
3.1 ' 1  I n d a q i c ~ i  on: 
1 '  4 ,  4 

, AB d p  $ain'ted,out i n  chapter I,  the general 
L '  

eequence of phase *f&amitions on heating a polymesonorphic 

compound would b/ solid -++ amectic --) nematic + iso- 
I \ '  

tropic. ~owerer  ,"a remarkable except ion t o  t h i s  sequence 

M found by  ladi is.' She found tha t  i n  the mixture. of 

(p-hexyloxyben~lidene )-amino] beneoni t r i l e  (HBAB ) , 
the nematio - smectic A t rans i t ion  temperature becomes 

the 
atultivalued, nematic phase occurring a t  higher as w e l l  

L 
a0 lower temperatures re la t ive  t o  the smeutic A phase. 

The phase diagram of theee mixtures is given i n  figure 

3.1. It is  Been that fo r  a concentration range of about 

5 t o  15 $ of HBAB , the sequence of phase tram1 tions on 

oooling i e  

isotropic -+ nslaatio -.;) smectio A --Sr nematio + s o l i d .  

This lower temperature nematic phaee was l a t e r  deeignatad 

are reentrant nematic phase. The reentrance of a h i a e r  

sy~~metry phase a t  a temperature below the lea8 symare~trlo 
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one is enmuntered i n  several other eyetaaaa, The 

pmesure drpendence of ~ e '  nmlting temperature3 raa 

perhapa the ea r l i es t  example of reentrant behariour. 

IPhe reentrance of .the normal phase i n  superconductora 

doped with Kondo impurities wae predicted theore t i c d u 4  

and was immediately eetsblished experimentally. Other 

eystems eruoh a8 the  natural ly occurring protiens l i k e  

aselmyoglobin and chymotrypsinogen water sys tme  6,7 

exhibit similar P-T diagrams (at  constant pH), Wore 

recently, a reentrant nematic-isotropic phase boundary 

ha0 been predicted i n  poly- y-b eneyl-L-glut amate 

dieeolved i n  denatured solvents. 8 

Ihus, although the phenomenon of reentranoe was 

known f o r  qui te  s onetime, i t  oame as a surpr ise  i n  the  
1 f i e l d  of l iqu id  cryatalrs. Cladis  found that the bend 

e l a s t i c  o o n s t a ~ t  K of CBOOA and HBAB mixtures exhi- 
33 

bi ted a similar behaviour on both sidea af the smectio A 

phase, namely, it ah owed a sharp pretrsrnsitional inorease 

on approaching the smectic A phase e i t he r  *om the high 

o r  from the low temperature side. It was oonoludeb, 

therefore, that there is no macroscopic difference bet- 

ween a high temperature (normal) nematic and the 

reentrant nematic phases. 



Subsequently, U 9 d i e  e t  a12 found f o r  the fir6t 

time reentrant behaviaur i n  a single component system 

( ~ u r e  uom~ound) a t  elevated preesures. They found that 

the  compound 4 '-n-oc tyloxy-4-cyanobiphenyl (8 OOB ) 

exhibite reentrant nematic phaee i n  the pressure range 

of about 1.6 t o  1,8 kbar, i n  the cooling mode. They 

aleo ob~rerved reentrant nematic phase i n  CBOOA, mixtures 

of 8 OOB and 6 Om, and a l so  mixtures of n-p-ctyano- 

bensyli dene -p-nonylanil ine ( CBNA) with n-p-cyanoben syli- 
9 dene-p-heptyl ani l ine  (CBHA) under high preesure. 

I n  a l l  these high pressure inveatigatione wherein 

reentrant nematic phase has been obeerved, there is an 

unuaual behaviour of nematic-smectio A pharle boundary. 

Figure 3.2 8howa the P-2 diagram of 8 O(ZB obtained by 

Oledis e t  a1. It is seen tha t  the nematio-emectia A 

phaae boundary curves toward8 the preseure axis 

reeembling the are of an eUipoe. 'Phe reentrant  2 n e n t i c t  

phme existd,  qver a pressure range o f  1.6 t o  1.8 kbrr. 
I 

4 

Beyond %hie presdlre smectio A ceasee t o  e a s t  and there  
I ' ,  

i 'e  'only sr nemhti!~ {phase. 
1 

I 

Very deo;ntly, reentrant nematic phase has been 

observed i n  pure compounds a t  atmoqpherio pressure by 

Madhuaudana e t  all0 i n  our lab oratory and a t  about the 
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s- time by Hardouin e t  a l l '  a t  Bordeaux. Zhe 

