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Abstract For a binary mixture of two liquid crystals,
cholesteril p-phenoxi phenyl carbamate and cholesteril p-
biphenyl carbamate, the solidus—liquidus equilibrium was
investigated using differential scanning calorimetry (DSC)
and the thermodynamic parameters were obtained. Simple
eutectic point was observed for this system, situated
approximately at the same temperature for all the studied
compositions. This behavior is favored by grinding and is
more evident in the composition 50:50. The excess func-
tions G* and S* for the pre-, post-, and eutectic composi-
tion have been calculated using the phase diagram data.
Comparing the experimental data with the existing theo-
retical data, the system deviation from the ideal behavior is
observed. The structure of pure compounds was elucidated
using FT-IR and hot-stage polarizing microscopy.

Keywords Liquid crystals - DSC - Phase diagram -
Eutectic
Introduction

Cholesteric liquid crystals have many applications in
advanced technologies such as direct measuring the tem-
perature, displays, surface thermography and detection of
atmosphere contamination, skin thermography, and cancer
diagnosis.

To obtain mixtures with properties targeted for a specific
application is necessary to characterize the pure liquid
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crystal phase but is also important the characterization of
mixtures of different molar fractions. For an adequate
characterization of thermotropic liquid crystals, the thermal
study is essential in general and differential scanning cal-
orimetry and hot-stage polarizing microscopy in particular.

In these cases, although the measurement of solidus—
liquidus equilibrium is very important, there is a little
accumulation of these data, and the decisive measurement
method is not established yet [1, 2].

Thermodynamic analysis of solidus—liquidus equilib-
rium data can yield important thermodynamic functions of
binary mixtures in condensed phase [3-5].

In this paper, we present aspects regarding phase dia-
gram, thermochemistry, and structure of binary mixtures of
cholesteril p-phenoxi phenyl carbamate and cholesteril
p-biphenyl carbamate.

Experimental

The substances under study were synthesized in the organic
chemistry laboratory of University of Pitesti, were char-
acterized from structural point of view, and kept in proper
conditions [6, 7].

Mixtures of known concentration were prepared by
weighing, grinding, and homogenized in normal laboratory
conditions, room temperature, and atmospheric pressure.

The melting temperature and enthalpy of fusion of eutectic
phases were determined by differential scanning calorimetry
(Diamond DSC Perkin Elmer) under a heating/cooling rate of
10 ° min~"' over a temperature range of (293.15-473.15) K in
inert atmosphere (helium, 30 ml min~! flow). At least three
replicates of each measurement (pure compounds and mix-
tures) have been performed.

The apparatus was calibrated for temperature and
enthalpy by melting high purity indium. Samples of
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2-4 mg were transferred into aluminum crucibles that were
sealed and weighed with the Partner XA balance with a
precision of 10 pg.

The FT-IR spectra were obtained using a Vertex
70-Bruker spectrophotometer with the following parame-
ters: resolution 4 cm™!; spectral range (4,000-400) cm ™!
beam splitter, KBr. Each sample has been dispersed in
about 300 mg of anhydrous KBr, and the resulting powder
was ground in an agate mortar.

The microstructure of pure compounds was recorded
using a hot-stage polarizing microscope (Nikon 50i Pol
microscope with a Linkam THMS 600 hot stage and a TMS
94 temperature controller) with a heating—cooling rate of
10 ° min~' over a temperature range of (293.15-473.15) K
in normal laboratory conditions at atmospheric pressure, and
interesting regions were photographed.

Results
Pure compounds

The thermal properties and structure of pure compounds
are obtained from DSC data and are presented in Table 1
and Fig. 1, respectively.

The DSC diagram for compound 1 (heating stage,
Fig. 7) shows that the melting point of this compound is
430.15 K, and in the cooling stage, there is no measurable
effect, although by polarized light hot-stage microscopy
can be seen the start of crystallization process at 343.15 K
(Fig. 2).

