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I N T R O D U C T I O N

Phenothiazine is a bioactive heterocyclic compound having
extensive pharmaceutical applications viz. antibacterial [1],
antifungal [2], antitubercular [3], antischizophrenics [4]
and anti-inflammatory [5]. The compound is related to the
thiamine-class of heterocyclic compound and its derivatives
find wide use as drugs. The most widely used phenothiazine
skeleton is chlorpromazine and is prescribed for overactive
schizophrenics; trifluoperazine which is used for inhibited and
withdrawn schizophrenics. Phenothiazine derivatives have
also been used for anaesthesia and to control itching. Although

The study of solid liquid dispersions of binary drug system has been
very useful in providing the significant enhanced pharmaceutical
properties as compared to the parent drug. The present communication
includes the thermodynamic and interfacial investigation of phenothiazine
and acetanilide binary eutectic and non-eutectic drug dispersions.
Simple eutectic dispersion was observed at 0.855 mole fraction of
acetanilide at melting temperature 108 °C. Partial and integral thermo-
dynamic quantities such as, excess Gibbs energy (gE), excess enthalpy
(hE), excess entropy (sE) of eutectic and non-eutectic mixtures were
also calculated using activity coefficient data. The value of excess
Gibbs free energy indicates positive deviation from ideal behaviour
which refers stronger association between like molecules during
formation of binary mixture. However, the negative value of mixing
function, Gibbs free energy of mixing (∆GM) suggests the mixing for
eutectic and non-eutectic is spontaneous. The interfacial properties
such as entropy of fusion per unit volume (∆SV), interfacial energy (σ),
roughness parameter (α), grain boundary energy of parent components,
eutectics and non-eutectics have been studied using enthalpy of fusion
data. Gibbs-Thomson coefficient evaluated by numerical method is
also very helpful to compute the interfacial energy. The size of critical
nucleus at different undercoolings has been found in nanoscale, which
is itself a big challenge in pharma-ceutical world. The value of α > 2,
suggests the irregular and faceted growth proceeds in binary alloys.

A B S T R A C T



many patients on intake of phenothiazine derivatives and
other narcoleptics show marked improvement, these drugs on
consumption over long periods of time become fairly toxic. A
number of substituted phenothiazines were synthesized and
screened for biological activity against the regulatory enzymes
involved in allergic disease. The activity of phenothiazine
derivatives e.g., promethazine, levomepro, prochlorperazine,
fluphenazine and thioridazine and their potential for the therapy
of problematic infections [6] against protozoa, parasites, anti-
microbial effects have been highlighted earlier. Phenothiazines
inhibit ABC type efflus pumps that responed for the antibiotic
resistance of many micro-organism [7]. They also inhibit
calcium binding to calmodulion type proteins of the calcium
channel verapamil. On the second hand acetanilide was utilized
as an alternative to aspirin to treat various ailments. It was
first used in medical practice as Antifebrin in 1886 for its fever
reduction and pain killing properties. It has been treated for
the production of 4-acetamidobenzenesulphonyl chloride,
a key intermediate for the manufacture of sulpha drugs. It
has been a good precursor in synthesis of pencillin and other
pharmaceuticals and their intermediates. The quantum of
toxicity and analgesic potency [8] have also been discussed in
terms of the variety of substituents to the ring of acetanilialide.
The structure effect of a series of substituted acetanilide in
antimicrobial activity against S. aureus, E. coli and C. albicans
was also studied. Acetanilide based compounds, 2-pyridyl-
acetanilide, pyrimidin – 2-ylacetanilide and pyrazin-2-ylaceta-
nilide have recently been reported as potential drugs in form
of potent and selective beta3-adrenergic receptor (AR) agonists
for the treatment of obesity and non-insulin-dependent (type11)
diabetes. However, no longer and direct use of acetanilide is
suggested due to causing methemoglobinemia in which excess
metheglobin does not enact function reversibly as an oxygen
carrier in the blood. Due to the most alarming, being cyanonise
and unacceptable toxic effects of aniline a hydrolyzed product
of acetanilide in the body, a successful and less toxic antipyretic
and analgesic metabolite paracetamol (4'-hydroxyacetanilide/
acetaminophen) is now preferred and widely used. In addition
in the 19th century it was very significant compound used as
experimental photographic developers. It works as safe guard
and inhibitor with hydrogen peroxide for stabilizing cellulose
ester varnishes. It is also used as an intermediate for the
synthesis of rubber accelerator, dyes and its intermediate and
camphor synthesis.

