CHAPTER 1V

STUDY OF ULTRASONIC VELOCITY,

DENSITY AND RELATED
PARAMETERS IN SOME
LIQUID CRYSTALS.
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INTRODUCTIONS

v

Ultrasonic techniques are being used increasingly in rece
years to study 1liquid crystals and an intriguing variety
effects have been observed. From the tfFnowledge of ultrosor
velocity and density the equilibrium properties ;f the system ¢
be determined, such as the adiabatic ‘ compressibility {Kac
Moreover, 1t 1s also possible to estimate several importe
parameters like the molar compressibility (j?), the molar sol
velocity iR) etc. N
, ﬁié&has made an i1mportant advancement in the understand:
of molecular structure éf liquids. He discovered that the thers
coefficient of the velocity of orgamnic liquids is about thr

times the thermal coefficient of dengity. Hence the relation A

porganic liguids can be written as
dV . 345 . ... . D)
v S

Where V is the wultrasonic veloc}ty in the medium and.f iz f

densi1ty of the liguid. On integrating and simplifying the relat:
V3
we get
4 = K G

a—

: L

Where ¥ is a constant for a ligquid independent of the temperatur

Multiplying by the moligular weight this relation takes the fors

I‘i(\/)“?..&..-_,,a.
; = (%)

R 1s tnhown as the Rao’'s constant. As M does not vary for
3
particular liquid the quantitygtl(v)is constant and called |

molar sound velocity. From the extensive study of organic liqui
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of different homologous series, Rao found that the molar sow
velocity is analogous to other physical properties like parachor
Sander’'s viscosity constant and molar refraction. Further 1% hi
characteristic values for any one atom or linkage which we)
deduced by Réo. Raoc also found that R 15 highly constitutive

nature.,

=

Wada found another constant B known as the mole

compressibilit b l“‘
510141%y given Dy (Kmd):B"""(?’)

B 1s constant for any liquid over a wide range ¢
temperatures. It is termed as the molar compressibility iﬁ analoc
to the molar sound velocity R.

Kad 1s the adi?batic_ﬁgmpresgxbility given by the relation.

OV R K )

Several investigators have . reported anomalous behaviour ¢
the physical properties such as the specific volume, viscocity
surface tension, specific heats, ultrasonic velocity an
absorpiton etc near the vicinity of isotropic -~ mesophase an
mesophase — mesophase transitions of the ligquid crystals. £
ultrasonic velocity is related to the molecular structure
ultrasonic studies in the vicinity of the phase transition shoul
give a great deal of insight 1nto the mechanism ot phas
transition in liquid crystals. The density measurements ar
necessary for the evaluation of molecular parameters such a

adiabatic compressibility. The density measurements, besides bein



essential for the determination of order parameter, provide usefu
information on the nature of the phase transition an
pretransitional effects. Keeping this in view thé ultrasoni
velocity and density measuremgnts at different temperatures has
been found experimentally of two/ liguid crystals. The aim of &F
present investigation is to study the phase transition of thes
liquid crystals from the results obtained.

Regently considerable interest has been shown by a number ¢
investigators in studying the ultrasonic velocity and density ne:
the phase transitions of 1ligquid crystals. Review articles4 t
Metale
gives an accumulated data on ultrasonic studies.

Kapustin and Bykonaadetected the polymesomorphism of ligu:

crystals by studying ultrasonic velocity and absorpiton in p -

- heptyloxy benzoic acid and p - n - octyloxy benroic acaid.

')
Edmonds and Donald have analysed the results of the ultrasonic
7
velocity in P — azoxyanisole reported by Hoyer and Nolle by B

8
Frankels heterophase fluctuation theory and by Maier and Saupe

long range ordering theory along with absorpiton results by
Fixman%g theary. Kapustin and Martyiémva have reported ¢t
measurements of sound veloclty and absorption in liquid crysta
of homologous azoxy benzenes.
12
{artha and Padmini have investigated +the behaviours

density, ultrasonic velocity, absorpiton and other relat



parameters in some cholerteric liguid crystals. They have found
anomalies at the isotropic cholesteric phase transition for these
parameters. They have analysed the velocity results in the light
of irenkel's theory and absorption results by Fixman’'s theory.
Loi; has studied the ultrasonic velocity and absorption ar
oriented smectic ligquid crystals and observed more anisotropy ir
both absorption and vélocity than in oriented nematic liquid
crystals. Miyano and Ketter;gn have measured the ultrasonic
velocity and attenuation for magnetically aligned samples ~o1
nematic, cholesteric, Smectic B and Smectic C liquid crystals.
Otia and Padmié? have measured the density and ultrasonic velocity
in MBBA and EPAPU and estimated the temperature variation o
order parameter 8 in the nematic phase from the adiabatic
compressibility data. Bahadur has made extensive studies of the
temperature variation of the specific volume and ultrasonic

15,16
velocity.

17
Bhattacharya et al have reported strong anomalies in the

velocity and attenuation of the Icngituginal ultrasound in the

vicinity oflnematic smectic A transition of TBBA. They have als¢

studied the phase transition in some liquid crystals exhibiting ¢

-8 and § -~ SC paaig. Measurements of ultrasonic velocity, ‘
B A

specific volume and adiabatic compressibility were carried out in

19 - ‘
some liquid crystals by Gearge and Padmini. The pretransitiona

effects observed from these gquantities were discussed on the basi
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of de Gennes theory generalized by Bendler.

Rao and Pisipa:? carried out the concurrent density and
ultrasonic velocity studies to detect the phase transition ar
pretransitional effects in polymesomorphic liquid ecrystals. The
have calculated the molar sound velocity qnd molar
compressibility in all the phases. It was found that all &
transitions are accompained by either 32 anomaly or sharp rise i
the ultrasonic velocity. Recently Rié’L;t al bhave studied ¢+t
ultrasonic velocity and density 1n some polymesomorphic ligua
crystals. Besides finding the order of the phase transitions the
have estimated the pressure dependence of ¢transition temperatus
from density measurements.

Experimental

The following ligquid crystals were selected for the study.

1. p-n Octyloxybenzylidene - p - Phenetidine (OBP)

2. p—- n Octyloxybenzoate p’'~ methoxyphenyl (OMP)

All the liquid crystals were synthesized in the laboratory.
Synthesis of the liguid crystals.
1.‘ The structural formula for OBP 1s given by
CQH,-*_O —~3)-C H=N—<>>-0C, Heo

p — Hydroxybenzaldehyde (8.1 mole), dry acetone (1£83 m]

anhydrous kZF:QS(ﬁ‘E mole) and n - octyl bromide (.11 mol:

are introduced 1nto an erlenmeyer fitted with a refl.
condenser. The mixture is then stirred vigovously ar

heated until reflux. After refluxing for eight hours, I



reaction mixture is cooled and then filtered off to remove
encess of K.‘,_CO.S and KB"'formed during the reaction. The
precipitate 1s washed with ether. This filtrate is ther
evaporated on a rotovapour to obtain ) - “n -
octyloxybenzaldehyde.

OBP is prepared by condensation of P - n -
octyloxkybenzaldehyde (#.1 méle) ;nd P - phenetidine (¢.:
mole) in refluxing absolute ethanol. After refluxlng thi
reactants for four hours, the solvent is then removed b
distillation under reduced pressure and later the pur
compound was recrystallized from absclute ethanol until th:

transition temperature remains constant.

o, The structural formula for OMP is given by

CeH,0~O)-¢0<-0CH,
O

One mole of p — octyloxybenzoic acid was mixed with 2.5 mole o
Thionyl chloride and refluxed in a3 water bath for 8 hours. Th
excess of thionyl chloride was removed by dirvectly heating in tﬁ
flask using the U tube.

Then one mole of p—n Octyloxybenzoyl chloride was added to
solution of 1 mole p-methoxyphenal in pyridine. The temperatur
lept below 5 to 10 degree C. The solution was stirred for tw
hours and kept far 24 hours. After that the solution was added t
ice and HCJJand filtered. It was than washed with mateq and col

ethanol to remove pyridine. Finally it was washed wit



dilute Ak%oHsolution and recrystallized with ethanol
Determination of the trapnsition temperature.

The transition temperatures of liquid crystals can b
determined by observing the texture of the sample kept between tgt
glass slides through an electrically heat?d hot stage micraoscope
The microscope used in this investigation is a Lg?%z Laborlux - I
Pol. Binocular polarizing microscope equipped with a heatin
stage. The temperature of the heating stage can be electricall
controlled by a regulator, in the range of room temperature to 36
degree C and can be conveniently %ead by suitable thermometers
The heating state 1is calibrated by standard organic substances
The transition temperatures are recorded by observing the chang
in the textures. The transition to isotropic liquid was found whe
the field of vision becomes extinct.

Measurements of Ultrasonic Velocity.

The ultrasonic velocity measurments in liquid cryatals wer
carried out using a double crystal fixed path interferometer. Th
experimental set up used for this purpose is schematicall
represented in the figure 4.1. It consists of a variable freguenc
nscillator, (fregquency range 1 MHz ¢to 3 MHz) the interferomete
cell with shielded crystal holders and a sensitive vacuum tub
voltmeter.

The interferometer cell and’ its parts are shown 1in th
figure 4.2. The cell 1s a hollow stainless steel container wit

rectangular cross section having dimension of ( 3x Ox 2.9) cm3 an



Eyepiece (E)

Bertrand lens

Analys
- @ ]
.

er
Slot
Individuat © (L)
centring screw
Arm /[ Rotating
stage - (9) b{ective
Condenser clutch lever
P focus:ng\ T Objective
: Y ]
?me . \ ]
oo e Condenser
Substage iris
t Polarizer
1 ,
Coarse '
focusing Foot with
built-in famp

FiG. The polarizing microscope.



