Chapter- I : Introduction
Compounds which do not react chemically on mixing, may not always be noninteracting. In fact, molecular non-covalent interactions do exist and they give
rise to interesting physicochemical phenomena. Some well known and well
established phenomena originating from such interactions are liquefaction of
gases, existence of water in its liquid form, its anomalous expansion, and the
formation of different conformers of peptide chains in proteins. Excess
thermodynamic properties of liquid mixtures, which are of current interest
among physical chemists, 1"3 are also results of intermolecular interactions. In
some particular cases interaction between two different kinds of molecules
forms 'molecular complexes' which are briefly discussed in the next section
because the present thesis deals with such complexes involving some
pharmaceutical molecules.

1.1 Molecular Complexes

When molecules of two different types form non-covalent adducts with
definite stoichiometry ( 1: 1 in most cases and sometimes 1:2) the resulting
species is called a molecular complex. The known molecular complexes can be
classified into the following broad types:
(1) Charge Transfer or Electron Donor Acceptor Complexes. Organic
electron donor-acceptor (EDA) or charge-transfer (CT) complexes are
loose molecular associations of two different molecules such that when
they absorb light from the UVNisible range an appreciable transfer of
electronic charge occurs from the highest occupied molecular orbital
(HOMO) of one molecule (called 'donor') to the lowest unoccupied

molecular orbital (LUMO) of the other (called 'acceptor'); in most cases,
however, there is very little electron (charge) transfer in the ground state
of the complex. The molecular adduct of p-chloranil (faintly yellow) and
naphthalene (colourless) in CC1 4 medium exihibits a beautiful red colour.
This is a well known example of CT complex. A new absorption band,
known as CT absorption band, different from those of the components,
appears almost instantaneously on mixing the component solutions.
Mulliken 4' 5 explained this by assuming that the ground and excited states
of an EDA complex are given by the wave functions
\lfa ==a \jl o (D ... .A) + b \j/1 ( D+- A- ),
+
*\lfo(D ... .A), a>>b
*
*
\lfE=a* \j/1 (DA)-b

a>>b

... (1.1)
... (1.2)

where \jlo ( D ... .A) is the wave function of a 'no bond' structure (D ...A)
and

\j/ 1 (D+-

A-) is that of a 'dative' structure (D+- A} The 'no bond'

structure is one in which the donor and acceptor molecules are held
together by van der Waals types of forces and hydrogen bonds (where
possible). The 'dative' structure means that one electron is completely
transferred from the donor molecule to the acceptor molecule and the
resulting ions are held together predominantly by electrostatic attraction.
It is implied in equations ( 1.1) and ( 1.2) that both the ground and excited

states of the CT complex are resonance hybrids of the 'no bond' and
'dative' structures, the former predominating in the ground state and the
latter in the excited state. The energy (hvcr) required for the transition

'I'G

hvCT

>'~'E

ts called 'charge transfer transition energy'. This energy usually

.

corresponds to the UV or visible region of the electromagnetic spectrum.
Experimentally, the formation of an EDA complex on mixing together
the solutions of donor and acceptor is indicated by (i) the appearance of a
· new colour or a new absorption band in the UV region different from the
2

absorption bands of the component substances and (ii) fonnation of no
new compound other than the adduct whose fonnation constant (K) can
be detennined, in case of 1:1 stoichiometry, from the equation
K

= [AD]

... (1.3)

[A][D]

Here, the square brackets denote the concentrations of the enclosed
species after establishment of the equilibrium, A + D :; AD.

(2) Hydrogen bonded molecular complex. The widely used electrode material,
Quinhydrone, is an example of such a complex of I: 1 stoichiometry. The H
atoms of the phenolic -OH groups of hydroquinone form hydrogen bond with
the oxygen atoms of 1,4-benzoquinone to form

quinhydrone. In aqueous

solution the following equilibrium exists:
1,4-benzoquinone + hydroquinone:. quinhydrone.

(3) Host-guest or Inclusion complexes. Molecules having cavities where
other molecules or ions can be held by non-covalent bonds (mainly, van
der Waals forces, n-n interaction and hydrogen bond ) fonn a novel class
of materials known as 'hosts'; cyclodextrins fonn the first of this type.
They are cyclic oligosaccharides containing a minimum of six D(+)
glucopyranose units attached by a-1 ,4 linkages. This was established by
Freudenberg6

et. a/. Cyclodextrins are produced by the action of

Bacillus macerans amylase on starch. The natural a-,

cyclodextrins (a-CD,

~-CD

~-

and y-

and y-CD) consist of 6,7 and 8 units of

glucose respectively. Their ability to fonn inclusion complexes in
aqueous solution is due to the typical arrangement of glucose units as
shown in Figure 1.1.

