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CHAPTER VI

PRESSURE STUDIES ON 4-n-ALKOXYPHENYL-4'-
(4" -NITROBENZOYLOXY) BENZOATE HOMOLOGOUS SERIES:
PRESSURE INDUCED TRIPLY REENTRANT BEHAVIOUR IN

A SINGLE COMPONENT SYSTEM

6.1 INTRODUCTION

As a rule, the sequence of transitions exhibited by a polymeso-

morphic material as it is cooled from theisotropic phase is as follows:
Isotropic -+ Nematic -+ SmecticA -+ Solid

A remarkable departure from this sequence was discovered by Cladis1
in the binary system of n-p-cyanobenzylidene-p'-octyloxyaniline
(CBOOA) and p-[p'-hexyloxybenzylidene)amino] benzonitrile (HBAB).
She found that for some concentrations, ths smectic A to nematic
(A-N) transition was multivalued, i.e., when the temperature was
varied at a fixed concentration, the mixture exhibited a nematic
phase at higher as well as lower temperatures with respect to the
smectic A phase. This phenomenon designated as "reentrance" (the
lower temperature nematic being the reentrant nematic phase) in
analogy with similar phenomena which are already known in condensed
matter physics.Z'5 Two years later Cladis et aI.6 observed a similar

behaviour for a single component system at high pressure. Soon
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afterwards pure compounds (single component systems) exhibiting
the reentrant nematic phase at atmospheric pressure were synthesized

and this has led to a large number of studies.

The compounds in which the reentrant nematic behaviour was
reported for the first time at atmospheric pressure were 4-n-octyloxy

-benzoyloxy-4'-cyanostilbene (T8 )7

synthesized by the Bordeaux
group and trans-p-n-decyloxy-a-methyl-p'-cyanophenyl cinnamate
(100MCPC)8 synthesized at Bangalore. Almost simultaneously similar

9

compounds were also synthesized by the Berlin group.” The structure

and the transition temperatures of thesecompounds are given in Fig.
6.1.. It was also observed that in the case of materials synthesized by
the Bordeaux and Berlin groups, there exists not only a reentrant
nematic phase but also a reentrant smectic phase, i.e., both T8
and M4-nonyloxybenzoyloxy-U'-cyanoazobenzene (90BCAB) show the

sequence :

Nematic - Smectic A -+ Nematic -+ Smectic A

X-ray studiesm’ "

showed that the higher temperature smectic A
phase is in fact of the partially bilayer (Ad) type (% > 1) while
the lower temperature smectic phase is of the monolayer (Al) type
(-% ~1 The synthesis of these compounds has led to a lot of inte-
rest in the search for other materials which are likely to exhibit

reentrant behaviour. (For a recent review of the materials exhibit-
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Figute 6.1

Chemical stwctutes of the compounds exhibiting zeentiant
nematic phase at atmospheric pressure.
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ing the reentrant nematic phase see Ref. 12). It is now recognized
that reentrant nematic behaviour is generally found in compounds

which have the following molecular structure :

Here R stands for the alkyl or alkoxy group, X and Y denote the
bridging groups, while Z denotes the strongly polar group (CN or
NOZ)' For Z = (N (i.e., when the terminal polar group is a cyano
group), the reentrant nematic phase is observed when the longitudi-
nal component of the dipole of X is additive with respect to the
cyano end group. The dipolar direction of Y does not seem to have
any bearing on the occurrence of the reentrant nematic phase. On
the other hand, when the terminal polar group is a nitro group,
reentrant nematic behaviour is seen only when the longitudinal
components of both X and Y are in opposition to the direction of
the terminal nitro group. Such a disposition of the dipoles also
leads to a variety of smectic A polymorphism which has been discu-

ssed in Chapter III. In this chapter we shall be interested only

in the reentrant behaviour of such materials.

