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THERMODYNAMIC INVESTIGATION ON 

SOLID DISPERSIONS OF NICOTINAMIDE – 

SULPHAMERAZINE DRUG SYSTEM

Abstract: 1LFRWLQDPLGH� �1$��DQG�6XOSKDPHUD]LQH� �60��KDYH�EHHQ� LQ�RUDOO\�XVH�RI� D�QXPEHU�RI�GLVHDVHV� IRU� ODVW�
IHZ�GHFDGHV��1LFRWLQDPLGH� LV shown as HIV, M. tuberculosis and Pellagra preventive agent while sulphamerazine 

LV�XVHG� LQ�GLDUUKHD��G\VHQWHU\��(�FROL� HWF�� ,Q� UHFHQW�\HDUV�� UHVHDUFK�RQ� VROLG�GLVSHUVLRQV�RI�ELQDU\�GUXJ�SURGXFWV� LV�
SOD\LQJ� D� VLJQL¿FDQW� UROH� LQ� GUXJ� GHOLYHU\� SURFHVV� RI� WKH� SKDUPDFHXWLFDO� LQGXVWULHV�� 7KH� SUHVHQW� VWXG\� KLJKOLJKWV�
WKH� WKHUPRG\QDPLF� FKDUDFWHULVWLFV� RI� VROLG� GLVSHUVLRQV� ELQDU\� SURGXFWV� RI� DFWLYH� SKDUPDFHXWLFDO� LQJUHGLHQW� 60�
ZLWK�SKDUPDFHXWLFDO� H[FLSLHQW�1$��7KH� VROLG�OLTXLG� HTXLOLEULXP�GDWD�RI�1$�60�V\VWHP� IDYRUV� WKH� IRUPDWLRQ�RI� D�
HXWHFWLF��(��VROLG�GLVSHUVLRQV�DW�������PROH�IUDFWLRQ�RI�60�DQG�QRQ�HXWHFWLF�VROLG�GLVSHUVLRQV��$��$���DW�WKHLU�GH¿QHG�
FRPSRVLWLRQV�DQG�WHPSHUDWXUHV��,Q�RUGHU�WR�LOOXVWUDWH�WKH�PROHFXODU�LQWHUDFWLRQ��WKH�DFWLYLW\�FR�HI¿FLHQW�PRGHO�EDVHG�
on enthalpy of fusion is employed to calculate the excess partial and integral thermodynamic functions such as g(, h( 

and s(��7KH�SRVLWLYH�YDOXH�RI�H[FHVV�*LEEV�IUHH�HQHUJ\�SUHGLFWV�WKH�VWURQJHU�PROHFXODU�LQWHUDFWLRQ�EHWZHHQ�WKH�OLNH�
PROHFXOHV�DV�FRPSDUHG�WR�XQOLNH�PROHFXOHV��7KH�VSRQWDQHLW\�RI�PL[LQJ�RI�HXWHFWLF�DQG�QRQ�HXWHFWLF�VROLG�GLVSHUVLRQV�
has been discussed by the integral mixing quantities 'G0, 'H0 and 'S0��7KH�FULWLFDO�UDGLXV��U
��KDV�EHHQ�IRXQG�LQ�nm 

VFDOH�ZKLFK�VXJJHVWV�DERXW�WKH�VROLGL¿FDWLRQ�WHFKQLTXH�WR�¿QG�WKH�QDQR�VROLG�GLVSHUVLRQ�DQG�UHPDLQV�YHU\�VXUSULVLQJ�IRU�
WKH�SKDUPD�ZRUOG��7KH�ELQDU\�LQWHUIDFH�VWUXFWXUH�RI�VROLG�GLVSHUVLRQV�KDV�EHHQ�GLVFXVVHG�LQ�WKH�OLJKW�RI�-DFNVRQ�PRGHO�
RI�LQWHUIDFH�VWUXFWXUH��
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INTRODUCTION

Heterocycles are important biological and 

SKDUPDFRORJLFDO�DFWLYH�FKHPLFDO�HQWLWLHV��7KH�UHVHDUFK�
and development on this class of compounds have 

provided myriad applications in medicines and food 

SURGXFWLRQ�RYHU�SDVW�IHZ�GHFDGHV��1LFRWLQDPLGH��1$��LV�
D�VWUXFWXUDO�FRPSRQHQW�RI�DGHQLQH�GLQXFOHRWLGH��1$'��
DQG�DGHQLQH�GLQXFOHRWLGH�SKRVSKDWH��1$'3��ZKLFK�KDYH�
very important co-enzymic role in metabolic oxidation-

UHGXFWLRQ�UHDFWLRQV�LQ�KXPDQ�EHLQJ��,W�LV�ZDWHU�VROXEOH�
YLWDPLQ�%3�DQG�D�SDUW�RI�YLWDPLQ�%�FRPSOH[��,W� LV�DQWL�
HIV1��DQWL�0��WXEHUFXORVLV2��DQWL�LQÀDPPDWRU\3 and anti 