During last few years the solid dispersion of binary
pharmaceutical systems [9-11] are being used as model system
for studying the rapid growth of nanoparticles with controlled
microstructures with point view to get desired physical,
chemical and medicinal properties of solid dispersions. The
kinetic, themodynamic and interfacial investigation of these
dispersions can also be understood to a great extent which may
very significant for deciding their efficacy and bio applicability.
Having wide spread biological and pharmacological appli-
cations of phenothiazine (PT) and acetanilide (ACT), PT-ACT
binary system may have better future and hopes in developing
and designing of the virgin and new binary drugs. In recent
years pharmaceutical properties of eutectic and non-eutectic
solid dispersions of binary drug systems have been reported

with increase the solubility, dissolution rate, hygroscopicity
and chemical stability. Keeping the view of better pharma-
cological performance and efficacy of binary product of
PT-ACT system, it is aimed to investigate the properties of binary
drug dispersions in the solid state emphasizing thermodynamic
and interfacial studies, such as phase diagram, excess and mixing
thermodynamic functions, activity and activity coefficient,
thermal stability, interfacial energy, surface roughness, driving
force of solidification and critical radius.

E X P E R I M E N T A L

Phenothiazines (Sigma, India) and acetanilide were directly
taken for investigation. The melting point of phenothiazines
was found 189 °C while for acetanilide it was found 115 °C.
For measuring the solid-liquid equilibrium data of PT-ACT
system, mixtures of different compositions of both were made
in glass test tubes by repeated heating and followed by chilling
in ice and melting temperatures of solid dispersions were
determined by the Thaw-Melt method [12]. The melting and
thaw temperatures were measured by a Toshniwal melting
point apparatus with help of a precision thermometer which
could read correctly up to ± 0.1 °C. The heater was regulated
to increase by 1 °C in temperature in every 5 min. The value
of enthalpy of fusion of phenothiazine and acetanilide was
measured by the DTA method using NETZSCH Simultaneous
Thermal Analyzer, STA 409 series unit.

R E S U L T S A N D   D I S C U S S I O N

Phase diagram study: The solid liquid equilibrium (SLE)
data of PT-ACT system determined by the thaw melt method
is reported in Table-1. The system shows the formation of
a eutectic (Fig. 1), which has a minimum melting temperature,
i.e. a eutectic point. The eutectic point of a binary condensed
mixture is defined as the temperature at which a solid mixture
phase is in equilibrium with the liquid phase and a eutectic is
generally considered to be a simple mechanical mixture of
the solid and liquid [13]. The thaw temperature is the tempe-
rature at which the first droplet of liquid appears in a mixture-
containing capillary. The liquidus temperature is the maximum
temperature at which both solid crystals and liquid are observed
to coexist. Above this temperature, there is only liquid phase
present. The melting point of phenothiazine (189 °C) decreases
on the addition of second component acetanilide (m.p., 116
°C) and further attains minimum and then increases. Eutectic
E (0.372 mole fraction of phenothiazine) is obtained at 143
°C. At the eutectic temperature a liquid phase L and two solid
phases (S1 and S2) are in equilibrium and the system is invariant.
The homogenous binary liquid solution exists in the region
above the eutectic temperature while the two solid phases exists
in the region below the eutectic temperature. The region located
below the liquidus line on the left side a binary liquid and
solid phenothiazine exist while in a similar region located on
the right side a binary liquid and solid acetanilide system co-
exist.

