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ABSTRACT

The charge-transfer complexes formed by a number of
r-acceptors with dimethylsulphoxide, dimethylformamide and
tetrahydrofuran have been messured in methylene chloride at
25 °C. Trensition energies of these complexes as well as
ionization potentials of the r~donors have been determined.
All CT complexes studied have a 1:1 stoichiometry. Solvent
effect on the electronic transition of the CT have been

pregented and discussed,
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INTRODUCTION

Solvent effect studies on the positien of the 1-
propanaminé—3—triethoxy51lyl:chloranil complex bands, in or-
ganic solvents of different dielectric constants, have shown
that the transition energies decrease as the peclarity of the
solvent increases(l]. However, complexation in oxygen-
containing solvents such as dimethylsulphoxide (DMSO) ex-
hibits no correlation between the polarity of the solvent
and the energy of the charge- transfer transition. He
proposed that this might be due to the formation of com-

plexes with these solvents.

According to M. A. Slifkin[2], there is an interac-
tion between chloranil and polar solvents DMSO,
tetrahydrofuran, {(THF), and dimethylformamide (DMF), prob-

ably the formation of a 1:1 charge-transfer complex.

The objective of the present study is to determine
the stoichiometry of the charge-transfer (CT) complexes be-
tween DMSO, THF and DMF with chloranil (CHL}. 2,3-dichloro
5,6-dicyancbenzoquinone (DDQ) and iedine (I:z} in lmethylene
chloride. 1In addition, we wish to apply the tool of CT com-
Plexation to estimate the ionization potentials of the three

organic solvents.

EXPERIMERTAL
The purification of DMSO has been described

earlier(3], other organic solvents used were purified ac-
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cording to standard methods[4]. CHL {Merk) was crystallized
from benzene, DDQ tAldrich} was crystallized from

benzene:chloroform (2:3).

For the purpose of determining the stoichiometry
utilizing the conventiconal continuous variation method
(Job's method[51), &tock solutions (10-*M) of donor and ac-
ceptors were prepared. The electrenic spectra of the com-
q piexes were measured in 3 ml stoppered silica <cells after

mixing the donor and acceptor solutions at 25°C using a
Perkin-Elmer spectrophotometer model Aa. All measurements

were made immediately after mixing the two components. The

electronic spectra of all molecular complexes formed were

recorded within the wavelength range 200 - 750 n.m., using

238

re- methylene chloride as a soivent.

RESDLTS AND DISCUSSION
] It was observed that spectra of the n-acceptors DDQ.
; CHL and Iz in the poiar solvents DMSO I. ﬁHF II and THF III
i are not very different from that of the acceptor in an inert
solvent[6]. However, by studying the difference espectra be-
tween polar solvent + n-acceptor versus n-acceptor sclution
of the same concentration (as illustrated in fig.l) the
electronic spectra of I, 1II, and III with various electron

acceptors under investigation in methylene chloride solution

; show an extra absorption band{s} not due to either component
S alene. These bands have been attributed to the formaticn of
donor-acceptor molecular complexes in these solutions. The
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values for the positions of absorption maxima, molar extinc-

tion coefficients, transition energies of the molecular com-

plexes of the electron donors I, II and III with the dif-

ferent electron acceptors are listed in table (1).

Table (I) Maximum absorption wavelength isax(nm), molar ex-

tinction coefficient emax(mol-'cm?) and transition
energies E(K cal mol-'} of the charge-transfer
complexes formed between polar organic solvents
(DMSO, DMF and THF) and r-acceptors in methylene
chloride ;t 25°C as well as the ionization poten-

tials i.p. (e.v.) of the donors.

Electron Transition

Acceptor Amax Eman i.e.
Donor Enerqgy

DDQ kY] 46.0 17.7 9.89
DMSO CHL 377 16.0 75.9 9.82
Iz 276 28.0 103.6 9.82
DDQ 426 32.0 67.1 9.30
DMF CHL 372 12.2 76.9 9.10
Iz 307 9.4 93.1 9.06
DDQ 440 24.0 65.0 9.20
THF CHL 387 10.0 73.9 8.95
Iz 314 11.0 91.1 8.90
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i The ionization potential (i.p.) values listed in
table (1) were calculated from the energies of the charge-
transfer bands applying the following empirical equations
[7.8] which were used in substituted benzene and polynuclear

hydrocarbons as donors:

1§

! {A) i.p. (e.v.) 5.00 + 1.53 10-¢, venr (cm=?)

(B} i.p. (e.v.) = 5,76 + 1.52 10-*, Vppaq (cm-')

(C) i.p. {e.v.) = 2.90 + 1.89 10-*, V12 {em- ')

1l

where, Y is the wavenumber corresponding to the charge-
- transfer band. These equations have also been used in es-

timation of i.p. of heterocyclic compounds [9]. This method

provides a simple means of estimating ionization potentials
which may be difficult to determine by other methods. such
. as Rydberg series, photoionization and electron impact, be-
cause of practical details such as the low vapour pressure

of some of these substances [2].

! A 1:1 composition of the complexeslbetween acceptors
4 and donors is observed., by employing the Job's continuous
variation method (51 (Fig. 2, 3 and 4), except in the case
of the complex bétween DMSO and DDbQ (Fig. 2) the absorption
maxima at 0.4 indicates that the ratio of D:A is 2:1. DDQ
relatively higher electron affinity (1.9 e.v.)[7] might ac-

count of the 2:1 D:A ratio.

Solvent effect studies on the position of CHL-DMSO

ﬂ complex bands, 1in organic solvents of different dielectric

| _ -541-
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constants, have shown that the transition energy generally
increases with the polarity of the solvent (Table II}. -1
similar jncrease in transition energies with the polarity of
the solvent has been reported by Kosower{i0]. The decrease
of the energy of the transition as the polarity of the sol-
vent increases might be due to the high stabilization of the
excited state in which the charge is probably more separated

Fhan in the ground state.

In the case of oxygenated solvents no correlation ap-
pears between polarity of the solvent and the energy of the

transition.

The stability of the CT complexes is proportional to
the electron affinity of the electron acceptor compounds and
on the ionization potential of the electron donor components
and increases with the following order:

THF = DMF > DMSO

DDQ » CHL > Iz [71]

Table (II} Effect of solvent on position of the maximum ab-

sorption wavelength band of CHL-DMSO complex in
different organic solvents at 25°C.

. Dielectric

Transition )

Solvent Annmx Enax Constant

. Energy

at 25°C
Ethyl acetate 405 6.6 70.6 6.0
Chloroform 400 15.3 71.5 4.8
Methylene chloride 317 1.0 76.0 9.1
Benzene - 408 12.0 70.1 2.3
Cyclohexane 415 8.0 68.9 2.0
Acetone 375.5 4.5 76.3 21.0
Acetonlitrile 325 11.6 BB.0 37.5
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" Fig.1.Absorption spectra,

01 1 dodine in methylene chloride —— "
D,1 M dimethylsul phoxide in methylsne

0.7 M ioding Vs. 0.1 M iodine + 0.9 M dimcthylsulphoxide
in methylene chloride c.veee.3

chloride « —~ - .. 3

Fig. (1)
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