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ELASPIC CONSTANTS OF SOME PURR COMPOUNDS ARD MIXTURES
EXHIBITING THE RE~ENTRART NEMATIO PHASRE

4.1 Introduction
It is a well established fact that near the AN transition

point, smectioc~like short range oxrder duilds up in the nematic
phase and this gives rise {0 pretransitional increases in k,,
and k,, (de Gennes 1971). In compounds snd mixSures exhibiting
re-entrant nematic phase, one can expect such pretransitional
increases not only close to the Al transition point in the
normal nematic phase, but also close to the ﬂr transition point
in the re-entrant nematio phase. In fact, Cladis (1975) has
measured k m.tmi normal and re-entrant nematioc j:huau of

33
mixtures and has observed such pretransitional increases.

One of the well-established methods of measuring elastic
constants of a nematic liquid orxystal is the Freederickssg transi-
tion tecimique (Preedericksg and Repiewa 1927) . In thia technique
k,; 15 deternined using a homeotropically oriented sample and
k" and k22 are determined uaing homogenecusly oriented samples.
¥e have seen earlier that it is fairly easy %o align the liquid
orystals exhidbiting the re-entrant nematic phase homeotropically
whereas it is quite difficult to align them homogeneocusly.

Hence we have determined only k” using this teechnique. The

pretransitional inorease in ky, was studied using the light
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soattering technique (Orsay Liquid Crystal Group 1969) wherein
homeotropically aligned samples could be used.

We have also measured the splay and bend elaatioc constants
of some other 1iquid exystal samples using Fresderickss transi-
tion technique. The results of these measurements ars given
in subsequent ochapters. In the following, we describe the
principle of the un \and the experimental set up used in
measuring kyy and Xyy.

4.2 Freederiokss trasitien techiique of measuring k,, and k.,

Benatogenle sempounds ars diemagnetio in nature. All the
compounds for which we have measured the slastic constants have
at least two phwl rings in their molecules. Such compounds
possess fairly large positive Wtﬁ.c anisotropy A% , where
AX =X, ~ Xz » X, baing the mzccpﬁhmty along the long sxis
of the molecule and X_ being the susceptibility in a perpendl-
oular direction. Becauss of this anisotropy, under the influence
of & magnetic field, the molecules tend to aligm parallel %o the
direction of the field. The magnetic torque aoting on the
molecules is -

x, =o% (R-H)R x‘&’/ , (4.1)
The magnetic energy density is
» - 2
W = =7 a(B-F) | (4.2)

\

where AYX is defined as the diamagnetic anisotropy per unit



76

volume (o x ~ 10"7' C.G.3. units). Obviously, o has the
least value when B 1g parallel te H.

In measuring elastic constants by the Preederickss
transition technique, the glass plates used in the sample cell
are subjected to prior treatment such that the liquid orystal
aligns either homogeneously or homeotropically | N the cell, as
the ease may s and the anchoring of the molecnles at the glass
sucrfaces is usually quite strong. 4 magnetic field is applied
in & direction exactly perpendicular to the director. As we
shall see later, there #ill be no distortion in the seample
below a threshold field H e’ Beyond Bo. the director orientation

distorted. Thias is oalled Freederickes transition

(Preederickss and Replewa 1927).

4.3 Expresaions for the threshold fields

Corremponding to the three curvature elagtic constants,
there are three different geometries in which the Freederickss
transition can take place (Freederickss and Repiewa 1927,

Saupe 1960, Gruler et al 1972). In all the cases, the director
must be strongly anchored to the surfaces dinding the sample.

Geometry I (Splay). Let us consider a homogensously

aligned sample hel d between two glass plates as shown in figure
4.1b. The undistorted director is along the p-axis and the
applied magnetic field iz along the x~axia. Let g(x) be the
angle between t he local director B (x) and the z~axis. In
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PIGURE 4.1

The geometries for studying the Freedericksz transitions
related to(a) twist (b) splay and (c) bend elastic
constants. Molecular alignment (1) below Ho and

(2) above H, are shown schematically.
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chapter I, we have seen that the elastic energy density is
given by the expression ‘

W, =T2xf0-B)2 42 kzz('ﬁ;z:xﬁ )2
+ Y2 k”['ix(a xf)] (4.3)
In the geometry under consideration

% = (eing, 0, cos #) ana H = (4, 0, 0)

and the distortion is a combination of splay and bend. Since
A varies only along x, V = (d/dx, 0, 0).

