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ABSTRACT

Phase diagrams of the binary systems of NicotinariA) with o-Nitroaniline (oNA), Cinnamic acid (Cand 2-
Methylimidazole (MIm) have been studied by thawt method. The result infers that all these mixtuaes simple
eutectic in nature. Eutectics (E) of NA-oNA, NA-&A&l NA-MIm are formed at 66, 100C and 102C melting
temperature, respectively and 0.780, 0.502 and Dsmble fraction of oNA, CA and MIm respectively atHef
fusion ¢H) of all the alloys and eutectics are also caltathwith the help of mixture law. Thermodynamid#itst
in form of excess stability and ideal stabilitytloé alloys of all systems are discussed in thegmework. It gives an
idea about the stability of eutectics and non-etitscalloys of the systems. Interface morphologyhef alloys
predicts the faceted growtls & 2) in all the cases in the light of Jackson’sfaoe roughnessd) theory. The
microstructures of pure components of taken birgstems having high entropy of fusion and its ¢igetave
also been discussed.
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INTRODUCTION

The formation of organic molecular complexes by nseaf electronic theory of valency follows at oneanany
cases from Sidwick’s interpretation of Werner'sahe A number of different organic substances cateosimply
represented having their constituent moleculesedrtity means of molecular rather than atomic forttesunion is

in fact attributed to the action of the fields bétresidual valency of either molecules or grouptofms. Physical as
well as chemical forces are involved in the formatof eutectic and non-eutectic alloys. Thermocleainstudies
unfold the nature of mixing as well as nature ofeiaction between components during binary mix.
Thermodynamics in materials science has often bsed indirectly through phase diagrams. The sciehgeowth
has been developed on the foundation of thermodigsakinetics, fluid dynamics, crystal structuresl anterfacial
sciences. The microstructure of a material has deand significantly important in deciding its mextical,
electrical, magnetic and optical properties. Dursimdjdification, various microstructures form iretllloys. While
alloy properties are largely determined by the congmts used and the composition of the components,
microstructure formed during solidification of allés also important in improving the properties.eTtreation of
alloy microstructures causes a local change inctiraposition and this is the reason why alloy propesrare
influenced by the microstructures. Nicotinamidevester soluble aromatic organic component of vitaBioomplex
group. In vivo, nicotinamide is incorporated inticatinamide adenine dinucleotide (NAD) and nicotmide
adenine dinucleotide phosphate (NADP) [1]. Nicarhigenost effective when applied to the skin, whiaps to
reduce the inflammation and redness of inflammatacye [2]. The comprehensive review of nicotinarside
pharmaceutical effects came in light in 1991 asmatn HIV agent [3] and after that popularized wasButectic and
non-eutectic solid dispersions [4, 5] of active phaceutical hydrophobic ingredients (APIs) with roghilic
excipient Nicotinamide (NA) are important not orilgcause of the ability to control pharmaceuticapprties
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without changing covalent bonds but also they carubed in the design [6] of new materials. In regears,
advances in supramolecular engineering and chemisive motivated to extend research on the desfgn o
pharmaceutical materials by directing moleculapeisgion of different components in the crystallstate to form
binary/ternary solid dispersions of potential iegr Pharmaceutical properties of some binary stididersion have
also been reported [7, 8] by their enhanced sdtybitlissolution rate, hygroscopicity, and chemisgbility.
Eutectic mixture formation between nicotinamide dshgdrugs and hydrophilic carriers were investigafed
recently to reduce the drug particle size, andeiases the dissolution rate and thus changes tpbdimaceutical
properties. The main objective of this paper isirtsoduce the quantitative link between phase diagr and
thermodynamic properties of Nicotinamide (NA) badwdary organic systems with Cinnamic acid (CA), o-
nitroaniline (0NA) and 2-methylimidazole (MIm). Theslid-liquid equilibrium phase diagram, interfdcgudies
and investigation of microstructures of eutectid aon-eutectic alloys of all the systems are diseds

EXPERIMENTAL SECTION

Nicotinamide (Thomas Baker, Bombey) and Cinnamid 6. S. Chemical, New Delhi) were purified by
successive re-crystallization from boiling water ilwho-Nitroaniline (G. S. Chemical, New Delhi) arit
Methylimidazole (G. S. Chemical, New Delhi) werereditly taken for investigation. The melting point
(experimental value) of nicotinamide, o-nitroargljrcinnamic acid and 2-methylimidazole was founteal28°C,
74°C, 132°C and 143°C, respectively. The soliditigequilibrium data of all system were determingdhe Thaw-
melt method [10, 11]. Mixtures of different compash were made in glass test tubes by repeatednigeand
followed by chilling in ice. The melting and thawntperatures were determined in a Toshniwal melpioigt
apparatus using a precision thermometer (x 0.1T6¢ heater was regulated to rise in temperaturene than
1°C every five minutes.

