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ABSTRACT 
The solid-liquid equilibrium data of Nicotinamide (NA)- β-Naphthol (βN) and Nicotinamide(NA)- Acetanilide (ACT) systems have been determined by 
Thaw- melt method which suggest the formation of simple eutectics in both cases. Eutectic alloy E of NA-βN system achieved at 65°C and 0.611 mole 
fraction of βN, whereas the eutectic alloy E of NA-ACT system form at 93°C and 0.596 mole fraction of ACT. The excess thermodynamic quantities have 
been determined by computing heat of fusion data and activity coefficient of the component in binary mix. These values highlight the ordering, stability and 
structure of eutectic and non-eutectic alloys. The thermodynamic mixing functions describe about the nature of mixing of the components during alloying. The 
Gibb’s-Duhem equations give the graphical solution of activity, activity coefficient and partial mixing thermodynamic quantities. The thermodynamic stability 
factors evaluated by graphical method favour the stability of eutectic and non-eutectic alloys. 
Keywords: Nicotinamide, Phase diagram, Thermodynamic excess and mixing functions, stability factors 
 
INTRODUCTION 
Nicotinamide (niacinamide)/nicotinic acid (niacine) is well 
known for measuring pellagra preventive factors (PPF). It is a 
water soluble component of the vitamin B complex group. In 
vivo, nicotinamide is incorporated into nicotinamide adenine 
dinucleotide (NAD) and nicotinamide adenine dinucleotide 
phosphate (NADP). The physiological function and 
pharmaceutical action of NAD and NADP is to function as 
enzymes in a wide variety of enzymatic oxidation-reduction 
reactions essential for tissue respiration, lipid metabolism and 
glycogenolysis. It is mainly used in two principle forms 
together with niacin both as food nutrient and a drug1-4. It 
may be of benefit in pteints with inflammatory acne vulgaris, 
including but not limited to, supperession of antigen induced-
lymphocytic transformation and inhibition of 3’–5’ cycle 
AMP phosphodiestarase. It has demonstrated the ability to 
block the inflammatory actions of iodides known to 
precipitate or exacerbate inflammatory acne. It lacks the 
vasodilator, gastrointestinal, hepatic and hypolipemic action 
of niacin. As such nicotinamide has not been shown to 
produce the flushing, itching and burning sensations of the 
skin as is commonly seen when large doses of niacin are 
administrated orally. Nicam gel is most effective when 
applied to the skin, which helps to reduce the inflammation 
and redness of inflammatory acne. b-Naphthol (βN) is also 
employed in pharmaceutical, agricultural and rubber 
industries. Acetanilide(ACT) has been extensively used as 
antipyretic and analgesic agents. Keeping this view in mind 
nicotinamide(NA) is used as basic material for synthesis of 
its binary mix. In the present piece of our investigation 
Nicotinamide(NA) with β-Naphthol(βN) and Acetanilide 
(ACT) systems have been taken for detailed studies such as, 
Phase diagram, Thermodynamic excess and mixing functions 
and stability factors. 
Experimental Procedure 
Nicotinamide (Thomas Baker, Bombey), b-Naphthol (Loba, 
India) were directly taken for investigation and Acetanilide 
(Qualigen, India) was purified by slow sublimation method 
and repeated distillation under vacuum method. The melting 

