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ABSTRACT

Spectrophotometric technique was employed to investigate thermodynamic parameters associated
with the interaction between amitriptyline and chloranilic acid in non-aqueous medium. The molecular
complex produced a purple colour with absorption maximum at 520 nm and was stable over 9 h. The
aquilibrium constant, KS°, at 298°K and 333°K were generally low, i.e. 0.2304 and 0.3896 respectively;

there was

slight increases as the temperature was elevated. The enthalpy change (AH) and entropy change

(AS) of interaction ware respectively —=1.21 & RSD 0.96% KJ mol™ and ~0.029 + RSD 0.026% KJ mol™. The
apparent free energy change (AG) was similarly low, i.e. —=3.6378 KJ mol” at 298°K and -2.6102 KJ mol™ at
333%. A gradual decrease in AG was similarly observed as the temperature was increased suggesting that
the complexation was exothermic. Comparison of the K P values with literature data indicate that these
values are lower by a factor of 10° while AG decreased by a factor of between 5 and 6. These values
clearly indicate the influence of stereochemistry of amitriptyline on the complexatlon reaction. The molar
absorbtivity and Sandell’s sensitivity for the complex were 4666 | mol™ cm™ and18 ng/mli respectively.
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INTRODUCTION

Organic functional groups with
nonbonding electrons are candidates for charge-
transfer (CT) complexes with molecules having n-
antibonding orbitals. Typical n- acceptors include
chioranil  (Belal et al. 1986; Onah, 1993,
chloranilic acid (Saleh and Askal, 1991; Abdel-
Gawad, 1997 Adikwu et al. 1998; Onah and
Odetani, 2002) tetracyanoethylene( |brahim et al.

1986), trinitrebenzene (Foster, 1969) and even
naleic  anhydride  (Foster, 1969). Several
synthetic and  quantitative  reports  involving
pharmaceutical ( Agarwal and ElI Sayed,
184 Rizk el al. 1981) and other nitrogenous
compounds  ( Agarwal and El Sayed, 1981;
ifﬁurmifmhw at al. 1984; Ibrahim, 1997) have
hoen presenied i the literature. Although CT
somplexss may be considered as molecular
romplexes  their formation and stability have
sevaral limitations. For pharmaceutical analysis
thera is no direet evidence of the existence of the
complex other than  the colour formation.
Secondly, isomeric or termolecular complexys
iy form depending upon the polar or polarizing
nature of solvents employed and even solvation
of w-donor andlor n-acceptor molecules may
affect the absorplion maximum of the complex.
O studies involving different kinds of non-polar

solvents  and  different  functional groups
‘Unpublished) have demonstrated that these

Amitriptyline , chloranilic acid, thermodynamic parameters

limitations didn't constitute a significant deviation
from the theoretical predictions. CT complexes

continues to be of scientific importance because
information gained from the molecular interaction
may help to explain interactions in biological
systems.

Spectrophotometric  studies on CT
complexes of benzanilides with n-acceptors have
been reported (Mourad, 1988), substituted
benzanilides acts as an electron donor and the
nature of electronic interaction is either n-n* or n-
n* depending on the substituent group present.

No report has been cited in the literature
involving the analysis of AMT with
n-acceptor like chloranilic acid. Many of our
previous studies were carried out on compounds
containing primary amino functions as n- donors.
AMT is a molecule with a secondary ammonium
function in addition to n- delocalized bonding
electrons, therefore the present study was aimed
to investigate the thermodynamic parameters like
equilibrium constant ( K¢), enthalpy (AH) and
entropy (AS) changes in relation to the stability of
the complexes. These information  will
subsequently form a basis for the developm 2nt of
a quantitative technique for analysis of drugs.