QOHL3W 1VvII¥l10313

FAVM  SNOANTILNOD 30 WVHOVIA %2018 T 9

H32NASNYYL Z1idvnd HIONASNVHL Z1M¥Vnd
ONIAIINIY ONILLINSNVYHL
! x,t.........ww...rm..\.,;mww.l ,W N “
1-,ZL 13A0W D BT T Y,
NOSdWIS “ —__—ainon-—-4 |
cx.>.;—-.> m..l.l T T T T T T ..I....l.lm

401v1112s0

L O3

474

= 1Y ’




1’ja

(37vdoS 0L LON)

H3AQT10H IVLSAHD gNV 1132 20 s11vi3qg 247 "914

J
A (




wall thiékness Zmm. A tight lid having a small opening to inser:
the thermocouple leads for the temperature measurements i¢
provided with the c¢ell. The two opposite sides of the cell ard
drilled for holes of 2.2cm diameter. These two sidews are machinet
on precision milling machine for exact parallelism to + #.2mm ant
then finely polished. Two X cut’ quartz cyrstals of ° 2 MH:
fundamental frequency and 2.5 cm diameter are used as transmitting
and receiving transducers. These :crystals are centrally placec
over the apertures and fixed with araldite. The faces of thi
cyrstals are gold plated which serve as electrodes. The shield:
for the c%ystals consist of two brass cups sufficient to cover thi
crystal assembly with rim diameter of about 4mm. It also serves
for the earth connection. These cups are fixed to the cell by
bolts welded to the four corners each of the two opposite faces of
the cell. From the microphone connector fixed to the base of the
cup runs a small spring having soldered electrode at the other
end. When the c¢rystal shields are set in position, the metal
electrodes from the spring touch the gold plated surface of the
cyrstal to establish the electrical contact. A brass pipe of 1 cn
diameter gent into L shape 1is coupled to the metal cup by
microphone connectors. The cable thorugh the brass pipe 1is
insulated by using parcelain beads.,

For the measurement of velocity the liguid crystal sample is
taken in the cell and the lid closed. It is then immersed in ar

©il bath whose temperature 1s maintained constant by a circulating



thermostat (MLW - U2 Germany) to the accuracy of + #.82 degree (.
The liquid crystal is heated 1# degree C beyond the anisotropic -
isotropic transition temperature and the measurments are taken
while cooling. The RF oscillator, frequency meter and the V.T.V.M
are switched on and some time is allowed for the preliminary
heating and stabilization. At first the condenser aof the
oscillator is set at a certain frequency which is read by the
frequency meter. The frequency is then continuously varied to
cover 1¢ maxima in the V.T.V.M. The procedure is repeated to cover
atleast 148 maxima. The ultrasonic velocity at a particular
temperature is obtained from the relation V=2L xAf. When A f is
the average value of frequency between two maxima L is determined
by measuring Af for three different standard liquids for which the
velocities are known.

The details of density measurement are given Chapter I1.

Results and Discussions:

The tabls 4.1 (8), 4.2 (a) show the values of ultrasonic
velocity (V) and specific volume (v) at different temperature The
parameters adiabatic compressibility KkKad, molar sound velocity R
and molar compressibility Hﬁ are calculated and included in the

3

above tables.
Temperature Variation of ultrasonic Velocity (V) and gspecific
volume (v) in OBP:—

Fig.4.|(a) represents temperature variation of ultrasonic

velocity and specific volume in the nematic liquid crystal OBP. It
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HE 4.1 @
Variation of v, Kady R & B with tesperature for OBF:

Temp Veloctty  Sp. Volume  Ad.Comp. Holar Molar
° W 1 Had) o soned cOmp .

TC. 3 12 vel. ® .

M/SEC. /G 16 cm/dyre ®

112 1211 1.0088 8.77 3801 194.83
113 1268 1.0074 6917 3801 19486
114 1286 1.6181 69.45 3801 194.83
115 1284 1.6168 67.73 3861 194.85
116 1198 1.6116 0.49 3198 194.71
116.5 1193 16126 7i.11 I 194.55
115.8 1184 1.01702 T1.96 3788 194.26
117 1176 1.6133 74.82 374 193.67
1172 18t 1.6139 2.6 3788 194.2%
117.8 1189 1.8142 71.74 398 194.72
1178 1192 1.6144 71.39 3802 194.8%
118 1194 1.6147 71.18 3605 195.43
118.4 1195 1.4148 T1.66 3867 195.19
118.8 1195 1.9158 7L.08 2868 195.15
119.2 1194 1.8153 73,22 3847 195,14
126 1191 1.6158 T1.61 3866 195.68
121 1168 1.6164 72.61 3865 195.43
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can be seen from the figure that the velpcity exhibits ar
anomalous behaviour at the isotropic nematic transition while i
varies linearly in the isotropic and nematic phases away from thi
transition. The velocity shows a dip of 23 m/sec at the phas
transition. The specific volume shows the linear variation in boti
the phases away from the transition, but ahows a jump of d.g1’
cﬁagm aver a range of 2 degree C in the vicinity aof the isotropi:

nematic phase transition.

Temperature variation of Adiabatic compressibility (Kad) Mola;

sound Velocity (R) and Molar compressibility (B) in 0OBP.
Fig 4. (b)represents the variation = of adiabati

compressibility and molar sound velocity with'teﬁaerature for OBP
The variation of adiabatic comp;essibility 1s found to be linea:
in the isotropic and nematic phases, but it shows the maximum o
1.9 x 19-1?cm2/dyne at the isotropic nematic trangitinn. The mola
sound velocity varies linearly in both the phases and shows a8 di
of 34 at the phase transition. It is intersting to note that R i
found to be nearly constant in b;th the phases away from th
transition. A study of the results of molar compressibility show

that B varies linearly in both the phases but exhibits a dip a

the nematic — isotropic transition.
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Jemperature Variation of Ultrasonic Velocity (V) and Specifi
Volume (v) in OMP.

Figure 4-2(&)represents the variation of ultrasonic velocity an
specific volume in OMP. The velocity exhibits remarkable linea
variation both in the anisotropic and isotropic phases away fro
transition. A sharp dip of 26 m/sec is observed at the isotropi
nematic transition temperature T;ft « The jump in the volume at

3
Tul is about 2.8483 cm/gm within a range of 2 degrees.

Temperature Variation of Adiabatic Compressibility (Kad), Mols

Sound Velocity (R) and Molar Compregssibility (B) in OMP.

The adiabTatic compressibility Kao(. exhibits analogous behaviou
with a maxima of about @.14 cm’?dyne at TNI « The molar sour
velocity shows a dip at the phase transition.
The order parameter 8 i1s estimated from the specific volume
k
measurements in the nematic and isotropic phase following Maice
and Saupe’'s theory. The volume .jumpAVl;occuring at Tn is estimat:
by extrapolating the 1linear plots of specific volume agains
temperature curve to the transition temperature. The
ratio é—-—\!-"* where \73'z is the volume at the transition 18 fow
008y YN ! .

to beAfor* OBP and @.0924 for OMP. From the theoritical curve ¢
Maier and Saupe bet:meer\é..._.vk and 8 the corresponding value of §

vb.,w Kk k
is read. The value of 8 is found to be #.437 and #.44 for OBP

k

and OMP ﬁespectively. These values are in agreement with the

predicted values of § by Maier and Saupe for all nematié liquid
k
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TARE 4.2 @
Variation of v, Kad, R & B with tespevature for OPs |
1Temp  Velocity  Sp. Volume  Ad.Comp. Molar Molar
W (V) Had) x sound cOmp.
T C. 3 12 vel. ® .
n/sec. tm/gm. 18 c«’t'/dyre (1)
43 1358 THE 52.38 6.6 184.3
172 1346 R4 52.74 3.8 184.3
73 13 7564 33.43 /2.5 1844
74 131 9575 53.25 I04.8 1845
7.5 13 7500 53.43 255.0 1945
75 1338 7568 53.54 3I07.86  184.6
5.8 1332 9597 .09 3565.1  184.5
76.1 1327 9681 H.36 4.8 1844
6.4 1324 5606 .63 343.2  184.4
K4 1310 625 56.99 M956.1 1841
1.5 1316 7631 95.65 ;LT 184.5 .
.7 131 FeAG 5.4 /ii.2  184.8
78 137 9643 .76 HBITS  185.9
9 1339 P52 54.56 4.2 185.3
Be 1328 657 WM. BAELT 0 185.3
81 1324 9648 H.97 B"H.8 1854
B4.4 1322 27696 .48 /322 185.7
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crystals at T;!I'

24
Chandrasekhar et al on the assumption that the molecules

execute rotational oscillations of wvibrations about the mean
orientation, have shown that the mean sguare vibrational amplitude
is given by - ~Yz -2 -

85cc TS V - -- -+ (5)

Where T is the absolute temperature. This result enables one
to make 2 rough estimate of variation of the vibrational amplitude
from available ultrasonic data. They have further shown that for
rotational oscillations.

Soc & [Cos™ (2 Oy ) + Crs (2 Bpms ) |-+ 6)

When @rms = 6‘ ). From equations S&%é since S the order
parameter at transition is known, the temperature vartation of &
is estimated in the nematic region. It is noticed that the trend
of variation 1@3 S in both compounds is the same, § increases very
sharply 1n the vicinity of Tn and thereafter more gradually. The
temperature variation of g in case
of ORP 1s found to be less in comparison to the & valge obtained
from refrative i1ndex data using the Neugabeaur’'s relatigg.

