CHAPTER VI

EFFECTS (F PRESSURE N SMECTIC C PHASES

6.1 | nt roducti on

It has long been recognized that the temperature
variation of the tilt angle in the smectic C prase depends
very much On t he type of phase that exists immediately
after it at a higher temperature. If the higher temp—
rature phase is smectio A, then the tilt angle i. rather
andl and ehowa a strong temperature dependence.1,2,3
Purther it goes to sero at the smectic C ~ smectic A
(G-4) transition. (O the other hand, when a smectioc ¢
phase precedes a nematic phase, then the tilt angle is
comparatively | arge and is independent of %emperature.3,4
In addition to these two, de Vries.s very recently observed
a third kind of smectio ¢ phase in n-pentyl-4~(4'-n-decyloxy
benzylidene amino)cinnamate (PDBC) in which the tilt angle
i n smectic C phase is about 15°. But the tilt angle doer
not change significantly with the temperature even though
smectic ¢ phase precedes the smectic A phase. Moreover,
instead of going to zero, the tilt angle remains almoss
constant not only at the (C-A) transition but even after

it, i.e., even in smectio A phase. Hence it is quite
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interesting to carry out pressure studies on the

compounds exhibiting these three kinds of smectic ¢
phases With a view to see i f the pressure behaviour of
smectic C phases is related tOo the temperature variation

of the tilt angle at room pressure.

6.2 Compounds stmdied

The compounds studied are -

[EEEN

4-n-pentyloxy-4'~n-decyloxybenzoate (50 PDOB)
4-n-heptyloxy-4'~n~decyloxybenzoate (70 PDOB)

p~n-nonyloxybenzoic acid (NOBA)

= W N

n-pentyl-4-(4'-n-decyloxybenzylideneamino)cinnamate
(PDBC).

The structural formula of the compounds are given in

figure 6.1.

6.2.1. 50 PDOB and 70 PDOB: They are the 5%h

and 7th member of the homologous aeries 4-n-alkyloxy
phenyl-4'-n~alkyloxybengzoates. These compounds have
been synthesised by Schroter6 and also by Deutscher et al
and Steinstrasser. '° They are quite stable substances
with relatively | ow transition tenperatures, and hence
are particularly suitable for high pressure studies.

They were kindly given to us by Dr. Demus. Both these
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. 4-n-heptyloxy - 4 -n decyloxy Benzoate (70 PDOB)
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FIGURE 6.1: Structural formula of the ocompounds
studied
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compounds exhibit smectic C, smectic A and nematic
phases. The cal orimetric investigations revealed that
A44 transition is of first order characterised by shaxp
peaks iN the DSC runs. But the nature of the 0-4 $ransi-
tion doee not seem so olear since we could not detect
any elear peak which could be analysed in terms Of normal
transition enthalpy, thereby indicating the second order
nature of the (A~C) transition. Marther by observing
the textures, Demus et a.lg found qualitatively that $he
tilt angle in the smectic C phase of the compounds are
temperature dependent and tends to szero near the AC
phase transition. Therefore smectic C phase I N these
compounds belonge tO the first type,

6.,2.2, NOBA: Taie belongs to awell xanown homolo-
gous series p~n-alkoxybenzoic aoilds, the general disocussion

. 10 ..
of which was Qi ven by Qay. The transition temperatures

hare been reported by Gray and Jonest!

end by Herbert, 12
who also neasured tre transition enthalpies. NOBA exhibits
smectic C and nematic phases. 4ill the phase transitions

I n this case are of firet order involving significant
transition enthalpiee. Further the tilt angle in the
smectic C phase has been measured by Chistyakov €t all3

employing Xray dif fraction technique and also by Taylor
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et al“' by optical methode, From these investigations,

It has been shown that the tilt angle is sonewhat | arge
(about 45°*) and does not depend on t he temperature.
Further, there is no A phase, hence smectic ¢ phase in
thie case can be classified as belonging to the second
type. The sanple used in our study was synthesised in
our chemistry laboratory.

