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Abstract 

The binary mixture of 1-(para-Chloro benzylidene amino) -4-(2-n-hexylthio-1,3,4-oxadiazole-

5yl) benzene and 1-(para-Nitro benzylidene amino)-4-(2-n-hexylthio-1,3,4-oxadiazole-5yl) 

benzene with different mole fractions has been characterized by a hot stage polarizing optical 

microscope (POM) to determine the type of texture, then investigated by differential scanning 

calorrimetry (DSC) technique to determine the specific enthalpies and transition temperatures 

of phases. The enthalpies of mixing have been calculated to suggest the molecules type. 

Continuously, The thermodynamic excess quantities (GE, SE and HE) were calculated by 

utilizing activity coefficient value of eutectic and isotropic phase, so molecular interactions 

behavior was described. 

Keywords: Liquid crystals, Smectic, Binary system, Excess thermodynamic functions.  
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 الخالصة

يل( بنزين مع -5-اوكساديازول,4,3-1 -هكسايل ثايو-ن-2)-4-كلورو بنزدين أمينو(-)بارا-1تم تشخيص مزيج ثنائي من 

مختلفة بواسطة مجهر يل( بنزين بنسب مولية -5-اوكساديازول,4,3-1 -هكسايل ثايو-ن-2)-4-نترو بنزدين أمينو(-)بارا-1

والمزود بمنصة تسخين لتحديد نوع النسيج، ثم درست هذه المزائج بوساطة تقنية المسح  (POM)الضوء المستقطب 

االنثالبيات النوعية ودرجات االنتقال لالطوار. كما تم حساب انثالبيات المزج القتراح  لتحديد (DSC)الحراري التفاضلي 

( باستخدام معامالت الفعالية E Hو  ESو   EGحسبت الكميات الفائضة للدوال الثرموديناميكية )نوع التجمعات الجزيئية. ثم 

 للطور اليوتيكتيكي وااليزوتروبي، وتم وصف طبيعة التداخالت الجزيئية. 

 .نظام ثنائي، الدوال الثرموديناميكية الفائضة  بلورات سائلة، سمكتي،  الكلمات المفتاحية:

 

Introduction 

The importance of liquid crystals lies in their a wide range of technological applications in 

display devices and other optical devises [1-4]. They are also attractive compounds for 

fundamental studies because of their structural, transitional, orientational, thermal and optical 

properties [5,6]. Liquid crystals are phases of matter whose intermediate between a crystalline 

solid and an isotropic liquid, that called mesophases [7-9]. A variety of mesophases attributed 

to differences in orientational and spatial ordering of molecules. Nematic (N) and smectic 

(Sm) phases are commonly intermediated phases between the crystal (C) and the isotropic 

liquid (I) [10].       

Regarding importance and unique applications of liquid crystals, some requirements and 

characteristics need to be satisfied, such as the existence of the mesophase at the desired 

temperature of operation and the  stability of mesophase range. Although there are many 

liquid crystalline materials, some difficulty is often experienced in achieving technologically 

useful temperature range for the existence of mesophase and response to external fields, as 

well as stability of the substance. To overcome this difficulty, mixture can be used . A binary 

mixture has transitions at temperatures in between the transition temperature of the pure 

compounds [11]. 

The thermodynamic data of solidus-liquidus equilibrium which obtained from differential 

scanning calorimetry (DSC) give many important thermodynamic functions in studies of 

binary mixtures [12]. Continually, in the thermodynamic considerations eutectic term can be 
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defined as a heterogeneous system that containing on two or more solidus phase which are in 

an equilibrium with a single liquidus phase, so for this corresponds the lowest liquidus 

temperature in the binary solidus – liquidus diagram of state [13]. There are a few binary 

mixtures, which conform to simple eutectic behavior [14], whereas the others do not [15].                                                                                         

In many cases it is not always possible to bring down the temperature range of mesophase 

concerned without affecting the properties of the constituent pure components [16].                        

The present work is details studied concerning phase diagram, determination of excess 

thermodynamic quantities GE, SE and HE, the mixing behavior and the interactions of binary 

systems are discussed. 

Experimental 

Materials: 1-(para-Chloro benzylidene amino)-4-(2-n-hexylthio-1,3,4-oxadiazole-5yl) 

benzene and 1-(para-Nitro benzylidene amino)-4-(2-n-hexylthio-1,3,4-oxadiazole-5yl) 

benzene were synthesized and characterized spectral by IR and 1HNMR technique then 

published in previous work [17]. 

