CHAPTER II

DESCRIPTION OF THE EXPERIMERTAL SET UP

21 | nt roducti on

The design Of tho experimental set up for high
pressure investigation of liquid erystals presents certain
probdlems Wwhioh are not normally encountered in the study
of the eolid state, suoh as containment of the liquid
crystalline material, low heats of transition, hi gh
‘chemical reactivity with moat containing materials, etc.
In addition to this, liquid orystals are aleo xnowt tO
react With all pressure transmitting media, liquid or
solid, which results in a drastic reduction in the
transition temperatures, even if there i S a minute
contamination. If gas iS used as the pressure transmi-
tting zedium, then 1t gets dissolved in the liquid
orystalline sample and NO msaningful msasurements ocan be
mede  PFabrication of a high pressure oell for liquid
orystals must therefore be done taking into aceount all

" fhres types of cells have deen used i n

these prodblems.
the present study, vis., an optical cell with sapphire
windows, diamond anvil cell and DTA cell. e description

of these cells forms the subjeot matter of $his cnapter,



2.2 Optical High Pressure Qell

Optical transmisal on technique was the esarliest
method t o be ueed for the study of liquid erystalline
transitions at high pressure.z’z’ More recently, this
technique hae been extensively uaed with considerable
success Dy Keyes et al, 4,5,6 by Pollmann et 317’8 and
by Oladis et a1.9'1° This technique i S extremely useful
for the study of different types of ligquid orystalline
transitions including the smectioc C - smectic A transition
which cannot be detected by ot her technigues |ike DTA,
volumetric, etc. |n this section, Wwe shall give, i N
detail, the constructional as well as the design aspects
of the optical high pressure cell and describe its working.

2.2.1. Description of the optical cell

The schematic diagram of the basic parts (hardware)
of the high pressure optical cell is shown in figure 2.1.
It consigts of a cylinder machined out of a low alloy
hardenable Indian steel called EN24 which has the compo-
sition of 0.4% ocarbon, 0,2% silicon, 0,55% niokel, Thig
steel which is roughly equivalent to the widely used
AISI 4130 type, can be hardened to great strength by =zeans
of martensitic transformation. The alloying elements, in
addition to increasing the hardenability of the alloy also



Sample Chamber

Figure 2.1: Schematic diagram of the basic parts.
(hardware) of high pressure optical ocell
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contribute With some solid solution strengthening.

The various parts Of the ¢ell are machined and heat
treated tO a strength of about 40 RG. The two plugs,
which Serve to keep the sample assembly in positiom,

are also made OUt Of the same material and heat treated
to the saze hardness as the oell body, The holein the
cell body fOr pressure comnection consists of two stages,
a smaller hole (about 1.2 mm d4ia) which extends from
the interior of the body to about 23 of the thiciness
(this hole ende in a 60° cone taper with a 2 == opening)
and which in turn joins a larger hole bored (10 mm in
dia and 1 ocm in depth) from the outside. e opening

of the top and bottom of the cell have a dia of about
30 ecm and are threaded (14 Thd BSW)., PMgures 2.2 and
2,3 are the schematic diagrams of the oell body and the
pluge. Both the plugs and the body are fully maraged,
the plugs have, on the outside, threads which exactly
match those that cut in the pressure oell. |t is impor-
tant t o have a wide viewing angl e without reducing the
etrength of the plug. Por this purpose, a 70° taper is
provided i n both the plugs. 2he plugs have a snal |
protrusion On the inside which are made optically flat
by handlapping. ®wo slots are medke on the plugs to
faoilitate the tightening of the plug into the cell
body.
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The complete assembly Of the cell is shown
schematically i n figure 2.4. The detailed drawings
of each part of the cell are givenin figures 25 to
2.10. V¢ have shown, for the saxs of better visualisa-
tion both the cross sectional and the top view of each
component. The liquid orystalline sample is in the
small central chamber Of the high pressure aell and the
two steel plugs seal the chamber at both ends. It 1s
connected t0 the oil pup by means of steel pressure
tubings and a hole is drilled from the chamber t O the
outside of the cell. W& shall describe below the con-
struction as well as working of the various parts of the
optical cell.