6.2.3: PIBC: n-Pentyl-4(4'-n-decyloxybmnsylidene
amino)cinnamate is also a well known compound which has
been synthesised according to the standard procedure.15

The compound was given to us by Dr, Mary Neubert.
Besides smectic ¢, there are smectic B and smectic A phases.
All the phase transitions except (0-4) involve significant
transition enthalpies and hence are first order, while
(C-A) transitionis either second order Or very weakly
firet order in character since we could not get any sharp
peak corresponding to (C-A) transition in the DSC runs,
Purther, de Vries neasured the |l ayer thickness not only
in smectic C phase but also i n smeectic A phase of the
compound. Figure 6.2 showe the plot of the tilt angle
as a function of temperature both i n smectic C and A
phases, which are estimated from de vries' data on | ayer

5

thickness of the compound. It is seen that the tilt
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angle being about 15* is much smaller than that in tho
case Of NOBA. Further, the tilt angle does not change
significantly at the 0- A transition. |t is quite evident
that the tilt angle in the A phase i S not zero as IS
generally assumed for A phase, but is approximately equal
to 15. Hence as per the classification of de Vries,
smectic C, in this case, belongs to the third type.

6.3 Experimental

The tramsition temperatures and the heate of

" transition have been determined by differential scanning
oalorimeter (Perkin Elmer DSC-II)., The tramsition %emps-~
ratures and enthalpies were determined froa two Or more
D30 runs. The transition temperatures were canfirmed by
thermal microscopy. The values, which are i n geod agree-
ment with the literature datag’“’15 are tabulated in

table 6.1.

The transition temperatures at hi gh pressure wore
determined using different types of cells depending on
the substances investigated and the range of pressure.
Further all the transition temperatures were measured in

the heating node only. The experiments on 50 PDOB and
70 PDOB were conducted using the opposed diamond anvil



oell described in ohapter II, since the experiments

have been oo nducted up to pressures of 7 kbar. The
diamond anvil cell data were brought to an absolute
scale by conducting a separate calibration experiment
using the DTA cell described i n ohapter II, on the same
compound. The solid-smectic ¢C gor smectic A) phase
boundary determined with the DTA oell were used t0 bring
the diamond anvil cell data to the absolute scale. To
check the reliability of the calibratiom, the data points
(on an absolute scale) for smectic A - nematic and
nematic - isotropic phase boundaries as determined by
two cells were compared i n the phase diagram (refer
figures 6.2 and 6.3) for these two compounds. |t is seen
fran the phase diagram of the compounds that there is &
very good correlation between the data obtained with the
two cells. Further, it is also found that the independent
set8 of measurements (not shown as such in the figures)

using the diamond anvil cell agree well with each other.

(n the other hand experiments were conducted on
NOBP usi ng a DTA cell since all the transitions are of
first order involving significant transition enthalpies.
But in the case of PDBC, transition temperatures were

measured as a function of prsssurs using high pressure
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optical cell by light transmission technique as described
in chapter II.

6.4 Reaults and discussion

6.41.  50_HXB and 70 PDOB: The P-T data for
50 PDOB and 70 PDOB are given in tables 6.2 and 6.3

and the corresponding phase diagrams are shown i n figures
6.2 and 6.4 respectively. The features of the phase
diagrams are (1) the range of nematic phase or its
stability increases with the increase of pressure,

(2) amectic A stability also increases with pressure,

(3) smectic C phase is bounded i n both the oases.

In the case of 50 PD(B, the range of smectic C
phase 1s 4.2°C. With the increase of pressure the rangse
reduoea rapidly and beyond a preesure of 1.32 kbar, tho
smectic C phase ceases t0 exist and the solid directly
transforms i nt 0 smectio A phase. The resulting solid -
smectic C - smectic A triple point is at 1.32 + 0.05 kbar,
76.8 + 0.7°C. The same belaviour Of smectic C phase
can be seean in 70 PDOB also, but it gets 'bounded' at
a muoch higher pressure, the triple point in this case
being at 3.40 1 0.05 kbar and 103 * 0.7°C. It ie

evidently because of the greater stability of smectic ¢
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Lgure 6.3: Phase diagram of 50 PDOB. O, ® represent data
points obtained using DTA cell and diamond anvil cell respectively
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HMgure 6.4: Phase diagram of 70 FPDOB. U, 6 represent
data points obtained with DZA and diamond mxwil cell respesctively.



phase iN 70 PDOB (as seen by thel arge range of emectic ©
phase compared to 50 PDOB) at room pressure. |t may be
recalled that a similar case of bounded smectic C was

observed earlier. 16

6.4.2. N¥oBA: The P-T data of this compound are
given in table 6.4 while the figure 6.5 represents the
phase diagram. As described already, this compound has
no smectic A phase but only smectic C and a nematic.

