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Abstract. The present communication aims at investigating the Nicotinamide (NA) – 
Thiourea (TU) binary system in the solid state emphasizing thermodynamic and interfacial 
studies. It was found from the solid-liquid phase diagram of the system that an A 1:5 
additive co-crystal formed at 161°C and two side by side eutectic solid dispersions E2 
(mole fraction 0.407 of TU) and E1 (mole fraction 0.968 of TU) at 142°C and 116°C 
respectively. The activity coefficient model based on enthalpy of fusion was employed 
to calculate the excess thermodynamic properties that of gE, hE and sE, which predict 
the nature of molecular interaction, ordering and stability between the components. 
The negative value of integral Gibbs free energy of mixing, ∆GM for all the eutectic and 
non-eutectic solid dispersions favours the spontaneous mixing in all solid dispersions. 
The driving force of nucleation during solidification (∆Gv) and the critical free energy 
of nucleation (∆G*) at different undercoolings have also been highlighted. The value 
of radius of critical nucleus (r*) of solid dispersions has been found in nm scale which 
suggests new dimensions of solidification process for nano solid drug dispersions and 
it would be very surprising for the pharma world. The solid-liquid interface energy (σ), 
grain boundary energy (σgb) and the Gibbs-Thomson coefficient (τ)of all drug alloys have 
also been discussed. Interface morphology of the alloys follows the Jackson’s surface 
roughness (α) theory and predicts the faceted growth (α > 2) proceeds in all the cases.

Keywords: phase diagram, thermodynamic excess and mixing functions, critical 
radius, interfacial energy, roughness parameter

Introduction
Nicotinamide is a water soluble vitamin B3, a component of the vitamin B complex 

group. It was first time clinically used in measuring pellagra preventive factors, PPF 
(Tanner, 1951) and in treatment of patients undergoing radiation therapy (Jordahl et al., 
1961) for lung tumors caused by Mycobacterium Tuberculosis. Intake of nicotinamide 
for the treatment of HIV-positive patients was suggested 3g per day as tolerable dose 
(Murray et al., 2001). In addition it 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 
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administrated orally. Nicam gel (Hakozaki et al., 2002) is most effective when applied 
to the skin, which helps to reduce the inflammation and redness of inflammatory acne. 
With material chemistry point of view, it has been a great dream of scientists for a long 
time to find the techniques which control the properties of solidified structures because 
the structure formed immediately after solidification determines the properties of the 
final products. As a number of difficulties encountered working with metallic systems, 
the transparent model (Bayram et al., 2012; Gupta et al., 2012) is being investigated for 
observing solidification phenomena with great enthusiasm all over the world. It has been 
found that at small driving forces, the existence of growth interface leads the stepwise 
while sufficiently high driving forces is responsible to advance the surface uniformly. 
With view to achieve better drug products in binary form, the transparent and pharma-
ceutical active compound nicotinamide (NA) has been taken with Thiourea (TU) as 
binary system for detailed  thermal and solidification behavior such as phase diagram, 
excess and mixing thermodynamic function, activity and activity coefficient, interfacial 
energy (σ), surface roughness (α), driving force of solidification (∆Gv) and critical radius.

Experimental details
Nicotinamide (Thomas Baker, Bombey) and Thiourea (Loba, India) were directly taken 

for investigation. The melting point (experimental value) of nicotinamide was found 128°C 
while for Thiourea was found 182°C, respectively. The solid-liquid equilibrium data of 
NA-TU system were determined by the thaw-melt method (Shekhar et al., 2010; Rastogi 
& Rama Verma, 1956). 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 method 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 (Krajewska-Cizio, 1990; Shekhar& Kant, 2013a) using the following equation:

xs

xss
x AW

AWHH ∆=∆

where ΔHx is the heat of fusion of unknown  sample and ΔHs 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, re-
spectively. 
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Results and discussion
Thermodynamic study
Phase diagram 
Solid-liquid equilibrium data of NA-TU system determined by the thaw melt method, 

is reported (Table 1) in the form of temperature-composition curve in Fig.1. The system 
shows the formation of 1:5 additive co-crystal at 161°C and two side by side eutectic 
solid dispersions E2(mole fraction 0.407 of TU) and E1(mole fraction0.968 of TU) at 
142°C and 116°C respectively. The congruent melting and a sharp inclination in the 
intermediate region or at the top of the curve in the diagram suggest the stability and 
actual stoichiometry of the compound formed. The presence of the addition compound 
actually produces a phase diagram which consists two separate systems there are three 
different solid phases namely NA, TU and A1:5 (NA:TU). There will be three fusion 
curves, TNAE2, TTUE1 and E2A1:5E1 along which solids NA, TU and A1:5 are in equi-
librium with the liquid phases at different temperatures. At this temperature the two 
components has become one component because both solid and liquid phases contain 
only one compound. 