2.2.2. Sample chamber

In order to develop hi gh pressure in the sample
chamber, It is essential to have atight seal along both
boundaries Of tre caps. one for the central hole and the
other along the ¢ircular boundary of the chamber against
the cap, The reason for the second seal is because the
threads of the cap alone are not sufficient to hold the
cap tightly against the main body of the cell. e high
pressure Nnormally raises the cap only slightly, but this
is sufficient t0 meke a thin clearance between the aap
and the oell body, Ieading to aleak of the oil tothe
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outside. This leak i S avoided by pl aci ng @ neoprene
'0' ring around the junction. 48 the Oil pressure increases,

the '0' ring is pushed to the sorner and the seal is made
at the point where the '0' ring touches the cell body.
Once the seal is achieved, 0il camnot |eak out. The only
problem is that at sufficiently high pressure, the '0°
ring itself extrudes through the smal gap between tho
cap and the seating of the cell body. This eventual
breaking of the seal naturally results in the leak. This
problem has been solved by the use of an 'anti extrusion

ring' =

An anti extrusion ring is aring of steel with
a triangular oroes section. The schematic diagram Of
the anti extrusion ring is shown in figure 2.10. This
blocks the extrusion of the '0*' ring, while the '0' ring
keepe the oil frem leaking out. The seal at the central
hole of the cap is made with highly polished sapphire
windows and a snal | washer mede of thin aluminium foil.
The hi gh pressure of the oil keeps the sapphire $ight
against the cap and the aluminium foil fills up any
crevices On the surface of the cap. This provides a
fairly efficient seal. The '0' ring a8 well ae the
sapphire windows are held in position initially by the
outer apaoer made of EX 24 (figure 2.5).
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2.2,3. Encapsulation of the sample

Az menti oned earlier in the chapter, liquid
orystals react with the pressure transmitting oil. I#%
i s therefore imperative t o completely encapsulate the
sample so that the pressure transmitting fluid does NOt
come iNtO direct contact with the sample. Thie is achieved
by using fluran tubing. Fluran is soft, flexible and
is fluoro elastomeric in composition. It does not react
with liquid erystal and can be used up to a maximum tempe-
rature of about 300°0, It 18 al SO soft and transmits

pressure very well,

As seen in the schematic diagram (figure 2.4),
the central hole of the upper cap is sealed by a sapphire
window which also forns a part of the sample assembly.
A thin section of the sample i s sandwiched between this
sapphire and a second sapphire Which is essentially free
ag it isnot used to seal the cap. These twoO sapphire rode
sandwiching the sample fit snugly inside the fluran tube,
and an effective seal is realised by tightly wrapping a
thin steel wire round the tubing at the sapphire windows
(figure 2.11). The inmer spacer (low pressure sealer)
washer and tbe spring center the bottom sapphire of the

sample assembly and keep it under alight tension. The
third sapphire which i s completely isolated from the
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sample assembly seals the bottom end of the pressure cell.
The space between this third sapphire and the bottom
sapphire of the sample assembly i S occupied by a glass
rod which reduces the amount of oil between these two
sapphires, thereby inereasing the intensity of the $rane-
mitted |ight, The thickness of the sample can be fixed
at any desired value by choosing washers of required
thickness. Normally a sample thickness of 100 t0 200 u=

was used i N our experiment.

