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Syntheses, Structures and Properties of Three Tri-nuclear Copper
Clusters Based on Wells-Dawson Polyoxometalate

YING Jun® NING Ya-Li HOU Xue TIAN Ai-Xiang
(Department of Chemistry, Bohai University, Jinzhou, Liaoning 121013, China)

Abstract: Through using Wells-Dawson type anion [As,W30s]*, CuCl,-2H,0 and 5-(4-pyridyl)-1H-tetrazole (4-
ptz), two different POM-based compounds containing tri-nuclear copper clusters were synthesized in one-pot
under hydrothermal conditions, namely [Cu;(4-ptz)y(H20),(As,W 1506) ] - 42H,0 (1) and [Cus(4-ptz)s(H,0)s(As, W 150) |
+47H,0 (2). When we used another Wells-Dawson anion [P,W304]°", CuCl,-2H,0 and 5-(3-pyridyl)-1H-tetrazole
(3-ptz), another POM-based tri-nuclear copper cluster was also obtained, namely [Cu;(3-ptz)s(H,0)s(P,W 504)] *
33H,0 (3). Single crystal X-ray diffraction shows that compound 1 is a tri-nuclear copper cluster supporting pendent
structure, and compound 2 is a one dimensional chain with anions and tri-nuclear copper clusters arranging
alternately, while compound 3 is a discrete structure containing anions and tri-nuclear copper clusters. 3-ptz
and 4-ptz are important structural factors for constructing tri-nuclear copper clusters in compounds 1~3. The

electrochemical and photocatalytic activities of the title compounds have been studied. CCDC: 1416806, 1;
1406807, 2; 1406808, 3.
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Table 1 Crystal data and structure refinements for compounds 1~3

Compound 1 2 3

Formula CosH11aN2O 111 CuzAs, Wi CaoH12:N2s0114CuzAs, W g CosHogNyO 103CusPaW g
Formula weight 6 108 6 309 5877
Crystal system Monoclinic Monoclinic Monoclinic
Space group P2/c P2\/c P2\/n
a/nm 2.307 5(5) 1.840 5(5) 1.812 3(5)
b/ nm 1.949 7(5) 1.953 4(5) 2.410 3(5)
¢/ nm 2.992 4(5) 3.282 3(5) 2.290 1(5)
B/ 129.833(11) 95.568(5) 90.490(5)
V / nm® 10.338(4) 11.745(5) 10.003(4)
D./ (g-cm”) 4563 3.120 3.582

A 4 4 4

F(000) 9 341 9 584 9 236

w/ mm™ 21.269 18.725 21.358

0 range / (°) 1.36~26.01 1.11~25.0 1.41~27.18
Reflections collected, unique 58 508, 20 265 58 863, 20 689 59 383, 21 957
R, 0.068 0 0.088 3 0.076 0
Reflections number 13 010 12 572 12 070

R [I>20(D)] 0.058 4 0.074 8 0.057 7
wR,' (all data) 0.171 0 0.188 9 0.151'5
GOF on F? 1.042 0.917 1.088

‘Ri=2NE-IFN X ); » wR={ X [w(F~F2 X [w(F)"
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Hydrogen atoms are omitted for clarity; some coordination water are omitted in (b)

K2 (a) B9 1R IE, (b) A& 9 10 R =24 %
Fig.2 (a) Unit of 1; (b) Tri-nuclear copper cluster of 1
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Hydrogen atoms are omitted for clarity; some coordination water are omitted in (b)
3 (@) A 2 MM IREE, (b) FLA M 2 i = SR, () 2 T 2 WA = R A e TS A — e B 1

Fig.3 (a) Unit of 2; (b) Tri-nuclear copper cluster of 2; (c) 1D chain of 2 with anions and tri-nuclear clusters arranging alternately
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Fig.4 Two discrete building blocks of 3: P,W 5 anion (a) and tri-nuclear cluster [Cus"(3-ptzH),(H,0)s]* (b)
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Fig.5 Simulativeand experimental powder X-ray diffraction patterns for complexes 1 and 2
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AW 1~3 By A2 PR BTAR L8] S2,S3), 3 AT mol- L™ Na,SO, i P iYL AL#47h , Mi &l 6a AT L)
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6 (a) 3-CPE 7E 0.1 mol- L™ H,SO,+ 0.5 mol- L™ Na,SO, /K ¥ i i A [Rl 4538 A G FAR 2 1815 (b) 3-CPE ZEM AN 7] ¥ B2
1 NO, M9 0.1 mol - L™ H,S0,+0.5 mol - L™ Na,SO, 7K ¥ W ity 47 #1 4K 22 ]
Fig.6  (a) Cyclic voltammograms of the 3-CPE in 0.1 mol-L" H,S0,40.5 mol- L™ Na,SO, aqueous solution at different scan rates;
(b) Cyclic voltammograms of the 3-CPE in 0.1 mol-L™" H,S0,4+0.5 mol- L™ Na,S0O, aqueous solution containing NO,
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(a) Absorption spectra of the RhB solution during the decomposition reaction under UV irradiation with the presence

of compound 3; (b) Photocatalytic decomposition rates of RhB solutions under UV irradiation with the use of the
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(a) Absorption spectra of the MB solution during the decomposition reaction under UV irradiation with the presence of

compound 3; (b) Photocatalytic decomposition rates of MB solutions under UV irradiation with the use of the title

compound 3
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Supporting information is available at http://www.wjhxxb.cn
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