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Mo—V�phosphoric heteropolyacids (HPA) can be used for aniline oxidation to polyaniline
or 1,4�benzoquinone. At room temperature and the molar ratio HPA : aniline = 0.67, more
than 95% substrate are oxidized to polyaniline. At 90—100 °C and HPA : aniline = 3, the
substrate is quantitatively oxidized to 1,4�benzoquinone. Solutions of HPA are regenerated by
oxygen in a separate step.
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Aniline (1a) and other aromatic amines are usually
oxidized by strong oxidants (NaClO3, K2Cr2O7, and oth�
ers). Depending on the oxidant and process conditions,
the products are 1,4�benzoquinone (2) or (due to oxida�
tive polymerization) polyaniline (PAN)1—3 (Scheme 1).
The latter can quantitatively be oxidized to quinone 2.3

Electroconducting polymer PAN is used in chemical
current sources4,5 and as a dye.6 All stoichiometric meth�
ods for oxidation of compound 1a produce large amounts
of waste. For instance, when CrVI compounds are used as
oxidants, the products are toxic CrIII compounds and

acids that require utilization. Therefore, the development
of ecologically safe catalytic methods for aniline oxida�
tion to PAN remains urgent.

In this work, we studied the oxidation of aniline (1a)
and 2�methylaniline (1b) by solutions of Mo—V�phos�
phoric heteropolyacids (HPA) of composition
H3+хPMo12–хVхO40 (HPAх, where х is the number of va�
nadium atoms in the molecule equal to 3 or 4). These
compounds are used as selective catalysts for partial oxi�
dation of various organic compounds by oxygen.7,8 The
reactions in the presence of HPAх are usually performed

Scheme 1
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in two steps. In step (1), the substrate (H2Su) is oxidized
by the heteropoly acid to form the reaction product and
reduced species of HPAх (HmHPAx). In step (2), HPAх is
regenerated with oxygen.9 The overall reaction (3) pro�
ceeds in the regime of non�stationary catalysis. In these
processes, HPAх acts as a reversible oxidant.

 m/4 H2Su + m/4 H2O + HPAx
  

  m/4 SuO + НmHPAx (1)

НmHPAx + m/4 O2
    HPAx + m/2 H2O (2)

H2Su + O2
    

SuO + H2O (3)

Mild conditions of reaction (1) and separately per�
formed reactions (1) and (2) usually provide high selec�
tivity of reaction (3).

Results and Discussion

A black precipitate is formed within 30 min upon the
addition of substrate 1a to a solution of HPAx (x = 3) at
room temperature. The precipitate is insoluble in organic
solvents, organic acids (acetic, oxalic, and tartaric), and
concentrated HCl and is weakly soluble in concentrated
NaOH and KOH. However, it is soluble in concentrated
H2SO4 and (with oxidation) in concentrated HNO3. These
properties of the newly synthesized substance coincide
with the properties of PAN obtained earlier2,10 by the
non�catalytic oxidation of 1a. The resulting product has
the following elemental composition (%): C, 59.36;
H, 4.39; N, 11.98. For the approximate molecular for�
mula of PAN (z = у, see Scheme 1) presented in Ref. 2,
calculated (%): C, 79.56; H, 4.97; N, 15.47. The syn�
thesized compound differs by relative content of ele�
ments (C : N = 4.95) from the known PAN in which
C : N = 5.14. This can be a consequence of the fact that,
first, our sample has z and y values (see Scheme 1) differ�
ent from the molecular formula C6H4.5N (z = у)2; sec�
ond, the synthesized sample is found to contain some
amount of HPA (∼5.5%), which cannot be removed by
washing the precipitate.

It can be expected that low amounts of HPAх incorpo�
rated into the PAN composition would modify its proper�
ties and determine new potentialities of use. Interest in
new materials based on polymers with HPA additives has
appeared in recent time. For example, the authors11 stud�
ied the properties of polymers (poly(vinyl alcohol) and
poly(methyl methacrylate)) containing additives of mo�
lybdenum or tungsten HPA. As shown, these polymers
can be used, in particular, in nanolithography and micro�
electronics. The conducting properties of PAN doped with
HPA (H4SiW12O40) to different extents were also stud�
ied.12,13 It is shown13 that for the same oxidant amount (in
this case, S2O8

2– was used) an increase in the HPA con�
tent enhances the conducting properties of the polymer.

To prove the structure of the synthesized compound,
we recorded its IR spectrum and compared with the pub�
lished spectra of PAN. For instance, the formation of
poly(p�phenyleneamineimine) was shown10 for the poly�
merization of 1a. The IR spectrum of our substance
(Fig. 1) in a region of 3200—1100 cm–1 coincides with
the spectrum of PAN presented previously.10 However,
there are distinctions in the 1100—700 cm–1 region. This
is explained by the presence of some amount of oxidant
(HPA) in our sample.