2.2.4. Description of the heater

As 1t is required t0 JO t O temperatures of about
250°C, it i S necessary t0 design a heating system which
heats the entire pressure oell to the required temperature.
Figure 2.12 represents the schematic diagram of the heater
and the ocooling jacket, Te heating system consists of
an aluminium oylinder whose internal diameter is so
machined that the pressure cell could be push fitted into
It and hence the heater oylinder also acts as a binding
ring, RBight through holes are made along the length of
the oylinder and the heating element8 are introduced i N
each of these holes. These heating elements are welded
together in series = that we have a net effective heating
capacity of about 1 kilowatt, which can heat the entire
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optical cell t 0 the required temperature, A radial
hole waa mede on this heater to facilitate the taxing

out of the pressure tubings from the pressure oell to

the outside. There iS another small radial hole for

the introduction of the thermocouple (sheathed in a
ceramic tube) which measures the temperature sensed by
the sample. The thermocouple junctin i S SO located xnat
it just touohes the cell body. No holes are made On the
cell body for the insertion of the thermocouple since

that would considerably wesken the cell body. There will
be, of course, a gradient in the temperature of the sample
and that sensed by the thermocouple junction. This
temperature gradient aleo depemds On the rafe of heating
of the sample. Therefore careful calibration experimenta
using different rates of heating are pefformed using
which the true temperatures of the sanpl e could be computed.

2,2.5. Description of the cooling jacket

It 18 al SO necessary t 0 cool the sample at a
controlled rate while doing a numbe of experiments. This
| S particularly necessary When recording a transition
involving supercooled phases like t he reentrant nematie
phases O a number Of compounds studied by US. It was not

possible to control the temperature of the cell in the
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soeling mode by merely varying the current through the
heating element. This is mainly due to the large thermal
capacity Of the cell. A cooling jacket into which the
oell can be press fitted is made of aluminium, By
suitably soooping out material from the Jjacket and by
closing the top of the jacket with the aluminium 1id
provided with two sets of nozzles, water can be passed
iNnto the jacket without any |leak, These noszles are 80
located that water passes through practically the entire
circumference of the jacket, thus making the cool i ng
system very efficient.

2.2.6, High Pressure Plumbing System

The schematic diagram of the high pressure plumbing
system used in the present Study is shown in figure 2.13.
A hand pump (PPI, USA) is used tO generate the pressure
in the cell, Pine variations Of pressure are achieved
by using a pressure generator with rather a small displace-
ment capacity. This generator is essentially made Of
316 stainless sSteel and 1/-4 rE stainless Steel, with
teflon packing. The |ine pressure, whioh IS nothing but
the pressure experienced by the sample, is measured by

Bourdon type gauge connected iN lin€. Three two-way valves
vV, andtwo '?* joints, all of whioh are capable of with-

standing a line pressure of morethan 10 kbar, are used
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Figure 2.13: Schematic dlagram of the high pressure plumbing
system
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in the plumbing system. Pressures are measured tO an

accuragy of * 10 bare.

2.2.7. Determination of the phase transition
temperatures

Migure 2.14 gives the schematic representation Of
the experimental set up used to determine the phase iransi-
tion temperatures. Light from a He-Ne |aser (Spectre Physics
2 W) wee made t o0 fall on the sample in the optical cell
and the intensity of the transmitted light was monitored
oontinuously by a photocell (Motorola, USA, MRD 300).
The output of the photocell measured as a voltage across
a fixed resistance of 1 XJL was fed to the XI-axis of a
high sensitivity strip chart recorder (Riken Denshi F43P).
Tnhe temperature of the sample was neasured by a thermocouple
(calibration experinment being performed as described below)
used i N conjunction with a digital multimeter (4:5L digis).
Keeping the pressure constant at any fixed vel ue, the
temperature of the sample was varied at tho rate of
approximately 1 to 2°C/minute. This rate isthe same a8
that used in the temperature calibration experiment. At
the phase transition there would be an abrupt change i n the
intensity of the transmitted light. The transitiom tempe-
rature at any pressure could be determined to an aocuraocy
of £ 0.025°0C.
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2.2.8. Temperature calibration of the cell