Fram equation (4.3) we get t he elastic energy density as
L2 22 _ 2
Wy = Y2k, (V- B)T e V2 kgl 'fijx ,(.VW.,E,’—‘): )]
: 2
- %2 (k, j00s® g -;k”ni.nz p)(w@,;? .
The magnetic energy density is ‘wﬂ P~ A)on"’ gﬁz pg. Therefore,
the total energy per unit volume is
W= Y2(k,, cos® g+ - s1n? g)(ag/ax)? - Y2 aun? s1n® g

(4.4)

For equilibrium, this energy should be a minimum. Using
the Euler-Lagrange equation,

a [ oW ) oM o (
LT T +3)



and simplifying, we get

2
4
;;g(k" coa? ¢ + k” sin? 7 + (clﬁ/c‘l:::)"’(k:53 1 1)::in & cosf

+20% BB oonfdeing = 0
Multiplying by 2(d/ax) and rearranging, we get,
%;[(dfd/dx)“'(k,,cmzﬂ + x”mzy) + AY nzamzm = O,
Integrating,
2

(dﬂ/dx)z(‘k"ea- g+ k”u.n ﬁ) + AY Hosin ﬁ = 0, =a constant.

The distortion always starts at the mid-plane of the sample
and 1t has the maximum value in this plane. Therefore, at
x--fe g = ﬁ and %gaawhmxcisthn thickness of the
sample and '“n is the maximum deformation. Substituting these
in the above cwﬁm we get, O =y R? mz ‘”n « Therefore

(dﬁ/dx)z(k" @2{1 + x”ainz ) =1y Kz(ainzdm - sin? #)
2
“k cmﬁ&-k smeg‘yz %/
..___.q____ﬂ!___. - (A)u) f H ax
ing
thanmtm sin ﬂ = gin # siny- and simplify*, we get

[ 11 3 dk.(A')vov )ka"‘o.
5 1-:1:2% “ny Y | /kq4 7

In the limit ﬁn-—) O, H=H,. Therefore,
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' R X,
[ ay - (2%/k44) By
0

d.0.4,

2 ® B® x2

where Hu is the threshold field for the Preederickss transition.

Geometry II (Bend). Let us consider a homeotropically
aligned sample held between two glass plates as shown in figure
4.10. The undistorted director is along the x-axis and the
applied magnetic field is along the m~axis. If F(x) is the
angle made by the local director with the x-axis,

A = (cosf@d, 0, 8in @) anda E = (0, O, H).

Since B varies only along x, v = (4/4x, 0, \_0).

In this ocase, the distortion is again a combination of
bend and adlay. The elaatic snergy density is given by

Vel (v-BP e Rx,lix(vxi)]
= 2(k,, six® # + ko5 00s® g)(ag/ax)? .

The magnetic energy demsity is, ﬁm - =Y A%nz linz g.
Therefore, the total energy per unit volume ims

35““2” (ag/ax)® = Y2 Ax Bsind .

At gqnilibrium, this should be & minimum. Using Euler-Lagrange

W ?’z(k"ang +x



equation and simplifying as in the previous case, we get,

Kye—k 2 2
1= Jsin®d, ein%y y, 2 1 x
. ] d'\f/‘ = ( 4\_30/];33) ""2‘2

%/2
I
¥ ]

At B = H, ﬁn——a +]

1 - gin 51‘ n.!.nzyn

}!2 Y K’ x
ay: = (ASO/k’B) ..9.5.2
0

16‘-,

% H x u? £2
%.(ma/x”) ~2-2 or k,, = --9;-22 . (4.7)

4.3 Experimental set wp

a. The oven. Since thse experimenis are to be perfommed
with the sample in a magnetic field, the oven and the sample
holder wers constructed using only non-magnetic materials.
Nichrome tape is used for the heating coil in the oven. It is
wound over a suitably insulated hollow copper cylinder and was
heated by pasaing direct current. Since the oven is to de
placed in A magnetiec field i t i s preferable to use DC rather
than AC.for heating as in the latter case the current~carrying
wires are set into vibrations in the magnetic fleld.