VW saw that the necessary condition for the appearance of
reentrant nematic phase is that the constituent molecules should
possess a strongly polar cyano or nitro end group. (Exceptions
to this rule has been observed very recently.13 V¢ shall be discuss-

ing these cases in Chapter VI.) Particular mention can be made
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of the fact that a material with a terminally nitro end group has
in fact shown the richest variety of smectic A phases known so
far in any liquid crystalline system. This material, namely, U4-n-
nonyloxyphenyl-4'-(4"-nitrobenzoyloxy) benzoate (DB9.O.N02) which
was first synthesized by the Bordeaux Gr‘oupw exhibits the following

sequence of transitions:

I >N +A, >N =+ N + A.> C>C.+ K
d re 1

Ad(r'e) > Nre 2

The same material which was subsequently synthesized by Dr. V.
Surendranath in our laboratory showed an additional A phase, viz.,
A2—phase between the C and C2 phases, probably because the material

was of greater purity. (This will be discussed in detail later.)

Since the nematic phase reenters twice and Ad once this mate-
rial has been referred to as a triply reentrant mesogenic system.
It should also be mentioned that the occurrence of reentrant poly-
morphism appears to be extremely sensitive to changes in molecular
length. It has been observed that although DB9.0.NO, shows such a
rich variety of reentrant phase transitions (3 nematic and 3 smectic
A phases), its lower as well as higher homologues shows only a
single nematic - smectic A transition. It is of considerable inte-
rest to know how these phase transitions behave at high pressure.
For this purpose, we have carried out a pressure study of the seventh

to tenth homologues of the DBn.O.NO2 series. In addition, we have
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carried out optical and X-ray studies on DB9.0.NO,,. The results

of these investigations are presented in this chapter.

6.2 MATERI ALS

The chemical structure of the U4-n-alkoxypheyl- 4'—(4"-nitro-
benzoyloxy)benzoate (DBn.O.NOZ) homologous series is given in Fig.
6.2, while the transition temperatures of the compounds studied,
i.e., n=7 to 10, are given in Table 6.1. As already mentioned,
DB9.0.NO2 has been synthesized in our laboratory by Dr. V. Surendra-
nath, while the others were kindly given to us by Prof. G.Heppke,
Technical University of Berlin. Table 6.1 shows that the phase

sequences are highly sensitive to changes in the chain length.

6.3 EXPERH MENTAL

High pressure studies wee conducted using an optical cell
with sapphire windows. The sample weas isolated from the pressure
transmitting fluid by Fluran. The transition temperatures were
determined using optical transmission technique which has already
been described in Chapter II. Pressure was measured using a Heise

gauge with a precision of 1.5 bar andtemperature to + 25 mK.

X-ray studies were conducted using the photographic set up
described in Chapter II. The sample was taken in a Lindemann glass

capillary of diameter 0.5 mm whose ends are then sealed. It was



CrH,, 40 —@—ooc —@——ooc —@— NO,

(n and 10

I
4-n- alkoxyphenyl—4'—(4 - nitrobenzoyloxy) benzoate

Figute 6.2

The molecular stwcture of the 4-n-alhoxyphenyl nitrobenzoy-
loxy benzoate (DBn.O.NOz) homologous series.
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cooled from the nematic phase at very slow rate so as to orient
the sample using the magnetic field (~ 0.5 T). Temperature was
maintained during any exposure (typically, 15-20 minutes) to a
constancy of 0.1°C or better. The relative accuracy in the determina-

(o]
tion of the layer spacing is reckoned to be +0.1 A.

6.4 RESULTS AND D SCUSSI ON

The scheme of presentation of the results is as follows. The

high pressure studies on DB7.0.NO, and DBB.O.NO2 are presented

2
followed by a detailed study on DB9.0.NO, which includes optical

2
microscopy, X-ray and 'high pressure. This is then followed by the
high pressure studies on DB.10.O.N02. Finally, the temperature-
concentration diagram for the binary system of DB1QQ NO,, and
DB8.O.NO2 is presented along with the high pressure studies on

a 57 mol% mixture of 1)1310.0.1\102 in DBB.O.NOz.