For the temperature ealibration of the cell during
heating mode, several standard organic compounds of high
purity were used. The compounds &5 well aa their melting
point are listed in table 2.1, The plot of the melting
point of these compounds sz measured i N OUI experimental
set up versus the mel¥W ng point as given i n the standard
table is shown in figure 2.15. |t is seen that the plot
is linear with a constant slope of 0.993 which is there-
fore used i N computing the true sample temperature for

all our experiment i n the range of about 50°C to 200°C,

8ince the crystallisation temperature of these
compoundes depends on the rate of cooling, quantity of
sample taken, etc. (i.e., the degree of supercooling is
a function of the experimental conditions), the saxe
compounds cannot be used for the temperature calibration
of the cell during the cooling mode Por this purpose,
some liquid crystal transitions which are highly
reproducible were used i n the cooling mode The materials
used in the calibration of the cell in the ecooling mode
are 1isted i N Table 2.2 along with the transition tempe-
ratures as measured with the polarising microscope f itted
with a hot stage Mettler FP52. The plot of this temperature
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versus the transition temperatures as measured | N our
experimental set UpD is shown in figure 2.16. The plot
is again a straight linein the entire tsmpsrature range
investigated thereby facilitating the caleulation of the

true temperature of the sample in the ¢ooling mode.

2.29. Pressure calibration of the cell

In order to check the working of the cell, we
conducted the first experiment on para-agoxyanisole (PAd),
perhaps the mogt widely studied liquid erystal under high
pressure. In all, there have been twelve determinations
of ar/ap?:3+11-20 4y these data ate tabulated im
table 2,3. Of these 12 neasurenents, 8 agree quite well

while the renai ning 4 appear to be rather low (in at
| east two instances, namely, Deloche et 2112 and

Tikhomirova et 3115

the values might hove been affected
by the contamination, of the sample as the authors them-
selves have indicated). Rejecting these four, the average
value of aT/aP for aolid-nematic and nematic~isotropic
transitions are 31.3°C/kbar and 47.7°C/kbar which are
probably accurate within a few 3 The data obtained
using the cell described above is given in table 24.
Pigure 2.17 gives the P-T diagramof P4i Up tO & pressure

of 2 kbaxr. The value of dT/dP at 1 bar obtained by |east
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Yigure 2.17: Pressure calibratiom of the high pressure
optiocal cell - phase diagram of PAA.
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square Tit of the experimental data for solid-nematic
and nematic-isotropiec transitions to a straight line

are 32.15°G/kbar and 48.03°C/kbar respectively, which
are in very geod agreement with the average value of the
previous determinations. |t mug also be mentioned that
the experiments were conducted by both increasing and
decreasing the pressure and it was found that the $ransi-
tion temperature at any pressure was independent of the
pressure cyoling. 'Phis showed that the sample in the
cell was subjected t 0 hydrostatic pressure during the

experiment.

2.3 Diamond Anvil Cell

The optical cell described in the previous
section can be used t 0 a pressure of about 4 kbar. But
we had to go to pressures beyond 4 kbar in some experi -
ment~(see chapter V). For these experiments, an opposed
diamond anvil cell specially fabricated by Shashidhar and
Rao? ! for high pressure Iray and optical studies Of the
liquid erystal has been used. V& shall describe this

cell in brief and then discusse its working.

The schematic diagram of the cell is givenin

figure 2,18, Essentially the cell is similar t0 that
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designed at the National Bureau of Standards Dy Piermarini
and Block22 for the study of solids at high pressure.

All the components of the cell except the parts which

seat the dianonds are made of stainless steel 310. The
translating piston plate and the piston hemisphere, which
seat the diamonds were made of & high strength steel, vis.,
high carbon and high chromium (HGHO) Steel cansisting oOf
2% carbon and 12%chromium. This was heat treated tO &
hardness of about 60-65 RC i n order to be ableto take the
| oad when the diamonds are pressed together, A spring
loaded lever arm sssembly is employed to generate a uni-
formand eontinuously varying force by rotating the
pressure bOlt, to which a graduated screw head i S attached.
By rotating the pressure bolt through known angles (as

read on the graduated serew head), thelever arme ¢an be
roved dom  Tnis will, inturn, nore the pistonin com~
tact with the piston pressure plate up, thereby maki ng

the diamond anvils t 0 press against each other,

2.3.,1. The anvils, their alignment and their use
I n the gasksted configuration

Bach anvil is a brilliant cut gem quality atone
(approximately 1/3 carat) with the culet removed by