Amitriptyline  (AMT) hydrochloride [3-
(10,11-dihydro-5H-dibenzo  [a,d] cyclohept-5-
ylidene)-propyldimethylammonium chloride], is a
tricyclic antidepressant drug of the family of
dibenzocyclioheptadien= derivative and is a
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Table 1. Thermody1 lhlllll( Llhll)“(\ determined from the complexation between AMT and CA at (hlluult tempefatures.s

AS IKJ/mole

Tllmfﬂ AG . AH KJ/mole

l\".l/m()lc ‘
298 02304 3036 | -
3035 |oz2e1ts [-33s1s |
3302063 | -30082 [ C121LRSD 0.96% |

|

323 03572 | 2708 T
333 o _()'3?;’97;;% 20102 T ‘

Molar absorptivity ) = 4666 | mol" cm’

frequently used and misused drug (Baeck et al.
2000). AMT is primarily used in the management
of depression especially of endogenous  origin
(British National Formulary, 2000). It is also used,
albeit temporarily, in alleviating enuresis in
children and adolescents (British National
Formulary, 2000). Various analytical protocols
have been developed for AMT and other tricyclic
antidepressant drugs (Greenway and Dolman,
1999, Karpinska and Suszynska, 2001; Zhao and

Olesik, 2001, Veraart and Brinkman, 2001:
Macherey-Nagel, 2001). *
EXPERIVMENTAL '
Material and method

Amitriptyline  powder ~ (99.5%  pure):
Chloranilic acid (Riedel de Haem,) was
recrystallized - from acetone. Chloroform

(AnalaR:BDH ) was redistilled and dried with
anhydrous sodium sulphate. 1,4-Dioxan (May &
Baker) was used without further purification. All
other reagents were of analytical grade.

Determination of absorption maximum for the
CT complex
" Amitriptyline «agd chioranilic acid solutions
(0.1 % each) were prepared in 1,4-dioxan and
mixed in equal propestions and allowed to stand
_in the dark for betwegn 15 and 20 minutes for
equilibrium to be established before it was

scanned on .a spectrophotometer (Jenwayﬂ,’”Mbldel
6400) through the entire visible specttum.

(HL

NEICH,

AMT CA

R R

Determination of Molar absorptivity of the CT
complex -

‘Stock  solutions  of amitriptyline and
chioranilic acid 'eqfuivalent to 1.9117x 10% M (6.0
mg/ml) and 5.01 X 10° M (1.047mg/ml) were
prepared respectively. Measured' volumes of 1.0,
2.0, 3.0, 4.0 and 50 ml amitriptyline were
transferred into different 10 ml volumetric flasks
and 1.0 ml of chioranilic acid added to each flask;
the volumes were made-up to mark by adding

.. dioxan. Five replicate preparations were arranged

T g

sand )
“absorbances were measured after 20 minutes.

the contents mixed thoroughly before
The stability of the colour was momtored for9hat
regular intervals of 1 h. The: mean values of the
absorbances were computed and plotted against
the corresponding concentrations. The curves
were regressed by the method of least squares
(Bauer, 1971). The slope represents the molar
absorptivity. Sandell's sensitivity coefficient was
similarly calculated.

Stoichiometric relationship between
amitriptyline and chloranilic acid CT complex.
The stock solutions of amitriptyline (1.911
x 102 M) and chloranilic acid (5.01 x 10° M) were
mixcd in the following ratios: 1:9, 2:8, 3:7 to 9:1.
Again-the complexes
were allowed to stand for 20 minutes before their
absorbances were measured at the absorption
maximum. The Job's continuous variation plot
was constructed. .

CHCH,CH,NHCH

CT- complex
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Fig. 1: Determination of absorption maxima for CA and amitriptylinc-chloranilic acid complex. CA (#) and

AMT-CA complex ¢ ).

Optimization of analytical technique

The sensitivity of the spectrophotometer
was established first by standard method. The
limit of detection and quantitation were
determined by dilution method. Different
concentrations of amitriptyline were prepared and
absorbances mesaured after complexing with a
constant concentration of chloranilic acid; the
_ precision,  accuracy, linearity were also
determined. Optimum concentration of chioranilic
acid and amitriptyline was achieved by keeping
the concentration of one constant and varying the
other and vice-versa; the concentrations were
further varied simultaneously. From the results,

1.5

Absorbance

05 |

S —

the optimum concentration that gave the best
reproducibility was selected for the analysis.