Pressure Studies

6. 4.1 DB7.0.NO The pressure-temperature (P-T) diagram of this

2
compound is shown in Fig. 6.3. (ltshould be mentioned that for none
of the four compounds as well for the 57 mol % mixture investigated
was it possible to follow the nematic-isotropic (N-I) transition as
a function of pressure because of the high TNI values even at atmos-
pheric pressure.) It is seen that both A, - N and E-A1 phase boun-

daries are linear, but with different slopes - the dT/dP value



P(kbar)

100 120 140 160 180
T(°C)

Figute 6.3
Pressure -temperatute diagram of DB?.O.NOZ.




126

for the A1-N boundary is 24.3 °C/kbar while that for the E—A1

line is 12.6 °C/kbar. Consequently, with increasing pressure the

range of A, increases while that of C decreases until at a pressure

1

of 1.12 kbar the C phase is suppressed because of the intersection

of the crystallization line with the C-A boundary. The lack of

1

curvature of the Al—N boundary clearly rules out the existence

of a reentrant nematic phase.

6.4.2. DB8.O.NO2 : Fig. 6.4 shows the pressure-temperature diagram
of this compound. It iS very much similar to that of the lower
member discussed earlier. The only difference is that the difference
in dT/dP values for 5-—A1 and A1_N boundaries (16.1 and 26.3 °c/
kbar) are less than that in the case of DB7.0.NO,-As a result, the
¢ phase is seen till higher pressures inDB8.O.N02,a1though it ulti-
mately gets suppressed at— 2.54 kbar. Here again there is no evidence
of a reentrant- nematic up to 2.6 kbar, the maximum pressure studied.
Thus pressure does not induce any new phases in either DB7.0.NO

2

or DB8.0.N02.

6.4.3. DB9.O.N02: As mentioned earlier this compound was synthe-
sized by Dr. V.Surendranath in our laboratory, and perhaps because
of greater purity of the material, an additionl phase, viz., the

A2 phase, not reported earlier,14 was identified between C and

C2 in our studies. This is confirmed by our microscopic, X-ray
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and high pressure studies. We shall first present the results of

our optical microscopic studies.

a) Microscopic studies on DBQ.O.NO2_:_ These studies were carried

out using a Leitz Orthoplan polarizing microscope and a Mettler
hot stage (FP82) with a temperature controller (FP800). Figures

6.5a-c show the textures in the 5, A, and C2 phases respectively

2
evolved on cooling the focal conic texture of the A1 phase. The
changes are clearly seen. These changes are seen more clearly when
a homeotropically aligned Al phase is cooled (Fig. 6.5d-f). Under
these conditions C phase shows its characteristic texture15 (Fig.
6.5d) which disappears on the formation of the A2 phase - a dark
field being seen between crossed polars (Fig. 6.5e). On going over
to the C2 phase a typical Schlieren texture is seen (Fig. 6.5f).
Thus the A2 phase can be clearly distinguished from the E and C2
phases by microscopic studies. It should however be mentioned that
the existence of A2 as well as the second (or lower temperature)

Nre phase seemed to be strongly dependent on the purity of the
sample; impure samples failed to show these phases. The same effect

was seen in samples heated repeatedly to high temperatures.

b) X-ray studies. The thermal variation of the layer thickness

(d) in the different phases of DB9.O.NO2 is shown in Fig. 6.6.

