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Synopsis. The electron affinity and the oxidation-reduc-
tion potential of 2,3-dichloro-5,6-dicyano-p-benzoquinone
were estimated by means of the equilibrium constant of the
preferred electron transfer reaction between anion radicals in
acetonitrile solution.

It is known that 7,7,8,8-tetracyanoquinodimethane
(TCNQ) and cyano-substituted p-benzoquinone mole-
cules are strong electron acceptors, forming stable anion
radical salts with some diamagnetic counter cations.1=%

A method was worked out for determining the electron
affinity values of electron acceptor molecules by means
of preferred electron transfer reaction between anion
radicals in solution.!’ By measuring the equilibrium
constant of such a reaction, we can estimate the dif-
ference of the electron-accepting strengths between two
acceptor molecules. The method was applied to the
following electron-transfer (oxidation-reduction) reac-
tion in acetonitrile solution:

TCNQT + p-X,QCy, == TCNQ + $-X,QCy,", (1)

where p-H,QCy, (X=H) and p-Cl,QCy, (X=Cl) stand
for 2,3-dicyano-p-benzoquinone and 2,3-dichloro-5,6-di-
cyano-p-benzoquinone, respectively. The equilibrium
constant K of this reaction is given by

x = [TCNQII»-X,0Cy,"] @
[TCNQ™][#-X,QCy,]

Chemical equilibrium was easily observable in the re-
action between TCNQ™ and p-H,QCly,, when p-H,QCly,
was added to an acetonitrile solution of the sodium salt
of TCNQ anion radical. The effect of cations was
neglected, the activity coefficients of the solutes being
assumed to be unity since their concentrations were of
the order 10-5 mol/l. The concentrations of [TCNQ™]
and [p-H,;QCy,7] in the equilibrium state were easily
estimated spectrophotometrically, the K value in aceto-
nitrile being determined as K=30 at 20-+1 °C.

In the reaction between TCNQ ™ and p-ClL,QCy,,
however, the chemical equilibrium was not easily
observed when p-Cl,QCy, was added to an acetonitrile
solution of TCNQ) anion radical. An unpaired electron
of TCNQ, anion radical is transferred almost completely
to p-Cl,QCy,, the equilibrium constant K being so great
that we can hardly determine the [TCNQ™] concen-
tration in the equilibrium state by the usual spectro-
photometric method. We could determine only the
lower limit of K as K>>2x 103 in acetonitrile solution
at 2041 °C. This hampered the quantitative estimation
of the electron affinity and the oxidation-reduction po-
tential of p-Cl,QCy,. Yamagishi overcame the above
difficulty and succeeded in determining the K value for
the reaction between TCNQ™ and p-ClL,QCy,.» By

adding p-C1,QCy, to an acetonitrile solution containing
the TCNQ anion radical in the presence of large excess
of TCNQ and p-Cl,QCy,", the equilibrium concentra-
tion of [TCNQ ] can be estimated spectrophotometri-
cally. The equilibrium constant of Eq. 2 for the case
of X=ClI was then determined to be K=(4.7--1.0) x 105
at 15 °C in acetonitrile solution.?

First, we estimate the oxidation-reduction potential
of p-Cl,QCy, by the use of the K value obtained and
the equation

[TCNQT]
[TCNQ]

= Ey(p-CLQCys,, p-CL,QCy;")

RT . [p-CLQCY,"]

F 0,00y ©
where R, T, and F are the gas constant, the observed
temperature and the Faraday constant, respectively, E,
(TCNQ, TCNQT) and E, (p-Cl,QCy,, $-Cl,QCy,")
representing the standard oxidation-reduction poten-
tials in the formation of the anion radicals of TCNQ--e
=TCNQ™ and p-Cl,QCy,+e=p-Cl,QCy,", respective-
ly. These reactions are assumed to be reversible elec-
trode reactions in acetonitrile solution. When the value
of K=(4.74-1.0) x 10° determined spectrophotometri-
cally is put into Eq. 3, we have

Ey(p-CLQCY,, 1-CLQCy,")
= E(TCNQ, TCNQ™) + 0.32V. (4)

The oxidation-reduction potential in the formation of
$-H,QCy, anion radical was obtained as E, (p-H,QCly,,
p-H,QCy,")=E, (TCNQ, TCNQ™)+0.09V in aceto-
nitrile solution. Thus, the value of E; (p-Cl,QCy,,
£-CL,QCy,") is larger than E, (p-H,QCy,, p-H,QCy,")
by 0.23 V. The increase in the E, (p-C1,QCly,, p-Cl,-
QCy,”) value is caused by the introduction of two
chlorine substituents into 2,3-dicyano-p-benzoquinone.
In view of the magnitudes of these oxidation-reduction
potentials, the electron-accepting strengths of acceptor
molecules lie in the range TCNQ <p-H,QCy,<p-Cl,-
QCly,.

