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Abstract

Intermolecular interaction studies of Trans- 4- cyano cinnamic acid ester have
been done over the temperature range 340 K to 393 K, using ultrasonic
velocity and density data taken from literature®. Several acoustical parameters
such as adiabatic compressibility, isothermal compressibility, acoustic
impedance, van der Waal’s constants, molecular radius, space filling factor,
surface tension, pseudo- Gruneisen parameter, Debye temperature, enthalpy
and Poisson's ratio have been determined. Various thermo-dynamical
parameters such as available volume, refractive index, molar refraction,
Eykmann constant, internal pressure, intermolecular free length and relative
association have aso studied. Free Length Theory and Collision Factor Theory
have been applied to predict the ultrasonic velocity values in the system. The
obtained results has been explained in terms of the temperature dependence of
theses parameter and the intermolecular interaction present in the system, The
present investigation provide a rich source of information about the type and
extent of molecular interaction occurring in the liquid crystal.

Introduction

Liquid crystals are substances that exhibit properties between those of a conventional
liquid and a solid crystal. For instance, a liquid crystal (LC) may flow like a liquid,
but have the molecules in the liquid arranged and/or oriented in a crystal-like way.
There are many different types of LC phases, which can be distinguished based on
their different optical properties (such as birefringence). When viewed under a
microscope using a polarized light source, different liquid crystal phases will appear
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to have a distinct texture. The each contrasting areas in the texture correspond to a
domain where the LC molecules are oriented in a different direction. Within a
domain, however, the molecules are well ordered. In addition to being in a liquid
phase, LC materials may also be found in the solid and gaseous phase.

Liquid crystals can be divided into thermotropic and lyotropic LCs. A
thermotropic LC exhibit a phase transition as temperature of the LC is changed,
whereas a lyotropic LC exhibit phase transitions as a function of concentration of the
mesogen in a solvent (typicaly water) as well as temperature.® The various LC
phases (called mesophases) can be characterized by the type of ordering that is
present. One can distinguish positional order (whether molecules are arranged in any
sort of ordered lattice) and orientational order (whether molecules are mostly pointing
in the same direction), and moreover order can be either short-range (only between
molecules close to each other) or long-range (extending to larger, sometimes
macroscopic, dimensions). Most thermotropic LCs will have an isotropic phase at
high temperature. That is, heating will eventually drive them into a conventional
liquid phase characterized by random and isotropic molecular ordering (little to no
long-range order), and fluid-like flow behavior. Under other conditions (for instance,
lower temperature), an LC might inhabit one or more phases with significant
anisotropic orientational structure and short-range orientational order while ill
having an ability to flow.

The ordering of liquid crystalline phases is extensive on the molecular scale. This
order extends up to the entire domain size, which may be on the order of micrometres,
but usually does not extend to the macroscopic scale as often occurs in classical
crystalline solids. However, some techniques (such as the use of boundaries or an
applied electric field) can be used to enforce a single ordered doman in a
macroscopic liquid crystal sample. The ordering in aliquid crystal might extend along
only one dimension, with the material being essentially disordered in the other two
directions.

Due to their ability to change colour in an electric field or with variation in
temperature, the liquid crystals have wide range of applications. The resonance,
electron paramagnetic resonance and differential scanning colourimetery enabled
scientists to study more effectively the physical properties of liquid crystals. Their
unusual physical and optical properties have important technological and commercial
application. They are aready being used in digital watches, digital readout memory
systems and display devices.

It has been recently discovered that certain LCs such as R-CgHs-CH=CH-CO,-
CsH4-CN, exhibit alarge positive anisotropy and dielectric constant, individually or in
the form of mixture with other nematic or non-nematic substances. They also exhibit
light viscosity at relativity low temperature. The advantage of these compounds is a
substantially greater stability so that they can be handled more conveniently. The
anomalous temperature behaviour of ultrasonic velocity in 8 OCB liquid crystal was
studied by Srinivasa Manja™ and phase transition study in Schiff’s base ester liquid
crystal carried out by Narasimhamurthy et al°. Using experimental ultrasound velocity
and density data, as available in literature’, an attempt is made to understand the
nature, type and strength of molecular interactions prevalent in Trans-4-cyano
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cinnamic acid ester over the temperature range 340 K to 393 K. Severa prevaent
theories of liquid and solid state of matter have been investigated. A qualitative as
well as quantitative measure of the molecular interactions prevalent in the LC has
been obtained in present investigation.