grinding, the ground faces are then polished to form an



octagonal flat surface, One of theanvils is cemented
t 0 the translating plate whil e the other anvil is fixed
to the piston hemisphere by epoxy. Using the Allenhead
screws | N the piston assembly, the anvil in the hemi-
sphere is suitably tilted to obtain parallel anvil
surfaces. The parallelism of the anvil surfaces was
ascertained by observation of interference fringes

t hrough a low power microscope. Tne other anvil fixed
to the translating plate can be positioned for axial
aligmment by the three screws inits seating. The two
anvils are thus positioned to have a commn axis. Once
the alignment is done, two screws fixed to the seating
of the plate in the cell body, fasten the plateto the
body. %he alignment then becomes permanent. It is
retained so long as there i s no indentation i n the netal
support holding the diamonds. The high carbon high
chromium piston hemisphere and the translating plate
could be used for several experiments without any visible

sign of indentation.

The anvila were used in the gasketed configuration

as hown in figure 2.19. Inconel and waspaloy whi ch sre

22,23

often used as gaskets were found to be unsuitable

for containing the fluid sample at the relatively low
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pressures Of interest in our study. After trying out
various materials like lead and nickel, it was finally
found moat useful to use aluminium as the gasket materiel.
It was also found necessary t 0 make the anvil fases of
slightly different area so that when the anvils are pressed
together, the flow of the gasket material around the
conical surface of the smaller area anvil acts as a
supporting belt to the gasket. In this manner, two

iImportant functions are achieved:

1 The liquid crystal sanple is maintained under
hydrostatic conditions for long periode of time

without any pressure | eaks, and

2 the cell, which is normally used for pressures
beyond a few tens of kilobars only, is found
applicable % pressures as low ss a few hundred

bars.

Pypically, the gasket was about 1 =m thick with a central
hole of 1 wm dianeter. Two guide holes are provided near
the edges of the gasket. These holes match the guide pins
In the translating piston plate. The guide holes and the
pins facilitate the alignment of the gasket. Wen the
gasket is poeitioned inside the cell with the help of the

guide pins, the alignment shoul d be such that the central
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hole is at the centre Of the anvil faces. This has {0

be ascertained before the sample is filled i n the gasket
hole. Otherwise, the material surrounding the Bole may
flow amd olose up the hole due t 0 non-uniform compression.
The sample Wes finely powdered and packed into the hole

i n the gasket avoiding air pockets. The moving piston
was placed in position over the gasket and the piston
pressure plate wes pressed against the piston by rotating
the pressure bolt. The part of the cell body surroundiag
the translating plate and t he hemisphere were enclosed

In an electrically heated furnace provided with a suitable
aperture for the passage of laser beam.

2.3.2. Transition temperature measurement

The cell body is provided with a 2.3 mm hole from
the side near the piston and the #translating plate.
Phrough this hole, a ceramic tube containing the thermo-
couple could be inserted. The ceramic sleeve of the
thermocouple was so positioned that the junction just
touahes the periphery of the gasket. To measure the
temperature of the eample in the gasket, a ehromel-
alumel thermocouple was used | N conjunction with a
4-% digit panel mater. A temperature calibration was

necessary since there was always a difference between the



temperature experienced by the sample and that sensed
by the junction touching the gasket. This was carried

out by taxing several standard OrganiCc compounds ¢f high
purity waiech are listed in Table 2.1,in the gasket hole
and observing their melting point. Since the melting
temperature of these cwmpournds are known, a calidbration
graph can be drawn. Such a graph was obtained for a w de
range Of temperatures, viz,, room temperature tO about
180°C. This graph was used for all further determination
of the temperature of the sample i n the gasket.

At any fixed pressure, the transition temperature,
were determined by the saze way a8 that in the ¢ase Of
optical oell described in 2.2.7.