The termal coefficient of expansion dtT and temperature
coefficient of adiabatic compressibility F%_for the two samples
are estimated in the isotropic and anisotropic regions on both
sides of the transition Tni and théir values given in tables in

4.1 (b) and 4.2 (b} are estimated from the specific volume

data at different temperatures using C( ' dﬁf A C?J

T" Vo dT

N



JARLE 4.1 @)

Variation of °; and B-_with Tespevature for 08P.

Temp Temp. coeff. of expansion Temp. coeff. of ad.
. 4 -1 12 -1
TC “rix 16 deg 1 conp. B [x16 deg.]

» -
112 6.78 x 18 .37
113 6.28 .45
114 6.73 .44
115 6.91 .56
116 8.11 1.42
116.5 19.74 4.73
1146.8 25.66 8.78
117.2 23.03 6.76
117.5 1.96 2.25
117.8 6.58 1.60
118 .51 84
119.2 5.99 .56
120 617 .43
121 5.55 43

el
e
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Variation of Orms and S with Tesperature for 0BP,

Table 4.1 ©

Tenp C Density § gn/cc  Velocity  Orms Order
T V m/sec degree para 8.
166 9958 1226 372 .48
108 5938 122 37.5 .48
116 9927 1216 37.8 417
112 9913 1211 3.1 AT
114 9500 1286 38.3 A
116 9968 1198 N .45
117 9867 1176 48.9 .43

8.



TABLE 4.2 ©)

Variation of «(yand £ with Tesperature for 0P,

Temp Temp. coeff. of expansion Tenp. coeff. of ad.
. 4 -1 12 -1
T olT [x10 deg 3 corp. B [xi6 deg.]
74 11.87 .44
7.5 12.99 3.56
i) 13.85 .67
75.8 12.99 1.43
T4.1 16.62 1.49
6.4 28.18 2.61
77.5 20.718 2.23
1.7 18.18 1.33
79 7.79 ﬂ.ﬁ
79.5 8.31 8.08
89 6.73 8.3%

3
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TABLE 4.2 ©)
Variationof Omsad S with Temerature for OP.
Temp C Density § gm/cc  Velocity  Orms Order
T V n/zec degree para 8.
1 1.0476 1350 31.8 .48
72 18466 1346 8.9 47
73 1.6456 143 38.15 47
74 1.0444 1341 38.3 47
74.5 1.6438 1339 38.4 46
[ 1.8430 133 8.4 73
5.8 1.6426 1332 B/.7 46
Téa1 1.0416 132 38.8 45
Th.4 10416 1326 8.9 .45
i 1.6396 1318 3 44

)

pt)

o
i

~
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When \% is taken at the mid point of the specific volume
curve when 1t rises near the transition. FL is estimated from the

values of Kad at different temperatures, using the relation.

f=t-dKad o e
o T Kia 4T i

Where Kad is taken at the temperature near the +transition
where Kad has its peak value. It is found that from the figures
both the parameters attain very high values near the transition
indicating the presence of strong pretransition effects. Pad;zni
has given an explanation for the pretransitional effects in the
thermal coefficient of expansion and temperature Soefficient of
adiabatic compressibility in the light of de Benn:és theory
generalized by Bendlgz.

Bendler has predicted that the number density’ flunctuations
which are governed by order fluctuationsz will vary’w,with
temperature above nematic transition as (Ag> ~ (T"‘T*) - (?
where 1P¥ js the pseudo critical temperature of the nematic.
ordering and'V/is the component determining the growth of the
order fluctuations.\

Bendler has suggested that these density fluctuation produce

an increase in isothermal compressibility and the compressibility

anomaly is the sole origin of the expansion anomaly.
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The refractive indices . n, and densities and the diclectrie primittivities ¢, and ¢, of
three P-cyano-P-alkylcyclohexanes (PHC-3, PCH-5, PCH-7) have been measured at
different temperatures The order parameters calculated by using Neugebauer and
Vuks' methods were comparable A comparison of order parameters of the PCH with
the currupondmg alkyleyanobiphenyls at reduced temperatures ¢ (——. T = IndTa))
shows that the replacement of a pheny i nng with a vyclohexy! ring decfeases the order
parameter appreciably The experimental values of diclectnic permittvities ¢, in cach of
the PCHs are found to be less than half of the ¢-value calculated from Maser and
Mueier equations using the polarzability and the order parameter obmmcd from
refactive index measurements  This was expluned us due to short range anhiparabicl
orderimyg of strongly polar molecules i the nematic phase, as proposed by Chandra-
sekhar and Madhusudan, which was not taken mto consideration m Maier and Merery’

theory

Kl

H
)

INTRODUCTION

In a recent: communication' the ortentational order parameters of
several alkyl and alkoxy cyanobiphenyls were determined from the
refractive indices and density measurements using the méthods due to
Neugebauer,? Vuks® and Saupe and Maier.* The results obtamned by
Neugebauer and Vuks methods were comparable and agree with
those reported from other methods. The object of the present investi-
gations was to study how the order parameter changes with replace-
ment of a phenyl ring 1n cyanobiphenyls by a cyclohexane ring. It
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was also mtended to study the dielectric permittivities €, and €,
parallel and perpendicular to the long axes of PCH molecules and
compare these experimental ¢, and €; values with. the ¢ and ¢,
values calculated from Maier and Meser equations using polanzabihty
a and order parameter § obtamed from refractive index measure-
ments. The results are discussed n the paper.

EXPERIMENTAL

The transiion temperatures of different mesophases of three P-cyano-
P’-alkylcyclohexanes (PCH) obtamned from Merck, Germany, are
given below.
43°C
1. P-cyano-P’-propylphenyicyclohexane  (PCH-3): ——
45°C

ol 30°C
2 P-cyano-P’-Pentylphenyleyclohexane  (PCH-5). C——
55°C . ‘
N ———l] 30°C
3 P-cyano-P'-heptylphenylcyclohexane (PCH-7): C——
57°C I ,

The hquid crystals were used in the investigations without further
punfication

The method of measurements of the refractive indices n,,n, for
extraordinary and ordmnary ray with the help of ABBE refractometer
and the density measurements by means of a capillary tube method
were described carher !

Measurements of delectric permittivities ¢ and ¢ were made wih
a GR-1620 capacitance bridge ustng a capacitor of stainless steel
electrodes separted by 1 mm teflon spacer described earhier.® Algn-
ment of molecules parallel and perpendicular to the clectiode surfaces
were made by 10 KG magnetic field. ‘The cell was calibiated with
freshly distilled toluene and chlorobenzene and values'agreed 10 0 1%
of the standard value. The temperature of the cell was maitaned
constant by means of a thermostat.

RESULTS

The experimental values of refractive indices n,.n, and the densities
of the liquid crystals at different temperatures are given n Tables
(I-TIT) The refractive index anisotropy 1s shown in figure 1 (a,b,c).
The effective polarizabilities a, and «a, in the nematic phase were
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TABLE

Refractive indices density and order parameter S for PCH-3

Vuks Method Neugebauer's Method

c o, ne  pgmjec ®AYN afAY a(AY S a A afA) S
42 14912 15852 09685 2839 2631 3254 067 2666 3185 063
425 14913 15842 09678 2840 2635 3250 066 2669 3182 063
43 14920 15820 09672 2840 2641 3238 064 2675 3171 0ol

AVS5 14900 LSBI4 D9eet 2841 26043 D Ot Jole L0 Vel
44 4928 15787 09660 2841 20651 3221 0ol 20683 3158 058
445 14930 15775 09652 2842 2655 3216 060 2686 3154 057
45 14936 15755 09645 2843 2661 3205 058 2691 3145 055

46150 15208 09576
465 15205 09571
47 1 5201 0 9567
475 15200 09560
48 15197 09555

ay =382 a, =254 o, =306 o, =2587

calculated using two methods, Neugebauer and Vuks and are in-
cluded m the Tables (I-1I1). The prnincipal polarizabihities &) and «
parallel and perpendicular to the long axis of molecules in the
crystalline state were obtained from Hallers™ et al.® graphical method
The order parameter S calculated from the relation S = (a, ~ «,)
/(e — ), are also included in Tables (I-111).

IABLE 1]

Refracuve indices, density and order parameter § for PCH-5

Vuks Method Neugebauer's Mcethod

1% n, ne pemfie ®AY ogAY o lAY) S oA agAH S

31 14870 16000 9610 3226 2944 3792 063 2992 3695 065
33 14864 15979 9593 3227 2947 3785 062 2994 3691 065
35 14860 15953 9582 3224 2950 3772 061 2997 3679 063
a7 1 4860 19918 9568 3223 29487 7SS 059 3001 665 06!
1y 14860 | 5880 EATH 1224 2965 1735 OST  WOS W6 Gol
41 14860 15849 9529 3223 2974 3721 056 3016 3638 058
43 14860 15815 9512 3223 2981 3705 054 3022 3623 056
45 14860 15783 9492 3224 2990 3690 052 3029 3613 055

47 14860 15746 9473 3223 2999 3672 050 3037 3596 052
49 14860 15711 9451 3225 3008 3656 048 3042 3589 051
51 14870 15654 9423 3227 3028 3626 044 3061 3559 0406
54 14898 15554 9389 3221 3091 3510 039
S6is0 1 5105 9336