The crystallization process was not observed in the DSC
curve because this process takes place on a large domain of
temperature and the thermal effect cannot be quantified.

In order to establish whether heating of compounds 1
and 2 involves structural changes [8], the FT-IR spectra
were registered in both cases, before and after heating up to
473.15 K (Figs. 3, 4).

Before the thermal treatment, the characteristic vibration
bands observed for compound 1 are vyy = 3,408 cm™!,
Uc_0 (sim) = 1,053 Cm_l, UCc_0 (asim) = 1,211 Cm_l, and
ve—o=1,737 cm™!. The FT-IR spectrum obtained after
heating—cooling cycle (straight line) shows disappearance
of characteristic vibration band for secondary amine group,
which indicates structural changes for compound 1.

The DSC study for compound 2 (heating stage, Fig. 7)
showed that the melting point of this compound is
446.43 K and presents an endothermic peak at 464.15 K,
little revealed, with no measurable effect, that represents
the transition of the liquid crystal to mesophase S4, as also
shown by polarized light hot-stage microscopy (Fig. 5).

In the DSC cooling curve of compound 2 can be seen an
exothermic peak at 340.04 K, process that takes place on a
temperature range of approximated 20 ° and that suggests a
slow crystallization process with a thermal effect of
—10 kJ mol ™.

The hot-stage polarizing microscopy experiment
showed that, in the cooling stage, this compound crystal-
lizes from mesophase S, at 445.15 K, cooling stage
(Fig. 6), process unnoticeable in the DSC curve due to the
low thermal effect.

The characteristic vibration bands observed for compound
2, before the thermal treatment, are vc_oeimy = 1,055 cm ™!,
UC-Oasim) = 1,260 cm_l, vc=0=1,759 cm_l, and vco =
1,254 cm ™. After the thermal treatment, the carboxyl group
undergoes structural changes and in the spectrum (straight
line) is observed a band for the hydroxyl group connected by
hydrogen bonds (3,300 cm ™).

Binary mixture
Phase diagram

The DSC curves obtained for different compositions for
compound 1 (cholesteril p-phenoxi phenyl carbamate) and
compound 2 (cholesteril p-biphenyl carbamate) mixtures
are shown in Fig. 7 and were registered using the tem-
perature range (293.15-473.15) K and a heating—cooling
rate of 10 ° min~"'. The onset temperature at each first peak
almost shows constant value for the simple eutectic system.
The eutectic temperature was taken as the onset tempera-
ture at the solidus transition, as was applied by most
researchers [4, 9].

Since the onset temperature for the liquidus transition is
difficult to be determined due to the superposition effect of
the DSC curves, many authors [10, 11] report the liquidus
temperature as the peak temperature in liquidus transition.

The mixing process is regarded as the ideal solution
model, and the transition temperature of mixture is always
lower than that of any of the pure compounds.

Table 1 Chemical structures, melting points and heat of fusion for pure compounds

Denomination Chemical formulae ~ Molecular mass/g mol ™! mp/K AgusH/kJ mol™!
Cholesteril p-phenoxi phenyl carbamate (compound 1)  C4oH53NO;3 597 43194 + 0.92  32.632 £ 0.588
Cholesteril p-biphenyl carbamate (compound 2) C40H5,05 582 44554 + 0.82  26.982 £ 0.477
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Fig. 1 Structural formulae for
cholesteril p-phenoxi phenyl
carbamate (A-compound 1) and
cholesteril p-biphenyl
carbamate (B-compound 2)

Fig. 2 Crystallization of compound 1 at 343.15 K

The eutectic transition temperature, for the binary
mixture, can be calculated according to Schroder van Laar
equation:

Avos H? [1 1}
I, = — —0 -

where x; is the mole fraction of the components at the
temperature 7, R the gas constant, ApsH? the molar
enthalpy of fusion of component i (i = 1, 2), and 7¢ is the
melting temperature of the pure component.