To study the microstructure of the pure componant eutectics, a small sample was taken on a vasdhed and
dried glass slide and placed in an oven maintaietitemperature slightly above the melting pofrthe sample.
On complete melting a cover-slip was glided ovee thelt and allowed to cool. After a few minutese th
supercooled melt was nucleated by the solid ofsdm@e composition and care was taken to have udiidinal
freezing [12]. After the complete freezing, thedsliwas placed on the platform of an SES, DMS-Ogitali
microscope where observation of the different negiof the slide was carried out.

RESULTS AND DISCUSSION

Phase diagram (SLE) study
Thermodynamics in materials science has often hesemd indirectly through phase diagrams. The saiiid
equilibria [13, 14] (SLE) data of NA —oNA, NA-CA drNA-MIm systems determined by the Thaw melt metisod
reported in the form of temperature-compositionveufFig.1, 2 & 3). All systems show the formatiohsimple
eutectic [15, 16]. The melting point of NA (128 decreases on the addition of second componehtfuather
attains minimum and then increases. At the eutéetiperature, two phases (a liquid phase L andstlid phases
S, and $) are at equilibrium and

Cooling

L S+

the system is invariant. The equilibrium involvedang the phases are represented by the diagram

L
Si+L L+S,
Sl SZ

$;1+S;

where in the eutectic region indicated by L a hoemms binary liquid solution exists, while the taalid phases
exist below the horizontal line. In the case, igioe located on the left side of the diagram abjriquid and solid
NA co-exist, while the region located on the rigite of the diagram a binary liquid and seconchpanent co-
exist equilibrium (note that;3s solid NA, while $is solid second component).

The chemical interaction between two components: ininary system leads to an association of molscire
definite quantities. Physical as well as chemicatés are involved in the formation of eutectic aweh-eutectic
alloys. Thermochemical studies unfold the naturenodng as well as nature of interactions betweamgonents of
a binary mix.
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Nicotinamide (NA) — dNitroaniline (ONA) Syste
The solid-liquid equilibrium d@& of NA-oNA system was determined by Thawelt method exhibit formation of
simple eutectic (Fig.)lat 0.780 mole fraction of second compone-nitroaniline and at melting temperature 6¢
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Nicotinamide (NA) -€innamic acid (CA) Syste
The solidliquid phase diagram of N-CA system shows simple eutectic shown in Fig. 2e&ic of NA-CA system
is formed at 100°C and 0.502 mole fraction of Cmitaacid. The chemical interaction between two congmts ir
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a binary system leads to an association of moledulelefinite quantities. Physical as well as cluainforces are
involved in the formation of eutectic and non-etitealloys.

Nicotinamide(NA) — 2-Methylimidazole(MIm) System

The solid-liquid equilibrium phase diagram of NA-4MIsystem determined by the thaw melt method isrtegan
the form of temperature-composition curve (Fig[13)]. NA-MIm system shows the formation of simpletectic.
Eutectic of NA-MIm is formed at 102 and 0.451 mole fraction of MIm.

] Fig. 3 Phase diagram of Nicotinamide-2-Methylimidaale system 143°C #
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Thermochemistry
The enthalpy of fusion of pure NA, oNA, CA and Mhare 25.40, 16.10, 23.14 and 12.67 kJ/mol, respsgtiThe

enthalpy of fusion of eutectic (E) and non-euteetioys of all systems are calculated by the mixtlaw using
equation [18]

(AH):=Xna AHna+ Xonal Hona 1)

wherey andAH are the mole fraction and the heat of fusionhef component indicated by the subscript,

respectively. The enthalpy of fusion values of bynalloys and eutectic (E) of all three systemsetakre reported
in Table 1.