58 1 5095 9317

60 1 5081 9300

63 15075

oy = 4138 a, =279 @, =3960 a_ = 288l

100
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TABLE 11

N Refractuive indices, density and order parameter § for PCH-7

Vuks Method Neugebauer’s Method
T%C  a, a, pgmfee ®AY a A o A 5 o fAY oA S
3t 14840 15964 9499 3668 3346 4310 0.60 3401 4201 058
33 14838 15934 9489 3664 3351 4291 059 3404 4185 057
35 14836 1.5903 9467 3666 3360 4277 057 3412 4174 055
37 14832 1.5867 9445 3665 3368 4260 056 3418 4160 0.54
38 14830 15842 9429 3666 3374 4248 0S5 3423 4151 053
39 14825 15814 9411 3665 3380 4235 053 3434 4126 050
41 14822 15783 9394 3664 3387 4219 052 3434 4124 050
43 14820 15752 9375 3664 3395 4203 050 3440 4112 049
45 ' 14820 1.5720 9355 3665 3405 4187 049 3449 4097 047
47 14820 135679 9335 3665 3415 4163 047 3456 4083 046
49 14820 1.5645 9316 3665 3443 4145 044 3466 4063 043
51 14822 15598 9293 3665 3439 4117 042 3477 -4040 041
53 14830 15559 9268 3670 3457 4096 040 3493 4023 039
55 14842 15498 9205 3687 3494 4072 036 3526 4008 035

57 1 4876

S8iso 15055
59 15040
61 15035

ay = 4764 @, = 3162 a, =46.14 a, = 3236

159F "m, PCH-3

157
155
153
151

149

1 1 1
34 36 38 320 322

TK

(@)
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* 16

Te PCH-5

159+
157

n 1.55}-

1531

i Sif-

149

1 { 1 1
300 308 36 324 332 340
T°K
(b)

160+

1581

156

mn 154f

152

150

[0 00000
148}

1 H i 1 1 1 1 i1
308 32 320 328 336
T°K
(¢}

FIGURE Ia. Ib, Ic Refracuve wndex amsotropy plots for PCii-3, PCH-5, PCH-7
respectively
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Values of ¢, €, and order parameter § from diclectric anisotropy values

S SENetal

TABLE IV

S from Ae

T°C g 4 €, Ac values

43 16 58 690 968 020

43.5 16 21 702 919 019
PCH-3 44 15.98 706 8.92 018

44.5 1574 725 849 0.18
1y =498 45 1551 749 802 017

45 150 1062

47 1065

49 10.71

33 14.74 481 9.93 032

35 14 51 497 954 031
PCH-5 39 1438 5.20 918 030
pp, =427 43 14 23 540 883 029

48 1392 569 823

52 13.32 6.08 7.24

56 150 893

58 902

60 906

31 1285 418 867 0.31

35 1263 430 833 030
PHC-7 39 12,53 441 812 029

43 1237 453 784 029
pp =439 48 1221 480 741

52 12 03 St 692

56 1174 571 603

59 180 8 69

61 876

63 882

'The experimental values of the dielectric permittivitics ¢ and ¢ of
the liquid crystals in the nematic phase are given in Table 1V. The
calculated values ¢, and €, obtamned from the Maier and Meier
equations’ are included in Table IV.

Maier and Meiers’ equations are

€, =1 +4thF{

Ae = 4thF[ Aa

2
i+ 2 A0S+ T8

3

3kT

2
&ml—AaS+f£-

3

Fu?
21('1'(l

3kT

{l-—-(l—-BCOSZ,B)}S] ()

{1 +2(1 ~—3ccs2;3)}s] )

—3c°s23)}s

&)
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21
PCH-3
1
£
€150 o
5 €1 1 1 i )l 1 i ]
316 317 318 219 320 321 322
T°K
(a)
17 PCH=-5

3 5 ]
306 M4 322
T°K

{b)

1 1.
330 338

1 1 i
320 328 330
TK

(c)

i
304 312
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FIGURE Za, 2b, 2¢ Duelectric anisotropy plots for PCH-3, PCH-5, PCH-7 respec-

tivély
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where N 1s the number of molecules per c.c.; = 3€/2¢ + 1, cavity
field factor; F=1/1— &f, Reaction field factor; f=daN(2eé~2)
/32é + 1); n 1s the dipole moment of free molecule; Aa =
polanzability anisotropy; Ae = dielectric amisotropy.

The dipole moment g of the hiquid erystals were determined in
dilute solution in benzene and are included in Table IV. Dielectric
anisotropy is shown in figure 2 (a, b, c).

DISCUSSION

It can be scen from Tables (I1-111) that the order parameter § of the
liquid crystals PCH-3, PCH-5 and PCH-7 obtamned from the refrac-
tive indices data using the Neugebauer and Vuks methods are compa-
rable. The order parameter for PCH-7 obtained in the present investi-
gation agrees well with that obtained from dimagnetic susceptibility
reported earher. It can be seen from fig. 3(a,b) that the order
parameter of PCH-5 and PCH-7 at any reduced temperature 7
= (T — Ty )Ty, is less than the S-value of the corresponding Pentyl
and heptylcylanobiphenyl at the same reduced temperature. It 1s
therefore concluded that the replacement of a phenyl ring in cyano-
biphenyls by a cylohexyl ring reduces the order parameter apprecia-
bly. The values of ¢ and €, obtained in this study are fairly in
agreement with those obtamed by Pohl et al.’

From fig 2(a,b,c) 1t can be seen that the average dielectric con-
stant & = (¢, + 2¢, ) 1s always less than the diclectric constant € at
T < Ty, extrapolated in the nematic range from e, at T > T, in all

0-PCB
070 o-PCH §

0 3Bl | i |

3
-0 06 -004 ~002 o]
T

FIGURE 3a Plots of order parameter S vs 7 for PCB and PCH-5
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b 074 .
o-HCB '
8-PCH 7 v
066F ‘
o058
S
asol- a4 ,
|
; 042} '
PP 1 i R Y|
034508 006 ~00a -002 0

r +
FIGURE 3b Plots of order parameter § vs r for HCB and PCH-7
i~

? the PCH liquid crystals. These results are in agreement with the
dielectric constants €, and €, reported earlier for alkyl cyano-
| biphenyl,!® P-alkoxybenzilidiene, P-aminobenzonitriles'! which have
‘ got strong dipole moment. For liquid crystals, having small and zero
i dipole moment 1t was shown by de Jeu et al.'? that & comncides with

: dielectric constant ¢ at the clearing temperature.

From these results 1t appears that though Maier and Meners theory
gives qualitatively correct representation of dielectric properties in
nematic hquids having small or zero dipole moment, it fails to do so

in the case of strong,ly polar liquid crystals.

From Table V is can be seen that the experimental values of ¢, 18

277

nearly half of the values of ¢, calculated from Maier and Meiers’

equation (1) using Polarizability a and order paameter § obtained

from reftactive index measurements, Smulatly the value of the order

parameter S calculated from expersmental values of diclectric anisot-
ropy Ae, using Mater and Meter equation (3) comes out much less
than that obtamed from birefringence or other methods. Similas’
resulls were also reported carlier tn the case of cyanobiphenyls,

TABLEV

Comparison of ¢ values oblamed expernimentally with !

€;y values calculated from birefringence data

Lxpt )y values cajeulated

7°C €1 values from hirefringence data
PCH-3 43 16 58 38 60
PCH-5 33 1474 26 80

PCH-7 31 1285 2310 i

(68}

b



278 S SENetal

066

0 584

Q 50k

04Q24

03— 558506 064 T663 O
T
FIGURE 4 Order parameter S vs 7 for PCH-3, PCH-5, PCH-7

cyanophenylheptylbenzoate * Thus the resuits show that Maier and
Meiers’ theory for dielectric constants 1n amsotropie media of
strongly polar molecules fails to give consistent results with the
experimental values This 1s due to the fact that only long range order
was constdered in Mater and Meiers’s theory, existence of short range
order was completely ignored. Madhusudan and Chandrasekhar'? in
thetr theory proposed the existence of antiferroelectric short range
order 1n nematic phase of strongly polar molecules. Such short range .
antiparallel ordering 1n strongly polar nematic hquid crystals might
cause a large decrease n ¢, resulting m a decrease i dielectric
anisotropy Ae and thus a decrease on order parameter.
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Refractive Indices, Dielectric Constants, and Order Parameter of Four
Alkyl/Alkoxyphenylcyclohexanecarboxylate Liquid
Crystals in the Nematic Phase

Knsﬁnakah KaLi, Sushmita Sen, and Subir Kumar Roy*

Opuics Department, Indian Association for the Cultwation of Science, Jadavpur, Calcutte-700032, India
(Recewved October 2, 1984)

The extraordinary and ordinary refractive indices, n. and n,, and the densiues of four hquid crystals
4-pentylphenyl trans-4'-pentylcyclohexanecarboxylate, 4-ethoxyphenyl trans-4’-propyleyclohexanccaiboxylate,
4-ethoxyphenyl trans-4'-butylcyclohexanecarboxylate, and 4-methoxypheny! trans-4’-pentylcyclohexanecarboxyl-
ate have been reported at different temperatures. The effective polarizabilities o, and a, in the nematic phase
have been calculated using 1) Neugebauer and 2) Vuks methods The order parameter S calculated from the two
methods were comparable The dielectric constants ey and g, parallel and perpendicular to the long axis of the
molecules have been measured at 1 kHz at different temperatures. The order parameters for the liquid crystals
were then evaluated from dielectric anisotropy Ae(=e;~e.), polarizability anisotropy Aa{*=a,—a.) and dipole
moment g, using Maier and Meier equation and were found only slightly less than those obtained from refractive
indices method. It was concluded that Maier and Meer equation also could be used to evaluate the order
parameter of liquid crystals of molecules having dipole moments 2 Debye or less.