point (experimental value) of nicotinamide,  b-naphthol and 
acetanilide was found to be 128°C, 119°C and 116°C 
respectively. The solid-liquid equilibrium data of NA-bN and 
NA-ACT systems were determined by the Thaw-melt 
method5-7. Mixtures of different composition were made in 
glass test tubes by repeated heating and followed by chilling 
in ice. The melting and thaw temperatures were determined 
in a Toshniwal melting point apparatus using a precision 
thermometer which could read correctly up to ± 0.1°C. The 
heater was regulated to give above 1°C increase in 
temperature in every five minutes. 
Heat of fusion of materials was measured by the DTA 
method8-10 using NETZSCH Simultaneous Thermal 
Analyzer, STA 409 series unit. All the runs were carried out 
with heating rate 2°C/min, chart speed 10mm/min and chart 
sensitivity 100µv/10mv.The sample weight was 5 mg for all 
estimation. Using benzoic acid was a standard substance, the 
heat of fusion of unknown compound was determined using 
the following equation: 
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 where DHx is the heat of fusion of unknown  sample and 
DHs is the heat of fusion of standard substance. W and A are 
weight and peak area, respectively and suffices x and s 
indicate the corresponding quantities for the unknown and 
standard substances, respectively.  
RESULTS AND DISCUSSION 
Phase Diagram  
The phase diagram of NA-bN and NA-ACT systems 
determined by the thaw melt method, is reported in the form 
of temperature-composition curve (Fig.1&2). Both systems 
show the formation of  simple eutectic. Eutectic of NA-bN is 
formed at 65°C and 0.611 mole fraction of βN, whereas 
eutectic of NA-ACT is formed at 93°C and 0.596 mole 
fraction of ACT. The melting point of NA (128°C) decreases 
on the addition of second component bN (M.P., 119°C) and 
ACT (MP, 116°C) and further attains minimum and then 
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increases. At the eutectic temperature two phases namely a 
liquid phase L and two solid phases (S1 and S2) are in 
equilibrium and the system is invariant. In the region 
indicated by L a homogenous binary liquid solution exists 
while the two solid phases exists below the horizontal line. In 
the case, in region located  on the left side of the diagram a 
binary liquid and solid NA exist while in a similar region 
located  on the right side of  the diagram a binary liquid and 
the second  component of the system co-exist.  

L
Cooling

S1 + S2 
The chemical interaction between two components in a 
binary system leads to an association of molecules in definite 
quantities. Physical as well as chemical forces are involved in 
the formation of eutectic and non-eutectic alloys. 
Thermodynamical studies unfold the nature of mixing as well 
as nature of interaction between components during binary 
mix. 
Heat of Fusion  
The values of heats of fusion of eutectic, noneutectic alloys 
and addition compound are calculated by the mixture law 
using equation 

NNNANA e H   x+ H  x= H) ( bbDD   (1) 

where x and DH are the  mole fraction and the heat  of  
fusion of the  component indicated by the  subscript, 
respectively. The value of heat of fusion of binary alloys A1-
A12, E is reported in Table 1. 
Activity and Activity Coefficient  
The activity coefficient of components for the systems under 
investigation has been calculated from the equation10-11 given 
below  
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Where 1
ig  is activity coefficient of the component i in the 

liquid phase respectively, i is the heat of fusion of 
component i at melting point Ti and R is the gas constant. Te  
is the melting temperature of alloy. Using the values of 
activity and activity coefficient (Table 1) of the components 
in alloys mixing and excess thermodynamics functions have 
been computed. 
Mixing Functions 
Integral molar free energy of mixing (DGM), molar entropy 
of mixing (DSM) and molar enthalpy of mixing (DHM) and 
partial thermodynamic mixing functions of the binary alloys 
when two components are mixed together were determined 
by using the following equations 
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where G-
i
M (μ-

i
M) is the partial molar free energy of mixing 

of component gi (mixing chemical potential) in binary mix. 
and i and ai is the activity coefficient and activity of 
component respectively. The negative value12-13 of molar free 

energy of mixing of alloys (Table 2) suggests that the mixing 
in all cases is spontaneous. The integral molar enthalpy of 
mixing value corresponds to the value of excess integral 
molar free energy of the system favors the regularity in the 
binary solutions.  
Excess Thermodynamic Functions  
In order to unfold the nature of the interactions between the 
components forming the eutectic, noneutectic alloys and 
addition compound, the excess thermodynamic functions 
such as integral excess integral free energy  (gE), excess 
integral entropy (sE) and excess integral enthalpy (hE) were 
calculated using the following equations 
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and excess chemical potential or excess  partial free energy  
of mixing  

1
i

M
i

E
i lnRTg g=m= --   (10) 

The values of gi
l /

liquidus curve near the alloys form in the phase diagram. The 
values of the excess thermodynamic functions are given in 
Table 3. The value of the excess free energy is a measure of 
the departure of the system from ideal behavior. The reported 
excess thermodynamic data substantiate the earlier 
conclusion of an appreciable interaction between the parent 
components during the formation of alloys. The negative 
value of excess free energy indicates the possibility of a 
stronger association between unlike molecules while the 
positive value in the present system suggests an association 
of weaker nature between unlike molecules and of stronger 
nature between like molecules. The maximum negative gE 
value for eutectic14-15 alloy E infers stronger interaction 
between NA and bN in the eutectic. The excess entropy is a 
measure of the change in Configurational energy due to a 
change in potential energy and indicates an increase in 
randomness.  
Gibbs-Duhem Equation  
Further the partial molar quantity, activity and activity 
coefficient can also be determined by using Gibbs-Duhem 
equation  
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Using equation (14) a graph between M
AH-