Sample preparation: Six different mole ratios of binary mixtures were prepared by weighing 

out pure samples by using electro-balance of (Sartorius model BL210S) molar percents in 

different ratios of binary mixtures [Cl-SR6] and [NO2-SR6]: (0.15A), (0.30A), (0.45A), 

(0.60A), (0.75A) and (0.90A). Before taking the measurements, these mixtures have been 

dissolved in acetone, then mixed well and naturally evaporated. 

Thermal analysis: Thermodynamic properties of these mixtures were realized by differential 

scanning calorimetry (Linseis STA PT-1000) instruments under a heating rate of 5°C per 

minute  and nitrogen atmosphere in the range of temperatures (5–180) °C. Standard indium 

has been used for calibrating temperature and enthalpy. Sample of (11-6) mg were transferred 

into aluminum crucibles. 

Mesomorphic properties: Different mesophases have been identified by using polarizing 

optical microscope (POM) (Olympus model BX40) equipped with a hot stage (Leitz Labrix12 

pols) and controller (PR 660). The textures of binary mixtures have been observed by 

preparing a  sandwich film of sample between a glass slide and cover slip of microscope. 
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Results and Discussion 

     The general structure of pure compounds showed in Scheme (1). 

CH N

NN

O
SC6H13Cl

CH N

NN

O
SC6H13O2N

A:

B:

[Cl-SR6]

[O2N-SR6]  

 Scheme (1).  

 

The thermal analyses of pure compounds  [Cl-SR6] and [NO2-SR6] which obtained from DSC 

are abstracted in Table (1). 

The mesophase type textures of different mole ratios were characterized by a hot stage 

polarizing optical microscope (POM) throw heating cycle (crystal phase Cr – liquid crystal 

LC – isotropic phase I) and cooling cycle (isotropic phase I – liquid crystal LC – crystal 

phase Cr). All these mixtures exhibited enatiotropic smectic Sm phases as shown in Figure 

(1). The transition temperatures and enthalpies of all mole fractions for binary mixture were 

determined by DSC measurements, Figures (2), (3), (4), (5), (6) and (7) show the thermal 

analysis of binary mixtures.The phase diagram of crystal-smectic and smectic-isotropic phase 

of the studied binary system is shown in Figure (8), the first peak refers to eutectic 

temperature while the second peak attribute to isotropic transition.   The melting temperature 

of [NO2-SR6] is (414.95) K and its decreases with addition of [Cl-SR6], so the mixture take 

the minimum eutectic point at (0.45) mole fraction. 

     The enthalpy of mixing for binary mixture is determined from the following equation (1) 

[10]: 

∆𝑀H = (∆𝑓𝐻)𝑒𝑥𝑝. − ∑(𝑥𝑖 ∆𝑓𝐻𝑖
𝑜) … … … … (1)  
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Where (∆𝑓𝐻)𝑒𝑥𝑝. is the experimental value of enthalpy of fusion,  𝑥𝑖  is mole fraction  and 

∆𝑓𝐻𝑖
𝑜  is enthalpy of fusion of the pure components. 

Thermo chemistry suggests that, the type of structure of binary mixtures determines 

depending on the sign and value of enthalpy of mixing. Therefore, there are three kinds of 

structures that suggested: (a) quasi eutectic for mixture which has ∆𝑀H ˃0,  (b) clustering of 

molecules in mixture which has ∆𝑀H˂0, and (c) molecular solutions, for mixture which has 

∆𝑀H = 0 [10]. In this studied system, the negative values of ∆𝑀H  refer to there is a 

clustering in molecules of the binary mixture melts, as shown in Table (2). 

The deviation from an ideal behavior can be proposed through calculating excess 

thermodynamic functions which give more quantities insight concerning the specificities of 

the molecular interactions. The excess thermodynamic quantities are obtained by the 

difference between the thermodynamic functions of mixing for an experimental mixture and 

the analogous values for an ideal mixture at the same pressure and temperature conditions.   

Additionally, to understanding the nature of interactions between components which forming 

eutectic mixture, the thermodynamic excess quantities; the excess free energy GE , the excess 

entropy SE and the excess enthalpy HE can be calculated. 