The tilt angle of the ¢ phase is independent of the
.tanpsrature. Jones observed for this compound only a

g ngle melting transiti on at a temperature of 93.3°C.

h the other hand, we have found that there are two solid
phases Kig and K; Thexe transitions are clearly seen

at room pressure both by DSC a8 well as by thermal nicro-
ncopy at a temperature 92.3°C and 9%3.6°C, We have followed
all the transitions, viz., KII - K

KI-O, C-N and

1
N - I as a function of pressure. The feature of the P-T
diagram is again the suppression of C phase at high
pressures. The triple point solid II = S, = K occurs

at 1,92 xbar and 164.0°C. It mey be mentioned that the
C - N boundary is practically straight up to the triple
point while in 50 DB and 70 PDOB, the C-A boundary has

a tendency to show a slight curvature as the triple point
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is approaohed. The range of solid | phase rapidly
inoreases with pressure being 1.3°C at 1 bar and 28°C
at 2 kbar. The range of the nematic phase also increases

but therate of increase is consideradbly slower than that

in 70 PDOB or 50 PDOB.

6.4.3. PDBO: As mentioned earlier the compound
POBO is unique for the fol | owi ng reasonss (1) the tilt
angle in Sy Phaee seems tobe more or less constant in
the entire smectic C phase and (2) there is N0 appreciable
change in the tilt angle at the (C - A) transition and
moreover, even the A phase al so retains the same tilt-

angle.

The P-T data for this compound are given in table
6.5 and the figure 6.6 represents the corresponding phase
diagram. The smectic C phase i8 agai n suppressed, and
the resulting smectic A -~ smectic ¢ and smectic B triple
point occurs at 1.57 kbar and 157.0°C. But the phaee
boundaries in this case show mudc greater curvature than
in NOBA. Further, the rate st which the range of Sq
phase decreases with the increase of pressure ia much less
here than in any of the three earlier cases. fThe Sy phase
has a range of about 4.7°C at 1 bar which changes very

slowy with the increase Of pressure, and at a pressure
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of 1 kbar, the range is still approximately 1.50. The
range of the smectic A phase shows an interesting deha-
viour as a function of pressure. It is 35.5°C at 1 bar,
but decreases to about 30°C at 0.7 kbar, beyond which it
starts increasirg. This is evident due to the curving
of ¢-A phase boundary towards the pressure axis which
becomes Mare prominent beyond this pressure. But tho
smectic A - isotropic phase boundary i s ailmost straight
at all pressures and the range of smectic B phase on the

other hand shows continuous increase with the pressure.

It 1looks as though the smectic C phase definitely
gets unstable at high pressures and finally ceases to
exist, This suppression of the smectic C phase at high
pressure Seems t 0 occur regardless of the type of tho
smectic C phase. The exact correlation between the tilt
angle variation and the nmaxi mum pressure of the smectiec C
stability would therefore be very interesting to study.
This oOf course requires a careful high pressure Xray
studies of the variation of the layer spacing of the

smectic C phase as a function oOf pressure.

6.5 Calaalation of dT/dP at one bar and the estimation
of the volume change at the transition usi ng Clausius-
Clapeyron equation

Por all the compounds studied by us, the data points



were fitted to the polynomial equation suggested by
Born, 17 viz., 'r? = To + AP ~ BP2, by the method of

| east squaxre fit. HOMthe initial lineaxr portion of

the phase boundaries, 4T/dP values at one bar have been
evaluated and are found to be equal to the value of the
constant A of the polynomial equation. The values of A &
B are listed in Table 6.6 along with the R.M.S. error.
Using the 47/4P values at 1 bar the volume change A ¥
aeeooiated with the various transition have been evaluated
using Clausius-Clapeyron equation, and the results are
tabulated i n table 6.7 along with the dT/dP val ues at room

pressure.

