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Generally, heteropoly compounds exhibit a rich acid/base and redox chemistry,

which makes them attractive for applications to biochemistry, analysis, catalysis,

photochemistry and other areas [1–3]. When some coordinated metal atoms in the he-

terpoly anion are substituted for other metal atoms, the framework of the heteropoly

anion is still maintained [4–6]. Although its physical and chemical properties are sub-

stantially changed, thus, its catalytic function can be enhanced [7–14]. Traditional

synthesis method of the substituted heteropoly compounds often introduces much

impurity into the products. The present paper reports an improved method of synthe-

sizing the substituted heteropoly compounds, using fresh molybdovanadophosphoric

heteropoly acid as precursor. In our work a series of pure transition metal substituted

molybdovanadophosphoric heteropoly compounds Na6PMo10VMO40·H2O (M = Zn,

Fe, Mn, Co, Ni, Cu) were prepared successfully and characterized by ICP, IR,

DTA-TGA and cyclic voltammetry. Their thermal stability, oxidition-reduction be-

haviour and spectroscopic features were discussed in detail. It can be assumed that

they exhibit a good thermal stability, oxidation-reduction behaviour and spectrosco-

pic characteristics, and might be promising catalysts.

The molybdovanadophosphoric heteropoly acid with Keggin structure

(H4PMo11VO40·32.5H2O) (abbreviated as PMo11V) was synthesized according to

[15]. Stechiometric amount of sulphate ZSO4·H2O (Z = Fe
2+

, Zn
2+

, Mn
2+

, Co
2+

, Ni
2+

,

Cu
2+

) was added into a solution of PMo11V. A solution of NaHCO3 was added dro-

pwise to adjust the pH value. The crystals of Na2SO4·10H2O were leached and the fil-

trate was placed in a desiccator for few days to obtain the crystals of the expected

compounds PMo10VM (M = Zn, Fe, Mn, Co, Ni, Cu), which were collected and recry-

stallized. The products were analysed by ICP (OPTIMA 3300 DV, USA) and their

molecular formulae were determined as H3Na5PMo10VMO40·nH2O (M = Zn, Fe, Mn,

Co, Ni, Cu).
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The characteristic peaks of the heteropolyanion at 700–1100 cm
–1

were observed

on the infrared spectra of the title compounds and PMo11V (Fig. 1), which indicate

that the transition metal containing molybdovanadophosphoric heteropoly compo-

unds PMo10VM remain the Keggin structure. When a molybdenum atom of PMo11V

was substituted for other transition metal atom, the asymmetric stretching vibration

�as(P–O) (1063 cm
–1

) tends to split up, indicating that the symmetry of framework is

changed. The splitting value �� was dependent on the type of transition metal atoms.

The splitting value �� of PMo10VNi (65 cm
–1

) was largest. It is reasonable to assume

that the splitting value �� of the band �as(P–O) in the infrared spectrum might also be

an index for identifying the heteropoly compounds. In addition, the asymmetric stre-

tching vibrations�as(Mo–O) and �as(V–O) (the band of V–O is covered by the band of

Mo–O), shifted towards low wavenumber for about 15 cm
–1

, indicate that the transi-

tion metal atom can donate electron to Mo–O and as a result weakens the intensity of

Mo–O.
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Figure 1. IR spectra of PMo11V and PMo10VM.



TGA measurements were carried out to determine the number of molecules of

crystallization water in the heteropoly compounds and the temperature, at which ther-

mal decomposition of the samples takes place. All heteropoly compounds exhibit a

good thermal stability (Table 1) and the temperature of exothermic peaks of this series

of substituted compounds is lower than that of PMo11V, which indicates that the addi-

tion of substituting metal cations lowers the thermal stability of the PMo11V. In addi-

tion, the total weight loss of this series of compounds was 12–19%, which corresponds

to the following formulae: H3Na5PMo10VFeO40·14.5H2O, H3Na5PMo10VCoO40·16.5H2O,

H3Na5PMo10VCuO40·18.5H2O, H3Na5PMo10VZnO40·20.5H2O,H3Na5PMo10VNiO40·21H2O,

H3Na5PMo10VMnO40·24H2O.

