
CHAPTER I1 

DESCRIPTION OF THE EXPERIMENTAL TECHNIQUES 

2.1 Introduction 

The  design of t he  exper imenta l  s e t  up for  high pressure invest igat ion 

of liquid crys ta ls  presents  ce r t a in  problems which a r e  not  normally encoun te red  

in the  s tudy of t he  solid s t a t e ,  e-g., conta inment  of t h e  liquid crys ta l l ine  sub- 

s t ance ,  low hea t  of t ransi t ion,  chemica l  reac t iv i ty  wi th  the  ma te r i a l  of t h e  

conta iner  e t c .  In addition most  liquid and solid pressure t ransmi t t ing  media  

con tamina te  t he  liquid crystal l ine mater ia l ,  and even a minute  contaminat ion  

resul t s  in a  d ra s t i c  reduction of t h e  t ransi t ion t empera tu re .  I f  gas  is used 

a s  pressure t ransmi t t ing  medium i t  will dissolve in t he  liquid crystal l ine sample  

and no meaningful measu remen t s  can  be made. 

Taking all these  f ac to r s  into considerat ion the author  has  designed and 

f ab r i ca t ed  a high pressure opt ica l  cell. Most of the  resu l t s  presented  in this  

thesis  have  been obta ined  using this cell. The author  has also ca r r i ed  ou t  

Xray  and d ie lec t r ic  s tudies t o  supplement  the  resul ts  obtained f rom high pres- 

su re  experiments .  The descript ion of t he  d i f ferent  types  of appa ra tus  fo rms  

the  subjec t  m a t t e r  of this  chapter .  



2.2 High Pressure Optical Cell 

Opt ica l  transmission technique was  the  ear l ies t  method used to  d e t e c t  

phase t ransi t ions a t  high pressure. More recently,  this technique has been 

used wi th  considerable success ,  by K e y e s  e t  a ~ , ~  Cladis  e t  a14 and Kalkura 

e t  a ~ . ~  All these s tudies  have been conducted  using d i rec t  pressure  t ransmi t t ing  

cel ls  which have been designed for  forward  sca t t e r ing  exper iments .  Although 

one  such cell did exist  in the  labora tory ,5  the  author f e l t  the  need  to modify 

this  cel l  in view of two  requirements:  

1. t o  cons t ruc t  a cell  which can  be used both for  light s ca t t e r ing  and 

opt ica l  microscopy expe r imen t s  - a need which becomes  part icularly 

impor t an t  in identifying pressure induced phases and 

2. t o  design a cel l  which is usable even  for  very small  quant i t ies  of 

t h e  sample  ( < 5mg). 

In this sec t ion  a de ta i led  descript ion of t h e  cel l  covering the  design a s  well 

a s  the  construct ional  a spec t s  will be given. 

2.2.1 Descript ion of t he  Cell  

A s c h e m a t i c  d iagram of t h e  high pressure optical cell is given in fig. 

2.1. All t h e  components  of t h e  cel l  were  machined out  of a low alloy harden- 

ab le  s tee l ,  viz., EN-24 (equivalent  t o  AISI 4130) which has  0.4% carbon,  0.2% 

silicon and 0.55% nickel. This s t e e l  has t he  advantage  t h a t  i t  c a n  be hardened 



Figure 2.1 
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t o  great  strengths by  means o f  martensi t ic  t ransformat ion.  The al loy ing ele- 

ments  increase the hardenabi l i ty  o f  the ma te r ia l  and i n  addition, also cont r ibu te  

w i t h  sol id-solut ion strengthening. The d i f f e ren t  parts o f  the  ce l l  were machined 

and heat t rea ted t o  hardnesses ranging f r o m  40 t o  55 RC depending on the 

component and i t s  locat ion  i n  the cell. 

The body o f  the  ce l l  (fig.2.2) has threaded openings on b o t h  sides in to  

wh ich  the two  plugs (see fig. 2.1) w i t h  exact ly  match ing threads can be f i t ted .  