Theory

Several researchers'™'? have reported that the thermo-acoustic parameters are a
versatile tool to investigate molecular interactions in liquids or solids. Using
theoretical formulae available in literature '®% a large number of acoustica and
thermo-dynamical parameters such as molar volume (V), adiabatic compressibility
(Ky), isothermal compressibility (Ky), Specific acoustic impedance (Z), Rao’s
constant (R), van der Waal’s constants (a & b), available volume (V3), Intermolecular
free length (Lg), Relative association (R.A.), free Volume (Vy), internal pressure (p;),
molar cohesive energy (AH), Surface Tension (o), Coefficient of viscosity (n),
relaxation time (t), Space filling factor (rg), collision factor (S), molecular radius (rm),
Geometrical volume (B), refractive index (np), Eykmann constant (Ec), Molecular
refraction (Mg), Coefficient of therma expansion (o), Specific heat ratio (y),
Poisson’s ratio (p-), Young modulus (E), Bulk modulus (B), Shear modulus (G),
Latent heat of melting (AHy), Diffusion constant (D;), molecular diameter (d,),
Coefficient of therma conductivity (k), Debye temperature (6p) and Pseudo
Gruneisen parameter (I"). Ultrasonic velocity values have been determined in the
system under investigation using Free Length Theory (FLT) *> and Collision Factor
Theory (CFT)?*. Some of the important formulae are listed below.

Adiabatic compressibility =K :%, where d is the density of LC and u is the
u

ultrasonic velocity init. D
_— 1.71x10°° :
Isotherma compressibility= K :1"”9—2(1‘”3' where T is the temperature of the
u
system. 2
Specific acoustic impedance =Z = ud 3

van der Waal’ s pressure constant = a= PV? , where V is the molar volume and P;
istheinternal pressure of the LC. 4)

2 1/2
Co-Volume = b:(%jll— RT {(H Mu J - H,WhereM is molar weight of

Mu? 3RT
the LC and R is Universal Gas Constant. (5)
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AV .
Intermolecular freelength =L, = y 2 where Y, =(362NB)"® is molar surface
S

u

=)

~

area, V, :V(l—ij is the available volume, N= 6.0225x10% mol™, B :g isthe

Geometrical volume of the system and up= 1600 m/s. (6)

’
f

2
L
Relative association = R.A:{ ! } , Where Ly’ isthe intermolecular free length

found by using ultrasonic velocity values. @)
FreeVolume =V, =V —b, whereV is the molar volume of the LC. (8
Internal Pressure=PR, = % , Where B'=2 9

(viv?)
Molar cohesive energy =AH = PV (20
Surface Tension =o =10"*u¥*dT"® (12)
Coefficient of viscosity = 17 =———, where K is4.28 x 10°. (12)

f

Relaxationtime = 7 =nKg (13)
Space Filling Factor = r, :VE (14)

. T
Collision Factor = S= 4(1——2J (15)

ab

o . . 1+2r,
Refractive index w.r.t. D-line of Sodium = n, = 1 (16)
— rF
n,’ -1
Eykmann constant = E, =| —2——— (17)
(n, +0.4)d
o n,? -1
Molecular refraction= M =| — (18)
n, +2
-3
Coefficient of cubical thermal expansion =« = % (29
Specific heat ratio = 7/:% (20)
S
3B 1/3

Molecular diameter = d, = 2r,,,, where molecular radius=r,, = (mj (21)
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Poisson’s Ration = o, = (EJ , Where A = 4 (22
6A+2 3y
Y oung modulus = E = u/d (23)
Shear modulus= G = ur 2d (24)
Bulk modulus=K = 3E;4G (25)
o oM k) .
Latent heat of melting= AH,, = 128 6,d, i wherek is Boltzmann Constant
and his Planck’ s constant. (26)
e kd’é,
Diffusion constant =D, = —2—, (27)
96h
dN 2/3
Coefficient of thermal conductivity = k = Z'Sk(VJ y 3y (28)
h 3N 1/3
Debye temperature=6, =—| ——| U 29
ye temp > = ( 2 ﬂ\/] (29)
Pseudo Gruneisen parameter =T" = 7_/|_—_1 (30)
o

The results obtained for the LC by using the above given formulae, are presented
in Tables 1to 3. Temperature dependence of some of the thermo-acoustic parameters
ispresented in Figs. 1to 14. The values of al the parameters are reported in Sl units.

