CHAPTER V

THE SEARCH FOR AN NAGC POINT IN A SINGLE
COMPONENT LIQUID CGRYSTALLINE SYSTEM

5.1 I ntroduction

Of late, there has been a considerable interest

in the NAC multicritical point. Wme such a point was
first suggested, the two proposed theoretical explana-
tions of It were quite different. Chu and Momllanl
proposed a modd in which the smectic G has the dipolar
order parameter of McMillan's theory2 while t he order
parameter corresponding to smectic A was the one
dimensional density wave described i N theories of
Kobayashi,” McMillan? and de Gemnes.” The tilt of tne
director away from the layer norml entered the model
somewhat incidentally through a gradient term coupling

6onthe

the two order parameters. hen and Lubensky,
other nhand, found an NAG point in a mode wherein the
only order parameter considered wes the one dimensional
density wave The tilt of the director relative tO the
layer normal is a central feature of this model and
oocura when the coefficient of the transverse gradient

term becomes negative. From the experimental point of



view the differences between the two models are
essentially two fold. Firstly, in the Chen and Lubensky
mode (CGL model) NAC point is a type of Lifshits point7
which |leads to the predicti on that Xray scattering in

the nematic phase in the vicinity of NAQ point falls off
in the transverse direction as KI", rather than the usual
£;° predicted by Chu-MeMillan modd (@ model). Secondly,
the nematic—-amectic C (N~G) transition entropy is sero

I N the CH model while it is finite in the CL model.

The first observation of the NAC point was by
Johnson et a1® who on the basis of differential scanning
calorimetry measurements and thermal microscopy studies
reported that the temperature-concentration disgram of
binary mixtures of heptyl and octyloxy-p'~pentylphenyl
thiobenzoate (7S5 and 8S85) shows a NAC polyoritical
point. 0z the two compounds, 7S5 shows smeetic C and
nematic phases while 385 exhibits smectic G, smectic i
and nematic phases. W the mole fraction of 785 in
835 iS increased, the range of the smectic A phase
decreases and finally at a concentration of about 423,
the smectic A phase is bounded, resulting in a NAGC point
(figure 51 ). The important features observed by Johnson
et al from the differential scanning calorimetric studies
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are (1) smectic A - smectic C (AC) transitions are
continuous and show little or no pretransitional effects,
(2) the smectic A - nematic (AN) transitions are conti-

nuous and show rather strong pretransitional effects

which vanish as the NAC point is approached, (3) the
smectic C - nematic (CN) transitions are very weakly
first order and show very week pretransitional effect,
(4) the point where the second order AN and CA boundaries
and the first order ON boundary intersect is a multi-
critical point. They have also presented a phenomenologi-
cal Landau type theory which qualitatively describes the

9 have also disco-

observed phase diagram. Sigaud et al
vered a binary liquid crystalline system which exhibits

the NAC point with a slightly different topology.

As mentioned earlier, Chen and Lubensky termed

the NAC point as Lifshitz point. However, Safinya et al,10
on the basis of high resolution Xray studies and De Hof f

et al ,“ on the basis of precise ac calrometry measure-
ments have concluded that the NAG point is definitely &«
a Lifshitz point as proposed by Chen and Lubensky, but is,
instead a multicritical point. An NAG point has never bean
observed i n a single component system and hence we have
undertaken pressure studies on a number of compounds with
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a view to observe such a point in the P-T diagram of

a single component liquid orystalline system. \& present
hero, the results of two compound8 (kindly given to us
by Dr. D Demus), viz., N-(4-n-pentyloxybengzylidene)-4'~
n-hexyl aniline (50.6) and 4-(4-n-decyloxybensoyloxy)
benzylidene-4'-cyanoaniline (10 BBM).

52 Pressure studies of 50.6

5.2,1 Compound: The structural formula of
N-(4-n-pentyloxybenzylidene )~4'-n-hexylaniline (50.6)
is shown i n figure 5.2. This compound belongs to the
well known n0.m series which wes synthesised by Snith

ot al.1?

It must also be mentioned that the compound
exhibits 5 smectic phases at atmospheric pressure, But,
since our interest is essentially restricted t Ot he
transitions involving nematic, smectic A and smectic C
phases only, We have not studied the higher order smectics
I N the present investigations. The temperatures and the
heats of transition at atmospheric pressure, as determined
by Perkin-Elmer Ds¢-2 differential scanning calorimeter

are given in Table 5.1.