The lengths of the ovens used were deliberately made
large to minimise temperature gradients in the sample. Ia
measuring k”, an oven of length -~ 14 cns was used. However,
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in the measurement of kyyo & much shorter oven (length ~ 5 cms)
had to be used as in this case the magnetic field acts along
the a:d.s of the cylindriocal oven.

b. Sample holder. The sample holder consists of a
oylindrical block of copper with a wsctangular slot cut into
one of its faces (figure 4.2). The liquid orystal cell ia
placed in this slot and is held tightly by means of another
eimilar cylindrical block fixed with 4he help of bracs screws to
the first one. The screws can be tightmgd gxrefully tv get a

cell of uniform thickness. The sample holder used in the measure~
ment of k,, (figure 4.2a) 1s shorter compared to that used | N the
rneasurement of kBS (figure 4.2b). Through heles ( ~ 8 unm in
diameter) present along the axis of the oyiindmy enables optioal
obzervations, This hole ig covered at the ends dy glass windows.
After placing the sanple holder inside the oven, the oven gan be
evacuated and can be filled with an inert gas like altrogen.

c. Temperature measuremnent. Ths temperature of the

sample was measured using a calibrated chrcmel~constanton
thermocouple. One junction of the thermocouple is fixed to the
sample holder Yo that it is in contact with one of the glass
plates of the cell. The other Junction ia in contact with a
massive copper block placed in melting ice. The thermo e.m.f.
was measured using a nanovolimeter (Keithley Model 148). A
nanovolt scurce (Keithley Model 260) connected in series with
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Schematic diagram of the sample holders used

in the study of(a) splay elastic constant, and
(b) bemd slastis constant.
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the thermocouple was used to offset a part of the e.m.f.

The accuracy of temperature measurement was ~ 0.01°C. After
setting the current in the heating coil to a given wvalue, a
sufficient time (~ 30 minutes) was allowed before taking
measurenents to ensure that the temperature is steady and
uniform.

d. Optical set-up. The optical met up used | N the measure-
ment of k“ i8 shown in figure 4.3. A horigontal besm of light
from A sodium lamp (or o laser) is linearly polsrised and is
incident on mirrox u,. The light reflected from l!’1 is made tO
fall on the sample normally and its polarisation is sdjusted %o
be at an azimuth of 45° with respect to the undistorted director.
The light beam transmitted through the sample is reflccted from
mirror M,. After passing through the analyser it was received
either by a low power micrwcapalf o3 by & photodetecter (UDT
Model 450). %he m: gset up was mounted on & bdase provided with

side Borewa s, and 32 and levelling screws I-.t-,r !-2 and z,.

| N the measurement of k”. the light incident normally on
the sample 18 adjusted to have 1ts vidbrations at an angle of 45°
%o the direction of the magnetic field. Aftar transmiseion
through the sample and an anpalyser, the light is received dy a
low power microscope or a photcdetector. In this case also, the
assenbly 1s mountzd on the swue base as that used in the measure-

ment of k:n.
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" FIGURE 4.3

Schematic di agram showi ng t he set up used in t he measure-
ment of k,,. Heater wWth the base I s placed between the
pole-pieces ¥ and 8 of an electromagnet. The direction

of propagation of the light beam (starting from the
source 0) is shown by the dashed line.



The initial adjustments were made Dy observing t he
sample through the microscope and uaing sodium lamp as the
source Of light. While taking the actual readings a helium-~
neon laser was used as the source of light and t he mieroscope
was replaced by a photodetector. The signal fromt he &ow-
detector was fed 50 A microvoltmeter (Keithley Model 155)
whose output was connected t0 the y channel of an x~y recorder
(Riken Denshi Model P-43P).