b and xbN/xNA gives 
the solution of the partial molar heat of mixing of a 
constituent NA in NA/bN alloy and plot between xbN/xNA vs  
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lngβN determines the value of activity coefficient of 
component NA in binary alloys. 
Stability Function 
Thermodynamic behavior of the present system in form of 
stability and excess stability functions16-17 can be determined 
by the second derivative of their molar free energy and 
excess energy respectively, with respect to the mole fraction 
of either constituent: 
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These values may be calculated by multiplying the slope(Fig. 
3&4) of lna vs (1 – x)2 and lng vs (1 – x)2 plots with -2RT. 
The best polynomial equation of the curve generated is given 
below:
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The slope of the curve shown in Figs. as obtained by 
differentiating the above equation with respect to (1 – x)2 
may also be used to calculate the excess stability of the NA-
ACT and NA-βN systems. The values of total stability to the 
ideal stability and defined as 

)x1(x
RTStability Ideal

-
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These values show the overall thermodynamic stability in the 
alloy.  
CONCLUSION 
The solid-liquid equilibria of the systems NA-βN and NA-
ACT infer the formation of simple eutectic in each case. The 
stability functions favour the thermodynamic stability in all 
the alloys of both systems. The mixing functions suggests the 
spontaneous mixing overall the alloys of both systems while 
excess functions describes the stronger association between 
the two components in the eutectic melt. 
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TABLE 1 :  PHASE COMPOSITION, MELTING TEMPERATURE, VALUES OF ENTHALPY OF FUSION(DDDDH),  ENTROPY OF FUSION (DDDDS) 

AND ACTIVITY COEFFICIENT IN PLACE OF ROUGHNESS PARAMETER (α) 
Alloy 

XNA 
MP 
(⁰C) 

 
 

DS 

(J/mol/K) gNA gβN 
A1 0.116 110 18.425 48.108 6.026 0.997 
A2 0.228 91 19.309 53.046 2.022 0.857 
A3 0.336 75 20.161 57.934 0.933 0.764 
A4 0.357 71 20.327 59.089 0.793 0.735 
E 0.389 65 20.579 60.885 0.621 0.694 
A5 0.42 68 20.824 61.067 0.623 0.772 
A6 0.44 71 20.982 60.993 0.643 0.844 
A7 0.491 74 21.384 61.625 0.622 0.979 
A8 0.541 81 21.778 61.521 0.672 1.224 
A9 0.639 98 22.552 60.786 0.845 2.044 
A10 0.734 106 23.301 61.481 0.875 3.127 
A11 0.825 115 24.019 61.905 0.939 5.406 
A12 0.914 120 24.721 62.904 0.937 11.788 

 
 
 
 



Shekhar H et al. IRJP 2012, 3 (5) 

Page 231 

TABLE 2: VALUE OF PARTIAL AND INTEGRAL MIXING OF GIBBS FREE ENERGY(DDDDGM), ENTHALPY(DDDDHHHHMMMM) AND ENTROPY(DDDDSMMMM) OF 
NA-bbbbN SYSTEM 

