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Glow discharge electrolysis of  CD3COzH in 0.006 r . , r  NaCl solut ion and also in carbonate-free dist i l led water
simultaneously gives r ise to both HOCDTCO2H and CD2HCO2H, indicat ing the coupl ing of  OH and H radicals wi th the
CD2CO2H radical  intermediate.

Glow discharge electrolysis (G.D.E.)  is  a type of  chemical
change due to the glow discharge betwecn a conducting
solut ion and an electrode in contact  wi th the solut ion.
Hickl ingt  has assumed that the G.D.E.-promoted react ion is
mainlv ini t iated bv OH and H radicals which arise from the
decomposit ion of water molecules caused bl bombardment of
gaseous ions generated in the discharge zone. However, there
is as yet no concrete evidence for the intervention of OFI and
H radicals in the reaction of organic materials.

We now report strong evidence that both OH and H radicals
play a crucial  ro le in the G.D.E.-promoted react ion of
CD.lCO:H in aqueous solut ion.

The sample solut ion (80 ml)  was prepared b1'  mixing
CDTCOTD (99.8%. 100mg) wi th NaCl solut ion (0.006tu) or
carbonate-free dist i l led water ( in the latter case discharge
asainst  the lou'conductance solut ion rvas unstable.  so usual lv

the support ing electrol l ' te was used). Two tvpes of electrolysis
cel lsr .2 were used: a s ingle straight tube (S-cel l )  and a
U-shaped tube (U-cel l) .  In the U-cel l ,  the anode and cathode
compartments were separated by a f ine porosity glass fr i t  and
G.D.E. was carr ied out in the anodic compartment.  The
anode was a plat inum wire and the cathode was a coi l  of
plat inum wire. They were alwavs arranged so that the cathode
was completelv immersed in the solut ion and the anode was

f ixed so as to be in contact  wi th the l iquid surface. G.D.E. was

carried out a( 30(+2) "C with saturation by argon and with

constant st irr ing. The applied electr ic current was 75 mA at
900-1100 v.

After G.D.E..  the react ion mixture gas neutral ized ui th
NaOH, evaporated to dryness under reduced pressure.
ester i f ied wi th diazomethane (DAM). and examined by g. l  c.
(Figure 1).  Peak 2 was assigned to HOCD;CO1N1e by mass
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Table l.Rcsultsfor G D E of CD3CO,H in distilicd watcr and 0 006 M NaCl solution using S‐ andし ‐cells aト

t'‐cc‖

S‐ce‖

GDE GDE Electrolvsis.

Time/min
Current/mA
Voltage/V

CD3C02H/mM  18 3

CD2HC02H/mM  0 71

HOCD2C02H/mM 20

% Released
carbon

(10)d

(75)
(900)

(191) 132

(020)    062
(056)    46

90

75

1100

cathodc    anodc    cathodc

200       136      159

-     061    -

-     35     -

anodc    cathodc

202       196

anOdc    cathodc

233       166

30
75

1100

anode
t6.6
0.73
2..6

00   (00)  75 00C          151C          00C          00せ

"  Resul ts of  G.D.E. in dist i l led water are shown in parentheses. h In i t ia l  substrate concentrat ion 20 mv. 'Conlrol  exper iment
d Discharge did not proceed cont inuously.  .  Determtned for whole sample obtained from anode and cathode compartments.
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+
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?468

Retent ion t ime /min

Figure l  G.l .c. of the DAM-treated reaction mixture obtained by
C.D.E. of CD:CO:H in lhe S-cel l  for 40 min. G.l .c. condit ions:
column PEG-20M, detector TCD. column temp -50 

oC. carr ier sas He.

spectroscopy lmt z 92 (M*, 4' /"),  33 (2' l) .  43 (56). 45 (50), and
56 (100)1.  Peak 1 lmtz 46 (100%),45 (11),  and 44 (4) l  was
identi f ied as arising from a mixture of CDICO2Me and
CD2HCO2Me by the fact that the relat ive intensity at mlz 45
(CD2HCO+)t is evidently dif ferent from that for CDTCOTMe

lmlz 46 (100%), 45 (8). and 44 (4)1, whereas there is no
marked dif ference in the intensit ies at mlz 44 (CDHTCO*)
between the spectrum for peak I and CDrCOlMe. Thus, these
results indicate that D-H exchange of CDlCO:H by G.D.E
gives r ise to CD2HCO2H but not to CDHlCOlH.

Table 1 shows the results of G.D.E. for CDTCO2H in the S-
and U-cel ls. The concentrat ions of CD3CO2H and
CD2HCO2H were est imated by h.p. l .c.  and IH n.m.r .
spectroscopy. The released carbon* was determined by a total
organic carbon analyser. I t  is apparent that both HOCD2-
CO2H and CHD2CO2H are formed by G.D.E of CDjCOIH
not only in 0.006ru NaCl solut ion but also in carbonate-free
dist i l led water.  In con(rast  wi th G.D.E..  e lectrolvsis does not

I The fragment with"/2 45 is not detectable for CH3C02Me which is

characte�zcd by the base ion(CH3CO十 )with 77t/=43(rcf 3)

I During thc G D E both CH3C02H and HOCH2C02H Were
oxidizcd finany tO gascous compounds(CO and co2)

lead to any chemical change other than the migration of the
substrate from the cathode to the anode. These results
indicate that D-H exchange and hydrox-"-lation of CDlCOzH
take place simultaneously during the course of G.D.E.,
regardless of the presence or absence of the supporting
electrolyte. A possible radical mechanism is shown in equa-
t ion (1).  The G.D.E.-promoted react ion is in i t iated by
abstraction of deuterium from the substrate with OH and/or H
radicals to generate the CD2COzH radical, which then
combines competit ively with H and OH radicals yielding
HCD2CO2H and HOCDICOIH. According to the proposed
mechanism. the initral deuterium abstraction must be the
rate-determining process. This is in accordance with the fact
that  the f i rst-order rate constant (kD 1.1 x ig- :  p in- t )  for  the
disappearance of CD.TCOzH was found to be much smaller
than that (kH2.0 x 10-2 min-r)  for  CH1CO2H.$

On the basis of these results, we conclude that OH and H
radicals play an important role in G.D.E.-promoted react ions
of organic compounds.
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$ The data were obtained bv G.D.E. in the S-cel l :  in i t ia l  substrate

concentrat ion 10 ml '1.  current 7-5 mA. vol tage 900 V. t ime 0-- '10 min.
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