CHAPTER IIX

PRESSURE DEPERDEHCE OF THE SMECTIC A LAYER
SPACING OF 4'=-n~-O0TYLOXY-4~-CYANOUBIPHENYI, IN
RELATION 20 ITS RE-ENTRANT BEHAVIOUR

31 Introduction

As already mentioned i N ghapter I, Cladis’
discovered that binary mixtures of p-{p-hexyloxy-
benzylidene)~amino}bengonitrile (HBAB) and  N-p~cyano-
benzylidene~p~n~octyloxyaniline (UBOOA) exhibit the
following interesting seguence Of phase transitions on

cooling:

isotropic —r nematic ~* amectic A - nematic ¥ golid.

The second nematie phase, which occcurs at a
lower temperature than the smectic A phass ls called
the, *re—entrant nematic phase' in analogy tO similar
phases Which have been observed in aupe‘munduotoa:-az
and He- (ves ref. 3). It waa found that as far as the

macroscopic properties are concerned, there is no
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difference between the two nematic phaves. Subsegquently,
Cladis cb al.t discovered that a re-entrant transition ia
Induced wnder elevated pressures in a pure compound, vis.,

4 'wp~ootylony-4~cyanobiphenyl (8 CB). The compound
sxhibits e re-entrant nematic phase | N the pressure range

of 16 to 1.8 kbar, on coolling tihe sanmple irom the smectio
phase. In addlsion, Cladis et a1 402 have also dlscovered
re-entrant nematic phases ander slevated pressures in

CBOOA and in mixtures of HBAB and CBUUA and alao in wixtures
of Be~p-cyancbenzylidens-p~nonylaniline (CBHA} and n-p-cyano-

benzylidene-p~heptylaniline {UBHA).

All the compounde showing the re-entrant behaviour
have the hlghly polaxr eyand group attached ta one end
of the molecule. For such compounds, Madhuwsudana and
ﬁhaﬁﬁr&meﬁhurﬁ have shown that the nesr neighbour corre-
luffous should be antiperallel. The iayer spacing deter-

(e : .
in the gtwedlce . phase fox the compounids

minatl ons
with o terminal e¢yano group gave a value which 1a nearly
1.4 timee the molecular length. This appears to be a

characteristic feature of the compounds which pogpess



the polar cyano group at one end and the non polax
aliphatic tail at the other end. These experimental
results could be explained if! the moleeules i n the
smectic A phase have some sort of interdigitation and
form a bilayer structure.

| n the bilayer smectic model propoaad,4'9'1°

the eyano-aromatic segments (called the polar part)

overlap. The aliphatic chains {(called the non polar
part) extend outwards. This model fits the measured
layer spacings which are never commensurate with the
molecular length. The ant iparallel ordering between

the neighbouring molecules in the bilayer smeetic A
is mow confimed experimentally by Leadbetter €1 al.l1ll

from neutron scattering studies.

According tu Cladis et al.,4 I N a smectic A
bilayer, the forces stabilising the layers are We
short range attractive hydrecarbon (nonpolar—nonpolar)
interactions. The interactions of the aromatic groups
(polar-polar) becomes repulsive when pressure i S applied.

At higher pressures, the strong repulsive force
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rosisting the compression, drives the layers apart
(Fig., 3.1). Hence, by assuming that the polar~polar
and non polar-non polar interactions must be maintained
to ensure the stability of the bilayer smectic A
Cladis At al. proposed that the layer spucing expands

with increasing pressure.

Soon after the discovery Of the high pressure
re-entrant phenomenon in & OB, we undertook a high
pressure i-ray study of the pressure dependence Of the
smectic A layer spacing i N 8 OCB using the diamond anvil
cell descerided iN the previous chapter. Preliminary
results appeared 1O indicate that the layer spacing does
indeed expand with inerease | N pressure beyond aboui

1.6 kbayx. 12

Guillon et al.'? also carried Oul some

preliminary studies, but did not report any detaila of
thelr findings. We relinad OUr experimental techniqgue
t0 a much greater preelision and have subsequently bsen

able to confivm for the first time the validity of

Cladis' prediction.
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Figure 3.1
Schematlo diagram of a bilayer smectic A phase at
(2) 1 atmosphere, and (b) under pressure. (After
Cladis et al.%).