L S   +  S1 2

Cooling
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Fig. Phase diagram of phenothiazine-acetanilide system

Thermodynamic study: The values of heats of fusion of
eutectic and non-eutectic are calculated by the mixture law.
The value of heat of fusion of binary solid dispersions A1-A8

and E is reported in Table-1. The activity coefficient and
activity of components for the systems under investigation has
been calculated from the equation [14] given below:

i
i i

e i

H 1 1
-ln

R T T

 ∆χ γ = − 
 

(1)

where χi, γi are mole fraction and activity coefficient of the
component i in the liquid phase respectively. ∆Hi is the heat of

fusion of component i at its 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 the binary product, the mixing and excess thermodynamic
functions have been evaluated.

Mixing functions: In order to know the mixing charac-
teristics of components in the system; integral molar free energy
of mixing (∆GM), molar entropy of mixing (∆SM) and molar
enthalpy of mixing (∆HM) and partial thermodynamic mixing
functions of the binary solid dispersions were determined by
using the following equations:

∆GM = RT (χPT ln aPT + χACT ln aACT) (2)

∆SM = –R (χPT ln χPT + χACT ln χACT) (3)

∆HM = RT (χPT ln γPT + χACT ln γACT) (4)

Gi
M = µi

M = RT ln ai (5)

where Gi
M (µi

M) is the partial molar free energy of mixing of
component i (mixing chemical potential)in binary mix and γi

and ai is the activity coefficient and activity of component
respectively. The positive value [15] of molar free energy of
mixing of alloys (Table-2) suggests that the mixing in all cases
is non-spontaneous. The integral molar enthalpy of mixing
value corresponds to the value of excess integral molar free
energy of the system favours the regularity in the binary
solutions.

Excess functions: In order to unfold the nature of the
interactions between the components forming the eutectic and
non-eutectic solid dispersions, the excess thermodynamic

TABLE-1 
PHASE COMPOSITION, MELTING TEMPERATURE, VALUES OF ENTROPY OF FUSION PER UNIT  

VOLUME (∆Sv), HEAT OF FUSION (∆H), INTERFACIAL ENERGY (σ), GRAIN BOUNDARY ENERGY (σgb),  
GIBBS-THOMSON COEFFICIENT (τ) AND ROUGHNESS PARAMETER (α) 

Alloy χPT m.p. (°C) ∆H 
(J/mol) 

∆S 
(J/mol/K) 

α 
σ × 10–2 
(J/m2) 

σgb × 102 
(J/m2) 

∆SV 
(kJ/m3/K) 

∆HV 
τ ×106 

Km 
A1 0.070 111 22275.10 58.01 6.98 3.69 7.14 507.1 194.74 7.28 
E 0.145 108 22547.74 59.18 7.12 3.68 7.12 506.0 192.79 7.28 
A2 0.225 114 22839.80 59.02 7.10 3.67 7.10 493.0 190.79 7.45 
A3 0.311 132 23153.43 57.17 6.88 3.66 7.08 466.0 188.75 7.86 
A4 0.404 145 23491.11 56.20 6.76 3.66 7.06 446.5 186.65 8.19 
A5 0.504 147 23855.71 56.80 6.83 3.65 7.04 439.3 184.51 8.30 
A6 0.613 165 24250.59 55.37 6.66 3.64 7.03 416.2 182.31 8.74 
A7 0.731 172 24679.69 55.46 6.67 3.63 7.01 404.6 180.06 8.97 
A8 0.859 178 25147.65 55.76 6.71 3.62 6.99 394.1 177.75 9.18 

Phenothiazines – 189 25660.00 55.54 6.68 3.61 6.98 379.6 175.38 9.51 
Acetanilide – 115 22020.00 56.75 6.83 3.70 7.15 506.8 196.64 7.31 

 

