CHAPTER II

A HIGH PRESSURE X~-RaY CELL FOR LIQWID CRXSITALS

2.7 ZXntzoduction

Although a variety of high pressure «xparimntn‘
have been conducted ON liquid orystais, wery few high
preagure X—ay studies, which are important; i n wnder-
standing the structural ehanges an a molecular Level
have been oarried out. The need was therefors felt
for the construction of a high pressure Y-ray sell
suitable fOr liquid oxrystal studies. After considering
various possible aells fOr suweh & study, ¢ was thought
that an opposed diamond anvil call would be the most
convenient one fOr the purpose. The first diamond
envil cell, a device foxX producing high pressures by
compressing materials between two opposed dimmond
anvils, was developed by Wier et al.? at the National
Bureau Of Standards, USA. Since that time, the cell
has been modified eztanaivalys and refined I N several

resesrch laboratories fOr various specific applications



like visual obsexvations of the effect Of pressure and
tenmperature an solids undergelng polymorphic trang—
tomat&ms_;w X~ray diffraction studies on both poly-

erystalline and single crystalline materials,® 19

16~19 20~21

infrared spectroscopy, Raman soattering,ete.
However, most of flesme oxperiments were conducted on
solide, with OX without gaskets, and for pressures
beyond a few tens of kilobare. OUn the other hand, the
range of pressures over vwhich liquid crystals san bs
studied is much less than even 10 kbar. This IS
because the phase transition temperatures usually
inerease With increasing pressure according to

Glauaiua~Clapeyron uquaﬁo‘n‘

making it imperative to
go t 0 high temperatures if one has t0 study liquid
orystals beyond a few kilobars. At such high tempe-
ratures, liguid exystals are known {0 decompose. dlso,
It ie Of great interest to study by X-ray techniques,
the variation of the layer spacing of smectic ligquid
crystals by varying the pressure by small intervals.

Considering theae requirements, an opposed anvil high

46



pressure cell With special features which are of
relevance to its applicabllity {0 the Z~ruy as well as
optical studies on liquid exyetals wars developed for
the first time. The details Of its construction and

operation will be desoribed | N this chapter.

2.2 DESCRIPTION OF WHE CELL

The schematiec diagram of the cross section of
the assembled cell is ahown | N figures 21 - 23 he
scale drawings Of the wvarious parte of the oall are glven
in figures 24 =~ 2,16. A photograph of the asssmbled

cell isgivenin figure 217.

All the camponents of the oell, except the
parts which seat the diamonds are made ¢of stalnleas
steel %10. The translating piston plate and the piston
hemisphere, which Seat the diamonis, \WGE made Of 5
high strength steel, viz,, high carbon high chromium
(HOHO) steel. This was heat treated tO a hardness O
about R#C 60-65 i n oxder to be able to take the load

when the diamonds are, pressed together. A spring
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loaded lever arm assembly | S employed t o generate a
und form and contimuously varying foros by rotating the
pressure bol%, to which a graduated sorew head i S

attached (figure 21 ).

The cell body is made from a 1" thick stainlesa
ateel plate. Figs.2.4 amd 25 show ithe bottom and top
view of the cell body. A ride view Of the cell body is
shown i N figure 26. A2 seen | N figure 24, the cell
body has a seating on the right hand side, for the
translating pieton plate. Three side holes drilled 4in
the seating, 120* apart, have three 36 HF thread screvws
in them., These screws can position the %ranslating
piston plate i n the seating. The side view of the cell
body (figuxre 2.6) shows two %-" rean holes tat A and B
The hole at A i S for the body rod (figure 2.7) and that
at b 48 fOr mounting the pivot NUt (shown i n figure 29).
The body rod i s affixed t 0 the body using the body sod
mts (figure 2.7(bj]. 'The shoulder toO shoulder length
of the body rod is adjusted such that a minimum of

0.002 = 0.003" c¢learance i S allowed when the | ever
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armas are assembled tO the cell body and the body rod
nuts are tightened { O the shoulders of the body rod.
Also, We diameter of the body red is adjusted to fit
sragly into the reamed hole in the oell body. The
thrust generating pressure dbolt (figure 2.8) is machined
out of a 1%“ diameter stainleas steel rod. The head of
this bolt has a 0.2%" hole. A matehing rod slides through
this hole. The pressure bolt can be rotated by small
angles by meang Of this sod. The gcrew of the pressure
bolt, wiose diameter i Sp" with 20 threads per inmch,
moves | N the pivot nut (figure 2.9). This pivet Nut i s
affixed to the oell budy by means of pine (figure 2.10)
which fit snugly iN the ream holes (at B, figure 2.6)

of the body.

