\ Research Journal of Chemical Sciences

E-ISSN 2231-606X

/ Vol. 6(10), 51-53, October (2016)

Shorrt\Z';mmunication
Thermodynamics of Complexation of Mn (II) Metal Ion with Amoxicillin

Archana Shukla' and M.K. Singh®
'LCIT College of C and S, Bodri, Bilaspur, CG, India
2Govt Agrasen College, Bilha, Bilaspur, CG, India
archanasunchu @gmail.com

Res. J. Chem. Sci.

Available online at: www.isca.in, www.isca.me
Received 11" August 2016, revised 29" September 2016, accepted 8™ October 2016

Abstract

In recent time study of metal complexes are used immensely in medicine in the design of slow release and long acting drugs.
Now a day the study of chemistry of metal-drug interaction has become more popular in the design of more biologically
active drugs. The present work comprises Potentiometric studies of complexation of amoxicillin with Mn (II) ions in 50%
aqueous ethanol medium at three different temperatures (30, 35 and 40°C) and at 0.1 M (NaNOj3) ionic strength. Calvin-
Bjerrum pH titration process as used by Irving and Rossotti is used for the calculation of stability constants of the metal
complexes. It is observed that Mn (II) ions form 1:1 and 1:2 complexes. Various thermodynamic parameters eg. Gibbs free
energy change (4G), enthalpy changes (AH) and entropy changes (4S) have also been calculated, which shows formation of
metal complexes to be spontaneous, exothermic and stability of complexes at lower temperature.
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Introduction

Among the outstanding achievement of human being is the
discovery of antibiotics. It is called miracle drugs for its
effectiveness and efficiency is controlling several diseases'.
Though considerable amount of work has been done earlier in
metal complexes of antibiotics by various experimental
methods. The interaction of antibiotics with metal can provide
an important information regarding action of antibiotics within
the body. Amoxicillin is an important antibiotic. It is a member
of the Penicillin family of antibiotics. It is a semi synthetic
antibiotic and used for the treatment of infections caused by
gram positive and gram negative microorganism™’. It is widely
used in the treatment of infections in urinary tract being caused
by gram negative rods and also used in treatment of typhoid and
enteric fevers.
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Figure-1
Chemical structure of Amoxicillin

There are number of various methods available for the
calculation of values of stability constants of metal-ligand
complexes. Potentiometry pH-metric titration method is widely
used for the study of complexation of metal with different
ligand. In transition metal complexes, metal is co-ordinated by
ligands.
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The complex formation has wide applicability in different field
of drugs containing metal complex in the form of chelate. The
study presents the calculation of protonation constants of the
ligand and the values of stability constants of the metal -ligand
complexes and various thermodynamic quantities of
complexation of Mn (II) ions with amoxicillin antibiotic using
Potentiometric method*” in 50% aqueous ethanol medium at
three different temperatures (30, 35and 40°C) and at 0.1 M
NaNOj; ionic strength.

Materials and Methods

All the chemicals used in present study were of high rank of
purity (AR grade). All the solutions were prepared in double
distilled deionised water. The solution of antibiotic (ligand) was
prepared by dissolving in double distilled ion free water. The
solutions of metal salt were also prepared by dissolving the
metal salts in double distilled ion free water and standardized by
using standard volumetric procedures as explained by
Schwarzenbach®. The solution of carbonate free sodium
hydroxide was prepared by the method of Schwarzenbach and
Biedermann and standardized by using standard Oxalic Acid
solution before starting an experiment. The titration technique
employed here is the modified form of Irving-Rossotti titration
technique.