Starting from the higher temperature A, phase, with decrease in

d

temperature d shows a continuous increase, d/% increasing



(e)

Figqure 6.5

Optical textuzes in the C, AZ and C, pnases of DB9.O.NOZ; crossed

polarizers x250. a-c: textures obtained on cooling a focal conic

1egion of the A, phase, la] 103°C. C phase, (b) 9B°C, A, phase,

le) 92°C, C, phase; d-§: textures evoIvNed on cooling a homeotiopic

domain of the Aj phase, (dl 114.6°C, C phase, [el 9§°C, Ay phase,
{§) 92.8°C, CZ phase.
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Temperature valriation of the layer spacing Id) in the different
phases of DB9.O.NOZ. The arwows in the figute zepresent the
transition temperatures.



from 1.24 at the highest temperature to about 1.42 just before

the onset of the A1 phase. This increasing trend is seen right

through the Ad— Pe and N transitions. Essentially a

re " Rd(re)
similar behaviour was seen earlier also.16 It should also be mentio-
ned that the diffraction spots in the Nre phase was as sharp as
those in the Ad phase signifying the existence of strong smectic-
like local ordering in this phase. As the second or lowest tempera-
d(re) and B
phases) is approached both qé as well as 2q0 reflections correspond-

ture reentrant nematic phase (which exists between A

ing to the A and A, phases were observed showing thereby the

d(re) 1

existence of two types of short range ordering in this phase.As
the temperature is lowered the intensity of q(') decreases with an
accompanying increase in the intensity of 2q0. At the second reen-
trant nematic—A1 transition the q(') spots become diffuse. Also
the diffuse q(') spots progressively show a large spread along X-
direction and finally a constriction is seen at the middle (see
Fig. 6.7). Thus we observed off Z-axis fluctuations in the A1 phase.
(I't must be mentioned here that Hardouin and L.evelut17 have made
similar observtions in T8.) These diffuse off Z-axis spots can
be viewed as a precursor to c phase. It is relevant to recall that
recently Wang and Lubensky18 have predicted the diffuse scattering
that is expected in the A1 phase on approaching different types

of phases. According to them, on approaching the A, phase a diffuse

2

spot centered around 4 should be seen. But if the approaching



Figure 6.7

Photogiaph showing the diffuse off
Z-axis Xuay spots in the A, phase
(121°C) along with the condensed
Zqo spots.
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phase is K, then the X-ray pattern is expected to show a diffuse
ring centred around - On the other hand on approaching the T
phase, two diffuse rings spaced on either side of q, are expected.
Finally, on approaching an incommensurate smectic A phase, a 'double
spot pattern' consisting of condensed 2q0- diffuse spots correspond-
ing to qé and a combination of 2qO and q(') is predicted. On the
other hand it can also exhibit the coexistence of the diffuse spots
on either side of the diffuse ring at 9 corresponding to the compe-

tition between K and incommensurate phases.

In our studies on DBQ.O.NOZ, we see ‘C-like fluctuations in
the A1 phase. On further reduction of temperature, the typical
X-ray pattern of the C or ribbon phase19 is seen (see Fig. 6.8).
The characteristic feature of this pattern IS the presence of two
off Z-axis spots which have asymmetric intensity. It can be recalled

19 that there can be an undulation

from the work of Hardouin et al.
of the layers. They have given the model of the C phase, according
to which this phase can be described as a regular stacking of bimole-

cular tilted regions with periodic stacking faults.

Finally, on cooling the C phase further we observed the sudden
condensation of the spot at 4 in addition to the condensed 2q0.

This corresponds to the A, phase. Thus we have characterised the

2

A phase seen between € and C2 phases as the smectic bilayer (A2)

phase. In the A2 phase a temperature independent layer spacing



Fiqute 6.8

Photogiaph showing the Xiay difgraction

spot §o1 the c phase (110°C).
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is seen but on going over to C, phase there is a decrease in layer

spacing due to the tilting of the bilayer structure.