5.2.2 Experimental: The P-T diagram was obtained

by using the opposed diamond anvil cell described i n



N- (4 -n-Pentyloxy benzylidene)-4-n -Hi

apniline

Figure 5.2: Structural formula of N-(4~n-pentyloxy)-4-
n~hexyl aniline (50.6) |



) AT

chapter 11. A1l the transitions could easily be
detected by optical transmission technique. The data
obtained us ng the diamond anvil cell were brought to
an absolute scale by conducting a calibration experiment
using a differential thermal analysis (DTA) oell which
is also described in chapter 1I. The transition %tempe—
ratures could be measured t 0 a relative acouracy of
+0,1°C and the pressure to * 15 bars; the absolute
accuracies are reckoned to be about £ 1°C and £ 2%

respectively.

5,243 Results and discussion: |In all,five

different sets of measurements were carried out (each
time using a fresh sample), one set with the DTA cell and
the rest with the diamond anvil cell. Frst, the DI4
cell was used to obtain the B¢ and AN phaae boundaries
up to 8 kbar, Then the diamond cell wes used to record
all the transitions BC, CA, AN and NI. The BC phase
boundary determined with the DTA cell was used to bring
the diamond anvil cell data to an absolute scale. To
check the reliability of the calibration, the data points
(on an absolute scale) for the AN phase boundary as
determined by the two cells were compared; <these are

shown i n figure 53. It oan be seen from the figure that
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Figure 5. 33 The AN phase boundary of 50.6. @ data peints
using DPA cell, O data points (representing
4 independent sets Of measurements) using the
diamond anvil cell.
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there 18 excellent accord between the data obtained

with the two cells, and further that the five independent
aete of measurements using the dianond anvil cell agree
well with each other. After the completionzfeaoh set of
measurements, the sample in the gasket Wes removed and
ito transition temperatures (at atmospheric pressure)
ware determined. They were found t o be exactly the same
a8 before the commencamett of the experiment, thus con-

firming that the material did not suffer any decomposition.

The P-T data of this compound are given i n Table
5,2 and 53. The complete phase diagram is shown in two
parts, for convenience of presentation of the data; the
measurements up to 4 kbar are shown in figure 5.3 while
those fOr pressures between 4 kbar and 8 kbar are shown
on an enlarged temperature scale in figure 54. It is
seen that the temperature range of smectic A phase dimi-
nishes with increasing pressure. This range whicah i s
8,9°C at 1 bar, becoming aa small as about 0,7°0 at 4 kbar
(figure 5.4). At higher pressures the range of the A phase
decreases even further but the rate o deorease is very
slow. At 8 kbar, the naxi num pressure up t 0 which we have
studied this compound, the range of smectic A i s about

0.4°C (figure 55). Had the resolution of our experimental
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set uUp been less than what it is at present, we might
have concluded that ¢C-A and A-N phase boundaries inter-
sect at about 4 kbar. However, tie precision of our
data shows that thie is not in fact the case. V¢ can
therefore only infer that the NAC point for this compound

will probably occur at a pressure higher t han 8 kbar.

It mey also be mentioned that it has been theore-

tically predicted by Banguigu.i13

that a tricritical point
should precede the NA¢ point whiech wes previously referred
to as Lifshitz point. Special care was therefore taken
to see from the DTA experiment of the AN transition line

14,15 |t Wes observed that the

shows a tricritical point.
first order character of this transition diminishes with
increasing preseure up to about 4 kbar (figure 5.6).

But beyond this pressure, the change i s hardly detectable.
The AN transition remains first order though weakly ao,
right up to 8 kbar (figure 5.7). This perhaps is partly

the reason Why the NAG point is not observed i n 50.6.

