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INITIATION OF THE POLYMERISATION OF
METHYL METHACRYLATE AT A LEAD
ELECTRODE

A.1L Fedorova, Li Kuo-tung,
and LV.Shelepin

In the cathodic polarisation of a lead electrode in aqueous
acid solutions of methyl methacrylate some workers -4
observed polymerisation, which in their view was initiated
by the hydrogen atoms formed on the lead cathode. This
view contradicts the electrochemical theory of hydrogen
overvoltage and the results of numerous investigations of
the hydrogen overvoltage of the lead cathode 5-7, and in any
case lacks adequate experimental justification, since the
above workers did not measure the electrode potential and
introduced the monomer into the reaction medium in con-
tact with air.
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In the present study an attempt was made to obtain the
polymer by electrolysis of saturated acid solutions of
methyl methacrylate over a period of several hours at
cathode potentials ¢ = -1.20, -1.15, -1.07, and -0.9 V¥.
The potentials were selected on the basis of the hydrogen
overvoltage~current density curves which were obtained
from preliminary experiments on the lead electrode in the
same solutions. The surface area of the cathode S = 2.0 cm?
and the volume of the electrolyte V = 20 ml. The electro-
lysis and the experiments designed to investigate the effect
of methyl methacrylate on the hydrogen overvoltage were
carried out at 20.0° in solutions freed from traces of oxy-
gen; the absence of oxygen was checked by preliminary
measurements of the hydrogen overvoltage in 1 N sulphuric
acid without the monomer. Particular attention was paid
to the cleaning of the lead electrode, and the purification of
the reagents and the monomer; after preliminary purifi-
cation and double distillation at a reduced pressure in a
current of nitrogen, the monomer was introduced into the
reaction medium out of contact with air8,

The results of the electrolysis, which were found to be
reproducible in numerous experiments, showed that there
was no visible formation of the polymer over a period of
6-20 h at a lead electrode in 1 N sulphuric acid saturated
with methyl methacrylate and also in the presence of an
excess of the monomer as a second phase.

At cathode potentials ¢ = -1.20, 1.15, and -1.07 V poly-
merisation always took place when, other conditions being
the same, the monomer came into contact with atmospheric
oxygen before being introduced into the reaction mixture or
when small amounts of hydrogen peroxide were added to the
latter. However, under these conditions it cannot be
assumed that hydrogen atoms initiate the reaction, since
the reduction of hydrogen ions might be accompanied by the
simultaneous cathodic reduction of peroxy-compounds of
the monomer, formed when the latter came into contact
with atmospheric oxygen, or the products of their decompo-
sition (carbonyl compounds). :

To elucidate the effect of methyl methacrylate on the re-
duction of hydrogen ions, we obtained overvoltage-current
density curves in a pure hydrogen atmosphere and also
after introduction of the monomer which had been in con-
tact with atmospheric oxygen. The overvoltage-current
density curves obtained in a pure hydrogen atmosphere in
0.5 M H,S0, solutions containing the monomer at varying
concentrations showed that the overvoltage is reduced over
the entire potential range investigated (Fig. 1). The effect
depends on the concentration of the monomer and the elec-
trode potential. As the concentration of methyl methacry-
late is increased, the overvoltage falls further, the lower-
ing extending to higher current densities. In saturated
acid solutions of the monomer at a current density i =
=1X107% A cm™? the hydrogen overvoltage for a negatively
charged electrode surface is reduced by 0.150 V. At cer-
tain current densities, which are higher the greater the
concentration of methyl methacrylate, the hydrogen over-
voltage becomes equal to that in 1 N sulphuric acid without
the monomer.