On  the outside, the plugs have a la rge tapered opening (70° outside taper) 

wh ich  fac i l i t a tes  a wide v iewing angle w i thou t  a f f e c t i n g  the s t rength  o f  t he  

plug. .On the inside, the plugs have a smal l  protrusion wh ich  are made opt ica l ly  

f l a t  by  handlapping. These plugs keep the sample assembly i n  position. The 

cen t ra l  hole o f  the  upper p lug is  sealed by  an opt ica l ly  pol ished sapphire r o d  

wh ich  also fo rms a p a r t  o f  the sample assembly. The hole i n  the  c e l l  body 

f o r  the pressure connect ion consists o f  two  stages: a smal ler  hole wh ich  ex- 

tends f r o m  the i n te r i o r  o f  the body t o  about two- th i rds  o f  t he  thickness and 

joins a larger hole bored f r o m  outside. 

2.2.2 S a m ~ l e  Chamber  

I n  order t o  develop h igh pressure i n  the small  cent ra l  sample chamber, 

i t  is essential t o  have a t i gh t  seal along bo th  boundaries o f  the plugs: one 

f o r  the cent ra l  hole and the other a long the c i rcu lar  boundary o f  the  chamber 

against the plug. The reason f o r  the  l a t t e r  is t ha t  the th readso f  the p lug 

alone are n o t  enough t o  hold the plug t i gh t l y  against the ma in  body o f  the  



Plug 

Shelf 

To pressure 
-+ generator 

O i l  
'w&W Line 

Figure  2.2 Schemat ic  d iagram o f  t h e  basic par t s  o f  t h e  high pressure cel l  



cell. A th in  clearance between the p lug and the sample chamber caused b y  

a s l ight  l i f t i n g  o f  t he  p lug by  h igh  pressure leads t o  a leak o f  the o i l  t o  t h e  

outside. This leak is avoided b y  p lac ing around the junc t ion  a neoprene '0' 

r i n g  i n  conjunct ion w i t h  an ant i - ex t rus ion ring. The seal a t  the cent ra l  hole 

o f  the  p lug is made w i t h  opt ica l ly  pol ished sapphire windows and a smal l  washer 

made o f  t h in  a lumin ium fo i l -  the washer t o  fill any crevices on the  surface 

o f  the  plug. The sapphire windows as we l l  as the '0' r i n g  are  he ld  i n  posi t ion 

i n i t i a l l y  b y  the outer  spacer. 

Encapsulat ion o f  the  Sample 

A s  ment ioned earl ier,  l i qu id  crysta ls i n te rac t  w i t h  the pressure trans- 

m i t t i n g  f luid. I t  is there fore  necessary t o  isolate the sample f r o m  the pressure 

t ransmi t t i ng  medium. This is achieved b y  using a f l u ran  tubing. Fluran,  an 

elastomer ma te r ia l  does no t  reac t  w i t h  l iqu id  crysta ls and a t  the same t i m e  

t ransmi ts  pressure exceedingly well. I t  can also w i ths tand temperatures upto  

about 270°C. The sample assembly i s  schemat ical ly  represented in  fig. 2.3. 

The sample is sandwiched between t w o  sapphire rods wh ich  f i t  snugly inside 

the f lu ran tube. A n  e f f e c t i v e  seal is real ised by  t i gh t l y  wrapping a th in  steel  

w i r e  around the tubing on the sapphire windows. The innner spacer ( low pres- 

sure sealer), washer and the spring (see fig. 2.1) cen t re  the  b o t t o m  sapphire 

(which is f ree  as it is no t  used t o  seal the cap) o f  the  sample assembly and 

keep i t  under a l igh t  tension. The t h i r d  sapphire wh ich  is  comple te ly  isolated 

f r o m  the sample assembly seals the b o t t o m  end o f  the  pressure cell. The 

space between this t h i r d  sapphire and the bo t tom sapphire o f  the sample assem- 
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Figure 2.3 S a m p l e  assemb ly  



bly is occupied by a glass  rod  reducing thereby t h e  amoun t  of oil be tween  

these  two sapphires  which o the rwi se  would have dec reased  t h e  in tens i ty  of 

t h e  t r a n s m i t t e d  light. I t  mus t  also be  mentioned t h a t  all  t h e  t h r e e  sapphi re  

rods a r e  spec i a l l ycu t  such t h a t  t h e  C- axis  is perpendicular  t o  t h e  faces.  