The activity coefficient/activity of components ftite systems has been calculated from the equHitigngiven
below

i _AHi[l_lj
e | R
RIT, T @

a =Xl (3

wherea, and y,l is activity and activity coefficient of the compenti in the liquid phase respectivelyH; is the
heat of fusion of component i at melting pointahd R is the gas constant, Tis the melting temperature of alloy.

521



Vishnu Kant et al J. Chem. Pharm. Res., 2014, 6(10):518-527

Using the values of activity and activity coefficig Table 1) of the components in alloys stabiléycess stability
and ideal stability have been computed.

Table 1. Phase composition, melting point, enthalpgf fusion values, roughness parameter

Alloy (i =2" component) (°C) (kd/mol) a a v
NA-oNA system
Al 0.944 72 16.62 5.79 0.97 1.03
A2 0.888 70 17.14 6.01 0.94 1.06
A3 0.834 67 17.64 6.24 0.89 1.07
E 0.780 65 18.15 6.46 0.86 1.10
A4 0.758 66 18.35 6.51 0.88 1.16
A5 0.728 68 18.63 6.57 0.91 1.25
A6 0.674 83 19.13 6.46 1.15 171
A7 0.570 102 20.10 6.45 1.52 2.66
A8 0.519 109 20.57 6.48 1.67 3.21
A9 0.469 113 21.04 6.56 1.76 3.75
Al10 0.371 115 21.95 6.80 1.80 4.86
All 0.275 120 22.84 6.99 1.92 6.99
Al2 0.181 122 23.72 7.22 1.97 10.89
Al3 0.089 125 24.57 7.43 2.04 22.97
NA-CA System
Al 0.881 126 2341 7.06 0.76 0.87
A2 0.767 120 23.67 7.24 0.69 0.90
A3 0.712 117 23.79 7.34 0.65 0.91
A4 0.679 115 23.87 7.40 0.63 0.92
A5 0.658 111 23.91 7.49 0.58 0.88
A6 0.637 110 23.96 7.52 0.57 0.90
A7 0.553 102 24.15 7.75 0.49 0.88
E 0.502 100 24.27 7.82 0.47 0.94
A8 0.452 102 24.38 7.82 0.49 1.08
A9 0.355 105 24.60 7.83 0.52 1.46
Al10 0.261 114 24.81 7.71 0.62 2.36
All 0.171 120 25.01 7.66 0.69 4.02
Al2 0.016 125 25.36 7.67 0.75 46.93
NA-MIm System
Al 0.930 137 13.56 3.98 1.05 1.13
A2 0.856 131 14.50 4.32 0.99 1.16
A3 0.776 129 15.52 4.64 0.97 1.25
A4 0.690 120 16.62 5.09 0.89 1.29
A5 0.645 118 17.19 5.29 0.87 1.36
A6 0.617 112 17.55 5.48 0.82 1.33
A7 0.598 108 17.79 5.62 0.79 1.32
A8 0.579 107 18.03 5.71 0.78 1.35
E 0.549 102 18.41 5.91 0.74 1.35
A9 0.498 105 19.06 6.07 0.76 154
Al10 0.477 105 19.33 6.15 0.76 1.60
All 0.455 106 19.61 6.22 0.77 1.70
Al2 0.389 108 20.45 6.46 0.79 2.03
Al3 0.271 118 21.95 6.75 0.87 3.23
Al4 0.142 123 23.59 7.17 0.92 6.47

Stability Functions

Thermodynamic strength of the present system imfof stability and excess stability functions [2Z1] can be
determined by the second derivative of their mélee energy and excess energy respectively, wihee to the
mole fraction of either constituent:

2 M
Stability= aA_cz = —2RTLa2 @)
ox a(L-Xx)
2 E
ExcessStability= 9 92 = —2RTA\/2 (5)
ox a(L-x)
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These values may be calculated by multiplying theesof Ina vs (1 %)% and Iry vs (1 —x)? plots with -2RT. The
values of total stability to the ideal stabilitychdefined as

Ideal Stability= — 1 ®)

X@=X)

These values show the overall thermodynamic stalilithe alloy. It is evident from the Figs. 4tBat the negative
value of stability, excess stability and ideal gtgbof binary alloys, predicts the stronger siaiition in the binary

alloys. Values of stability, excess stability addal stability of eutectics of all systems areegivn Table 2 and also
eutectics and non-eutectics alloys are shown m4i@ in the form of graph.

