
2.1 Introduction 

Ithe design of tho experimental. se t  up for 

prea.ure investigation of l i q u i d  crystals  presrntu oertain 

problem whioh are not normally exmauntored in the atudy 

of the eolid state,  suoh as contaioppsnt of the l iquid 

oryetalllne nerterial, low heate o f  transition, high 

khaal.cal reactivi ty with moat containing materials, etc. 

In  addition t o  this ,  l iquid o r y s t d s  are aleo knowm t o  

reaot with a l l  pressure transmitting media, l iquid  o r  

aolid, whioh results  i n  a drast io  reduotion i n  the 

transition temperaturee, even i f  there i s  a mlrwte 

oontaPlinaticm. If gas is  used as  the  preasure trruaeml- 

t t i ng  medium, then it gets diesolved i n  the l iquid  

oryrtalline sample and no meanlngfil measurements oan be 

made. %brioation of a high preseure oe l l  f o r  l iquid 

orystale m a t  therefore be dona taking in to  aooount a l l  

these ' !l!hred types of oella have been used i n  

the present etudy, v i se ,  an optioal c e l l  with aapphixo 

windows, diamond mil 0811 an8 D U  oe11. 9Pls dasoriptioa 

of these oe l l s  fonae the subjeot matter o f  thia ohapter. 



2.2 Optical HighPreeeure Qe l l  

method t o  be ueed f o r  the study of l iquid oryatallln+ 

transitione a t  high prerssure. 2 p 3  nore recently, thl6 

technique hae been extensively uaed w i t h  ooneidarable 

ruaoeas by Keyee e t  al, 4p5*6 by Pollmann e t  a17P8 and 

by Cnadis e t  a l e  9 9 1 0  mis technique i s  e x t r a m u  u s a h 1  

for the etudy of different types of l iquid oryatalline 

tramitlone inoluding the emeotio C - smeotio A t r ami t ion  

orhioh oannot be detected by other techniquae l i k e  D!U, 

volumetrio, etc.  I n  t h i s  eeot im,  we ehall  give, i n  

deta i l ,  the conatruotional as well aa the desi- a8peot8 

of the optical high preseure c e l l  and deecribe Ate worsking, 

2.2.1, Deaoription of  the optical o e l l  

fehe eohematic diagram of the baolic p a r t s  (hmdware) 

of the high preesurea optical  oel l  is  shown i n  figure 2.1. 

It oonaista of a cylinder machined out of a low al loy 

hardenable Indian ateel  called Ell24 which has the oo~po-  

s i t ion  of 0.4$ oarbon, 0.22 allicon, 0.55s niokel.  

s tee l  w h i c h  is  roughly equivalent t o  the widely used 

US1 4130 type, can be hardened t o  great strength by mean6 

of martensltic transformation. The alloying elements, i n  

addition t o  increasing the hardenability of the alloy r l so  
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oonfribute with romb sol id  e o l u t i a  e t r e ~ * h e d W *  

m e  ~ i o u  par t s  of the  ce l l  are  mchi-d -4 h u t  

treated t o  a strength of about 40 80. The two P ~ W P ~  

whioh serve t o  keep the sample a e s d l y  i n  positi-, 

am alao oaade out of the same material and heat t reated 

t o  the  Same hardness a8 the  oe l l  body, The hole i n  the 

oeU body f o r  pressure ocinnectian oomiats  of two s-gea, 

a smaller hole  (about I. 2 rma dia)  whioh extends from 

the i n t e r i o r  of the body t o  about 2/3 of the  thiolol.8. 

(thtcr hole ende in a 60' cone taper with a 2  lap openiag) 

and which i n  turn joias a l a rger  hole bored (10 m in 

dia and 1 an in depth) from the outside. The op.1?1P( 
of the top and bottom of the  0011 have a d i a  of about 

3.0 om and are  threaded (14 l!hd BSW). Figurem 2.2 and 

2.3 are the schematic diagrams of the o e l l  b ody and t h e  

pluge. Both the pluga and the  body a re  f u l l y  waged, 

the plugs have, on We outeide, threads which exaotly 

matoh those that cut i n  the preeaure oel l .  It is impor- 

t an t  t o  have a wide viewing angle without reduaing the 

etrength of the plug. For t h i s  purpose, a 70' taper  l a  

provided i n  both the plugs. 'Ehe plugs have a small 

protmrsion on the inaide which are made ogtiasrlly f lat  

by handlapping. 'I)wo s l o t s  are  made on the plugs t o  

f a o i l i t a t e  the tightening of the p l u g  in to  the  a e l l  

body. 
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'Phe oamplete aeseably of the  c e l l  is  aham 

rahematically i n  figure 2.4. !l!he detailed drawiwa 

of each pa r t  of the  o e l l  are given i n  figwcerr 2.5 t o  

2.10. We have shown, for  t h e  sake ad' be t t e r  v i8uUea-  

t i a n  both the croae aeationsl and a s  top t i o w  of eaoh 

oamponent. The l iquid oryetall in8 8ample i e  in the  

amall oentral  ohamber of the high pressure a e l l  and the 

two r t e e l  plugs s ea l  the  chamber a t  both ende. It i e  

aonneated t o  the  o i l  pump by meam of s t e e l  pree8ure 

tubing8 and a hole is dr i l l ed  from the ohamber t o  a e  

outeide of the ce l l .  We s h a l l  describe below t h e  oak- 

s t ruat ion  as well as working of the various p u t 8  of the  

opt ical  oe11. 

