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ABSTRACT

The chArge-transfer compl exes formeD by a number of

R-acceptors with dimethylsulphoxide, dinethylformamids and
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25 ·c. Trensition energies of these complexes a6 well as

tetrahydrofuran have been measured in methylene chloride at
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ionization potentials of the r-donDrs have been determined.

A11 CT complexes stuDied have a 1:1 stoichiametry. Salvent

e11ect on the electronic transition of the CT have been

presented and discussed,
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INTRODUCTION

Solvent effect studies on the positIon of the 1-

propanami ne-3-triethoxys1lyl:chloranIl complex bands, in or­

ganic solvents of different dielectric constants, have shown

that the transition energies decrease as the polarity of the

solvent increases[1]. However, complexation in oxygen-

containing olvents such as dimethylsulphoxide (DMSo) ex­

hibits no Correlation between the polarity of the solvent

and the energy of the charge- transfer transit1on. He

proposed that this might be due to the formation of com-

plexes Hith these solvents.

According t٥ M. A. SlifkinI2], there is an interac-

t{on betueen chloranil and polar solvents DMSO,

tetrahydrofuran, {THF), and dimethylformamide (DNF), 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 chlorani1 (CHL), 2,3-d1chloro

5,6-dicyanobenzoguinone (DDg) and iodine (I1ء( n methylene

chlorIde. In addition, we wish to apply the tool of CT com-

plexation to estimate the ionization potentials of the three

organic solvents.

EXPERIMENTAL

The purif1cat1on of DMSO has been described

earlier[3], other organic solvents used were purlfied ac-
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cording to standard methods[4]. CHL {Herk) was crystallized

from benzene, DDg (A1drich) was crysta11iaed from

benzene:chlor0form (2:3).

For the purpose of determining the stoichiometrY

ut111zing the conventional continuous variation method

(Job's method [5]), stock solutions (10-M) of donor and ac-

ceptors were Prepared. THe electronic spectra of the com-
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plexes were measured in 3 ml stoppered s±lica cells fter ة

mixing the donor and acceptor solutions at 25°c using a
 .و1

Perkin-Elmer spectrophotometer model . ه All measurements
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were made immnediately after mixing the two components. The

electronic spectra of all molecular complexes formed were
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recorded within the wavelength range 200 - 750 n.m., using

methylene chloride as a solvent.

RESDLTS AND DISCDSSION

It w asت obserwed that spectra of the r-acceptors DDG,

CHL and Iz 1n the polar solvents DNSO I, DM٤ II and THF III

are not very different from that of the acceptor in an 1nert

solvent[6]. However, by studying the difference spectra be-

tueen polar solvent + n-acceptor versus n-accePtor solution

o٤ the same concentrat1on (as illustrated in fig.1) the

electronic spectra of I, II, and III ith various electron

acceptors under investigation in methylene choride solution

shoب an extra absorption band(s) not due to either component

alone. These bands have been attributed to the formation of
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donor-acceptor molecular complexes in these solutions.
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values for the positions oE 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 Iisted 1n table (I).

Table (I) haximum absorption wavelength ,(nm)=٨ ء« molar ex-

t1nction coefficient €-٠»(mol-'cm°) and transition

energies EtK cal mo]-') of tha charge-tranGfer

complees formed between polar organic solvents

(DHSO, DMF and THF) and n-acceptors in methylene

chloride at 25%C as wall as the ionization poten-

tials i.p. (e٠v.) of the donors.

EIectron
Donor Acceptor x}»م& ة« م 

Transition
Energy

1.e.

 بد

DMSO

DMF

THF

DDo 368 46.0 77٠7 9.89

CHL 377 16.0 75.9 9.82

I 276 ء 28.0 103.6 9.82

DDg 426 32.0 67.1 9.30

CHL 372 12.2 76.9 9.10

I٤ 307 9.4 93.1 9.06

Dp 440 24.0 65.0  .و20

CH1 387 1٥٠0 73.9 8.95

1٤ 314 11.0 91.1 8.90
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The 1onization potential (i.p.) values 1isted 1n

table (I) were calculated from the energies of the charge-

transfer bands applying the following empirical equations

٢7,8] whtch were used 1n substituted benzene and polynuclear

hydrocarbons as donors:

(A) .p. ذ (e-٧.)=5٠٥٥ + 1٠53 1٥-٩, e٨١ (cm-»)

(B) 1-p. (a٠٧٠)=5٠76+ 1٠52 1٥-٧٥٥,٩a ٢cm-١)

(c٨-')(c) i.p. (e٠٧.) =2٠90 + 1٠89 1٥-٥٤٥,٠

where, ٧ is the wavenumber correspondlng to the charge-
transfer ا- band. These equations have also been used in es-
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timat10n of i.p. of heterocycl1c compounds [9]٠ This method

provides a simple means of estlmating 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 [8].

A 1:1 composit1on of the ccmplexes between acceptors

and donors 1s observed. by employing the Job's continuous

variat1on method (5I (Fig. 2, 3 and 4), except 1n the case

of the complex between DHSo and DD0 (F1g. 2) the absorption

maxima at 0.4 indicates that the ratio of DAis 2:1. DD0

relatively higher electron affinity {1.9 e٠٧٠١٢7] might ac­

count of the 2:1 D:A ratio.

Solvent effect studies on the position o٤ CHL-DHSO

complex bands, in organic solvents of different dielectric
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constants, have shown that the transitioN energy generally

increases with the polarity of the solvent (Table II}. A

s1milar increase in transition energies with the polarity of

the solvent has been reported by Kosower{1D]، The decrease

o٤ the energy of the transition as the polarityof the sol­

vent increases might be due to the high stabll1zatlon of the

excited state in which the charge 1s prabably more separated

than 1n 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 stabiIity of the CT complexes is proportional to

the electron affin1ty of the electron acceptor compounds and

on the 1onlzat1on potentIal of the electron donor components

and increases with the following order:

THF DMF ء » DHSo

DDg » CHL » I٤71ء 

Table (II) Effect of solvent on position of the maximum ab­
sorption wavelangth band of CHL-DMSO complex in
different organic solvents at 25%C.

Solvent ٨ ه«٣  م£٠¥
Transition

Energy

Dielectric
Constant
at 25°c

EthyI acetate 405 6.6 7٥.6 6٠0
Chloroform 400 15.3 71.5 4٠8
Hethylene chloride 377 16٠٥ 76٠0 9٠1
Benzene 408 12.٥ 7٥٠1 2.3
Cyclohexane 415 8.0 68.9 2.0
Acetone 375.5 4٠5 76.3 21.0
AcetonItrile 325 11.6 88.0 37.5
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"DD0 MOL, FRA. vs DONOR ABS"
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"IODENE MOL.FRA. vs DONOR ABS."
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