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(NH4)2—zHzV9Mo030314+5-nH20 (z = 0, 1) gels were produced from V205, NH4 VO3, 40% H202, and Mo powder by
using sol—gel technology. Synthesized gels were investigated by X-ray photoelectron spectroscopy methods. The shape and
position of the complex core photoelectron lines V 2p, O 1s, C 1s, Mo 3p, Mo 3d, and N 1s were analysed for the gels with
different « values. The valences of the V and Mo ions, which have an important role in the electrical conductivity of the
compounds, was studied. It has been found that the molybdenum is in the stable Mo®™ state. The vanadium ions are in V5
and V4 states. The reduction ratio of vanadium ions is about 0.043 independent of the z value. The position of the N 1s peak
indicates that the nitrogen is connected with hydrogen in NH, ions.
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1. Introduction

Hydrated vanadium compounds M3V1203145
-nH20, where M is an alkali-metal, possess a number of
unusual properties, which make them the candidate ma-
terials for many technological applications [1, 2]. When
prepared by using sol—gel technology methods [3], they
have a very labile structure, where V-O chains are sep-
arated by water molecules, and the interlayer distance in
such xerogels varies from 8.8 to 40 A, depending on wa-
ter content [4]. In addition to water molecules and M™+
cations, the polyvanadates readily intercalate organic
solvents, N-alkyl ammonium organic ions, and metal
complexes [5]. The sol—gel technology was also used to
prepare M;Vi2_yMo,O31+5-nH20 xerogels [1]. Such
compounds might incorporate HsO", NH4™", hydro-
quinone, or polyvinyl alcohol in the gaps between V-
O-Mo layers [6-9].

The synthesis, structure, and some physical proper-
ties of ammonium polyvanadomolybdate xerogels are
described in [8]. The aim of this work is the character-
ization of the states of various elements and chemical
bounds between them in the V-O-Mo-NHy system xe-
rogels.
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2. Experimental

As starting materials, we used V205, NH4 VO3, 40%
H505, and Mo powder. V205 and Mo powders in
a suitable proportion were dissolved in HoO9 to form
mixed solutions of pervanadic (molybdic) acids. Slow
heating up to 333 K initiates the decomposition of the
peroxide compounds, followed by gelation. The reac-
tions with the participation of V2Os are

V505 + 2H509 = 2HV02(02) + H20, (D)

HVO,(03) + 3Ho0 =

1
VO(OH)3(OHy)2 + 3 02, 2

2[VO(OH)3(OHy)s] — V205 -5H,0.  (3)

Scheme (3) represents polymerization of the neutral
precursor, resulting in a hydrous V205 gel, which
can be regarded as the polyvanadic acid HoV1203145
-nHQO.

Mo ions replace Vo1 in the resulting compounds,
2V — VA 4+ MoSt or 2V 4 Mot + OH™.
The V4* and OH ™ ions increase the degree of polymer-
ization and stability of the gels. Decomposition of the
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Fig. 1. XPS V-0 region spectra of (NH4)2V9Mo03031+s-nH20 xerogel.

peroxide solution of vanadium containing NH4 ™ is not
accompanied by gelation, whereas, in the presence of
molybdenum, (NH4)2_IH3¢V9M03031i5~nH20 (.%' =
0, 1) gels are formed. Obtained gels were deposited on
Ni substrates by screen printing method and dried in air.
The thickness of prepared films was about 10 ym. The
films have layered structure where NH, " ions and HoO
are incorporated between the V-O-Mo layers [10]. Such
structure causes anisotropy of physical properties of the
produced films along and across the V-O-Mo layers that
is peculiar to the other hydrated vanadium compounds
[11].

Surface chemical composition was controlled by us-

ing the X-ray photoelectron spectroscopy (XPS) method.

XPS spectra were measured with a VG ESCALAB MK
II spectrometer (Mg K,1,2 source, 1253.6 eV). The
working pressue in the analytic chamber was main-
tained below 10~7 Pa during the spectrum analysis.
Before the measurement the surface of samples was
cleaned using Ar™ ion bombardement at 3 kV and cur-
rent density of 10 pA-cm™2 for 3 min. The energy
scale was calibrated using the Au 4 f7 /5 peak (84.0 eV).
Charging effects were taken into account using the C 1s
peak (284.6 eV).

3. Results and discussion
Figure 1 presents the XPS V-O region spectra of

(NH4)2VgMo303;+5-nH20 xerogel (points are experi-
mental data). V 2p and O 1s peaks are composed of sev-

Table 1. V-0 region fitting parameters of
(NH4)2V9Mo03031+5-nH20 xerogel.