In  order t o  develop high preseu.8 i n  the  balple 

ahamber, it i s  eaeential t o  have a t i g h t  sea l  a long  bofh 

bowldariea of tb caps: one f o r  the central  hole and the  

other along the  ciroular boundary of the  chamber againat 

the cap, 'Phe reason f o r  the  second ere& i t 3  beoause the  

threads o f  the aap alone a r e  not suff ic ient  t o  hold the 

oap t igh t ly  against the main body of the  ca l l .  2he high 

preerure normally ra i ses  the  aap only s l igh t ly ,  but  ahie 

i e  ruf f io ient  t o  make a th in  clearance between the  aap 

and the o e l l  body, leading t o  a leak of the o i l  t o  t h e  
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0ut8id8. This leak i s  svoicled by placing a neoprene 

'0' r ing  around the 3 w t i o n .  As the o i l  pressure mrcleaea,  

the '0 '  r ing  i s  pushed t o  the  uorner and the s ea l  18 mado 

a t  the point where the  '0 '  r ing touches the  0011 body. 

Once the s ea l  i s  achieved, o i l  oannot leak out. The only 

problera i a  that  at auff io ient ly  high pressure, the '0' 

r ing  i t s e l f  extrudes through the small gap betwoen tho 

orp an8 the  seating of the  c e l l  body. !This eventual 

breaking of the sea l  natural ly resul ts  i n  the  leak. 

problem has been solved by the  use of an 'ant i  extrueion 

ring'  . 
An a n t i  extrueion r ing  i a  a ring of s t e e l  w i t h  

a tr iangular  orose aeotion. !be eohematio di-m of 

the a n t i  extrusion r ing  i a  ehown i n  f igure  2.10. 2hir 

blocks the extrusion of the ' 0 '  ring, while t h e  '0 '  r ing  

keepe the o i l  f'rom leaking out. 'Phe s e a l  at  the  cent ra l  

hole of the cap i s  made with highly polished aapphiro 

windows and a small washer made of t h in  alulajnlua foil. 

lPhe high pressure of the  o i l  keepe the sapphire tight 

against the  cap and the  aluminium f o i l  f i l ls up any 

crovioes on the  surface o f  the oap. T h i s  provides a 

f a i r l y  ef f ic ient  seal.  1318 ' 0 '  r ing tw w e l l  a8 the  

sapphire window8 are  held i n  poeition i n i t i a l l y  by the  

outer apaoer made o f  33 24 (figure 2.5). 
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2.2.3. Encapsulation of the a w l s  

Ire manUomd e a r l i e r  i n  the uhapter, l iquid  

orystalr  roaot with the pr4~88ure transmitting o i l .  It 

i s  therefore imperative t o  aonpletely encapsulate the 

sample eo that the preesure trmmmltting f l u d  doe8 not 

come in to  d i rec t  contact w i t h  the sample, 'Phie i r  orehiered 

by wing f luran tubing. Fluran i e  eof t ,  f l ex ib le  and 

i a  f laoro elastomerio in oompoeiti on. It does not reac t  

with l iquid  orystal  and oan be used up $0  a arariaar temps- 

ra ture  of about 300'0. It i a  also eof t  and traasPaite 

preasure tery well, 

Aa seen i n  the euhematicr diagram (figure 2*4) ,  

the o e n t r d  hole o f  t h e  upper cap is sealed by a eapphlre 

window which a l s o  forms a pa r t  of the sample arseermbly. 

A t h in  rect ion of the sample i s  sandwiched between thie 

sapphire and a eecond aapphire which is essent ia l ly  f r e e  

aa i t  i s  not used t o  s e a l  the cap. 'Phsse two ~apphire rode 

sandwiching the sample f i t  snugly inside the f luran tube, 

and an effect ive sea l  is realieed by t igh t ly  wrapping a 

thin s t e e l  wire round the  tubing a t  the  eapphlre windowe 

(figure 2.11). !the innem spacer (low pressure sea ler )  

washer and tbe epring center the bottom sapphire of  t h e  

sample aasenibly and keep it under a l i g h t  taneian. 'Fhe 

th i rd  eapphire which i s  completely isolated from the 
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#ample assembly seals the bottom end of the prosmure cell. 

Ihe 8paoe betwem thia th i rd  sapphire and the bottom 

sapphire of the sample aaeelably i s  oocupiod by a glaerr 

rod  which reduoer the amount of o i l  betwe- these -0 

#apphiree, thereby inoreasing the in temi ty  of the t r a n m -  

mitted l igh t ,  'Phe thickness of the 8-18 can be fixed 

a t  any deaired value by ahoosing waahers o f  required 

thiolmeee. Hormnlly a sample thiokness of 100 t o  200 pm 

wa8 ucred i n  our experiment. 