It |a seen from the table 6.7 that a®/aP is very
emall for all the transitions in 50 PDOB and 70 PD(B.
The G-A boundary particularly has extremely smal at/ap
values (about 6.78°C/kbar) when compared to that for
PIBC. The suppression Of smectic G phase in these two
compounds can be predicted by the aT/ap values for
smectic ¢ - smectic A transition which is much lower
than that for solid - smectic ¢ transition. In the case
of both K0BA and PDBC, 4T/dP values are much higher for
all the transitions. The variation of the transition

temperature with pressure is unusually large for K,-C



transiti on of NOBA when compared to C~N transition

t hereby indicating that the C phase will be bounded at
a hi gher pressure. The same trend oan be observed in
the case of PDBG, but it is quite interesting to note
that solid - smectioc B (melting) and smectic A -

isotropie phase boundary have the same value of 47/4P at
1 bar.
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TABLE 61

Transition temperatures and heats of transitions of
the compounds

Transition Heat -of

S.No. Compound Transition tenperatures transitionin

*c kJ/mole

K - C 64.0 46.03

%

1 500PDOB C- A 68.3 ©
A - N 79.9 1.13

N = I 8406 l&)

C - A 80. 5;E O

2 70 PDCB A-N 84.5 1.06

N -1 87.8 2062

KII _ KI 92.3 23.51

- G 93.6 2042

3 NOBA C - N 117.0 1.55
K - B T2.3 24.62

‘ ‘B - C 99.8 4.92

4  PDBAC G - A 104. 5% 0
A - I 14OQU 8034

*determined from optical microscopy
K - crystal , A - smectic A, B - smectic B,
C - smectic C, N - nematic, | - isotropic.
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Transition temperatures of 5 CHDCB as a function of pressure

Solid-smectic C

Smectic C-smectic A

Nemati c- i sotropic

(or SA)
Pressure  Temp. Pressure Terpjg. in
I n kbar fn °C I n kbar
room pre 64.0 room pr. 68.3
0.11 65.0 0.05 68.7
0.27 66.6 0.12 69,2
0.34 67.5 0.22 6918
0.48 68.7 0.29 70.3
0.56 69.5 0.33 70.5
0.72 71.1 0.35 70.7
0.89 72.0 0.38 71.0
0.91 72.5 0.45 T1.4
1.03 74.2 0.52 71.8
1.12 75.0 0.53 72.0
1.49 78.6 0.57 72.2
2.07 84.0 0.62 72.6
2.45 87.6 1.16 75.5
2.57 88.6
2.68 89.6
2.84 91.2
2.97 92,2
3.16 94.0
3.43 96.5
3.76 99,2
3.77 99.5
4.32 104.2
4.33 104.3
4. 85 108.3
5.29 112. 4
5.77 116 .2
6.37 120.8
6.8 124.5

Pressure in Temg&

kbar rn
room pr. 84.6
0.12 86.17
0.27 89.6"
0.34 90.7
0.51 93.5%
0.55 94.2
0.72 97.0™
0.87 99.5
0.95 100. 7™
1.10 103.3™
1.14 103.9
1.51 108. 7"
1.52 109.0
2.1 116.6%
2.22 118.0
2,35 119.5
2.65 123. 4%
2.7 124.0
2.88 126.2%
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Table 6.2 continued

Smectic A - NematicC smectic A - nematic smectic A - nematic
Pressure Temp, Pr essUre Te in Pressure Tamp.in
in kbar in °a in kbar mgb in kbar ‘g
room pr. 80.0 1.12 “91.5 5.78 117.8
0.05 80,3 1.16 92.1 3,8 118.2
0.12 81.0 1.45 95.0 4.15 121. 4
0.22 82.3 1.55 95.5% 4.3 123.0"
0.27 82.7" 1.51 95.6 4.33 123.1
0.29 83,0 1.7 97.6 4.63 125.7
1.88 9904 3
g‘:: :3’2 2.08 101. 5% 4.86 127.9
* 3. 2.18 102.5 5.5 133.0
0.38 83.9 2. 2 102.8 5,31 131, 7%
0.45 84.7 5.45 133,2
0.51 85.2 ® 5.78 136.0
0.5 2.45 105.2
o3 85.4 5.85 136.6
0.54 656 2.51 105.7
o 2. 6.10 138.6
2,62 106.8
0.55 85.7 ) ] 6.38 140.6"
0.62 86.5 2’;6 1§;'Zx 6.60 142.6
0.72 87.0% y . 6.8 144.0"
0.87 89.0 2.98 11041 ' '
0.92 89.6* .  3.18 112.3% 6.82 144.1
1.06 90.8% 3. 45 114.7 6.86 144.4

"transition tenperature determined by DTA experinent.
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Transition tenperatures of 7 OPDOB as a function of pressure

Solid - S, (or SA) Sg - S, N-1I

Pressure Temp Pressure Temp. Pressure Temp.