Table 1.Phase composition, melting temperature, values of enthalpy of fusion(∆H), 
entropy of fusion (∆S) and roughness parameter(Α)

Alloy χTU

MP

(°C)

∆H

(J/mol)

DS (J/
mol/K) α

σ × 102

(J/m2)

sgb× 102

(J/m2)

DSv

( kJ/
m3/K)

τ × 105

Km

E1 0.968 142 17888.32 43.104 5.185 4.819 9.310 780 1.193
A1 0.949 144 18035.76 43.251 5.202 4.823 9.317 774 1.203
A2 0.935 153 18144.40 42.592 5.123 4.825 9.321 756 1.233
A(1:5) 0.835 161 18920.40 43.595 5.244 4.844 9.357 731 1.280
A3 0.789 158 19277.36 44.727 5.380 4.853 9.375 731 1.282
A4 0.706 153 19921.44 46.764 5.625 4.871 9.409 732 1.286
A5 0.616 138 20619.84 50.170 6.034 4.891 9.448 750 1.259
A6 0.517 124 21388.08 53.874 6.480 4.914 9.493 768 1.236
E2 0.407 116 22241.68 57.177 6.877 4.941 9.545 775 1.232
A7 0.384 117 22420.16 57.488 6.915 4.946 9.556 771 1.239
A8 0.286 120 23180.64 58.984 7.095 4.971 9.603 758 1.266
A9 0.151 123 24228.24 61.182 7.359 5.006 9.671 744 1.300
NA 128 25400.00 63.342 7.619 5.046 9.748 726 1.343
TU 182 17640.00 38.769 4.663 4.814 9.300 716 1.300
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Table 1.Phase composition, melting temperature, values of enthalpy of fusion(∆H), entropy 
of fusion (∆S) and roughness parameter(α)
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Fig. 1. Phase diagram of Nicotinamide(NA)-Thiourea(TU)
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∆S
(J/mol/K) α 

σ × 102 
(J/m2)

σgb× 102 
(J/m2)

∆Sv
( kJ/m3/K)

τ × 105

Km
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Fig 1. Phase diagram of Nicotinamide(NA)-Thiourea(TU)

Heat of fusion
The values of heats of fusion of eutectic and non-eutectic solid dispersions are cal-

culated by the mixture law using Eq. (1):

(1)
where χ and ΔH are the  mole fraction and the heat  of  fusion of the  component indicated 
by the  subscript, respectively. The values of heat of fusion of binary products A1-A9, 
E1 and E2 are reported in Table 1.

Mixing functions
Integral molar free energy of mixing (ΔGM), molar entropy of mixing (ΔSM) and 

molar enthalpy of mixing (ΔHM) and partial thermodynamic mixing functions of the 
binary alloys when two components are mixed together were determined by using the 
following equations:

ΔGM = RT (χNAlnalNA + χ
TU

lnal
TU

) (2)
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ΔSM = –R (χ
NA

lnxl
NA

+ χ
TU

lnχl
TU

) (3)
ΔHM = RT (χNAlnγlNA + χ

TU
lnγl

TU
) (4)

G-iM = μ-iM =  RTlnali (5)

where G-iM (μ-iM)is the partial molar free energy of mixing of component i (mixing 
chemical potential) in binary mixture and γiand ai is the activity coefficient and activity 
of component respectively. The negative value (Shekhar & Salim, 2011; Nieto et al., 
1999) of integral molar free energy of mixing of all the eutectic and non-eutectic alloys 
(Table 2) suggests that the mixing in all cases is spontaneous. The integral molar en-
thalpy of mixing value corresponds to the value of excess integral molar free energy of 
the system favors the regularity in the binary solutions. 

The activity coefficient/activity of components for the systems has been calculated 
from Eq. (6) (Sangster, 1994):

(6)

where 1
iɣ   is activity coefficient of the component i in the liquid phase respectively, ΔHi 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 of the 
components in alloys mixing and excess thermodynamics functions have been computed.