3.2 Experimental

a) Compound. The sample 8 O0UB used i N our experi-
ment@was obtained from BIH, Lngland. fhe molecular
structure Of the coupound i s given in figure 3.2. The
transition temperatures at atmospheric pressure wvere
determined by using a polarising microscope used i N
conjunction with a Mettler P52 hot stage and FP5 tampe-

rature controller. They are,

54.5%¢C 66.9% 80%¢
amectic A nenatic

solid

isotrople.

These values agree with those reported by Cladis @& sl.
Hence the P~1 diagram Of 8 OUB obtained by Cladis et al.4
was used i N our experiments for the determination Of
pressure, after the '"in situ' optical determination of

the transition temperature Of tho sample i N the cell.

b) Phase diagram o & OUB., The P-0 dlagram of

8 0CB, obtained by Cladis et al.” iS shown in fig. 3.3.
It can he geen from the diagram that the solid-smectic A,
the smeotic A-nematie, and the mematic-isotropic transition

temperatures increase initially as expested, With inorease
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4'-n - octyloxy — 4 - cyanobiphenyl
(8 oCcB)

FIGURE 3.2

Structural formula of 8 QOB
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PIGURE 3.3

p-% diagram of 8 00B. P, i S the maximum pressure at
which the smectic phase exista for this compound.
(After Cladis et al.?).



| N pressure. But at higher pressures, the range of
the nematic phese inereases St the expense of the
gmectla phage. The smectic A~dematic phase boundary
curves towards the pressure axis. The smectic L phese
gets bounded neaxr 82°C and at a preasure of 1.2 kbars
there ifa A triple point with the coexismtence of ths
nolid, smectic A and the nematie phases. Thereafter,
the so0lid directly goes over tO the nematio phase on

heating.

In the cooling mode, (figure 3.4), we get the
interesting part of the phase diagram. DBeyond pressures
of 12 kbar, the nematlic phase superocools and has a
transition (O the amectic A Between the pressure range
of about 1.6 to 18 kbar, the supercooled smectic 4
transforms | NtO a nematic again at a | ower temperature.

fhis is t he re—entrant nematic phase,

The 4P,/47 wvalues fOr the msectio A-nenatlec phase
boundary initially inecrease with pressure (figure 3.4).
At higher pressures, the value becomes o . After this,

the dP/47 value beoomes negative., At the maximum
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PIGURE 3.4: P T Diagram Of 8 OCB showing the isotropic

nematic, smecti¢ A and re-entrant nematic phasea i N
the cooling mode. (After Cladis et al."%').



presaure {Pm) for which the smectic phase exists,

dr/8T = 0, The value of 4P/AT becomes positive again
for the re~entrant region, sz the boundary ourves down,
These phase boundary characteristics are found far all
the compounde which show the re-entrant phase at elevated

prepmaras.

¢) Determination of pressure. The diamond anvil

cell, desoribed I N chapter II, was used for our experiments.
The *in situ’ transition temperatures of the sample | N the
cell were determined Dy the optical transmission teghnique
discussed | N section 4(a) of chapter II. For the accurate
determination of the pressure, both the aolld-smectic A
and smectlic A-nematic transitions WwOe found. At higher
presaures, both the solid-nenatic and the newmatic-

smectic A (1N the cooling mode) transitions were used

to fiX the pressure. The phase trausition temperatures

at any pressure could be reproduced tOo an acouracy Of
+0.2°C.  The acouracy of the pressure values iz estima-

ted tO be 1% bas.