Our conclusions are confirmed by results of the work13

where aniline (1a) was oxidized with (NH4)2S2O8 in the
presence of heteropoly acid H4SiW12O40. This HPA is not
an oxidant and is used only for doping PAN. The vibra�
tional spectra of pure PAN and the polymer doped with
Si—W�HPA are presented. The spectral pattern remains
unchanged but the position of bands somewhat changes
in the case of the doped product. The IR spectra (for a
region of 1600—1100 cm–1) of our sample and polyanilines
(PAN and PAN/H4SiW12O40) obtained in the work13 are
compared in Table 1. It is seen that the synthesized mate�
rial has absorption bands characteristic of the PAN
structure.

The absorption bands at 1100—700 cm–1 are assigned13

to vibrations of H4SiW12O40. In this IR spectral region,
the absorption bands of our sample of PAN do not coin�
cide with the previously13 presented pattern, because we
used HPA of different composition (H6PMo9V3O40).
Therefore, we compared the 1100—700 cm–1 region in
the spectrum of our PAN with the IR spectra of the crys�
talline Mo—V�phosphoric HPA presented in another
work.14 In our case, the bands at 1056, 952, 867, and 794
cm–1 coincide exactly with those in the spectra of HPAх.
Thus, the data obtained prove convincingly that the sample
synthesized by us is PAN containing some amount
of HPAх.

As shown by GLC and 1H NMR, the resulting PAN is
dissolved at 90—100 °C in excess HPA3 or HPA4 (molar
ratio HPAх : 1a = 3) to form benzoquinone (2). This

Fig. 1. IR spectrum of polyaniline synthesized in this work (in
KBr pellets).
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agrees with published data3 and confirms additionally the
fact of PAN formation. When substrate 1a is oxidized in
excess HPAх at temperatures higher than 70 °C, then
quinone 2 is formed quantitatively.

The yield of PAN depends on the oxidant (HPA3) to
substrate (1a) molar ratio. If the oxidant amount is insuf�
ficient, the yield of PAN is low because of an incomplete
conversion of the substrate. By contrast, when excess
HPA3 is used, the yield of PAN decreases due to the
oxidation of a portion of aniline 1a to quinone 2. At an
optimum HPA3 to 1a molar ratio of 0.67, the mass yield
of PAN is 95%.

Compound 1b was oxidized to the corresponding me�
thylated PAN similarly to amine 1a (∼20 °C, 30 min,
molar ratio HPA : 1b = 0.67). In this case, the amount of
the resulting polymer with respect to the starting substrate
was 95%. The following composition of this material was
established (%): C, 60.62; H, 6.30; N, 6.59.

Thus, it is shown that aromatic amines (aniline
and 2�methylaniline) are oxidized in solutions of
Mo—V�phosphoric HPAх to form either PAN or 1,4�ben�
zoquinone, depending on the experimental conditions.
A possibility to regenerate HPAх under oxygen pressure
via reaction (2)15 provides challenges for the development
of catalytic synthesis of PAN in the presence of HPAх.

Experimental

Solutions of HPAх were prepared using a known proce�
dure16 by the introduction of a freshly prepared (2.5—5)•10–3 M
solution of H6V10O28 (obtained by the dissolution of V2O5 in
cold H2O2) into a boiling aqueous suspension of MoO3 + H3PO4.
IR spectra were recorded on a Vector 22 spectrometer (Bruker)
in KBr pellets. 1H NMR spectra were measured on a Bruker
WP�200 SY instrument.

Oxidation. A calculated amount of HPA3 was placed in a
conic flask, and freshly distilled aniline 1a or 1b (5.5 mmol) was
added dropwise with magnetic stirring. After some time, a plenty
of black precipitate was formed, which was filtered off and
washed with hot water on the filter until the washing waters
became colorless. The precipitate was dried in a desiccator above
CаCl2 and analyzed by IR spectroscopy and elemental analysis.
For the initial HPA3 to 1a molar ratios of 0.83, 0.67, and 0.33,
the mass yields of PAN were 74, 95, and 18%, respectively.

The products of deep PAN oxidation were extracted with
chloroform. Benzoquinone (2), 1H NMR (CDCl3), δ: 6.72 (s).
The GLC analysis (flame�ionization detector, capillary column
SE�30) of the resulting product exhibited the peak that coin�
cided in retention time with that of an authentic sample of 2.
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Table 1. Comparative analysis of the IR spectra (KBr pellets, ν/cm–1) of PAN synthesized in this work and polyanilines obtained
previously13

Sample ν(N=Q=N)a ν(N—B—N)b ν(Q—B—Q) ν(Q—B—Q), ν(Q—B—B), ν(B—B—B) ν(Q=NH+—B)
ν(B—B—B)

PAN 1589 1489 1378 1307 1242 1166
PAN13 1573 1490 1306 1306 1244 1145
PAN/H4SiW12O40

13 с 1580—1583 1458—1492 1302—1377 1307—1308 1245—1247 1144—1150

a Q is quinone ring.
b B is benzene ring.
c In the case of doped PAN,13 the band shift is observed, which depends on the ratio 1a : oxidant : HPA.
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