The magnetic field was measured using a gaussmeter
(R¥L Model 7561)) with a Hall pi?obe. The measurement was acourate
to +25 gauss. The output of the gaussmeter was oonnected to the
x-channel of the x-y recorder.

e. Aligmment of the director with respect to the magnetic
field. From equation 4.1 it is quite evident that magnetioc
torque 1s zeroc only when ¥ = 0 or g = n/2. Consequently, a
threshold field exists only if the undistorted director | s exactly
normal to H. If A 4s slightly off-normal, the director
pattern is distorted even for small values of H and a tall is
formed near the eritical field (Rapini and Papoular 1969).

In the experiment B 4is adjusted to be exactly normal
to K as follows. The levelling screws Lgo L, and 3:.3 are adjusted
to have the nematic f£ilm in the vertical plane. Then by using
sorews S, and 8,, X oould be made exactly normal to H . Under
the action of a magnetic field stronger than Ho’ the director



will get tilted (in the plane containing ¥ and E ) with
respect to the initial orientation. When 1 is exactly normal
to ¥, the two possible directions of tilt are equally probable.
Under such circumstances, regions of opposite deformation sepa~-
rated by inversion walls are formed in the sample. Thus to |
have 0 exactly pexrpendioular to " » the screws 3, and S,
are to be adjusted to get the maximum number of inversion walls

in the sample.

£. Measurement of oritical field. With the sample in the
isotropic phase, the anslyser was rotated to get an extinetion

with the laser as the source of light. The sample was then
cooled to { he nematie phase. When the temperature was steady,
the magnetioc field was Blowly increased. At the threshold field
a sharp change 1n the intensity of light transmitted through the

sample is observed.

4.4 ILight Soattering Studies

The intensity of light scattered fram a nematic liguid
erystal gives useful information asbout the spontaneous fluctua-
tions of the divector in the medium. The Orsay liguid erystal
group (1969), Delaye ot al (1973), Chu and McMillan (1975) and
others have used light scattering technique to study the orienta~
tional fluctuations in different saumples.

In our experiment, & light beam polarised to have its
electric vibrationa normal to the plane of scattering (horigontal



plane) is inecident along the director of a homeotropically
aiigned sample. In this scattering geometry, only the bend

and twist fluctuations in the sample give rise to the acattering
of light. However, when the angle of scattering is small, the

contributing to the scattering
wave vector of the fluctuation will be nearly normal to the

director. Then the intensity éor the depolarised camponent of the
scattered 1ight will arise mainly due to the twist fluctuations
and it will be more Or lesas independent o f k”. In such a ocase
the scattered intensity I [(anm)?/,,] where an s the
birefringence of the sample (see Chu and McMillan 1975, Orsay

Liquid Crystal Group 1969).

4.5 St _wp for fight secattering experiment

a. Oven and sample holder. To have a good temperature

control and stability, a massive oven with two heating colls
was used. A nichrome tape is wound svenly on a mica sheet
wrapped around a long, hollow copper cylinder (~ 18 om in
length and ~ 5 em in diameter). This is kept inside a coaxial
copper tube and a second nichrome tape is wound over t he tube
as in the previous case. The entire assembly is then kept
inside a thick, hollow copper eylinder. The space between the
Beating e¢oils and the copper cylinders is filled with asbestos
powder. Precautions were taken to see that the heating coils
are insulated very well fram the copper cylinders. The oven
was heated by passing the same direct current shrough the two

heater coils.



The sample holder consists of a oylindrical block of
copper with a rectangular slot On one Of the flat faces. The
eell consisting of two optically flat glass plates B (figure
44) (10 x 28 mms) separated Dy mylar spacers was placed in
this slot. The cell was held in position by a copper dise
fixed to the block by means of screws. The whole assembly
was then sorewed into a long { ~ 8 cm) copper cylinder C. A
through hole D present in the sample holder makes optical
observations possible. The sample~holder is placed inaide

the oven desoribed above.