Table 1. The temperatures of exothermic peaks of PMo11V and PMo10VM.

Heteropoly

compounds
PMo11V PMo10VCu PMo10VNi PMo10VZn PMo10VCo PMo10VFe PMo10VMn

T (K) 718 615 627 604 618 617 619
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Figure 2. Cyclic voltammograms of PMo11V and PMo10VCu recorded using a platinum electrode in 50%

(v/v) dioxane+water solutions with 0.1 mol/L H2SO4 as a supporting electrolyte. The concen-

tration of the samples was 10
–3

mol/L. A saturated calomel electrode (SCE) was employed as a

reference electrode. The scan rate was 50 mV/s. — PMo11V; ---- PMo10VCu.



The cyclic voltammogram of PMo11V has five steps (Fig. 2). The first step at the

most positive potential is assigned to the reversible redox process of vanadium, the

others to the reversible redox processes of molybdenum [16]. However, the redox

waves of molybdenum in the substituted compounds appear at more positive poten-

tials than those in PMo11V (Fig. 3), and the redox wave of vanadium in the substituted

compounds shifts to a little more negative potential than that in PMo11V (Table 2). Ba-

sed on these discussions, it can be assumed that the addition of substituent metal ca-

tion could just change the negative charge on the precursor (PMo11V) [17] and the

electron transfer in the transition metal atom could be easier than that in the molybde-

num and vanadium atoms. Unlike other cyclic voltammogram of PMo10VM, the cyc-

lic voltammogram of PMo10VCu (Fig. 2) exhibits a very large current intensity and is

chemically irreversible. This large stripping wave can be considered as a proof of the

formation of a new copper-containing heteropolyanion from the precursor PMo11V

[17].
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Figure 3. Cyclic voltammograms of PMo11VM (M = Zn, Fe, Mn, Co, Ni) recorded using a platinum elec-

trode in 50% (v/v) dioxane+water solutions with 0.1 mol/L H2SO4 as a supporting electrolyte.

The concentration of the samples was 10–3 mol/L. A saturated calomel electrode (SCE) was

employed as a reference electrode. The scan rate was 50 mV/s. — PMo11VMn; -----

PMo11VCo; – ··· – PMo11VFe; ······ PMo11VZn; –·– PMo11VNi.
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Table 2. Voltammetric data for PMo11V and PMo10VM. The scan rate was 50 mv/s.

Heteropoly

compounds
Epc(v) Epa(v)

�Ep

(mv)
E1/2(v)

Heteropoly

compounds
Epc(v) Epa(v)

�Ep

(mv)
E1/2(v)

PMo11V 0.425 0.490 65 0.458 –0.150 –0.060 90 –0.105

0.210 0.255 45 0.233 –0.280 –0.205 75 –0.248

0.100 0.145 45 0.123 PMo10VFe 0.420 0.485 65 0.453

–0.130 –0.080 50 –0.105 0.270 0.300 30 0.285

–0.270 –0.205 65 –0.238 0.100 0.160 60 0.130

PMo10VNi 0.420 0.490 70 0.455 –0.160 –0.080 80 –0.120

0.265 0.300 35 0.283 –0.280 –0.210 70 –0.245

0.125 0.170 45 0.148 PMo10VMn 0.420 0.480 60 0.450

–0.150 –0.070 80 –0.110 0.260 0.290 30 0.275

–0.285 –0.210 75 –0.248 0.115 0.165 50 0.140

PMo10VZn 0.410 0.470 60 0.440 –0.145 –0.075 70 –0.110

0.260 0.300 40 0.280 –0.280 –0.215 65 –0.248

0.115 0.165 50 0.140 PMo10VCu 0.420 0.490 70 0.455

–0.150 –0.070 80 –0.110 0.265 0.300 35 0.283

–0.290 –0.215 75 –0.253 0.135 0.190 55 0.163

PMo10VCo 0.430 0.490 60 0.460 –0.150 0.020 170 –0.065

0.270 0.310 40 0.290 –0.280 –0.210 70 –0.245

0.130 0.175 45 0.153
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