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h i g h l i g h t s

� Computational studies of molecular
charge transfer complexes.
� Between aryl Schiff bases as donor

and m-dinitrobenzene and picric acid
as acceptors.
� The optimized structures for donors,

acceptors and CTCs obtained from
PM3 calculations.
� Vibrational modes, absorption bands

and 1H NMR spectra were calculated
by HF and DFT.
� The results of HF and DFT give good

agreement to the experimental
results.

g r a p h i c a l a b s t r a c t

The structural formula of the charge transfer complexes of aryl Schiff bases with m-dinitrobenzene and
picric acid.
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a b s t r a c t

Charge transfer complexes of substituted aryl Schiff bases as donors with picric acid and m-dinitroben-
zene as acceptors were investigated by using computational analysis calculated by Configuration
Interaction Singles Hartree–Fock (CIS-HF) at standard 6-31G⁄ basis set and Time-Dependent Density-
Functional Theory (TD-DFT) levels of theory at standard 6-31G⁄⁄ basis set, infrared spectra, visible and
nuclear magnetic resonance spectra are investigated. The optimized geometries and vibrational frequen-
cies were evaluated. The energy and oscillator strength were calculated by Configuration Interaction
Singles Hartree–Fock method (CIS-HF) and the Time-Dependent Density-Functional Theory (TD-DFT)
results. Electronic properties, such as HOMO and LUMO energies and band gaps of CTCs set, were studied
by the Time-Dependent density functional theory with Becke–Lee–Young–Parr (B3LYP) composite
exchange correlation functional and by Configuration Interaction Singles Hartree–Fock method
(CIS-HF). The ionization potential Ip and electron affinity EA were calculated by PM3, HF and DFT methods.
The columbic force was calculated theoretically by using (CIS-HF and TD-DFT) methods. This study con-
firms that the theoretical calculation of vibrational frequencies for (aryl Schiff bases – (m-dinitrobenzene
and picric acid)) complexes are quite useful for the vibrational assignment and for predicting new
vibrational frequencies.

� 2013 Elsevier B.V. All rights reserved.

1386-1425/$ - see front matter � 2013 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.saa.2013.09.047

⇑ Corresponding author. Tel./fax: +966 26952292.
E-mail address: lmajeed2002@yahoo.com (L.M. Al-Harbi).

Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy 120 (2014) 25–31

Contents lists available at ScienceDirect

Spectrochimica Acta Part A: Molecular and
Biomolecular Spectroscopy

journal homepage: www.elsevier .com/locate /saa

http://crossmark.crossref.org/dialog/?doi=10.1016/j.saa.2013.09.047&domain=pdf
http://dx.doi.org/10.1016/j.saa.2013.09.047
mailto:lmajeed2002@yahoo.com
http://dx.doi.org/10.1016/j.saa.2013.09.047
http://www.sciencedirect.com/science/journal/13861425
http://www.elsevier.com/locate/saa


Introduction

The interactions between electron donors and acceptors to form
charge transfer complexes have been a great importance since these
materials can be utilized as organic semiconductors [1] and photo-
catalysts [2]. They are also important in the study of redox processes
[3]. They exist in literature as theoretical [4,5] and experimental
studies [6,7]. More recently, attention has been given to the isola-
tion and investigation of physical properties of some CT-complexes
in the solid state. Some of these complexes show interesting electri-
cal conductivity properties and have found application in many
forms of electronics and solar cells [8,9]. Much of the work in this
field [10,11] has been discussed in books of Briegleb, Rose, Andrews
and Keefer [12], Foster [13], and Mulliken and Person [14]. Charge
transfer complexes are also extensively discussed in Kosower’s
Physical Organic Chemistry. There are also several review articles
on various aspects of charge transfer complexes [15,16].

The present investigation is concerned with the computational
studies of molecular charge transfer complexes formed through
the interaction of some aryl Schiff bases derived from 2-amino-4-
methylpyridine which acts as a donors with m-dinitrobenzene
and picric acid as p-acceptors. we were reported PM3 calculation
results on aryl Schiff bases (a–c), m-dinitrobenzene, picric acid
and CTCs to give the optimized structures. Vibrational modes,
absorption bands and 1H NMR spectra of picric acid, m-dinitroben-
zene and CTCs were calculated by HF and DFT method.

Methodology

Computational

The molecular structures of aryl Schiff bases (a–c), picric acid,
m-dinitrobenzene and charge transfer complexes in the ground
state were optimized by PM3, HF method and Becke3–Lee–Yang-
Parr (B3LYP) functional and supplemented with the standard
6-31G⁄ basis set (referred to as HF calculations) and 6-31G⁄⁄ basis
set (referred to as DFT calculations) [17,18]. Using GAUSSVIEW
program [19] with symmetry considerations along with available
related molecules, all structures were fully optimized. Vibrational
frequency assignments were made with a high degree of accuracy.
The HF and DFT theoretical calculations were made by using
Gaussian 03 program package [20].