Table 2. Values of Stability, Excess stability anttleal stability of Binary System

Eutectic of Alloys | Stability | Excess Stability | Ideal Stability
(J/mol) (J/mol) (J/mol)
NA — oNA System | 5620.26 -9385.84 16376.06
NA — CA System | -3101.12 -15505.61 12404.69
NA — MIm System | -6235.50 -20764.22 12591.93
Fig. 4 Stability Function of NA-oNA System
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Fig. 5 Stability Function of NA-MIm System
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Microstructure of pure components and eutectic

It is well known that in polyphase materials thecrostructure gives the information about shape sird of the
crystals and it is important in deciding its medbah electrical, magnetic and optical propertiésmaterial. The
science of growth has been developed on the foiomdatf thermodynamics, kinetics, fluid dynamicsystal
structures and interfacial sciences. The soliddigaterface morphology can be predicted from tiadug of the
entropy of fusion. According to Hunt and Jacksao®|[2he type of growth from a binary melt depengsma factor
a, defined as:

AH AS
=f— =§f§— 7
“ ERT ER )

where £is a crystallographic factor depending upon thengtoy of the molecules and has a value less than or

equal to oneAS/R (also known as Jackson’s roughness paramptsithe entropy of fusion (dimensionless) and R
is the gas constant. Whenis less than two the solid-liquid interface ismatcally rough and exhibits non-faceted
growth. The value of Jackson’s roughness parani@®R) is given in Table 1. The computedalues of pure NA,
oNA, CA and MIm are of the order of 7.62, 5.58,16ahd 3.76, respectively revealing the faceted hwiggy of
the binary composite material. For the entire alibgll the systems, thee values [23] were found to be greater than
2 which indicate the faceted growth proceeds ithalcases.

The microstructure of pure components NA, oNA, OfdaMim and its eutectics are shown in Fig. 7-13e Th
microstructure obtained for the eutectics are oflyhbranched, interdendritic, complex regular amdgular type
whereas the microstructure obtained for componemts of complex and irregular type. A prediction of
microstructure [24] (given in Table 3) of eutectoam be made from Spengler’'s equation [25].

g=11"TE ®)
T —Te

whereT; andT, are the melting temperature of low melting anchhigelting components, respectively, whilgig
the eutectic temperature. Normal eutectics are édrasd lies between 0.1 and 1.0. However, a value betWe&h
and 0.1 indicates anomalous structure, while ardea structure prelives fad less than 0.01. According to
Podolinsky et al. [26], the surface roughness factmne component increases or decreases undéarfihence of
another component in a binary eutectic, as a regilth the structure of eutectic becomes regulbe d factor of
either eutectic phase decreases under the influehdeaving components of opposite eutectic phasdgre
anomalous eutectics can be formed. The microstrei@fieutectic NA-oNA system having 0.780 mole fi@t of
second component shows a sharp radial growth (Rifrom the nucleating centre. The nodules of lnelting
constituent phase is being radiated outward from ¢tentre of other eutectic phase and grows normal t
solidification interface. The microstructure of ectic of NA-CA system (Fig. 12) containing 0.502Imfraction of
CA shows conglomerate morphology. It is formed asesult of separate growth of eutectic phases.hls t
morphology there is co-existence of eutectic phasea particular region. This may be due to differe of
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undercooling and growth rate of the phases aading of one of phases followed by other phasaéreutectic The
microstructure of eutectic of NMIm system containing 0.549 mole fraction of iM(Fig. 13) shows complex
regular morphology. It is observed as a resultrofeaergy barrier that exists for the addition ofvrsolid layer
during solidification which proceeds by the lataravement of steps across a specific crystallogcailoet plane