2,2.4, Description of the heater 

As it i s  required t o  go t o  temperature8 of about 

250°C, it  i s  neoessary t o  design a heating sp tem which 

heate t h e  ent i re  pressure o e l l  t o  the required temperature, 

Figure 2,12 represents the schematic diagram of the heater 

and the oooling jacket, me heating system ~ o n a i e t a  of 

an aluainium oylinder whose internal diameter i e  so 

maohined that  the preamare 0611 o d d  be push f i t t e d  in to  

it and heme the heater oylinder ale0 acts  a8 r binding 

ring, Elght through holes a r e  nrade along the length of 

the oylinder and the heating element8 are introduod i n  

each of these holee. 1Pheee heating element8 a re  welded 

together i n  ser ies  a, that we have a net effective heating 

oapaoity of about 1 kilowatt, which can heat the en t i re  





optioal oe11 t o  the  required temperature, A radial 

hole waa made on th i s  heater t o  f aa i l i t a t e  the taking 

out of the pressure tubings from the pressure oe l l  t o  

the outside. mere is another small radial hole f o r  

the introduction of the thermocouple (sheathed i n  a 

ceramic tube) which measures the hmperature soneed by 

the 8 q l e .  The thermooouple juncrti on is  s o  looated .theit 

i t  just touohes the o e l l  body. blo hole8 are  made on the 

oe l l  body for  the insertion of  the thermocouple r i m e  

that would uansiderably weaken the c e l l  body. mere w i l l  

be, of course, a gradient i n  the temperature of the sample 

and tha t  eensed by the thermocouple Junctian. m a  

temperature gradient ale0 depend6 on the rafe of heating 

of the sample. Therefore careful oalibration experim~rsnt a 

using different rota8 of heating are pe&forraed using 

whiuh the true temperatures of the sample could be oormputeil. 

2.2.5. Deeaription of the cooling jaoket 

It l a  a l s o  neoermsrary t o  eool the sample a t  a 

controlled r a t e  while doing a number o f  experiment@. m e  

is part4cularly neoersary when reoording a transi t ion 

involving superuooled phaaes lib the reentrant actnratio 

phaaes of a rmpber of co~apowrde etudied by us. It w a e  not 

possible to control the temperature of  the c e l l  i n  the 



owling mode by merely varying the marrent through the 

h u t i n g  element. %!hie 1. .piply due t o  the l.r@e thermal 

oapacity of the cell .  A cooling jacket in to  uUoh the 

o e l l  oan be prers f i t t e d  i s  made of aluminium. By 

auitably aoooping out material from the 3adc.t snd by 

olosing the top of the jacket wfth the alUPS,niur lid 

provided with two sets of noeelee, water can be pure04 

in to  %he jacket without aqV leak, These nosrles are 80 

lowfed that  water pasees through practically the ent i re  

oimumference of  the jacket, thus m s k i a g  the cooling 

system very efficient.  

2,2.6. High Pressure Plumbing System 

me erohematio diagram of the high preseure glur~blng 

syatern used i n  the present study is ahown i n  figure 2.1). 

A hand pump (PPI, USA) i s  used t o  ganerate the  pmeeuro 

i n  the ce l l ,  Pine v ~ i a t i o n a  of pressure are aohiered 

by using a pressure generator w i t h  rather a emall dlaplaae- 

merit oapaoity. mi8 generator is eeaeatially aade of 

316 atainlees s t ee l  and 17-4 Plt stainlea8 s t ee l ,  with 

t e n o n  paoking. fPhe line pressure, whioh is nothing but 

the pressure experienced by the sample, ie measured by 

Boudon type gauge oonnected i n  line. lbree  two-way ralves 

V, .nd two 'T ' joints, a l l  of whioh are capable of dth- 

stancllrrg a l i n e  presaure of more than 10 kbar, a re  u e d  
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in the plumbing system. Preaeuree are  aeaeured t o  an 

aoeuraqlr of - + 10 bare. 

2.2,7. Determination of the phaee t rans i t ion  
temperatures 

BYgure 2.14 give8 the  eohematic repreaentaticm of 

the experimental s e t  up used t o  determine the phase tran8i- 

t lon  temperatures. Light from a He-He l a s e r  (Spectre Pb,pics 

2 mW) wee made t o  fa l l  on the sample i n  the optioal c e l l  

and the in teas i ty  of the transmitted l i g h t  was  monitored 
-I 

.oontinuotmly by a photocell (Motarolr, USA, )rlIU) 300). 

'Phe output o f  the  photooell measured ae a voltage aeross 

a fixed resietance of 1 K f i  waa fed t o  the X a x i m  of a 

high sens i t iv i ty  s t r i p  ohart reoorder (Biketn Duuhl P45P), 

2he temperature of the ample  waa measured by a thermooouple 

(oalibration experiment being performed as described below) 
1 u ~ e d  i n  conjunction , w i t h  a digi ta l  ~ t l m s t e r  ( 4 ~  bigit). 

Keeping the pressure oonatant at any fixed mil ue, the 
t 

temperature of the sample was varied at tho r a t e  of 

sppraximately 1 t o  2'c/hinute. m e  r a t e  i s  the 68m8 a8 

t ha t  used i n  the  temperature cal lbrat ion emeriment. A t  

the phaee t rans i t ion  there would be  an abrupt ohange i n  the  

in tens i ty  of the  traasznitted list. The t ranai t iaa  tempo- 

ra tu re  a t  any pressure could be determined to  an aoourasy 

of - + 0002500.  