2.2.3 Descr ip t ion  of t h e  Hea t inq  and  Coolinq Sys tems 

Most of t h e  expe r imen t s  conduc ted  by t h e  au tho r  requi red  qui te  high 

t e m p e r a t u r e s  (about  200°C) and  hence  it was  necesssary  t o  have  a hea t ing  

sys t em which can  rise t h e  t e m p e r a t u r e  of t h e  en t i r e  pressure  cell. Fig. 2.4 

shows t h e  s c h e m a t i c  d iagram of t h e  h e a t e r  and  t h e  cooler  assemblies. The  

hea t ing  sys t em is made  of an  a luminum cylinder whose in te rna l  d i ame te r  is 

such  t h a t  t he  pressure cel l  could be push- fi t ted in to  it. Thus ~t also a c t s  

a s  a binding ring fo r  t h e  pressure  cell. Nichrorne t a p e  was  wound on mica  

sheets-which se rved  a s  an  e l ec t r i ca l  insulator - and t h e  mica  s t r i p s  in turn  

were  wrapped around t h e  inside wall of t h e  aluminum cylinder. The e f f e c t ~ v e  

hea t inq  capac i ty  w a s  about  200 wa t t s .  A radial hole w a s  m a d e  through t h e  

aluminium cylinder  t o  f a c i l i t a t e  t h e  taking out  of t h e  pressure  tubings f r o m  

t h e  pressure  cel l  t o  t h e  outside.  A Chromel-Alumel thermocouple  shea thed  

in a c e r a m i c  tube  was  used t o  measu re  t he  t e m p e r a t u r e  sensed  by t h e  sample.  

The  thermocouple  is introduced through a small  radial hole and  is so l oca t ed  

t h a t  its junction just touches  t h e  ce l l  body. No holes  a r e  m a d e  on t h e  cel l  

body f o r  t h e  t h e  insert ion of t h e  thermocouple  s ince  t h a t  would considerably 

weaken  the  cell  body. The re  will be however,a  d i f f e r ence  in t he  t e m p e r a t u r e  

of t h e  s ample  and tha t  sensed  by t h e  thermocouple junction. By accu ra t e ly  
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mapping this gradient  a t  a l l  temperatures, t h e  prob lem was overcome. These 

ca l i b ra t i on  exper iments were  pe r fo rmed  using a u n i f o r m  heat ing  or  cool ing 

r a t e  o f  I0 /min .  

, Excep t  i n  the  case o f  l ip ids (Appendix), the mesophase t ransi t ions occur 

we l l  above the r o o m  temperature. As  such a cool ing un i t  was necessary only 

when the ce l l  had t o  be cooled t o  or  below room temperature.  Above room 

temperature  cool ing could be done b y  mere ly  vary ing the  cu r ren t  through 

the heat ing  element. A coo l ing  jacket  i n to  wh ich  the ce l l  can be press- f i t ted  

is made using a lum in imum as the mater ia l .  By suitably scooping out  the  inside 

m a t e r i a l  f r o m  the jacket  and by  closing the top o f  the  jacket  w i t h  an a lumin ium 

str ip, wa te r  can be passed in to  the jacket  through the nozzels provided a t  

the ends o f  t he  jacket. I n  fac t ,  the jacket  consisted o f  t w o  'C '  shaped un i ts  

l inked by  a hinge. So whenever coo l ing  was necessary i t  could be sl ipped 

through easily. A thermosta t  was used t o  pump wa te r  i n to  the cool ing jacket. 

The water, as i t  passes through p rac t i ca l l y  the en t i re  c i rcumference o f  the  

cool ing jacket, provides a very  e f f i c i e n t  way o f  cool ing the  cell. 

2.2.4 H i g h  Pressure P lumbinq System 

The schemat ic d iagram o f  the  h igh pressure p lumbing system used i n  

the  present study is shown i n  fig. 2.5. A hand pump (PPI, USA)  is used t o  

generate the pressure i n  the cell. F i n e  variat ions o f  pressure are achieved 

b y  using a pressure generator  (HIP, USA)  w i t h  a smal l  displacement capacity. 

The l ine  pressure, wh ich  is noth ing b u t  the pressure experienced b y  the sample, 





is measured by  a Bourdon type (HEISE) gauge. The p lumbing connections 

are  made through two-way and three-way valves. The advantage o f  using 

a three-way va lve  over tha t  o f  a T- jo in t  is t ha t  the ins t rument  wh ich  i s  conne- 

c t e d  through the valve can be isolated f r o m  the ma in  l ine  when no t  i n  use 

b y  just closing the valve. Thus fo r  example, the pressure transducer could 

be used "on-line" whenever required. The tubing used was made o f  seamless 

stainless steel ma te r ia l  ( ID  =2mm and OD = 10mm). The valves as we l l  as 

the tubing were chosen t o  w i ths tand l ine  pressures up t o  7 kbar. 