discovery of compounds which show reentrant behaviour 

a t  atmoepherio p r e e n r e  has led t o  the tremuldow 

eurge of a c t i v i t y  i n  the synthesis of suah material8 

and a number of subatanoe8,pure oompounds as well ars 

the binary mixturee, are  now known which exhibit  the 

reentrant nematio behavi our a t  atmoepherio pressure. 12-28 

The eyntheais of theee compounds have a l so  led t o  a 

variety of experimental studies on t h i s  phenomenon. 29-33 

I n  s p i t e  of the f ac t  tha t  a number of pure 

compounds are  now known which exhibit  the reentrant  

nematic phase a t  atmospheric pressure, 80  far thsre ha8 

been only a single presaure study on suah a compound, 

t h i a  being, due t p  0ladieJ4 who atudied the  P-l d i a e p r  

of kn-octyloxybeneoyloxy-4 '-cyanosti lbee (!P8), the 

compound synthesieed by Bordeaux group. We ham studied 

the 1 lth and I 2th members of four d i f ferent  homolog- 

eeriee. Six of  the compounds etudied, exhibit  m o n o -  

tropic reentrant nematic phase, whereaa i n  the  other tm, 

ocmppounds, the  reentrant  nematics phaae is  enantiotropicr. 

All the cornpounds studied have been syntheeieed in our 

laboratory. 25,26 



'Phs compounds studied are l i s ted i n  Table 3,1 

along w i t h  their atrueturd. formula. 

A31 the compounds have three phenyl rings with 

a l a t e r a l  methyl o r  methoxy substituent attached t o  

the middle phenyl ring and a cyano end group. The 

purity of the compound was checked by elemental analysirr 

and thin layer chromatography. The phases were identi-  

f i e d  by observing the textures using a polarieing 

.IPLcroscope f i t t e d  with a heating stage ( P P ~  ~ e t t l e r ) .  

The transi t ion temperatures were determined both upti- 

cally and by differential  8caming calorimetry and the 

heate of transition were determined using a differen- 

t i a l  seaming oalorimster (perkin-Eher DSSII). !l!heae 

data are given in Table 3.2. The heat associated with 

emwtio A - reentrant nematic transition i 8  given only 

f o r  four compounds since i n  the case o f  the other 

subatancee, the heats are t o o  small t o  be determined 

with auf ffcient  accuracy. The reentrant nentratio phase 

iu enantlotropic in two compounds, vie. , the 1 1 th homo- 

logue of eerie6 I1 and 111. The other s ix  caprpounde 

studied exhibit only a monotropic reentrant nematic 

phaee . 



3.3 IBexperimntal 

!fhe phaee tranaitiona were deteoted by t he  

optioal tranemiasion technique The sapphire c e l l  

desoribed already i n  ohapter I1 was used f o r  the 

experiments. The l iquid  crystal l ine enaple w a s  sand- 

wiohed be tween two optisal ly polishod sapphire cylinders 

which flt snugly inside the fluran tube, Fluran being 

an elae t  omer material,  transmits pressure very well, 

but does not permit o i l  t o  seep through it. Purther, 

it prevent6 the sample from coming i n t o  d i reot  c o n t a t  

with the preeaure transmitting medium. The l i n e  

preseures measured theref ore a l s  o correspond to  the 

pressure q e r i e n c e d  by the sample, 

Tbe transni t t ed  l i g h t  in tens i ty  was monitored 

by a photocell. Experiment8 were always conducted 

alorrg isobara, i ,e , ,  t o  determine the t r a m i t i o n  t a p e -  

ratures  a t  any p.hesmre, t h e  preesure WPB kept ~omtglt  

and the temperature was varied a t  a oonstant r a t e  of 

1 t o  2'0 per miliu%e. The temperature a t  which there  

w a s  an abrupt change i n  the  intensi ty of transmitted 

l igh t  was taken a8 the t rans i t ion  temperature. There 

wae however a d i f f i cu l ty  i n  t h a t  all the cormpounds 

studied have a natural tendency for a homeotropic 



alignment which makes the detection of the t r ans i t ion  

by this technique rather d i f f i cu l t .  To avoid such an 

a l i m e n t ,  s i l i con  monoxide waa deposited a t  an oblique 

angle on the  surface of the  sapphire cylinders sand- 

wiching the sample. This resulted i n  large intensity 

J q a  a t  the t rans i t ian .  Even the smectio A - reentrant 

nematic t r a m i t i o n s  which were rather  d i f f i c u l t  t o  

detect by DSC were eas i ly  deteoted by th ie  technique. 