2.2.8, Temperature cal ibrat ion o f  t he  a d 1  

For the temperature oalibration of the c e l l  during 

heating mode, eeveral ertandard organio compounds of high 

puri ty were used. !be compound8 ae well aa the i r  melting 

point are  l i s t e d  i n  t ab le  2.1, Ple p lo t  of the melting 

point of  them crompounds a8 meaeured i n  our oxperimntal 

s e t  up versus the melting point a8 given i n  the standard 

table i s  shown i n  f igure 2.15. It is seen that the p lo t  

i a  l i nea r  with a eonstant slope of 0.993 w h i o h  is t h e r e  

fore  uaed i n  computing the  t rue  sample temperature f o r  

all our experiment i n  the range of about 50.C t o  200.0. 

8ince the o rys ta l l i sa t  ion temperature of theae 

oomrpounda depends on the r a t e  o f  cooling, quantity of 

sample taken, e tc ,  ( fee . ,  the d e s e e  o f  superoooling is 

a function of the experimental conditions), the sppprr 

oompounde cannot be  used fo r  the tmperature cal ibrat ion 

o f  the o e l l  during the  cooling mode. Por t h i s  purpose, 

some l iquid  crystal tramitions which a r e  highly 

reproducible were uaed i n  the cooling mode. !Ehe  material^ 

used i n  the ca l ib ra t i  on of  tb ce l l  i n  the crooling mode 

a re  l i s t e d  i n  !table 2.2 along with the tr-ition terrpa- 

raturea aa measured w i t h  the polarising microscrop e f i t t o 8  

with a hot etage Mettler R52. The plot  o f  thia t e rpu8 tP re  





verrurr the t rans i t ion  temperature~l as measured i n  our 

experimental ee t  up i e  shown i n  figure 2.16. The p l o t  

is  again a s t ra ight  l i n e  i n  the enti re temperature raw@ 
i n v e e t i g ~ t e d  thereby f a c i l i t a t i n g  the culoulation o f  t h e  

taw temperature of the  sample in the aooling mode* 

2.2.9. Pres~ure cal ibrat ion of the as11 

In order t o  check the working of the  o e U ,  we 

conducted the f i r s t  experiment on para-ascryani8ole (PAA) , 
perhaps the  most widely etudied l i q u i d  crrystal under h i e  

preentre. In a l l ,  there have been twelve determinatf oas 

of &T/O ** 1'-20 and these data ate tabulated i n  

table  2,3. O f  theee 12 measurements, 8 agree qu i te  we11 

while the remaining 4 appear t o  be rather  low ( i n  at 

l e a s t  two instances, namely, Ddloche r t  all2 and 

Tikhonlror~ a t  a l l5  the values might hove b e e n  affectad 

by the contamination, of the sample ae the authors them- 

eelree have indicated). Rejecting them four, the areraga 

value of dr!/dP for a o l i  &nematic and nematic-iaotropio 

t r a m i t i o n s  are 31.3'c/kbar and 47.7'0/kbar which are 

probably aoourate within a few $. 2he data obtain& 

using the cell described above is given i n  table 2.4. 

Pigure 2.17 gives the P-l! diagram of PAA up t o  a prascrum 

of 2 kbar. The value of  dT/dP a t  1 bar  obtained by least  
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square fit of  the erperimelntal data f o r  solid-nematio 

and nemat ic-isotropio transitions t o  a s traight  line 

are 32.15*c/kbar and 48.03*~/kbar reepectively, whicth 

are i n  very g ~ o d  agreement with the  average value of the 

previous determinations. I t  must also be mentioned that 

the experiments were conducted by both inornosing and 

deoreasing the preeaure and i t  was found that the tran6i- 

t ion temperature at any pressure wa~ independent of  the 

pressure cyoling. 'Phis ehowed that the sample i n  the 

o e l l  waa eubjeoted t o  hydrostatic preseure duriag the 

experiment. 

2.3 Diamond Anvil Cell 

!The optical c e l l  dsecribed i n  the previoue 

section ean be ueed t o  a presaure o f  about 4 kbar. But 

we had t o  go t o  pressure8 beyond 4 kbar i n  aoans experi- 

ment~ (see chapter V). For these exparimento, an app-ed 

almond anvil c e l l  specially f abrioated by Shaahidhar and 

bo2 '  f o r  high pressure &ay plld optical skidie8 of the 

l iquid cryeta1 has been used. We sha l l  debcribe fhir 

c e l l  i n  brief and then biscuae i ts  working. 

!Ehe schematic diagram of  the ce l l  i s  given i n  

figure 2.18. Basentially the ce l l  is eimilar t o  that 
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dseigned r a t  the Ha t iona l  Bureau o f  Standards by Piermaria  

and ~ l o a i c ~ *  f a r  the study of s o l i d s  at high pressure. 

A l l  the oomponents of the c e l l  except the parte which 

seat the diamonds are made of  stainleas s t ee l  310. ¶!he 

t r w l s r t i n g  piston plate and the  piaton hemisphace, whiah 

seat  the diamonds were made of s high strength r t s e l ,  via. ,  

high oarbon and high chrdum (HQIO) s t ee l  crcmiofing of 

2 s  oax%on and 12% chroeaiua. 1 3 i o  w a s  heat trcbatrd t o  a 

hardnoas of  about 6&65 RO i n  order to be able t o  taka a s  

load whas the Uiaaonde are pressed together, A sp r ing  

10-aded lever arm maeably i s  employed t o  generate a uni- 

form and oontinuously varying force by rotating the 

preeeure bolt ,  t o  whiah a graduated ecrew head i s  attaehd. 