5.3 Pressure studies of 4~(4-n—decyloxyb(enzoyloxy)
bensylidene—4'-cyanoaniline (10 BBJA)

5.3.1 Compound: |t wes recently reported16 that

4{ 4-n-octyloxybebzoyloxy]benzylidene-4'~cyanvaniline

exhibits a reentrant nematic phase at atmospheric pressure.
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7 synthesised several

Subsequently, weissflog et a1
members of this homologoue series which sxow a remarkable
sequence of transitions. The transition temperature8 of
these compounds as observed with a polarising microscope
are given in Table 54. 4as seen from the table, the

first four homologues show only normal nematic phases

with a large temperature range and also metastable

smectic A phases. The octyloxy compound shows an addi-
tional stable phase, viz., reentrant nematic. But in

the higher homologues, the reentrant nematic phase is
metastable in character. Mog surprisingly, in the
decyloxy derivative whose structural formula i S shown
infigure 5.8, the smectic ¢ phase exists besides reentrant
nematic and smectic A phase. This wes the first observa-
tion of smectic C liquid crystal campound possessing a
strong longitudinal dipole momait. W& have conducted a
high preesure study on this compound, viz., 4(4-n-decyloxy
benzoyloxy)benzylidene-4 '-cyanoaniline (10 BBCA) with a

view to see i f NAC point can be obtained at high pressures.

5.3.2 Experimental: Experiments were conducted

using a high pressure optical cell described in chapter I1I
with light transmisa On technique as the probe since we

had gone up to a pressure of about 3.2 kbvar only. A1l the
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4 (4-n-decyloxy -benzoyloxy) benzylidene -4'cyanoanilines

Mgure 5.8; Structural formula of 4~(4-n-decylaxybensoyloxy)
bensylidens~4 '~cyanocaniline 10 BBCA
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transitions were easily detected by this technique. In
all, two independent sets of measurements were conducted
and the data from these two independent sets of measure—
mente Were self consistent thereby confirming the reproduci-

bility of the measurements.

5.3.%. Results and discussion: Table 55 gives

the transition temperatures and the transition enthalpies
as measured by a Perkin Elmer DSC-2 differential scanning

calorimeter.

Since the NI transition temperature is rather hi gh
(242°C) at ore bar, this transition has not been studied
as a function of pressure, essentially because t he seals
ueed in the pressure cell become soft and unusable for
temperatures higher than about 245°C. For the same reason,
the AN transition has been followed only up to about
100 bars. O the other hand, the melting transition and
the monotropic smectic A - smectic ¢ (A -~ C) and smectic G--
reentrant nematic (0-RN) transitions all occur at relatively
lower temperatures and therefore can easily be followed.
Figure 59 shows the complete phase diagram while the p~T
data are given in Table 56. The interesting result
emerges that the range of smectic C which is initially
13°0 at 1 bar decreases quite rapidly with the increase of
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pressure and the C phase i S campletely bounded at

520 bars, thus resulting ina Bl - C - A point at

0.52 kbar and 86.0°C. The region of the phase diagram
surrounding this point is shown on an enl arged scale i n
figure 5.10. Experiments have also been conducted using
the DTA cell to determine the nature of the transitions
close to the RN - C - 4 point. It wes observed that

RN - C and C - A transitions are more or |ees continuous
i n nature, but the RN - A transitionis definitely first
order i n character. In other words, it appears that the
two second order phase boundaries, vie., RN - Cand ¢ - A
culminate and continue as a first order RN — A phase
boundary. V& have thus obtained a new kind of multieritical
point namely RN - C - A point at 0.52 kbar and 86.0°C in
this compound.

As regards to the topology of the p-T diagram, the
following features mey be seen from the enlarged phase
diagram shown in figure 510. The RN = C and RN - A
lines are not continuous through the RN - C - A point.
The C= Alineis straight till very close to the RN - C - A
point and approaches it sl ightly obliquely. The RN - A
boundary appears to have a curvature right from the BN - g = A

point. It is to be mentioned that on the basis of the topo-
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logy alone, 1t is hard to make any definitive conclusion
regarding the nature of this point. Experiments like
measurements of elastic constants, high resolution Iray
studies, ete. are required to be conducted at high
pressures in order to provide more information concerning

the nature of this point.

It ie to be noted that the rest of the phase diagram
(figure 5.9) is also quite interesting. Beyond a pressure
of 1.7 kbar, the RN - A phase boundary starts curving
towards the temperature axis as it is indeed expected since
It should form a part of the elliptical phase boundary
whioh should join the AN phase boundary. Owing to the
problem of going to high temperatures i n the high pressure
optical cell (as described earlier) we have not been able
to follow the complete elliptical AN phase boundary. It
mey also be noted that the smectic A phaee is bounded on
heating at 2.90 kbar, 171.0°C, but it, of course, continues

to exist beyond this pressure on cooling.