Preeauree were maintained and measured t o  an acouracy 

of - +10 bars while the t r a m i t i o n  temperature would be 

read correct t o  +0.025*C. 

The se l f  consistency of  the resu l t s  i s  proved by 

the  fac t  tha t  the da ta  points obtained by 2 independent 

measurements on fresh s q l e e  of different  thicknese 

f a l l  on the same curve. The t ransi t ion temperature8 a t  

room pressure measwed before and a f t e r  the experiment 

were ident ica l  showing that there w a s  no contamination 

or deterioration of the sample. 

3.4 Results and Diaoaesion 

Prom the P-T diagrams of the compounds rtudied, 

i t  is found t h a t  the melting as well as the  nematic - 
isotropic (N - I) phase boundaries are et ra ight  lines 



while the smectic A - nematio (A - bl) phase boundary 

i s  e l l i p t i c  i n  shape i n  all the cases. 'Pa' the  

marlmum pressure and !Em the l n a x i n u  temperature up t o  

which smectic A exist8 are  l i s t e d  i n  Table 3.12. 

I n  order t o  eatimate the posrsible preeeure 

hyater ieis  i n  the determination of smectic A - nematic 

phase boundary par t icular ly  where the curring is rapid 

i.e., where the A-N t rans i t ion  temperature ie more 

. eeneitive t o  pressure ohangee, i t  was thought warthwhile 

t o  do experiments first on 8 OCB. ! b e  compound used i n  

our experiment w a e  obtained by BDH Chemicals, England 

and wae used without fur ther  purification. The transi-  

t ion  temperatures of  our sample a t  1 ba r  are 67.0'0 

and Bl.O*C f o r  mec t i c  A - nematic and nexnatio isotropic 

t rans i t ions  respectively. The P-9! diagram of our 8 OQB 

sample i s  ahom i n  figure 3.3 while the P-IP data is  

given i n  Table 3.3. It was f a n d  tha t  when the experi- 

ment waa performed along an isobar, there was no obeerrroble 

hyater is is  i n  the experimental value. !the value of P,, 

the maximum pressure fo r  smectic s t a b i l i t y ,  i ,e . ,  the 

maximum pressure up t o  which the  emectic A exists  f o r  

our sample i e  1.98 kbar which i s  el ight ly  higher than 



Temperature (OC) 

.4pun 3.38 P-9 dim of 8 019. In * is w t d X  M Wa3J, 
tbe following d & . g r r s ,  the m o U d  o ~ r n  ie a &dm t o  the eye. 



the  e a r l i e r  data of Cladla e t  a1 probably beoause 

of a l igh t  difference i n  the purity of the sample. In 

faot  i t  ha. been ahom that P, for 8 OCl3 is u t r u e l y  

rensi t ive t o  impuritiem. 9 

3.4.2 Series I - 11 CPMBB and 12 WMBB 

A,m s a i d  ea r l i e r ,  Whuerudana e t  a l l o  obsmred 

the reentrant nematic phase i n  pure compounds a t  

atmoapherio pressure, two of these compounds being 

11 CPMBB and 1 2  CPMBB. The synthesis of these oolllporuad8 

- haer been carried out by Sadashiva. 25 For thee. ooarpounde 

both the bridging groups are carbonyloxy moeitiee and 

there is a l a t e r a l  CH3 group attached t o  the r i d d l e  

pheqyl r iq.  B 0th compounds exhibit monotropio reen t ra r t  

nematio phases, 

The t rans i t ion  temperatures a t  d i f ferant  pressurea~ 

f o r  these two compounds a re  given i n  Table 3,4 m d  

Table 3.5 respectively, The complete P-T phaea dlagrw 

are given i n  figures 3.4 and 3,5. It is seen that in 

1 1 OPMBB , Pm, the d mum presmre at which the  u u o t i o  A 

gets euppessed ie quite low, i.e., 0.55 kbar. ?he 

melting l i n e  in tersects  emectic A - nematio (A-N) phme 

boundary a t  a pressure o f  0.50 kbar, thereby resul t ing 

i n  a sol id  - emectic A - nematic t r i p l e  point  (on heating) 







at  0.50 kbar, 120.75*C respectively. Thie tmpe- 

rature being lower than the temperature corresponding 

t o  P, i n  the P-T plane, the  reentrant nematic phpsa 

i s  monotropiu i n  character a t  a l l  pressuree. 