Determination of equilibrium constant and
free energy change

The free energy changes of the interaction
between chloranilic acid and amitriptyline and the
associated equilibrium constant were determined
by the method reported earlier (Adikwu et al.
1998; Onah and Odeiani, 2002). Essentially,
measured amounts of pure amitriptyline (1.911 x
10% M to 11.466 x 10* M) equivalent to 1.0, 2.0
3.0 to 6.0 ml were accurately transferred into
volumetric flasks and 1.0 ml chloranilic acid (5.01

0 0.2 0.4

06 08 1

Vo Vo + V1

Fig. 2: Delermination of stoichiometric relationship between AMT and QA complex

( Job’s continuous variation plot).
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x 10° M) added to each flask. The volumes were
brought up to mark and absorbance measured at
520 nm. The procedure was repeated at
temperatures of 30°, 40° 50° and 60 °C
employing a thermostated water bath. Each of the
measurement was repeated five times.

RESULT AND DISCUSSION

The maximum absorption was found for
chloranilic acid (CA) solution at 420 nm. On the
addition of amitriptyline (AMT) the absorption
maximum shifted to 520 nm (Fig. 1). The purple
colour which developed rapidly stabilized after 15
minutes when kept in the dark. The coloured
charge-transfer complex (AMT-CA) monitored
over a period of 9 h, showed no change in
absorbance, supporting stability. 1t was found
suitable for the analysis under the experimental
condition. The optimization of the analytical
procedure followed the standard protocols; the
choice of chioroform and 1,4-dioxan solvents was
because of their low dielectric constant uniike
acetonitrile and ethyl acetate and the fact that
their interaction with CA under the conditions
employed was not significant.

The limit of detection of the coloured
complex and of quantitation were 5 ng/ ml and 15
ng/ml respectively. The CT complex obeys Beer-
Lambert law over a wide range of concentrations

[Ao)/A moles per litre

suggesting that solvation, isomeric and
termolecular complexes were also not formed.
The linearity test developed in the optimization
and calibration steps satisfied the following model
equation:

Aszo = 0.00215 +2.143 x 10“x

where Asy is absorbance at 520 nm; x is
the concentration of the analyte in moles per litre,
the correlation.coefficient was 0.99. The relative
standard deviation of the intercept and slope were
0.0036 % and 0.0012 % respectively when five
(5) replicate determinations was carried out. The
precision of this analytical technique gave an
average relative standard deviation of 0.84. The
molar absorptivity of the complex was 4666 | mol”

cm™ with Sandell's sensitivity calculated to be 18
ng/ ml. '

The Job's continuous variation plot (Fig.2)
shows the 1:1 stoichiometric relationship
confirming that isomeric or termolecular
complexes were not present. Beer/Lambert plots
between 1.0 mg and 20.0 mg/m| were linear. The
preponderance of stoichiometric values reported
in the literature between n-donors and n-
acceptors, particularly with chloranilic acid have
been 1:1 (Rizk et al. 1981; Adikwu and Ofokansi, -
1997: Onah and Odeiani, 2002). Because of this
we proceeded to investigate the equilibrium
constant for the complexation applying the
method reported earlier (Adikwu et al. 1998).

15 25

35 45 55

1/[Do) moles per litre

-

Fig.3: Plotof [A,] 7 A against 1 / [D,] for AMT-CA complex at different temperatures (S,

25 °C; S2=30"C; S3=40 °C; Sy = 50 °C and S5 = 60 °C). [Dy] = 1.911 x 102 M to

11,466 x 10~ M and [Ao] =5.01 x 107 M; A = absorbance.
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Fig.4: Determination of enthalpy through plot of Log K.Y

regressed data.

The interaction between n-donor (AMT)
and n-acceptor (CA) has been formulated as
follows (Foster, 1969).

D+AeDA (1)
from which the equilibrium constant K.”* can be
computed by adapting the Benesi-Hildebrand
equation summarized as follows:

[AUI/A I/K DA }/l)/\ “)“| + I/L,DA (2)

where [D,] and [A,] are the initial concentrations
of the donor and acceptor molecules; A is the
absorbance of AMT-CA at ., ; £,.°* is the molar
absorptivity and K.”* is the equilibrium constant
of the complexation. The fundamental
requirement for the application of Benesi-
Hildebrand equation is that [A;] must be kept
constant and low by several factors of [D,] so that
K" can be extrapolated to infinite dilution.