Results

Table 1. Temperature dependence of some acoustical parameters of trans-4-cyano
cinnamic acid ester.

Temp (K) | a x10° o/B Rx10° Ecx10° | Mgx10°
340 1.089 1.52 3300 5.229 72.62
346 1.097 1.51 3306 5.261 73.07
352 1.106 1.51 3316 5.297 73.57
358 1.116 1.50 3322 5.333 74.04
364 1.129 1.49 3324 5.368 74.57
370 1.143 1.48 3333 5.414 75.21
375 1.155 1.47 3345 5.461 75.88
379 1.118 1.45 3330 5.510 76.55
383 1.173 1.46 3391 5.620 77.38
387 1.181 1.46 3491 5.635 78.22
393 1.198 1.45 3425 5.677 78.89
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Table 2: Temperature dependence of some acoustical parameters of trans-4-cyano

cinnamic acid ester

Table 3: Temperature dependence of some acoustical parameters of trans-4-cyano

Temp (K) |y dox10™ nx10° u Ur

340 1.2767 612.9 1.86 1279 1977
346 1.2691 614.1 1.80 1257 1942
352 1.2633 615.4 1.74 1239 1913
358 1.2570 616.9 1.67 1213 1877
364 1.2452 618.3 1.61 1188 1839
370 1.2461 620.1 1.54 1158 1795
375 1.2427 621.9 1.48 1135 1761
379 1.2080 623.8 1.40 1069 1670
383 1.2418 625.9 1.40 1110 1723
387 1.2377 627.8 1.37 1098 1705
393 1.2342 630.0 1.30 1071 1663

cinnamic acid ester.

rmx10™

Px10

Temp (K) | a S Gps

340 4.96 306.45 3.999 5452 0.1371
346 5.05 307.71 3.999 5469 0.1393
352 5.14 307.78 3.998 5486 0.1399
358 5.21 308.43 3.998 5483 0.1413
364 5.32 309.16 3.998 5500 0.1425
370 541 310.96 3.998 5487 0.1437
375 5.49 310.96 3.998 5468 0.1445
379 5.53 311.88 3.998 5390 0.1521
383 5.68 312.99 3.998 5421 0.1466
387 5.77 313.90 3.998 5407 0.1455
393 5.87 315.02 3.998 5374 0.1463
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Discussion and Conclusions

As low amplitude, low frequency ultrasonic waves don’'t deform structure of the
medium through which they propagate. They merely perturb its physico-chemical
equilibrium. The velocity of such waves is a thermodynamic quantity intimately
connected with the residual equilibrium properties. The velocity of ultrasonic waves
in a medium and severa other acoustical parameters, which are dependent on it, help
us to determine the overall response of the medium and tell us about the nature of
interactions between the molecules of the medium™®™.

For the system under study, the ultrasonic velocity (u) and density (d) data used to
evaluate various acoustical and thermo-dynamica parameters has been taken from
literature’. The temperature variation of some thermo-acoustic parameters of the
trans-4-cyano cinnamic acid ester liquid crystal under investigation is presented in
Tables 1 to 3. The temperature variation of some solid-state parameters such as Debye
temperature (0p), Pseudo-Gruneisen parameter (I'), Young's Modulus (E), Shear
Modulus (G), Bulk Modulus (K), Diffusion Constant (D;) and Thermal conductivity
(k) are presented in Figs. 1-5 respectively.