By rotating the pressure b o l t  through known a ~ g l e a  (u 

read on the graduated eorew head), the lever arm oan be 

roved down. This will, i n  turn, more the  piston i n  c a w  

t ac t  with the pieton preermre plate up, thereby making 

the diamond anvils t o  prees against eaoh other, 

2.3.1. %he anvils, thei r  alignment and the i r  a88 
i n  the gasketed configuration 

' Bach anvil is a bril l iant  out gem qualiw atone 

(approximately 113 uarat) with the culet removed by 

grinding, the ground faoee a r e  then polished t o  form a#& 



ootagonal flat surface, One of the  anvils i a  oementad 

t o  the t ranelat ing p la te  while the other mil i r  fixed 

t o  the  pis ton hemiwhere by epoxy. U e i n g  the  Allenhead 

eorewe i n  the piston assembly, the anvi l  i n  the  hemi- 

ephere i e  euitably t i l t e d  t o  obtain parallel anvi l  

surfaoee. m e  parallelism of the anvil  s u r f a o e ~  ma 

aeaertained by obeervation of  interference fringe8 

through a low power mioroecape. 'Phe other anv i l  f ixed 

t o  the translating p la te  can be positioned fo r  a x i a l  

alignnent by the three screw6 i n  I t s  seating. 'Ehe two 

anvile are thus positioned t o  have a common arie. On08 

the allgmnent i e  done, two sorewe fixed t o  the  eeatilrg 

of the plate  i n  the c e l l  body, faaten the p la t e  t o  the  

body. 2he alignment then becom88 perpianent. It f B 

retained so  long aa there i s  no indentation i n  the  metal 

eruggort holding the  diasaonds. The high carbon high 

chromium piston hemisphere and the t rans la t ing  p l a t e  

could be ueed fo r  several experiments without any r i e i b l a  

sign of indentation. 

'Phe amrile were used i n  .the gaaketed configuration 

as shown I n  figure 2.19. Inconel and waspalop which a r e  

often used as galekete 22,23 were f ouad t o  be umul table  

f o r  oontalnlng the f l u i d  sample at  the re la t ive ly  low 



PLATE 



presauree of in te res t  i n  our  study. After tryfng out 

various materials l i k e  lead and nlokel, i t  wae f i n a l l y  

found moat usef'ul t o  use aluminium a8 t he  gasket materiel. 

It was a l so  found neoessary t o  make the anvi l  fasee o f  

e l igh t lg  d i f ferent  area eo that when the  anvil8 a r e  p-8-d 

together, the f l o w  of the gaeket material around the 

oonioal surface of the smaller area anvil  a c t s  as a 

supporting be l t  t o  the gasket. I n  t h i s  manner, two 

important functions are  aohievedt 

1 me l iquid  crystal sample is maintained under 

hydrostatic conditions f o r  long periode of tima 

without any pressure leaks, and 

2 the cel l ,  which 18 normally used for pre~rrruree 

beyond a few tens of kilobars only, i a  found 

applicable tx, pressures as low arr a few hundred 

bars. 

Typically, the s s k e t  was about 1 ~tnn thick with a cen t ra l  

hole of 1 mm diameter. W o  guide holes a r e  provided near 

the edge8 of the gasket. IPheee holes match the guide p ins  

i n  the t ranelat ing piston plate.  The guide holes and the  

pins f a c i l i t a t e  the  alignment o f  the gasket. When the  

gasket i s  poeitioned inside the cell with the help of t h e  

guide pins, the alignment should be such that  the central  



hole i a  a t  the aentre of the mil faces. llhlrr ha8 t o  

be ascertained before the  sample i s  f i l l e d  i n  t h e  gaeket 

hole. Otherwise, the  material surrounding the Bole q 

flow a d  oloae up the hole due t o  non-uni fom aomprerafopa. 

Tha mample was finely powdered and packed in to  the hole 

i n  the gasket avoiding air pockete. The moving pis ton 

was plaeed i n  posit ion over the gasket and the piston 

preseure p la te  was pressed against the  pis ton by ro ta t ing  

the  pressure bolt.  The p a r t  of the c e l l  body rrurrounding 

the $ranelating p l a t e  and the hemisphere were .rwlo8od 

i n  an  e leot r ioa l ly  heated furnace provided with a e a t a b l e  

aperture for  the  passage of larser beam. 

2.3.2. !transition temperature meaeurenrent 

IPhe c e l l  body i s  provided with a 2.3 mu hole fror 

the s i d e  near the p i s t  on and the Wanslating plate.  

Ihrough th ia  hole, a beramic tube containing the  thermo- 

oouple could be inserted. The ceramic sleeve of the  

thermocouple -8 so  positioned tha t  the junction jut 

touahes the  periphery of the gasket. To rneaaure the  

temperature of the eample i n  the gasket, a chromel- 

alumel t h e r m ~ m p l e  was wed i n  aonjunotion with a 
1 43 d i g i t  panel mater. A temperature cal ibrat ion was 

necessary aince there was always a difference between the 



temperature experienced by the sample and *at reaeed 

by the junction touching the garsket. This warr oa;rrried 

out by t U n g  eeveral etandard organic oompoudle of high 

pur i ty  whioh a r e  l i s t e d  i n  !table 2.1,in the garket hole 

and observing the i r  melting point. Since the melting 

temperature of these canpounds are known, a oal ibrat ion 

graph oan be drawn. Suoh a graph wae obtained for a wide 

range of temperatures, vis . ,  rooa temperature t o  about 

180°a. !Phi8 graph was urea f o r  a l l  further deturmimtion 

of the temperature of the sample i n  t h e  garsket. 