Recently Fontes et al.20

have performed high resolution X-ray
scattering studies on DB9.0.NO,,. Their results are similar to ours.
They also carried out detailed studies in the E phase. They have
inferred that the transition from A, to Eoccurs via the development
of an intermediate smectic C phase with € like polarization modula-

tion fluctuations. The high resolution data also showed that the

A, and C, phases have resolution limited peaks.

e) High Pressure Studies

VW shall now discuss the results of our high pressure study
on DB9.O.N02. The pressure-temperature (P-T) diagram of DB9.0.NO,,
showing all the phase boundaries (except the N-I phase boundary)
is shown in Fig. 6.9. As mentioned erlier, owing to the limitations
in the maximum working temperature of the high pressure cell, we

did not monitor the NI transition temperature as a function of

pressure. The following features are seen from the P-T diagram.

i The 4, as well as the A

d d(re) phases are completely bounded

in the P-T plane, the phase boundries being elliptic in shape
similar to what is seen in other reentrant nematogens. The
maximum pressure of smectic stability (Pm) is 1.10 kbar for
the Ag phase and 0.29 kbar for the Ad(re) phase.
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ii The A1—Nre phase boundary is straight throughout in contrast
to the two Ad phases. This result which is similar to those

. . 21,22 . .
observed earlier in other systems indicates that the

pressure behaviour of the A phase should be related to the

extent of interdigitation of the molecules.

iii Both 02 and A2 phases are suppressed at high pressures because
of the intersection of the crystallization line with the

02 'A2 and A2 -E phase boundaries respectively.

Thus the P-T diagram of DB9.0. NO2 shows that both the A, phases

d
are unstable at high pressures. This diagram also shows dramatically
that all the nematic phases the higher temperature normal nematic
as well as the two reentrant nematic phases, are completely miscible
at high pressure. Considering that it is difficult by Xray studies
to distinguish the reentrant nematic phase with a strong smectic
like ordering from the Ad phase, the pressure study is helpful
in confirming the existence of three nematic phases at atmospheric
pressure.
6.4.4. DB10.0.NO2

Figure 6.10 shows the pressure - temperature diagram
of DB1O.O.N02. This P-T diagram is in several ways even more strik-
ing than that of DB9.0.N02: we shall expand this further. The mate-

rial exhibits only N, A ¢ and C2 phases at atmospheric pressure.

d’
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However on increasing pressure several new phases are. induced.

The A2 phase appears at a pressure of 0.2 kbar, the C2—A2 boundary

forking out of the 02 -C line. With increasing pressure the range

of A2 increases at the expense of C2 until finally at about 1.25
kbar, the C2 phase is suppressed. A second pressure induced phase

(A,) is seen beyond about 0.82 kbar, the A -T boundary splitting

1 d

into E-A] and Al—Ad phase boundaries. [This phase has been identi-
fied as the A phase by optical observation of its texture at high
pressure. A comparison of the phase diagram with the temperature-
concentration diagram (Fig. 6.11) permits us to deduce that this
phase is most likely to be the A, phase.] On further increase of
pressure the Al— é boundary forks out again - this time a nematic
phase is induced - this is in fact the reentrant nematic phase.
Finally perhaps the most dramatic part of the phase diagram is
the appearance of two reentrant nematic phases seen in the pressure
range of 1.26- 1.38 kbar. (It must be mentioned that owing to the
[imitations on the maximum temperature capability of the high pre-
ssure cell (>200°C) we could not study the Ad-N or N-1 phase
boundaries). In the pressure range 1.26 - 1.38 kbar, the following

sequence of transitions are seen on decreasing temperature (at

a constant pressure):

+ A »Cs A > C.5 K

N>Ry >N~ Ad(r'e) T 1 2 2

This is nothing but the sequence of transitions seen in DBg.O.NO2



at atmospheric pressure. Thus we have seen the first instance of

a pressure-induced triply reentrant behaviour. It is also seen

that the A, phase gets bounded and shows a Pm of about 1.4 kbar.

A also gets bounded and shows a P_ of about 1.39 kbar. The
d(re) m

diagram also shows the existence of the A1'Nr~e'Ad point. Although

the topology of the diagram near this point is similar to the one

23 we could not

seen for a bicritical point in a magnetic systems,
ascertain the true nature of this point since it was not possible
to conduct any high resolution study at such high pressures and
temperatures. Also, as already remarked, the identification of

A phase is somewhat tentative and needs to be confirmed by X-ray
1

studies at high pressure. If confirmed, the A, - Ad transition seen
in DB1O.O.NO2 at high pressure would be the first observation of

such a transition in a single component liquid crystalline system.