Pellagra4 DJHQWV��6XOSKDPHUD]LQH��60��LV�DQ�DQWLEDFWHULDO�
DJHQW��,W�LV�D�VXOSKRQDPLGH�EDFWHULRVWDWLF�DQWLELRWLF5��,W�LV�
most often used as part of a synergistic combination with 

WULPHWKRSULP��,WV�SULPDU\�DFWLYLW\�LV�DJDLQVW�VXVFHSWLEOH�
forms of Streptococcus, Staphylococcus aureus, 

(VFKHULFKLD� FROL�� +DHPRSKLOXV� LQÀXHQ]DH6, and oral 

DQDHUREHV��(XWHFWLF�DQG�QRQ�HXWHFWLF�VROLG�GLVSHUVLRQV��� 
of active pharmaceutical hydrophobic ingredients 

�$3,V�� ZLWK� K\GURSKLOLF� H[FLSLHQW� 1LFRWLQDPLGH� �1$��
are important not only because of the ability to control 

pharmaceutical properties without changing covalent 

bonds but also they can be used in the design9 of new 

PDWHULDOV�� ,Q� UHFHQW�\HDUV��DGYDQFHV� LQ� VXSUDPROHFXODU�
engineering and chemistry have motivated to extend 

research on the design of pharmaceutical materials by 

directing molecular association of different components 

LQ� WKH� FU\VWDOOLQH� VWDWH� WR� IRUP� ELQDU\�WHUQDU\� VROLG�
GLVSHUVLRQV� RI� SRWHQWLDO� LQWHUHVW�� 3KDUPDFHXWLFDO�
properties of some binary solid dispersion have 

also been reported����� by their enhanced solubility, 

GLVVROXWLRQ�UDWH��K\JURVFRSLFLW\��DQG�FKHPLFDO�VWDELOLW\��
(XWHFWLF�PL[WXUH� IRUPDWLRQ� EHWZHHQ� QLFRWLQDPLGH� DQG�
K\GURSKRELF� FDUULHUV�GUXJV� RI� GLIIHUHQW� WKHUDSHXWLF�
classes was also investigated12,13 recently to reduce the 

drug particle size, and increases the dissolution rate 

DQG� WKXV� FKDQJHV� WKH� ELRSKDUPDFHXWLFDO� SURSHUWLHV�� LQ�
YLHZ� RI� SKDUPDFRORJLFDO� LPSRUWDQFH�� 1LFRWLQDPLGH�
�1$��6XOSKDPHUD]LQH� �60�� GUXJ� V\VWHP�ZDV� VHOHFWHG�
for their thermodynamic investigations such as solid-

liquid equilibrium, thermodynamic excess and mixing 

quantities, solid-liquid interfacial energy, critical radius, 

YROXPH� IUHH� HQHUJ\� FKDQJH� GXULQJ� VROLGL¿FDWLRQ� DQG�
interfacial structure of eutectic and non-eutectic solid 

GLVSHUVLRQV�
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EXPERIMENTAL 

1LFRWLQDPLGH� �1$�� �7KRPRV� %DNHU�� ,QGLD�� DQG�
6XOSKDPHUD]LQH� �60�� �&KHPSXUH�� ,QGLD�� ZHUH�
GLUHFWO\� WDNHQ� IRU� LQYHVWLJDWLRQ�� 7KH� PHOWLQJ� SRLQW�
RI� QLFRWLQDPLGH� ZDV� IRXQG� � WR� EH� ����&� ZKLOH� IRU�
VXOSKDPHUD]LQH� ����&�� UHVSHFWLYHO\�� )RU� PHDVXULQJ�
WKH� VROLG�OLTXLG� HTXLOLEULXP� GDWD� RI� 1$�60� V\VWHP��
mixtures of different compositions were made in glass 

test tubes by repeated heating followed by chilling in 

ice and their melting temperatures were determined 

by the thaw-melt method14,15�� 7KH� PHOWLQJ� DQG� WKDZ�
temperatures were determined in a Toshniwal melting 

point apparatus using a precision thermometer which 

FRXOG� UHDG� FRUUHFWO\� XS� WR� �� ����&�� 7KH� KHDWHU� ZDV�
UHJXODWHG�WR�JLYH�DERYH���&�LQFUHDVH�LQ�WHPSHUDWXUH�LQ�
HYHU\�¿YH�PLQXWHV��+HDW�RI�IXVLRQ�RI�PDWHULDOV�PHDVXUHG�
by the DTA method����� was used to evaluate the various 