A t  any fixed p r e s m e ,  the  t r a m i t i o n  temperature, 

were determined by the ssnre way a8 t h a t  i n  the erere o f  

opt ica l  o e l l  described i n  2.2.7. 

2.3.3. Measurement of pressure 

!Ehe pressure experienced by the eample I n  a diamond 

c e l l  i s  normally determined by the  ruby fluoresosnce 

technique developed by Porman e t  al. 24 Thls vu r e f i l u d  

t o  a greater preoision by Pierrnarini e t  al. 25 1n thir 

method, a srmall fragment of ruby, plaoed with the sample 

i n  .the gpsket, aerves a8 a continuous pressure sensor. 

Irluoresoent B l i n e  emitted by the ruby, excited by a high 

in tens i ty  l i g h t  beam, can be analysed f o r  wavelength 

dieplacement due t o  the ef fec t  of preaeure. 'Phe presmare 



experienoed by the sample can be determined by the 

rpec t ra l  shift of the preseure dependent ruby R l ine .  

But the method deecribed above could not  be adopted 

i n  the present work. !this i t 3  beoause, the  prcrseure ehif't 

of the  ruby fluorescence l i n e  is extremely a ~ a l l ,  approxi- 
0 

mately 0.36 A per kbar. 22 mu., even with the bes t  

o o m r o i a l l y  available monoohr omator sys tem, one oannot 

determine presclure var ia t  ion8 t o  an acourac y be t t e r  than 

+300 bare. W e  acouracy is not adequate sinoe, as - 
already stated, we a re  interested i n  f i n e  variation8 of 

preemre. Hence an indi rec t  but nevertheleas asemrate 

method wae rtaployed. I n  this, an t i n  s i t u '  optioal deter- 

mination of the t rans i t ion  temperature of the sample in 

the o e l l  w a s  made as  described ear l ier .  P-!C diapam 

of the ample,  determined acourately by  d i f f e r en t i a l  

thermal analysis teohnique, was ueed t o  read the  preomare 

experienced by the sample. The aacuracy of the  prearure 

values e s t imted  from the 17-2 diagram i a  approxlnately 

+15 bare. The efficacy of the method i s  ee l f  evident - 
l a t e r  when we disause the r e su l t s  pertaining t o  multi- 

c r i t i o a l  points l i k e  'NAC' point. 



2,4 Differential Thermsl Analysis (DTA) b11 

AB remarked e a r l i e r ,  i n  order t o  bring the diamond 

anvil data t o  an absolute scale,  i t  is  necessary t o  hare 

a knowledge o f  the (P-T) phase boundary of a t  l e a s t  one 

t r a n s i t i a  of the same conpound. A convenient method of 

obtaining the phase boundary i e  therefore with the D U  

ce l l .  Another e i tua t lon  wherein the DTA o e l l  becomas very 

useful i a  when i t  is  required t o  asoertain wheaez a 

trans1 tian is first o r  a rrecond order i n  cheuccrcter. A 

eoaxial M\B o e l l  designed by Reehamwsla and Shashldhm 26 

fo r  l iquid  oxystal ha8 been used i n  the preeent work. 

A 200 ton hydrauliu press which incorporates the  p is ton 

cylinder devh e was used t o  generate the pressure i n  the 

D!U exp eri m a t s .  We a b a l l  give a very b r i  ef d e acrip ti on 

of the press and the DIA c e l l  used i n  thee8 experiments. 

2*4.1. h a t u r e e  o f  200 Ton Hydraulic Presla 

A sahematio diagram of  the aarembled 200 ton hydratali0 

press  inctorporating the pis ton cylinder device i a  shorn in 

f igure  2.20. This press  which offer8 f a c i l i t i e e  t o  oonduat 

DTA exprimant up t o  a pressure of 2 0  kbar has the followlzlg 

important features , 

1 Use of an end load pressure t o  keep the  pressure 
p la te  always under canpression to  prevent i ts 
burating dur iag  the experiment. 



1 P l o t a r  (top slld b.ttar) 9 liswa acluotAag rod 
2 X;ltslaodu 
3 *mu8 (st@ fuW) 10 R a n u M d i e  
4 r n l r o r s d m a m  11 B i a U a g  dry w f t h  oooZ&ag 
5 -nilr -* 
6 lbttlaplek 12 Illhsuhlaae pad 
7 stst io  +tea. plate 13 aasp-pad 
8 Metma $4 'Lapmmp.d 



2 Use of a cooling assembly to  keep the  preeeure 
p la te  always at room temperature while the rample 
0011 aesembly is heated . t o  higher temperatures. 