The phase diagram obtained from measured DSC curves
is shown in Fig. 8 as temperature—composition plot.

The melting point of compound 2 is 446.43 K, and it
decreases with addition of compound 1 and attains the
minimum at 407.01 K at 0.5 mol fraction.

The phase diagram shows the deviation from the ideal
behavior for the studied system for a mole fraction between
0 and 0.85 of compound 1 and for mole fraction higher
than 0.85 the system inclines to ideal behavior.
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Fig. 3 FT-IR spectra for compound 1 (dash dot short dash line—
before the thermal treatment, straight line—after heating to 473.15 K
and cooling to room temperature)

Thermochemistry

If the eutectic mixture results from a simple mechanical
mixture (no solvent) of two components not involving any
type of association in the melt, the molar enthalpy of fusion
can simply be calculated by the mixture law [12]:

(AfusHO) = X] AfusH(l) + szfung

calc

where x; and AfusH? are the mole fraction and enthalpy of
fusion of the component indicated by subscript,
respectively.
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Fig. 4 FT-IR spectra for compound 2 (dash dot short dot line—
before the thermal treatment, straight line—after heating to 473.15 K
and cooling to room temperature)

Fig. 6 Crystallization from mesophase Sy—445.15 K (compound 2)
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cholesteril p-biphenyl carbamate and their binary mixtures with
variable composition
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Fig. 8 Diagram of state for cholesteril p-phenoxi phenyl carbamate—
cholesteril p-biphenyl carbamate system: / Ideal temperatures curve,
II liquidus temperatures curve and solidus temperatures curve
Eutectic composition, Xg

The characterization of eutectic melt is obtained using
the value of mixing enthalpy, given by the following
equation [13]:

AYH = (ApeH®), —(ArsH®)

exp cale

where (Aﬁ,SHO)cxp represent the molar enthalpy of fusion
determined from DSC experiments; (AgsH®), . Tepresent
the corresponding calculated value.

Thermochemical studies [12, 14, 15] suggest that the
structure of the eutectic melt depends on the sign and
magnitude of mixing enthalpy. There by three types of
structure are suggested: quasi eutectic for which AYH > 0,
clustering of molecules with AMH < 0, and molecular
solutions with AMH = 0. The negative value of mixing
enthalpy AMH = —12. 6 kJ mol™" for the binary mixture

calc
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Table 2 Activity coefficients and excess thermodynamic functions for the binary mixtures

x; (mole fraction) Liquidus temperature/K Iny, Iny, G&/J mol ! SE/J mol 'K~}
0.25 432.72 1.3979 0.0565 1409.90 —3.26
0.35 426.35 0.9238 0.0871 1346.78 —3.16
0.50 407.01 0.1234 —0.0136 185.78 —0.46
0.65 415.65 0.0644 0.5094 760.71 —1.83
0.75 419.66 0.0128 0.9208 836.67 —-1.99
0.85 424.87 0.0041 1.5268 821.24 —1.93
- 27 An insight analysis of the plot (Fig. 9) for excess ther-
E ; e modynamic functions indicates that the excess free energy
2 ———e of mixing, G®, decreases on either side of the phase equi-
© o / librium curves and acquires minimal values at the eutectic
olo 02 o4 os  os 10 composition, which is expected, since eutectic being the
L /F\ lowest liquidus temperature reached by the gradual addi-
T // tion of an eutectic phase into the other [13, 14].
T_O o / \\.\____.___J This type of behavior is in accordance with the criteria
g /" of spontaneity according to which the mixing of eutectic
b 4] / phases of the system will progress only if every infinites-
-\)'( imal change in the composition is accompanied by a
4 decrease in the Gibbs free energy. On the contrary, the

Fig. 9 Variation of excess functions with mole fraction composition
for cholesteril p-phenoxi phenyl carbamate and cholesteril p-biphenyl
carbamate system

suggests that in the binary eutectic melt clustering of
molecules takes place. Therefore, the heat released during
clustering of molecules leads to a decrease in mixing
enthalpy for the real eutectic mixture. The combination of
molecules through weak interactions supports the forma-
tion of clusters in the melt.