Systronic pH meter (model 132E) has been used for
measurement of pH by using a combination electrode in 50%
aqueous ethanol medium at three temperatures (30, 35, and
40°C) and at 0.1 M (NaNQ3) ionic strength. Suitable buffer
solution was used for the calibration of pH meter at regular
intervals during the course of study.
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For each set of metal —antibiotic interaction three different
solutions (Keeping total volume 20 mL) were prepared as
mentioned below: i. 1.5 ml HNO; (0.01 M) +2.0 ml NaNO; (1.0
M) +3 ml KNO; (0.01 M) +3.5 ml H,O +10.0 ml ethanol. ii. 1.5
ml HNO; (0.01 M) +2.0 ml NaNO; (1.0 M) +3 ml KNO; (0.01
M) +5 ml amoxicillin (0.01 M) +1.0 ml H,O +7.5 ml ethanol.
iii. 1.5 ml HNO3 (0.01 M) +2.0 ml NaNO; (1.0 M) +0.5 ml
metal nitrate (0.01 M) +5 ml amoxicillin (0.01 M) +3.5 ml H,O
+7.5 ml ethanol.

Solutions (i), (ii) and (iii) were titrated against standard sodium
hydroxide solution (0.01 M) prepared in 50% aqueous ethanol.
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Calculation of the Thermodynamic Parameters: The various
thermodynamic quantities eg. Gibbs free energy change (AG),
enthalpy change (AH) and entropy change (AS) for formation of
metal-antibiotic complexes were determined. The Gibbs free
energy change (AG) is calculated by using

AG =-2.303 RT log K

R= Universal gas constant, log K = Stability constant, T=
temperature in K

The enthalpy change is evaluated by finding the slope of logK vs

The plots of pH versus volume of alkali required for the titration 1/T plot

give three curves referred as (i) acid (ii) ligand and (iii) metal
complex and are shown in Figure-2.

The procedure adopted by Bjerrums’, Calvin and Wilson'’,
Fronaeous, Schwarzenbach and Irving11 and Rossoti'? were used
for the measurement of pKa values of antibiotic used as ligand
and stability constants values of metal-ligand complexes.
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Figure-2
Titration curves of (i) HNO; (ii) Amoxicillin and (iii)
Complex at temperature 303K in 50% aqueous ethanol

Slope =- AH/2.303 R

The entropy change for complex formation were calculated by
AS=(AH-AG)/T

Results and Discussion

The values of stability constants of complexation of Mn (II) ion
with Amoxicillin and various thermodynamic quantities AG,
AH and AS have been calculated and present below in the table
(01) and table (02) respectively.

Conclusion

Stability constant values are very important for biological
system. This value decreases with an increase in temperature.
This confirms the conclusion of Pitzer that high temperature is
not favorable for metal complexation process’. The metal ion
Mn (II) forms 1:1 and 1:2 complexes with amoxicillin
antibiotic. The negative values of free energy change (AG)
indicate that the complex formation process is spontaneous'’.
The negative value of entropy change (AS) indicates higher
order in the complex formation process. The negative values of
enthalpy change (AH) indicate the complex formation reaction
is an exothermic.

medium
Table-1
Stability Constant of Amoxicillin Mn (IT) Complex at temperature 303,308 and 313K
Bjerrum half integral method Weighted least square method
Temperature
logk, logk, logP, logk, logk, logP,
303K 6.270 4.179 10.449 5.942 4.284 10.226
308K 6.010 4.128 10.138 5.846 4.244 10.09
313K 5.730 4.110 9.840 5.621 4.218 9.839
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Table-2
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Thermodynamic parameters for Amoxicillin Mn (I) complex in 50% aqueous ethanol medium at 0.1 mol dm™~ NaNO;

Gibbs Energy Change Enthalpy Change Entropy Change at 308
Temperature (KJmol ) (303-313K KJ mol ™) KJmol 'k!
K -AG, -AG, -AGp, -AH, -AH, -A Hg, -AS; -AS, ASg,
303 34.5730 25.8539 60.3269
308 34.4757 25.0282 59.5039 55.0418 11.5303 66.5721 66.7732 | -43.8243 | 22.9488
313 33.6869 24.2787 57.9656
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