3

Figure 1.1

An isolated cyclodextrin molecule looks like a torus (or doughnut ring).
But the molecule in aqueous solution assumes a truncated cone
conformation7' 8 due to hydrogen bonding of the -OH groups with water.
In such conical conformation the cone-height is about 800 pm and the
inner diameter of the cavity is between 500 and 850 pm (Figure 1.1 ). A
fascinating property of the cyclodextrins is their ability to incorporate ·
other organic compounds into their cavity, both in the solid state and in
solution. This was first recognized by Freudenberg and later
substantiated through complexation studies by Cramer, Saenger and
others.

9 12
-

Owing to non-toxicity of cyclodextrins, their ability to form

inclusion complex has led to very important pharmaceutical application.

4

For example, an important drug molecule included 13 in y-CD is
Mytomycin C, the inclusion

com~lex

being shown in Figure 1.2. The

aziridine ring (Figure 1.3) of Mytomycin C being well within the
•

hydrophobic cavity of y-CD, is protected 14 from degradation in acidic
'

solution.

f
I

i
I

Figure 1.2

Figure 1.3

Mytomycin C included in y-CD

· Aziridine ring

Cyclodextrins are studied as solubilizing and stabilizing agents in
pharmaceutical dosage forms. Lach 15 -16 et. a/ utilised the complexing
ability of cyclodextrins to trap, stabilize and solubilize sulphonamides,
tetracyclines, morphine, aspirin, benzocaine, ephedrine, reserpin and
etci.d.

testosterone. The aqueous solubility of retionic" (0.5 mg dm-3), a drug
used topically in the treatment of acne, 17 is increased to 160 mg.dm-3 by

5

complexation with P-CD. Dissolution rate plays an important role in bioavailability of drugs, fast dissolution usually favouring absorption. Thus,
the dissolution rate of famotidine, 18 a potent drug in the treatment of
gastric and duodenal ulcer and tolbutamide, an oral antidiabetic drug, are
both increased by complexation 19 with P-CD. If some -OH groups are
alkylated, the resulting cyclodextrin has been reported to be useful in
sustained drug release. Thus, ethylated P-CD has been used

20

to retard,

through inclusion complex formation, the delivery of isosorbide
dinitrate, a vasodilator.

Some other known host molecules ate crown ethers, calix[n]arenes and
resorcin[n]arenes. While crown ethers are best known for their capacity
to form complexes with metal ions, all these three types of hosts have
been reported to include [60]- and [70]fullerenes in their cavity.
Recently three resorcin[4]arene capped porphyrines have

21 22
'

been

synthesized and shown23 to include water, methane and benzene, and to
inhibit the oxidation of Co(II) to Co(III). A number of chiral
resorcin[ 4]arenes have been synthesized and their enantioselectivity
through cavity effects have been shown recently by Botta et.al. 24-27
Three resorcin[5]arenes decamethyl ethers containing cyanomethyl side
chains have recently been synthesized by the same group. 28 Such
macrocyles are of great importance in molecular recognition studies
through inclusion complex formation with selective guests.

1.2 Absorption spectrometric method for determination of formation
constants of molecular (CT) complexes

Several

methods

(such

as

those

involving

solubility

measurement, 29calorimetry, 30 nuclear magnetic resonance 31 etc.) are
6

known for determination of formation constants of molecular complexes.
However, the spectrophotometric method is the most widely used. In this
method, solutions of the component substances are mixed at known
concentrations and the absorbances of the mixtures are measured at
suitable wavelengths against appropriate references. The first equation
for employing spectrophotometric data for determination of formation
constant (KnA) and molar absorptivity (En) of a 1:1 molecular complex
was derived by Benesi and Hildebrand. 32 The equation is,

... (1.4)

where [A] 0 and [D]o are concentrations of the acceptor and donor
respectively in the mixture before complexation, the optical path length
of the cell used is 1 em, d is the absorbance of the mixture, and

E DA

is

the molar absorptivity of the complex at the wavelength of measurement.
The equation is based on the following assumptions:
(a) Only the complex absorbs at the wavelength of measurement
(b) [D]o >> [A]o

Ketelaar33

modified this equation, for cases where the acceptor also

absorbs at the wavelength of measurement, to the form

1

---=

(Ea- EA)

(EDA - EA)KDA

1

1

.--+---[DJo (EDA - EA)

... (1.5)

(for measurement in a cell of 1 em path-length)
where

Ea- EA

= apparent extinction coefficient of the mixture= di[A]o
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In applying any of the equations ( 1.4) and ( 1.5), the wavelength is so
chosen that the donor does not absorb significantly and the donor
solution at concentration [D]o is used as reference. The molar extinction
coefficient of the acceptor ( EA) at the wavelength for measurement is
either known or measured separately. The plot of [A] 0/d or 1/( Ea

- EA)

against 1/[D]o should be linear; dividing the intercept by the slope,
values of KDA can be determined.