The sample was pressurised i n  a f a i r l y  st ra ight  f o r w a r d  way: t he  "pr iming" 

was done using the hand pump. Pu l l i ng  the handle o f  the  pump up raises the 

piston and draws o i l  f r o m  the reserve in to  the pump's chamber. PuShing the 

handle down lowers the piston wh ich  compresses the o i l  and sends i t  through 

the steel  o i l  l ine  t o  the cell. A f t e r  this p r im ing  operat ion pressure could 

be f i ne  cont ro l led  using the  pressure generator. As  the pressure i n  the ce l l  

is  the same as tha t  i n  the  pump the c e l l  pressure could be i nd i rec t l y  measured 

by  measuring the l ine  pressure. 

2.2.5 De te rm ina t ion  o f  the  Phase Trans i t ion  Temperatures 

The exper imenta l  set up used t o  determine t.he t rans i t ion  temperatures 

is  shown i n  fig. 2.6. L i g h t  f r o m  a He-Ne laser (Spectra Physics 5mW) was 

made to  f a l l  on the sample i n  the opt ica l  cell. A photo detec tor  system was 

posi t ioned t o  co l l ec t  the l i gh t  t ransmi t ted  by  the sample. The vol tage drop 

across a f i x e d  resistence o f  1 k i l o  ohms caused by the cur rent  ou tput  o f  the  



Figure  2.6 Schemat ic  d iagram of t he  exper imenta l  s e t  up used f o r  t h e  high 
pressure expe r imen t s  
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detec tor  was measured using a d ig i t a l  mul t imeter .  A para l le l  connect ion f r o m  

th is was taken t o  one o f  the channels o f  a mul t ichannel  recorder (Linseis 

model  2041) through a low vol tage source. Using the  vol tage source as an 

o f f se t  cont ro l  smal l  in tens i ty  changes over and above a large background inten-  

s i t y  could be easily monitored. The temperature  o f  t he  sample was measured 

using a thermocouple i n  conjunct ion w i t h  a programmable d ig i t a l  m u l t i m e t e r  

(Ke i th ley  192). The vol tage output  o f  the thermocouple was f e d  t o  another 

channel o f  the mul t ichanne l  recorder. Thus both  in tens i ty  and temperature  

could be simultaneously moni to red and recorded. A t  the  phase t rans i t ion  there 

would be an abrupt  change in  the in tens i ty  o f  t he  t ransmi t ted  l ight. 

2.2.6 Temperature  ca l ib ra t ion  o f  the  C e l l  

F o r  the temperature  ca l ib ra t ion  o f  t he  ce l l  during the heat ing  and cool ing 

modes, several compounds, non-mesomorphic as w e l l  as mesomorphic, have 

been used. 

a) Hea t inq  Mode: The substances as w e l l  as the i r  t rans i t ion  temperatures  

as measured w i t h  the polar is ing microscope f i t t e d  w i t h  a programmable  ho t  

stage ( M e t t l e r  FP52/FP5) are l i s ted  i n  Table 2.1. The p lo t  o f  th is  temperature  

against the t rans i t ion  temperatures as measured i n  our exper imenta l  set up 

is shown i n  fig. 2.7. The data were f i t t e d  t o  a s t ra igh t  l ine using a l inear 

least square program. The values o f  slope and in tercept  thus obta ined are 

1.000 and 1 .57I0C respectively. 

b) Coo l inq  Mode: As the c rys ta l l i za t i on  temperature  depends on the ra te  



TABLE 2.1 

Materials used for the  temperature  calibration of the  high pressure cell (heating 

mode) and their  transition temperatures  

Actual Observed 
Substance Trans1 tion Ternperature(OC) Temperature  (OC] 

(by Met t ler )  (by Pressure Cell)  

C-CH2 

Azobenzol 

NPOOB 

C-CH4 

Benzil 

7 OPDOB 

CBNA 

HOAB 

PAA 

PAP 

Nematic-Isotropic 

Solid-Isotropic 

Nematic-Isotropic 

Nematic-Isotropic 

Solid-Iso tropic 

Solid-Smectic C 

Smectic A-Nematic 

Nematic-Isotropic 

Solid-Smectic A 

Smectic A-Nematic 

Nematic-Isotropic 

Solid-Smectic C 

Smectic C-Nematic 

Nematic-Isotropic 

Solid-Nematic 

Nematic-Isotropic 

Solid-Nematic 

Nematic-Isotropic 



Actual Temperature(OC ) 

