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SUMMARY

2~ Chloro-3,5-dinitropyridine was used as efficient t—electron acceptor in the preparation
of charge transfer (CT) complexes with aniline and its derivatives acting as donors. The type
of interaction and structure of the formed complexes were studied using IR and electronic ab-
sorption spectral studies. The primary bonding functioning in all complexes formed is of the
T~7* type. Secondary interactions such as n-n* and hydrogen bonding were also operative
within the molecular complexes formed depending on the nature of the donor used.

The electron affinity (EA) of the acceptor was calculated from electronic absorption
spectral studies.

INTRODUCTION

A charge transfer complex is formed between two m—electron mo-
lecules, one acting as electron donor (low ionization potential, Ip),
the other as electron acceptor (high electron affinity, E,). (1) Hetero-
aromatics with their capability to donate both n-and n-electrons are
considered one of the best compounds acting as very efficient donors
in charge transfer complex formation. Numerous works(2) were con-
cerned with pyridine and its derivatives as electron donors in CT comp-
lex formation. This is based on, the fact that the ring N-atom increases
the basicity i.e. electron density; of the molecule and it is obvious that
the presence of electron donating groups increases the base strength
of the nitroger atom. On the other hand, electron withdrawing groups
will show a counter effect, but still the heteroaromatic ring acting as
the centre of electron donation.

Issa et al.(3) prepared charge transfer complexes of ring substituted

methylpyridine derivatives with polynitrobenzenes as acceptors and
then investigated them using IR, UV and !H NMR.
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Recently, 1-hydrazinophthalazine hydrochloride has been used
as electron donor in the formation of charge transfer complexes. The
acceptors are di—and iri-nitrobenzenes.(4)

Charge Transfer Complexes formed between pyrimidine, pyrazine
and their 2-amino derivatives and some p-—benzoquinones have been
prepared and investigated using spectroscopic techniques. (5).

This investigation. is a trial 10 prove the probable use of pyridine
nucleus bearing very strong electron withdrawing groups as electron
acceptor.

The presence of sirong clectron withdrawing groups decreases the
basicity of the nitrogen ring atom with consequent decrease of the electron
density on the ring causing thus a lowering of electron affinity according
to the resonating structure:
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In this work, the charge transfer complexes of 2—chloro—3,5—dinit-
ropyridine as electron acceptor with aniline and its derivatives as do-
nors are prepaied and investigated using ir and electronic absorption
spectral analyses. The electron affinity of the acceptor is calculated
from the electronic specira of the molecular compounds.

EXPERIMENTAL

All chemicals used in the preseni investigation wece pure giade
BDH chemicals.

The working procedures for the preparation of CT complexes are
the same as given before.(6) The donors used in the psesent investiga-
tion are aromatic amines having the general structural formulae:
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where x is [H(a), 0—Cl (b), p~Cl(c), m~ClI (d), p-Br (e), p-1 (f), o~CH; (g),
mCH;(h), p—CH,(i), o-OCH, (j), o-COOH (k), p~COOH (1),
0-NO, (m), m-NO, (n) and «-naphthylamine (o)].

The acceptor used is 2-chloro-3,5-dinitropy:idine. Some selscted
complexes wese subjected to C, H, N and Cl determinations, table (1).

The vibrational spectra of the CT complexes were obtained using
the KBr Wafer technique by the aid of a Perkin Elmer 140 infrared
spectrometer.

The electronic absoiption spectra of the various complexes in the
solid state (Nujol mull technique) were recorded within the range
800-200 nm by the aid of 2 4B Perkin Elmer recosding uv—visible spec-
trophotometer.

RESULTS AND DISCUSSION

The results of the elemental analysis of the formed complexes
listed in table (1) are mostly in agreement with those required for the
1:1 (D:A) complexes.

The intermolecular interaction between the acceptor and donors
used, as gathered from the results of ir and electronic absorption spectral
studies, depends to a large extent on the nature of the donor. The intec-
pretation of the results depends on the data obtained from a variety
of sources, (5) that aromatic ritrogen heterocycles of the pyridine typs

Table (1) Analytical data of some CT complexes.