The two identical lever amms (figurves 2.11 and
2.12) which are attached t 0 the oell body, are capable
of rotation abont an axis passing through the body rod.
Bach arm (figures2.11 and 2.12) has a curved step At ore
end {B) while t he other end (A) hae slots with bearing

surfaces. The curvature Of each step has A diameter Of
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% " and this matches the diameter of the stud of the
pressure bolt prate (figure 2.13a). The slots at the
other end of the lever arm ere made to mateh the lever
arn washers. [The washers accommodate t ho vtuds of the
piston pressure plate (figure 2.14). The piston pressure
plate has & cirocular pit which exactly fite the extended
poxrtion of the piston (figures 214, 2.15a)., When the
pressure bolt ie rotated, the bolt plate presses the

lever arm davn and the pieton preassure plate pushes the

piston up, towards the cell body.

The platon (See figures 2.% and 21 5a) Sits smoothly

I N aeylindrieal hole provided i n the eell body. The Sit
of the piston tO the hole i N the cell body is critical

and it should be a8 close as possible. The piston has a
through hole, along its axis, having & critical angle of
~30%. ihe other side of the piston (opposite to the

one in contact With ihe pressure plate) has a spherical
surface With a radius of ourvature U.406 2 0,001". This
curvature of the piston exuctly matches the ourvature of

the CONVEX suxface of the piston hemisphere (figure 2.15b).
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For a perfect fit. hamd lapping of the two contact
surfaces | S neceassary. Three 2-56 Allenmhead pull screws
are provided i n thethree holes ef the piston., These
acrewa werk through the threads i n the hemisphere and
their enis reach theflat surface of the hemisphere When
the hemisphere is assembled into the piston and the screws
tightened uniformly. Using these screws, the hemisphere
could be tilted by small anglee (5% approx.). The

hemisphere is therefore called the tilting hemisphere.

The tilting hemisphere scats one of the diamond
anvile iNa pit made at the centre. The other diamond
anvil is fixed at the centre of the piston plate (figure
2.16a) which is Opposite tO the hemisphere. The piston
plate has a through hole of about 1 mn dismeter alovg its
axis. Three 56 Allenhead grub screws (figure 2.16b)
which are 120° apart provided i n the seuting (Bee figure
2.4). permit a translational adjustment of the platein
Ite seating. Hence it is ealled the translating piston
plate or the transiating diamond mount plate. Both the

translatory movement Of the fixed anvil and the tilting
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FIGURE 2.17

Photograph of the assembled high pressure
X-ray cell



of Me moving piston anvil are required fox an acourate

alignment Of the anvil faves.

Thus, by rotating the pressure bolt through known
anglez {ae read On the graduated screw head) force is
applied through the pressure bolt plate. The studs of
the plate press t he lover arms down. The lever amm
agaembly transmits the pressure { 0 the piston pressure
plats. The plate is in contact with the piston containing
one of the diamond anvils. This anvil presses against

the opposing dlamond anvil fixed %o the translating plate.

2.3 The anvils, their aligmment snd their usein
the gasketed configuration

Zaoh anvlil is a brilliant cut gem guality stone

3
3

The ground faces are than polished tO fomm an octagonal

(approximately = oarat) with the culet removed by grinding.
fiat surface. OUne Of the anvils i s ¢cemented t 0 the trans-
lating plate while the other anvil | a fixed to the piston

hemisphere by epoxy. |bing the Allenhead sorews | N the

piston assembly (figure 2.15), the anvil in the hemisphere



is sultably tilted tv obtain parallel amvil surfaces.

The paralleliasm Of the anvil surfaces was asoeriained by
observation of interference fringes through a low power
mioroscope. ‘the other anvil fixed toO the $ranslating
plate ecan be positioned for axisl aligrnment by the three
serews | N itS asating. The two anvils are thus positioned
t0 have A common axia. Once the aligment 1S done twe
serews fixed to the seating of the plate in the cell body,
fasten the plate tO the body. The alignment then beoones
pernanent, It 1is retalned 8o long as there is no indenta-
tion in the netal support holding the diamonds. The high
carbon high chromium piaton hemisphere and the btransluting
piston plate could be used fOX weveral experiments without

any viatble sign f indentation.

Yhe anvils were ueced in a gasketed configuration
a8 shown in figure 2.18. Inconel and waspaloy which

S22 were found {0 be unsultable

were often ueed as guskets
for containing the fluid sample at the relatively | ow
pressures Of interest i N our study. After trying out

various metals like lend and nickel, It was £inally
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found moat ueeful to use aluminium as the gasket
material. It was also found neceasary %o muke the
anvil fuaces of slightly different area SO 'that when the
anvils are pressed together, the flow Of ihe gasket
neterial around the eonmdcal surface Of the susller area
anvil gets ag a supporting belt to tho gausket. In this

nanner, two fmportant functions are achieved.