WKHUPRG\QDPLF�SDUDPHWHUV��

RESULT AND DISCUSSION

6ROLG�±�/LTXLG�(TXLOLEULXP��6/(��6WXG\
7KH�6/(�GDWD�RI�1$�60�V\VWHP�GHWHUPLQHG�E\�WKH�WKDZ�
PHOW�PHWKRG�LV�UHSRUWHG�LQ�7DEOH����7KH�V\VWHP�VKRZV�
the formation of an eutectic18��7KH�PHOWLQJ�SRLQW�RI�1$�
�����&��GHFUHDVHV�RQ�WKH�DGGLWLRQ�RI�VHFRQG�FRPSRQHQW�
60� �0�3��� ����&�� DQG� IXUWKHU� DWWDLQV� PLQLPXP� DQG�
WKHQ�LQFUHDVHV��(XWHFWLF�(��������PROH�IUDFWLRQ�RI�60��
as well as non-eutectic solid dispersions (A1-A8) has 

been obtained at the compositions and temperatures  

DUH�VKRZQ� LQ�7DEOH����$W� WKH�HXWHFWLF� WHPSHUDWXUH� WZR�
phases namely a liquid phase and two solid phases are in 

HTXLOLEULXP�DQG�WKH�V\VWHP�LV�LQYDULDQW��7KH�KRPRJHQRXV�
binary liquid solution exists in the region above the 

eutectic temperature while the two solid phases exists 

LQ�WKH�UHJLRQ�EHORZ�WKH�HXWHFWLF�WHPSHUDWXUH��7KH�UHJLRQ�
located  below the liquidus line on the left side a binary 

OLTXLG� DQG� VROLG� 1$� H[LVW� ZKLOH� LQ� D� VLPLODU� UHJLRQ�
ORFDWHG�RQ� WKH� ULJKW�VLGH�D�ELQDU\� OLTXLG�DQG�VROLG�60�
V\VWHP�FR�H[LVW�
Thermodynamic Study

       The values of heats of fusion of eutectic and 

QRQHXWHFWLF� DOOR\V� DUH� FDOFXODWHG� E\� WKH� PL[WXUH� ODZ��
The value of heat of fusion of binary solid dispersions 

$��$���(� LV�JLYHQ� LQ�7DEOH����7KH�DFWLYLW\� FRHI¿FLHQW�
and activity of components for the systems under 

investigation has been calculated from the equation19 

given below 

¸̧¹
·¨̈©

§ �' 
ie

i
i

TTR

H 11
n l- iJF ��������

where iJ  
LV� DFWLYLW\� FRHI¿FLHQW� RI� WKH� FRPSRQHQW� L�

LQ� WKH� OLTXLG� SKDVH� UHVSHFWLYHO\�� ¨+i is the heat of 

IXVLRQ�RI�FRPSRQHQW�L�DW�PHOWLQJ�SRLQW�7L�DQG�5�LV�WKH�
JDV� FRQVWDQW��7e� � � LV� WKH�PHOWLQJ� WHPSHUDWXUH�RI� DOOR\��
8VLQJ� WKH�YDOXHV�RI�DFWLYLW\�DQG�DFWLYLW\�FRHI¿FLHQW�RI�
the components in binary solid dispersions mixing and 

H[FHVV�WKHUPRG\QDPLFV�IXQFWLRQV�KDYH�EHHQ�FRPSXWHG�

Mixing Functions

,Q�RUGHU�WR�NQRZ�WKH�PL[LQJ�FKDUDFWHULVWLFV�RI�FRPSRQHQWV�
in the binary melt,  Integral molar free energy of mixing 

�¨*0��� PRODU� HQWURS\� RI� PL[LQJ� �¨60) and molar 

HQWKDOS\� RI�PL[LQJ� �¨+0) and partial thermodynamic 

mixing functions of the binary solid dispersions were 

determined by using the following equations

¨*0� �57��F1$ lna1$ + F60�OQD60) ��������������������

¨60� �±5��J1$ lnF1$ + F60  lnF60) ��������������������

¨+0� �57��F1$ lnJ1$ + J60  lnJ60) ��������������������

G-
i

0� �ȝ�
i

0� ��57�OQD
i ��������������������

where G-i0� �ȝ-i0)  is the partial molar free energy of 

mixing of component i (mixing chemical potential)in 

binary mix and ฀i and ai� LV�WKH�DFWLYLW\�FRHI¿FLHQW�DQG�
DFWLYLW\�RI�FRPSRQHQW�UHVSHFWLYHO\��7KH�SRVLWLYH�YDOXH���
of Gibbs free energy of mixing for solid dispersions 

A5-A8 (Table 2) suggests that the mixing in all cases 

LV�QRQ�VSRQWDQHRXV�DQG�WKH�QHJDWLYH�YDOXH�RI�¨*0 for 

(� DQG�$��$�� IDYRXUV� WKH� VSRQWDQHRXV� PL[LQJ� RI� WKH�
FRPSRQHQWV�� 7KH� LQWHJUDO� PRODU� HQWKDOS\� RI� PL[LQJ�
value corresponds to the value of excess integral molar 

free energy of the system favors the regular behaviour  

LQ�WKH�ELQDU\�VROXWLRQV��
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 functions 

such as integral excess integral excess free  energy  (g(), 

excess integral entropy (s() and excess integral enthalpy 

(h() were calculated using the following equations;

and excess chemical potential or excess  partial free 

energy  of mixing 

7KH�YDOXHV�RI�฀OQ฀i�฀7FDQ�EH�GHWHUPLQHG�E\�WKH�VORSH�
of liquidus curve near the binary mix  form in the phase 