The structural formula of aryl Schiff bases

N

CH3

N CH X

Where  X=p-N(CH3)2  (a)  ,  H (b)  and  p -NO2 (c)

Results and discussion

Molecular structure of donor and acceptor molecules

The results of the optimized molecules were combined together
(donor–acceptor) to produced CTCs then optimized it by PM3
method (Fig. 1). The calculated geometric parameters for the aryl
Schiff bases (a–c), picric acid and m-dinitrobenzene which ob-
tained by HF/6-31G⁄ method are shown in Tables 1 and 2.

As shown in Table 1, the title compounds contains a clear ‘‘aryl
Schiff bases’’ double bond C(1)@N(1) in 1.260 Å which is compara-
ble with those observed in other Schiff bases [21,22]; whilst, the
distances of C(8)AN(1) and C(7)AN(3) are 1.406 Å and 1.442 Å,

respectively. As they are obviously longer than C(1)AN(1), they
should be single bonds. All bond lengths and bond angles are with-
in normal ranges and comparable to those corresponding in other
similar compounds [22]. The bond lengths N(2)AC(8) (1.319 (2) Å)
and N(2)AC(11) (1.322 Å) fall between CAN and C@N bonds be-
cause of the conjugation effects in the molecule [22]. The com-
pound ‘‘picric acid’’ double bond C(1)@C(2) is 1.378 Å which is
comparable with those observed in other picric acid [23]; whilst,
the distances of C(1)AN(1) and C(6)AO(7) are 1.456 Å and
1.333 Å, respectively. As they are obviously the distances of
C(1)AN(1) were longer than C(1)AC(1), they should be single
bonds. All bond lengths and bond angles are within normal ranges
and comparable to those corresponding in other similar com-
pounds [23]. The double bond C(1)@C(2) in m-dinitrobenzene is
1.384 Å which is comparable with those observed in other
m-dinitrobenzene [24]. All bond lengths and bond angles are with-
in normal ranges and comparable to those corresponding in other
similar compounds [24].

Assignments of vibrational frequencies

Interaction involving electron transfer
Vibrational spectroscopy is used extensively in organic chemis-

try for the identification of functional groups of organic com-
pounds as well as the studies on molecular conformation,
reaction kinetics, etc. Assignment for complex systems can be pro-
posed on the basis of frequency agreement between the computed
harmonics and the observed fundamentals [25]. The type of CT
interaction is observed when the donors react with non-acidic
acceptors such as m-nitrobenzene, Table 3. The IR spectra of CT
complexes compared to the simple component reveal an apparent
shift of the cCH bands of the acceptor to lower wavenumbers, while
those of donor are shifted to higher values Fig. 2, a behavior which
is characteristic of the p–p⁄ CT interaction (p HOMOD–p⁄ LUMOA).
This leads to increased p-electron density on the acceptor mole-
cule and its decreases on the donor one. The shifts of the cCH bands
of the donor molecule in case of 1:1 complexes are higher for the
bands of the pyridine ring for donor (b) and (c) indicating that this
ring would be the origin of CT interaction. For donor (a) the shift of
the cCH bands is more apparent with bands of benzyl ring. It seem
accordingly that the existence of the strong donor N(CH3)2 group
on the benzyl ring would lower its ionization potential [26] to such
an extent that it will be profitably the donor center [27].

The NO2-bands of the acceptor display some interesting
changes the asymmetric NO2-bands become boarder and show
some splitting in the spectra of the charge transfer complexes with
non-acidic acceptor. This behavior reflects an increased differenti-
ation of the energy states of the NO2-group in the charge transfer
complex than in the free acceptor. The asymmetric NO2-bands
appear in the spectra of the free acceptors as two adjacent peaks.
The lower energy bands display a shift to lower wavenumber
indicating a stronger polarization if the NO2-groups corresponding
to these bands which originates from the increased electron
density on the ring of acceptor. The asymmetric NO2-band of the
CT complexes with the acceptor (such as m-nitrobenzene) shows
a shift to lower wavenumber, hence n–p⁄ interaction is to be
excluded [28,29].

Interaction involving proton and electron transfer
This type of interaction occurs when the donors used are al-

lowed to react with acceptors having strong acidic properties such
as picric acid. The IR spectra of these complexes display drastic
changes compared to those of their components Fig. 2. The cCH

bands of donors shift to higher wavenumbers while those of the
acceptors are shifted to lower ones, a behavior which is character-
istic of the p–p⁄ CT interaction as in the first type. Also, the IR
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