The knowledge of dielectric constants gy and &,
parallel and perpendicular to the long molecular axis
helps us to select a hquid crystal for a specific elec-
trooptical display device. The values of dielectiic an-
1sotropy  As(=gr—e1) and polanzabihity anisouopy
Aa(=a.—a.) where a. and a, are the effective polar-
izabilities of the nematic medium and the dipole
moment x4 may be useful for the evaluation of order
parameter of liquid avysials using Maier and Meer
equation.? de Jeu and Lathouweis?® observed that
mn the case of liquud arystals with zero or small dipole
moment, the average diclectric constant =173 (g+2¢,)
practically comades with the dielectiic constant g4 111
the isottoptc phase  They pomted out that theseresults
indicate that the Maer and Meier equation gives
qualitauvely the correct picune of diclectric propettes
of hquud arystals. But {or the lack of information on
molecular polarizabiliues, dipole moments, and thei
angle with the long molecular axis, the model could
not be tested for quanutatve measurements, Recently
Sen et al.® observed that i the case of liquud crystals
of strongly polar molecules having dipole moments
of 4—5 Debye,! the order parameter S obtained from
Maier and Meier equation using dielectric anisotropy
and polarizability ansotiopy are much less than the
values obtained from other methods Sen et al ¥ point-
ed out that the short range antifernioelectnic dipole cor-
relation of permament dipole moment g 1n strongly
polar nematics as proposed by Madhusudana and
Chandrasekhar® might cause a large decrease in ¢y
thus decreastng the order parameter, The object of the
[)l(“;(‘n( l!\\’("ﬁllgd“()ll i"i to (‘\e’ﬂhlill(' lh(‘ ()!(l(‘! param-
e S of hgquid aystals with dipole moments about 2
{Debye fiom the measutements of refiacuve dices
and denstties, and to compare these S values with those
obtamed ftom diclectiie amsonopy Ae and polai-
rzability anisottopy Ae, using the Maier and Maer
equation.?

T1D=3 3X10"%cm.

ot
Experimental

The structural formulae and nematic-isotropic transition
temperatures of four hquid aystals which were obtamed
from Merch are given below  The general formula for these
compounds 1s

C- S 14
Wiy e O

where R and R’=Alkyl and OR’=Alkoxy,
) 4-Pentylphenyl trans-4’-pentyloyclobesancecuboxylate
(D-55)

310C 470¢
C — e

2y 4-Ethoxyphenyl trans-4'-propyloyclohenanecarboxyl-
ate (D-302)

48°C 180C
——y —

3) 4-Ethoxyphenyl trans-4’-butylcyclohexanecarboxylate
(D-402)

areC 7800
—— —_—

4) 4-Methoxyphenyl frans-4'-pentylcyclohexanecarboxyl-
ate (D-501)

400¢ 7100
C o+ N — 1

The hquid crystals were used i the mvestugauons without
furthey punficanton,

AMeastnement of Refractive Indiees The aehractive
indices g and ne for the ovdinay and exttaordmamy rehacted
1ays m the nematic phase and the refracuve mdex nom the
souopic phase at different temperatures were measured by
means of an Abbe refiaciometer. The glass prisins of the
1cfiaciometer were fust geated with an aqueous solution of
3% poly (vimylalcoholyand dired The prism was then rubbed
with a lens paper along the length of prisim several tmes A
hule of the hquid aystal was dropped on the lowe prism

e G

¢
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and was spread with a spatula These operations helped to
align the hquid arystal along the length of the prism surface
The arrangement was complete when the upper prism was
clamped 1n place

Two posittons of a nicol placed over the eyepiece allow
distinct separation of bright and dark space corresponding
10 ne and ne (i the nematic ne>ne)  The wmperature was
mamiamed constant within £0 2°C by means of a ther-
mostat

The densities of the hquid crystal in the nematic and
1sotroptc phases were determined by introducing a weighed
sample ol the heaud aystal o a capillary tabe placed
i 4 thenmostat. The length of the column m the capillary
was measured at different wemperatines with a tnavelling
micgoscope  The density was calculated aflter conecung
tor the expansion ol the glass tube

Measurements of Dielectnic Constants ¢y and &1 Ihe
static dhelecttae constants were meastned at a Irequency of
FRHz using a GR-1620 capacitance bndge 1eading to an
accuracy of 001% A parallel plate capaciton wath stainless
steel electodes of 2amXl am sepatated by a Tnmm teflon
spacer, served as the sample holder  The temperature of the
sample was measured with a thermocouple mounted drrect-
Iy on one of the clectrodes A magnetic freld 1.0T was used
to align the hquud crystal molecules parallel and perpendic-

Taste la

Refractive Indices, Dielectric Constant and Order Parameters of Liquid Crystals

ular 1o the clectrode surfaces. The temperature of the sam-
ple holder was maintained constant within 0 2°C by means
of a thermostat, The cell was cahbrated with fieshly dis-
ulled toluene and chlorobenzene and the values agiee to

0 1% of the standard value ®
Results

Refractive Indices and Polarizabibities. Theexpert-
mental values of refractive indices n., n., and n and
the densities of the liquid crystals are given in Tables 1
{a, b, ¢, d) and Fig 1. The elfective polarizabihities a.
and o, in the nematic state were calculated using two
methods. 1) Neugebauer’s? method of anisotiopic
mtemal Lield given by

”:,o — 1= 477Nao.o/(1“~“a.o~re,u): (i)
whete N s the number of moleaules per Tam3 and yee

are intemnal Nield constants. The relevant equations for
calculaung the polarizabalities are -

I 2 _4xN[m+2 | 2n+2)
a e, T3 [n:—l“’” w-n @

9 (n*—1
ao+2ao=a//+2a..\.=mm‘ @)

REFRACTIVE INDICES, DENSTIY AND ORDER PARAMEIFR § 10R D-55

Vulks' Method Neugebauer's Method

T/°C N He p/gem8 a/As

a,/ A a./ A3 S ./ A8 o/ A3 S
36 14730 1 5304 09508 41 632 39 683 45 532 .70 39 995 44.908 69
37 1 4724 1 5301 0 9501 41 623 39 664 45 550 70 39.989 44.900 .69
39 1.4724 15272 0.9468 41 623 39 757 45,357 .67 40,058 44.753 .66
41 14720 1 5250 0.9486 41 629 39 818 45.241 G5 40.080 44,708 Rk
43 14722 1 5217 0 9449 4] 643 39 867 45 020 61 40 206 44 518 .60
45 1 4736 1 5163 09431 41.652 40.190 44 571 52 40 413 44,132 52
47 1 4870 0 9416
485 14862 0.9389
51.5 1 4848 0 9357

a;= ay= o= o=

38 869 47 2717 39310 46 398

(AP (Ap (AP (A

Tk 1h REFRACIIVE INDICES, DENSIIY AND ORDYR PARAMEIER S tOR D-302

Vuks' Method Neugebauct’s Method

T7°C No M. p/gem™3 asAs

o/ Al a. /A3 S /A3 /A3 R}
51 1 4705 1 5448 10118 331706 31 1645 371733 75 31.4817 36 5486 75
545 14700 1.5417 10093 331730 31 2352 370442 72 31.5438 36 4314 72
57 1 4693 I 5401 1 0074 331790 31 2605 37 0092 71 31 5646 36 4078 71
60 1 4684 15384 1 0048 33 1960 31 2950 36 9931 71 31 5954 36 3972 71
63 1 4680 1 5356 1.0024 33 2063 31 3670 36 8800 69 31 6581 36 3028 69
66 1 4677 1 5327 1 6000 332183 31 4441 36 7570 66 31 7181 36 2188 66
69 1 4677 1 5289 09974 33 2293 31.5552 36 5697 .62 318137 36 0606 .63
72 1 4674 1 5263 0 9947 33 2550 31 6408 36 4781 60 31.8919 359812 61
75 1 4677 1 5222 09921 33 2713 31.7757 36 2608 56 32 0104 35.7932 56
77 I 4680 1 5198 0 9900 33 2956 318844 ' 36 1550 53 32 1633 35 5604 50
78 1 4698 1 5146 09888 333126 320789 357753 46 32 2666 35.4048 46
79 1 4845 0 9849
80 1 4842 09841
845 I 4824 098064
88 1 4810 09776

o= d;‘: a = a“:

30 7379 38 7851 31 1611 379387

Ay (Ay (Ap (Ap

5@y i)
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Tastr 1o REFRACIHUE INDICES, DENSIIY AND ORDER PARAMEIFR § rOR D402
e . e p/gam? a/As Vuks' Method Neugebauer's Method
o’ A? a.- A? S ao/ A3 a./A3 5
40 1 4730 1 5508 1 0106 35 0349 32 8309 39 4324 73 33 1803 38 7443 73
44 1 4723 1 5469 10072 35 0449 32 9238 39 2740 70 33 2561 38 6227 70
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Rehractive index ansottopy plots for D-5%, D-501, D-302, and 13-402
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2) Vuks'method® of souopic internal field given by

R:‘o—l — 4‘1“Vdo‘° (4)
42 3

where n2=1/3 (n2+2n?)

The values of elfective polanizabihities ae and a, ob-
tarnned ftom the two methods are included in Tables 1
{a, b, ¢, d) Since the prncipal polaizabilities ayand
ey, patatlel and papendicular to the long asrs of the
molecules m the aystalline state, were not available,
the method of Haller et al ® was adopted  Graphs were
plotted with log a./a, vs. log (Te—T) where T s the
nematic-1sotropic transition temperature These plots
are staght himes at lower temperatures and mterset
the log a/a, axvis at K assumed to contespond 1o log
ay/ay m the aystallime state From Eq 3 the values ol
ay and ey are obtamed  The order paiameter § was
then calculated fiom the relation S=a.~ao/ar—a,.

Dueleciric Constards eyand e and the Order Parameter.

Retractive Indices, Dielectric Constant and Orde: Parameters of Liquid Crystals

3699
£~
The expenmental values of dielectric constants gy and
g of the hqud aystals 1 nemauc state and that
m the 1souopic phase s are given m Table 2 The
dielectric ansotropy 15 shown in Fig 2 The order
parameter was calculated usig the Marer and Maer
equation,?