Summarising these results for these twO compounds,
although the NAC point has proved to be elusive in the case
of 50.6, we have been able to find a new multicritical
point, viz., RN - C = A point in the case of 4-(4-n-decyloxy-
benzoyloxy)-benzylidene~-4'~cyanoaniline.



Table 5.1

Transition temperatures and heats of transition
of 50.6

Temperature Heats of transition

Transition °g OH in kJ/mole
smectic B-smectic C 51.5 2.45
- smectic C-smectic A 52. 7" 0
amectic A-nematic 61.6 0.80
nematic-isotropic 72.6 1.05

*deter mined by thermal microscopy



Table 5.2

Temperatures of Sg - S, S, =N and N - | transitions of
50.6 as a function of pressure using DTA cell

Sp = 5 S N
InKbar.  tnd:  PISSMES oSt ioibar  iam:
room pr. 51.3 room pr. 61.4 room pr. 72.6

0.52 58.0 0,53 67.5 0.3 79.2

059 50.0 0.59 68.0 0.66 86.8

0.78 61.3 06 a1 Q8L 90.0

1.4 70.2 0.78 12. 4 1.01 94.2

1.63 733 1.40 81.4 1.29 100.3

1.88 T5.3 1.63 84.4 1.54 105.2

2.04 78.9 1.86 86.8 1.85 111.0

2.07 79.3 2.07 90.9 2.12 116.2

2.41 84.2 2.41 95.2

2.72 89.0 2.72 100. 1

2.82 90.3 2.82 101.7

2.97 92.4 2.94 103.0

2.98 92.6 3.06 105.0

3.06 93.7 3.18 106.2

3.17 95.0 3.68 113.7

3. 68 ©102.7 3.74 114.8

3.74 103.2 o 3.92 117.0

3.92 105.5 4.06 119.2

4.06 107.5 4.15 120.3

4.25 110.2 4.47 125.1

4,46 113.8 4.89 130.6

4.86 119.0 5.11 132.9

5.1 122.5 5.57 139.4

5.56 128.5 6.23 147.1

6.23 137.2

6.7 144.2

T.25 150.2

7.86 157.7




Table 5.3
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Transition temperatures of 506 as a function of pressure

using diamond anvil cell
SET |
s1. Pressure Transition temperatures in °0
No. kbar 55 - S 5, - Sa 5, - N
1 0.10 51.8 54.0 62.8
2 0.17 52.9 55.0 64.0
3 0.20 53.2 55.5 64.2
4 0.25 54.0 56.3 65.0
5 0.34 55.2 57.8 66.1
6 0.85 62.7 66.4 13.4
7 1.0 64.7 68.8 75.5
8 1.20 67.4 72.1 78.3
9 1.40 70.3 75.8 81.1
10 1.55 72.5 78.2 83.2
1 2.03 79.0 86.3 90.0
12 2,20 81.8 89.0 92.7
13 2.54 86.3 94.8 97.3
14 2.91 91.6 100.8 102.7
15 3.02 93.0 102.2 104.1
16 3.25 96.3 106.1 107.7
17 3.40 98.3 108.5 109.8
18 3.56 99.9 110.4 111.5
19 3.87 105.0 115.7 116.5
20 4,02 107.0 118.0 118.8
21 4.15 109.0 119.9 120.5
22 4.47 113.4 134.5 125.1
23 4.63 115.4 126.7 127.3
24 4.72 117.0 128.0 128.6
25 5.23 123.9 134.8 135.3
26 5.52 127.9 138.7 139.2
27 5.0 129.0 139.8 140.53
28 5.94 133.5 144.0 144.6




Table 5.3

Transition tenperatures of 50.6 as a function of pressure
using dianond anvil cell