The excess free energy GE was estimated by using the following equation[18,19]: 

 

𝐺𝐸 = 𝑅𝑇[𝑥1
𝑙 𝑙𝑛𝛾1

𝑙 + 𝑥2
𝑙 𝑙𝑛𝛾2

𝑙 ] … … … … (2) 

 

Where 𝑥𝑖
𝑙 is the mole fraction, 𝛾1

𝑙  is activity coefficient, R is the gas constant and T is the 

liquidus temperature. 

The activity coefficient values of a component i in attendance the mixture melt is estimated 

by: 

−𝑙𝑛𝑥𝑖
𝑙𝛾𝑖

𝑙 =
∆𝑓𝐻𝑖

𝑜

𝑅
[
1

𝑇
−

1

𝑇𝑖
𝑜] … … … … (3) 

 

Where  ∆𝑓𝐻𝑖
𝑜 is heat of fusion. 
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The positive magnitudes of the excess free energy 𝐺𝐸, indicates that there is a weak 

interactions between the two binary components which forming the mixture melt then a 

strong association among the similar molecules [20]. Therefore, [Cl-SR6]–[NO2-SR6] 

attractive interaction forces are larger than that of [Cl-SR6]–[Cl-SR6] association. 

Continuously, the magnitudes of excess enthalpy 𝐻𝐸 and entropy 𝑆𝐸 are very much correlated 

with 𝐺𝐸 values. 

The excess entropy SE values have been estimated by using the following equation [18,20]: 

𝑆𝐸 = −𝑅 [𝑥1
𝑙 𝑙𝑛𝛾1

𝑙 + 𝑥2
𝑙 𝑙𝑛𝛾2

𝑙 + 𝑥1
𝑙 𝑇(

𝜕𝑙𝑛𝛾1
𝑙

𝜕𝑇
)𝑃 + 𝑥2

𝑙 𝑇(
𝜕𝑙𝑛𝛾2

𝑙

𝜕𝑇
)𝑃] … … … … (4) 

 

Equation (3) is derived from corresponding the general conditions of phase equilibrium 

between the two phases, the enthalpy of fusion is independent of temperature, so the binary 

mixture is miscible at all ratios in the liquid phase only. Then, the values of (
𝜕𝑙𝑛𝛾1

𝑙

𝜕𝑇
)𝑃 can be 

estimated by using equation (5) which obtained from differentiating equation (3) [21]: 

 

𝜕𝑙𝑛𝛾1
𝑙

𝜕𝑇
=

∆𝑓𝐻𝑖
𝑜

𝑅𝑇2
−

1

𝑥𝑖

𝜕𝑥𝑖

𝜕𝑇
… … … … (5) 

The values of excess functions for the crystal–smectic and smectic–isotropic phase transitions 

are shown in Table (2) and (3) respectively. 

The functions of excess free energy 𝐺𝐸 and excess entropy 𝑆𝐸 for the crystal–smectic and 

smectic–isotropic phase transitions are drawn graphically in Figure (9) and (10) respectively. 

In view of the analysis of the Table (2) and graph (9), the excess free energy values of mixing 

𝐺𝐸 increase and reaches maximal magnitude at the eutectic binary composition, that accruing 

at the lowest liquidus temperature acquired by the addition of the one component to another 

gradually. The nature of the behavior is dependable on the spontaneous of mixing according 

which appear at the eutectic phase. Thus the excess entropy of mixing 𝑆𝐸 have the minimal 

magnitude at the eutectic composition, since the perfect possible distribution of the molecules 

in the eutectic mixture occurs in the eutectic composition that required to the equilibrium of 

the three phases (two solidus phases and a liquidus phase).  
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The excess free energy HE was calculated using the following equation [19, 22]: 

𝐻𝐸 = −𝑅𝑇2 [𝑥1
𝑙 (

𝜕𝑙𝑛𝛾1
𝑙

𝜕𝑇
)𝑃 + 𝑥2

𝑙 (
𝜕𝑙𝑛𝛾2

𝑙

𝜕𝑇
)𝑃] … … … … (6) 

The binary studied mixtures are endothermic in nature, since this system had positive 

deviations from its ideal behavior as a result to the positive values of excess free energy 𝐺𝐸 

and negative values of excess entropy 𝑆𝐸.  

DSC figure 

Conclusions 

All mole ratios of mixture exhibited enatiotropic smectic phase, there is no new phase as 

compare with pure liquid crystal compounds [Cl-SR6] and [NO2-SR6] . 

The negative values for all mole ratios studied of the enthalpy of mixing, suggest that there is 

clustering in molecules of the binary system.  