Figure  2.7 T e m p e r a t u r e  ca l ibra t ion  cu rve  o f  t h e  high pressure  ce l l  in t h e  hea t ing  
mode  using t h e  subs t ances  l i s ted  in Table  2.1 



o f  cooling, quant i ty  o f  sample taken, etc., (i.e., the degree o f  supercool ing 

is a func t i on  o f  the  exper imenta l  conditions), the non-mesomorphic compounds 

cannot  be used f o r  the temperature  ca l ib ra t ion  o f  t he  ce l l  dur ing the cool ing 

mode. F o r  th is  purpose, only l iqu id  c rys ta l l ine  t ransi t ions wh ich  are h ighly 

reproducib le were used i n  the cool ing mode. The compounds used are l i s ted  

i n  Table 2.2 along w i t h  the i r  t rans i t ion  temperature  as measured using the 

M e t t l e r  h o t  stage. The p lo t  o f  th is  temprature  versus the temperature  mea-  

sured using our set up is shown i n  fig. 2.8. The values o f  t h e  slope and the 

i n te rcep t  obtained by a l inear least  square f i t  o f  t h e  data t o  a s t ra igh t  l ine  

are  0.985 and - 0.269OC respectively. 

2.2.7 Pressure Ca l i b ra t i on  o f  t he  C e l l  

In order t o  ascerta in t h a t  the pressure experienced by  the  sample is 

the same as the l ine  pressure read  on  the gauge, we conducted ca l i b ra t i on  

exper iments using p-azoxy anisole (PAA), perhaps the most  w ide ly  studied 

l i qu id  c rys ta l  under pressure. The nemat ic- isotropic t rans i t ion  was used for  

the  purpose. The exper iments were conducted on both  increasing and decreasing 

pressure cyc le  and i t  was found tha t  the  t rans i t ion  temperature  a t  any pressure 

was independent of t he  pressure cycl ing. This showed tha t  the sample i n  the 

c e l l  was experiencing hydros ta t ic  pressure. 

2.:3 Xray Set Up 

I n  this section we shal l  describe the set up used i n  X ray  d i f f r a c t i o n  experi- 



TABLE 2.2 

Temperature  calibration of the  high pressure cell during cooling: Materials  used 

and their  transition temperatures  

Substance Transition 
Actual Observed 

Temperature (OC) Temperature  (OC) 
(by Met t ler )  (by Pressure Cell) 

C-CH2 

NPOOB 

C-CH4 

7 OPDOB 

CBNA 

HOAB 

PAA 

PAP 

Isot ropic-Nemat~c 

Isotropic-Nematic 

Nematic-Smectic A 

Isos tropic-Nema t ic  

Isotropic-Nematic 

Nematic-Smectic A 

Isotropic-Nematic 

Nematic-Smectic A 

Isotropic-Nematic 

Nematic-Smectic C 

Isotropic-Nematic 

Isotropic-Nematic 



Actual Temperature ( ' c )  

Figu re  2.8 T e m p e r a t u r e  ca l ib ra t ion  cu rve  o f  t h e  high p re s su re  cel l  in t he  
cooling mode  using t he  subs t ances  l i s ted  in Tab l e  2.2 



ments. The sample holder and the heater  used to  main ta in  the  temperature  

o f  the  sample a t  any desired value are shown i n  fig. 2.9. The heater  consists 

o f  a c i rcu lar  copper r o d  having a rec tangu lar  slot. I n  order t o  f a c i l i t a t e  mount-  

i ng  between the pole pieces o f  a permanent  magnet, the cen t ra l  po r t i on  o f  

the  rod  was mach ined t o  have a rec tangu lar  cross section. N i c h r o m e  tape 

wound on the b o t t o m  and top c i rcu lar  par ts  was used for  heat ing  the  sample. 

A smal l  hole (about 0.6mm diameter)  was d r i l l ed  a t  the cent re  o f  the  r e c t -  

angular po r t i on  f o r  the  Xrays  t o  enter. The conical  angle o f  t he  e x i t  aper ture  

(O,,) was about 4 5 O .  