GLDJUDP�� 7KH� YDOXHV� RI� WKH� H[FHVV� WKHUPRG\QDPLF�
IXQFWLRQV� DUH� JLYHQ� LQ� 7DEOH� ��� 7KH� YDOXH� RI� WKH�
excess free energy is a measure of the departure of 

WKH� V\VWHP� IURP� LGHDO� EHKDYLRU�� 7KH� UHSRUWHG� H[FHVV�
thermodynamic data substantiate the earlier conclusion 

of an appreciable interaction between the parent 

FRPSRQHQWV�GXULQJ� WKH� IRUPDWLRQ�RI� VROLG�GLVSHUVLRQV��
The positive g( value21 for all eutectic and non-eutectic 

VROLG�GLVSHUVLRQV�LQIHUV�VWURQJHU�LQWHUDFWLRQ�EHWZHHQ�OLNH�
PROHFXOHV�LQ�ELQDU\�GLVSHUVLRQV��7KH�H[FHVV�HQWURS\�LV�D�
PHDVXUH�RI�WKH�FKDQJH�LQ�FRQ¿JXUDWLRQDO�HQHUJ\�GXH�WR�
a change in potential energy and indicates an increase in 

UDQGRPQHVV��
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Table ���3KDVH� FRPSRVLWLRQ��PHOWLQJ� WHPSHUDWXUH�� KHDW� RI� IXVLRQ�'+��� URXJKQHVV� SDUDPHWHU�D��� YDOXHV� RI� HQWURS\� RI� IXVLRQ�SHU� XQLW� YROXPH� �'S
v
���

LQWHUIDFLDO�HQHUJ\�V���JUDLQ�ERXQGDU\�HQHUJ\�V
gb
��DQG�*LEEV�7KRPVRQ�FRHI¿FLHQW��Ĳ�

Alloy X
NA

X
SM

MP
¨Ǿ

�-�PRO�
¨6��-�
PRO�.� Į ı��î���2

�-PǦ2�
ı

gb
�î���2

�-P-2�
¨6

v

�N-.-1m-3�
¨+

v

�-FPǦ3�
Ĳ�î���-05

�.P�

A1 ����� ����� ����� ������� ������ ���� ���� ���� ��� ������ ����

( ����� ����� ����� ������� ������ ���� ���� ���� ��� ������ ����

A2 ����� ����� ����� ������� ������ ���� ���� ���� 696 ������ ����

A3 ����� ����� ����� ������� ������ ���� ���� ���� 663 ������ ����

A4 ����� ����� ����� ������� ������ ���� ���� ���� 649 ������ ����

A5 ����� ����� ����� ������� ������ ���� ���� ���� 568 ������ ����

A6 ����� ����� ����� ������� ������ ���� ���� ���� ��� ������ ����

$� ����� ����� ����� ������� ������ ���� ���� ���� 483 ������ ����

A8 ����� ����� ����� ������� ������ ���� ���� ���� 442 ������ ����

1$ ����� ���� ���� ���� ��� ������ ����

60 ����� ���� ���� ���� 414 ������ ����

Table����9DOXH�RI�SDUWLDO�DQG�LQWHJUDO�PL[LQJ�RI�*LEEV�IUHH�HQHUJ\��¨*M���HQWKDOS\��¨ǾȂ��DQG�HQWURS\��¨6Ȃ��RI�1$�60�V\VWHP

Alloy
¨*

NA

í0

-�PRO

¨*
SM

í0

-�PRO

¨*M

-�PRO

¨Ǿȃ$Ǧ
M   

  �-�PRO

¨+
SM

– M 

-�PRO

¨ǾȂ

-�PRO

¨6
NA

– M

-�PRO�.

¨6
SM

– M

-�PRO�.

¨6Ȃ

-�PRO�.

A1 ������� �������� �������� ������ ������ �������� ���� ������ �����
( ������� �������� �������� ������� ������� �������� ����� ������ ������
A2 ������ �������� �������� ������ ������� �������� ����� ������ ������
A3 ����� �������� �������� ������ ������� �������� ����� ������ ������
A4 ������ �������� �������� ������ �������� �������� ����� ������ ������
A5 ������ �������� ������� ������ ������� �������� ����� ������ ������
A6 ������ �������� ������� ������ �������� �������� ����� ������ ������
$� ������ �������� ������� ������ ������� �������� ����� ������ ������
A8 ������ �������� ������� ����� �������� �������� ����� ������ ������

Gibbs-Duhem Equation

������ )XUWKHU�WKH�SDUWLDO�PRODU�TXDQWLW\��DFWLYLW\�DQG�
DFWLYLW\� FRHI¿FLHQW� FDQ� DOVR� EH� GHWHUPLQHG� E\� XVLQJ�
Gibbs-Duhem equation22 

8VLQJ�HTXDWLRQ������D�JUDSK��)LJ�����EHWZHHQ�+-0
sm and 

฀60�฀61 gives the solution of the partial molar heat of 

PL[LQJ�RI�D�FRQVWLWXHQW�1$�LQ�1$�60�VROLG�GLVSHUVLRQV�
and plot between lna60� YV�฀60�฀61  determines the 

YDOXH�RI�DFWLYLW\� �)LJ����� �RI�FRPSRQHQW�1$�LQ�ELQDU\�
PL[�
Interfacial Investigation

7KH�6ROLG�/LTXLG�,QWHUIDFLDO�(QHUJ\��ı�
  It has been found that an experimentally observed 

YDOXH�RI�LQWHUIDFLDO�HQHUJ\�µı¶�NHHSV�D�YDULDWLRQ�RI����
����� IURP�RQH�ZRUNHU� WR� RWKHU��+RZHYHU�� 6LQJK� DQG�
*OLFNPDQ23 were calculated the solid-liquid interfacial 

HQHUJ\� �ı�� IURP� PHOWLQJ� HQWKDOS\� FKDQJH� DQG� YDOXHV�

obtained are found in good agreement with the 

H[SHULPHQWDO� YDOXHV�� 7XUQEXOO� HPSLULFDO� UHODWLRQVKLS24 

between the interfacial energy and enthalpy change 

provides the clue to determine the interfacial energy 

value of solid dispersions and is expressed as:

3�23�1 )()( mVN

HC' V ............14

                                               

ZKHUH� WKH� FRHI¿FLHQW� &� OLHV� EHWZHHQ� ����� WR� ����� IRU�
nonmetallic system, Vm� LV�PRODU�YROXPH�DQG�1�LV�WKH�
$YRJDGUR¶V� FRQVWDQW�� 7KH� YDOXH� RI� WKH� VROLG�OLTXLG�
interfacial energy of nicotinamide and sulphamerazine 

ZDV� IRXQG� WR� EH� ����� [� ��Ǧ�� DQG� ����� [� ��Ǧ�� -� P���
UHVSHFWLYHO\�DQG�ı�YDOXH�RI�VROLG�GLVSHUVLRQV�ZDV�JLYHQ�
LQ�7DEOH���
7KH�(IIHFWLYH�(QWURS\�&KDQJH��¨6Y�
 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 

VROLGL¿FDWLRQ�DQG�WKH�YROXPH�IUDFWLRQ�RI�WKH�WZR�SKDVHV�
depends on the ratio of effective entropy change of the 

SKDVHV��7KH�HQWURS\�RI�IXVLRQ��¨6� �¨+�7��YDOXH��7DEOH�
1) of binary solids  is calculated by heat of fusion values 

RI�WKH�PDWHULDOV��7KH�HIIHFWLYH�HQWURS\�FKDQJH�SHU�XQLW�
YROXPH��¨6V) is given by

  

m

V
VT

H
S

1�' ' .....15
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ZKHUH� ¨+� LV� WKH� HQWKDOS\� FKDQJH�� 7� LV� WKH� PHOWLQJ�
WHPSHUDWXUH�DQG�9P�LV�WKH�PRODU�YROXPH�RI�VROLG�SKDVH��
7KH� HQWURS\� RI� IXVLRQ� SHU� XQLW� YROXPH� �¨69�� IRU�1$�
DQG�60�ZDV�IRXQG�����DQG�����N-.-1m-3�UHVSHFWLYHO\��
9DOXHV�RI�¨69�IRU�GLVSHUVHG�DOOR\V�DUH�UHSRUWHG�LQ�7DEOH�
���
7KH�'ULYLQJ�)RUFH�RI�1XFOHDWLRQ��฀*v)

During growth of crystalline solid there is change 

LQ� HQWKDOS\�� HQWURS\� DQG� VSHFL¿F� YROXPH� DQG� QRQ�
HTXLOLEULXP� OHDGV� *LEE¶V� HQHUJ\�� 7KHUPRG\QDPLFDOO\�
metastable phase occurs in a supersaturated or super-

FRROHG�OLTXLG��7KH�GULYLQJ�IRUFH�IRU�OLTXLG�VROLG�WUDQVLWLRQ�
LV� WKH� GLIIHUHQFH� LQ� *LEE¶V� HQHUJ\� EHWZHHQ� WKH� WZR�
SKDVHV��7KH�WKHRULHV�RI�VROLGL¿FDWLRQ�SURFHVV�LQ�SDVW�KDYH�

EHHQ�GLVFXVVHG�RQ�WKH�EDVLV�RI�GLIIXVLRQ�PRGHO��NLQHWLF�
characteristics of nucleation and on thermodynamic 