Thus we have shown that DB10.0.NO,, exhibits an wunusually

interesting pressure-temperature diagram. Over a narrow range of

pressure all the transitions seen in DB9.0.NO, at atmospheric pre-

2
ssure are reproduced. Comparing this with the simple P-T diagrams
of DB7.0.NO, and DB8.O.NO2 it is clear that phase transitions at
high pressure are extremely sensitive to the changes in molecular

length.

6.4.5 St udi es on m xt ures of DB10.O.NO2 and DB8.0.NO2

V¢ have so far discussed the effect of pressure on phase
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transitions in the different homologues of the DBn.O.NO2 series.
In this section we shall present the results of our studies on

binary mixtures of DBB.O.NO2 and DB1O.O.N02.

Considering that DB9.0. NO, exhibits triply reentrant behaviour

2

at atmospheric pressure while DB8.O.NO2 as well as DB1O.O.NO2 show
only one type of A-N transition, it is of interest to see the result
of mixing DBS.O.NO2 and DB1O.O.N02. Fig. 6.11 shows the temperature-
concentration (T-X) diagram of this binary system. It is seen that
the Ad-N boundary curls twice towards the concentration axis lead-
ing to the multi-reentrant behaviour. Also, for a certain concentra-

tion range it shows a Ad—A boundary. A2 phase is induced and

1
is found to be stable only for a certain concerntration range.
Finally it is clear that over a concentration range of 48 mol %
to 53 mol % the sequence of transition is exactly the same asthat

seen in DB9.O.N0‘2 at atmospheric pressure(or in DB1O.0.NO2 over

a region of pressure 1.26-1.38 kbar).

Finally, in order to see if we <can induce, as we did
in DB10.O.N02, a multi-reentrant behaviour in this system also,
we have carried out a high pressure study of 57 mol % mixture
of DB10.0O. NO.2 in DB8.0.N02. The pressure-temperature diagram of

the mixture is shown in Fig. 6.12. The features of this diagram

are:

1 the A-N boundry curls twice towards the pressure axis leading
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Temperature -concentration diagram lat 1 ba1) o1 binary mixtuze
“of DBIO.O.NOZ and DB8.O.NOZ; X i the mol % of DBIO.O.NOZ
in the mixture.
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to the multi-reentrant behaviour,

2 The Ad phase gets bounded showing a Pm of about 0.25 kbar
while Ad(r-e) gets bounded at 0.21 kbar,

3 A1 -Nr,e— A point is seen at 0.13 kbar,

] The A1 - Nre boundary is linear throughout,

5 The C2 phase gets suppressed under high pressure.

Thus the P-T diagram of 57%mixture of DB1O.O.NO2 and DB8.O.NO2

is very similar to that of DB10.0.NO, except that all the features

2

are now reproduced at lower pressures.

6.4.6 Comparison of experimental phasediagrams of DB9.0.NO2 and
DB10.0.MO2 with the theoretical diagrams )
A microscopic theory, known as the Frustrated Spin-Gas Model,

has been developedzu-26 to explain the different reentrant sequences

of nematic and smectic A phases, viz., N-=A4,6-N, N—Ad-N-A

d 1

and N-Ad-N-Ad-N-A1. We shall summarise the most salient fea-

tures of this theory in its present form.

