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Synthesis, Structure and Properties of a Germanotungstate
Containing an Octanuclear Cobalt(I) Cluster

YANG Zong-Fei DONG Kai-Li JIN Lin-Yu MA Peng-Tao WANG Jing-Ping* NIU Jing-Yang*
(Henan Key Laboratory of Polyoxometalate Chemisiry, Institute of Molecular and Crystal Engineering,
College of Chemistry and Chemical Engineering, Henan University, Kaifeng, Henan 475004, China)

Abstract: A high-nuclearity transition metal derivative based on the trivacant Keggin-type polyoxotungstate
{GeW034}, KiosCsqH;s{[Cos(OH)s(H,0),](CO3);(GeWo0Os)s} - 12H,0 (1), has been successfully synthesized by the
reaction of KgNa,[A-a-GeWy03]+25H,0, Co(NO3),+6H,0 and K,CO; in a conventional aqueous solution method. It
was structurally characterized by elemental analysis, IR spectrum, TG analysis and X-ray single crystal
diffraction, etc. The results show that compound 1 contains a V-type polyoxoanion {[Cog(OH)s(H,0),](CO3);
(GeWo034),}'", and further forms a two-dimensional structure through K* and Cs* connections. In addition, magnetic

properties show that compound 1 mainly represents the antiferromagnetic exchange interactions among Co”*

centers. CCDC: 1996627.

Keywords: polyoxometalates; high-nuclearity transition metal cluster; crystal structure; magnetic properties
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Table 1 Crystal data and structure refinement for compound 1

Empirical formula C3H355K105Cs4C03Ge;s W 15007 V / nm? 5.851 4(10)

Formula weight 6 491.78 A 2

Temperature / K 296.15 D./ (g-cm™) 3.651

Crystal system Triclinic w/ mm 20.908

Space group P1 F(000) 5627

a/ nm 1.302 52(13) Index ranges —“IS5sh<15-18<k<21,-31<1<26
b/ nm 1.793 31(17) Reflection collected 30 493

¢/ nm 2.612 2(3) Independent reflection 16 338 (R,,=0.051 8)
al(°) 96.547(2) Data, restraint, parameter 20 724, 12, 789
B/ 103.127(2) Goodness-of-fit on F* 1.025

y 1 (°) 95.870(2) Ry, wR, [I>20(1)] 0.067 4, 0.186 5




% 6 01 W 0 0 AT\ 0 B 1 2 R 4 4 M 1095

CCDC:1996627,
2 HR5WR

21 HEYHERK

o AR S 5N £ 4R SURE N Z R Ak
() —A 53 37, T AP R A 32 T R T B Bl e A T
B B Bk o7 22 18 R K 2 AR Bk 45 1F T AR, T o U
&R B TS T Sk, O A s s T
TRISH RIAE R T fif 3 — o7 J& | 308 s 45 ha A 71
(SSAs) I AR AL G YA B B v, & E 1
SSAs A BRI | WA | AW, AHL/NTT
25023 e R R AR A X AL A SSAs, SR TR T N
Fu, BARES R, FTLL, FRATTEE AR R ARAE N
SSAs, HHTIKAK KNay[A-a-GeW0y] - 25H,0 il Co
(NO3),» 6H,0 55 | 38 3 5 A 7K 5 W 325 i Dy 15 31 — {3l e
T R A0 11 5 A v A o VR 6 R AR T 22 U L LA
P BH B A A S I ARG G P 1 0TE Bl & 0GR
B WA SOVAR R I Cst e+, ALK Tk
153038 A T 2 S I ) A e e AR R 3R AT
230K Co(NOy), - 6H,0 B 8 Fe(NOs);-9H,0 1%,
MnCl,-4H,0, L 45 2[5 44 1t & 4 (B2 45 ] A
ISP
22 HWEYREKEN

i X TR R AW 1 )E T =R
i & P12 EE ) 2 F 1 A {[Cog(OH)s(H,0),]
(CO5)5(GeWs0x),} 'S (1a) R I B F 1.5 4~ H* . 10.5 4>
KT 4 4 Cs B 712 N85 K o F ALk, i
WESERELEH, LEW 110 Ge . Co W Hl C JLT
IM 3 5 +4 42 +6 Fl+d HB9 F358 5 Co* i
FHE AR T (01W F 02W) 2 Wi T4k | AR+
(037,061,063 .065.070.,075) N 5.5 F1k

FIEF 1a MESHINE 1 iR, H—A v #lZ
F, B2 A {[Cos(OH);(H,0)](GeWs04)} I B I 38 12 3
AMCOEHERAS B, Z W] IR =R 1
AN PUAZ B R 12 A Co-O-(W)BERF 5] 1 4> =k
i Keggin B4 S HLIC {GeWo05,) A5 B, % H1IT
W n] LAl Ry 3 4> Co* B - (Cob . Co7 . Co8) 53 il
HUFE B {GeWo0u) 19 3 AN 25 B AR 7 1 | 15 5] 1 4
Keggin ! B {Co,GeW M LI, AR5 VB4 Co s
F(Co2)ili it 3 4> Co-O-(Co)H w5 B 7E = A%ENFE I, I
S BT 1a 5 K Cs B F A IS T L — 4R 4544 |

M i FL AR (CO) AR BE € IR 14 3% 2 07 AR [ mT
PIrE 225, B {C105) T {C20,)-{C305), worn'n'

K1 ea® 1 i Zmik-ski K
Fig.1 Polyhedral/ball-and-stick view of 1

{C105}2E K15 2 4> Co™ B F(Col ,Co2) %42 , 1M pyn':
N P{C20,) %M 5 4 4~ Co i F(Col .Co2 ,Cod .CoT)
BCAL , FEIZAC G P T A B Co™ i 34k HI7S Bl for
BN FG R AR I 5 (CO) 2 A LA 4 H R TR
ATLLAE R 1 (1) Co3 Fl Co7 B F K 5{CO,) FEHIBLA
(2) Co4.Co5.Cob il Co8 & T L5 —{COs) A BT
i ;(3) Col T Co2 BEFIRIMTE 3 A~{CO5)FE R B ,
2.3 LOKIE MESTER X HEHRTH
L&Y 1 AN EAENE 2a Fis 16 3 370 F
1 639 cm™ 4 H B A I 3 U I Jag T 45 i 7K RITIE 57 7K
H-OH PRk Zh A1 iR 2,1 476 5 1 374 cm™
Aib U T DU T SR p(C=0) I 46 B 3l | B0 1) H 30
H— U] T AT R C=0 B FRE5E . 933,800
673 em™ Ab H B 4 2 W 0 23 3 VA T R v (W-
0) »(W-0,-W) Fl »(W-0,-W) 1 45 42 ) | i 874 ¢m™
b VA JE R 1(Ge-0,) I R 8517
AT ZAL A P TE 30~800 °Cilit B2 3 Bl (N i 47



1096 b7/ IR /e S 14 5% 36 4
100
(a) (b)
98
X
R
2 o
=
94 (-
1 1 1 1 1 |
4 000 3000 2000 1000 200 400 600 800
Wavenumber / cm™! Temperature / ‘C
(©) I|
Simulation
A A P S VR, p——
||| I Experimental

10 20

20/ ()

&l 2

30 40 50

a1 LN () FAE L (b)) AR ARATH I (o)

Fig.2 IR spectrum (a), thermogravimetric curve (b) and PXRD patterns for simulation and experimental (c) of compound 1
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Fig.3 xwl and yy vs T curves for compound 1
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