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Synthesis, Characterization and Properties of Transition
Elements Substituted Aluminoheteropolytungstates
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Abstract: Tri-basic heteropolytungstates containing transition elements with Al as central atom have been syn-
thesized by stepwise design. The molecular formules were confirmed as K, [AIM(OH,)W 0] -xH,0 (M=V?>, Cr*,
Mn*, Fe**, Co*, Ni*, Cu**, Zn**, Cd**) by ICP and TG. Their structures were characterized by IR, UV, XRD,
W NMR and Al NMR. The results show that the complexes were of Keggin structure. The redox behaviors of
these complexes were investigated by cyclic voltammetry as irreversible processes. The magnetic data suggest that

the complexes are all paramagnetic. The thermostabilities for the complexes are also discussed.
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Table 1 Elemental analysis data of K,4,[AIM(OH,)W,,0]-xH,O
Found(Cal.) / %
Complex
K Al M W H,0
KJAIV(OH,)W ,05] - 14H,0 4.97(5.08) 0.86(0.79) 1.62(1.64) 64.08(63.94) 8.60(8.47)
K ALCx(OH,)W ,05]] - 19H,0 8.15(8.24) 0.81(0.79) 1.55(1.60) 60.10(60.23) 10.75(10.67)
K[AIMn(OH)W 0]} 17H,0 8.23(8.16) 0.81(0.84) 1.66(1.59) 60.71(60.58) 9.77(9.53)
KJAlFe(OH,)W,,05]] 13H,0 7.30(7.24) 0.84(0.78) 1.75(1.81) 62.79(62.64) 7.86(7.67)
K/ [ALCo(OH)W ,,05]]- 16H,0 8.27(8.21) 0.82(0.85) 1.77(1.73) 60.96(60.89) 9.27(9.34)
K[AINi(OH)W,,04]] - 24,0 7.92(8.01) 0.78(0.75) 1.71(1.77) 58.42(58.51) 13.06(12.98)
KJAICu(OH,)W ,,05]|- 18H,0 8.42(8.30) 0.83(0.87) 1.97(1.90) 62.07(62.13) 7.46(7.32)
K,[AlZn(OH)W,,04]]- 20H,0 8.08(8.12) 0.80(0.76) 1.92(2.01) 59.55(59.68) 11.18(11.02)
K[AICA(OH,)W,,04]] 15H,0 8.18(8.22) 0.80(0.83) 3.36(3.28) 60.32(60.27) 8.63(8.79)
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Table 2 IR spectra data of AIMW, (cm™)
AIMW,, v, (W-0,) 2 (W-0,-M) v (W-0,-M) 5(0.-A1-0,)
AIVW 939.69 882.47 833.29 709.24 501.08 430.56
AlCrW 948.34 884.26 830.45 704.50 499.50 425.36
AlMnW 945.52 875.53 828.64 695.38 502.47 411.59
AlFeW,, 943.73 878.78 829.40 669.51 493.87 413.0
AlCoW 940.87 877.19 751.46 700.72 497.39 444.23
AINiW,, 95343 885.60 812.36 670.68 497.48 438.37
AlCuW,, 952.16 883.52 812.57 692.24 508.40 427.83
AlZnW 940.72 883.38 795.98 694.30 441.26 414.29
AICdW,, 938.65 879.62 809.47 703.13 498.00 404.48
AW 1281 955 885 810 770
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Table 3 UV spectra data of the compounds (nm)

MAIW,; 0,— W 0,0, > W
VAIW,, 192.8 255.2
CrAIW,, 194.2 256.4
MnAIW,, 194.0 259.7
FeAIW 193.4 257.4
CoAlW, 193.0 258.4
NiAIW 193.6 254.8
CuAlW,, 193.2 2579
ZnAlW,, 193.6 256.4
CdALW,, 193.6 258.2
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Fig.2 XRD patterns of the coordination compounds
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Table 4 Cyclic voltammetry data of AIMW (mV)
Complex E0 E” AE E0 E" AE?

K,V(OH,)AIW ;05 14H,0 -90.15 191.87 282.02 590.15 822.12 291.97
KsCr(OH)AIW ;05 19H,0 -98.22 185.83 284.05 481.97 772.60 290.63
K;Mn(OH,)AIW ;05 17H,0 -106.84 186.50 293.38 51491 780.67 265.76
KgFe(OH,)AIW 05+ 13H,0 -88.42 191.88 280.30 485.29 788.75 303.38
K;Co(OH,)AIW ;05 16H,0 -90.26 179.42 257.36 490.58 775.60 285.02
K;Ni(OH,)AIW ;05 24H,0 -98.22 158.07 256.29 506.78 805.44 298.66
K;Cu(OH,)AIW,,03+ 18H,0 -16.27 117.06 133.87
K:Zn(OH,)AIW 05+ 20H,0 -89.24 175.19 264.43 510.15 807.85 297.70
K;Cd(OH,)AIW,,05+ 15H,0 -102.12 182.60 284.72 503.25 788.46 285.21
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Fig4 Cyclic voltammetry curves of AICuW,,
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Table 5 Natural magnetic data of AIMW,,
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Complex M 1 (x9.3x10% / (A -m?)) xu/ (X107 / (m?-kg™) Configuration
VAIW,, 0 0 spd
CrAlW,, 1.664(1.732) 1.623 &sp?
MnAIW,, 1.710(1.732) 1.631 &sp?
FeAIW,, 1.696(1.732) 1.627 &’sp?
CoAlW , 1.680(1.732) 1.628 d’sp?
NiAIW,, 1.716(1.732) 1.634 s
CuAlW,, 1.718(1.732) 1.621 s
ZnAIW 0 0 sp>d?
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Fig.5 Cyclic voltammetry curves of AIMnW, 15 et 25
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Table 6 DTA data of AIMW,, (°C)
AIMW Endothermic peaks / °C Exothermic peaks / °C
VAIW, 8242 37533 715.32 435.03 477.36
CrAlW 84.66 376.82 717.90 442.17 485091
MnAIW,, 77.65 378.55 728.47 436.76  480.24
FeAIW,, 86.42 378.43 725.33 44736 495.68
CoAlIW 78.49 381.67 726.14 431.36 483.25
NiAIW 82.83 378.59 719.48 44196 488.26
CuAlW 81.77 375.84 718.50 430.96 479.87
ZnAlIW 80.90 376.37 722.34 395.34 43329
CdAIW 85.63 383.12 715.76 399.23  427.65
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