The glass plates constituting the cell were sudbjeoted
to prior treatment with CTAB to get a homeotropic alignment of
liquid crystal. The sample was filled into the cell in the
nematic phase ‘b;r‘ éapillar;v action. The thickness of gho sanple

The temperature of the sample was measured using a
chromel-alumel thermocouple and a nanovolimeter.

b. Optical set up. A horisontal beam of light from &
helium-nson lasexr A was reduced in intensity using a pair of
polarcids B (figure 4.5). B polariees t he emergent |f ght beam
such that the electric wibrations of the beam are in the vertical
plane (i.e., perpsndicular to the plane of the figure). \Lx:rtar |
passing ‘kﬁrongh a chopper C (PAR Model 192) and a pin-hole D
of dlaueter ~ 1 mm, the beam was incident normally on the
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FIGURE 4.4

Schematic diagram of t he sample holder used

In the 11ght scattering experiment.
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Schematic diagram Of the optical set up used i n the
1ight zcattering experiment.
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sanple BE. The light scattered from the sanple at an angle

~ T* was made to pass through a pin-hole P and & polarold @

which ias in a mand. position with respect to B. ZThe depolarized
component of the scattered light was then received by a photo-
multiplier B (Hamamateu Type R585). The photomultiplier was
mounted on one arm of a specironeter to facilitate the adjust-
ment of the angle of scattering to a suitable value.

The signal from the photomaltiplier wan fed to a lock-in-
amplifier (PAR Model 186) for which the refurente signal was
provided by the chapper. The auplified signal from the lock-in-
aaplifier was cornected to the y channsl of a »~y reeoxder. ﬂn
output of the nanaoveltmeter whioh measures the thermo e.nm.f. was
connented to the x channel, Thus the resorder plots intensity
of iight wgalinst the thermo e.m.fs

The sanple was caoled alowly ( ~ 0.1" per minute) from
the nematio phase down to the re-entrant nematic phase and the
intensity of light soattered was recorded in the entire tempe-

rature rangs.

4.6 Results aund diccussion

a Hend elastic congtant. Wo have measured the bend
elasgtic vonstants of two pure campounds, vis., 11 gpMEp and
12 CPMBB and a mixture uf 8 OCE and 10 OMCPC (in the molar ratio

45155). All the three samples exhibit the re-entrant tematioc
phase as desorided in Chapter II. The neasurazents were token



in both the mormal and the re-entrant nematic phases.

Fron equation 4.7, wa have,
x* u
k” - A% --°—2-.

where A< 4is the anisotropy of volune diamagnetic susceptibllity.
of the sample. We can write Ax = AX, .S where ¢ iS the denalty
and A% | S the anisotropy | A the mass susceptidility of tho
perfectly oriented medium. AXy = AL/M vwhere AK 48 the
anisotropy of aclar sumeeptibility and M is the molecular weight
of the compound. ¥Yhus

| ¥ W AX
st W (4-2)

The values of ordsr parameter and density were determined
from the birefringencs dats (ses ohapter III).

Caloulstlon of AX. The anisotropy of molar susceptiblility
Ak sar be determined hy measuring the principal susceptibilities
of a xlngle oerystal of the compound 1f the crystal structure is
known. Since these data are no% avallable for the systems under
study, we have ocalculated AX using a procedure given by Flygare
{1974). Flygare exterded Pascal's (1949) method Of ecalculating
bulk susoeptidbilities 5O ealculate the principal susceptibilities
of anieotropic aromatic moleculas. He himpelf has stated that
this nethod will be very useful tO calounlate AK of ligquid
orystals. Sherrell and Crellin ($©79), Leenhouts ot al (1979)



and others have calculated AK of a m mesogens Dby this method.
Flygare (1974) has, i n fact, tadulated the local atom and

bond susceptibilities which can be used in such calculations.
Some of these wvalues used in our eulowlations are given | N

table 4.1. However, the susceptibilities of phenyl rings calou~
lated following the procedure will be different from the actual
values due tO {he fact that the effect of deloecalisation Of elesc~
trons has not becn taken into account in the galoulationa. The
correction t hat haa {0 be applied to the calomlated value Of
out-of the plane susoeptibility of a phenyl ring is ~35.2 x 1070
C.G.3. unita (Mlygare 1974). We have tabulated these values
far the phenyl and biphenyl ring systexs also ia table 4.1.
These corrections have {0 be taken NtO account explicitly
while evaluating AK. The calculatiorns were done using the
formulae.