The lowering of the overvoltage appears to be related to
catalytic evolution of hydrogen?, for the first time observed
on a solid electrode. ' As an ester, methyl methacrylate
possesses weakly basic porperties and interacts with sul-

phuric acid to form a protonated species® which by virtue

T The potentials of the test electrode are in all cases given
relative to the normal hydrogen electrode.
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Fig.1l. Variation of hydrogen overvoltage with the polarising
current dengity at the lead electrode:
1) 1N HyS0g; 2) 1N H380,, 10% saturation of methyl methacry-
late; 3) 1N HyS0y, 20% saturation of methyl methacrylate;
4) 1 N H,50,, 50% saturation of methyl methacrylate;
5) 1 N H,S0, saturated with methyl methacrylate.
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Fig.2. Variation of hydrogen overvoltage with the polarising
current density at the lead electrode:

1) 1 N H;804; 2) 1 N HyS0,, !/ saturation with methyl methacrylate;
3) 1 N HyS0,, 3 saturationwith methyl methacrylate;

4) 1 N H,80, saturated with methyl methacrylate.

of its surface-active properties is strongly adsorbed on
the electrode, thereby accelerating the evolution of hydro-
gen.

The differential capacitance curve for the electrode
measured during the reduction of hydrogen ions in the pres-
“ence of methyl methacrylate shows that a surface-active
substance is adsorbed on the electrode over the potential
range from 0.25 to -1,15 V.  The accelerating effect of the
monomer on the evolution of hydrogen occurs in the same
potential range.

The n-logi curves, obtained under the same conditions
but in the presence of methyl methacrylate which had been
in contact with atmospheric oxygen before being added to
the reaction medium, have a different shape (Fig. 2). At
low current densities the hydrogen overvoltage falls and
then rises as the current density is increased to values
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Fig.3. Variation of hydrogen overvoltage with the current den-
sity at the lead electrode:

1) 1N HySO4; 2) 1N Hy80, + 2 x 107 N Hy0y;

3) 1N H,80, + 2 x 1072 N H,0, saturated with methyl methacrylate,

=3 logi (A em™) -2

which are higher than in the absence of the monomer
(Fig. 2, curve 2), to an extent which depends on the concen-
tration of the monomer. Unlike the case described above
(Fig. 1), theriseabovethevalue in the absence of monomer
occurs at a higher concentration of the monomer the lower
the polarisation, this being due not to desorption of the
monomer but to its polymerisation, which is initiated pri-
marily by the electrochemical reduction of the peroxy-
~compounds of the monomer, formed when the latter was
in contact with atmospheric oxygen, or the productsof their
decomposition (carbonyl compounds).

The n~logi curve obtained in the solution containing
hydrogen peroxide and the monomer which had not been in
contact with air has a similar shape (Fig. 3). Methyl
methacrylate introduced into 1 N sulphuric acid containing
H,0, inhibits the reduction of the latter which occurs at
more positive electrode potentials than the reduction of
hydrogen ions. This is reflected on the n~logi curve by
an increase in the overvoltage (cf. curves 2 and 3 in Fig, 3).
At more negative potentials the shape of the curve is deter-
mined by the catalytic evolution of hydrogen, and finally at
even more negative potentials the hydrogen overvoltage
increases as a result of adsorption on the electrode of the
polymerisation product.

SUMMARY

Visible formation of the polymer in an acid saturated
aqueous solution of methyl methacrylate at the reduction
potentials of hydrogen ions occurs only in the presence of
peroxy-compounds in the monomer. The reduction of
hydrogen peroxide added to the methyl methacrylate solu-
tion accelerates the formation of the polymer.

The authors wish to express their profound gratitude to
Academician A. N. Frumkin for his interest in the present
work and for his valuable comments.
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OXYGEN TRANSFER IN THE HYDROXYL-
ATION OF BENZENE WITH HYDROGEN
PEROXIDE IN THE PRESENCE OF
FERROUS AND CUPRIC IONS

N.A.Vysotskaya

Using oxygen-18, itwas shown earlier!-2 thatinthe oxi-
dation of phenol and salicylaldehyde with Fenton's reagent
(H,0, + Fe*) the oxygen of the hydroxy-group introduced
into the compound being oxidised originates from the per-
oxide. Thus the rapid exchange of free OH radicals with
water? or their generally accepted participation in the
reaction became doubtful.

In the present work a study was made of the oxidation
of benzene with Fenton's reagent and its analogue H,0, +
+Cu?*, and it has been established that between 15 and
23% of the oxygen from water passes into the phenol. The
data obtained are given in the Table below.