TABLE-2 
VALUE OF PARTIAL AND INTEGRAL MIXING OF GIBBS FREE ENERGY (∆GM),  

ENTHALPY (∆ΗΜ) AND ENTROPY (∆SΜ) OF PT-ACT SYSTEM 

Alloy 
∆GPT

–M 

(J/mol) 
∆GACT

–M 

(J/mol) 
∆GM 

(J/mol) 
∆ΗPT

–M 
(J/mol) 

∆HACT
– M 

(J/mol) 

∆ΗΜ 

(J/mol) 
∆SPT

–M 

(J/mol/K) 
∆SACT

–M 

(J/mol/K) 
∆SΜ 

(J/mol/K) 
A1 -4332.21 -227.01 -514.71 4153.93 4.96 295.73 22.10 0.60 2.11 
E -4498.83 -397.27 -991.93 1618.29 98.90 319.18 16.06 1.30 3.44 
A2 -4165.58 -56.75 -982.15 630.69 764.28 734.20 12.39 2.12 4.43 
A3 -3165.84 964.79 -321.41 762.75 2220.98 1766.91 9.70 3.10 5.16 
A4 -2443.81 1702.58 26.81 704.66 3501.95 2371.42 7.53 4.30 5.61 
A5 -2332.73 1816.08 -276.23 57.65 4266.74 2144.03 5.69 5.83 5.76 
A6 -1332.99 2837.63 281.88 450.33 6292.76 2712.52 4.07 7.89 5.55 
A7 -944.20 3234.90 181.30 216.68 8088.45 2336.68 2.61 10.91 4.84 
A8 -610.95 3575.41 -21.70 -42.13 10927.38 1501.90 1.26 16.30 3.38 
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functions such as integral excess integral free energy (gE),
excess integral entropy (sE) and excess integral enthalpy (hE)
were calculated using the following equations:

E
PT PT ACT ACTg RT( ln ln )= χ γ + χ γ (6)

E ACTPT
PT PT ACT ACT PT ACT

lnln
s R ( ln ln T T

T T

δ γδ γ = − χ γ + χ γ + χ + χ δ δ 
(7)

E 2 ACTPT
PT ACT

lnln
h RT

T T

δ γδ γ = − χ + χ δ δ 
(8)

and excess chemical potential or excess partial free energy of
mixing:

E M
i i ig RT ln− −= µ = γ (9)

The values of δ ln γi/δT can be determined by the slope of
liquidus curve near the alloys. The values of the excess
thermodynamic functions are given in Table-3. The value of
excess free energy is a measure of the departure of the system
from ideal behaviour. The reported excess thermodynamic data
substantiate the earlier conclusion of an appreciable interaction
between the parent components during the formation of alloys.
The positive gE value [16] for all eutectic and non-eutectic
solid dispersions infers stronger interaction between like mole-
cules in binary mixture. The excess entropy is a measure of
the change in configurational energy due to a change in poten-
tial 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 [17]:

M
i idz 0−χ =∑ (10)

M M
PT PT ACT ACTor  dH dH 0− −χ + χ = (11)

M MACT
PT ACT

PT

or   dH dH− −χ=
χ (12)

PT

PT

PT

1
-M MACT
PT x y ACT

PTy

or   [H ] dH
χ =

−
=

χ =

χ=
χ∫ (13)

Using eqn. 13, a graph between H–M
ACT and χACT/χPT gives

the solution of the partial molar heat of mixing of a constituent
phenothiazine in binary mix and plot between χACT/χPT vs.
ln aACT determines the value of activity of component pheno-
thiazine in binary mix.