Ihe addition o f  an a lky l  end group enhmoee t he  

P, value whioh i s  2.5 kbar for 12 CPMBB (~igtara 3.5). 

It appears, therefore that P, i a  very sens i t ive  to 

changes i n  moleoular length. We shall see  that the 

same i e  true f o r  all the  se r ies  atudied. The reentrant 

nematic phase of  12 CPMBB also  remains monotropie st a l l  

pressures. We have ehown i n  t h i s  P-T dlagraa, data  

points obtained from two different s e t s  of experiments. 

!they f a l l  on the same e l l i p s e  showing thereby the  self- 

conaiatency of the experimental s e t  up. 'Ehe emectia A 

phase i s  enantiotropic up t o  2.16 kbar. The melting 

l i ne  in te r sec t s  the smectio A - nematic phaee boundary 

a t  2.16 kbar and 168.0*~, resul t ing again i n  a solid - 
amectic A - nematic t r i p l e  point on heating. 

3.4.3 Seriea II - 11 CPMCB and 12 OP1OB 

'Phe data  for these oompounds a re  given i n  lPabler 

3.6 and 3.7 and the complete P-T diagram i n  figurer 

3.6 and 3.7 respectively. 







These compounde syntheaiaed by U r n  and Sadashiva 
26 

are di f ferent  f rom the compounds of Series I i n  that 

(1) they have an additional ethylene (ClH - QB) linkage 

i n  one o f  the bridging groupa, and ( i i )  %be d k y l  end 

ohain i s  replaced by an alkoxy. Thla seems t o  deerewe 

P, t o  a large extent. The value of P, f o r  11 CPMCB i s  

0.29 kbar while for  the next homologue, via., 12 CPMClB 

it ie 1.05 kbar. It muat a l so  be mentioned that 11 C;PMCB 

has an enantiotropic reentrant nernatio phase a t  1 bar 

which remains s o  a t  a l l  pressures. On the other hand, i n  

12 GPMCXB the reentrant n a a t i c  phase is  monotropic a t  one 

bar, but with increareing pressure, it beconme onantiotropic. 

The melting l i n e  in termote  smectic A - reentrant  nematic 

phase boundary a t  0.44 kbar resul t ing  thereby a t r i p l e  

po in t  at 0.44 kbar and 104.5.C. Beyond this proemare, 

reentrant nematic phase becomes enantiotropic. mi8 0aeo 

is the f i r a t  instance 'of' ffuch a change i n  the oharaoter of 

the t r a m i t i o n  involving reentrant nematio phase, though 

a eimilar change ha8 been observed before f o r  nematic and 

choleeterio phases. 35936  Here again, aa i n  nCPMBB se r i e s ,  

inczseaeing the  length of the molecule has stabilized the  

smectic A phase t o  a large extent as seen by the  h i @ e r  

P, value of 12 CPMCB compared t o  tha t  of 11 CPHCB. 



3.4.4. Series I11 - 11 CPMarMCB and 12 CPMarMm 

The P-T diagram f o r  these oompounds are given in 

figure 3.8 and 3.9 and the data i n  !tablea 3,8 and 3.9 

respeotively. 

In  these compounds, there is, oompared t o  CPMCB 

ee r i e s  an a d d i t i o n a l  a methyl group attached t o  one of 

the mlddle g r a p e  instead of a hydrogen, This does not 

a f feo t  P, value very much. The value of P, for 11 CPMal!CB 

i a  0.19 kbar end t h a t  f o r  12 aPMcrM(W i e  1.35 kbar. Henoe, 

here again the maxfwun pressure of smectic s t a b i l i t y  is 

grea ter  f o r  the higher homologue. AB i n  t h e  caee of 

nDPMCB s e r i e s ,  the l l t h  member of this e e r i e s  haa m 

enantiotropic reentrant  nematic phaae and the next homo- 

logue has monotropic reentrant  nematic phase which beyond 

a preesure of 0.57 kbar becornea enantiotropio i n  character.  

The solid- reentrant nematic-smectic A t r i p l e  point  3.8 at 

0.57 kbar and 96.5.C. 

