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STUDIES ON PHOTO-POLAROGRAPHY. VII.l) PHOTO-CURRENT OF DI-
METHYLSULFOXIDE AND FORMATION OF METHYLSULFYNYLCARBONIUM
ANION AT IRRADIATED DROPPING MERCURY ELECTRODE

Hideo IMAI and Kazuo YAMASHITA
Department of Chemistry, Faculty of General Education, Hiroshima Uni-

versity, Hiroshima

The photo-current produced at a dropping mercury electrode ir-
radiated by ultra-violet light in the dimethylsulfoxide (DMSO) solution
was investigated. The formation of methylsulfynylcarbonium anion by the
reaction of DMSO with the solvated electron was confirmed indirectly
from the influence of ethanol as the H radical scavenger on the photo-

current,

In the last five years the investigation of the photo-current produced at a mercury
electrode irradiated by ultra-violet light has been remarkably advanced.z) Brodsky
and his coworkers3_7) have proposed the law of five halves in relation to the dependence
of the photo-emission current on the electrode potential. Barker et al.,8’ 9) Holub,lo)
Bomchil et al.,ll) and the present authorle) have reported the reactions of the solvated
electrons with the scavengers. They were mostly interested in accounting for the re-
lationship between the photo-current and the scavenger concentration in solution. In
the present paper the investigation of the photo-current of DMSO is reported. The exper-
imental results suggest the formation of methylsulfynylcarbonium anions and H atoms as
the intermediates, and H atoms formed enter into the successive charge transfer reaction.

Dependence of the Photo-current on the Electrode Potential: DMSO solution contain-
ing 0.1 M sodium perchlorate as the supporting electrolyte developed the appreciable
photo-current at more negative potentials than about -0.5 V vs. SCE, and the photo-current
increased gradually with increase of the negative potential. DMSO in the PC solution
also showed the same behavior. It seems that the scavenging of electrons possibly
solvated in solution by DMSO molecules results in the flow of the photo-current.

In relation to the field effect on the photo-emission current two theories have

13, 14) have reported the experimental validity

been proposed hitherto. Delahay et al.
of the quadratic law, which has been originally proposed by Fowlerl5) for the photo-
detached electron emission from an irradiated metal in vacuo. On the other hand, Brodsky
et a1.3_7) have proposed the 5/2 power law for the emission current in solution. Their

theoretical equations are expressed as follows:

The quadratic law, i = A(hY - hV, + eQ )2 (1)
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The 5/2 power law, i_ = B(hY - hve+ eg )>/? (2)

where ie is the photo-emission current, A and B are constants which depend on the
nature of metals, Y the frequency of the irradiated light, V, the threshold frequency
and (4 the electrode potential.

Fig. 1 shows the plot of ipo°5

and i 0.4 (ip is the observed photo-current)
versus the electrode potential. The threshold potential 3% was determined to be -0.30
V by the extrapolation of the straight line (2) in Fig. 1. From the comparison of
approximate linearities of these two plots it is difficult to conclude the difference

between two theories.

Dependence of the Photo-current on DMSO Concentration: When the solvated electron
is scavenged by the acceptor in solution according to Eq. (3), Eg. (4) holds for the
. 8, 9)
photo-current, i.e.,
ks _
€ solv s /= S (3)
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where i_ is the photo-current, i
solution, Q = (ksCS/De)l/2
Cs the bulk concentration of the scavenger S, De the diffusion coefficient of the

d the rate of deposition of solvated electrons in

, kS the rate constant of the scavenging reaction (Eg. (3)),

solvated electron and § the real or apparent average distance from the electrode
surface for the deposition of solvated electrons.
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81 1 low and the condition that (kSCs/De)l/Z is much
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Fig. 1. Dependence of ipo’S and ipo'4
on the electrode potential ¢ for Fig. 2. Dependence of ip on CS1/2 for PC
DMSO solution containing 0.1 M NaClO4o solution containing DMSO and 0.1 M NaClO4,
. 0.5 .
(1) Plot of i vVS. @ . where C_ is the concentration of DMSO.
0.4

(2) Plot of i, vs. ¢ .
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imated by Eg. (5) as follows:

. . ( ksCS )1/2. 8 (5)

P d D

e

Eq. (5) indicates that the photo-current is linearly proportional to the square root
of the scavenger conceatration. The same relationship have been derived by the
present authorslz) by treating the semi-infinite diffusion problem of aquated electrons
with scavenger ions or molecules in solution,

The experimental results shown in Fig, 2 prove the validity of the reaction

scheme assumed as Eg. (3).

Influence of Ethanol on the Photo-current: From the above mentioned result the
scavenging reaction of the solvated electron by DMSO is expressed by Reaction (é) and
the successive oxidation reaction or reduction of H atoms formed by Reaction (a) is
represented by Reaction (b) or (c).