{1) The liquid orystal sample | a maintained unde
hydrontatic conditions for long veriods of Lime

without any pressure leaks, and
(11) the cell, which is normally used for pressures
beyond a few tens of kiloburs only, iS found
applicable t 0 presaures as | Ow as a few hundred
bare.
Typleally, the gaskets were about 1 mm thick with
a central hole of 1 mm dianeter. Two guide Lolesn are
provided near the edges of the guaket. These holes mateh
the guide pins in the translating piston plate. The
gulde holes and the pins facilitate the allgnment of the
gasket. when the gasket |1 S positioned inside the cell

with the help of the guide pins, the aligment should be

such that the centrzl hole ie at the centre of t he anvil



faves. 'This has {0 be ascertained before the sauple

18 filled i N the gasket hole. Otherwise, the material
surrounding the KolsS may flow and close UD the hole due
t 0 non-uniform compression. The sample was finely
powlered and packed INtO the hole | N the gasket avoiding
air pockets., The moving piston was placed | N position
over the gasket and the piston pressure plate was pressed
againgst the piston by rotating the pressure bolt. ‘The
part of the céll Lody surrcunding tho trenslating plate
and the hemisphere Were enclosed i N an electrically
heated furnace provided with a suitable aperture for the

passage of I~ray beam.

24  Prespure snd transiti an temperature measurement

The cell hody | a provided with a 2.3 mk hole fLfrom
the side near (he piston and the tramslating plate.
Through this hole, & ceramic tube containing a thermo-
cvuple could be loverted. Yhe cerauic sleeve ¢f the
thermocouple was so positioned that the junotion just

touches the periphery of the gasket. o neasure the



temperature Of tha sample i N the gaske$, a chromel-
alumel thermocouple Was used in oenjunction with a

4;% diglit panel meter. 4 temperature calibration was
necessary since there was always s difference between
the tewperature experienced by the sample and that sensed
by the juneti On touching the gasket. This was carried
Oout by taking several standaxrd organic compounds of high
purity I n the gausket hole and observing their melting
temperature. Since the meiting points of theso compounds
arse known, a calidration graph could pe &rawn.  Such

A graph was chtained for a wide range of temperatures,
viz., rood temperature tO about 180°C. This graph was
used for all furthsr detemmination of the temperature of

the sample | N the gasket.

8) Tranaition teuperature deteruination: 4t any

fixod pressure, the transition teamperutures wWae Jeter—
mined 'in gitu’ i N the following manner. The tenperature
of Yhe mample wus varied slowly, at the rate of approxi-

mately 1t 0 2°C per mimute. Thic rate le¢ the seme s that

used in the temporature calidbration experinent deceridbed



earlier. Light from a laser (Spectra Physics 2 mW) was
made tO fall an the sample. The transamitted |ight
intermity wae monitored by a photocell (HMotorola, USA,
MRD %00) whose output was fed to the Y axis of a high
sensitivity XY recorder (Rlken Denshi P4A3P). 2Zhe tempe-
rature of the sample a8 measured Dy the thermocouple was
fed { 0 the X axis of the recordexr. There was an abrupt
change | N intensity during & phase transition. ‘The
tranaition temperature at any pressure could be reproduced

to an accuracy of +0.2%C.

L) Heasnnanent of presaipa, The pressura experienced

by the sample I N a diasond cell is narmally determined by
the ruby [luorescence techntique developed DY Forman et a1.23
This was refined to & greater precision Dy Plermarini

el al.24 INn this uwethod, a small fragment of zuby, placed
with the sauple I N the gasket, serves as a continuous
presaure sensuvr. Fluorescent X line enltted by the miby,
excited Dy a high intensity light beam, can be amlysed

for wavelength displacenant duo to the effect of pressure.

The pressure experienced Dy the sample can be determined



by the speetral shift of the pressure dependant ruby

R line.

But the methed desoribed above could not be
adopted in the present work. This i s because, the
pressure shift of the ruby fluorescence line is extremely

3 smus, even with

small, approximately .36 2 per kbarx.
the beet commercially available monochromator system,

one cannot determine pressure varlations {0 an acouracy

Of better then +300 bars, his acourscy IS not adeguate
since, as aiready stated i n the introduction (2.1 ), we
are intereated | N fine wvariations Of pressure. Hence,

an indirect but nevertneless accurate wethod was employed.
XU this, an 'in situ' optical determination Of the transi-
tion temperature of the sample in the cell wns nade, a@
devscribed ecarlier. the P-1 diagroam of the sanple, deter-
mined accurately by the differentinl theruwul amlysia
(I2a) technigue, was uBed %o Peud the pressure experienced
by ¢he guuple. The accuracy of the pressure values esti-

mated frum the P-~T diagram | S approximmiesy + 15 baxs.

The efficacy of the wmethud will be self-evident in



t he next chapter wherein we discuss the use of the cell

to study the pressure variution of the mmeotic A layer
spacing of 4'e«n-oetyloxy-4-eyanchiphenyl (8 OUB), a
compound which shows the re-entrant behaviour uader elevated

pressures. 25
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