During the transition temperature determinutions,
there was a problem | N determining the solid to smectic A
transition temperatuxe owling t o the supercooling of the
meaophase of the sample i N the gasket. |t was found
that on melting a freshly filled saumple, it transforma
iNnto smectic A, nematic and isotropic phases ON heating.
However, on eooling, the rample fN the smectic A phase
cooled i Nt 0 another orystalline phase (referred to as
solid-2, 8, phase) whioh was observed to be relatively
transparent. | N comparison, We original erystalline
phase (S1 phase) was extremely opagque. It was found
that mlthough the S, phase remained | N that state without
transforalng into o, phase, | N apite oOf keeping the
sanple at alow temperature for several hours, the
8, = - 4, trausformation could be easily brought about
by heating the swauple in 32 phase %o 31 phuse. In all

our experiments, It was ascertained that only the 8, to

1

snectie A transitlons were determined at each pressure.

d) X-ray measurements: The L-ray diffraction

maxima were recorded photographically. As the aim of the



experiment was (O measure suall variations in the

layer spacing, the sample-to-film distance wus kept
guite large (approximately 2Y0 mm). Usually, with the
diamond anvil cell, Mo radiation is used. Kut, | N this
oage, this was not preferred because the diameter oOf

the diffraction pattern obtained with the experimental
set UD was found t0 be hoo emall. Hence Ni-filtered
Ouk , radiation from afine focus Phuilips tube was uoed
despite the fact that there was large attenuation of the
intensity of the X—-my beam OnN passage through the
diamond anvils. The duration of each exposure was
arom%?ﬁundmd hours. The temperature was maintained
constant to within +0.25°C throughout; the exposure.

The photograph at every pressure was taken 3%C below

the nomal nematic~smectic A transition point to minimise

the effect of temperature on layer apacing.

A new gasket, paocked with freah sample, was used
for the experiments at each exposure. Also, after the
ad of each exposure, the 'in-situ' transition temperatures

of the sample i N the cell ware redetermined by the optical



transmisaion technique. These were found 10 be
exactly the same as those messured before the commence-
ment of the exposure. This indicates that the pressure

w8 maintained constant throughout the exposure.

The sample~to~film distance OB accurately deter—
mined by ueing the 100 refiection (d = 23,10 R) of
p~decancic acid. 4 The Indentation i N the gasket and
the consequent change | N the sample~to-film distance
was found tO be lesa than 02 i even at the highest
pressure and vas therefore neglected compared to the

large sample~to-film distance (about 290 mm).

The diameters of the diffraction rings were
measured by using microdensitometer {Carl-Zeiss Model X|)
traces of the i-ray photographs. 4 typical raw densito-
meter trace is shown ia figure 3.%5. Ror all photographs,
the chart speed and the scanning rate were chosen tO
give o magnificetion of 5. The peak-to-peak distance
{(Pto ®in the figure 35) measured With an sccurate
camparator (Adam Hilgsr Ltd., London) was used { 0 evaluate

the laysr spucing.
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To asgertain that the f1ilm was normal {0 the
ineident bean, the diffraction ring of eash photograph
was scanned aleng different dismeters. The peak-tow-peak
distance correspending to each scan was measured. No
systematic deviation in the peak~to-peak distance was
noticed for the different scans. The internal consistency
of the layer spaeing evaluated from the different dia-
meters Of any one diffraction ring was found to be better
t han #0.1 Z It is therefore estimated that the relative
acouracy Of the layer spacing at different pressures is
+0.1 A O better. As mentioned sarlier, the data ware
brought to an abaclute scale dby using the p-decanciec

acid as the standard.

3.3 Results and Mascussion

It is WELL known that the layer spacing is xelated
to the diameter of the diffraction ring by the equation
24 8in 8 = nA where n iSthe oxder Of diffraction
{whioh is equal tO 1 for cur experiments), 4 iSthe layer
spacing, A the wavelength Of X-rays and ¢ fa given by
the relation tan 26 = 5% where D iz the diametexr Of the

ring and $ is the sample-~to~film distance. The mean ring



diameter (D) obtained by scanning each ring i n three
or more different dirsctions and the layer spacing 4
evaluated from the & values for the different pressures
for which the photographs were taken, are given in

table 3.1. The date are plotted i N figure 3.6.

fhe values obtained for the layer spacing at
atimospherio pressure agree very well with the recent

1 and

determinations of the same Dy Leadbetter et a1,
by Cladis St nul..5 It IS seen from figure 5.¢ that the
layer spacing deecreases more O Less uniformly a the
rate Of 06 J“; per kxbar till the pressure attains 14 kbar,

beyond which it inpreases.

