CHAPTER |V

STRONGLY COUPLED INCOMMENSURATE SMECTIC A PHASE

4.1 INTRODUCTION

In the previous chapter we discussed the experimental
results which have led to the first observation of an incommensu-

rate smectic A phase (Aic).]’2

These studies, which were conducted
on a binary system of A4-n-heptyloxyphenyl-4'-cyanobenzoyloxy ben-
zoate (DB70CN) and UY4-n-octyloxy cyano biphenyl (80CB), showed
that the Aic phase exists over a range of concentration between
the Ad and A‘2 phases. The X-ray diffraction pattern of this phase
consists of condensed reflectionsat wavevectors 9% and q('). (qoz .
2rr/29.,qé=211/£', where & is the length of the molecule and £ <2'<

2%) corresponding to respectively A2 and Ad periodicities.

3-5 discussed in the

The Landau phenomenological theory
previous chapter predicts in fact two types of incommensurate
phases, viz., (1) the weakly coupled incommensurate phase in which
the two incommensurate density waves exist practically independent
of each other and (2) the strongly coupled incommensurate phase

in which the phases of the two density waves are modulated in

one-dimension according to the Sine-Gordon equation.

As mentioned earlier, the X-ray diffraction pattern of

the Aic phase consisted of only reflections corresponding to a,
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and q('). Even very long exposures failed to reveal the existence
of a combination reflection corresponding to the sum or difference
of the wavevectors. It can therefore be surmised that AiC is of

the weakly coupled type.

Recently Fontes et al.6 have observed in a monolayer (Al)
phase (with a condensed diffraction peak at 2qo) the existence
of two diffuse scattering peaks: one centred at qc'), an incommensu-
rate wavevector, and the other at qs=2qo-q('). These results indi-
cated the presence of strong incommensurate fluctuations in the
Al phase. But on cooling the A1 phase, the diffuse scttering pro-
file evolved into an off-axis pattern characteristic of an anti-
phase and thus the strongly coupled incommensurate A phase remained

elusive.

V¢ have undertaken studies on a binary system of 4-n-octy-
loxyphenyl-4'-cyanobenzoyloxy benzoate (DB8OCN) and 4-n-octyloxy-
benzoyloxy-U"-cyanoazobenzene (80BCAB). These studies which have
led to the first observation of the strongly coupled incommensurate

phase are described in this chapter.

4.2 MATERI ALS

The molecular structures of the compounds 4-n-octyloxyphenyl-
Y'-cyanobenzoyloxy benzoate (DB8OCN) and 4-n-octyloxy-Ud"-benzoyloxy-

cyanoazobenzene (80BCAB) are shown in Fig. 4.1. The transition
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temperatures of these two compounds are also given in the same

figure.
4.3 EXPERI MENTAL

The X-ray diffraction experiments were carried out using
a computer controlled Guinier diffractometer (Huber 644). The
sample was taken in a 0.5 mm diameter Lindemann glass capillary
whose ends were then sealed. To obtain a monodomain sample,
the sample was cooled very slowly from the nematic phase in the
presence of a 2.4 T magnetic field. A detailed description of the
experimental set up has already been given in Chapter II. The
precision in the determination of the wavevector at any temperature
was 2x10°% A1 while the temperature was maintained constant
to +10mK during any measurement. All the scans were taken along
the equatorial (q l:o) direction. The longitudinal resolution

-3 °-1

(Aq”)wasabout 1x10 - A

§.y RESULTS AND DI SCUSSI ON

The partial phase diagram of the DB8OCN - 80BCAB binary
system is shown in Fig. 4.2. Interestingly the compounds have nearly

the same molecular length ( ~ 32 ,OA). This phase diagram, which

has been obtained on the basis of optical microscopic, X-ray and
differential scanning calorimetry studies, is extremely rich -
there are three types of incommensurate A phases in addition to

the reentrant nematic (Nre)’ Ad, A1 and A2 phases. We shall first
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summarize the main features of this diagram and then present the
results of our X-ray studies which identify the different A phases:
(1) Starting from the DB8OCN side, for X> 95 (where X is the mol
per cent of DBBOCN in the mixture) there is a continuous evolution

of A2 from Ad, similar to the behaviour of DB70CN seen ear~lier'.7

(ii) For 72< X< 95 the weakly coupled incommensurate phase exists.
Over a major portion of the phase diagram, it exists between Ag
and A2 phases while over a smaller region (on the lower X side)
it intervenes between Ad and A1 phases. They have been designated

as Ai2 and Ai1 respectively.