Ae = 42 NhF | Aa—FE (13 cost )| 8 ©)
BT ’

where N s the number of molecules per Tams, =38/
(2g+1), the cavaty [ield factor, F=1/(1—af), the reaction
field factor, and j=4wN{28—2)/3(28+1), p the dipole
moment of the molecule, Ae=polarizability amsol-
10pY =ae—de, and Ac=gy—e; diclechic ansonopy.
The dipole moments g ol the hiquad aystal mole-
cules were detennmed i dilute solutions i benzene
amd included m Table 2, The angle between theresult-
ant moment and the long axis of the molecules of the
hquid aystals (8) was calculated from the alkoxyl

Tt 2 VUK OF DIFLRCTRIC PERMITTIVILIES|E], €4, AND &y
1N-55 D-302 D-402 D-501

T/°C £y £y /G &y £y T/°C &y £y T/°C ol N
375 2940 3419 51 3 2816 4 5447 40 32720 4 4947 43 34125 4 4595
40 2 958 3396 545 32798 4 5150 52 32355 4 3607 47 3 3583 4 4137
42 2 958 3382 60 3 2952 4 4732 595 32483 4 2246 51 3 3685 4 2837
44 2 984 3351 66 33024 4 4155 69 3 3229 4 0941 55 33182 4 2423
46 2997 - 3313 72 3 3369 42613 73 33572 40179 605 33372 4.1875
50 1o 3226 77 3 3566 4 1899 77 1s0 3 7435 65 3 3560 41244
52 3217 80 34673 4 0482 80 37143 70 34083 39952
54 3208 84.5 150 3 8518 85 3.6798 74 iso  3.8101

88 38308 88 36548 76 37936

90 38208 i 78 37727

B0 3.7563
85 L7110

u=1 99 D, f=66° u=2 17 D, B=72°

Ds5

£y

1 L 1 I3 1 H H §.
50 55 60 65 70 75 B0 85 90O

T°C -

g 2

u=223 1, p=68°

#=208 D), B=72°

1 1 1 | 1 1 1. J,
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Diclectise anssotiopy plots for =55, 1D-501, D-302, and 3-402
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group moment and ester group moment teported n
the Iiterature.® The angle 8 {or the different samples
1s given in Table 2~

Discussion

It can be seen from Tables 1 {a, b, ¢, d) that the oider
parameters S for the hquud aystals under study, ob-
tamned hom the relactuve indices using 1) Neugebauer
and 2) Vuks methods are comparable. The S value de-
aeases with inaease of temperanne tll 1t suddenly
vanshes at the dlearmyg temperatune T he order patam-
cters for these hquid aysials have not been reported
50 far

From Fig 2, 1t can be seen that the avetage dielectine
constants £ =(ey+26;)/3 m the nemate phase prac-
tcally comaude with the dielectiie constants g 11t the
wotropic phase. These tesults are simulan to those re-
ported by de Jeu® m the case of hquud crystals of very
small o1 zero dipole moment but unlike to the case of
hquid crystals having laige dipole moment (p=4—5
Debye) ol which the average dielectric constant &g 1
the ouopic phase reported by different workears 1112

From Table 2, 1t can be seen that the values of the
order parameter S, calculated {rom the values of the
diclectnic anisouopy Ag, polarizainlity amsotiopy Aa
and dipole moment p using the Maier and Merer equa-
uon for the alhoxyphenyl brans-4-alks loydohesancan o
ylates, compane vary well atall cemperatnnes with those
obtamed Lrom rehiacuve imdes methods  Sinulaly for
alkyIphenyl trans-4’-alkyloydohesanecarhosy lates, the
order paranieters S hom the Maer and Meter equa-
tuon also agree well with those obtamed fiom the
ichacuve mdex methods, though the former values
are only shghtly less than the lauwer. he shight
discrepancy may be due to the estumation of the angle

B made by the resultant moment with the long
of the molecule  So, it appears that for hquid «
tals having dipole moment of about 2D, m so,
M and Meer equation with dielectiie anisou
Ae, provides anothar method for the determima
of the order parametar,

The inapphicability of the Maier and Meier thec
for diclecize comstants in sttongly pola nemw
unght be due to short range antiferntoclectie dig
cottelation of the pesmament dipole moment as |
posed by Madhusudana and ChandraseRhar,® wl
nught cause a Luge dearease oo o saongly p
nematies (p>4 D)5 Such a deaease mogypm less p
nematies (u=2D) might not affect the dielectig
sottopy and hence the ordar parameter vay of
el

Ol cowse some more hqud avstals having
ments of more o1 less 2D should be studied be
drawing defintte conclutions

Out simcere thanks to Dy § B Roy {or his guda
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DIELECTRIC PERMITTIVITIES AND REFRACTIVE INDICES
STUDIES IN SOME MONOTROPIC AND THERMOTROPIC
LIQUID CRYSTALS

By K.KAu, S. Sen anD S. K. Roy

Optics Department, Indian Association for the Cultivation of Scxedce, Jadavpur, Calcutta-700 032, India

{ Received June 24, 1986; revised version received ’ September 22, 1986)

Studies on dielectric permittivities &y, e1 and éxtraordinary and ordinary refractive
indices ne, ny for two monotropic liguid crystals: p-cyanophenyl-p’-butyl benzoate (CPBB)
and p-cyanophenyl-p’-pentyloxy benzoate (CPPOB) 'and one thermotropic liquid crystal
mixture E, have been reported. The orientational order parameter for all the Iiquid crystals
evaluated from refractive indices using 1) Neugebauer and 2) Vuks methods are in good
agreerent, The order parameter evaluated from dielectric anisotropy de using Maier and
Mcier’s equation are found to be much smaller than those obtained from refractive indices
and in agreement with the results in strongly polar nematics reported earlier. The pretransition-
al effect for dielectric permuttivity €4, in isotropic phﬁse, showing a maximum in ¢y, a little
above Ty has been observed in all the liquid crystals. The results have been discussed.

PACS numbers: 61.30.-v

1. Introduction

Studies on dielectric properties and refractive indices on thermotropic liquid crystals
have been reported by different workers [1-6]. But such studies on monotropic liqud
crystals are very scarce. The object of the present investigation was to study how the long
range order parameter of these liquid crystals evaluated, from refractive indices conform
to those obtained from diclectric constants using Maicer and Meier equation [7].

It is now well known that at the nematic-isotropic phase transition the long range
nematic ordering vanishes, but short range ordering still persists well into isotropic phase
influencing some physical properties such as magnetic birefringence, Kerr constant, light
scattering, dielectric permittivity etc. just near the transition temperature. We shall report
our observations of such pretransition effect in diclectric permuttivity of two monotropic
liquid crystals CPBB and CPPOB and ono thermotropic hqmd crystal By, The results will
be discussed in the paper. ;
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2. Experimental

The hquid crystals studied here are:
1) p-cyanophenyl p’-butyl benzoate (CPBB) — mesomorphic range 52°-54°C, 43°C mono-
tropic nematic
2) p-cyanophenyl p’-pentyloxy benzoate (CPPOB)— mesomorphic range 82°C-84°C,
76.5°C monotropic nematic
3) E; mixture of 7CB, 5-OCB, 7-OCB, 8-OCB in the proportion of 44, 19, 16 and 21
respectively. Nematic range: 4°C to 61°C
The monotropic liquid crystals CPBB and CPPOB were obtained from Eastman
Kodak and the mixture E,, B.D.H. England. The liquid crystals were used in the investiga-
tions without further purification.

Measurement of refractive indices

The refractive indices #, and », for the extraordinary and ordinary rays in the nematic
phase and the refractive imndex n in the isotropic phase at different temperatures were meas-
ured by means of an Abbe refractometer. The method of aligning the liquid crystals and
measuring the refractive indices were described earlier [6].

The density of a liquid crystal in the nematic and isotropic phase at different tempera-
tures were determined by introducing a weighed sample of the liquid crystal into a capillary
tube placed in a thermostat. The length of the column in the capillary was measured
at different temperatures with a travelling microscope. The density was calculated after
correcting for the expansion of the glass tube. ‘

Measurecment of dielectric permittivities

The static permittivities were measured at a frequency of 1 KHz using a2 GR — 1620
capacitance bridge reading to an accuracy of 0.01 9. A parallel plate capacitor with stain-
less steel electrodes of 2.5 cm diameter separated by | mm teflon spacer served as the sample
holder. The temperature of the sample was measured with a thermocouple attached to
one of the electrodes. A magnetic field of | T was used to align the liquid crystal molecules
parallel and perpendicular to the electrode surfaces. The temperature of the sample was
maintaincd constant by means of a thermostat. The cell was calibrated with freshly distilled
toluene and chlorobenzene and the values of dielectric permittivities agree to 0.01% of the
standard value. ‘

3. Results

The experimental values of the refractive indices n,, n, and the densities ¢ of the
liquid crystals are given in Table 1. The effective polarizabilities «, and «, shown in Fig. 1a,
b, ¢ in the nematic phase were calculated using 1) Neugebauer’s [8] and 2) Vuks methods
[9] as described earlier [5, 6]. The principal polarizabilities o and &, parallel and perpendic-
ular to the long axis of the molecules in the crystalline phase were evaluated using the
method due to Haller et al. [10]. The order parameter was calculated from the relation

o, — g

S =
a""'“_j_
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Values of «; and a obtained for Vuks and Neugebauer’s methods for (1) CPBB,
(2) CPPOB and (3) Mixture E, are:

(1) 27.964 (A)%, 42.855 (A)® and 28.809 (A)3, 41.165 (A)

(2) 29.677 (A, 48.801 (A)® and 30.661 (A)3, 46.838 (A)?

(3) 29.492 (A)?, 51.605 (A)® and 30.817 (A)?, 48.954 (A)® 1cspectively.

