
INTRODUCTION

Derivatives of 1, 4- benzodiazepine are
used in medicine as tranquilizer & sedative hypnotic
agents1-3. The survey of the literature 4-6 reveals that
a little work has been done on the synthesis
& physicochemical studies of transition metal
complexes of drug diazepam. But, no attempts
have been made, to determine the formation
constants of metal complexes derived from 1,4 –
benzodiazepines. Few reference 7 have suggested
by the help of  X – ray study of 1,4 – benzodiazepine
( Parazepam) act as an anionic bidentate ligand ,
being  Coordinated to the metal centre through the
N (4) atom & the ortho carbon atom phenyl ring.
The present study describes the result of formation
constants of transition metal ion with drug diazepam
by potentiometer method at a fixed ionic strength µ
= 0.1 M KNO3 & temperature 25 ± 1 0C, in aqueous
medium.
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ABSTRACT

The potentiometer studies have been carried out on metal complexes of Co (II) ; Mn (II) ; Cu
(II); & Zn (II)  with drug diazepam [ 7- chloro -1- methyl -5- phenyl -3H-1,4- benzodiazepine -2- one ].
The proton ligand dissociation constant of the ligand & the formation constants of their metal complexes
have been determined by Albert Serjent method at 25 ± 10C &  an ionic strength 0.1 M KNO 3   in 50 : 50
% (v / v) ethanol – water medium. From the variation of pK values with temperature the values of ΔG,
ΔH & ΔS were also evaluated in aqueous medium at 25 0C .
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EXPERIMENTAL

All the chemicals used were of A R grade.
The complexes were prepared by mixing the molar
solutions of respective metal nitrates & ligand with
molar ratio 1 : 1 at pH 6 to 7. The product were
crystallized from ethanol & their purity checked by
TLC. The metal nitrates were dissolved in double
distilled water & standardized 8. The stiochiometric
ratio was confirmed by Fengers method 9.

An Elico LI -120 pH meter in conjunction
with a combined electrode was used. The Albert –
Serjent method 10 was used to obtain pK & log K
values. The measurements were made at 25 ± 10C
& µ= 0.1 M KNO3  in 50 / 50 % (v/v) ethanol – water
medium.

The following sets of the systems were
titrated at 25 ± 1 0C & ionic strength µ= 0.1 M KNO3,
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the total volume (50 ml) being kept constant at the
beginning of the titrations. The pH observed during
the titrations were plotted against moles of alkali
(m) added per mole of metal ion or ligand in figs.

Systems – M+2 – DZ  -
´ 10 ml, 0.025 M Metal solution + 5 ml 0.1 M [Curve

a figs respectively metal] KNO3   +   35    ml distilled
water]

´ 10 ml, 0.025 ml ligand + 5 [curve b figs]
ml 0.1 M KNO3

´ 10 ml, 0.05 M metal solution [Curve c figs]
+ 10ml, 0.05 M ligand (DZ)
solution+ 5 ml 0.1M KNO3 +
25 ml distilled water

RESULTS AND DISCUSSION

The formation constants of the complexes
formed due to interaction of divalent transition (II)
metal & ions with drug diazepam were calculated
by measuring the magnitude of the lone pair of
electron liberated during the titration of the ligand
in absence & in presence of metal against standard
(0.1M) solution. The ligand & metal ligand stability

constants values & thermodynamics parameters of
complexes have been presented in the
accompanying table.

The pK1 & pK2 values (4.31 & 9.40) of
ligand which represent the donation of lone pair of
electron of N (1) & N (4) atom were determined.
The ligand has Cl atom at 3-position to azomethine
nitrogen & it does not display pK value. The absence
of pK value may be due to strong electron
withdrawing effect of Cl atom present in the ligand.
The electron density on the azomethine nitrogen is
 almost totally withdrawn by the chlorine resulting
in the generation of positive charge on the
azomethine nitrogen. Hence donation of lone pair
of electron of azomethine nitrogen does not take
place resulting in the absence of pK1 value. In ligand
having methyl group at N(1) position to N-CH

3 group,
there is +I effect hence azomethine nitrogen is more
basic 11.

The calculations show that the complexes
are formed at a lower pH & are stable even at a
higher pH value. The values of the change in free
energy (ΔG), enthalpy (ΔH) & entropy (ΔS) have

Table 1: Stability constant & thermodynamic parameters of metal
ligand complexes at different temperatures (µ= 0.1 M KNO3 )

System Temp. 0C Stability ΔΔΔΔΔG ΔΔΔΔΔH ΔΔΔΔΔS
Constant (K.cal mol-1) (K.cal mol-1) Cal mol-1

(25/35)  at 25ºC

LigandDiazepam (DZ) 2535 3.37 3.78 4.5965.426 17.2200 73.208
Co -DZ 25 5.56 7.582 13.440 70.544

35 5.88 8.019
Mn- DZ 25 5.87 8.005 15.960 80.419

35 6.25 8.428
Cu -DZ 25 5.09 6.941 13.860 69.802

35 5.42 7.526
Zn- DZ 25 5.82 7.937 15.540 78.782

35 6.16 8.814
Fe - DZ 25 4.45 6.068 12.600 62.644

35 4.75 6.526
Cr- DZ 25 5.58 7.609 10.920 62.177

35 5.84 8.175
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been calculated at 25 oC temperature by using the
following equations.

ΔG = -2.303 RT log K

Where,
K = formation constant of the complex
T  = absolute temperature
R  = gas constant

or

The stability constants of the metal ions
follow the order Co < Zn < Mn < Cu. It is clear from
the log K values that there is decrease in these
values for the metal complexes compared to the
ligand. The negative values of ΔG indicate that the
reaction tends to proceed spontaneously. The values
of ΔG is less negative at higher temperature confirm
ΔS is more negative at higher temperature confirm
that the complexes are not stable at higher
temperature12 .The negative values of ΔH show that
the reaction are exothermic in nature.
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