Epm 2 Xeos?(5, x) e, soa®ln, x) 4 X cos(5, x)

- 2, 2 2
K a% bonds Vg 0os™(5,¥) +X, eon®(n, ¥) + X, c0a( %, ¥)

K = Z X 2, , 2, 2
ell bonds %eoa (5.9 "‘%,l eos"(n, %) + X5 008"( Y, =)

eoe (4.9)

vhere X | %'ﬂ and Y, are the values of principal susceptibilities
of & given bond i N t he molecule, x,y,% are three arbitrary orthow
gonal axes in the molecule, (5, x) is the angle between § ~axis
of the bond and the x-axis of the molecule, ets.



To caleulate the principal susceptibilities of a

molecule, its structure should be known. In our calculstions,
we have assumed that 211 the phenyl rings of A molecule || e in
4the same plane. We have chosen the z-axis t 0 he along ths long
axis of the molecule which is assumed to be tho line joining
ths extreme phenyl rings of the molecule, the z~axie perpendi-
cular 1O this and lying in the glans of t he beznene rings and the
y~axis perpendicular ¢o this plane. The anglea between tho
vardious bonds and these axes were estimoted by constructing a
model of the moleculs using IDreiding models. Yhe susceptibilities
glczgxand perpendienlar t o t he long axis are given by K’ and

5 respectively, The an:lsoh:-gpy*i P the molar suscepti~

bility i S then given by Ax-x‘-."s...é__l .

The values of AK for ithe nixtures were calculated using
an additive law. If Ax.' is the diamagnetic anisotropy of the
component having mole fraction ) pad LKg that of the component
having mole fraction Ppe AKX m p,AR, 4 Py AKgye The onlculated
values of AX are given | N table 42

The bend elastic comstants of 11 CPMBB, 12 CPMAB and t he
nixture of 8 OCB and 10 OMOPC are plotted against reletlve
temperatures N figures 4.6, 4.7 and 4.8 respectively. IThe
values are also ligted in tables 4.3, 4.4 and 4.5. is the
sauple is cooled down from the NI transition point, the velue
of kys __ |
approaches the AN transition point, k;gr, incorgasez steeply., Thie

increases in a smooth manner. ¥han the tenperature
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The bend elastic constant of 11 GPMBB plotted as function
of relative temperature. The open and filled circles
represent the val ues obtained with twe independent samples.
(The temperature range of smectic A phase is represented
by a dashed line which is not dramn to scale.)
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represent the walues obtained with two independent samples.
(The temperature range of smectie A phase is represented by
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The bend elastic constant of the mixture of 8 OCB and

10 oMCPC plotted as function of relative temperature.

(The temperature range of smectic A phase is represented
by a dashed |ine which i s not drawn t 0 acale.)
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is the pretransitional increase which arises due to the
bullding up of smectio-like short range order | N the nematic

phal -

A siallar pretransitional increase in k53 is observed
I n the re-entrant nemsatic phase as One approaches the AN * P
tion point. The temperature variation of |-~ 4§ almost mpas-
trical about %he mmeotie phase. However, the value of gy la
ths re-entrant narsti¢ phase (& consideravly higher than that
fa the nematig phase. The higher orientational order parameter
of the re-entrant phase compared to that of the normel nematic
phase (see figure 3.11) uxplaxnizgoaa part of the higher value
of 253 in the re~entrant nematio phase. Further contributions
may come from the different mhort range order and molesular

asaociations in the two phasea.

Tladls (1975) has measured the threshold fleld fox bead
deformation in ihe nmommal and the re-entrant mematic phasea Of
a few mixtures and has observed pretransitional increaaes | N J:33
| N the normal nezatis and re-entrant nRematio phases, Our observa-
tiona are similar to thess observations and confirm the fact
that the phaze whlch sxlsis below the temperature of smectic A
phase in the ocompounds and mlxtuwrss unier study is & nematie
rhase,

b, Light soattering studics, In the experimental geometry

ey conslderation, the intensity of the depolarised component
of %the light moattered 1s proportional to | ( An)z/kzz_,]. Ve



have ot caloulated the absolute values of Ky, 88 our main
interest was {0 know hOwi t varies with temperature slcse 1O
the AN and A, transition points.