3.4.5. Serie8 I V -  11 CPMeOaMCB and 12 CXPbleOaiWB 

fPhe P-2 data f o r  these campounds a r e  given i n  

Tables 3.10 and 3,11 respectively and the corresponding 

P-T diagram i n  f igures  3.10 and 3,11. These substances 

have a lateral methoxy group attached t o  the middle phenyl 











r ing aa compared t o  the methyl group of nBMaMCB se r i e s  

of canpounds. This seems t o  increase the s t a b i l i t y  of 

smsctic A phaae as seen by a rather  high P,,, Value, namely, 

1.14 kbar for the  1 lth menher and 3.45 kbar f o r  the next 

higher houologue. I n  both these oompounds the  reentrant 

nematio phase a t  1 bar i e  nonotropic a t  all pressures. 

In  the caee of 12 CPMeOaMaB, i t  w a s  just poseible t o  obsarve 

the reentrant nematic phaee at one bax using a polar ieiag 

microscope equipped w i t h  hot s tage Mettler FP5 with great 

diff icul ty.  However, it wae not possible t o  follow this 

t r a m i t i o n  till a pressure of 1.66 kbar i n  the high presrn;zrcb 

optical oell presumably because a rather  thick sample 

(100 pm t o  400 pm) w a s  used i n  the pressure experiments 

whioh haatens the cryeta l l iaa t ion  before the  formation of 

the reentrant nematic phase. Beyond th ia  pressure, however, 

reentrant nematic - smectic A t r ans i t ion  could e a s i l y  be 

observed. I n  both these cases, the melting l i n e  in te r sec t s  

the smectia A - nematic phase boundary and the resul t ing 

sol id  - smsctic A - nematic t r i p l e  points (on heating) 

being at 1.1 3 kbar , and 1 1 1 .50 'C f o r  1 1 CPMeOaMCB and 2.84 

kbar, 158.0eC f o r  12 CPMeOaMCB. 2he nematio - smectic A 

t ransi t ions are of oo ume obrservable during cooling a t  

a l l  pressures. 



3.4.6. Relation between P, and the nematic range 

It has been pointed out by Cnadis e t  a1 9937 that f o r  

the substances studied by thea, P, exhib i t8  a monotonio 

deparndence on the r a t i o  of the  nematic - smeoUcAtrrmsiUon 

temperature t o  that of nematic - isotropic tramiit ion 

( 2 )  , known aa t h e  McMillan number. JB For the  OOP 

pound. 6tudied by us, ue ksve attempted to  r e l a t e  P, with 

the  range of the nematic phase R - %I - TM a t  one bar. 

?%@me 3.12 shows a p l o t  o f  l o g  P, versus R f o r  dl the eight 

ocmpounds. The data points f a l l  on a s t ra ight  l i n e  (line A) 

so tha t  they can b e  repreeented by the expression P, = 

Po exp(-mR). !!he constant. Po and rn evaluated front a lea& 
are 

square f i t  of the data t o  a s t r a igh t  line, 3769 bars  and 
L. 

0.071p0. This reaul t  implies that with increasing n c n t i c  

range, i. e., with decreasing smectic s t a b i l i t y ,  Pm should 

Since P-T data are known f o r  several other reentrant 

nematogens, viz.,  two pure compounds (Q300A and 8 Om) 9 

and many binary mixtures - 8 0 ~ ~ 1 6  OCB,  34* 39 G ~ O O ~ ( H B A B , ~  

CBNA,/CBHA~ and 8 0~~/40.8,~' i t  i s  warthwhile t o  see i f  such 

a re la t ion  between P, aJld R i s  valid i n  these cases a l s o .  

Table  3.13 givee the P, values f o r  theea materials. The 

plot  of P, versus R tb xmmatio range a t  1 bar f o r  theae 





aubetanoee is a l e  o shown i n  figure 3 12. !i!heae data 

again fall on a s t ra igh t  l i n e  ( l ine  B) but with a 

different elope. 'Phe constants f o r  this l i n e  obtained 

from the l e a s t  square f i t  of the data t o  a s t r a i g h t  

l i n e  a r e  Po = 14050 bar8 and m = 0.140/.0. It is i n t c  

reet ing to  note that all the eubet ances whoee da ta  f a l l  

on line B have two phenyl r ings  while all the oompounde 

whose data f a l l  on l i n e  A w i l l  have three bensene rings. 

