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Electroreduction of a Chlorofluoroethane on a Solid Polymer Electrolyte Composite Electrode
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The dechlorination of 2-chloro-1,1,1,2,-tetrafluoroethane
(HCFC-124) was carried out electrochemically on a solid poly-
mer electrolyte composite electrode (Pd-Neosepta). As the sole
product 1,1,1,2-tetrafluoroethane (HFC-134a) was obtained.
Irradiation with light of a xenon arc lamp enhanced the dis-
sociation of C—Cl bond of the reactant adsorbed on Pd, result-
ing in an increase in the rate for HFC-134a formation.

It is known that chlorine radical formed from chlorofluorocar-
bons (Freon) destroys the stratospheric ozone layer, and it is
desired to establish safe and economical methods for the destruc-
tion or transformation of chlorofluorocarbons to less harmful
substances.! Electrochemical dechlorination of chlorofluorocar-
bons is one of promising methods for this purpose.2.3

We have so far reported on the application of solid polymer
electrolyte (SPE) electrolyzers to organic synthesis.4-8 The SPE
method eliminates the need for a supporting electrolyte, the ad-
dition of which often leads to difficulties in subsequent product
purification processes and to unwanted side reactions. As is
shown by the fact that SPE composite electrodes are being de-
veloped for use in fuel cells,” the structure of the SPE composite
electrodes is suitable for gas electrodes; hence, the SPE method is
promising for electrochemical reactions of gaseous organic com-
pounds such as chlorofluorocarbons. In the present work, we
studied the electrochemical dechlorination of a gaseous chloro-
fluoroethane, 2-chloro-1,1,1,2,-tetrafluoroethane (HCFC-124),
using an SPE composite electrode. The effects of the irradiation
of light was examined, and the reaction mechanism was dis-
cussed.

Solid polymer electrolyte composite electrodes were prepared
by an electroless plating method as described previously 4 An
anion-exchange membrane, Neosepta® AM-1 (Tokuyama Soda,
Co., Ltd.), was used as the SPE material. An aqueous hydrochlo-
ric acid solution containing PdCl, was used as a palladium
source, and a hydrazine solution as a reductant. Figure 1 shows
the electrochemical cell used in this study. The cell was com-
posed of two polytetrafluoroethylene compartments, which
were separated by the SPE composite electrode. The volumes of
the cathode and anode compartments were 0.56 and 12.56 cm3,
respectively. The geometric surface area of the SPE composite
electrode was 3.1 cm2. A platinum wire was used as the counter
electrode. The reactant gas, HCFC-124 (Showa Denko) was
passed through the cathode compartment at a constant rate. The
anodic compartment was filled with aqueous 0.1 mol dm3 (M)
NaOH. Electrode potential was measured vs. a Ag/AgCl refer-
ence electrode using a Luggin capillary placed in the anode com-
partment. Electrolysis was carried out potentiostatically. The
cathode compartment was fitted with a quartz glass window. A
xenon arc lamp (500 W) was placed at 15 cm apart from the elec-
trode surface. During runs the surface of the electrode material
was irradiated with the xenon arc lamp through the optical win-
dow and the current feeder (Ti mesh coated with Au). A quartz
glass cell of 1 cm in thickness was filled with water, and placed
between the lamp and the electrolytic cell to avoid heating. Elec-
trolytic products were analyzed by GC-MS and gas chromatog-

pe Timesh Water
CE \
:gas
— 1{ ] B
WEC Xenon
lamp

]
m
o]

B

~J
|

SPE

Pd layer
packing

Figure 1. Schematic diagram of the electrolytic cell; SPE =
Neosepta® AM-1; CE = Pt wire; RE = Ag/AgCl, WEC =
cathode compartment, CEC = anode compartment.

raphy.

Figure 2 shows cyclic voltammograms on Pd-Neosepta when
unirradiated [curve (a)] and irradiated [curve (b)] with light of the
xenon arc lamp.  The cathodic reduction of HCFC-124 pro-
ceeded at potential more negative than -850 mV accompanied
with hydrogen evolution. The cathodic current was enhanced by
the irradiation of light.

The electroreduction of HCFC-124 was carried out poten-
tiostatically without and with irradiation, and the effect of light
was examined. In both cases 1,1,1,2-tetrafluoroethane (HFC-
134a) was obtained as the sole product, and hence the electrode
reaction is described as
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While the product is recovered as a gas mixture, the CI” and OH
anions move to the anolyte as the counterion of the anion-ex-
change membrane. Figure 3 shows the rates of HFC-134a pro-
duction plotted against electrode potential. The production rate
of HFC-134a remained unchanged at potentials more negative
than -0.9 V without irradiation. With irradiation the rate was
much higher than that without irradiation, and increased with in-
creasing electrode potential in the negative direction; that is, the
irradiation enhanced the electrochemical reduction of HCFC-124.
Nevertheless, the current efficiency for HFC-134a production
was 6.1% at -1.2 V because hydrogen evolution occurred as a
competitive reaction at this potential.

Electrochemical reduction of organic compounds are classified
into two mechanisms.10 One is a mechanism in which an organic
compound receives electrons directly from an electrode, and the
other is catalytic reduction by active hydrogen atoms formed on
an electrode. It is reported that the reaction of chlorofluorocar-
bon in the former mechanism occurs at potential more negative
than -2.0 V vs. NHE and is difficult to proceed on electrodes
with low hydrogen overvoltage such as palladium 2 In the latter
mechanism electrodes with high catalytic activity are preferable.
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Figure 2. Cyclic voltammograms on Pd-Neosepta (3.1 cm?) (a)
without and (b) with irradiation of light. v = 10 mV st
Aqueous 0.1 M NaOH was filled in the anode compartment, and
HCFC-124 was passed through the cathode compartment.
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Figure 3. HFC-134a formation rates (Q) without and (®)
with irradiation of light plotted vs. electrode potential. Aqueous
0.1 M NaOH was filled in the anode compartment, and HCFC-
124 was passed through the cathode compartment.
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Hence, the reaction on Pd-Neosepta in this study is considered
to have proceeded through the latter mechanism.

Irradiation with light enhanced the rate for HFC-134a pro-
duction. This indicates that the dissociation of C—Cl bond is
involved in the overall electrode reaction as a rate determining
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step. The dissociation energies of C—Cl are 70, 100 and 83
keal/mol for CECls, CF3Cl and CH3Cl, respectively,!1 and pho-
ton energies required for decomposition of CFCl3 and CH3Cl are
213.9 and 184.9 nm in vapor phase, respectively.!2,13 The
spectrum of xenon arc lamp is continuous over the range be-
tween 250 to 1300 nm with the peak intensity at about 500
nm,14 but it does not extend to vacuum ultraviolet region. It is
hence difficult to dissociate C—Cl bond using photons emitted
from xenon arc lamp. However, chlorocarbons adsorbed on
highly catalytic metals such as Pt and Pd decompose when irra-
diated with photons of longer wavelengths. For example, CH3Cl
adsorbed on such metals decomposes when irradiated with light
of a wavelength ranging from 229 to 280 nm."*'® The observed
increase in reaction rate indicates that HCFC-124 is adsorbed on
Pd and that the irradiation enhances the radical formation from
the adsorbed reactant .
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