The plot of [A;] / A against 1/[D,] gave a
linear curve from which K™* and &P were
computed from ‘the slope and intercept
respectively. Graphical illustrations of this
interaction at different temperatures -employing
equation (2) are represented in figure 3. Linearity
test on the data generated satisfied the following
modlel equation:

Aspo = 0.000216 + 0.000788x
with a correlation coefficient of 0.97. The
precision associated with the intercept and slope
were 1.06 x 10° % and 552 x 10* %
respectively. The intercept of the various plots at

against 1 / T K™\, The line curve represents the

different temperatures displayed slight differances
that might have arisen from the limitations
inherent in the Benesi-Hildebrand model
equation. We observed that the plots are closély
packed because of the slight differences in
equilibrium constant values, as a result of which
the experimental points were omitted in the
graph.

The thermodynamic energy changes such
as the apparent Gibb's freé energy (AG), enthalpy
(AH) and entropy (AS) were calculated from the
following familiar equations:

(AG) = -2.303RTlogK, (3)
-AG = AH - TAS (4)
substitution of equation (3) into equation (4), we
have
log Ke = AH/2.303 RT-AS/ 2.303R (5)
From equation (5) the plot of logK.™* against the
reciprocal of temperature yielded AH  from the
slope (Fig.4), the entropy was calculated from the
intercept. In a similar way, this plot was satisfied
by the following regression equation

Asxo = 152r 0.635x%
with a regression coefficient of 0.98. Tablel
illustrate these computations which are averages
from replicate observations.

The thermodynamic data calculated tor
the interaction between AMT and CA are
relatively very low (by a factor of 10°) when
compared with the general observations reported
in the literature (Foster, 1969; Adikwu et al. 1998,
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Onah and Odeiani, 2002). A great majority of the
earlier reports involve relatively small primary
aromatic amines acting as electron donors so it is
conceivable that the degree of interaction and
consequently the stability between these small
molecules depend principally upon their co-
planarity. The greater the overlap between the
orbital of the donor and acceptor molecules the
greater would be the thermodynamic values of
AG, AH and the lower the value of AS. From
general principles, it is reasonable to assume that»
there is a direct relationship between stability and
large and negative values of AG and AH. AMT is
a large molecule and has & tertiary substitution at
the possible donor site gamino group), suggesting
a more complicated conformation and
stereochemistry of the complex around the donor
site. It is our suggestion that the low AG and AH
values when compared directly with earlier
reports (Adikwu et al. 1998; Onah and Odeiani,
2002) relate to the difficulty in establishing and

maintaining strong orbital over-lap between the »

-donor (AMT) and acceptor (CA) molecules. Of the
many unpublished studies that we have carried
out in our laboratory involving w-donors and m-
<acceptors, this is the first time that we experience
- the influence of stereochemistry at the donor site
(propyldimethylamino group) and the associated
values of AG and AH.
The influence of solvation phenomenon on
the component molecules (Foster, 1969),
possible -interference due to donor and acceptor
molecules on the absorption maximum of the
complex (Foster, 1969), the formation of
termolecular and isomeric complexes and the
effect -of temperature (Foster, 1969) are factors
that determine the accuracy and reliability of
experimental data (Onah and Odeiani, 2002).
Since the stoichiometry in this study was 1: 1 and
Beer:Lambert law was obeyed throughout these

determinations, we assume that these -limitations
have been reduced to the barest minimum.

The traditional approach to determining
thermodynamic parameters cannot be applied to
n-donor / m-acceptor interactions because the
associated energy changes which are usually
very small cannot be measured with the desired
level of accuracy and reproducibility.

CONCLUSION

This  study reveals that electronic
_»j’nteraction, (il,e. n electron of donor transfers to
antibonding n*- orbital of the acceptor) is affected
by conformation and stereochemistry. The low
thermodynamic values obtained in this report are
indicative of this relatively weak interaction. The
result also shows that termolecular, isotaeric,

solvation and temperature variables did not.
influence the absorption behaviour of the complex
as Beer-Lambert law was obeyed. The traditional
techniques of determining thermodynamic
parameters could not be applied in this instance
because of very low heat changes evolved. The
quantitative application of this charge-transfer
complexation to drug analysis will be the subject
of the next communication.
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