Stability function: Thermodynamic behaviour of the
present system in form of stability and excess stability functions

[18] 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 M

2 2

G lna
Stability 2RT

x (1 x)

∂ ∆ ∂= = −
∂ ∂ − (14)

2 E

2 2

g ln
Excess  stability 2RT

x (1 x)

∂ ∂ γ= = −
∂ ∂ − (15)

These values were calculated by multiplying the slope of
ln a vs. (1 – x)2 and ln γ vs. (1 – x)2 plots with -2RT. The best
polynomial equation of the curve generated is given as:

ln γ = 3.68 (1–x)2 – 21.44 (1–x)4 + 81.99 (1–x)6 –
146.84 (1–x)8 + 126.1 (1–x)10 – 41.47 (1–x)12 (16)

The slope of the curve obtained by differentiating the
above equation with respect to (1 – x)2, which may also be
used to calculate the excess stability of PT-ACT system. The
values of total stability to ideal stability and defined as:

RT
Ideal stability

x(1 x)
=

− (17)

These values showed that there is considerable thermo-
dynamic stability in the alloy. Fig. 2 is for the stability, excess
stability and ideal stability in the form of composition and
partial Gibb’s energy favours the formation of the binary alloys
and their mixing.
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Fig. 2. Stability graph of phenothiazine-acetanilide system

Interfacial investigation

Solid-liquid interfacial energy (σσσσσ): Experimentally
observed value of interfacial energy ‘σ’ has been reported with

TABLE-3 
VALUE OF PARTIAL AND INTEGRAL EXCESS GIBBS FREE ENERGY (gE), ENTHALPY (hE) AND ENTROPY(sE) OF PT-ACT SYSTEM 

Alloy 
gPT

–E 

(J/mol) 
gACT

–E 

(J/mol) 
gE 

(J/mol) 
hPT

–E 

(J/mol) 
hACT

–E 

(J/mol) 
hE 

(J/mol) 
sPT

–E 

(J/mol/K) 
sACT

–E 

(J/mol/K) 
sE 

(J/mol/K) 
A1 4153.93 4.96 295.73 149269.96 -8836.58 2243.88 377.91 -23.02 5.07 
E 1618.29 98.90 319.18 390547.14 48555.80 98139.11 1020.81 127.18 256.75 
A2 630.69 764.28 734.20 29627.16 -5948.60 2063.79 74.93 -17.35 3.44 
A3 762.75 2220.98 1766.91 -3762.39 -12118.26 -9516.39 -11.17 -35.41 -27.86 
A4 704.66 3501.95 2371.42 82170.32 51118.68 63668.21 194.89 113.92 146.64 
A5 57.65 4266.74 2144.03 3420.78 7567.18 5476.08 8.01 7.86 7.93 
A6 450.33 6292.76 2712.52 367.93 19172.93 7649.23 -0.19 29.41 11.27 
A7 216.68 8088.45 2336.68 19404.11 100243.55 41175.51 43.12 207.09 87.28 
A8 -42.13 10927.38 1501.90 -74.73 134164.82 18820.33 -0.07 273.25 38.40 
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a variation of 50-100 % depending upon worker to worker.
The solid-liquid interfacial energy (σ) calculated from melting
enthalpy change by Singh and Glickman [19] was found in
good agreement with the experimental values. Turnbull
empirical relationship [20] between the interfacial energy and
enthalpy change provides the clue to determine the interfacial
energy value of binary solid dispersions and is expressed as:

1/3 2/3
m

C H

(N) (V )

∆σ = (18)

where the coefficient C lies between 0.33 to 0.35 for non-
metallic system, Vm is molar volume and N is the Avogadro’s
constant. The value of the solid-liquid interfacial energy of
phenothiazine and acetanilide was found to be 3.61 × 10-02

and 3.70 × 10-02 J m-2, respectively and σ value of the solid
dispersions was given in Table-1. The value of σ has also been
determined by using the value of Gibbs-Thomson coefficient.
The theoretical basis of determination of σ was made for equal
thermal conductivities of solid and liquid phases for some
transparent materials.