Acceptor | Molecular m.p. Analysis 9, Found /(Caled.)
No. X | formula °C C H N Cl
a | H C,H,N,0,CI 191 | 44.52 | 3.04 | 18.89 | 11.97
(44.00) | (3.00) | (18.98) | (11.86)
b | ol €, H,N,0,Cl, 185 | 39.88 | 2.42 | 16,92 | 21.45
(39.98) | (2.40) | (15.92) | (21.48)
| pI C,,H,N,0,Cl 214 | 3124 | 1.89 | 13.25 | 8.40
(30.94) | (1.93) | a3.57) | (8.31)
h | m-CH, |C,H,N0,l 146 | 46.38 | 3.54 | 18.04 | 11.43
(46.53) | (3.58) | (18.00) | (11.49)
i 0-OCH, | C, H,N,0,l 206 | 44.10 | 3.37 | 17.15 | 10.87
(44.68) | (3.16) | (17.00) | (10.58)
1 p-COOH | C,HN,0,C1 |>280 | 41.92 | 3.49 | 16.30 | 10.33
(42.35) | (3.53) | (16.00) | (10.25)
n | m-NO, |C H,NO0CI 169 | 38.37 | 3.19 | 20.32 | 10.30
(38.36) | (3.22) | (20.33) | (10.28)

* 9% I, 30.06
(29.16)
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function as c—donors by using the lone pair of electrons on the nitro-
gen atom ard as w—acceptor by using a delocalized orbital on the ring.

The w-accepting properties of these heterocycles increase by intro-
duction of eleciron withdrawing substituents into 2- and 6—positions.

The ir spectra

The ir spectra of these complexes compared to that of the frec
components reveal that the various vib:ations of the acceptor part are
shifted to lower wavenumbers while those of the donor part(3) exhibit
a counter shift, table (2). This shift is characteristic to charge transfe-
of the m—* type(8). It is obvious from Table (2) that the extent of the
shift is largely dependert on the type of substituent on the donor mole-
cule. A shift of the acceptor bands to much lower wavenumber values
is observed if the donor molecule carries an electron donating group.
This is due to the fact that the extent of charge transfer between the
donor and acceptor is increased causing an increased electron density
on the acceptor moiety causing a larger shift to lower waverumber
values.

The NO, bands of the acceptor (1542 and 1348 cm~! for asym.
and sym. vibrations, respeciively) display some interesting behaviours
which may be of great help in elucidation of the types of bonding.
The bands may shift to lower wavenumbers. This may be taken as evi-
dence for the possible formation of the m—=* electronic transition

(HOMO-LUMO) leading to increased polarization of the NO, group.

In most cases the asym. NO, band splits into iwo bands one located
at higher and the other at lower wavenumber values. This indicates
increased differentiation in the energy of the NO—groups. Such behavio-
ur may be ascribed to the possible invoking one of the NO, groups
in either n—n* interaction with the lone paii of electrons on the amino
group of the donor molecule or hydrogen bonding with the hydrogen of
the amine group. Such interaction is allowed if one figures that the
acceptor may be oriented so that one of the nitro—groups is positioned
in front of the amino group of the donor.

The C-Cl band of the free acceptor (651 cm~1) shows a shift to
high wavenumbers with but few exceptions. This may plausibly be
ascribed to the presence of mutual electrostatic attraction between
the hydrogen atom of the NH, group of the donor and the chlorine
atom on the acceptor molecule if they face each other. Such conclusion
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is strengthened by the observed shift of the NH, group of the doron in
most cases to lower wavenumbers. The latter assumption reveals that
the shift of the nitro group to higher values is ascribed mainly to n-r*
interaction.

From table (2), it is obvious that a broad band with numerous
peaks is located in the range 3250-2500 cm~! within the complexes
k and 1 (o~COOH and p—COOH). According to Bellamy,(9) such pattern
is highly characteristic for carboxylic acid dimers, thus denoting the
presence of intermolecular hydrogen bonding (C = O-OH... 0 =
C-OH). The other discussed interactions take place within the mole-
cular complex (r-n*, n-n* (H,;N - NO,) and electrostic attraction
(Cl... H,N).