The experiments wers conducted on 11 OPMBB, 12 CPMBB
and amixture of 8 OCB and 10 OMOPY (in the molaxr ratio 45 s 55).
The wariation of the Antensity of light soattered with tempe-
rature for ihese samples are shown fa figmwyres 4,9, 4.10 and 4.11.

In all the cares, tho obaervationas wers taken as the
ssmple was being ocoled from the isotropic phase.

Agoording o the mean £16ld thecry (Saupe 1960), I N aimple
nenatics kzz o 82. In guck cases, fiie intensltiy of scattared

light w11l be almost teuperature independent since the intensity
oC [ An)z/kaa.] and An o s. In sematics which .uhow a sneeotic
prase al a lower temperature, there iz A preftramsitional inorease
in k22 and k22 is not proportienal (O S,;Z. Conzequantly, the
scattered intensity shows A decreaslug trend is the AW transition
point | a approached. At the AN transition point, the intensity
drzeps 10 Zero. Throughout the smectic A phase, the scatieved
ixtonaity will be zerc due to the gquenshing of the twist fluctua-
tiozme. DBut | N the astusl experiment, some inteumsity is observed
inthe smeetio A pkase. (Probably, this ia produced by the
defects On the surfaces of the glasa plates forming the cell).

An analogous teaperature varlation of the intemsity of

scattered light is observed | N the re~entrant nematic phase.
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¥e have seen earlier (mee table 22) that the 43 and
AN, traneitions of 12 CPMBB are¢ weakly first order in naturs.
At the AN transition point, while going frem t he nematio t 0
the smeotic A phase the nsdius chunges from A state having
orientational order {0 A state in which an additional trans-
|ational erder comes into existence. The variationin the
intensity Of seattered |ight is fairly smooth during thie
transition. 'ﬁ atlstha AN, transition point the mediun panses from
a phase which Zgot a long~range translational order to A phase
where this order | S shsent. ‘The amplitude of tnermal fluctua-
tions inoreases sharply at this temperature due {0 a finite
heat Of tramsition. Ruriher, |nN the present experiment the
gooling 1z probably NOt slow enmough 4o ensure the sample tO
bein pszfeet equilibrium. Ais A consequence of theme factors,
the intensity ¢f 1light shoots up t 0 a large value at the 4
tranaition point (Figure 4, 10). 4s the temperature iz lowered
further, the intensity falls baock {0 %the equilibriuwm value and
t hen inereases gradually with temperature. The snor=ous increase
in the intensity at the AN transition point is cbserved omly
in 12 CPMBB. |n the other tWwo samples, the N traveition is

a
alnnstlaecond order transition ani hence this trend is not

observed.

All these observationas confim that the phase obtained
ON cooling these sanples from the smeetisc A phase is truly.

nematic | N nature.
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TABLE 4.1
(2) Bend sumceptibilities x 10% ¢.6.5. unite (%gﬁ:_)aro et al
Bond % n 3
M "506 “'"30 ‘ "‘3- ‘
O-0 -7.9 -0,.2 -0,2
Ca( -0.8 <+ 4.0 -13.8
O"O "'"“7-2 "6.7 """3-8
Ca) -1.3 +2.2 -13.0
O-H "'40 5 "'"'?- 5 "‘50 5
Cm{ =15.T ~14.2 ~i4a2
Ol

"‘16-5 ""‘1106 “'11:6

(b) Comparison between experimental and calculated values
(Mygare ot al 1974)

Average in-plane Average cut-of~ Correction
suescesptibility plans suscepti- fOr cut-of-
Moleoule bility lanesuscepti-
Eperi~ oalcou= Experi~ CalGu= bility
meital lated mental lated

Bengene ~34.5¢ 2 =33.4 ~94.642.5 -5%.4  ~35.2
Biphenyl  ~64.7  ~62.3 ~183.8  ~113.0 ~70.8

TABLE 4.2
Anlsotropy of nolar diamagneltlc susceptibility

Sample AK x 108 m’/mo].c
11 CPMEB 81.0
12 OPMBB 81.0

{(80CB + 10 OMOPC) 43.7
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TABLE 4.3
Rend elastic caonstants of 11 CPMBB
(@) Normal nematic phase (b) Rewentrant nematic phase
- 6. H_gouss k_,x10% dynes

