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film deposition. The deposition was performed in a static electrolyte (i. e. under convective mass-transport 
conditions) on to the steel substrates at the current density 2 A/dm2.

Infrared (IR) spectra were recorded employing IRTracer-100 spectrometer (Shimadzu, Japan). The scanning 
electron microscopy (SEM) studies of MoO3 : V2O5 particles and Ni – MoO3 : V2O5 composite films were per-
formed with Leo-1420 electron microscope (Carl Zeiss, Germany). Surface morphology of composite films 
was investigated employing atomic force microscopy (AFM) with the use of TT-2 microscope (AFM Work
shop, USA). The fractal analysis of AFM images was carried out with the use of Gwiddion software. For eva
luation the fractal dimension the cube counting method was used [15; 16]. The X-band electron paramagnetic 
resonance (EPR) spectra were recorded at 77 K using EMX-8 spectrometer (Bruker, USA). The concentration 
of paramagnetic centres in the molybdenum – vanadium mixed oxides was evaluated by double integration of 
EPR spectrum using a CuCl2 ⋅ 2H2O crystal with known number of spins as a reference standard. Wear resis
tance of the coatings was tested under dry sliding conditions at a load of 1.1 kg/cm2. The corrosion properties 
of Ni – MoO3 : V2O5 were investigated in comparison with bare galvanic nickel in 5 mol/L NaCl employing 
electrochemical impedance spectroscopy with PGSTAT101 potentiostat (Metrohm Autolab, the Netherlands). 
All the potentials were measured against the Ag/AgCl, Cl– (saturated) electrode.

Results and discussion
The simultaneous polycondensation of molybdenum and vanadium oxyacids leds to the substitution of some 

positions in the cationic sublattice of V2O5 by molybdenum ions yielding xMoO3 : (1 – x)V2O5 solid solution 
that manifests itself in the IR spectrum (fig. 1) as the addition absorption band at 830–850 cm–1 correspon- 
ding to the vibrations of   — Mo — O —V—  group [17] (this band arises between the band at 755 cm–1 corres
ponding to the vibrations of   —V— O —V—  group [18] and that at 899 cm–1 corresponding to the vibrations 
of   — Mo — O — Mo —  group [19]).

Fig. 1. IR spectrum of xMoO3 : (1 – x)V2O5 mixed oxide (x = 0.6)

The SEM images shown in fig. 2 provide an evidence that the morphology xMoO3 : (1 – x)V2O5 particles 
grown through the polycondensation route varies with the molybdenum-to-vanadium mole ratio in the mixed 
oxyacids used as the precursors. It may be suggested that the inclusion of molybdenum ions into the V2O5 lamel-
las suppresses their lateral growth but facilitate lamellae binding. As the result, contrastingly to the micron-scale 
whiskers observed at low MoO3 loading (x = 0.25), the compact regular microcrystals of mixed oxide are 
formed x = 0.4 (cf. fig. 2, a and b); further increase in the molybdenum content leads to the phase segregation 
and growing of needle-like MoO3 crystallites, which are formed together with prismatic crystallites of molyb-
denum – vanadium oxide solid solution (see fig. 2, c). The observed evolution of habitus of microcrystallites 
forming the mixed oxide phase (including the release of bare hexagonal MoO3 at large loading of molybdenum 
oxide) agrees well with the results of X-ray diffraction analysis, which are described elsewhere [17].

Introduction of molybdenum ions into the lattice of vanadium oxide demonstrating layered structure results 
in the transition of corresponding number of V(V) ions to V(IV) state. The change in the valence state of vana
dium ions in the cationic sublattice results in significant decrease of the vibration energy of  the V—— O group [20], 
this shift being known to be an indicative of the solid solution formation [17]: thus, fig. 1 evidenced that in the 
case of 0.6MoO3 : 0.4V2O5 this band is observed at 975 cm–1 (cf. 1009 cm–1 for the same vibrations in the case 
of bare V2O5).