Set II
1. Pressur e Transition tenperatures in °C
ND. kLgr Sg ~ 84 Sg - 8, S, - N
1 2.22 81.8 87.5 93.0
2 2+24 82.1 2.0 93,2
3 2.35 83.6 91.8 94.8
4 2.38 84.1 2.1 95.0
5 2.43 84.7 93.0 96.0
6 2.52 85.9 94.6 97.2
7 2.66 88.1 97.0 99.1
8 3,02 93.0 102.4 104.5
9 3.32 97.2 107.0 108.8
10 4.36 112.1 122.0 122.7
11 4.50 114.1 124.9 125.5
12 5.10 122.3 133.0 133.6
13 5.25 124.3 135.0 135.6
14 5.43 126.8 137.2 137.8
15 5.48 127.5 138.1 138.7
16 5.94 133.5 144.0 144.5
17 6.17 136.4 146.9 147.4
18 6.78 144.6 153.8 154.3
19 7.08 148.4 157.0 157.5
20 7.50 153.70 161.1 161.6
21 7.75 156.0 163.0 163.5




Table 53
Transition temperatures of 50.6 as a function of pressure
using D amond Anvil Cell
Set III
Transition temperatures in °C

No. o Sp - Sg Sg - S, s, - N
1 0.15 52.7 54.8 63.6
2 1.05 65.2 69.7 76.2
3 1.34 69. 4 74 .8 80.9
4 1.42 70.5 76.0 81.6
5 1.55 72.3 78.1 83.2
6 1.90 77.2 84.2 88,2
7 2.15 81.0 88.4 92.0
8  2.27 82.5 90.5 93.7
9 2.42 84.5 93.0 95.8

10 2.55 86.5 95.0 97.6
11 2.63 87.4 96. 2 98.8

12 2.7 88.7 97.5 99.8
13 2,80 89.9 99.0 101.0
14 2.90 91.2 100.8 102.7
15 3.12 94,3 104.0 105.8
16 3.34 97.6 107.8 109.0

17 3.38 © 98, 1 108.0 109.1

18 3.48 99.6 109.8 110.8

19 3,67 102.2 112.8 113.5

20 3.73 102.8 113.5 114,2

21 3.80 103.9 114.6 115.3

22 4.02 107.09 118.0 118.6

23 4.05 107.31 118.3 119.0

24  4.43 112,65 123,7 124.3

25 5.67 130.0 140.8 141.2

26 5,77 131.3 142.0 142.5

27 6.0 134.45 144.8 145.3

28  6.12 136,01 146.1 146.6




Table 5.3 ; 1.2

Transition temperatures of 50.6 as a function of Pressure
using Diamond Anvil Gl |

SET 1V
S1. Pressure Transition Temgeratureﬁ In_°C
No. I N kbar S = 3¢ ¢~ Sa N -1
1 0.20 53,25 554 5 64.2
2 0.27 52.37 56.4 65.2
3 0.3 54.81 57.0 65.6 79.2
4 0.35 55.26 58.0 66.2
5 0.4 56.15 58,7 67.0
6 0.49 57.48 60.2 68.1
7 0.62 59.26 62.6 70.0
8 0.93 63.49 67.5 74.5
9 1.38 69.94 75.6 80.8
11 1.83 76.39 83.0 87.3
12 2,23 81.95 89.9 93.0
13 2.67 89.96 96.7 99.0
14 2.78 89.99 99.0 101.0
15 3.0 92,17 102.0 104.0 132.2
16 3.48 99.6 109.5 110.6 140.6
17 3.67 102.2 112.8 113.5
18 3.73 102.86 113.5 114.2
19 3.80 103.98 114.6 115.3
20 3.85 104.8 115.2 116.2 147.2
21 4,05 107.31 118.3 119.0
22 4.1 108.3 119.0 119.8 151.7
23 4.43 112.65 123.7 124.3
24 4.7 116.80 127.7 128.2 161.2
25 5.07 121.77 132.5 133.0
26 5.16 123.0 133, 7 134.2 168.7
27 5.67 130.0 140.8 141.2
28 5.77 131.3 142.0 142.5
29 6.0 + 134.45 144.8 145.3
30 6.12 136.01 146.1 146.6
31 6.13 135.9 146.2 146.7 182.5
32 6.92 146.24 155.7 156.2
33 7.01 147.58 156.3 156.8
34 7.54 153.59 161.6 162.0




Table 54

Transition temperatures (°C) of nBBCA

(Reference 17)

n Cr RN SG SA N

4 . 137.5 - - - (101) - 299
5 ¢ 122.0 - - + (102) - 280
6 ¢ 115.0 = - - (84) - 272
7 - 115.0 - - « (68) +« 265
8 . 108 . 152 - . 198 . 255
9 e 97 (+ 94) - . 224 - 247
10 . 00 (+ 66 + 79) . 232 . 242

Cr -z solid crystal

SA, S, - smectic A, smectic C
nematic

Isotropic

N
C

The numbers are the transition temperatures (°C).
Brackets denote monotropic phases.