The question nay be asked as t 0 what is the contri-
bution Of pure temperature variation of the layer spacing
to the curve ahown i N figure 36, To find out whether
there is any suoh thermal variation, the layer spacing
of 8 OB was measured at atmospheric pressure, at wvarious
teuperatures covering the entire smectic phase using the
experimental sat up which will be describad in chaptexr IV.

It was found that thare is no detectable change I N the



TABLE 3.1

Layer spacings i N the smectic A phase Of 8 OB at diffe-

rant pressures
Sample~to-film distance = 2854 mm

Pressure Mean diameter Layer spacing
(kbare) (am) (K_)
Lab. pressure 27.80 32.00
0.2 271.91 31.89
Q41 28.03% 31.76
06l 28.14 31.63
0.9¢ 28.37 31.38
1.08 28+42 31.32
1.35 2890 51.2%
1.48 28. 38 31.36
1.52 841 31.33
1.62 28.2% 51.50
163 28.17 31.60

172 28.14 31.63
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FIGURE 3.6

Plot of the amectic A layer spacing of & CUB versua pressure.
The error bar indicates the precision of the measurements.




layer spacing with temperature within We 1imits of our

L
experimental aceouracy (0.1 A)

Thus, We ¢an conclusively say that the re-entrant
behaviour Of 8 0GB, which occeurs at higher pressures, is
assoclated with an expansion of the smeotie A layer
spacing With increase in pressure, ac was indeed predicted

by Cladias et 4d.

V€ may mention here the high pressure X—ray investi-

gation On UBOOA by Guillon et al.'?

(BOLA has a terminal
eyano group and it exhibits the re—entrant nematic phase
in the cooling mede at high preassures. In thelr experi-
ment ON CBOCA, Guillon et al., varied the pressure at cone
atant temperatures. fThey have determined the layer spacing
I N the smectic A phase DoOth at relatively high temperatures

and at low temperatures as a funeiion of pressure.

Iwe samples Of (BOOA, one without purification and
the other recrystallised thrice, were used i N the experi~

ments Dy Guillon et al. For the first sample it was



observed by them that (1) as the sample ages (on a time
soale of days) the pressure of transition between the
smectie phase and the re-entrant nemati C phase ineresses
slowly, (11) the layer spacing i n the smeetio A phase
increasos as a function Of %iwe, (i14) the layer spacing
I N the smectic A phase does NOt change each time the
re-entrant nematic phase | S cbtained at high pressure.
The first and second festures, avcording Lo Guillon & A-
i s due to the shift of the smectio-nematic boundary lam
in the (P~T) plune ceused by the presence of impurity Or

by the degradation of sample With time.

The second sample hehaved |ike the firat Ear
tenperatures above 72°C. But for temperstures below 72*C,
vhere the smectic A phase is compressed toward a aslid
phase (rather than A re-entrant nematic phase) it was found

that the laysr spacing decreases W th increasing pressure.

Thus the smectio A layer spaocing | N CBOCA showa tWO
kinde Of behaviour With increasing pressure (i) A decrease

in layer spacing ocours when the smectic A phase i



comproessed towards the stadble solld transition. The
change is spmall {(about 1%). (il) There is NO change at
all in the Layer spaeing when the smectic A phase is

compressed toward the re-entrant nematic phase.

Qur atudy On the pressure wvariation Of smectic A
layer spacing in 8 0CB IS at a conatant relative tempe—
rature with reapect tO the newatic-swectic A phase bowundary
whereas the study on CBOOA IS at different pressures keeping
the temperature conatant. |N our studies, the transition
temperatures Of the sample used \Wwae checked after each
exposure, at atmospherie pressure, {0 detect amy decompo-
aition of the compound. It waz found that the transition
temperatures 318 NO2 change from their Inditial values,
proving thereby that the sample did not undergo any

decomposi tion,

Since the experimental conditions i N the two studies
are different, a direct comparison of our reaults with the

results obtalned by Guillom €l al. is NOt easily possible.
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