2.32.3, Measurement of pressure

The pressure experienced by t he sample | n a diamond
cell i s normally determined by the ruby fluorescence
technique developed by Porman et a1,%4 This was refined
to a greater precision by Piermarini et al. 25 In this
methad, a small fragment of ruby, placed with the sample
I N the gasket, serves as a continuUOus pressure sensor.
Fluorescent R |ine emitted by the ruby, excited by a high
intensity light beam, can be analysed for wavelength
dieplacement due t o the effect of pressure. The pressure

51



experienced by the sample can be determined by the

spectral shift of the pressure dependent ruby R line.

But the method described above could not e adopted
INn the present work. Thie is because, the pressure shift

of the ruby fluorescence line is extremely smll, approxi-

° 22
mately 0.36 A per kbar.

Thus, even with the best
commercially available monochromator system, one cannot
determine pressure variations t0 an acocuracy better than
+300 bare. This accuracy iS not adequate since, as
already stated, we are interested in fine variations of
presgsure. Hence an indirect but nevertheless accurate
met hod was employed. |nthis, an 'in situ' optical deter-
mination of the transition temperature of the sample in
the oell was made as described earlier. The P-T diagram
of the sample, determined acourately by differential
thermal analysis techanique, was used to read the pressure
experienced by the sample. The accuracy of the pressure
values estimated from the P-T diagram is approximately
+15 bare. The efficacy of the method i s eelf evident
later when we discuss the results pertaining to multi-

critical points like 'NAC' point.



2.4 Differential Thermal Analysis (DTA) Cell

As remarked earlier, in order to bring the diamond
anvil data t o an absolute scale, it is necessary to hare
a knowledge of the (P-T) phase boundary of at |east one
transition of the same compound. A convenient method of
obtaining the phase boundary is therefore with the D24

cell. Another situation wherein the DTA cell becomes very

useful is When it is required t o asoertain whether a
transition is first or a second order in character. A
coaxial DIA cell designed by Reshamwala and ShashidharZ®
for liquid orystal has been used in the present work.

A 200 ton hydramlic press which incorporates the piston
cylinder device was used to generate the pressure in tae
DEA sxperiments. V& shall give a very brief description
of the press and the DT4A cell used in these experiments.

2.4.1. Peatures of 200 Ton Hydraulic Press

A schematic diagram of the assembled 200 tOon hydraulic

prees incorporating the piston cylinder device is shorn in

figure 220. This press which offers facilities {0 conduct

DTA experiment Up t 0 a pressure of 20 kbar has the following

important features,

1 Use of an end load pressure to keep the pressure
plate al ways under compression to prevent its
bursting during the experiment.
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2 Use of a cooling assembly t0 keep the pressure
plate always at room temperature while the sample
cell assembly iS heated .t o higher temperatures.

3 Fine controlling of pressures to an accuracy Of
1 5 bare even under static conditions using reli ef
valves.

The linearity of the pressure measurements was
checked by determining the variation of resistence Of the
manganin gauge with pressure using a \Myne Kerr Bridge
(Model B642), The true pressure on the sample were deter-
m ned by obtaining the phase diagram of freshly distilled
a1, and using it as a secondary standard. The accuracy
of the absolute pressure measurements i s reckoned to be

of the order of +2% over the entire range of our study.

2.4,2, QCoaxial DTA Cell

It is well known that D?A is a sensitive probe
to detect the liquid crystalline transitions at high
pressure. The figure 2.21A4 gives the schematic diagram
of the coaxial DTA cel I26 used in the present experiment.
The sample i s oontained in a capsule made of PTFE of normal
grade (hereafter referred to as Teflon). The advantages
of using teflon are that it does not react with any of
the liquid crystalline materials and that it can be pressure
sealed easily. The capsule is provided with a teflan oOap
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Figure 2.21: A) Schematic diagram of DPA Csll
B) Details of the sample capsule