We therefore tentat ively conc1ud.e that for a reentrant 

nemat ogen,P, i s  uniquely related t o  t h e  nematic range 

.and hence t o  the  s t a b i l i t y  o f  the nernatio ordering, the  

aonetante of propor t iamli ty  being dependent on the 

molecular structure.  Also, the higher value of the 

constant Po for l i n e  B (compared t o  tha t  fo r  l i n e  A) 

indiuatee that the e t ab i l i t y  of the  smectic A phase is 

more i n  canpounds with two phenyl r ings  than the smectio 

e t ab f l i t y  of the three phenyl ring c ctmpounda. I n  other 

words, the reentrant nernatio phase i a  more favoured t o  

ocour i n  the three benzene r ing compounds, a f a c t  which 

is  well supported by experimental observatione. 



List of reentrant compounds s t u d i e d  wi th  t h e i r  structural 
formulae 

4 c yanophenyl - 3'rnethyl - L' ( <"- n undecyl Benzoyloxy) &nzoab 
(11 CPMBB) 

C;, tiz3---@)- COO COO ---@--CN 

c H; 
4cyanophenyl- 3'methyl- /-'i L* dodecyl Benzoyloxy) 

t.!cnzoate (12 CPMBB) 

L cyanophenyl - 3'rnethyl - 4' (i:u:undec yloxy c innamoyloxy) Benzoate 
(11  CPMCB) 

4 cyanophenyl - 3'methyl - 4' (4.- dodccyloxy c innamoyloxy) Bcnmte 
(12 CPMC8) 



Table 3 . 1  continued 

Series I l l  

I cymphtny l  - 3'methyl - ~ ~ ( ~ : ~ n d e c ~ l o x ~  - 01 met hylcinnamoylory ) 

Benxoatc (1  1 CPMCX MCB) 

4 cyanophenyl - 3 h e  thy1 - 4'-f 4'dedoc yloxy - CI met hyi cinnamoybxy) 

Benzoate (IZCPMUWB) 

Series 1V 
4 cyanophenyl - 3'melhoxy-4'- (4"undecyloxy -01 methyl cinnamoylary) 

Benzoate ( 11 CPbhCY MCB) 

4 cyanophenyi-$rnethoxy - 4'(4"dodecyloxy -a methyl cinnlmoybxy) 
Benzoate (IZCPWKBI 



Table 3.2 
Slt 

T r a n s i t i o n  temperatures  and heats of t r a n s i t i o n  o f  the 
compounds 

Series Compound 
T r a n s i t  i o n  

T r a n s i t i o n  temperatures A H  
number (k~ /mole  ) 

K - A  103.0 32.49 
A - N  127.0 0002 

1 1  CPbZBB N - I  152.5 1.12 
A - RN (78.5) 0.02 

I 
K - A  102.0 55.55 

12 OPMBB A - 14 138.5 0.25 
N - I  148.0 1.26 
A -  RIJ (59.8) 0.05 

K - RN 101.9 56.24 

1 1  CPMCB R l J  - A 1d5.1 -0s 
a- N 153.8 0.02 
N - I  193.7 0.92 

I1 
K - A  89.5 65.45 

12 CPMCB A - f ' J  175.6 0.05- 
N - I  191 - 7  1.45 
A - Ill1 (82.1) d o *  

K - Fa: 78.2 37813 

1 1  CPPlaMC'B RN - A 101.1 -Ox A - N  128.4 0.04 
N - I  168.0 

I11 
1.03 

, K - A  77.5 4-08 65 
12 CPMaMCB A - 14 147.3 0.03 N - I  162.2 0. 94 

A -  RN (69*2) 0.02 

K - A  82.9 38.8 
1 1 CPMeOaPiCB A - Ii 125.2 do02 

N - I 138. 2 1.16 
A -  RN 

IV 
(53.7) 0.01 

K - A  77.2 59.98 
1 2 CPMeOaMCB A - N  134.6 0.13 

N - I  136.4 1.43 
A - RN (42.8) w Ox 

( ) denotes  monotropic t r a n s i t i o n  
3 The t r a n s i t i o n  i s  very weak, no accura te  e s t ima t ion  o f  A H  
can be made. 

K - c r y s t a l ,  B - smect ic  A, N - nematic, RN - r e e n t r a n t  nematic.  