Table 2 Value of partial and integral mixing of Gibbs free energy (DGM), enthalpy 
(DHM) and entropy(DsM) of NA-TU system

Al-
loy

DGNA
−M

J/mol
DGTU

−M

J/mol
DGM

J/mol
DHNA‾M   

   J/mol
∆HTU

– M 

J/mol
DHM

J/mol
∆SNA

– M

J/mol/K
∆STU

– M

J/mol/K
DSM

J/mol/K

E1 886.78 -1550.77 -1472.77 12762.82 -1438.55 984.11 28.62 0.27 1.18
A1 1013.47 -1473.23 -1346.41 11330.83 -1291.75 648.00 24.74 0.44 1.68
A2 1583.54 -1124.31 -948.30 11264.49 -886.27 96.47 22.73 0.56 2.00
A3 1900.25 -930.46 -333.18 7475.55 -81.25 -1513.20 12.94 1.97 4.28
A4 1583.54 -1124.31 -328.20 5919.28 108.72 -1817.00 10.18 2.89 5.04
A5 633.42 -1705.85 -807.57 3903.92 -50.26 -1468.10 7.96 4.03 5.54
A6 -253.37 -2248.62 -1284.91 2148.65 -71.13 -1001.00 6.05 5.49 5.76
E2 -760.10 -2558.77 -1492.16 929.94 348.54 -693.31 4.34 7.47 5.62
A7 -696.76 -2520.00 -1396.88 874.24 583.40 -762.56 4.03 7.96 5.54
A8 -506.73 -2403.69 -1049.26 593.96 1686.32 -906.38 2.80 10.41 4.98
A9 -316.71 -2287.38 -614.28 222.24 3936.71 -783.12 1.36 15.72 3.53
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Excess thermodynamic functions 
With a view to have a quantitative idea and nature of molecular interactions between 

the components forming the eutectic and non-eutectic alloys and addition compound, the 
excess thermodynamic functions such as excess integral free energy  (gE), integral excess 
entropy (sE) and integral excess enthalpy (hE) were calculated using Eqs. (7) - (10):

(7)

(8)

(9)

and excess chemical potential or excess  partial Gibbs free energy 

1lnE E
i i ig RT- -= m = ɣ (10)

	

Table 3. Value of partial and integral excess Gibbs free energy (gE), enthalpy (hE) and 
entropy (sE) of NA-TU system

Al-
loy

gNA‾E

J/mol

gTU‾E

J/mol

gE

J/mol

hNA‾E

J/mol

hTU‾E

J/mol

hE

J/mol

sNA‾E

J/mol/K

sTU‾ E

J/mol/K

sE

J/mol/K

E1 12762.82 -1438.55 -984.11 422062.08 -2847.87 10749.25 986.26 -3.40 28.27
A1 11330.83 -1291.75 -648.00 116336.58 -10023.00 -3578.63 251.81 -20.94 -7.03
A2 11264.49 -886.27 -96.47 90660.88 -9571.60 -3056.49 186.38 -20.39 -6.95
A3 7475.55 -81.25 1513.23 84392.67 11721.54 27055.15 178.46 27.39 59.26
A4 5919.28 108.72 1817.03 25919.44 3730.98 10254.39 46.95 8.50 19.81
A5 3903.92 -50.26 1468.15 -895.99 -2364.77 -1800.76 -11.68 -5.63 -7.95
A6 2148.65 -71.13 1001.02 1729.63 7705.48 4819.15 -1.06 19.59 9.62
E2 929.94 348.54 693.31 6423.34 28726.69 15500.80 14.12 72.95 38.07
A7 874.24 583.40 762.56 -4871.44 15291.23 2871.03 -14.73 37.71 5.41
A8 593.96 1686.32 906.38 46537.76 161952.90 79546.48 116.91 407.80 200.10
A9 222.24 3936.71 783.12 28347.81 284557.90 67035.54 71.02 708.64 167.30
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The values of dlngil /dT can be determined by the slope of liquids 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 during the formation of alloys. The negative value 
of excess free energy for A1, A2 and E1 indicates the possibility of a stronger association 
between unlike molecules while the positive value for A4-A9 and E2 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 eutectic (Wisniak & Tamir, 

8
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Using Eq. (14), a graph (Fig. 2) between M
TUH − and χTU/χNA gives the solution of the 

partial molar heat of mixing of a constituent NA in NA/TU alloy and plot between χTU/χNA vs 

lnγTU determines the value of activity coefficient (Fig. 3) of component NA in binary alloys.