The variations of several acoustical and thermo-dynamical parameters such as
Specific acoustic impedance (Z) and Isothermal compressibility (Kt), Surface tension
(o), relative association (R.A.), co-volume (b), relaxation time (t), Latent heat of
vapourisation (AH), Latent heat of Melting (AHy), molar volume (V), available
volume (V,), free volume (Vs), Geometric Volume (B), Space filling factor (r;), and
refractive index (np), with temperature from 340K to 393K are presented in Figs. 6-13
respectively. The temperature dependence of experimental ultrasonic velocity (U*)
and the velocity values as computed from Collision Factor Theory (Ucer) and Free
Length Theory (Ug_ 1) are presented in Fig. 14.

A liquid can be treated either as alimiting case of asolid or as a highly condensed
gas. Various parameters derivable from the ultrasonic velocity have been evaluated
and their behaviour has been investigated with changing temperature. Some of these
properties, such as Gruneisen parameter, Debye temperature, Poisson’s ratio, elastic
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modulii and Latent heat of melting come from considering the solid-like
characteristics of the liquid crystal. Others, like free volume, isentropic
compressibility, isothermal compressibility, diffusion constant, ratio of specific heats
and co-volume are extensions of the concepts valid for gases™®.

The perusal of Figs. 1-4 show that the solid state parameters 6p, I', D; and k for
the system under study gradually decreases with rise in temperature from 340K to
393K, and show a sharp dip near 379K indicating a crystalline structural change at the
temperature. In Fig. 5, eastic modulii E, G and K show similar kind of behaviour to
that observed in above said parameters. This trend of variation of elastic modulii of
the LC further support the conclusion arrived at earlier.

The Ky (Fig. 6), T (Fig. 7) and B (Fig. 13) show regular rise with increase in
temperature from 340K to 393K. All these parameters show a peak at 379K. It may be
due to the fact that in vicinity of phase transition a hetero-phase is expected which
leads to vigorous fluctuations. The perusal of Figs 6-8 and 10-12, points to the
variation of Z, ri, AHm, 6, np, R.AA. with rise in temperature respectively. All these
parameters regularly decrease with rise in temperature from 340K to 393K with adip
at 379K.

A comparative study of the experimental ultrasonic velocity values in the system
under investigation and theoretically evaluated ultrasonic velocities, using Collision
Factor Theory (CFT) and Free Length Theory (FLT), is presented in Fig. 13. It can be
seen that U*, Ucer and Up 7 regularly decrease with rise in temperature from 340 K to
393 K. Ug_ 1 decreases smoothly, without indicating any sudden change in the system
whereas Ucer and U* show a dip at 379 K, which is smaller in case of Uger vs T
graph than in U* vs T graph. As is obvious from the Fig.13 CFT over-estimate
whereas FLT under-estimates the values of ultrasonic velocity in the system. Hence
both these theories fail to describe the behaviour of the Liquid crystal within the given
temperature range, accurately. The perusal of Fig. 9 points out that V and V,increase
with rise in temperature and each of these parameters shows a peak at 379K. However
free volume (V;) remains ailmost constant within the temperature range under study.

A perusal of Table 1 indicate that R, Ec, Mg and a regularly increase with rise in
temperature from 340K to 393K, but R and o show adip a 379K. The ratio of molar
sound volume and Geometric volume show a slight decrease from 1.52 to 1.45 with
rise in temperature. The results presented in Table 2 indicate that y and n regularly
decrease with rise in temperature but show adip at 379K. In Table 3 calculated values
of van der Waal’ s pressure constant (a), molecular radius (rmy and Poisson’s ratio (cps)
are presented which show a regular increase with rise in temperature. The ops values
indicate a peak at 379K. In Table 3 the Collision Factor (S) and Interna Pressure (P;)
values are also presented. It may be noted that Pi values do not show any regular
variation with temperature change whereas the collision factor (S) remains constant
throughout. The general trend of the variations of the various acoustical and thermo-
dynamical parameters agrees fairly well with the conclusions of the weakening of
quas crystalline structure in the system with rise in temperature in general.

These thermo-acoustic investigations of the trans-4-cyano cinnamic acid ester liquid
crystal provide a qualitative as well as a quantitative measure of the strength of
molecular interactions present in the system. It is further concluded that with the rise of
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thermal agitations in the system there is a strong possibility of redignment /
restructuring of the moleculesin theliquid crystal especidly at atemperature of 379K.
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