IHDWXUHV��7KH�ODWHUDO�PRWLRQ�RI�UXGHPHQWU\�VWHSV�LQ�OLTXLG�
DGYDQFHV�VWHSZLVH��QRQ�XQLIRUP�VXUIDFH�DW�ORZ�GULYLQJ�
force while continuous and uniform surface advances 

DW�VXI¿FLHQWO\�KLJK�GULYLQJ�IRUFH��7KH�GULYLQJ�IRUFH�RI�
QXFOHDWLRQ�YROXPH� IUHH� HQHUJ\� FKDQJH� IURP� OLTXLG� WR�
VROLG�GXULQJ�VROLGL¿FDWLRQ� �¨GV) can be determined at 

GLIIHUHQW� XQGHUFRROLQJV� �¨7�� E\� XVLQJ� WKH� IROORZLQJ�
equation25 

¨GV� �¨6Y¨7����������������

 It is opposed by the increase in surface free energy due 

WR�FUHDWLRQ�RI�D�QHZ�VROLG�OLTXLG�LQWHUIDFH��%\�DVVXPLQJ�
that solid phase nucleates as small spherical cluster of 

radius arising due to random motion of atoms within 

OLTXLG��7KH�YDOXH�RI�¨*V for solid dispersions and pure 

FRPSRQHQWV�DUH�VKRZQ�LQ�WKH�7DEOH���

7DEOH����9DOXH�RI�SDUWLDO�DQG�LQWHJUDO�H[FHVV�*LEEV�IUHH�HQHUJ\�JE���HQWKDOS\�KE��DQG�HQWURS\�VE��RI�1$�60�V\VWHP

Alloy
g

NA
ǦE

-�PRO
g

SM
ǦE

-�PRO
gE

-�PRO
h

NA
ǦE

-�PRO
h

SM
ǦE

-�PRO
hE

-�PRO
s

NA
ǦE

-�PRO�.
s

SM
Ǧ�E

-�PRO�.
sE

-�PRO�.

A1 ������� ������ ������� �������� ������� ������� ����� ������� ������
( ������� ������� ������� �������� �������� �������� ������� ������� ������
A2 ������� ������� ������� �������� �������� �������� ������� ������� �������
A3 ������� ������� ������� �������� �������� �������� ������� ������� �������
A4 ������� ������� ������� �������� �������� �������� ������� ������ �������
A5 ������ ������� ������� �������� �������� �������� ������� ������� �������
A6 ������� ������� ������� �������� -19328 �������� ������� ������� �������
$� ������� ������� ������� �������� �������� �������� ����� ������� �������
A8 ������� ������ ������� �������� ������� ������� ������ ������� �������

7DEOH����9DOXH�RI�YROXPH�IUHH�HQHUJ\�FKDQJH�FKDQJH��฀*v��GXULQJ��
GXULQJ�VROLGL¿FDWLRQIRU�1$�60�V\VWHP�DW�GLIIHUHQW�XQGHUFRROLQJV��฀7�

Alloy ฀G
v

1.0 1.5 2.0 2.5 3.0 3.5

A1 ����� ����� ����� ����� ����� �����
( ����� ����� ����� ����� ����� �����
A2 ����� ����� ����� ���� ����� �����
A3 ����� ����� ����� ����� ����� �����
A4 ����� ����� ����� ����� ����� ����
A5 ����� ����� ����� ����� ����� �����
A6 ���� ����� ���� ����� ���� �����
$� ����� ����� ����� ����� ����� �����
A8 ����� ����� ����� ����� ����� �����
1$ ����� ����� ����� ����� ����� �����
60 ����� ����� ����� ����� ����� �����

7DEOH����&ULWLFDO�VL]H�RI�QXFOHXV��U
��DW�GLIIHUHQW�XQGHUFRROLQJV��฀7�

Alloy
U
�QP�

1.0 1.5 2.0 2.5 3.0 3.5

A1 ����� ����� ����� ����� ����� �����
( ����� ����� ����� ����� ����� �����
A2 ����� ����� ����� ����� ����� �����
A3 ����� ����� ����� ����� ����� �����
A4 ����� ����� ����� ����� ����� �����
A5 ����� ����� ����� ����� ����� �����
A6 ����� ����� ����� ����� ����� �����
$� ����� ����� ����� ����� ����� �����
A8 ����� ����� ����� ����� ����� �����
1$ ����� ����� ����� ����� ����� �����
60 ����� ����� ����� ����� ����� �����

7DEOH����9DOXH�RI�FULWLFDO�IUHH�HQHUJ\�RI�QXFOHDWLRQ��฀*
���IRU�1$�60�
V\VWHP�DW�GLIIHUHQW�XQGHUFRROLQJV��฀7�

Alloy
�฀*
���16�-�

1.0 1.5  2 .0 2.5 3.0 3.5
A1 ����� ����� ����� ����� ����� �����
( ����� ����� ����� ����� ����� �����
A2 ����� ����� ����� ����� ����� �����
A3 ����� ����� ����� ���� ����� ����
A4 ����� ����� ����� ����� ����� �����
A5 ����� ����� ����� ����� ����� �����
A6 ����� ����� ����� ����� ����� ����
$� ����� ����� ����� ����� ����� �����
A8 ����� ����� ����� ����� ����� �����
1$ ����� ����� ����� ����� ����� �����
60 ����� ����� ����� ����� ����� �����
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The Critical Radius (r*)

During liquid-solid transformation embryos are rapidly 

dispersed in unsaturated liquid and on undercooling 

liquid becomes saturated and provide embryo of a 

critical size with radius r* for nucleation which can be 

H[SUHVVHG�E\�WKH�&KDGZLFN�UHODWLRQ26

TH

T

G
r

VV '' ' VV 22*
................(17)

ZKHUH�ı�LV�WKH�LQWHUIDFLDO�HQHUJ\�DQG�̈ +V is the enthalpy 

RI�IXVLRQ�RI�WKH�FRPSRXQG�SHU�XQLW�YROXPH��UHVSHFWLYHO\��
The critical size of the nucleus for the components and 

alloys was calculated at different undercoolings and 

values are presented in Table 5 which lies between 

������������QP�� ,W� FDQ�EH� LQIHUUHG� IURP� WDEOH� WKDW� WKH�
size of the critical nucleus decreases with increase in the 

XQGHUFRROLQJ�RI�WKH�PHOW��7KH�H[LVWHQFH�RI�HPEU\R�DQG�
a range of embryo size can be expected in the liquid at 

DQ\�WHPSHUDWXUH���
&ULWLFDO�)UHH�(QHUJ\�RI�1XFOHDWLRQ��¨*
�
To form critical nucleus, it requires a localized critical 

IUHH�HQHUJ\�RI�QXFOHDWLRQ��¨*
��ZKLFK�LV�HYDOXDWHG�� as

2

3

  

 

3

6 1
*

vG
G ' ' VS

............(18)

7KH�YDOXH�RI�¨*
�IRU�DOOR\V�DQG�SXUH�FRPSRQHQWV�KDV�
EHHQ�IRXQG�LQ�WKH�UDQJH�RI���Ǧ15�WR���Ǧ16�-�SHU�PROHFXOH�
at different undercoolings, and has been reported in 

7DEOH���
*LEEV�7KRPVRQ�&RHI¿FLHQW��Ĳ�
)RU� D� SODQDU� JUDLQ� ERXQGDU\� RQ� SODQDU� VROLG�OLTXLG�
LQWHUIDFH� WKH� *LEEV�7KRPVRQ� FRHI¿FLHQW� �Ĳ�� IRU� WKH�
system can be calculated by the Gibbs-Thomson 

equation is expressed as; 

V

m

SH

VT
Tr ' ' ' VVW  

.........(19)

ZKHUH� Ĳ� LV� WKH� *LEEV�7KRPVRQ� FRHI¿FLHQW�� ¨7� LV� WKH�
dispersion in equilibrium temperature and, r is the 

UDGLXV� RI� JURRYHV� RI� LQWHUIDFH�� 7KH� WKHRUHWLFDO� EDVLV�
RI� GHWHUPLQDWLRQ�RI� Ĳ�ZDV�PDGH� IRU� FRQVLGHULQJ� HTXDO�
thermal conductivities of solid and liquid phases for 

VRPH� WUDQVSDUHQW� PDWHULDOV�� ,W� ZDV� DOVR� GHWHUPLQHG�
by the help of Gunduz and Hunt numerical method28 

IRU� PDWHULDOV� KDYLQJ� NQRZQ� JUDLQ� ERXQGDU\� VKDSH��
temperature gradient in solid and the ratio of thermal 

conductivity of the equilibrated liquid phases to solid 

SKDVH� �5�  � ./�.6��7KH� *LEEV�7KRPVRQ� FRHI¿FLHQW�
IRU�1$��60�DQG�WKHLU�VROLG�GLVSHUVLRQV�DUH�IRXQG�LQ�WKH�
UDQJH�RI������±������[�������.P�DQG�LV�UHSRUWHG�LQ�7DEOH�
��
,QWHUIDFLDO�*UDLQ�%RXQGDU\�(QHUJ\��฀gb)

 Grain boundary is the internal surface which can 

be understood in a very similar way to nucleation 

RQ� VXUIDFHV� LQ� OLTXLG�VROLG� WUDQVIRUPDWLRQ�� ,Q� SDVW��
a numerical method29 was applied to observe the 

LQWHUIDFLDO�JUDLQ�ERXQGDU\�HQHUJ\��ıJE��ZLWKRXW�DSSO\LQJ�

the temperature gradient for the grain boundary groove 

VKDSH��)RU� LVRWURSLF� LQWHUIDFH� WKHUH� LV�QR�GLIIHUHQFH� LQ�
WKH� YDOXH� RI� LQWHUIDFLDO� WHQVLRQ� DQG� LQWHUIDFLDO� HQHUJ\��
A considerable force is employed at the grain boundary 