Fig. 2.Graphical solution of partial molar enthalpy of mixing of TU in binary mixture
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1978; Sharma et al., 2009) alloy E1 infers stronger interaction between NA and TU 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 
The partial molar heat of mixing, activity and activity coefficient can also be deter-

mined by using Gibbs-Duhem equation (Shamsuddin et al., 1998):

(11)

or
(12)

(13)

(14)

Using Eq. (14), a graph (Fig. 2) between M
TUH - and χTU/χNA gives the solution of the 

partial molar heat of mixing of a constituent NA in NA/TU alloy and plot between χTU/
χNA vs lnγTU determines the value of activity coefficient (Fig. 3) of component NA in 
binary alloys.

9

Stability function

Thermodynamic strength of the present system in form of stability and excess stability 

functions (Darken, 1967; Shekhar & Kant, 2013) 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:
2

2 2
ln2

(1 )

MG aStability RT∂ ∆ ∂= = −
∂χ ∂ − χ

(15)

2

2 2
ln2

(1 )

EgExcess  Stability RT∂ ∂ ɣ= = −
∂χ ∂ − χ

(16)

Fig. 4.Stability graph of NA-TU

These values may be calculated by multiplying the slope (Fig. 4) of lna vs (1 – x)2 and 

lnɣ 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 Fig. 4 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-

TU system. The values of total stability to the ideal stability and defined as
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Stability function
Thermodynamic strength of the present system in form of stability and excess stabil-

ity functions (Darken, 1967; Shekhar & Kant, 2013) 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:

2

2 2
ln2

(1 )

MG aStability RT∂ ∆ ∂= = -
∂c ∂ - c

(15)

2

2 2
ln2

(1 )

EgExcess  Stability RT∂ ∂ ɣ= = -
∂c ∂ - c

(16)

These values may be calculated by multiplying the slope (Fig. 4) of lna vs (1 – x)2 
and lnɣ vs (1 – x)2 plots with -2RT. The best polynomial equation of the curve generated 
is given below:

γ=3.68(1-χ)2-21.44(1-χ)4+81.99(1-χ)6-146.84(1-χ)8+126(1-χ)10-41.47(1-χ)12 (17)
The slope of the curve shown in Fig. 4 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-TU 
system. The values of total stability to the ideal stability and defined as

(1 )
RTIdeal  Stability =

c - c (18)

These values show the overall thermodynamic stability in the alloy. 

Interfacial studies
The effective entropy change (∆Sv)
The effective entropy change and the volume fraction of phases in the alloy have key role 

in controlling and deciding the interface morphology during solidification and the volume 
fraction of the two phases depends on the ratio of effective entropy change of the phases. 
The entropy of fusion (∆S = ∆H/T) value (Table 1) of alloys is calculated by heat of fusion 
values of the materials. The effective entropy change per unit volume (∆SV) is given by

m
V VT

HS 1.∆=∆ (19)

where ∆H is the enthalpy change, T is the melting temperature and Vm is the molar vol-
ume of solid phase. The entropy of fusion per unit volume (∆SV) for NA and TU was 
found 726 and 716kJK-1m-3 respectively. Values of ∆SV for alloys are reported in Table 1. 
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The solid-liquid interfacial energy (σ)
An important thermo-physical property is responsible for growth interface. It has been 

very difficult to measure it with accuracy through experiments and an experimentally 
observed value of interfacial energy ‘σ’ keeps a variation of 50-100% from one worker 
to other. However, Singh & Glickman (1989) had calculated the solid-liquid interfacial 
energy (σ) from the value of melting enthalpy change and values obtained were found in 
good agreement with the experimental values. Turnbull empirical relationship (Turnbull, 
1950) between the interfacial energy and enthalpy change provides the clue to determine 
the interfacial energy value of alloy and is expressed as:

3/23/1 )()( mVN
HC∆=σ (20)

where the coefficient C lies between 0.33 to 0.35 for nonmetallic system, Vm is molar 
volume and N is the Avogadro’s constant. The value of the solid-liquid interfacial en-
ergy of nicotinamide and thiourea was found to be 5.046 x 10-02and 4.814 x 10-02 Jm-2 
respectively and σ value of alloys was given in Table 1.

