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ABSTRACT 
The present study describes the investigation of eutectic and non-eutectic alloys of imidazole (IM) with o - Phenylenediamine (OPD). the solid-liquid 
equilibrium (SLE) data determined by thaw melt method in the form of melting temperature with their corresponding composition construct the solid-liquid 
equilibrium phase diagram which suggests simple eutectic behaviour is followed by the binary system. The activity co-efficient model based on enthalpy of 
fusion was employed to calculate the excess partial and integral thermodynamic functions such as gE, hE and sE. These values help to predict the nature of 
molecular interaction, ordering and stability between the components. The  spontaneity of mixing of eutectic and non eutectic alloys was discussed by the 
partial and integral mixing quantities ∆GM, ∆HM and ∆SM. Using Gibbs-Duhem equation the solution of partial molar heat of mixing, activity and activity 
coefficient of the component in the binary mix have been resolved. 
Keywords: Phase diagram, Partial and integral thermodynamic functions, activity, activity co-efficient. 
 
INTRODUCTION 
Imidazole and its derivatives offer better pharmacodynamic 
characteristics1-3. It has been found that various recent new 
drugs developments in imidazole derivatives show better 
effect and less toxicity. The imidazole nucleus is an 
important synthetic strategy in drug discovery. Many 
imidazoles have been prepared as pharmacological agents, 
azomycine, clotrimazole, miconazole, ergothionine, clonidine 
and moxonidine. One of the most important applications of 
imidazole derivatives is to use as material for treatment of 
denture stomatities. A number of compounds have been 
imdazole ring and exhibit different types of pharmacologsical 
and biological activities, like metronidazole and 
nitrosoimidazole as bactricidal, 1-vinyl imidazole as 
fungicidal, megazol as trypanocidal, imidazole 2-one as 
antihelmanial and other antimicrobial activities. It is 
incorporated into many important biological molecules. The 
most pervasive is the amino acid histidine, which has an 
imidazole side chain. Histidine is present in many proteins 
andenzymes and plays a vital part in the structure and binding 
functions of haemoglobein. The decarboxylated form of 
histidine is the histamine, which is also a common biological 
compound. It is a component of the toxin that causes urticaria 
which is another name for allergic hives. Theophylline 
molecule having imidazole nucleus is found in tea leaves and 
coffee beans that stimulates the central nervous system. It is 
also present in the anticancer medication mercaptopurine, 
which combats leukemia by interfering with DNA activities. 
The high therapeutic properties of the imidazole drugs have 
encouraged the medicinal chemists to synthesise a large 
number of novel chemotherapeutic agents. Medicinal 
properties of imidazole aslo includes -lactamase inhibitors, 
20-HETE (20 - Hydroxy - 5, 8, 11, 14 - eicosatetraenoic acid) 
synthase inhibitors, carboxypeptidase inhibitors, 
hemeoxygenase inhibitors antiaging agents, anticoagulants, 
anti-inflammatory, antiviral, antitubercular, antidiabetic and 
antimalarial. The possible improvement in the biological 
activity of the compound can be further achieved by slide 
modification in the substituents of the basic imidazole 