The deviation from ideal behavior can best be explained
in terms of excess thermodynamic functions [16, 17].
These functions give more quantitative idea about the
nature of molecular interactions and are expressed like
difference between the thermodynamic functions of mixing
for a real system at the same temperature and pressure [18].

In order to know the nature of interaction between the
components forming the eutectic melt, the excess thermo-
dynamic functions G* and S* of pre-, post-, and eutectic
phase composition at the same liquidus temperature, 7, at
constant pressure, have been computed by using the fol-
lowing relations [19, 20]:

G* = RT[xiIny| + xoIny}]
Olny! Olnyh
or " ar

SE=_R [xllnyll erzlnylz] — RT |x;

The values of activity coefficients and excess thermody-
namic functions are showed in Table 2 and Fig. 9.

excess entropy of mixing, S¥, shows a maximal value at the
eutectic composition because the most probable distribu-
tion of the eutectic phase molecules occurs in a eutectic
phase because of the coexistence of three phases: two
solidus phases and a liquid phase in equilibrium at the
eutectic liquidus temperature in the condensed phase.

Also, the excess Gibbs free energy, G-, is positive on
the whole range of composition, suggesting that there are
weak interaction between the components forming the
eutectic melt and strong interaction between similar
components.

Conclusions

A few analytical and calculation methods were applied for
the study of the binary mixture containing new cholesteril
liquid crystals. The DSC measurements were taken for the
pre-, post-, and eutectic composition. For the pure com-
pounds, the FT-IR spectra were registered, before and after
the thermal treatment, and the experiment indicates that the
structure of these two compounds undergoes changes
during the heating—cooling treatment. The hot-stage
polarizing microscopy was carried out for the pure com-
pounds on the same temperature range used for DSC.
Our results showed that no phase transition occurs for
compound 1 although its structure is suitable for a liquid
crystal behavior, but for compound 2, mesophase S, is
observed. The DSC measurements indicate a simple
eutectic point for the mixture, and this makes the binary
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mixture suitable for different applications. Comparing the
experimental phase diagram and the ideal phase diagram,
the system deviation from the ideal behavior is observed,
and for mole fraction higher than 0.85 of compound 1, the
system inclines to ideal behavior.

The negative value of mixing enthalpy for the chole-
steril p-phenoxi phenyl carbamate and cholesteril
p-biphenyl carbamate system suggests that in the binary
eutectic melt, clustering of molecules takes place.

Since G® is positive and S® has negative values, the
studied system is endothermic in nature with positive
deviations from ideal behavior.

Considering the fact that liquid crystal applications are
in general mixtures of at least two compounds, further
studies will be necessary.

References

1. Huang CC, Chen YP. Measurements and model prediction of the
solid-liquid equilibria of organic binary mixtures. Chem Eng Sci.
2000;55:3175-85.

2. Meltzer V, Pincu E. A DSC study for binary mixture of 2-chlo-
robenzoic acid with salicylic acid. Rev Rou Chim. 2009;54:
333-8.

3. Shama BL, Shama NK, Bassi PS. Microstructures of binary
organic eutectics. Z Phys Chem Leipzig. 1984;265:633-8.

4. Chen YP, Tang M, Kuo JC. Solid-liquid equilibria for binary
mixtures of N-phenylacetamide with 4-aminoacetophenone,
3-hydroxyacetophenone and 4-hydroxyacetophenone. Fluid
Phase Equilib. 2005;232:182-8.

5. Bruni G, Berbenni V, Milanese C, Girella A, Marini A. Drug-
excipient compatibility studies in binary and ternary mixtures by
physico-chemical techniques. J Therm Anal Calorim. 2010;102:
193-201.