The isotopic analysis of H,'%0, ® and H,'80 ¢ was car-
ried out by standard methods. To facilitate analysis,
phenol was first converted into tribromophenol or phenyl
benzoate. The latter and catechol were analysed mass-
-spectrometrically as CO,, obtained by decomposition in
a silent discharge? or by heating with HgClL; in avacuums?,
Both methods gave concordant results. Allowing for the
errors in the preparation of the samples, the accuracy of
the analysis was 5%t. H;0,, Op,%?° and the reaction pro-
ducts®® do no exchange oxygen with water under the condi-
tions of the experiment. The reaction products were
identified from their melting points, which in all cases
agreed with literature values. :

The smaller extent of incorporation of oxygen f{rom water
into catechol (by a factor of two) compared with phenol can
be explained by the initial formation of phenol with 20-23%
of 180 from water followed by its oxidation to catechol
without the participation of water. The light oxygen iso-
tope of the second hydroxy-group of catechol diminishes

1 The reason foi' the 6-9% systematic deficienoy in the overall
balance of 1*0 remained obscure, ;
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TABLE,
| ™0 content (ot ? in excess
of the natural feve| in
various compounds
Reaction 3 ] ] % Experimental conditions
product .é c _.g S % _g »
£ -1 £ 3
| sl ef 23|59
H,0, + Fe**
Phenol 0.81| — ] — 10.48]20% | 0.13 mole of 2% H,0,, 1-2 drops of
077 = | Z 048 | 23% | HCI0,, 0.26 mole of benzene, and
— |0.59] — [0.42{ 7% | 0,008 mole of FeS0,.,7H,0 were
— 1059 —~ |0.42] 7% uhal;et;. for lS-ZObI}Ankin advacgnm,
until the mixture blackened an
Catechol 0.8 | — — | 0.09] 11% | b to 60°
01| = Z | o.0s | 105 ecame spontaneously heated to
— 10.59| — 10.54]|92%
— |0.59] — |0.55]93%
H,0, + Ca**
Phenol 1.09 — ] 0.16 | 15% | 0.23 mole of 8% H,0,, 1,7 mole of
: 1.09) — — 10.18 | 189% | benzene, and 0.012 mole of CuSO,
were shaken in a vacuum for
45-50 h at room temperature
H,0, + Fe** + Y0,
Phenol — — [2.2210.11 | 5% | the same conditions as in the
—_ — 1222|042 5% yxeceoding ox riment without O,;
lt:v.vl rate of ‘8: 0,006—0.007 litre X

the concentration of 280 by a factor of two. This is con-
sistent with the author's previous data! on the oxidation of
phenol with Fenton's reagent to catechol, the newly intro-
duced hydroxy-group of which contained oxygen from th
peroxide only.

The Table shows that more than 70% of the oxygen in
the oxidised compounds comes from the oxidising agent.
This excludes the mechanism of Baxendale and Maggee ! in
which the formation of the phenol hydroxy-group from
water is postulated. The preferential incorporation of
oxygen from peroxide cannot at present be explained unam-
biguously. The data obtained are consistent with another
mechanism of Baxendale and Maggee:

H,0; + Fot+ —» OH + Fe(OH)2+
H

©+ dxi»ng»@- OH +H ete.,

if it is assumed that the OH radicals add on to benzene
more rapidly than they undergo exchange with water, or
that these rates are commensurate. Such a hypothesis is
supported by the very high rate of addition of hydroxyl
radicals to benzene in water at 23°, which is (4.3 = 0.9) X
%X 109 litre mole-* g-t,12

The rate of oxidation of benzene by H,0, + Cu®* is much
lower than with Fenton's reagent, but the amountof oxygen
passing from water into phenol differs only slightly in the
two cases. This is probably because the rate-limiting
stage is the formation of OH radicals and not their addition
to benzene or exchange with water.

The present author's data also do not exclude a mecha-~
nism involving the oxidation of benzene by HO, radicalss,
which do not exchange oxygen with water, or a mechanism
with intermediate formation of H,0, complexes with iron
ions and the reaction products. Oxygen exchange insuch
complexes may be difficult. In this case the incorporation
of oxygen from water would occur in some subsidiary stage.

The results obtained in experiments in the presence of
gaseous 180, are at the limit of the accuracy of the mea-
surements. They show that the extent of incorporation of
oxygen into phenol is only slight.