3 Fine omtrol l ing  of pressures t o  an acouracy of 
+ 5 bare even under s t a t i c  conditions using relief - 
valves . 
me l inear i ty  of the pressure measurements w a s  

oheaed by determining the variation of  resistenoe of the 

rinpraln gauge with presmre  using a Wayne Kerr Bridge 

(blodel ~ 6 4 2 ) .  'Ehe true presaure on t he  eample were deter- 

mined by obtaining the phaee diagraa of freshly d i s t i l l e d  

C014 ond wing i t  a8 a secondary standard. The acouraoy 

of the absolute presaure measurements is reckoned t o  be 

of the  orUer of - +2 P over the en t i re  range of our  study. 

2.4.2. Ooaxial DTA O e l l  

It ie well known tha t  DZA ie a sens i t ive  probe 

t o  detect the  l iquid  crystal l ine transit ions a t  high 

pressure. iPhe figure 2.21A gives the schematic diagram 
26 

~f the ooaxial DTA c e l l  used i n  the present experiment. 

The oample i s  oontained in a capsule made of P2FB of normal 

grade (hereafter referred t o  as Teflon). !I!he advantages 

of using te f lon  a r e  t h a t  i t  does not react with any of 

the l iquid  crys ta l l ine  materials and tha t  i t  can be presrure 

sealed easily. The capsule i s  provided with a teflon oap 



Teflon cell 

yf$ 
[L' Sample 

capsule 



(figure 2.21B) which is press f i t t e d  i n t o  the ospeule 

a f t e r  f i l l i n g  i t  with the sample i n  an i n e r t  atmosphere 

i n  the isotropic phase. Chranel and alumel wires are 

pieroed through the cap and a junotion i s  made so  that 

this junotion raita amidst  the sample when the oap 18 

f i t t e d  i n t o  the  sample oapsule. The tef lon cap has a 

ocbntral bare i n t o  which another t e n o n  plug can be  f i t t a d .  

The reference junction, a l so  nrade from chromel-alumel 

w i r e s ,  is  pierued through thier plug and positioned 8 0  

that it ie separated from the sample by about 1 ram o f  

teflon. By t h i e  we have aohieved two illrportant thingar 

(1) the  reference and the sample junctions, both being 

eufiounded by t e n o n  are heated almoet t o  the  %dune extent  

during the experiment, and (2) since the  snetple therooo- 

oouple junction i r s  immersed i n  the  aubstame, we oan 

detect  even f a i n t  first order transit ions,  

Oonsided ng that  the  use of a l iquid  tranemltting 

media i s  impracticable,26 the  obvious pressure tranamitting 

media i s  t a l c  which is  known t o  be hydrostatio t o  85 - 90% 

The sample capeule i s  suitably eurrounded on all sides by 

t a l c  shown i n  f igure  2.21A 8 0  t h a t  the pressure 

gradient are  minirnieed. Phe en t i re  uni t  a l ides  i n t o  a 

cylindrical sleeve of graphite which a c t s  ae a heater. 



!f!he temperature prof i le  i n  such s graphite heater  used 

in oonjunction with a pieton oylinder device w i l l  i n  

general have a non-uniform temperature gone war the  endm 

and a constant temperature zone i n  tihe region of a geo- 

metrioal aentre of the heater. 27 By keeping o number of 

probes along the axis of the graphite qylindor, i t  wau 

found that  the  oonstant temperature Bone waa about 8 IRE 

long, the temperature r a r i a t i  on within t h i s  sone being 

l e s s  than 0.25'C. 'Phe length of t h e  sone dimlniahes f o r  

temperatures abave 250'0. !The heights of the  top t a l e  

diao and the bottom t a l e  pad are now so adjusted that t h e  

sample is well  inside the constant temperature ran.. 

I n  order t o  bring out the thermocouple wire from t h e  

high preesure area t o  the atmoepheric pressure region 

the thermoc ouple leads a r e  threaded through a four hole 

osramio tube and carulected t o  the appropriate wires ooaing 

out of the sap of the 'teflon oell by epot weldi-. 28 

!be heater aseembly is  then inserted inside a thick 

t a l c  body. fPhe outer diameter of this t a l c  cylinder is 

machined so that i t  can just s l i de  inside the 25 mi hole 

of the preaaure plate.  A pyrophyllite oone kept on the 

ta2.o diso haa a oone w e  exactly matchlng tho oaae 
s t e e l  

am@,. of the  8tainle.r pfmo kept on the top of i t  (a88 
L 



par ts  c and e i n  figure 2.216). When pressure i s  applied, 

the  s ta in lees  e t e e l  cone whioh i s  tauchin$ the top of the  

graphite heater comes i n t o  cantact with the groove pad, 

whereas the bottom of  the graphite heater ie ecmnected 

through a bottom s ta in less  e t ee l  encloeed by s pgrophy- 

l l i t e  r ing t o  the preaaure plate.  The groove pad and 

the preseure plate  being insulated from each other, 8 rrve 

aa oonvenient ends through which current can be passed 

through the graphite heater. The heater is  powered by a 

high ourrent, low voltage transformer which has a m a x i -  

xnum output capacity of 200 amps a t  20 volte. !Phe input 

voltage on the primary eride of the  transformer oan be 

varied oontinuously with the  help of a variable speed 

gear box which is coupled t o  an autotransformer. This 

permits t o  se lec t  any deeired r a t e  of heating. 

