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Fig. 2. SEM images of dispersions of xMoO3 : (1 – x)V2O5 oxide particles (x = 0.25 (a); x = 0.4 (b); x = 0.75 (c))

Due to the paramagnetic properties inherent in V(IV) centres, it is possible to trace the dynamic of mixed-oxide 
autoreduction employing EPR spectroscopy. The comparison of the integrated spectra with standard sample with 
known number of spins (see table) evidenced that the concentration of V(IV) centres in the MoO3 : V2O5 mixed 
oxides exhibits an increase with MoO3 loading. Number of  V(IV) centres reaches its maximum at 1 – x ≈ 0.6 
and then tends to decline as the result of decrease of the relative content of V2O5 in the mixed oxide.

Number of spins in MoO3 : V2O5 mixed oxides  
of different composition

1 – x [V(IV)] ⋅ 10–20, spin/g
1.0 0.78
0.9 1.42
0.75 3.2
0.5 3.6
0.25 2.8
0.1 1.0

The autoreduction, however, affects only a part of vanadium ions in the solid solution, whereas the ma-
jor portion of vanadium ions remain in  the diamagnetic V(V) state [21; 22]. On the other hand, the para
magnetic V(IV) centres exhibit a strong tendency towards clusterisation forming conductive domains in 
the MoO3 : V2O5 particles [23]. It should be also noted that the charge exchange between V(IV) / V(V) and 
Mo (V) / Mo (VI) redox centres in the molybdenum – vanadium oxide solid solutions leads to complete oxidation 
of Mo (V) centres (these Mo (V) centres typically arises during the polycondensation synthesis). Therefore, in 
MoO3 : V2O5 solid solution only V(IV) centres (both individual ones and those bound into the clusters) appear 
to be responsible for catalytic activity of MoO3 : V2O5 particles towards nickel deposition.

Due to high concentration of V(IV) centres, the MoO3 : V2O5 solid solution can behave as an effective 
redox catalyst facilitating the crystallisation of metal phase. Thus, the rate of nickel reduction under cathodic 
polarisation shows about 3-fold increase when passing from bare plating bath to the suspension plating bath 
containing dispersed MoO3 : V2O5 particles. The redox catalysis results in the multi-centre nucleation of metal 
phase at the surface of MoO3 : V2O5 particles that evidenced by SEM images in fig. 3. Such nucleation mode 
facilitates the overgrowing of the embedded particles with galvanic deposit and leads to the enhanced number 
of nickel nuclei capable of growing. The electron microscopic analysis reveals that the medium size of nickel 
grains grown at the surface of MoO3 : V2O5 particles appears to be 2–3 times smaller as compared to the medium 
size of crystallites grown directly at the nickel surface (see fig. 3).

Fig. 3. SEM images of the surface of nickel (a) and Ni – 0.6MoO3 : 0.4V2O5 (b)