The decrease of the photo-current was observed by the addition of ethanol to the
DMSO solution in the potential range less negative than -1.45 V vs. SCE as shown in
Fig, 3. Ethanol is a well-known H atom scaveanger, and it is assumed that ethanol

scavenges H atom formed by the homogeneous

T ! T J T T T electron capture by DMSO (Reaction (d)).

The & -ethanol radicals thus formed

o
[\S}
r
1

will be readily oxidized at the po-
B 7 tentials covered in this experiment

(Reaction (e)). In relation to the

microamp,

molecular hydrogen formation a catalytic

- 4 process is more plausible than the

formation of molecular hydrogen from

H atoms by the homogeneous or hetero-

e (1) J geneous combination in pair, so that

H atoms enter into Reaction (c) at

the electrode surface in a one-electron
o 2) transfer reaction. Accordingly, the

(e]

r (o) b and successive reactions can be taken

assembly of the following competitive

into consideration as the most plausi-
ble one,
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Fig. 3., Influence of ethanol on i kb + _
p H —— H + e (b)

for DMSO solution containing 0,1 M solv k

H + e + (CH,),50 —S

NaC10,. 3)2
4

(1) ip - ¢ curve in the absence of EtOH. CH3805H2 (c)

(2) ip - ¢ curve in the presence of EtOH,
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!
H + C2H50H — H2 +
0.8} .
CH,,CHOH (d)
. +
o 0.7} | CH3CHOH — CHBCHO + H solv
opef _
S + e (e)
0.6} 4 .
Supposing that the hetero-
geneous oxidation of the a-ethanol
O°5r { radical proceeds rapidly (Reaction
' I ' ' ' ' ! * ’ (e)), the approximate steady state
1 2 3 4 5 6 7 8 9 10
1/2 1/2 photo-current can be expressed as
CE'tOH ¢ 10 M follows :9)
. o} 1
Fig. 4. Plot of 1/i_ versus CEtOH1/2 for i = i . .
. P P 91408 1+ Q0
PC solution containing 1 M DMSO and 0.1 M 5
kC .
NaCl0, at -1.3 V vs. SCE. T . . (6)
4 kK, + k
b c
1/2 . .
t -
where Q' denotes (deEtOH/DH) ’ CEtOH the concentration of ethanol and DH the dif

fusion coefficient of the H radical. From Eq. (6) the plot of the reciprocal of the
photo-current at the constant potential vs. the square root of the ethanol concen-
tration should yield a straight line, provided that Q is held constant.

Fig. 4 shows the plot obtained in the DMSO solution in PC. The linear relation-
ship expected from Eq. (6) holds approximately in Fig. 4.

Further works are in progress and will be reported elsewhere.

References
1) For part VI, see K. Yamashita and H. Imai, Rev. Polarog. (Kyoto), 18 (1972), in press.
2) For review, see H. Imai and K. Yamashita, Bunseki Kiki, 16, 373 (1968), Rev. Polarog.
(Kyoto), 17, 79 (1971).
3) Yu. Ya, Gurevich, A.M. Brodsky and B.G. Levich, Elektrokhimiya, 3, 1302 (1967).
4) A./M. Brodsky and Yu. Ya. Gurevich, Zh. Eksperim. i. Teor. Fiz., 54, 213 (1968).
5) A.M. Brodsky and Yu. Ya. Gurevich, Electrochim. Acta, 13, 1245 (1968).
6) S.V. Sheberstov, A.M. Brodsky and Yu. Ya. Gurevich, Elektrokhimiya, 6, 1182 (1970).
7) A.M, Brodsky, Yu. Ya. Gurevich and S.V. Sheberstov, J. Electroanal., Chem., 32,
353 (1971).
8) G.C. Barker, A.W. Gardner and D.C. Sammon, J. Electrochem. Soc., 113, 1182 (1966).
9) G.C. Barker, Electrochim. Acta, 13, 1221 (1968).
10) K. Holub, J. Electroanal. Chem., 23, App. 13 (1969).
11) G. Bomchil, D.J. Schiffrin and J.T. D'alessio, J. Electroanal. Chem., 25, 107 (1970).
12) K. Yamashita and H. Imai, Bull. Chem. Soc. Japan, 45, 628 (1972).
13) P. Delahay and V.S. Srinivasan , J. Phys. Chem., 70, 420 (1966).
14) V.P, Sharma, P. Delahay, G.G. Susbielles and G. Tessari, J. Electroanal. Chem.,
16, 285 (1968).
15) R.H. Fowler, Phys. Rev., 38, 45 (1931).

( Received March 27, 1972 )