I N kbar Fn °0 I N kbar rn °C In kbar rn °C

room pr. T70.3 room pr. 80.7 room pr. 88
0.08 70.8 0.12 81.7 0.08 89.8
0.25 72.6 0.16 82.0 0.27 92.5%
0.34 73.5 0.21 82.4 0.42 9.2
0.45 74 .1 0.23 82.6 0.5 96.7
0.50 75.0 0.36 83.5 0.6 98,2*
0.85 78.5 0.41 83.7 0.89 102.7
0.94 79.3 0.63 85.5 0.94 103.5
1.35 83.2 0.87 87.3 1.35 109.2%
1.62 85.7 1.01 88.3 1.64 113.0
1.74 87.0 1.28 90, 1 1.77 114.3%
1.78 87.2 1.33 90.5 2.14 118.8
212 90.5 1.78 93.4 2.32 120.8"
2.31 92.4 1.96 94.5 2.4 122.0%
2.38 93.0 2.04 95.1 2.52 123.3
2.63 95.4 2.2 96.1 2.66 124.7
3.04 99.1 2.23 96.3 3.05 129.0
3.46 103.0 2.41 97.4 3,23 131.0
3.81 106.1 2.8 99.6 3,48 133, 6™
3.95 107.2 2.96 100.5 3,82 136. 7
4.33 110.7 3.23 102.0 3.92 138.0
4.57 112.7 3,97 138.5%
5.09 117.2 4.35 142,2
5.56 120.8 4.43 142.9
6.06 125.0 4.58 144, 2%
6.58 129 5.11 149 .4

5.55 153.0

«xacoOntd.
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Table 6.3 continued

S, = N S, - ¥ S, - N
Pressure Lemp. Pressure Temp. Pressure Tempt.
in kbar Fn °C I N kbar n °C in kbar rn °C
room pr. 94.5 1.35 97. 7% 3,47 118.0
0.08 85. 4 1.53 99.6 3.5 118.7%
0.12 85.6" 1.64 100.6 3.82 121,0
0.% 85.9 1.76 101.6™ 3.93 121.2
0.21 86.5 1.78 101, 9 3.98 121.9
0.23 86.6° 1.81 102.0 4.34 126.2
0.26 87.0 1.96 103.7 4.43 126.6
0.27 87. 2" 2.04 104. 5% 4.58 127.8%
0.36 88.0 2,13 105.3 5.1 132.2
0.42 88.5" 2.2 106. 1 5.15 132.6
0.5 89.5 2.23 106.3 5.55 136.0%

0.6 90.2 2.32 107.0* 5.65 1%6.8
0.63 9. 7" 2.39 107.6 5. 73 137.5
0.82 92.5 2.41 108.0 6.06 140.1%
0.87 93, 0" 2.52 109.0% 6.23 141.2®
0.89 93,2 2.65 110.2% 6.4 142.8
0.94 93, 7¢ 2.8 111.7 6.55 144.0%
1.01 9.3 2.96 113.0%*