Table 55

Heats of transition of 10 BBCA

. temgiiﬁiﬁf:ég] (°¢) Heats of transi~
Transition Met';I or 50 tion i N kJ/mole
K - S, .8 8.3 39.92
S, - N 231.8 231.6 0.72
N-1I 242.1 241.9 1.32
S, — Sg (76.2) (76.6) 0.0236™
Sg - RN (65.1) (64.7) 0.0485

( ) indicates monotropic transition

®rhe transition peak i s not sharp and hence the
val ue i s not very accurate



Table 56

145

Transitions tenperatures of 10 BBCA as a function

of pressure
SET | .

Sl. Pressure

Pransiti on tenperatures in °C

No. in kbar heating cooling
s-s, Sa~Y w-1 S, -8; Sg- M
1 roompr. R, 8 2318 221 7’2 k1l
2  0.10 108.0 78.17 69.2
3 0.14 109.23 79.33 70.79
4  0.17 109. 46 79.83 71.8
5  0.21 109.93 80.34 72.8
6 0.24 110.63 80.84 74.06
7  0.28 112.03 81.34 75,32
8  0.31 113.20 82.34  78.07
9  0.35 114,13 82.85 78.33
10  0.38 114.83 83.35 80.59
11 0.41 116.77 83. 60 81.34
12 0.43 116,0 84.10 82.5
13 0.45 116.23 85.38 83.86
14  0.48 117.4 85.86 84.60
S, - K
15 0.55 119,26 87.62
16  0.62 121,37 89.63
17 0.69 123,47 92.05
18  0.83 126.03 95.91
19 0.97 130.7 102. 45
20 1.10 133.5 108. 22
21 1.24 137.94 112.49
22 1.38 140.98 116.76
23 1.52 144.98 120,02
24  1.66 147.48 123.54
25 1.8 151.0 128.31
26 1.93 154.5 132.08
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Table 5.6

Transition tenperatures of 10 BBCA as a function Of

pressure
Set 11
S1. Preia:rs]ure Transition tenperatures {°G)
No. tpar heating cooling
s-s, 8 -N N- | S, - S Sy - Ry
1 room pr. 99.8 231,8 242.,1 76.2 65.1
2 0.07 106.63 - - 77.42  67.78
3 010 108.30 235.8 - 78.17 69.53
4 0.14 108.9 - - 79.33 71.09
5 0,17 109.5 79.58 72455
6 021 110.16 240.0 80.34 73.80
7 0.24 110.87 80.84 74.80
8 028 111.56 81.34 75.86
9  0.31 112.97 82.09 77.07
10  0.35 113.9 82.6 78.33
11 0.38. 114.37 82.85 79.33
12 0.40 114.6 82.85 81.4
13 0.41 115.77 84.35 82.04
14  0.43 115.83 84.8 83.05
15  0.45 116.93 85.06 83.35
16  0.47 85,2 84.0
17  0.48 117.87 85.86 84.6
18  0.50 85.9
19  0.52 118,80 86.11 Sa-RM.
20 055 119.97 87.37
21 059 88.37
22  0.62 121.13 89.63
23 066 122.54 90.63

continued.. .



Table 5.6 conti nued

Transition temperatures(®c)

g, FPressure _
No. k!ogr heati ng cool i ng
S-8 8§ -N N - S, - R
24 0.69 123,24 91.89
25 0.76 125.10 93.6
26 0.90 127.67 97.42
27 1.07 131.17
28 0.72 124.1 93.01
29 0.79 126.0 95.09
30 0.86 127.5 96.5
31 1.17 136.5 109.6
32 1.31 139.4 112.96
33 1.45 143.1 116.7
34 1.59 147.1 121.6
35 1.72 150.15 126.5
36 1.86 153.5 129.07
37 2.28 160.3 146.4
38 2.48 165.0 151.4
39 2.62 167.0 159,97
40 2.76 169.5 164.48
41 2.90 171.32 169.5

42 3.03 173.18 175.29
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