The sample holder consisted o f  a long rectangular  copper s t r i p  wh ich  

f i t t e d  exact ly  i n t o  the rectangular  s lot  o f  the  heater. This s t r i p  had a hole 

( 0 2 )  o f  0.8mm d iameter  along the wider side through which  a 1-indemann cap i l l -  

a ry  tube contain ing the sample could be inserted. The s t r i p  also had t w o  holes 

( a t  r i gh t  angles t o  the hole i n  wh ich  the  samp le  capi l lary is located), one for  

the entrance o f  t he  X rays  and the o ther  (03) fo r  the d i f f r a c t e d  X r a y  beam. 

The hole on the  e x i t  side had a Iarge taper so tha t  it p e r m i t s  d i f f r a c t i o n  

cone angle o f  4 5 O .  B o t h  the entrance and the ex i t  holes o f  t he  heater  were 

covered by  th in  m y l a r  st r ips t o  avoid a i r  currents a f f e c t i n g  the sample tempe- 

rature. The heater  was kept  between the pole pieces o f  a permanent  magnet 

o f  s t rength  /u 0.4 Tesla such tha t  the  sample posi t ion was a t  the cen t re  p f  

t he  pole pieces and the f i e ld  was no rma l  t o  the inc ident  X r a y  beam. The 

heater  and the magnet  assembly were mounted on a stand o f  adjustable height  

wh ich  also had a provis ion fo r  precise level ing by means o f  th ree level ing 

screws. 



A copper-constantan thermocouple was inserted i n to  the  heater  fromi 

the b o t t o m  such tha t  the junc t ion  was as close t o  the sample as possible. 

The output  o f  the  thermocouple was f e d  t o  a d ig i ta l  mu l t ime te r .  Ca l i b ra t i on  

of the  thermocouple was done using standard samples. 

F o r  X r a y  studies samples were taken in L indemann glass cap i l la ry  tubes 

and the ends o f  the tubes were sealed i n  a flame. The tube was mounted 

i n  the  sample holder and was bathed i n  monochromat ic C u  K a  Xrad ia t ion  

obtained f r o m  a X ray  generator (Phi l ips W1730) i n  conjunct ion w i t h  a bent  

quar tz  c rys ta l  monochromator (Car l  Zeiss Jena). The d i f f r a c t e d  X r a y  beam 

was recorded on a f l a t  f i l m  which  was located a t  the focus o f  the  monochro- 

mator .  A t yp i ca l  exposure t i m e  was about 30 minutes. D u r i n g  this t i m e  the 

temperature  o f  the sample could be mainta ined constant  t o  w i t h i n  +0.I0C. 

A f t e r  the comple t ion  o f  the exper iment,  the t rans i t ion  temperature  o f  the 

sample was remeasured and found t o  be unal tered w i th in  the  l i m i t s  o f  the 

exper imenta l  e r ro r  ind ica t ing  thereby tha t  the sample d id n o t  de ter io ra te  

dur ing the  experiment. The distance between the d i f f r a c t i o n  spots on the  

f i l m  was measured using a precis ion comparator  (Adam-Hi lger  Ltd.,). The 

data thus obtained were brought t o  an absolute scale by using the  100 r e f l e c t i o n  

o f  p-decanoic acid. The d value o f  th is  re f l ec t i on  was taken t o  be 23.1 A". 6 



beam 

( b )  
Figure  2.9 Schemat ic d iagram o f  the  sample holder (a) and the hea te r  assembly (b) 

used f o r  the X ray  exper iments 



2.14 Dielectric Set Up 

2.4.1 Dielectr ic Cell: 

The dielectr ic constants were  evaluated by measuring t h e  capaci tances  

of a parallel p la te  capacitor without and with the sample. A schemat ic  

7 diagram of the  dielectr ic cell is given in fig. 2.10 (a). The cell consisted 

of two aluminium coated glass plates which served as  electrodes.  These 

were separa ted by narrow str ips of mylar (thickness 50 p -100 p ). Care  

was taken to see  tha t  these spacers were outside the ac t ive  a rea  which 

2 
was about 0.8 c m  . A bevel made on the shorter  side of one of the  plates 

was useful in filling the sample. The plates were offset  along the length 

and the a rea  jet t ing out  was used to make electr ical  contacts. The electrode 

assembly was held rigidly in a copper f r ame  shaped like a rectangular G 

clamp. A f l a t  copper plate was used as  a buffer to avoid uneven pressing 

of the plates by the  brass screws. 