1.28 97.0* 3,05 114.0%

1.33 97.4 3.23 115.7

®rransition tenperature determned by DTA experiment



Table 6.4

Transi tion tenperatures of NOBA as a function of pressure

Transition tenperatures in °C
31l. Pressure

No. in kbar OLID II=- SOLID | - SMECTIC C- NEMATIC-
OLID | SMECTI C ¢ NEMATIC ISOTROPIC

1 1 92.3 93,6 117.5 142.5

2 208 103.25 - - 150.0

3 210 - - 122.8 -

4 313 104.25 107.25 - -

5 420 106.5 117.8 - 156.5

6 423 - - 127.8 -

7 425 - - 128.8 157.3

8 625 110.5 - 133.0 -

9 630 - 118.0 - -
10° 635 - - - 162.8
11 833 115 126.25 - -
12 842 - - 138.0 -
13 850 - - - 169.0
14 1027 119.25 133 - =
15 1037 - - 143.0 -
16 1050 - - - 174.5
17 1210 123.25 ° 139.5 - -
18 1215 - - 147.8 -
19 1235 - - - 179.0
20 1470 128.5 - - -
21 1480 - 149.25 154.3 -
22 1500 - - - 184.75
23 1567 130.8 - - -
24 1582 - 152 156.6 -
25 1630 132 - - -
26 1650 - 155 - -
27 1785 135 - - ~
28 1800 - 160.5 161.0 -
29 1850 138.1 165 - -
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Table 6.5
Transition temperatures of POBC as a function oOf
pressure
SET 1
Sl. Pressure Transition tenperatures in °C
No. 1IN kbar == B- C C- A 2-1
1 roompr. 72.3 99.4 105.7 136.6
2 0010 78.37 104,96 109,13 141.18
3 0.21 82,40 108.36 111.53 144,50
4 0.31 86.16 113.03 116,51 148,17
5 0.41 89.18 117.25 120.55 152.03
6 0.52 91.44 122.33 123.84 155.60
7 0.62 95.00 126,56 128.31 159.47
8 0.72 97. 21 130. 12 131.56 163.22
9. 0.83 100.48 134.14 135.34 165.49
10 0.93 103.25 137.56 138.86 170.26
11 1.04 106.00 141.58 142.43 173.26
12 1.14 107.76 145.20 146.0 177.70
13 1.24 110.78 148, 20 148.96
14 1.35 112.54 150,97 151.72
15 1.45 114.54 153.48 153.73
16 1.55 117.55 155.74
17 1.66 119,32 160.52
18 1.76 121.08 162.27
19 1.86 122.58 164.78

20 1.97 123.59 166.04




Tabl e 65

Transai ti on temperatures of PDBC as a function of pressure

Set 11

_ Transition temperatures in °C
31. Pressure in

No. kbar Solid - smectic B- smectic C- smectic A-
smectic B smectic C smectiec A Isotropic

1 room pressure 72.3 99.4 305.7 136.6

2 0.10 78.51 104. 1 109,23

3 0.21 82.60 107.96 112. 74

4 0.31 86.43 113.13 117.29

5 0.41 89.138 117.33 120.30

6 0.52 91.64 122,33 124.70

7 0.62 95.31 126.71 128,21

8 0.72 97.17 130.59 131184

9 0.83 10D, 56 134.14 135.14

10 0.93 103.45 137.66 138.57

11 1.04 106.53 141.75 142.36

12 1.24 110,92 148,35 148.96

13 1.35 112.54 150.87 151.45

14 1.45 114.73 153.48 153.78

15 155 117.65 156.25

16 1.66 119.52 160.25

17 1.76 121.18 162.52

| |
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Tabl e 66

Constants A & B of the pol ynom al equation
T = T+ AP - BP?

P

SI. ) . A B ROMCSO
No. Compound Transition (kbar) (kbarz) exger
A - X 10,70 019 1 0.2%

N -1 16.40 0.07 1 0.49

C- A 7.0 0.40 + 007

2 70. PDOB A- N 10,10 0.15 £ 0.19
N -1I 15.70 0.73 T 04

Kr1%1 2. 08 4.55 1 0.40

- 2

3 NOBA K; - © 40,98 2.34 T 0.48
C - N 27.54 1.54 i 0044

N- | | 35.68 501 0%

K - C 41,22 T.78 + 0.51

4 PTBAC B- C 47.43 6.65 i- 0.48
“C - A B5 316 I 0.39

A- | 40.01 5.14 T 0.49
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Table 6.7

(dT/dP)1 bar and vol une change AV at transition

(ar/ap)
tbar AV in _
@. Compound Transition °G/kbar co/gm x 10 14
A - N 10050 706
N — I 18.48 21.1
K- C 10.15 319.4
C- A 8.42 A0
2 70 PDCB A- N 9.84 6.2
N - I 18. 42 28,6
K11~ %1 32.1 182.5
KI -C 41,0 102.5
3 NOBA C- N 27.5 41 4
N - I 3507 70.40
K- B 41,22 617 84
B - C 47.44 131.25
4 PDBAC ¢ -4 38.25 0
A- | 40. 00 170. %5
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