Interfacial energy can also be calculated by using Gibbs-Thomson coefficient (τ). 
For a planar grain boundary on planar solid-liquid interface the τ value coefficient for 
the system can be calculated by the Gibbs-Thomson equation is expressed as 

(21)

where τ is the Gibbs-Thomson coefficient, ∆T is the dispersion in equilibrium temperature 
and, r is the radius of grooves of interface. The theoretical basis of determination of τ 
was made for equal thermal conductivities of solid and liquid phases for some transpar-
ent materials. It was also determined by the help of Gunduz & Hunt (1989) numerical 
method for materials having known grain boundary shape, temperature gradient in solid 
and the ratio of thermal conductivity of the equilibrated liquid phases to solid phase (R 
= KL/KS).The Gibbs-Thomson coefficient for NA, TU and their alloys are found in the 
range of 1.193-1.343x10-05 Km and is reported in Table 1.

The driving force of nucleation (∆Gv)
The various solidification processes have been focused in the light of diffusion model, 

kinetic theory of nucleation and thermodynamic laws. Previously it has been explained 
that the lateral motion of rudimentary steps in liquid advances stepwise/ non-uniform 
surface at low driving force while continuous and uniform surface advances at suffi-
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Table 4.Value of volume free energy change (∆Gv) during solidification for NA - TU 
system at different undercoolings (∆T)

Alloy

∆T

∆Gv (kJ/m3)
1.0 1.5 2.0 2.5 3.0 3.5

E1 0.780 1.171 1.561 1.951 2.341 2.731
A1 0.774 1.161 1.548 1.936 2.323 2.710
A2 0.756 1.134 1.512 1.890 2.269 2.647
A(1:5) 0.731 1.097 1.462 1.828 2.193 2.559
A3 0.731 1.097 1.463 1.828 2.194 2.560
A4 0.732 1.098 1.464 1.830 2.196 2.562
A5 0.750 1.125 1.500 1.876 2.251 2.626
A6 0.768 1.152 1.536 1.920 2.304 2.688
E2 0.775 1.162 1.550 1.937 2.325 2.712
A7 0.771 1.157 1.542 1.928 2.314 2.699
A8 0.758 1.137 1.517 1.896 2.275 2.654
A9 0.744 1.116 1.488 1.860 2.232 2.604
NA 0.726 1.089 1.452 1.815 2.178 2.541
TU 0.716 1.073 1.431 1.789 2.147 2.505

Table 5. Critical size of nucleus (r*) at different undercoolings (∆T)
Alloy

∆T

r*(nm)
1.0 1.5 2.0 2.5 3.0 3.5

E1 123.5 82.34 61.76 49.41 41.17 35.29
A1 124.6 83.05 62.29 49.83 41.53 35.60
A2 127.6 85.08 63.81 51.05 42.54 36.46
A(1:5) 132.5 88.34 66.26 53.01 44.17 37.86
A3 132.7 88.47 66.35 53.08 44.24 37.92
A4 133.1 88.73 66.55 53.24 44.37 38.03
A5 130.4 86.92 65.19 52.15 43.46 37.25
A6 128.0 85.30 63.98 51.18 42.65 36.56
E2 127.5 85.01 63.75 51.00 42.50 36.43
A7 128.3 85.52 64.14 51.31 42.76 36.65
A8 131.1 87.40 65.55 52.44 43.70 37.46
A9 134.6 89.72 67.29 53.83 44.86 38.45
NA 139.0 92.66 69.49 55.60 46.33 39.71
TU 134.6 89.70 67.28 53.82 44.85 38.44
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ciently high driving force. The driving force of nucleation during solidification (∆GV) is 
determined at under cooling (∆T) by using of Eq. (22) (Hunt & Lu, 1994):

∆GV = ∆Sv∆T (22)

It is opposed by the increase in surface free energy due to creation of a new sol-
id-liquid interface. By assuming that solid phase nucleates as small spherical cluster of 
radius arising due to random motion of atoms within liquid. The value of ∆GV is shown 
in the Table 4.