Several objections may be raised to the equations (1.4) and (1.5).
Firstly, evaluation of KDA requires the intercept, i.e. extrapolation of the
line to [D] 0 ~ oo. To get rid of this, Scott

34

rearranged the Benesi-

Hildebrand equation, by multiplying equation (1.4) by [D] 0, to the form

... (1.6)

In this equation, extrapolation to dilute solutions ([D] 0 ~ 0) is required.
Foster

35

et. al. suggested the rearrangement
d

- - =-KDAd + KDA
[D]o

EDA

... (1.7)

[A]o

which requires no such extrapolation and gives KvA from the slope
directly.
Secondly, Drago and Rose 36 pointed out that under the condition [D] 0>>
[A] 0 the solution to the final equation depends on the differences in the
sets of experimental data; for example, if [D] 0 1, [D] 02,

..... ,[D] 0

15

be the

donor concentrations used in an experiment to generate 15 data points
keeping [A] 0 fixed (which is the usual practice) then the result depends
on the differences [D] 0 1- [D] 02, [D] 02- [D] 03, and so on.

8

An equation free from these objections which does not impose any
concentration condition on the method of measurement has been derived
by Rose and Drago. 37 This equation is

... (1.8)

where

ifA =

[A] 0 EA and the other symbols have meanmgs already

defined. The authors themselves gave a graphical procedure for solving
this equation. This consisted of random selection of
calculation of

1/KDA

EDA

using equation (1.8) from one set of experimental

data (i.e. with one particular value of [A] 0 and [D] 0 ), plotting
function of
evaluating

EDA•

KDA

values and

1/KDA

as a

repetition of this procedure with other sets and finally

and

EDA

from the common point of intersection of the

curves which are in most cases linear. But making the initial guess of a
series of

EDA

values for each set of experimental data is difficult and

renders this graphical method laborious and sometimes impossible to
employ. In addition, in many cases the Rose-Drago plot shows a wide
36

scatter in the values of KDA and

EDA·

Sometimes the Rose-Drago curves

constructed for a set of experimental data may be parallel giving no
intersection at all. 38 a Aranaud and Bonnier39 gave an iterative method for
solving the Rose-Drago equation. But this method requires an intuitive
guess value of

KDA

to start with, for the iteration to converge. One

graphical method, which is more direct and less laborious than Rose and
Drago's original method was developed by Seal 38b et. al.; the same
authors gave a numerical method for solving the Rose-Drago equation
(1.8). It is however, known that when [D] 0 is more than 102 times higher

than [A] 0, the Benesi·Hildebrand equation gives the same result as that
given by the Rose-Drago equation.
9

If at the absorption peak AcT of the complex DA, the donor and the
acceptor both have

small but appreciable absorption and the

measurement is done with the solvent as reference, the above equations
have to be used with corrections for the absorbances of the donor and
acceptor. Thus, if d is the observed absorbance of the. equilibrium
mixture containing the complex and the uncomplexed donor and
acceptor, then
d =

[DA] +

EDA

ED

[D] +

EA

[A]

(for measurement with a

cell of 1 em optical length)

=

EDA

[DA] +

d'D

([D] 0 - [DA]) +

fEA

([A]o- [DA])

= ( EDA -

ED - EA)

[DA] + ~D [D]o +

tD

[A]o

= ( EDA -

ED - EA)

[DA] +

[D]o +

tD

[A]o

= ( tDA- ~D
where

ED

- eA)

ED

[DA] + cfD + cfA

... (1.9)

and cfA are respectively the absorbances of the donor and

acceptor solutions at their initial concentrations before complexation;
these can be measured separately at AcT using the pure donor and
acceptor solutions at concentrations [D] 0 and [A] 0 • One can now define a
~

corrected absorbance d' as follows:

d'=

d-cfD-cfA

= ( EDA
=

- ED - EA)

[DA]

~'[DA]

.... (1.10)

where

.... (1.11)

With these definitions the Benesi-Hildebrand equation retains the same
form as equation (1.6), only d and

EDA

are to be replaced by d' and

E'

respectively; similarly, the Rose-Drago equation retains the same form
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as equation (1.8) with replacement of d-

t!A

and

EDA - EA

by d' and

E'

respectively.

1.3 Areas of occurrence and application of CT complexes

CT complexes occur in a wide variety of systems and have found a

.

variety of applications as discussed in the following paragraphs.