The experimental values of diclectric permittivity £y and €, in the nematic and gy, in
the isotropic phase, Table 11 are shown in Fig. 2a, b, ¢. The dipole moments y of the liquid
crystals were determined in dilute solution in benzene [15].
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Fig. 1a, b, c. Plots of refractive indices #,, n, and 7 and polarizabilities €.(V), Zo(V), Z(N), %, (N} vs tempera
ture where (V) stands for Vuks' method and (N) stands for Neugebauer’s method
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Fig. 2a, b, c. Plots of dielectric constants e and &, vs temperature
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4. Discussion

1t can be seen from the Table 11 that the orientation order parameter of the mono-
tropic liquid crystals CPBB and CPPOB obtained from the refractive indices using 1) Neuge-
bauer’s and 2) Vuks methods are in good agreement at all temperatures. The orientational
order increases with decrease of temperature and at the clearing temperature, it vanishes.
In the case of the theemotropic hiquid crystal B, the order parameters by diffeient methods
are also comparable and with the increase of temperature 1t decreases, Table 11l till it van-
ishes at Ty

From Fig 2a, b, ¢ it can be seen that the average dielectric constant & in the nematic
phase 15 less than the diclectric constant ¢,,, at the transition temperature. The results are
i agreement with the diclectric permuthivitics m strongly polar molecules reported m fitera-
ture [1, 2, 5. However, tor molecules with dipole moment 2D o1 less the average diclectric
permittivity £ 1s found to fall on the same straight line as m the 1sotropic phase reported
recently [6].

From Table HI 1t can be seen that the order parameter evaluated from dielectric
amsotropy de = (g —¢,). polarizability anisotropy da = (&, —a,) and the dipole moment
4 using Maier and Meier equation 1s much smaller than those obtained from refractive
mmdices both in monotropic CPBB (i = 5.10D), CPPOB (i = 5.59D) and thermotropic
E, (¢ = 5.38D) hquid crystals. Thus it is clear that Maier and Meiter’s theory {or dielectric
constants in ansotropic media of strongly polar molecules (i » 2D) fails to give results
consistent with the experimental values. The short range antiparallel dipole correlation

TABLE 111

Comparison of the order parameter S from birefringence and dielectric data

l Order pasameler from !zucﬁ ingence Order parameten
Sample Temp, ['C from Mualer and
Neugebauet’s Vuks Meier’s cquation

35 061 062 036

36 0.60 0 60 135

CPBB 38 056 057 0.34

40 0.52 0.52 032

41 049 0.48 030

66 0.57 0.59 0.33

70 0.52 0.54 031

CPPOB 73 049 050 0.30

75.5 045 0.45 031

6 0.43 0.43 0.31

38 0.64 0.65 0.23

40 0.63 0.64 0.23

MIXTURE E, 45 060 06t 022

50 0.56 0.56 02t

55 0.50 0 50 018
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in strongly polar nematics as proposed by Madhusudana and Chandrasekbar [11], causes
a large decrease in ¢ This reduction in &, in molecules with dipole moment up to 2D is not
piuch and the Maier and Meier equation could be usefully applied for evaluating order
parameter as was reported recently [6].

The pretransitional effects in diclectric permuttivily in the hquid crystals under study
arc showa in Fig. 3a, b, ¢ when temperature dependence of diclectric permittivity g, over
wide range of temperature is illustrated. It can be clearly seen that there is a peak in

b
a
crBB8
CPPOB
12.5 9 O~
€iso
éllo
r
12.0 H 1 H | 8.5 | i 1
C 5 10 15 20 0 5 10 15
T‘ TNI T-TNI
[
105

100

Fig. 3a, b, c. Plots of dielectric permuttivities at 1sotropic phase vs T~ Ty

£ Value a little above the transition temperature Ty, Similar pretransition effects in
dielectric constants in nematics with Cyano end groups were reported by Bradshaw and
Raynes [12] and Thoen and Menu [{3]. Normally the &, should monotonically increase
with decrease of temperature in proportion to p*kT up to the transition temperature Tyy.
But instead, a maximum in ¢, is observed, a little above T, and then decreases as Ty
is approached. The reduced contribution to dielectric permittivity £,,, {rom dipole moment
 is attributed to apparent reduction in u values due to the formation of dimers in anti-
parallel local ordering [14]. The pretransition 1 g, near Ty showing a maximum
may be due to appreciable comcentration of dimers in a dypamic monomer-dimer
equilibrium.

We thank Prof. S. B. Roy for his guidance.
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SPECTROSCOPIC STUDY OF PHASE TRANSITION IN
p,p'-DI-SUBSTITUTED BKPJ{ENYL SYSTEM

By A. K. Marmt anp K. Karl (Miss)

Optics Department, Indian Association for the Cultivation of Science, Jadavpur, Caleutta 700032, India
. ( Keceired September 25, 1986)

The photo-kinematical approach was utilized previously for the investigation ol sohd-
solid phase transition of a large number of organic molecular crystals. This method has been
employed for the mvestigation of solid-smectic-nematic-isotropic phase transition m some
p,p’-di-substituted biphenyl molecules In this method the luminescence intensity changes
sharply 1 response to the phase change of the host molecule The results obtamned by this
method closely correlate with those obtained by other methods

PACS numbers 64 70 Md

1 Imtroduction

Liquid-crystalline materials generally extubit [1-6] sohd-crystalline polymorplism.
There are a number of methods for the mvestigation of solid- and liquid-crystalline poly-
morphism, of which diffraction of X-rays [7- 10}, mfrared and Raman spectioscopies (L],
differential thermal analysis (DTA), and differential scanmng Calonmetry (DSC) tech-
niques [12-14] are widely employed Recently Ghoshal et al, {15} used a simple spectroscopic
method, ‘photokinematical approach’ as the method has been termed, tor the mvestigation

1 of sohd-solid phase transitions over a continuous range of temperature for a large number

of organic molecular crystals. In this method, ketone molecule with Tugh phosphorescence

+ | quantum yield 1s cmbedded as guest in the host molecular crystal, which undergoes phase

transitions with change of temperatures. The changes i1n the intensity of phosphorescence
;. emussion from ketone with change of temperatures are monitored continuously.

It 1s known that m a polymorphic crystal maximum unpackmg and repacking of the
crystal lattice occurs at the phase transition temperatures. So, at the phase-transition
temperature (7,) the system is in a state of maximum disorder and at this temperature
fluorescent state of the guest molecule 1s deacttvated mainly by collisional nonradiative
decay mechamism, producing munimum mtensity. On the other hand, the temperatures
(called optimum temperature, 7,) at which the crystal exists m stable form, are mdicated
by the appearance of the peaks (1 c. maximum intensity) because the tigidity of the crystal

(747)
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cage enhances the lumnescence. From the analysis of the results the transttion tempera-
tures and optumum temperatures are determuned

It 1s known that raisimg of the temperatures of any lhiquid crystal sample results 1n
progressive destruction of molecular order So with the increase of temperature of the iqud
crystal, sharp fall of ermussion of guest molecule embedded n the hquid crystal host 1s
expected at the phase-transition pomnts, ‘

The object of the present mvestigation 1s to find out if the same spectroscopic method
may be apphied to ascertam the solid and hiquid aystalline phase transtion points, How-
ever, 1n the cases where phase transitions occur at room temperature {300 K) or above,
monttoring of phosphorescence intensity m the whole temperature range over which the
substance exists either in sohid or hquid crystalline state, 1s not feasible because molecules
generally do not phosphores at room temperature and above, That is why it was decided
to study the temperature variation of the fluorescence ntensity of a suitable guest embedded
in hquid crystal hosts For this purpose, tetracene molecule having a moderately large
fluorescence quantum yield m the entire temperature region over which phase transition
was studied, was chosen as guest.

It has been hoped that from analyses of the Tesults on the variation of fluorescence
intensity with temperature it would be possible to ascertain the phase changes of the hquid
crystals and to find out the temperatuies at which such phase changes take place and get
some information about the molecular order at the transition pomts The results obtained
and their discussion form the subject of the present paper

2. Experumenial

The hqud crystals studicd i the present mvestigation are K 5. p-cyano-p’-n-pen-
tylbiphenyl, M+ p-cyano-p’-n-pentoxybiphenyl and Kii p-cyano-p’-n-octytbiphenyl
and p-cyanophenyl-p-butylbensoate “Lhe first thiee compounds were obtaned hrom B,
England and the fourth one from Eastman Kodak Company, US.A The samples were
used for mvestigation without further punification Tetracene, from Sigma Chemical
Company, U.S.A., was punfied by reerystallization and used as a guest molecule m the
hqud-crystal hosts A solution of concentration 10-5/10-* M was prepated by dissolving
a very small measured amount of tetracene in hquid crystal brought to isotropic phase
by gentle heating The solution was transferred in a quaitz sample tube 3 mm didmeter
and mserted m a quartz dewar of Perkm Elmer MPF 44A fluorescence spectrophotometer.
A copper constantan thermocouple junction was introdueced in the solution to record 1ts
temperature.

Complete fluorescence spectra of the guest tetracence in the different hquid erystal
solutions were recorded at room temperature with the spectrophotometer 1 the usual
manner and the wavelength (/) of maximum fluorescence mtensity was determined.
The enussion monochromator was set at this wavelength m all succceding experiments
Liqud mitrogen was pouted mto the dewar and the solution was rapidly rozen mto a solid
mass, The intensity of emutted" fluorescence at the wavelength selected was monitored
continuously whiie the sample temperature increased progressively from 77 K to 300 K

3
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due to evaporation of hquid nitrogen The gradual change in sample tempaiature was
simultangously recorded at regular mterval of few degrees on the chart paper by means
of a marker. Fluorescence intensity versus temperature curve was then plotted for the
study of phase transitions For obtaming the intensity — temperature curve at temperature
higher than 300 K, the samples were heated by blowing hot air inside the quartz dewm
Measurements for every sample weie repeated at least three times to obtamn consistent
results, The accuracy in the measurements of the fransition pomnts 18 £1K

3 Results and discussion

The full fluorescence spectra of tetracene guest 1 dufferent hquid crystal hosts at room
temperature are shown mn Fig T Emussion wavelength s fixed at maximum ntensaity (4,,,,)
position of the fluorescence spectrum (/) The characteristic plots of the fluorescence
mtensity (Iz) versus temperature (7) mn K for four iquid-crystalline materials are presented
m Fig. 2.