(iii) For 69< X <72, a direct A -A1 transition is observed which

d

ends at the A, -N__- A, point on the lower X side.
1 re d

iv) Over a very narrow region of X, viz., 76.9< X.<77.6, the
strongly coupled incommensurate phase (designated as Ais) oceurs.
The region of the phase diagram surrounding Ais is shown on the

enlarged scale in the inset of Fig. 4.2.

V¢ shall now discuss the results of our X-ray diffraction
experiments which have helped us to unambiguously characterize
the different phases marked in the phase diagram. Ve have studied
a large number of concentrations covering the entire range of
phase diagram shown in Fig. 4.2, but data for only a few representa-
tive concentrations characterising the different regions of the

phase diagram are presented here. In the case of X =95.5 mixture,
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the wavevector variation with temperature is shown in Fig. 4.3.
It is seen that the wavevector qc') continuously evolves into g
i.e., the Ad phase goes over to the Ay phase without a phase transi-

T For x=-81.8

tion. This is very similar to the results on DB7OCN.
mixture the wavevector variation with temperature is shown in
Fig. 4.4. It is seen that in the Ad phase q(') shows a decrease

with decrease in temperature. The onset of the A phase is signa-

2
lled by the appearance of condensed peaks at 9 and at the second
harmonic 2qo. At the same temperature, q(') reverses its trend.

The variation of qé with temperature in the Ai phase is opposite

2

to that in the Ay phase. On transforming to the A, phase, Q) dis-

2
appears. The wavevector variations (qé and qo) with temperature
are similar to that observed earlier in the DB70CN/80CB binary
system described in Chapter III. (We have earlier referred to
the Ass phase as Aic)‘ For the X=74.8 mixture the wavevector
variation is shown in Fig. 4.5. For this mixture the sequence of
transitions on cooling is Ry > Ay, > A The wavevector variation
in the A, phase is very similar to that observed for the X =81.8
mixture, i.e., Q' shows a steep decrease with decrease in tempera-
ture. In the case of the incommensurate (All) phase the wavevector
characterizing this phase are g and 2q, - Interestingly, the varia-
tion of qc') in the Ai1 phase is similar to the variation of q'O
in the A;, case. An additional feature of the results for the

2
X=74.8 mixture (Fig. 4.5) is the observtion of a diffuse scatte-
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Temperature vauiation of the wavevectors for X = 95.5 mol %
miéxture. Ad phase continuously evolves into Az phase.
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to condenoed peaks.
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Temperature variation of the wavevectors in the Ap A and
A, phases for X = 14.6 mixture. Circles indicate that the
diffraction peaks ate condensed while tziangles indicate digfuse

maxima.
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ring peak centred around another incommensurate wavevector qg
(#qc')). With decrease of temperature the qg value was found to
be decreasing and finally at the transition to the A2 phase (not
shown in the figure) the diffuse modulation condenses at a wave-
vector q, corresponding to the A2 phase. A particular feature
of the A‘2 phase is that the intensity of the peak at 2qO is found
to be three times larger than that at q,- Although this is in
agreement with the relative intensities predicted theoretically,8
it is opposite to what has been generally seen in the A2 phase
(see e.g., Ref. 9). It should also be mentioned that no combination
reflections were observed in either A, or A, phases showing

i2 i1

thereby that both these are weakly coupled incommensurate phases.

The data for the X =77.3 mixture is shown in Fig. 4.6. This
figure shows many important fetures. On cooling from the Ad phase
qc') decreases with decrease in temperature. On further cooling
the Ad phase goes over to the Ai2 phase (with modulations at q('),

a, and 2q0) and then to the Ai phase which has, in addition to

1
the peaks at qc'> and 2qo, a diffuse modulation at qg. The X-ray
diffraction pattern in this phase is similar to that observed
in the same phase of the X=74.8 mixture. As the temperature is
decreased further, diffuse qg condenses at a temperature of 138.6°C
and, simultaneously, another peak appears at g while the third

peak at 2q0 continues unaffected. This signifies the onset of

the Ais phase with three condensed diffraction peaks. The schematic
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Temperatute vatiation of the wavevectors in the different phases
for X = 77.3 mixtuie. Filled cireles signify that the diffraction
peaks are condensed while the open triangles denote diffuse
In the strongly coupled incommesurate A;, phase
a satellite reglection 5 seen at q,

maxima.