A schematic representation of a pair of molecules of DB9.0.NO2

(taken to be typical of reentrant mesogenic systems) iS shown in
[0]

Fig. 6.13. The rod shaped molecules are approximately 30 A long

and 5 K thick. They have a longitudinal electric dipolar head,



Figute 6.13

Schematic 1epresentation of molecules of the compound
DB9.0.NO,. Artows denote dipolar heads, 1ectangles
1epresent altomatic cores, open cizeles indicate oxygen
atoms, and closed citcles mark the positions of cazbon
atoms in all-twans congiguration of the aliphatic tail.
The molecular configurations of the paits showing dominant
(a) tail-tail attltaction, dt (b) steric hindrance are also shown.
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a rigid aromatic core and a semi-flexible aliphatic tail. The spin-
gas model embodies intermolecular hindrance, Van der Waas attrac-
tion and dipole-dipole forces, the last of these being most impor-

tant. The neighbouring molecules are taken to interact via the

pair potential,‘gu’27
A A A A A A A A 3
V(r,,5,,r,,5,) = [5,.5,-3B(S,.r )(5,.r )1/|r |7, (1

. . . A .
where r. is the position of the dipole of molecule i, S; 1s the
unit vector describing the dipolar orientation, and Pio=F1-T5

A .
and r'12=r'12/|r- For purely dipolar forces, A o B. The alterna-

12"
tive possibilities of dominant tail-tail attraction (Fig. 6.13a)

2,27 in the ratio

or steric hindrance (Fig. 6.13b) are incorporated
B/A : B< A for net hindrance (favouring the antiferroelectric term)
and B > A for net entanglement (disfavouring the antiferroelectric
term). Fluctuations towardsthe isotropic phase are ignored, namely,
the molecules are taken aligned along the Z direction: gi = %7,
or simply Si = +1. Screening suppresses interactions between further
neighbours. In the close-packing of a liquid, the potential in
equation (1) inherently causes frustration due to substantial cance-

Ilations of forces between a molecule and its nearest neighbours

(Fig. 6.14b,c).

The molecular tails play a crucial role. Apart from the free
energy of their entanglement embodied in B/A, their lengthwise
corrugation is essential, creating energetically preferred positions

("notches") of mutual permeation, i.e., positional fluctuation
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Figute 6.14

Schematic 1epresentation of configurations of a tiiplet of molecules.
la) The atomic permeation positions of the dipole heads. Libzational
permeation positions aze illustrated only in the upper fight-hand
cowmer. (b) A fwstiated configuration: A Z€Z0 net force iy felt
by eithez of dipoles 7 and 3. (c) Anothdr frustrated congiguration:
A zero net force is felt by dipole 3. Configurations (b) and (c) aze
thus not conducive to layezing. On the othez hand, (d) and (e} aze
configurations in which §wuastrations s zelieved by pezmeation,
espectively conducive to inter-digitated paztial bilayer A, and
the monolayer A, smectic spacing.
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along the Z-direction, for a nearest neighbour pair (see Fig. 6.14a).
In addition to discrete "atomic" permeations on a length scale
&/n (a few /3), where 4 < n< 8, small oscillations are of course
allowed on a subscale m6<<—r’]L . These "librational™ permeations can

be approximated to occur in m discrete subnotches within each notch.

Indekeu and Berker have obtained different theoretical phase
diagrams for different values of B/A, n, m and & . Figures 6.15a,
6.16a and 6.17a show the theoretical diagrams for two sets of values
for B/A,n,m and 6. The first one, viz., Fig. 6.15a evidently resem-

28 earlier

bles the pressure-tem er -ture diagram of QOBCAB reported
(Fig. 6.15b). The theoretical diagram shown in Fig. 6.16a when
considered for a/f values <0.466 is exactly similar to the pressure-

temperature diagram cp‘ DB9.0.NO, (Fig. 6.16b). On the other hand

2
the complete theoretical phase diagram (Fig. 6.17a) considered
over the entire range of a/2 values is very similar to the diagram

of DB10.0.NO,, (see Fig. 6.17b).

Thus the spin gasdmodel is able to reproduce satisfactorily
all the features of the experimentally observed phase diagrams
of reentrant and multi-reentrant systems. In fact the recent version
of theory has predicted an even more exciting reentrant sequence,
viz., N - Ay - N - Ay =N~ A = N=A = N-=A,. Such a sequence
has not been observed experimentally.
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