nucleus. Keeping this view in mind, the imidazole(IM) based 
binary system with o – phenylenediamine(OPD) has been 
taken for detailed physico-chemical properties such as phase 
diagram, heat of fusion, activity, activity coefficient, excess 
and mixing thermodynamic functions. 
EXPERIMENTAL PROCEDURE 
Imidazole (Merck, Mumbai) and o - Phenylenediamine 
(Qualigen) were taken as experimental materials and their 
purity were checked by compairing their melting points with 
the values reported in literature. Phase diagram of IM-OPD 
system was determined by the thaw melt method4,5. Mixtures 
of various composition of IM and OPD were prepared in long 
necked test tubes with closing the open ends and the mixture 
were homogenized by melting in silicon oil followed by 
chilling in ice. The test tubes were broken and the thaw and 
melting temperature of all mixtures were determined by using 
a Toshniwal melting point apparatus and alloys were denoted 
by  (A1, A2 ....... E.... A9, A10 ). The heat of fusion of parent 
materials were determined by their DTA patterns6,7 obtained 
from Stanton Red Croft STA 780 series unit. 
RESULTS AND DISCUSSION 
Phase Diagram 
The solid-liquid equilibrium data for IM-OPD system are 
plotted in the form of temperature-composition curve as 
shown in Fig.1. The phase diagram exhibits the formation of 
simple eutectic. On addition of OPD into IM, the melting 
point of IM (88°C) decreases and attains a minimum (66°C) 
which is the eutectic temperature of the system. The eutectic 
compsotion is 0.34 mole fraction with respect to OPD.  At 
the eutectic temperature both components separate out from 
the liquid phase (L) and a constant composition until the 
entire liquid phase disappear.  Solution L is either saturated 
or is in equilibrium with both the solid phases (S1 and S2) 
and the system is invariant i.e. L S1+ S2.  At the 
eutectic temperature, the temperature of the solid is the same 
as that of liquid from which it separates out. 
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Thermochemistry 
The behaviour of binary system and nature of interaction 
between the components forming alloy are very significant to 
solve the scientific and industrial problems involve the 
mixture behavior. It can be understood through data of heat 
of fusion, entropy of fusion, roughness parameter, mixing 
and excess thermodynamic values. 
Enthalpy of Fusion & Entropy of Fusion 
The enthalpy of fusion for each binary alloy is calculated by 
applying mixture law8,9 as given below: 

OPDOPDIMIMalloy HXHXH D+D=D ...... (1) 
where XOPD , XIM and  OPD and  IM are mole 
fractions and heat of fusion of o - Phenylenediamine and 
Imidazole respectively.  
The value of entropy of fusion (∆S) of each alloy has been 
calculated by the following relation : 

.................................(2)HS
T

D
D =  

where 
temperature of the alloys. These values are reported in Table 
1. The S values are positive in the cases under investigation 
indicate an increase of randomness10 during melting.   
Activity & Activity Coefficient  
The activity coefficient of components OPD and IM for the 
alloys under investigation has been calculated from the 
equation given below11:  
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where Xi
l  and i

l are the mole fraction and activity 
coefficient of the component i in the liquid phase 
respectively, i is the heat of fusion and  Ti is melting 
temperature of component i, where as Te is the melting 
temperature of the alloy. The value of activity and activity 
coefficient of the components in the alloys are reported in 
Table 2. 
Mixing function 
Thermodynamic mixing functions of the binary alloys of the 
system were determined by using the following equation: 
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where ∆GM, ∆SM  and ∆HM are integral molar free energy of 
mixing, molar entropy of mixing and  molar enthalpy of 
mixing. Gi

M is the partial molar free energy of mixing of 
component in binary mix. These values are reported in Table 
3.  
The negative values of molar free energy of mixing of all 
eutectic and non-eutectic alloys suggests that mixing in all 
cases is spontaneous12,13. The integral molar enthalpy of 
mixing value corresponds to the values of excess integral 
molar free energy of the system favours the regularity in the 
binary solution.  
Excess thermodynamic functions 
The nonideal character of the binary mixture was detected by 
deviation of their activity coefficient from unity. The 
deviations from ideal behaviour can best be expressed in 

terms of excess thermodynamic functions, which give more 
quantitative idea about the nature of molecular interactions. 
This quantity represents the difference between the 
thermodynamic function of mixing for a real system and the 
corresponding values for an ideal system at the same 
temperature and pressure. It is denoted by subscript E and 
represents the excess of a given thermodynamic property of 
the solution over that in the ideal solution. 