Table 3. Conputed and observed microstructure of eutectics

System 8 Computed Microstructure Observed Microstructu
8. NA Eggg‘tigyﬁen 0.143 Regular Sharp radial grow!
4. NAEL?Q:tiVSten 0.875 Regular Conglomerate
6. NA Emgzﬁiysten 0.634 Regular Complex regule
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Fig. 9 Microstructure of Pure 2-methylimidazole (MIm) x 5
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Fig. 11 Microstructure of Eutectic of NA-oNA System x 50
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Fig. 12 Microstructure of Eutectic of NA-CA System x 50
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Fig. 13 Microstructure of Eutectic of NA-MIm System x 230

CONCLUSION

The solid-liquid equilibria of the systems NoNA infer the formation of simple eutectic. Jacksorrsetface
roughnesso > 2) predicts the faceted growth leads in allgbgectic and nc-eutectic alloys The negative value of
stability, excess stability and ideal stabilitytihary alloys predicts the stronger stabilizatiarthe binary alloys
The microstructure of eutectid NA-oNA shows a sharp radial growth from the nucleatingre, microstructure of
NA-CA shows conglomerate morphology while rostructure of eutectic of NMIm shows complex regular
morphology.

Acknowledgement
Thanks are due to the Heafl departmer, Department of Chemistry, V K S University Ara 80230ndia for
providing research facilities.

REFERENCES

[1] LM HendersonAnnu Rev Nutr1983,3, 289-307.

[2] NM Niren, Cutis, 2006 77, 1116.

[3] T Yamaguchi; Y Matsumura,; [Bhii; Y Tokuoka; K Kurita,Drug DevelopmeniResearc, 2011, 72(3), 289-297.
[4] R del Sole; MR Lazzoi; asapollo,Drug Deliv, 201Q 17(3), 130-137.

[5] SR Byrn; W Xu; AWNewman,Adv. Drug Del. Re, 2001, 48, 115-136.

[6] JF Remenar; SL Morissett®lL Peterson; | Moulton; JM MacPhee; HR Guzma®; Almarsson,J. Am. Chem.
Soc, 2003 125, 8456-7.

[7]1 DJ Good; NR Guez-Horned@ryst Growth De., 2009 9, 2252-64.

[8] K Shiraki; N TakataR Takano; Y Hayashi; K TeracPharm Res.2008 25, 258192,

[9] H Terauchi; A Tanitame; Rad¢; K Nakamura; Y Seto; Y Nishikawd, Med. Chem1997, 40, 313-321.

[10]Y Dwivedi; S Kant; SB RaiRN Rai,J Fluorescence2011, 21, 1255-1263.

[11]T Agrwal; P Gupta; SS Das; Bupta; NB SinghJ Chem Engg Dat£01Q 55,420¢-4210.

[12]KP Sharma; PR Shakya; RR&i, Scientific World2012 10(10), 91-94.

[13]M Mostefa; Le Page; H MuhE Plasari; M Fauconed, Chem. Eng. Daf&2012 57(4,, 1209-1212.

[14] VT Witusiewicz; U Hecht; Re», J. Crystal Growth2013 375, 84-89.

[15]J Gallus; Q Lin; A ZumbuhISC Friess; R Hartmann; EC MeistdrChem. Edy 2001, 78 (7), 961.

[16] GFV Voort,Materials Characterizatio, 1988 41(2), 69-79.

[17]1H Shekhar; Vishnu Kantnd. J. Pharm. Edu. Res2013 47(2):206-213.

[18]US Rai; H Shekharyst. ResTechnol, 1994 29, 533.

[19]RSB Reddi; VSAKumar Satului; US Rai; RN RaiJ. Therm. Anal. Calorim2012 107, 377-385.

[20]1BL Sharma; S Tandon; Gupt, Cryst. Res. TechnoR009 44(3), 258 — 268.

[21]M Shamsuddin; SB Singh; Nasa, Thermochemica Actal998 316, 11.

[22]JD Hunt; KA JacksorTrans. Metall. Soc. AIM|, 1966 236, 843.

[23]H Shekhar; Vishnu KanfThermodynamics of Nicotinamide Based Binary Drugt8ss,Lambert Academic
Publishing Germany2013

[24] S Wu; X Jiang; W Dong; Gong, J. Chem. Eng. Data2012 57(1), 204-207.

[25]H Spengler; Z MetallkTrans. Metall. Soc. AlM, 1957, 11, 384.

[26] VV Podolinsky; VG Drykin,J. Crystal Growtl, 1983 62, 32037.

527