8) Thermoomuple leads, (b) £ erami
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coupler” (k) baupia, (1) eracpieoFsyo(d) sample therne-
{n) talc body, ﬁ‘)‘ Pyrophyllite ring, (p3 + Fate

stainless steel disc.
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(figure 2.218) which is press fitted into the capsule
after filling it with the sample in an inert atmosphere
in the isotropic phase. Chromel and alumel wires are
pierced through the cap and a junction i S made so that
this junetion sits amidst the sample When the oap is
fitted into the sample capsule. The teflon cap has a
central bare into which another teflon plug can be fitted.
The reference junction, also made from chromel-alumel
wires, is pierced through this plug and positioned so
that it is separated from the sample by about 1 mm of
teflon. By thie we have achieved twoO important thingss
(1) the reference and the sample junctians, both bdelng
surrounded by teflon are heated almost tO the same extent
during the experiment, and (2) since the sample thermo-~
souple junction is immersed in the substance, We can

detect even faint first order transitions,

Oonsidexri ng that the use of aliquid transmitting
media i S 1mpracticable,26 the obvious pressure transmitting
media i s talc which is known to be hydrostatic to 85 - 90 %.
The sample capsule i s suitably surrounded on all sides by
talc as shown in figure 2.214 so that the pressure
gradient are minimised. The entire unit slidee into a

cylindrical sleeve of graphite which acts as a heater.
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The temperature profile i n such a graphite heater used
in conjunction with a piston eylinder device will in

general have a non-uniform temperature gone near the ends

and a constant temperature zone i N the region of a geo-

metrical centre Of the heater. 27

By keeping & number Of
probes along the axis of the graphite oqylinder, it was
found that the constant temperature zone was about 8 =xa
long, the temperature variation within this sone bei ng
less than 0.25°C. The length of the zone diminishes for
temperatures above 250°C. The heights of the top tale
dise and the bottom tale pad are now so adjusted that the
sample is well inside the constant temperature gane.

In order to bring out the thermocouple wire from the

hi gh pressure area t o the atmospheric pressure region

the thermocouple leads are threaded through a four hole
ceramic tube and connected to the appropriate wires coming

out of the cap o the teflon cell by epot welding.28

The heater assembly is then inserted inside a thick
talc body. The outer diameter of this talc cylinder is
machined so that it can just slide inside the 25 mm hole
of the pressure plate. A pyrophyllite oone kept on the
tale disc has & OOne angle exactly matching tho c¢ame

steel

angle Of the atainleulpiscc kept on the top of it (see



parts c and e in figure 2.216). \Wen pressure i S applied,
the stainless steel cone which i s touching t he top of the
graphite heater comes into contact with the groove pad,
whereas the bottom of the graphite heater is connected
through a bottom stainless steel enclosed by a pyrophy-
llite ring to the pressure plate. The groove pad and

the pressure plate bei ng insulated from each other, serve

a2 convenient ends t hrough which current can be passed
through the graphite heater. The heater i s powered by a
high ocurrent, | oW voltage transformer which has a maxi~
mim output capacity of 200 amps at 20 volts. The input
voltage on the primary side of the transformer can be
varied continuously with the help of a variable speed
gear box which is coupled to an autotransformer. This

permits t o select any desired rate of heating.

The difference i n temperature between the sample
and reference junctions (AT) was fed to a Keithley
nanovolt amplifier (Model 140) whose output wae di spl ayed
on the Y axis of a Riken Den .shi X-Y recorder (Model F43),
The sample temperature was simultaneously read on a
digital millivoltmeter. An amplification of 1000 was
used to record nost of the liquid crystalline tramsitions.

The Sensitivity on the Y axis was suitably rsduced to
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record the solid-liquid erystal transition. |n series
with the differential A 7, a gero suppression unit was
used t 0 aupprees the thermocouple signal with a resolution
of one microvolt. The variation of thermo e.=m.f. with
pressure i S negligible in the pressure ranges of our

interest.28

2.4.3. Pressure Calibration and Measuremsent

As already described, the linearity of the pressure
measurements was ensured by measuring the variation of

8,29 immersed

resistance With pressure Of manganin gauge2
in silicone oil filling the aample capsule. |t was obser-
ved that in the pressure range up t o about 8 kbars, the

variation was linear.