The T, and T, values and the temperatuies (73) at which the sharp fall in intenaty
oceurs, are given in Table 1. T approaimaltely correspond to the hquid-crystalline phase
transition temperatures as reported by the chemical companies. Reported values are also
given 1 Table L ' ’

It is seen from Fig. 2 that J/g-T curve for K,, displays three distinct peaks at 239,
285.5 and 296 K and mimuma at 230, 276 and 290 K. Besides these maxima and mmima,
I 1s found to fall sharply at temperatures 306 and 313 K The temperature 296 K approxi-
mately corresponds to the crystal nematic phase transifion temperature 295 K as supplied

TABLE 1
Values of transiion temperatures of vatious samples

owny

Femperatures corresponding o diferent phase tianstiwons in K

Compounds K- K
i 1L | Lop K»N | K-S | SN | N-si
f
K4 p-cyano-p'-n- 230(1-11) 77 < (1) < 230 296 306 313
-octylbiphenyl 276(11-111) | 239(1D) (295) (307) (304)
| 290(1I1-1V) | 285(111)
: 1 290 < (1V) < 296
Kys p-cyano-p'-n- 2040-11y P 77 2 (1) . 214 296§ 308
-pentylbiphenyl 293 S(1I-1HD) | 235(11) (296 5) (308 5)
2935 < (I11) < 296 5
M, p-cyano-p’-n- 203(1-'II) 77 < (I) < 203 320 339.5
-pentyloxybiphenyl ¢ 305(11-111) | 230(1D {321 (340,5)
310(1D
p-cyanophenyl-p- 308 315.5
~butylbenzoate (314 5)

Data withun the brackels are reported values. K~ erystal, N -~ nematic, § — smetie, 1 — 1sofropic.,
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Fig, 1. Full fluorescence spectra of tetracene in K,y — I, K5 — 2, M; s~ 3 and p-cyanophenyl p-butyl-
benzoate — 4
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Fig. 2. Temperature dependence of fluorescence intensity () of guest tetracene i Kag — I, Ky~ 2,

M;s— 3 and p-e¢yanophenyl p-butylbenzoate -— 4
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by the chemical company. The occurrence of well-defined maximum at this temperatuie
1s noteworthy. According to Ghoshal et al. [15], the peaks at 239 (forn. 11) and 285.5 (form
I11) are due to the formation of two different crystalline polymorphs of the sample K,,
at these temperatures and the numma at temperatures 230, 276 and 290 K are due {o the
transitions  between the crystalline forms I (which cxists between 77 and 230 K) and
H, U-IIl and HE-LV (which exists between 290 and 296 K) 1espectively, At 290 K ihe
solid system 1s m a statc of maximum disorder due to which mmmuom fluorescence mten-
sity of the guest molecule 15 observed  As the temperatute s vased from 290 K, forthet
repaching of erystal stants as a result of which [ begins to merease but before conung (o any
stable crystalline form it breaks mto smectic hqud crystal at 296 K and mtensuty (Z,)
begins to decrease, resulting mn a maxmnum i {7 cuive at crystal-smectic transition
temperature. Smiectic — nematic and nematic — 1sotropic phase transition temperatures
of K, as supplied by the chemical company, 307 and 314 K, respectively, approximately
correspond to the temperatures 306 and 313 K where sharp fall in I was observed

Maximum 1n the Ip-T curve 1s also observed by K5 m the crystal-nematic transition
temperatures 296.5 K and shaip fall at nematic-isotropic transition temperaturce 308 K
Maximum at 235 K 15 due to some stable crystalline form (11) and the mmuma at 214 and
293.5 K correspond to the transition between the crystalline forms 1 (which exist between
77 K and 214 K) — Il and I-1I (which cxists between 293 5 and 296 5 K)

The Ip-T curve for My, by contiast, shows a distinetly different behavior at erystal-
-nematic transition temperature 320 K Instead of peaks, as observed in the crystal-liquid
crystal transition temperature in K, 5 and K, only sharp fall in cnussion intensity 1s obses v-
ed mn the crystal-nematic transition temperatie n M Maxima observed at 230 and
310 K are due 10 two polymorphic forms H and HI, 1espectively, and minima at 203 and
305 K are due to the transitions between the solid pelymorphic loims I (which exists
between 77 and 203 K) — 11 and T1- L, respectively At 310 K the solid assumes a sfable
aystalline form (1) and provides an optunum environment for the large Nuotescence
emussion from the trapped tetracene molecule as cvidenced from the appearance of the
peak i J-T curve at this temperature As the temperatute is raised from 310 K, unpacking
of the latice e, disorder of the system mcreases causing lowenng ol enusston mfensity
and as 1t reaches at 320 K (1 ¢ at aystal-nematic transtion temperature) a sudden mcrease
i the disorder of the system occurs causing a sharp fall m fluorescence Again shaip fall
in mtensity is observed with the increase of temperature at 339.5 K which approxmmately
corresponds to the nematic-1sotiopic tiansition temperatue 340.5 K.

P-cyanophenyl-p-betyl benzoate shows liqud-crystalline mesophase only durmg
cooling. So, 1n this case, sample was first heated to 350 K and then allowed to cool down
to room temperature and during cooling ermussion mtensity was monttored as a function
of temperature. The /-7 curve 1s shown m Fig. 2 Shaip change in mtensity 1s obscived
at the phase transition pomts. No solid-solid phase transitions were observed in the sample
during heating from 77 K to room temperature ‘

In concluston 1t can be «ud that photokmematical approach can be used tor the
whentification of solid- as well as liqud-urystalhne phase ttansitons,  In some  hquid-
~-crystalline samples (e.g K5 and K,,) just before the formation of hquid-crystalline meso-

fpe
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phase from crystal there occurs repacking of the ]\atticc structure within the crystal, whereas
in other case (e.g. M,s) just before breaking mto nematic form, unpacking of the lattice
structure within the crystal occurs. ‘

Thanks are due to Professor G S. Kastha of this Department and Dr. M. Saha, De-
partment of Physics, Calcutta University for many frutful discussions,
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REFRACTIVE INDICES, DENSITY AND ORDER PARAMETER IN
A NEMATIC LIQUID CRYSTAL

K. Mukeriji, H.K. Mahajan and K.P. Dhake
Applied Physics Department,
Faculty of technology & Engineering,
M.S.University of Baroda, BARODA.

The most important parameter of a liquid crystal governing
almost all rthe physical properties is its order parameter. The
temperature variation of refractive indices, density and order
‘parameter for a nematic liguid crystal Trans-~trans-4‘'-heptylbi-
cyclohexyl~4-carbonitrill (CCH-7) has been reported here. The
observed transition temperatures are as under:

71°C . 83°C :
Crystal Nematic Isotropic o

Abbe refractometer having the Eemperature accuracy of 0.1 C
is used/l/ for the measurements of refractive indices ng, and
n_ in the nematic phase and n, in isotropic phase. The densities
afe measured by a standardiseésgicnometer.

Fig. 1 shows the temperature variation of NDer Doy Do and
¢. The observed jump in density at the I — N transition Indica-
tes a first order transition. The order parameter is computed
by .using Vuks'/2/ and Neugebauer's/3/ models. Fig. 2 shows the
variation of order parameter with temperature in the nematic
phase., Both above approaches indicate the order parameter to
be comparablet—The two approaches being based on entirely differ-
ent assumptions of local fields, it 1is not essential them to
lead to exactly the same value of the order parameter. Besides,
the calculation of ( eCy —oCy) by the extrapolation technique/4/

ras the limitation of 10%. ©'Neugebauer's
0-5%-
) s Vuks'
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PHASE TRANSITION STUDIES IN A NEMATIC LIQUID CRYSTAL : OBP

H.K. Mahajan, K. Mukerji, W.P. Bhagat and K.P. Dhake
Applied Physics Depariment
Faculty ot Teennology & Engineering,
M.S.University of Baroda, BARODA.

The present paper contains the ultrasonic velocity and specific
volume measurements in nematic and isotropic phases of the liquid
crystal P-Octyloxybenzylidine-p-Phenetidine (OBP). OBP has following
transition temperatures :

[ o, )
‘ Crysta1423;£L> NematiciLLZ—SPIsotropic

The temperature dependence o¢f ultrasonic velocity (V) at ? MHz
and specific volume (v) were measured by Rao and Rao method/l/ and
a special dilatometer/2/ respectively ‘which are displayed. in the
figure. i .

In the vicinity of phase transition, the ultrasonic velocity
suddenly decreases in the isotropic phase, then increases in the
nematic phase with decrease in temperature. The anomalous decrease
is == 2,2% in comparison to the normal linear temperature dependence
of velocity. The observed change in thé velocity at the isotropic
~ nematic transition results from-the disordered molecular arrange-
"ment in the isotropic phase to an ordered arrangement of the mole-

culg§~}n the nematic phase, with long range orientational order.

The jump in the specific volume, Av/v=<0.21%, indicates a first
order phase transformation at the isotropic-nematic transition. The
order parameter Sk/3/ is found to be 0.437 and is in accordance with
the theoretical predictions,
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