)()( idealyrealyy mixmix
E D-D=  

where y can be taken as any of the thermodynamic functions. 
In order to know the nature of interaction between the 
components forming binary alloy, some  thermodynamic 
functions such as integral excess free energy (gE), excess 
enthalpy of mixing (hE) and excess entropy of mixing (sE) 
were calculated using the following equations: 
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where R is the gas constant and Te is the melting temperature 

of the alloy. g1
–E is partial excess free energy (excess 

chemical potential). The value of ln l
OPD

T
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calculated by the differentiation of equation (3).  
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The value of (dx/dT) can be determined by the slope of the 
liquidus curve in the phase diagram of IM-OPD. The values 
of excess functions calculated by the above procedure are 
reported in Table 4. It is evident from this table that the 
positive value14,15 of gE  for all non-eutectic alloys predicts 
that there is stronger interaction between like molecules  than 
those of unlike molecules while the negative value of gE 
indicates stronger association between unlike molecules. The 
positive value of sE measures change in configurational 
energy due to change in potential energy and increase in 
randomness.  
Gibbs Duhem Equation 
Gibbs Duhem Equation may be utilized to determine the 
activity, activity coefficient and partial molar enthalpy of 
mixing. 
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The values of activity and activity coefficient of specific 
components in binary alloys can be determined by plotting 
graph between  XOPD/XIM vs lnaOPD and XOPD/XIM vs ln OPD 
(Fig. 2, 3) where as a graph between XOPD/XIM  and ∆H‾MOPD  



Shekhar H.et al. IRJP 2012, 3 (4) 

Page 339 

(Fig. 4) gives graphical solution of mixing of OPD phase in 
the binary alloys solution of partial molar heat of mixing of a 
certain constituents in the binary alloys by utilizing equation. 
CONCLUSION 
The phase diagram of IM-OPD system exhibits the formation 
of simple eutectic alloy. The molecular interaction between 
components in eutectic and non-eutectic alloys has been 
described in the light of gE value which suggests there are 
stronger association between like molecules in the binary 
mix. The negative value of DGM favours the spontaneous 
mixing in all the eutectic and non-eutectic alloys. 
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Table - 1 : Temperature-composition data, heat of fusion (∆H), entropy of fusion (∆S) of alloys of OPD-IM system. 

Alloy Mole fraction of 
OPD 

MP 
(K) 

 
KJ/mole 

 
J/mole/K 

A1 0.06 356 13.437 37.744 
A2 0.14 353 14.259 40.394 
A3 0.21 347 14.979 43.166 
A4 0.30 343 15.904 46.367 

E 0.34 339 16.315 48.127 
A5 0.39 341 16.829 49.359 
A6 0.43 344 17.240 50.117 
A7 0.48 348 17.754 51.018 
A8 0.59 353 18.885 53.499 
A9 0.72 365 20.222 55.402 
A10 0.85 370 21.558 58.265 

 
Table - 2 : Values of Activity and Activity-coefficient of components in binary alloy of OPD-IM system 

Alloy Inᵧ
OPD

 Inᵧ
IM

 ᵧ
OPD

 ᵧ
IM

 Ina
OPD

 Ina
IM

 a
OPD

 a
IM

 X
OPD

/X
IM

 

A1 2.418 -0.020 11.223 0.980 -0.395 -0.060 0.674 0.942 0.06 
A2 1.504 0.053 4.500 1.054 -0.462 -0.097 0.630 0.908 0.16 
A3 0.962 0.064 2.617 1.066 -0.598 -0.172 0.550 0.842 0.26 
A4 0.513 0.133 1.670 1.142 -0.691 -0.224 0.501 0.799 0.43 

E 0.292 0.139 1.339 1.149 -0.787 -0.277 0.455 0.758 0.52 
A5 0.203 0.244 1.225 1.276 -0.739 -0.250 0.478 0.779 0.64 
A6 0.176 0.351 1.192 1.420 -0.668 -0.211 0.513 0.810 0.75 
A7 0.159 0.488 1.172 1.629 -0.575 -0.166 0.563 0.847 0.92 
A8 0.066 0.795 1.068 2.214 -0.462 -0.097 0.630 0.908 1.44 
A9 0.125 1.741 1.133 5.703 -0.203 0.468 0.816 1.597 2.57 
A10 0.062 2.001 1.064 7.396 -0.100 0.104 0.905 1.110 5.67 
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Table - 3 : Values of partial and integral thermodynamic mixing functions of alloys of OPD-IM system 
Alloy 