Gibbs-Thomson coefficient (τττττ): For a planar grain
boundary on planar solid-liquid interface the Gibbs-Thomson
coefficient (τ) for the system can be calculated by the Gibbs-
Thomson equation and is expressed as:

m

V

TV
r T

H S

σ σ= ∆ = =
∆ ∆

τ (19)

where τ is the Gibbs-Thomson coefficient, ∆T is the dispersion
in equilibrium temperature and, r is the radius of grooves of
interface. It was also determined by the help of Gunduz and
Hunt numerical method [21] 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 pheno-
thiazine, acetanilide and their solid dispersions are found in
the range of 7.28–9.51 × 10-06 Km and is reported in Table-1.

Interfacial grain boundary energy (σσσσσgb): Grain boundary
is the internal surface which can be understood in a very similar
way to nucleation on surfaces in liquid-solid transformation.
In past, a numerical method [22] 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 inter-
facial 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:

gb 2 cosσ = σ θ (20)

where θ is equilibrium contact angle precipitates at solid-liquid
interface of grain boundary. 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 pheno-
thiazine and acetanilide was found to be 6.98 × 10-2 and 7.15
× 10-2 J m-2, respectively and the value for all solid dispersions
is given in Table-1.

Effective entropy change (∆∆∆∆∆Sv): It is obvious that the
effective entropy change and the volume fraction of phases in
the alloy are inter-related to decide 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:

V
m

H 1
S .

T V

∆∆ = (21)

where ∆H is the enthalpy change, T is the melting temperature
and Vm is the molar volume of solid phase. The entropy of
fusion per unit volume (∆SV) for phenothiazine and acetanilide
was found 379 and 506 kJ K-1 m-3, respectively. Values of ∆SV

for alloys are reported in Table-1.
Driving force of nucleation (∆∆∆∆∆GV): During growth of

crystalline solid there is change in enthalpy, entropy and
specific volume and non-equilibrium leads the Gibb’s energy.
Thermodynamically metastable phase occurs in a supersatu-
rated or super-cooled liquid. The driving force for liquid-solid
transition is the difference in Gibb’s energy between the two
phases. The theories of solidification process in past have been
discussed on the basis of diffusion model, kinetic charac-
teristics of nucleation and on thermodynamic features. The
lateral motion of rudimentry steps in liquid advances stepwise
with non-uniform surface at low driving force while continuous
and uniform surface advances at sufficiently high driving force.
The driving force of nucleation from liquid to solid during
solidification (∆GV) can be determined at different under-
coolings (∆T) by using the following equation [23]:

∆GV = ∆SV∆T (22)

It is opposed by the increase in surface free energy due to
creation of a new solid-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

for each solid dispersions and pure components are given in
the Table-4.

TABLE-4 
VOLUME FREE ENERGY CHANGE (∆Gv) DURING 

SOLIDIFICATION FOR PT-ACT SYSTEM OF  
DIFFERENT UNDERCOOLINGS (∆T) 

∆Gv (J/cm3) 
Alloy 

1.0 1.5 2.0 2.5 3.0 3.5 
A1 0.51 0.76 1.01 1.27 1.52 1.77 
A2 0.51 0.76 1.01 1.27 1.52 1.77 
E 0.49 0.74 0.99 1.23 1.48 1.73 
A3 0.47 0.70 0.93 1.17 1.40 1.63 
A4 0.45 0.67 0.89 1.12 1.34 1.56 
A5 0.44 0.66 0.88 1.10 1.32 1.54 
A6 0.42 0.62 0.83 1.04 1.25 1.46 
A7 0.40 0.61 0.81 1.01 1.21 1.42 
A8 0.39 0.59 0.79 0.99 1.18 1.38 
PT 0.38 0.57 0.76 0.95 1.14 1.33 

ACT 0.51 0.76 1.01 1.27 1.52 1.77 

 
Critical radius (r*): During liquid-solid transformation

embryos are rapidly dispersed in unsaturated liquid and on
undercooling liquid becomes saturated and provides embryo
of a critical size with radius r* for nucleation which can be
determined by the Chadwick relation [24]:

*

V V

2 2 T
r

G H T

σ σ= =
∆ ∆ ∆ (23)
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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. The value
of r* for pure components (phenothiazine and acetanilide) and
solid dispersions lies between 41 to 190 nm at undercooling
1-3.5 °C.