The critical size of nucleus (r*)
It is well known that during liquid-solid transformation embryos (unstable nucleus) 

are rapidly dispersed in unsaturated liquid and on undercooling liquid becomes saturated 
and provides particles with stable nucleus corresponding to size of critical nucleus which 
is responsible for the nucleation and growth of crystal. The radius of critical nucleus /
critical size of nucleus (r*) can be expressed by the Chadwick (1972) relation

Table 6. Value of critical free energy of nucleation (∆G*)  
for alloys of NA-TU system at different undercooling (∆T)

Alloy

∆T

∆G*×1016 (J/molecule)
1.0 1.5 2.0 2.5 3.0 3.5

E1 30.81 13.69 7.70 4.93 3.42 2.52
A1 31.37 13.94 7.84 5.02 3.49 2.56
A2 32.93 14.64 8.23 5.27 3.66 2.69
A(1:5) 35.64 15.84 8.91 5.70 3.96 2.91
A3 35.81 15.92 8.95 5.73 3.98 2.92
A4 36.16 16.07 9.04 5.79 4.02 2.95
A5 34.84 15.48 8.71 5.57 3.87 2.84
A6 33.71 14.98 8.43 5.39 3.75 2.75
E2 33.66 14.96 8.42 5.39 3.74 2.75
A7 34.11 15.16 8.53 5.46 3.79 2.78
A8 35.81 15.91 8.95 5.73 3.98 2.92
A9 38.00 16.89 9.50 6.08 4.22 3.10
NA 40.85 18.15 10.21 6.54 4.54 3.34
TU 36.52 16.23 9.13 5.84 4.06 2.98
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where σ is the interfacial energy and ∆HV is the enthalpy of fusion of the compound 
per unit volume, respectively. The critical size of the nucleus for the components and 
alloys was calculated at different undercoolings and values are presented in Table 5. It 
can be inferred from table that the size of the critical nucleus decreases with increase in 
the undercooling of the melt. The existence of embryo and a range of embryo size can 
be expected in the liquid at any temperature. 

Further it has been observed that during critical nucleus formation, a localized critical 
free energy of nucleation (∆G*) is required which is evaluated (Wilcox, 1974) as

(24)

The value of ∆G* has been found in the range of 10‾15 to 10‾16 J per molecule at 
undercoolings 1-3.5°K, and has been reported in Table 6.

Interfacial Grain boundary energy (σgb)
During in liquid-solid transformation nucleation and growth on internal surfaces gives 

the idea about fundamentals of grain boundary.  In past, a numerical method (Akbulut 
et al., 2009) is applied to observe the interfacial grain boundary energy (σgb) without 
applying the temperature gradient for the grain boundary groove shape. For isotropic 
interface there is no difference in the value of interfacial tension and interfacial energy. 
A considerable force is employed at the grain boundary groove in anisotropic interface. 
The grain boundary energy can be obtained by the equation:

(25)
				  
where θ is equilibrium contact angle precipitates at solid-liquid interface of grain bound-
ary. The grain boundary energy could be twice the solid-liquid interfacial energy in the 
case where the contact angle tends to zero. The value of σgb for solid NA and TU was 
found to be 9.748 x 10-2and 9.300 x 10-2Jm-2 respectively and the value for all alloys is 
given in Table 1.

Interface morphology
The solid-liquid interface morphology can be predicted from the value of the entropy 

of fusion. According to Hunt & Jackson (1966), the type of growth from a binary melt 
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depends upon a factor α which is almost the entropy of fusion in dimensionless unit, 
defined precisely:

(26)

	

whereξ {Tc/T = (T - ∆T)/T} is a crystallographic factor depending upon the geometry of 
the molecules and has a value less than or equal to one. ∆S/R (also known as Jackson’s 
roughness parameter α) is the entropy of fusion (dimensionless) and R is the gas con-
stant. When α is less than 2 for both phases the solid-liquid interface essentially grow 
from the melt isotropically with no crystalline facets transforming the melt into regular 
crystalline morphology and becomes atomically rough and exhibits non-faceted growth. 
Irregular interface appears when α> 2 for both phases, which concurrently initiate the 
anisotropic growth with crystalline facets. The non-faceted crystal holds a round growth 
front while the faceted crystal poses a sharp growth front. The computed  α values for 
nicotinamide and Thiourea respectively are on the order of 7.619 and 4.663revealing the 
faceted morphology of the binary composite material. The liquid-solid growth habits of 
the overall binary products due to their high entropies of fusion are greatly influenced 
by thermal and mechanical stresses and split into groups of crystals that give rise to a 
regular morphology. The value of Jackson’s roughness parameter (∆S/R) is given in Ta-
ble 1. For all the alloy the α value was found greater than 2 which indicates the faceted 
(Shekhar, & Salim, 2011) growth proceeds in all the cases.
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