%he difference i n  temperature between the sample 

and reference junctions (AT) w a s  fed t o  a Kafthlay 

nanovolt amplifier ( ~ o d e l  940) whose output wtw displayed 

on the Y cutis o f  a W e n  Den.shi X-Y reoorder ( ~ o d e l  3'43). 

!be  sample temperature w a s  simultaneously read on a 

d i g i t a l  millivoltmeter. A n  a p l i f i a a t i o n  o f  1000 W&8 

used to record most of the l i q u i d  orystal l ine trs8sitio~U~. 

'Ehe sens i t iv i ty  on the Y axis was rauitably reduoed t o  



reoord the solid- liquid aryatal  t ransi  tian. I n  s .ri es 

with the d i f fe ren t ia l  A 2, a sero suppression unit wacl 

used t o  aupprees the thermocouple signal with a resolution 

of one nicrovolt. me variation of thermo e,m.f, wifh 

preaaure i s  negligible i n  the  pressure ranges of our 

in te res t  . 28 

2 4, 3. Preesure Oalibrat ion and Measuraneat 

A8 already described, the l inear i ty  of the prennure 

meaeuremente wars ensured by measuring the  variat ion of 

ree l s  tancs with preesure of pranganin gauge 28,29 imneraed 

in si l icone o i l  f i l l i n g  the aample oapsule. It w a a  obeer- 

ved t h a t  i n  the pressure range up t o  about 8 kbara, the  

variat ion wae l inear .  

The line pressures were measured by a calibrated 

traneducer (type PT21UA made by ISRO) reading t o  an 

acouracy of +0.2$. However, t h i s  is not the t rue  prrasure 

experienced by the sample. The true pressure is l e s s  than 

the line preeeure, the correction being dependent upon the 

thickness and the  grade of the tef lon used and a l so  on 

the  inrjI.de geonetry o f  t h e  ce l l .  The phase diagram of 

the  ireshly d i s t i l l e d  C Q 4  w a s  obtained and on ~ompar i@m 

with that  of ~ r id@nan ' e~O i t  vae noted tha t  our data 



agreed with those of Brdignads within 2 t o  3s over the 

entire range of pressure investigated. Aleo, PM, r 

widely studied liquid orystal (see e e c t i a  2.2.9) wae 

used a8 another eecondary standard. lChe values obtained 

for this @ampound was again in agreement with the earlier 

data. Henoe the aoouracy of the abeolute preerure messure- 

men* i s  reckoned to b e  about - +2% over the entire range 

of  preeeure studied. 



Temperature c a l i b r a t i o n  o f  the o p t i c a l  c e l l  
during heating 

Actual Obs err ved 
S.IVo. Compound Rransitlon Temp. 

O n  
Temp. 

O r r  

1 Aaobeneol. melting 68.5 68.6 

2 Benei l  t t 95.0 95.43 

4 Phenacetin " " 137 0 137.62 

6 PAA s o l i d-  118.0 118.81 
nematic 

7 I'M nematic- 135.0 135.92 
i s o t r o p i c  

8 HOAB S - Sc 74.4 75.0 

9 HOAB SO - N 95.4 95.5 2 



l ~ e r a t u r e  oalibration of the optical oell 
during cooling 

Transition %amp. *C 
S1 . 
No . Oempound rPransition as meaaured on meamred 

a Msttler hot from e x p t l .  
e tago set up 

1 H O D  8 - 1  125.0 120.53 

2 H O D  C - N  95.5 91.65 

3 P U  N - I 135.0 130.57 

4 PAP N - I  166.50 163.22 

5 8 OCB N - I 80.5 '75.33 

6 7OPDQB N - I  86.0 80.85 

7 7OPDOB A - N  84.5 79.10 

8 moo1 8 - 1  106.90 103.95 

9 a 0 O A  A - M  82.5 77.84 

10 8 0033 A - H  67.0 62.78 



d?/dP i n  '~/kbar f o r  PAA 
- - 

S1 Investigatore Solid- Nematic- Techniques 
l o .  nematic i so t rop ic  used 

Optical 
transmission 2 

volwnetri c 1 1  Puschin and 25.6 
Grebenschtschikow 

Robberecht , 32.0 Optical 
transmis a ion 3 

N M R ~ ~  B l o c h e  e t  a1 24.5 

McColl and Shih - 
Qlandrasekhar e t  a 1  32.0 

Tikhomirova e t  a1 23.2 

Klement and Cohen 31 .0  

volumetric 17 

DTP 
Baskakov e t  a1 - 
Spratte and Schneider 29.5 

Piesometric 19 

DTA*' 

Stishov e t  al - 
Venkatesh et  al 3 1 . 2  

Present work 32.15 Optical 
transmission 



Paraazoxyaaia o l e  (PM) 

118.0 135.0 
S o l i d  Hematic I so trop io  

S1. Pressure i n  Transition temperature * C  

No kbar B o l i  d-nematic Nematic- 
i s o t r o p i c  

1 atmospheric pr.  
2 0.10 

3 0.21 
4 0.31 

5 0.41 
6 0 .52 

7 0.62 
8 0.72 

9 0.83 
10  0.93 
11 1.03 

12 . 1.14 

13 1.24 

14 1.35 

15 1 -45  
16 1.55 

17 1.66 
18 1.76 

19 1.86 
20 1.97 

21 2.07 
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