OPD
-M 

J/Mole 
IM

-M 

J/Mole 

M
Alloy 

J/Mole 
OPD

-M 

J/Mole/K 
IM

-M 

J/Mole/K 

M
Alloy 

J/Mole/K 
OPD

-M 

J/Mole 
IM

-M 
J/Mole 

M
Alloy 

J/Mole 
A1 -1169.115 -177.587 -237.079 23.390 0.514 1.886 7156.758 -59.196 373.761 
A2 -1355.897 -284.680 -434.648 16.346 1.254 3.367 4414.002 155.547 751.730 
A3 -1725.205 -496.213 -754.301 12.975 1.960 4.273 2775.330 184.637 728.682 
A4 -1970.526 -638.781 -1038.304 10.009 2.965 5.078 1462.923 379.276 704.370 

E -2218.116 -780.710 -1269.428 8.969 3.454 5.329 822.986 391.764 538.379 
A5 -2095.120 -708.768 -1249.445 7.828 4.110 5.560 575.520 691.758 646.425 
A6 -1910.490 -603.463 -1165.485 7.017 4.673 5.680 503.363 1003.866 788.650 
A7 -1663.631 -480.283 -1048.290 6.102 5.437 5.756 460.030 1411.917 955.011 
A8 -1355.897 -284.680 -916.698 4.387 7.413 5.628 193.700 2333.199 1070.895 
A9 -616.026 1420.197 -45.884 2.731 10.583 4.930 379.326 5283.256 1752.426 
A10 -307.618 319.923 -213.487 1.351 15.773 3.514 190.723 6155.436 1085.430 

 
Table - 4 : Values of partial and integral thermodynamic excess functions of alloys of OPD-IM system 

Alloy g
OPD

-E
 

J/Mole 
g

IM

-E
 

J/Mole 
g

Alloy

E
 

J/Mole 
h

OPD

-E
 

J/Mole 
h

IM

-E
 

J/Mole 
h

Alloy

E
 

J/Mole 
s

OPD

-E 

J/Mole/K 
s

IM

-E
 

J/Mole/K 
s

Alloy

E
 

J/Mole/K 
A1 7156.758 -59.196 373.761 258152.360 4214.732 19450.990 705.004 12.005 53.587 
A2 4414.002 155.547 751.730 102563.923 7251.994 20595.664 278.045 20.103 56.215 
A3 2775.330 184.637 728.682 57061.584 9009.724 19100.615 156.444 25.432 52.944 
A4 1462.923 379.276 704.370 33256.549 10759.472 17508.595 92.693 30.263 48.992 

E 822.986 391.764 538.379 108921.664 55416.285 73668.114 318.875 162.314 215.545 
A5 575.520 691.758 646.425 21268.725 16434.924 18320.106 60.684 46.168 51.829 
A6 503.363 1003.866 788.650 11806.146 12789.992 12366.938 32.857 34.262 33.658 
A7 460.030 1411.917 955.011 12082.304 20137.173 16270.836 33.397 53.808 44.010 
A8 193.700 2333.199 1070.895 1035.999 22791.983 9955.952 2.386 57.957 25.170 
A9 379.326 5283.256 1752.426 -6645.796 26583.184 2658.318 -19.247 58.356 2.482 
A10 190.723 6155.436 1085.430 7967.306 177557.11 33405.777 21.018 463.248 87.352 

 

 
Fig. 1 Phase diagram of IM – OPD system 

 
Thaw temperature 

 
Melting temperature 
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Fig. 2 Graphical solution of activity of IM in binary mix 
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Fig. 3 Graphical solution of activity coefficient of IM in binary mix 
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Fig. 4 Graphical solution of partial molar heat of mixing of IM in binary mix 
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