6. Meltzer V, Baciu I, Topala C, Pincu E. Thermodynamic study of
cholesteryl and stigmasteryl esters. Rev Roum Chim. 2001;
46(12):1281-4.

7. Meltzer V, Topala C, Cristescu G. Structure and mesomorphysm
for some cholesterol derivatives. Analele Univ Buc.—Chimie,
Anul XIV (serie noua). 2005; I-II; 297-300.

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

19.

20.

. Radominska E, Znamierowska T, Szuszkiewicz W. Phase equi-

libria in the system Rb3PO4-Ba3(P0O4)2. J Therm Anal Calorim.
2011;103:761-6. doi:10.1007/s10973-010-0962-y.

. Filho ROC, Franco PIBM, Conceicao EC, Leles MIG. Stability

studies on nifedipine tablets using thermogravimetry and differ-
ential scanning calorimetry. J Therm Anal Calorim. 2009;97:
343-7.

Lerdkanchanaporn S, Dollimore D, Evans SJ. Phase diagram for
the mixtures of ibuprofen and stearic acid. Thermochim Acta.
2001;367-368:1-8.

Ding M. Liquid-solid phase equilibria and thermodynamic
modeling for binary organic carbonates. J Chem Eng Data.
2004;49:276-82.

Rai US, Pandey P. Solidification and thermal behavior of binary
organic eutectic and monotectic succinonitrile—pyrene system.
J Cryst Growth. 2003;249:301-8.

Rai US, Rai RN. Physical chemistry of the organic analog of
metal-metal eutectic and monotectic alloys. J Cryst Growth.
1998;191:234-42.

Shama BL, Jamwal R, Kant R. Thermodynamic and lamella
models relationship for the eutectic system benzoic acid: cin-
namic acid. Cryst Res Technol. 2004;39(5):454-64.

Rai US. Some physicochemical studies on binary organic eu-
tectics and 1:1 addition compound; benzidine-p-nitrophenol
system. J Cryst Growth. 1994;144(3—4):291-6.

Reddi RSB, Satuluri VSAK, Rai RN. Solid-liquid equilibrium,
thermal and physicochemical studies of organic eutectics.
J Therm Anal Calorim. 2011. doi:10.1007/s10973-011-1634-2.
Iddaoudi A, Selhaoui N, Ait Amar M, Mahdouk K, Aharoune A,
Bouirden L. Thermodynamic description of the Lu—Pb binary
system. J Therm Anal Calorim. 2011. doi:10.1007/s10973-
011-1881-2.

. Narendra K, Srinivasu C, Kalpana C, Narayanamurthy P. Excess

thermo dynamical parameters of binary mixtures of toluene and
mesitylene with anisaldehyde using ultrasonic technique at dif-
ferent temperatures. J Therm Anal Calorim. 2011. doi:10.1007/
s10973-011-1521-x.

Shama BL, Tandon S, Gupta S. Characteristics of the binary
faceted eutectic: benzoic acid—salicylic acid system. Cryst Res
Technol. 2009;3(44):258-68.

Shama BL, Tandon S, Kant R, Shama R. Quantitative essence of
molecular interactions in binary organic eutectic melt systems.
Thermochim Acta. 2004;421:161-9.


http://dx.doi.org/10.1007/s10973-010-0962-y
http://dx.doi.org/10.1007/s10973-011-1634-2
http://dx.doi.org/10.1007/s10973-011-1881-2
http://dx.doi.org/10.1007/s10973-011-1881-2
http://dx.doi.org/10.1007/s10973-011-1521-x
http://dx.doi.org/10.1007/s10973-011-1521-x

	Thermal analysis of binary liquid crystals eutectic system cholesteril p-phenoxi phenyl carbamate--cholesteril p-biphenyl carbamate
	Abstract
	Introduction
	Experimental

	Results
	Pure compounds
	Binary mixture
	Phase diagram
	Thermochemistry


	Conclusions
	References