Next, we examine the electron affinities of these ac-
ceptors. The observed equilibrium constant of Eq. 2
is related to electron affinity by

—RTIn K = E\(TCNQ) — E,(p-X,QCys)

+ AAGS,,(TGNQ, TCNQ")
— AAGG, (#-X,QCys p-X,QCy5"), (5)
where E,(M) is the electron affinity of neutral acceptor
molecule M, and AAG,;; (M, M) the difference in the

free energy of solvation between the molecule and its
anion radical. As long as the molecular sizes and

Ey(TCNQ, TCNQ) — £l 1n
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shapes of the acceptors are similar, we can reasonably
assume AAGg,, (TCNQ , TCNQ )=~AAGqw (p-X,QCy,,
$p-X,QCy,"), and we have

—RTIn K = E,(TCNQ) — E,(-X,QCy,). (6)

Thus, the absolute values of £, (p-X,QCy,), (X=H or
Cl), will be determined from this relation if the value
is once given for E, (TCNQ). So far, Briegleb’s value
of E, (TCNQ)=1.7 eV has been taken as a reference,?
but the value appears to be underestimated. Farragher
and Page measured the £, (TCNQ ) value by magnetron
method and proposed E, (TCNQ)=2.88 eV as a stand-
ard.® Their value is considered to be more reliable.
If we take E, (TCNQ)=2.88 ¢V, we can estimate the
values of E, (p-H,QCy,) and E, (p-Cl,QCy,) by Eq. 6
to be 2.97 eV and 3.20 eV, respectively. The electron-
accepting strength of p-Cl,QCly, is very strong but some-
what weaker than that of hexacyanobutadiene;
Farragher and Page reported the electron affinity of
the latter compound to be 3.30 V.9
It is of interest to compare the FE, (p-X,QCy,)—E,
(TCNQ), (X=H or Cl), values obtained from Eq. 6
with those estimated from the charge-transfer absorption
spectra. The acceptors of TCNQ, p-H,QCly,, and p-
CL,QCy, form charge-transfer complexes with various
electron donors in solution. For a common donor, D,
the energy difference of the charge-transfer bands, Aver
(D, TCNQ) —Aver (D, p-X,QCy,), (X=H or Cl), can
be approximately written as
hyer(D, TCNQ) — hver(D, $-X,QCy,)
= E(#-X,QCys) — E((TCNQ). (7)
The charge-transfer complexes with various donor mol-
ecules of polycyclic aromatic hydrocarbons were ex-
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amined in 1,2-dichloroethane. By observing the charge-
transfer absorptions, together with Eq. 7, E, (p-X,Q-
Cy,)—E, (TCNQ), (X=H or Cl), was evaluated for each
common donor. For five donors, the average value of
E, (p-H,QCy,)— E, (TCNQ) was 0.05-4-0.05 eV, while
that of E, (p-CL,QCy,)—E, (TCNQ)was 0.29-4-0.05 eV.
On the other hand, from Eq. 6, the experimental re-
sults of oxidation-reduction equilibrium give E, (p-H,-
QCy,)—E, (TCNQ)=0.09 ¢V and E, (p-Cl,QCy),~Ex
(TCNQ)=0.32 ¢V. The values agree, within experi-
mental error, with those estimated from the charge-
transfer absorptions, respectively. This, in return, sup-
ports the assumption AAGg, (TCNQ, TCNQ )~
AAGi (p-XsQCys, $-X,QCy,7), (X=H or CI), in
deriving Eq. 6.

In conclusion, the present technique of oxidation-
reduction equilibrium between anion radicals is useful
for determining the electron affinity values of electron
acceptor molecules as well as the oxidation-reduction
potentials in the formation of anion radicals of these
acceptors.

The author wishes to thank Dr. Akihiko Yamagishi
for his helpful discussions.
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