JURRYH� LQ� DQLVRWURSLF� LQWHUIDFH�� 7KH� JUDLQ� ERXQGDU\�
energy can be obtained by the equation:

TVV cos2  bg .........(20)

ZKHUH�ș�LV�HTXLOLEULXP�FRQWDFW�DQJOH�SUHFLSLWDWHV�DW�VROLG�
OLTXLG�LQWHUIDFH�RI�JUDLQ�ERXQGDU\��7KH�JUDLQ�ERXQGDU\�
energy could be twice the solid-liquid interfacial energy 

LQ�WKH�FDVH�ZKHUH�WKH�FRQWDFW�DQJOH�WHQGV�WR�]HUR��7KH�
YDOXH�RI�ıgb�IRU�VROLG�1$�DQG�60�ZDV��IRXQG�WR�EH������
[� ���2� DQG� ����฀���2-P�2 respectively and the value 

IRU�DOO�VROLG�GLVSHUVLRQV�LV�JLYHQ�LQ�7DEOH���
Interface Morphology

The science of growth has been developed on the 

IRXQGDWLRQ�RI�WKHUPRG\QDPLFV��NLQHWLFV��ÀXLG�G\QDPLFV��
FU\VWDO� VWUXFWXUHV� DQG� LQWHUIDFLDO� VFLHQFHV�� 7KH� VROLG�
liquid interface morphology can be predicted from 

WKH�YDOXH�RI� WKH�HQWURS\�RI� IXVLRQ��$FFRUGLQJ� WR�+XQW�
DQG� -DFNVRQ��, the type of growth from a binary melt 

GHSHQGV�XSRQ�D�IDFWRU�Į��GH¿QHG�DV�

R

S

TR

H ' ' [[D
 

........(21)

                                                                              

where [  is a crystallographic factor depending upon the 

geometry of the molecules and has a value less than or 

HTXDO�WR�RQH��¨6�5��DOVR�NQRZQ�DV�-DFNVRQ¶V�URXJKQHVV�
SDUDPHWHU� Į�� LV� WKH� HQWURS\� RI� IXVLRQ� �GLPHQVLRQOHVV��
DQG�5�LV�WKH�JDV�FRQVWDQW��:KHQ�Į�LV�OHVV�WKDQ�WZR�WKH�
solid-liquid interface is atomically rough and exhibits 

QRQ�IDFHWHG�JURZWK��7KH�YDOXH�RI�-DFNVRQ¶V�URXJKQHVV�
SDUDPHWHU��¨6�5��LV�JLYHQ�LQ�7DEOH����)RU�WKH�HQWLUH�VROLG�
GLVSHUVLRQV�WKH�฀�YDOXH�ZDV�IRXQG�JUHDWHU�WKDQ���ZKLFK�
indicate the faceted31�JURZWK�SURFHHGV�LQ�DOO�WKH�FDVHV�

CONCLUSION 

7KH� VROLG�OLTXLG� HTXLOLEULXP� GDWD� RI� 1$�60� V\VWHP�
VKRZ� WKH� IRUPDWLRQ� RI� VLPSOH� HXWHFWLF�� 7KH� DFWLYLW\�
DQG� DFWLYLW\� FRHI¿FLHQW� YDOXHV� GHWHUPLQHG� E\� XVLQJ�
heat of fusion data are very useful in computing 

WKHUPRG\QDPLFV� RI� PL[LQJ� DQG� H[FHVV� IXQFWLRQV��
Thermodynamic excess and mixing functions g( for 

DOO� VROLG�GLVSHUVLRQV� DQG�฀*0 values for eutectic and 

non-eutectic solid dispersions A5-A8 have been found 

positive which suggest the stronger association between 

OLNH�PROHFXOHV�DQG�WKHUH�LV�QRQ�VSRQWDQHRXV�PL[LQJ�LQ�
WKH�ELQDU\�GLVSHUVHG�DOOR\V��7KH�QHJDWLYH�YDOXH�RI�¨*0 

IRU�(�DQG�$��$��IDYRXUV�WKH�VSRQWDQHRXV�PL[LQJ�LQ�WKHVH�
FDVHV��7KH�FULWLFDO�UDGLXV�RI�DOO�WKH�VROLG�GLVSHUVLRQV�DW�
GLIIHUHQW� XQGHUFRROLQJV� KDV� EHHQ� IRXQG� LQ� QDQR�VFDOH��
7KH�YDOXH�RI�-DFNVRQ¶V�URXJKQHVV�SDUDPHWHU��Į��IRU�DOO�
solid dispersions was found greater than 2 which suggest 

WKH�IDFHWHG�JURZWK�SURFHHGV�LQ�DOO�WKH�FDVHV�
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