2q,-qp, showing the

existence of solitons. The inset shows the divergence of the
soliton peziodicity (Z) as the commensutate Ay phase is appzoached.
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representation of the X-ray diffraction patterns in the different
A phases for the X=77.3 mixture is shown in Fig. 4.7. Typical
diffractometer scans showing the three peaks at 2q0, Q" and dq
are reproduced in Fig.4.8. It is clearly seen that all of them
are condensed peaks, the intensity of dg being comparable to that
of qQg- We also ascertained by taking X-ray photographs that the
three modulations are indeed collinear and that the in-plane order
is liquid-like. The value of q was found to be, within the experi-
mental uncertainties, exactly equal to 2q0-qg. The actual data
(at different temperatures) of 2qO and qaQ and qg are given in
the Table 4.1 along with the qg value obtained by the arithmetic
calculation of 2qo—qg. It is clear from the table that at all
temperatures in the A phase, qg is indeed equal to 2qo-qg show-

ing thereby that qg is a satellite reflection. This in turn implies

that the incommensurate modulations are strongly coupled. Thus

we have observed a strongly coupled incommensurte A phase.

We shall now consider the temperature variation of aq and
qg in the L phase (see Fig. 4.6). As the temperature is decreased,
these wavevectors converge towards their mean value until finally
they 'lock-in' at the commensurate wavevector .- Thus the A, -A

2
transition is a typical incommensurate- commensurate transition.

The existence of the satellite reflection at a wavevector dg which
is collinear with qg and 2qo clerly indicates that the incommensu-

rate density waves are modulated in 1-dimension. The structure
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Typical diffractometer scans taken along the equatorial (q 1= 0)
direction in the A, phase fo1 X =773 mixture showing the X-ray
scattered intensity | counts per second) as a function of the
scattering angle (6). The wavevectors cortesponding these conden-
sed peaks have been marked. The intensities of q, and ¢} have
been multipled by a factor of 2.



Table 4.1

Experimentally determined values of the wavevectors 244, ay and
dg at different temperatures in the AiS phase (the value of dg

obtained calculation is also given).

Temperature 2q0 q(.). ag qs(calc.)
(exptl.) = zqo_.qn
136.90 0.2110 0.1121 0.0982 0.0989
137.27 0.2112 0.1109 0.1002 0.1002
136.97 0.2110 0.1103 0.1006 0.1007
136.81 0.2112 0.1104 0.1009 0.1008
136.20 0.2112 0.1095 0.1014 0.1017
135.97 0.2112 0.1088 0.1018 0.1024
135.73 0.2109 0.1086 0.1017 0.1023
135.18 0.2109 0.1079 d.1o3u 0.1030
135.36 0.2109 0.1081 0.1030 0.1028
134.70 0.2110 0.1076 0.1036 0.1034
134.74 0.2109 0.1075 0.1038 0.1033
134.50 0.2109 0.1073 0.1038 0.1036
134.25 0.2109 0.1070 0.1043 0.1039

133.77 0.2103 0.1063 0.1047 0.1046




of A;  can therefore be considered as a periodic array of solitons
or an array of domain walls in one-dimension (i.e., along the
director). As the temperature is decreased towards the A‘2 phase,
the periodicity of the solitons, which is given by Z = 21r/(q(’)'-qs),

diverges (see inset of Fig. 4.6) as predicted by theory.10

Finally, it is relevant to comment on a theoretical phase
diagram which has been evaluated on the basis of the phenomeno-
logical model. The theory predicts a tetracritical point at which
the incommensurate A phase joins the intersection of the A1-N
and N- Ad boundaries. The theory also envisages the alternative
possibility that the domain of the incommensurate phase may be
disconnected from the nematic phase by an Ag— A phase boundary.
The latter picture is in qualitative agreement with the experimen-
tal phase diagram shown in Fig. 4.2. However, while no distinction
is made between the strongly and weakly coupled incommensurate
phases in the theoretical phase diagram, the experimental results
show that the domain of stability of the former is much smaller
than that of the latter. It is also remarkable that a binary system
whose constituent compounds have nearly the same molecular length
produces such a rich variety of A phases. This shows that the

polymorphism of smectic A should be very delicately dependent

on the nature of the molecular interactions.
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