Peak Binding FWHM, RA', G/L?
energy, eV eV % %

V2p30 (VAT)  516.03 1.50 1.27 70
V 2p3/2 (VOT) 517.53 1.06 28.10 100
V2pi, (VAT) 52350 1.45 1.36 100
V 2pi /5 (VOT) 524.98 2.59 14.36 80
01s(0%7) 530.48 1.53  49.06 40
015 (0-C) 531.40 1.46 471 100
0 1s (H20) 533.01 1.18 1.14 100

!relative area of the peak
2Gaussian and Lorentzian ratio

eral components the parameters of which are given in
Table 1. V 2p3 5 and V 2p; /5 peaks consist of two com-
ponents and O 1s peak consists of three components. It
is possible to subsume the V 2p3,5 peak components
with binding energies 516.03 and 517.53 eV under the
quadrivalent [12] and quinquivalent [13] vanadium ions
in the xerogel. The same is possible to say about the V
2py /2 peak components with binding energies of 523.5
and 524.98 eV [14]. Taking the V 2p3 5 peak area data
from Table 1 we may calculate the vanadium ion reduc-
tion ratio

V4+

C:V5++V4+’

“)
where V°T and V4* are corresponding ion concentra-
tions. In our case C' = 0.043, i.e. quadrivalent vana-
dium constitutes just 4.3% of vanadium ion content,
similar as in other vanadium hydrates [10]. The reduc-
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Fig. 2. XPS spectra of molybdenum (Mo 3p) and nitrogen region of (NH4)2—-HzVoMo03031+5-nH20 xerogels, (a) for x = 0, (b) for x = 1.

Table 2. Mo 3p-N 1s region fitting parameters of (NHa4)2—-H:V9Mo03031+5-nH20 xerogels.

Peak Binding energy, eV

FWHM, eV

RA', % G/L%, %

z=0 rz=1 z=0

z=1 =0 z=1 z=0 x=1

Mo 3p3/2 398.68
N ls 401.76

398.65 29
401.73 1.76

295 87778 94.03 44 57
1.57 1222 597 100 100

!relative area of the peak
2Gaussian and Lorentzian ratio

tion ratio of vanadium ions for (NH4)HVgMo303145
-nH20 gel also is about 0.043.

The O 1s peak has three components (Fig. 1 and Ta-
ble 1). The first one, a more intensive peak with binding
energy of 530.48 eV matches the Os- ions [15] linked
with vanadium and molybdenum ions. The second one,
less intensive (531.4 eV), is possible to ascribe to the re-
lations with carbon [15]. And the last and weakest com-
ponent with binding energy at 533.01 eV matches the
oxygen linked with hydrogen in water molecules [16].

In Fig. 2 the XPS spectra of molybdenum (Mo 3p)
and nitrogen region ((a) for x = 0, (b) for x = 1) is
shown. The fact that Mo 3p and N 1s binding ener-
gies are close to each other makes the analysis of this
spectrum more complex, whereas the neglect of nitro-
gen presence in the gel makes the interpretation of this
spectrum quite difficult. The spectrum component pa-
rameters are given in Table 2. The component with
binding energy 398.68 eV matches Mo®™ ions [17] and
the component with binding energy 401.76 eV matches
nitrogen which is in NH4 ™" ions [18]. Mo 3d emission
comprises the pair of spin—orbit doublets with Mo 3d3
and Mo 3dj5, binding energies of ~236 and ~233 eV
respectively that was observed in other vanadium hy-
drates containing molybdenum [19].

4. Conclusions

The composition and chemical structure of
(NHy)2—zH;V9Mo0303;15-nH20 (x = 0, 1) gels syn-
thesized by the sol-gel technology were determined by
X-ray photoelectron spectroscopy methods. The vana-
dium ions are in the V5* and V** states with reduction
ratio of about 0.043 independent on the x value. The in-
vestigation of the Mo 3p and Mo 3d spectra shows that
the molybdenum ions are in the stable Mo®? states. The
O 1s peak consists of three components, where the first
one is connected with vanadium and molybdenum ions,
the second is possible to subsume under relations with
carbon, and the third belongs to oxygen linked with hy-
drogen in water molecules. The position of the N 1s
peak indicates that the nitrogen is connected with hy-
drogen in NHy ions.
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AMONIO POLIVANADATU-MOLIBDATV SINTEZE IR RENTGENO FOTOELEKTRONINIU
SPEKTRU TYRIMAS
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Santrauka

I§ V205, NH4 VO3, 40% H204 ir Mo milteliy, naudojant zoliy
ir geliy technologija, buvo pagaminti (NH4)2—» Hy VoMo0303145-
nH20 (x = 0, 1) geliai. Pateikti minéty geliy cheminés sudéties bei
atskiry elementy btiseny tyrimo Rentgeno fotoelektroninés spektro-
skopijos (RFS) metodu rezultatai. Analizuoti V 2p, O 1s, C 1s, Mo

3p, Mo 3d ir N 1s smailiy parametrai bei vanadzio ir molibdeno
jony valentingumas. Nustatyta, kad molibdeno jonai yra stabilioje
Mo®* biisenoje, o vanadzio — V4T ir V5T basenose. Vanadzio jony
redukcijos santykis nepriklauso nuo geliy sudéties ir yra apie 0,043.
N 1s smailés rysio energijos verté rodo, kad azotas geliuose suristas
su vandeniliu NHy4 jonuose.



