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If the molecule was in the ionie state SntCl—, the
energy required to remove the electron from essentially
Sn+, would be expected to be closer to the second LP.
of Sn, namely 14.6 eV, even allowing for an offsetting
effect of the positive charge on the Sn by the negative
charge on the Cl. .

Hastie, ef al.’s,® opinion that PbCl is jonic, based on
similar I.P. arguments, is, in our view, debatable.

This work tends to favor the value of 3.6 eV for
D(Sn-Cl) though a recent paper® favors that of 3.2 eV.
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Deuterium Sulfide as an Electron
Scavenger in the Radiolysis of Liquid

Saturated Hydrocarbons

by P. T. Holland and J. A. Stone

Chemistry Department, Queen’s University, Kingston, Ontario, Canada
(Recetved April 21, 1969)

The use of deuterium sulfide as a radical and ion
scavenger in the radiolysis of organic liquids has been
advocated by Henglein.!? Ausloos®* has used hydro-
gen sulfide as a free radical scavenger in gas phase
radiolysis and photolysis of hydrocarbons. Bone and
Futrell* observed both proton transfer and charge
transfer from propane ions to hydrogen sulfide in the ion
source of a mass spectrometer. We have studied the
radiolysis of saturated hydrocarbons in the liquid phase
with varying concentrations of D,S as solute and find
that it is also an electron scavenger.

Von Meissner and Henglein! suggest that D,S reacts
by both H atom scavenging and charge transfer in
liquids of low dielectric constant

H- + DS — HD + DS- o))
RH* 4+ DS — RH 4 DS+ 2)
DS+4+e—>D;+ S 3)

In support of reaction 3 they find that the D, yield is
reduced to a very low value by NyO whereas the HD
yield is relatively unchanged. In a single series of
experiments it should therefore be possible to obtain the
vields of both H atoms and positive ions. Our HD and
D, yields from D,S in n-hexane agree with those
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reported by von Meissner and Henglein.! However, we
obtain similar HD and D, yields from DS in eyclo-
hexane, the gas phase ionization potential of which is
about 0.5 eV less than that of HyS.8 In solid cyclo-
hexane at 77°K, G(D,) is the same as in the liquid at
208°K, although G(HD) is lower. For example, G(Dg)
is 1.0 for 1 mol 9, of D,S, a yield much higher than those
usually associated with charge transfer processes
occurring in the solid phase’ but one more consistent
with electron scavenging.! The usual diagnostic test
for electron scavenging, which we have applied, is the
reduction of G(N,) obtained when solutions containing
N;O are irradiated with a second solute.®

0 +
0 4 8

Mole® D»S

Figure 1. The yields of gaseous products from the radiolysis
of liquid n-hexane containing N+O (0.44 mol %,)
and D,S at 298°K.

Liquid n-hexane containing 0.44 mol 9, N.O was
irradiated at 298°K with ®Co v rays at a dose rate of
6.2 X 10Y eV/ml min to a total dose of 9.5 X 10
eV/ml. The gaseous volume in the Pyrex sample tube
was less than 59 of the liquid volume. The yields of
D,, HD, H,, and N» obtained with various DS concen-
trations are presented in Figure 1.
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N,0 scavenges electrons to yield N; and Q1
e + NyO —> N,O——> Ny, + O~ 4)

G(N,) is reduced with increasing D.S concentration but
at the same time G(H, + HD 4+ D; 4+ N;) remains
constant. A reaction of an electron with D.S yielding
D; and HD must be superceding a similar one with
NyO. The results of Sagert and Blair!! show that at
the N,O concentration we employ, almost all the N,
arises from reaction 4 and very little, if any, from the
secondary reaction

00— 4+ N;O —> N; + Op— (5)

which increases G(N;) in gas phase radiolysis of satu-
rated hydrocarbons by 559, above G(electrons).’? Itis
to be noted that at 8 mol 9, D.S, G(N,) is less than one
half its value in the absence of D,S. A Stern—Volmer
type plot using the N, yields shown in the figure gives
kern:0/kerpse = 6. The same value is obtained with
cyclohexane as solvent.

A possible mechanism for the production of D, via
electron capture is that given by von Meissner and
Henglein' as the mechanism operating in irradiated
aqueous D,S solutions

D2+S—

/!

DS 4+ e —> D,S—

D+ HS8-

The D atom will be seavenged by DS to give D..

Von Meissner and Henglein!' rejected the idea of
electron capture by D.S in saturated hydrocarbon
solvents with low dielectric constants since the effects of
solvation are not great enough to overcome the activa-
tion energy of 1.56 eV observed for the formation of
SH- in the gas phase.!* If this argument holds, then
the extrapolation of the appearance potential of nega-
tive species from gas to liquid phase is not valid for the
system under discussion.

Electron capture by D.S explains two inconsis-
tencies found in the radiolysis of this solute in cyclo-
hexane and n-hexane. (a) Whereas the addition of the
efficient proton aceeptors ethanol-d and ammonia-ds to
liquid eyclohexane does not lead to any increase in the
total hydrogen yleld'4", the addition of DsS causes an
increase which at 5 mol 9, is ~1 G unit. This in-
crease can now be attributed to the reactions of DS
with electrons which do not normally participate in
hydrogen production. Such increased yields are found
with HI® and HCI" as electron scavengers. (b)
Freeman® has made theoretical calculations of positive
ion scavenging in liquid hydrocarbons, He finds that
agreement between theory and experiment can be
obtained for the D;S—n-hexane system only if a reduced
mobility is assumed for the negative entity. - We have
found that with the same basic theory the D, yields can

The Journal of Physical Chemistry

Notrs

be accounted for by an inefficient electron scavenging
mechanism without any positive charge transfer.

Although we have shown that electron capture by
D,S occurs we cannot say whether positive charge
scavenging occurs at the same time. The results of
Bone and Futrell® suggest that both charge exchange
and proton transfer might occur. However a limiting
G(Dy) of ~3 at high D,S concentration as found by von
Meissner and Henglein! is consistent with electron
scavenging being the sole process for the production of
D,.
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Field Independence of Photoinjection

into Hydrocarbon Solution

by A. Prock and M. Djibelian
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Photoinjection from rhodium electrode into hydro-
carbon solutions has been reported previously,! where
a simple thermodynamic analysis based on energy re-
quirements led to an estimate of solvation energies of
anionie species. Objections were later raised in private
communication that the effect of the large applied
electric field was not taken into account. That i,
under high enough electric field strength there would be
sufficient potential drop across the Helmholtz double
layer for a nonnegligible amount of energy to be
coupled into the electrode reaction. The solvation
energy calculated without accounting for this energy
would be too high. The question is, are we missing an
energy term under the conditions of the experiment?

This note describes experiments on one of our pre-
vious systems which carries photoinjection measure-
ments down to 19, of the original applied voltage, or

(1) A. Prock, M. Djibelian, and 8. Sullivan, J. Phys. Chem., 71, 3378
(1967).