(1) In biological systems. There are ample evidences

40 41
•

for the

occurrence of CT complexes in biological systems. The action of a drug
in a biological system is ultimately the result of physicochemical
interactions42 • 4 ~ between the drug molecule and the functionally

important molecules known as 'receptors' present in living systems.
According to the Michaelis-Menten mechanism

46

44 45
•

of enzyme catalysis,

the enzyme (E) forms an adduct with the substrate which may sometimes
involve CT interaction. 47•48 Some other biologically important CT
49

complexes are those of 1,3,7,9-tetramethyluric acid and various amino
acids 50
51

Slifkin

with the semiquinone derived from riboflavin. Birks and
have shown the importance of quinones as models in many

biochemical reactions in living systems and Pryor52 et. a!. have shown
that among the carcinogenic cigarette tars the predominant one is a
complex between 1,4-benzoquinone and hydrocarbon groups in a
polymeric matrix.
Involvement of CT complex formation in bioelectrochemical energy
transfer processes is a subject of current research activity. 53 -57 A detailed

11

review of biological systems involving EDA complexes may be found in
references.

58 59
'

(2) As reaction intermediates. In many nucleophili'c and electrophilic
substitution

reactions molecular complexes of CT type have been

reported to act as intermediates. For example, the observed rate of the
reaction between 2,4-dinitrochlorobenzene (N) and aniline (An) in
60

ethanol medium has been explained

by assuming the following two

paths:
N + An

~

products

N +An

¢

N·An

~products

Here, owmg to the presence of strongly electron-withdrawing nitro
groups, N is an electron acceptor while aniline is a known electron donor
and the assumption of the EDA intermediate (N·An) is quite plausible.
The rate of acetolysis of 2,4, 7-trinitro-9-fluorenyl-p-toluene sulphonate
(an electron acceptor) has been shown to be enhanced

61

by 7t-electron

donors like hexamethylbenzene, phenanthrene and anthracene; the
observed catalysis in this case has been interpreted in terms of CT
complex formation between the 7t-donors and the trinitrofluorene
derivative in the activated state rather than in the ground state. Detailed
discussion about CT complexes occuring as reaction intermediates may
be found in references. 62-66

(3) For measuring solvent polarity. The EDA complex between 1-ethyl
4-carbomethoxypyridinium cation and iodide ion shows a CT transition
energy which is very sensitive to change in solvent polarity. Its transition
energy (Z, in Kcal I mol) in a particular solvent is used as an empirical
measure of the polarity of that solvent. 67 -69

12

(4) For determination of molar mass. Molar masses of aromatic
hydrocarbons and some amines have been determined

70

spectrophoto-

metrically through CT complex formation with suitable acceptors (e.g.
1,3,5-trinitrobenzene in case of aromatic hydrocarbons).
( 5) In chromatographic separations. The selective adsorption of
different donor species on chromatographic stationary phases containing
electron acceptors (or the converse phenomenon) has been utilised

71

for

separation of mixtures of donors I acceptors.
(6) As new materials in the solid state. In the solid state, some CT
complexes have been found to be electrically conducting. For example,

72

the complex between tetracyanoquinodimethane (TCNQ, an acceptor)
and tetrathiafulvalene (TTF, a good n-electron donor) has a conductivity,
cr

= 1.47 x

104 S I em at 66 K, a conductivity approaching that of metals

(Cu at 298 K has cr

=

6 x 105 S I em). Calvin and co-workers

73 74
'

found

that complexes of o-chloranil i.e., 3,4,5,6-tetrachloro 1,2-benzoquinone)
with phthalocyanine and violanthrene show a large increase in electrical
conductivity compared to the sum of the conductivities of the individual
donors and acceptors. They have also detected photoconduction in thin
films of these CT complexes. A photovoltaic effect has been shown

75

with thin films containing porphyrene-o-chloranil CT complexes and
involvement of such complexes in storage and conversion of solar
energy is an important field of research. 76 In the solid state the properties
of CT complexes cannot be completely explained by the simple
Mulliken theory; a detailed analysis of solid state properties (like
specific heat, magnetic properties etc) has been done theoretically by
Soos and Klein .77
(7) In micellar media. Some studies of CT complexes in micellar media
have been reported. 78 -80 Because of the intrinsic importance of such
media themselves, these studies are of potential technological value.
13

(8) As initiators in polymerization. CT complexes of quinoline,
isoquinoline, lepidine and N,N-dimethylaniline as donors and halogens,
benzophenone and benzenesulphonyl chloride as acceptors have been
shown to photo-initiate polymerization reactions.

81 82
•

(9) In inclusion phenomena (host-guest complexation). A good number
of inclusion complexes have been shown where [60]-and [70]fullerenes
act as guest as well as electron acceptor.

21 22
•

(10) In devising molecular machines. Designing molecular shuttles by
utilization of the phenomenon of electron (charge) transfer is a current
field of research. 83 -86 Such molecular machines are either electrochemically driven or photo-induced. They are of immense potential
utility in making use of solar energy

14
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