Alloy DGNA
-M 

J/mol 
DGbN

-M 

J/mol 
DGM 

J/mol 
DHNA ‾M    
   J/mol 

DHbN
– M 

J/mol 
DHM 

J/mol 
DSNA

– M 

J/mol/K 
DSbN

– M 

J/mol/K 
DSM 

J/mol/K 
A1 -1193.73 -411.46 -502.21 -5988.07 9.84 -655.13 17.91 1.03 2.98 
A2 -2581.87 -1346.92 -1628.49 -2347.02 515.13 -124.76 12.29 2.15 4.46 
A3 -3868.39 -2213.91 -2769.81 232.28 899.59 586.11 9.07 3.40 5.31 
A4 -4208.72 -2443.26 -3073.53 774.72 1027.06 803.79 8.56 3.67 5.42 
E -4734.32 -2797.46 -3550.90 1586.52 1219.20 1148.09 7.85 4.10 5.56 
A5 -4469.21 -2618.80 -3395.97 1577.04 862.85 988.82 7.21 4.53 5.66 
A6 -4208.72 -2443.26 -3220.06 1300.49 448.30 710.35 6.83 4.82 5.70 
A7 -3952.74 -2270.75 -3096.61 1581.29 71.47 703.34 5.91 5.61 5.76 
A8 -3372.32 -1879.60 -2687.16 1324.17 -673.38 359.56 5.11 6.47 5.73 
A9 -2053.91 -991.13 -1670.25 560.81 -2382.96 -464.34 3.72 8.47 5.44 
A10 -1474.41 -600.61 -1241.98 443.41 -3800.56 -647.88 2.57 11.01 4.82 
A11 -851.03 -180.52 -733.69 209.68 -5626.25 -785.30 1.60 14.49 3.86 
A12 -517.05 44.55 -468.75 217.25 -8225.03 -498.64 0.75 20.40 2.44 

 
TABLE 3: VALUE OF PARTIAL AND INTEGRAL EXCESS GIBBS FREE ENERGY(gE), ENTHALPY(hE) AND ENTROPY(sE) OF NA-bbbbN 

SYSTEM 
Alloy gNA‾E 

J/mol 
g  ‾E 

J/mol 
gE 

J/mol 
hNA‾E 

J/mol 
h ‾E 

J/mol 
hE 

J/mol 
sNA‾E 

J/mol/K 
s ‾E 

J/mol/K 
sE 

J/mol/K 
A1 5719.28 -9.40 655.12 55473.52 3184.10 9249.67 129.91 8.34 22.40 
A2 2130.46 -467.60 124.76 14861.96 1515.37 4558.39 34.98 5.45 10.20 
A3 -201.577 -780.69 -586.11 -7772.93 -180.25 -2731.39 -21.76 1.72 -9.14 
A4 -664.602 -881.07 -803.79 -25400 -7946.96 -14177.70 -71.91 -20.54 -42.17 
E -1337.26 -1027.66 -1148.09 5121.36 -9030.68 -3525.54 19.11 -23.68 -10.75 
A5 -1341.07 -733.74 -988.82 -8136.42 3325.35 -1488.60 -19.93 11.90 -3.96 
A6 -1262.46 -485.79 -827.52 -10493.2 -5797.55 -7863.65 -26.83 -15.44 -22.04 
A7 -1368.35 -61.84 -703.34 85.75 -2759.31 -1362.38 4.19 -7.77 -2.08 
A8 -1168.97 594.45 -359.56 -14895.4 10863.56 -3072.05 -38.78 29.01 -6.12 
A9 -518.856 2204.68 464.34 -14207.2 -17510 -15399.54 -36.90 -53.14 -38.47 
A10 -419.079 3592.06 647.88 -6805.51 8900.02 -2627.84 -16.85 14.01 -3.60 
A11 -202.882 5443.85 785.30 -5171.8 42091.06 3099.20 -12.81 94.45 10.87 
A12 -212.913 8060.94 498.64 -4326.33 97345.94 4417.48 -10.47 227.19 13.50 

 
Table 4: values of Stability Excess Stability and Ideal Stability of binary alloys 

NA-βN System 
Alloy XNA Stability Excess stability Ideal Stability 

A1 0.116 76422.29 21207.185 31052.641 
A2 0.228 36315.55 20155.131 17193.301 
A3 0.336 28932.72 14466.36 12968.266 
E 0.389 22880.13 -9385.841 11823.224 

A6 0.44 -5753.29 -28766.440 11674.692 
A8 0.541 -11772.6 -29431.560 11852.319 
A9 0.639 -9253.48 -24675.952 13371.369 
A10 0.734 -6302.01 -20985.700 16138.811 
A12 0.914 4378.319 -32674.020 41567.885 

NA-ACT System 
A1 0.1095 12604.02 0 32314.779 
A2 0.21678 6185.616 -10329.979 18215.873 
A3 0.32168 4122.081 -15380.9 14097.948 
E 0.4017 -3042.92 -13693.158 12661.066 

A9 0.52534 -4155.5 -23258.415 12436.431 
A10 0.62411 -6302.01 -15755.03 13431.587 
A11 0.72092 -3209.2 -16046.02 15950.766 
A12 0.81569 -2587.32 -32341.46 21512.238 
A13 0.90877 -3284.03 -32840.3 39609.406 
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