The | i ne pressures were measured by a calibrated
transducer (type PT21UA made by ISRO) reading to an
acouracy of +0.2%. However, this is not the true pressure
experienced by the sample. The true pressure is less than
the |ine pressure, the correction being dependent upon the
thickness and the grade of the teflon used and also on
the inside geometry of the cell. The phase diagram of

the freshly distilled cCl
30

4 was obtained and on comparison

with that of Bridgman's” |t was noted that our data
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agreed with those of Brdigman's within 2 to 3% over the
entire range of pressure investigated. Also, PAA, a

wi dely studied liquid erystal (see sectian 2.2.9) was

used as another secondary standard. The val ues obtained
for this compound was again i n agreement with the earlier
data. Hence the accuracy of the abeolute pressure measure-
ment is reckoned to be about 2% over the entire range

of pressure studied.
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TABLE 2.1

Temperature calibration of the optical cell
during heating

S.No. Compound Transition Actual  (bserved

Tgxézp. Tgxéxp.
1  Agzobengol. melting 68.5 68.6
2 Benzil ) 95.0 95.43
3 Acetanilidine '!' 114.0 115.02
4  Phenacetin '''? 137.0 137.62
5 Benzanilid e 163.0 164.49
6 PAA ﬁgHgt_lc 118.0 118.81
7 PAA insecr)??toig_ic 135.0 135.92
8 HOAB S - Sc T74.4 75.0
9 HOAB S; - X 95.4 95.52

10 HOAB N-1I 124.2 125.0




TABLE 2.2

Temperature calibration of the optical cell

during cooling

Transition temp. °*C

ﬁé: Compound Transition aS measured ON measured
gtggztler hot ggtmugxptl.
1 HOAB N-1I 125.0 120.53
2 HOAB C~-N 95.5 91.65
3 PAA N - | 135.0 130.57
4 PAP N- | 166.50 163.22
5 8 0CB N - | 80.5 75.33
6 T0PDOB N- | 86.0 80.85
7 TOPDOB A- N 84.5 79.10
8 CBOOA KR-1I 106.90 103. 95
9 CBOOA A- M 82.5 77.84
10 8 0CB A-N 67.0 62.78




TABLE 2.3

4d2/4P in °C/kbar for PAA

. Solid- Nematic-  Techniques
Pl Investigators nematic isotropic used
Hulett 32.0 48.6 Optical
transmission
2 Puschin and 25.6 30,5 volu::ma‘cr:[c11
Grebenschtschikow
3 Robber echt 32.0 48.0 Optical 3
transmission
4 Deloche et al 24.5 27.0 NMR 12
5 McColl and Shih _ 46.3 ymr'3
6 Chandrasekhar et al 32.0 47.0 pratt
7 Tikhomirova et al 23.2 31,3 prA!®
8 Klement and Cohen 31.0 48.0 DTA16
9 Baskakov et al - 31.4 valume’t:ricr7
10 Spratte and Schneider 29.5 50.0  Dra'®
11 Stishov et al - 45.9 Piesometric:19
12 Venkatesh et al 31.2 47.0 DTA20
13 Present work 32.15 48.03 Optical

transmission
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TABLE 2.4

Paraazoxyanisole (PAA)

118.0
Solid

Nematic

135.0

Isotropic

Transition temperature °C

S1. Pressure in
No. kbar Solid-nematic Nematic-
isotropic
1 atmospheric pr. 118.0 135.0
2 0.10 123.0 141.50
3 0.21 126.19 147.15
4 0.31 128.94 151.04
5 0.41 131.93 155.38
0.52 135.23 158.67

7 0.62 138.12 163. 50
8 0.72 141,16 167.60
9 0.83 144. 40 172.53
10 0.93 147.15 177.32
11 1.03 149.64 181.31
12 1.14 153.13 185. 56
13 1.24 155.38

14 1.35 157.87

15 1.45 160.86

16 1.55 164.11

17 1.66 166.60

18 1.76 169.54

19 1.86 172.34

20 1.97 174.83

21 2.07 177.32

bJ
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