T Hy euss k,,x10 dynes Ty o O 2
25.29 1550 0.457 0.10 4500 7719
21.80 1688 0.593 C.20 4650 £.951
17.53 1750 0.684 0.73 3850 4.798
14.12 1850 0.813 0.97 3600 4.195
10.%7 1950 0.955 1.82 3425 3.822

T.98 2050 1.093 3.03 3250 B«443

6.12 2150 1.224 4.87 3150 3.255

4.09 2350 1.487 6«23 3100 3.174

2.87 2625 1.872 8.28 3075 3. 123

2.51 2800 2.129 10.20 3012 3.016

2.20 2950 2.302 12.10 2975 2.942

0.9% 5000 2.503

0.63 5250 2.940

0. 5C 35060 3.410

Q.35 3775 %.967

D.18 4225 5.008

G112 4800 6.464
x, = 499 wu
(d) Normal nematic phase (b) Be~entrant nematic phase

F 2N ﬂc gausg 3353195 dynes TN[A”T- H, gauns 235110b dynes

25.0% 1475 0.330 Q.12 5000 T«973
24.29 1550 0.396 0.23 4800 7348
22.56 1688 0.937 O.42 4400 6.1T4
16,09 1562 0.723 0.53 4300 5. 937
14.G2 2000 0.917 Q.82 4125 D+ 464
4.51 2088 1.059 1.78 3525 4.017
6.89 2212 1.232 3,95 3475 D0 467
1.80 282% 2.114 6.75 300 5+ 340
1.26 3100 2.566 8.78 20250 3.047
.97 3350 24997 11.78 2875 2.726
c.85 3530 3.271

D.55 3700 3.656

0.35 3800 3.887

0.22 4300 4.978

0.10 4800 6.202




TABLE 4.4

Bend elastic constants of 12 CPMBB

x = 49.8[3
(a) Hormal nematic phase (k) Re~entrant nematic phase
. g T A ...T : B
m—gh&' nc gauss k53x10 dyne "Nfﬁ;a ﬂe gauss k33x10 ayn.
10.83 1650 0.507 0.3%0 4550 6.561
9.06 1750 0.622 0.45 4090, 5.199
7.92 1800 0.692 0.55 . 4759
5.81 1850 U.T54 1.10 332% 3.504
5.0% 1950 0.854 1.95 3200 %.245
.69 2050 0.981 2.65 5125 3.095
2.3%5 2250 1.215 .
1.05 2550 1.602
0.72 %100 2.390
0.67 3250 2.627
0.55% 3500 2.975
0. 40 3550 %916
0.30 4750 5.663
I "" 49.9 B
7.Gb 1638 0.524 0.40 4200 629
5.74 1750 0.638 0.60 3800 4. w
4.0 1900 0.?91 .95 550 4.0at
24352 2250 1. 164 1.25 450 3.798
1.60 2400 -362 2.05 2250 B« 370
1.10 2800 1.674 225 5150 3. 166
G.80 3000 2.169
0.65 3175 2+ 430
Geds 3575 3.081
Q.35 5000 6.026
0.3 5370 6. 558




TAELR 4.5

Bend elastic constants of (8 OUB + 10 OMCPQ)

xo = 50.3 )
(2) HNormal nematie phase

mixture

(¥) Re~extrant nematic phase

™%

21.84
21.27
19.55
15.65
2o
7.5%
1&
1.45
15
1.10
0.90
0.75
0.40
0.35
0.25
0.20

Eansn C onn®a '
H, k, x10 dynes

1573
1625
1775
1900
2050
2750
%100
3262
3500
3675
3775
4012
4273
4500
4762
5012

ﬂn gauss

A g

4950
4700
4300
4175
4075
3800
3150
3700
3675
3525

*35110 dynes
4.9136
4.53
$.823
3.636
3.322
3.062
3. 028
2.971
2,931
2.758

Tara~ T
0.255 0,20
0.289 0.40
0.400 Q.70
Qe526 1.0
Q.663 1.30
1.328 2.20
1.703 2.70
1.886 3.50
2. 191 4.00
2.415 5.60
2.548
2.881
3. 271
3. 658
4.096
4.537
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