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Precise X-ray determinations have been made of the temperature variation of the layer spacing 
in the smectic A, reentrant nematic and reentrant smectic A phases of a pure reentrant 
mesogen, v iz . ,  4-nonyloxy-benzoyloxy4'-cyanoazobenzene (9 OBCAB). The higher tem- 
perature smectic phase is (partially) bilayer in nature, the extent of the overlap increasing with 
decrease of temperature. The reentrant smectic A has a monolayer structure whose spacing is 
temperature independent. The change from the bilayer to monolayer arrangement is a continu- 
ous process which commences in the reentrant nematic phase and continues right through it. 

INTRODUCTION 

Reentrant behavior in liquid crystals'.* is exhibited by compounds having 
a highly polar cyano or nitro group attached to one end of the molecule 
which results in strong antiparallel near neighbor  correlation^.^ This, in 
turn, leads to a bilayer structure in which the molecules are interdigitated.4 
The study of the extent of overlap and its dependence on temperature is, 
therefore, of considerable importance in understanding the reentrant phe- 
nomenon at a molecular level. There have been a few studies on the 
temperature variation of the smectic A layer spacing in reentrant mesogens 
and the results appear to depend on the compound. In mixtures of N-p- 

'Presented at the Ninth International Liquid Crystal Conference, Bangalore, 1982. 
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cyanobenzylidene-p-n-octyloxyaniline (CBOOA) and N-(p-hexyloxy- 
benzy1idene)-p-aminobenzonitrile (HBAB) the layer spacing (d) shows 
a small increase with decreasing temperature.' In both 4-cyanophenyl- 
3'-methy1-4'(4"-n-undecylbenzoyloxy) benzoate (1 1CPMBB) and its next 
higher homologue 12 CPMBB, the d value decreases first over a part of the 
A phase and then increases with decrease of temperature.6 In the case of 
4-n-octyloxybenzoyloxy-4'-cyanostilbene (T8) which exhibits both re- 
entrant nematic (N,) and reentrant smectic A (A,) phases it was found that 
in the high temperature (partially) bilayer A phase the d value decreases 
with decrease of temperature while it is independent of temperature in the 
A, phase, the periodicity in this phase corresponding to the molecular 
length.'** Some measurements of d were also made in the N ,  phase of T8. 
However, these measurements were restricted to temperatures very close 
to the A-N, and N,-A, transitions and hence it is not clear if the develop- 
ment of the monolayer phase from the bilayer phase is a continuous or 
abrupt process. We have carried out accurate determination of d in another 
pure reentrant mesogen, viz., 4-nonyloxybenzoyloxy-4'-cyanoazobenzene 
(9 OBCAB), not only in the two A phases but also in the N, phase. As far 
as we are aware, these are the first extensive measurements of d in the 
N ,  phase. 

EXPERIMENTAL 

The compound 9 OBCAB has the following structural formula: 

It was synthesized in the manner described The transition 
temperatures, as determined using a polarizing microscope equipped with 
a Mettler FP52 hot stage, are given below. 

K A ,  N ,  A N I 
* 94.0"C (- 70.9"C) * 116.0"C * 212.4"C * 242.9"C * 

The X-ray diffraction maxima were recorded photographically using a flat 
plate camera and CuKa radiation reflected from a bent quartz crystal 
monochromator (Carl Zeiss, Jena). The film was positioned at the focus of 
the monochromator. The sample was taken in powder form in a 0.5 mm 
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REENTRANT NEMATIC AND SMECTIC A PHASES 25 1 

diameter Lindemann capillary which was then evacuated and sealed. The 
temperature of the sample was maintained to 20.25"C. The sample was 
aligned using =5 KGauss magnetic field (H). The relative accuracy in the 
layer spacing determination is estimated to be 20.1 8,. After each set of 
measurements, the transition temperatures of the sample were redetermined 
to ensure that they had not undergone any change and thereby there was no 
decomposition of the sample. 

RESULTS AND DISCUSSION 

Typical X-ray diffraction photographs in the A ,  N, and A, phases are shown 
in Figure 1 .  It is seen that both the A and the A, phases give rise to 
extremely sharp X-ray reflections. In the N, phase, the arcs are more 
diffuse, but nevertheless very strong cybotactic smectic ordering exists 
which permits accurate determination of d in the N, phase. 

The temperature variation of d in the A ,  N, and A, phases is shown in 
Figure 2. Owing to the limitation of our experimental set up, we have 
measured d only up to 150°C in the A phase, although the A phase exists 
till 212.4"C. The value of d at the highest temperature that we have 
measured is 36.0 8, and it decreases gradually with decreasing temperature. 

FIGURE 1 
(b) reentrant nematic phase at 1OO"C, and, (c) reentrant smectic A phase at 68°C. 

X-ray diffraction photographs of 9 OBCAB in (a) smectic A phase at 140"C, 
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FIGURE 2 Variation of the layer thickness (d) with temperature for 9 OBCAB. 

Since the molecular length (1) of 9 OBCAB measured in its most extended 
conformation using the Dreiding model is 33 A, the high temperature A 
phase can be classified as the partially bilayer (Ad)  phase. The d value in 
the A ,  phase is, however, temperature independent and the d/l value in this 
phase corresponds to ~ 0 . 9 5  showing thereby that this is a monolayer 
phase. In the N ,  phase, close to the A-N, transition, the structure is still 
partially bilayer. But the d value decreases quite rapidly in the N ,  phase and 
close to the N,-A, transition the structure is monolayer. Thus, our results 
show that in 9 OBCAB the change from bilayer to monolayer is a con- 
tinuous process which commences in the N, phase and continues right 
through it. 
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