TF BOs NFEIKM Ay TRHMERX, BF BIFLINEE
B, HEEAGSH®Y +, 8T BUBEFHINEETFERFBAUEX KRERMK, v R37T
REEB L — RS ERE. 7 LaTiMOs RIE 445 4k0 BF R, Ramadass % '8 S22 2| [+
R IHHATT R AP,  Fomichev 138 19 % vy fR3EH % 750~850cm 1. T4
RV HESEUYWAIEEH RAHUEH, BRWHFMLESHEELSRZRBKR, Hik, &
Vv MYGEFR B I, TR EI=, RRENMSHFENEEZ —.

hit— B hEEE SbT . SbY HENE, BET Num)/Msu(vy X1 & BLHI
W MR 3 BIR, ngymy/Mepyy S1HT Sbll yk pEREK, Ba(SbT, SbY)0; AR EH A, H
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FEHBAEEEBED s ngy g /ngyy) > L FOEHEEN. % ng, o /ng, ) <025
B, PR EA B AR BT, SbT B7E 2R Ba(SbM, SbY)Os AR 147

R3 ngmy ¢ vy B Ba(sb®, sbV)0; R HIF W

Table 3 Effect of nSb(m)/nSb(w) on the synthesis of Ba(Sb[l, SbV )0,
o) sb(IV) KOH/mol.L~? Phases in the product

0.20 : 0.00 10 Ba(SbH, sbV¥)0;

0.16 : 0.04 (4: 1) 10 Ba(Sb¥, SbY )0,

0.12: 0.08 (1.5: 1) 10 Ba(Sb¥, SbY )0,

0.10: 0.10 (1 : 1) 10 Ba(Sb, SbY)0s

0.08:0.12 (1: 1.5) 10 Ba(Sbl, SbY)0s

0.04: 0.16 (1: 4) 10 Ba(Sb¥, SbY )0;3 + impurities
0.00 : 0.20 10 Imprities

. X% Sl HSEEERSE, EORERFRER, XTHET SO @EEE. BRN
(6) # (7) R E B LA A, ERBAREHEMMELAET, SO AfHESHHEASHRS
SALNEN. £SO HEER, BFREFREBEEMNERENFE, & SOT AR HE
M, HRHEHE Ba(Sbl,SbV)0; BAIRIFA K.
SbO; +H,0+42e~ 2Sb0; +20H~  E°=-0.59V (6)
0,+2H,0+4e~ =240H- E°=0.401V (7
4.2 BEIESRNHEm
HFEMAEMSYEEEBMMAYE, TREAGTEERITFOBEE AR, 48
= E SRR R R ¥ T4 0 KOH Mo b FIE. $SED- M iR N BOs NE it
TAERFARERER, ACEFHERFRBRGHNG T Mo MBS, Hik, BAH
FHREERMNSRT KRS REAREEEW. ENAZNEEFSRY RV HH=4
BrE: OBEREELDVRE: OBRBRERAET; OREARAE TERMEATHASS
HEGRERSY. P HROMSBEKD; KRS RBRAIEE. K B LB FHERBA,
B(OH)}~ BARBMMBEY, ERTKEMWE NEXE, A ESERBMEN K P A a2 45
Bk E, HTERTKELY. X—W AL BaSnOs K& B EBBIMFIER, Kutty
% (20] 7 1mol/L KOH A+ i, 260°C F{L3%k78 T BaSn(OH)s K& %, P& % —& Hukb
B S A RSET M. B2, R 2 4~8mol/L KOH A+ JF + B # 4 M it BaSnO; £k
TR B, RA11E FE MZrOs(M=Ca, Sr, Ba) KM &R FEIEH, BUETEHE
ABMEATHELYKAEREEEEYW, FHit, ANSMRENELEBFAENE
HEASARERTESEBEWRAREA.

5 &

TE AR RS AE T A RSB A M1 Ba(Sb™ SbY )05 RZELTIITH. FYLMET L
SHTEM, Ba(SbU.SbV)0s WIRERHE B Ml T F HFIK L7 A EET &1, MESH
# a=0.4150m. PHK A R BB ng, 1) /ng, g, H 8~10mol/L KOH 1l 0~1, HIE
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Hydrothermal Synthesis of a Novel Double Perovskite-type Oxide

Ba(Sb¥, Sb")0;
ZHENG Wen-Jun!, PANG Wen-Qin?

(1. Department of Chemistry, Nankai University, Tianjin 300071, China; 2. Key Laboratory of Inor-
ganic Synthesis and Preparative Chemistry, Department of Chemistry, Jilin University, Changchun 130023,

China)

Abstract: A novel double perovskite-type oxide Ba(Sb®, SbY )O3 was synthesized by hydrother-
mal crystallization methods. The phase, morphology and particle size of the product were char-
acterized by XRD, IR, SEM and ICP techniques. The results indicated that the Ba(Sb®,SbV)03
oxide shows a cubic perovskite-type structure with a cell parameter a=0.415nm, and has a particle
size in the range from 1 to 2 um. The product has trivalent and pentavalent two states anti-
mony ions. The influence of hydrothermal conditions exhibited that the optimum alkalinity and

"Sb(m)/"Sb(V) are 8~10 mol/L KOH medium and 0~1 respectively.

Key words hydrothermal synthesis; perovskite; oxide; antimonate