Table 3.3 

Transition temperatures of 8 OCB as a function of pressure  

S1 . Pressure Transit ion temperatures i n  'C 

N 0. in Heating Go oling 
kbar 

K - A  A - N  N - I  n - R S  

room pr. 
0.10 

0.21 
0.31 
0.42 
0.52 
0.63 

0.73 
0.83 

0.93 
1 .03 
1.14 
1 . 24 

54.5 
56 56 

59,65 
62.21 

64.34 
67.09 
63.08 

70.83 
73.32 
75.31 
77.51 
79-61  
81.80 

K - M  

84.04 
86.54 

87.53 
90..53 



Waxmit ion temperature8 of 11 CPMBB as a funotion of pressure 
SE'EI 

Pressure h : a m i t i o n  t emperaturea in *C 
s1. 
No. in Heating o@ol* 

kbar K - 4  A - W  H - I  A - l a !  

room pr. 
0.07 

0.10 

0.14 

0. 17 
0.21 

0.28 

0.31 

0. 35 
00 41 

0.45 
0.48 



Table 3.4 

Transition eemperatures o f  1 1  CPPBB' as a function of  
Pree sure 
SET! I1 

Pressure Transition temperatures in O C  

S1 
N 0. i n  

kbar  Heating Cooling 

K - A  A - N  N - I  A -  fW 

room pr .  

0.10 

0.14 

0. 17 

0.21 

0.24 

0.31 

0. 35 

0.38 

10 0.41 11~3.47 125.08 96.95 

11 0 45 1 1tr.96 123.32 '39.20 

12 0.48 115.71 122.32 103.23 

K - N  

13 0.52 120.71 119.81 105.99 

14 0 .55  122.20 
-- - - .- 



Table 3.5 

Transition temperatures o f  12 CPMBB as a function o f  pressure 
S e t  I 

Pressure Tramition temperatures i n  'C 
Heating Cooling 

NO. kbar K - A  M - i~ 

1 room pr.  100.8 1370 4 147.4 59.8 

0.10 

0.21 

Oe31 

0.41 

0.52 

0.62 

0072 

0.83 

0.93 

1.03 

1.14 

1.24 

1.34 

1.45 

1 -55  
1.65 

1.76 

1.86 

1.96 

2- 07 

K - N  - 
2.17 

2.27 

20 38 

2.48 

2.58 

2.69 



Table 3.5 

Transition temperatures of, 12 CPbBB as a function of pressure 

SET I1 

S1. Pressure Transition temperatures i n  'C 
No. in 

kbar Heating Cooling 

K - A  A - N  N - I  A -  la 

room pr.  100.8 

1100 53 
113.58 

115.73 

119.21 

125.95 

130.94 

133.68 

137.17 

140.66 

145.89 

151.85 

1.55.1 6 

159.41 

162.1 

166.1 

K - N  

167.34 

172.68 

175.09 

178.07 



Table 3 .6  

Transition temperature o f  11 CPMCB as a function of 
p r e s s u r e  

S1. Pressures Transition temperatures  i n  'C 

No* in 
kbar K - F N  RTJ - A A - N  

1 r o o m p r .  103.2 105.8 155.2 

2 0.069 105.5 108.76 153.1 1 

'3 0.10 106.5 110.63 152.77 

4 0.12 112.0 151.77 

5 0.16 114.36 150.08 

6 0.17 109.0 115.53 149.38 

7 0.19 116.93 147.98 

8 0.21 110.0 118.57 147.51 

9 0.22 119.50 146.34 

10 0. 24 111.0 121.37 144.24 

11 0.26 123.7 142.37 

12 0.28 112.0 126.03 139.10 

13 0.29 130.0 136.54 

14 0.31 113.5Q 

15 0.41 117.0 
-. 