TABLE-5 
CRITICAL SIZE OF NUCLEUS (r*) AT  
DIFFERENT UNDERCOOLINGS (∆T) 

r* (nm) 
Alloy 

1.0 1.5 2.0 2.5 3.0 3.5 
A1 145.7 97.12 72.84 58.27 48.56 41.62 
A2 145.6 97.08 72.81 58.25 48.54 41.60 
E 149.1 99.37 74.53 59.62 49.69 42.59 
A3 157.3 104.85 78.63 62.91 52.42 44.93 
A4 163.7 109.14 81.85 65.48 54.57 46.77 
A5 166.0 110.65 82.99 66.39 55.33 47.42 
A6 174.7 116.49 87.37 69.89 58.25 49.92 
A7 179.3 119.54 89.66 71.72 59.77 51.23 
A8 183.7 122.44 91.83 73.46 61.22 52.47 
PT 190.3 126.84 95.13 76.10 63.42 54.36 

ACT 146.2 97.44 73.08 58.46 48.72 41.76 

 
Critical free energy of nucleation (∆∆∆∆∆G*): To form critical

nucleus, it requires a localized activation/critical free energy
of nucleation (∆G*) which is evaluated [25] as:

3

2
v

16
G*

3 G

πσ∆ =
∆ (24)

The value of ∆G* for alloys and pure components has
been found in the range of 10–15 to 10–16 J per molecule at
different undercoolings and has been reported in Table-6.

TABLE-6 
CRITICAL FREE ENERGY OF NUCLEATION  
(∆G*) FOR ALLOYS OF PT-ACT SYSTEM AT  

DIFFERENT UNDERCOOLING (∆T) 

∆G* × 1016 (J) 
Alloy 

1.0 1.5 2.0 2.5 3.0 3.5 
A1 32.85 14.60 8.21 5.26 3.65 2.68 
A2 32.73 14.55 8.18 5.24 3.64 2.67 
E 34.21 15.20 8.55 5.47 3.80 2.79 
A3 37.98 16.88 9.49 6.08 4.22 3.10 
A4 41.05 18.24 10.26 6.57 4.56 3.35 
A5 42.09 18.71 10.52 6.73 4.68 3.44 
A6 46.53 20.68 11.63 7.44 5.17 3.80 
A7 48.88 21.72 12.22 7.82 5.43 3.99 
A8 51.16 22.74 12.79 8.19 5.68 4.18 
PT 54.78 24.35 13.69 8.76 6.09 4.47 

ACT 33.15 14.74 8.29 5.30 3.68 2.71 

 
Interface morphology: The science of growth has been

developed on the foundation of thermodynamics, kinetics, fluid
dynamics, crystal structures and interfacial sciences. The solid-
liquid interface morphology can be predicted from the value
of the entropy of fusion. According to Hunt and Jackson [26],

the type of growth from a binary melt depends upon a factor
α, defined as:

H S

RT R

∆ ∆α = ξ = ξ (25)

where ξ 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
constant. When α is less than two the solid-liquid interface is
atomically rough and exhibits non-faceted growth. The value
of Jackson’s roughness parameter (α) is given in Table-1. For
the entire solid dispersions the a value was found greater than
2 which indicate the faceted [27,28] growth proceeds in all
the cases.

Conclusion

The solid-liquid equilibrium phase diagram of PT-ACT
system shows the formation of simple eutectic alloy. The activity
and activity coefficient values are very useful in computing
thermodynamic mixing and excess functions. Thermodynamic
excess and mixing functions gE and ∆GM values for eutectic
and non-eutectics are being found positive which suggest the
stronger association between like molecules and there is non-
spontaneous mixing in all the binary drugs.
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