2.4.2 Hea te r  for  the  Dielectr ic Cell 

A schemat ic  diagram of the  hea te r  is shown in fig. 2.10 (b). The heater  

consisted of a copper rod having a rectangular slot along i ts  length. A thin 

sheet  of mica was  stuck over the surface  of the  tube so tha t  nichrome tape 

could be wound over it. Asbestos shee t  covering on the outside provided 

good thermal insulation. The hea te r ,  could be ro ta ted  about a vert ical  axis 

and its position could be read on a circular  scale a t t ached  t o  i ts  bottom 

to  a precision of 0.I0C. With this a t t achment  the  cell could be ro ta ted  

exactly by 90°C facil i tat ing a quick switchover from cL measuring configura- 



Schematic d iagram o f  the (a) d ie lec t r i c  
(b) heater  

1 .Electrodes 7.Copper cap 
2.Bevel 8.Neoprene gasket 
3.Copper c lamp 9.Nozzels 
4.Copper p la te  10.Brass nuts 
5.Brass screws 11 .Thermocouple 
6.Windows 

c e l l  



t i o n  t o  E,, measur ing conf igura t ion  and v ice  versa. The heater  was sealed 

b y  a neoprene gasket i n  the copper cap wh ich  i n  tu rn  could be screwed on 

t o  the top o f  heater. Before  the commencement o f  any exper iment  the 

heater  was f lushed w i t h  dry n i t rogen f o r  a long t i m e  through a pa i r  o f  nozzles 

i n  order to  prevent  oxidat ion and hence deter io ra t ion  o f  t h e  sample. The 

heater  assembly was mounted on a stand between the pole pieces of a wa te r  

cooled magnet (F ie ld  - 1.5 Tesla). The f i e l d  was more  than the  sa tura t ion  

f i e l d  requ i red t o  o r i en t  the  sample (thickness 5 0 ~ - 1 0 G p ) .  

The temperature  o f  the sample was measured using a ca l i b ra ted  Chromel -  

A lume l  thermocouple i n  conjunct ion w i t h  a d ig i t a l  mul t imeter .  Temperature  

o f  the  sample was main ta ined constant  t o  k25mK during the dispersion studies. 

F o r  the  s ta t i c  measurements a slow r a t e  o f  cool ing (about 6OC/hr) was 

adapted. 

F o r  the measurement o f  E,, ( d ie lec t r i c  constant a long the di rector) ,  

the  sample was al igned homeotropical ly  and the e lec t r i c  f i r l d  was appl ied 

a long the di rector .  was measured b y  a l igning the  sample homogeneously 

and apply ing the  e l e c t r i c  f i e l d  perpendicular  t o  the  director. 

The s ta t i c  d ie lec t r i c  measurement as we l l  as dispersion studies were 

pe r fo rmed  using a H e w l e l t  Packard  Impedance analyser (4192A) whose freque- 

ncy  range is 5Hz - 13MHz. 



As the a l i g n m e n t  was produced by  a strong magnet ic  f i e l d  and no t  

by  means o f  sur face t rea tmen t  o r  surfactants, it is reasonable t o  assume 

tha t  the surface anchoring e f f e c t  was negl ig ib ly small. I n  such a case the 

ent i re  sample would be al igned w i t h  the  di rector  along the magnet ic  f ield, 

and hence the re la t i ve  accuracy i n  the measurement o f  E,, and E, would be 

the same as tha t  f o r  the  cap ica tance measurement wh ich  i n  our case is  

0.1%. I n  the extreme, bu t  un l ike ly  possib i l i ty  o f  s t rong surface anchor ing 

wh ich  con f l i c t s  the d i rec t ion  o f  t he  magnet ic  f ield, there wou ld  be a bound- 

8 ary  layer  (or  a magnet ic  coherence length  as defined by de Gennes ) whose 

thickness is a func t i on  o f  temperature  because o f  the  the rma l  dependence 

o f  the  e las t ic  constants. This wou ld  o f  course a f f e c t  the d i e l e c t r i r  constant 

measurements and the er ror  wou ld  be much  greater. However,  as remarked 

ear l ie r  such a s i tua t ion  is very unl ikely. 

The precis ion i n  the determinat ion  o f  the  frequency o f  re laxat ion  and 

hence the ac t i va t i on  energy is es t ima ted  t o  be 2%. 
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