The positive magnitude of excess free energy value  𝐺𝐸, propose that there is a weak 

interactions between the two components [Cl-SR6] and [NO2-SR6], which forming the binary 

melt then a strong association among the similar molecules [Cl-SR6] - [Cl-SR6] and [NO2-

SR6] - [NO2-SR6]. 
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Table (1): Transition temperatures and enthalpies for pure compounds. 

Compounds Molecular weight (g/mol) Tf (K) ∆𝒇𝑯 (J/mol) TI (K) 𝜟𝑰𝑯 (J/mol) 

[Cl-SR6] 399.5 378.75 +25635.9 408.95 +4869.91 

[NO2-SR6] 410 414.95 +446.9 430.05 +29647.1 

*∆𝒇𝑯 and 𝜟𝑰𝑯 are enthalpy of fusion and isotrope of pure components respectively. 

 

Table (2): Excess thermodynamic functions of binary system of [Cl-SR6] and [NO2-SR6] 

for crystal-smectic phase transition. 

𝑋 𝑋𝐴 𝑋𝐵 
∆𝑀𝐻 

(kJ/mol) 
𝛾𝐴 𝛾𝐵 

GE 

(kJ/mol) 

SE 

(J/mol.K) 

HE 

(kJ/mol) 

0.15 0.15 0.85 -1.997 10.913 0.915 1.005 21.640 -29.041 

0.30 0.30 0.70 -1.817 4.018 0.893 1.220 -74.410 -28.434 

0.45 0.45 0.55 -2.610 2.876 1.077 1.679 -75.398 -27.828 

0.60 0.60 0.40 -0.957 1.736 1.159 1.226 -75.464 -27.221 

0.75 0.75 0.25 -1.086 1.374 1.820 1.225 -74.761 -26.615 

0.90 0.90 0.1 -1.167 1.064 4.181 0.623 -73.264 -26.008 

 

Table (3): Excess thermodynamic functions of binary system of [Cl-SR6] and [NO2-SR6] 

for smectic-isotropic phase transition. 

𝑋 𝑋𝐴 𝑋𝐵 
∆𝑀𝐻 

(kJ/mol) 
𝛾𝐴 𝛾𝐵 

GE 

(kJ/mol) 

SE 

(J/mol.K) 

HE 

(kJ/mol) 

0.15 0.15 0.85 -13.535 6.958 1.140 1.4339 -2.9727 -0.850 

0.30 0.30 0.70 -11.441 3.421 1.193 1.7254 -8.8507 -1.254 

0.45 0.45 0.55 -11.863 2.293 1.612 2.2451 -10.705 -1.658 

0.60 0.60 0.40 -12.194 1.729 2.311 2.3515 -11.778 -2.064 

0.75 0.75 0.25 -15.411 1.379 3.621 1.9902 -11.898 -2.466 

0.90 0.90 0.1 -10.144 1.137 8.207 1.1426 -11.000 -2.870 
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     (c)                                                                      (d) 

Figure (1): Polarizing photomicrograph on cooling: (a) A batonnets 

SmA texture at 132 oC for mole fraction 0.3A; (b) A batonnets SmA texture at 115 oC for mole fraction 

0.6A; (c) A focal conic SmA texture at 120 oC for mole fraction 0.75A (d) A batonnets SmA texture at 138 

oC for mole fraction 0.9A.  

 

Figure (2): DSC- Thermogram for heating and cooling of mole fraction 0.15A [Cl-SR6]. 
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Figure (3): DSC- Thermogram for heating and cooling of mole fraction 0.3A [Cl-SR6]. 

 

Figure (4): DSC- Thermogram for heating and cooling of mole fraction 0.45A [Cl-SR6]. 
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Figure (5): DSC- Thermogram for heating and cooling of mole fraction 0.6A [Cl-SR6] 

upon heating and cooling. 

 

Figure (6): DSC- Thermogram for heating and cooling of mole fraction 0.75A [Cl-SR6]. 
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Figure (7): DSC- Thermogram for heating and cooling of mole fraction 0.9A [Cl-SR6]. 

 

 

Figure (8): Phase diagram of binary mixture (I:liquid crystal phase, II: isotropic phase). 
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Figure (9): Excess thermodynamic functions of binary system of [Cl-SR6] and [NO2-SR6] 

for crystal-smectic phase transition.  

 

 

Figure (10): Excess thermodynamic functions of binary system of [Cl-SR6] and [NO2-

SR6] for smectic-isotropic phase transition.  
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