Table 3.7 

I rans i  t i o n  teulperatures of 12 CPI4CB as a function of 
pressure 

Transition temperatures i n  'C 
81. Pressure 
No. i n  Heating Cooling 

kbar 
K - A  A - N  A -  RN 

1 room pr. 
2 0.07 

3 0.14 
4 0.21 

5 0.28 
6 0.34 

7 0.41 
8 

8 0.48 

9 0.55 
10 0.62 
11 0.69 

12 0.76 

13 0.83 

14 0.86 
15 0.90 
16 0.93 

17 0.97 
18 0.98 

19 1.00 
20 1.05 
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Table 3.8 

'Itransition temperature8 of 11 CPMaMCB aa a function of  
pressure 

- - - - 

S1. Pressure Illransition temperatures in *C 
No. i n  kbar 

K - RN R N - A  A - N  N - I  

1 room pr.  78.9 96 126.8 167.9 

2 0.04 80.05 97-09 126.03 168*51 

3 0.05 80.75 98.02 125.57 

4 0.07 81.46 98.96 124.87 169.36 

5 0.09 82.16 1W.53 124.0 



Table 3.9 

Transi t ion temperatures of 12 CPMaMCB as a function of 
pressure 

Pressure Transi t d o n  temperatures in 'C 
s1. 
No. i n  

kbrr Heating Cooling 

K - A  A - Ti N - I  A - 6 t E I  

room pr.  

0.07 

0.14 

0.21 

0.28 

0.35 

0.41 

Urn 48 

0.55 

69.0 

72.08 

76.60 

79.11 

82.13 

850 14 

88.66 

90.42 

95.94 
R N - A  

99.20 

102.98 

105.74 

109.76 

113.64 

114.88 

119.11 

1 22.61 

126.84 

133.08 

137.39 

146.03 



Table 3.9 

Transit ion temperatures of 12 CPMaMCB as a function of 
pressure 
SET I1 

Trans i t i on  teiixperatures in 'C 
S1. P r e s s u r e  
No. i n  Heating Cooling 

kb ar 
K - A  A - N  N - I  A - RN 

1 room pr. 
2 0.10 

3 0.17 
4 0.24 

5 0.31 

6 0.38 

7 0.45 
8 0.52 



Table 3.10 

! transi t ion temperatures of 11 CPMeOaMCB as a function 

of pressure 
- - - - - 

Wansi t ion  temperatures i n  'C 
a. Presaure 

No. i n  Heating Oooling 
kbars 

K - A  A - N N - I  A - R W  

1 roompr.  
2 0.07 

3 0.14 

4 0.21 

5 0.28 
6 0.91, 

7 0.41 
8 0.48 

9 0. 55 
10 0.62 

11 0.69 
12 0,76 

13 0.83 

14 0.93 

15 0.97 
16 1.00 

17 1.04 
18 1.07 

19 1.10 
20 1.14 

21 1.17 

22 1.38. 
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Table 3.1 1 

Trans i t i on  temperatures of 12 CPMeOaMCB as a function of 
pressure  

S1. Pressure Trans i t ion  temperatures in *C 
No. i n  kbar Heating Cooling 

-- - -- 

K - A  A - N  M - I A - R N  
- - - 

room pr .  

0.10 

0.21 

Oe31 

0*41 

0.52 

0.62 

0.72 

0.83 

0.93 

1.03 

1.14 

1.24 

1.35 

1 *45 

1-55 
1.66 

1.76 

1.86 

1.97 

2.07 

2.17 

2.28 

2.34 
2.48 

2.62 

2.76 
2.90 
3.03 
3 .  17 
3. 31 



Table 3.12 

Values of maximum p r e s s u r e  (P,) and tempera ture  (T,) 
of smect ic  A s t a b i l i t y  for t h e  compoundp s t u d i e d  

S1. Compound ~ , (bars )  g (*a) 
N 0. 

1 11 CPMBB 

2 12 CPMBB 

3 11 CPMCB 

4 12 CPMCB 1050 179.0 

5 11 CPMaMCB 1 90 127.6 

6 12 CPMcrMCB 1350 162.0 

7 1 1 CPMeOallCB 1140 126.5 

3E 
All t h e  compounds have 3 phenyl r i ngs  (see t e x t )  



Table 3*13  
- 

Values of P,, the maximum pressure of amectic 

s t a b i l i t y  f o r  pure compounds and the mixtures 

having 2 phenyl r i n g s  

S1 . 
No. Mixture Molar 

concentration 'min Ref. 
bars 

Pure 8 OCB - 
8 OCB + 6 OCB 5 $ o f  8 OCB 

+' 106 of 8 OCB 
1 1  1 5 $ o f  8 OCB 
I I 17.5h of 8 OCB 

I I 20 k of  8 0CB 

I * 23.7b of 8 OCB 

CBOOA (pure) - 
CBOOA + HBAB 0.10 

I I  0.135 

CBHA + CBNA 34 
8 I 46 
1 I 53 
I t 64 
1 t 8 3  

8 OCB + 40.8 4.5 

2.0 

p resen t  work 
34,39 

1. t 
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