The formed complexes may be represented by the following for-
mulae:
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The electronic absorption spectra

33

The electronic absorption spectra of the CT complexes under
investigation as nujol mull Fig. (1), display a broad band within the
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Fig. 1. The electronic absorption spectra of the CT complexes under investigation as nujol mull
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wavelength range 419-483 nm. This band is ascribed to charge trarsfer
interaction of the =-n* type. The energy of charge transfer interaction
was obtained from the absorption specira using the relation:(10)

1239.9
AopiI

Ecp
The results are given in table (3).

Table (3). Electronic absorption spectra of CT complexes of 2-Cl-3,5-dinitropyridine

Compound CT band (%) n-r* (NO,)
No. X Amax, nn Ecp eV Amax, nm
a H 479.1 2.588 359.1
c m—Cl 478.2 2.593 347.4
d p-Cl 480.9 2.578 357.9
e p~Br 476.0 2.605 365.0
f p-1 483.0 2.567 363.5
g o-CH, 480.0 2.583 357.9
h m~CH, 463.0 2.678 354.0
i p-CH, 466.6 2.657 354.0
j 0-OCH, 436.5 2.841 366.6
k o~-COOH 420.3 2.950 368.1
1 p—-COOH 461.0 2.690 396.9
n m-NO, 484.5 2.559 360.0
L a~naphthyl 419.0 2.959 389.0

Most complexes display a second more intense broad band within
the wavelength range 347-396 nm. This band is ascribed to n—n* tran-
sition within the nitro group in free acceptor (270 nm) and it involves
the excitation of an oxygen lone pair electron into an unoccupied
m-orbital. Such trapsition is sensilive to substitution and association.
In almost all cases the transition is red shifted on complex formation
denoting the invoking of the NO, group of the acceptor into hydrogen
bond formation and/or n-w* interaction with the donor.

Calculation of the electron affinity (E,) of the acceptor :

The electron affinity of 2-chloro-3,5~dinitropyridine is calculated
from electionic absorption spectral data using Briegleb cquation(11)
Eq,=Ip-E,-C

where E., = energy of the charge transfer of complex
Ip = ionization potential of the donors.
E, = electron affinity of the acceptor.
¢ = coulombic forces between the electron transfered and

the positive hole left behind taken as 4.7 eV(10).
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The results are given in table (4). The electron affinity of the acceptor
ranges from 1.792 to 0.122 eV,

Table (4). Electron affinity of the acceptor.

Compound No. X ’ Ecp eV I*p oV E, eV
a H 2,588 7.7 0.412
d p=Cl 2.578 9.07 1.792
e p-Br 2.605 8.98 1.675
£ pl 2.567 8.73 1.463
h m-CH, 2.678 7.50 0.122
n m-NO, 2.559 8.70 0.841

* Ip values as taken from (12).

REFERENCES

P - T RN

10.
11.
12,

. MULLIKEN, R.S., J. Am. Chem. Soc., 72, 600 (1950); 74, 811 (1952).
. ALOISI, G.G., CAUZZO, G. and MAZZUCATO, M., Trans Faraday Soc., 63, 1858 (1967).
. ISSA, Y.M., HINDAWEY M.M., EL-ANSARY, A.L. and ISSA R.M., Rev. Roum. Chim.,

28, 825 (1982).

. BADAWY, 8.5., SHOUKRY, A.F., and ISSA, Y.M., Egypt J. Chem., 34, 41-49 (1991).
. ISSA, Y.M.,, DARWISH, N.A., and HASSIB, H.B., Egypt. J. Chem., 34, 87-93 (1991).
. ISSA, R.M. et al., Ind. J. Chem., 19A, 615 (1980); Gazz. Chim. Ital., 111, 27 (1981).

. HOUGHTON, R.P., “Metal Complexes in Organic Chemistry”, Cambridge University

Press, Cambridge (1979).

. FOSTER, R., “Organic Charge Transfer Complexes”, Academic Press, London and New

York (1969).

. BELLAMY, L.J., “The Infrared Spectra of Complex Molecules”, Chapman and Hall,

London (1975).
BRIEGLEB, G., Angew. Chem., 76, 326 (1964).
BRIEGLEB, G., CZEKELLA J. and HAWSER, A., Z. Physik. Chem., 21, 99 (1959).

WHEAT, D.C., “Handbook of Chemistry and Physics, 50th. Edit., The Chemical Rubber
Company, Ohio, U.S.A. (1969-1970).





