
UffiYSIS OF !I?= SHECTIC A - bTPMA!f!SO PHASE BOUNDARY OP 

B E E # w I !  NEMILTOGEBTS 

Ae mentioned i n  the  previous ahapter, Olabim 
1 i t  a1 made the observation tha t  i n  a pure canpound of 

4-n-ootyloxy-4 '-cyanobiphenyl (8 O.CB ) , the emecti o A - 
nematio (or A-H f o r  short)  phase boundary ourls  around 

i n  Dhe P-T plane a o  tha t  at sufficiently high praamarers, 

i .e . ,  i n  the  range of 1.6 t o  1.8 kbar, smectio A t o  

nematicr phase t r ana i t i  on i e  obtrinod upon b 0th eooliag 

and heating a smectio A phase. The main featurea of the 

P-2 diagram of 8 OCB are tha t  there is  a m a x i m 8  preosturcr 

P, up t o  which the  mectic A phase exists and tha t  the 

emectio A - nematio phase boundary has an e l ldpt io  -pea 

This behaviour represents an exciting departure from the  

nomnally observed A - 1Y phaae boundary and preeenta an 

exottllent opportunity to oorrelate the experimental r s ~ u l t e  

wi th  the phenomenologioal theories baaed on the  moleoular 

atruoturee. 

2 Perahan and Prore have ehown that emeotio A t o  



reent ran t  nematic phase t r a n s i t i a n  fol lowe f r o a  the 

Landau theory, i f  one aeeuxnes the existence of an optimum 

density f o r  smectic ordering, Reoent h igh  resolut ion 

B a y  experiment8 of Kortan e t  a13 s t rongly support* thie 

ocmoept of 'optimum d e a a i Q t .  Extending the HoUlloa's 

treatment of ths smeotic A phase, Luckhuret and T i m i m i  
4 

have developed the rnoleaular theory for t h e  reentrant  

nematic and smectic A mesaphaees. 

5 Clark and independently Klug and Whalley 
6 

analyaed the shape as well afs t h e  thermodynamics of the  

smectic A - nematic phaae boundary i n  t h e  P-T plane. We 

ehall b r i e f l y  discuss the thermodynamic model of Clrrrk 

w h i o h  accounts for the e l l i p t i c a l  shape of the phase 

boundary and thus f a c i l i t a t e s  the  determination of t h e  

ratio8 of  the various thermodynamical parameters deter 

aining t he  phase boundary. We shall see haw tbe data f o r  

eight compounds studied by us can be analysed on the 

baeie of the thermodynamical model developed by Clerk. 

4.2 'Pharmodynamica of smectic A - nematic phase 
t r a n s i t i o n  

Let us begin with a qua l i t a t ive  aaalyais  of the 

P-2 diegram of 8 OCB s h a n  i n  f igure  4.1. Alow the ph-• 

boundary, t h e  molar Gibbs f r e e  energy difference ba twnn 
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the nematla and awot io  A phpsea, vis., L)Q = % - 
ie rero aad the Cllaueiue-Clapeyron equation aitg be 

applied. 'Pheref ore, we have 

where & S and AV represent the dl fferenoe i n  the 

molar entropy and volume between the nematic and meotia A 

pharee reepeotively. Ueually, the smectio A t o  nematio 

phaee transition a t  atmoepberia pressure ia one o f  f lmt 

order, and hence the change i n  the entropy during the 

phase transition, i.e., D S  > 0 i e  a reasonable asrurrpMon. 

Since from figure 4.1, ( & ~ / & 4 ) ~ ~ ~  is positive a t  P - 1 bar, 

we maat have A V > O  a t  atmospheric pressure. A8 the 

praeeurs i s  inoreased, (62/6!I!)iL approaohea sero uld 

then ohanges eign, thereby implyiw that  A V - 0 at  

1,6 kber and a t  83'0. and becomes negative a t  higher 

preeeuree, Defining the coapressibility of a pham as 

$ - ( a v / d ~ ) * ,  one can conclude ha the above tha t  

- p H  - B~ Is negative. Since, both and are 

negative, we have I pg I > [$A 1. If we oontinue around 

the phase boundary ( 6 ~ / & 4 h & ~  approaches sero and 

ahangee sign. 'Phi8 impziea that AS goes through sero 

(AS = 0 a t  P = Pm = 1.84 Kbar, T = 77.C) and beaomes 



negative. Iherefore, b o t h D ~  and A V are negative 

i n  the reentrant portion of' tke phaae boundary. 8inae 

the specific heat C = T( a ~ / a 2 ) ~ ,  the fact that D 8 
P 

deereases with decreasing temperature *lies that the 

diffsrenae i n  the speoific heat between the neraatio and 

emeatlo A phases at  the phase boundary, i.e., A$ = 

&r - 'PA is positive, hence we b a ~ e A C l . & A ~ ~  . 
'Ehe ahape of the phase b oundary may be quanti- 

tatively related t o  the thermodynamic parameters of  the 

two phase0 by obtaining an expression for the precsme 

and temperature dependence of the differenae in the Oibbs 

free energy between the nematic and smctia A phasea, 

i, e. ,  expreaeing A G in  term of P and 2. In the vicinity 

of some reference point ( P  To), A G may be expreaeed i n  

bylor 's  series a8 

(2) 

where the following notatlone are used 



In expreesion (2), the higher order t e r n  have been 

negleoted which implie8 that b $, a and Ll% me 

aesumgd to  be suffioiently independent of  P aad  !I! over the 

r u e  of pressures and temperatures under consideration 

here. If ahall be  Been later  that this aarsumptian i s  

resraonable. llhe nematio-emectic A (A-N) phaae b oundary 

i n  the P-T plane ie obtained from the equation (2)  by 

eetting AG to  sera and solving for ~ ( 2 ) .  Erpaading and 

rearranging equation (2), we have, 

a P 2 + b 8 + Q P T + d P + a T + f  - 0 (4) 

where 

a = ag/2Aeo 

b a - A C J ~ T ~ A O  
0 ( 5 )  - O ~ / A Q ~  

a a -@.$/AG~)P, - ( @ ~ / A G ~ ) T ~  - -2e, - o r o  



Equation (4) is the general equation f o r  a conic eeation. 

Thus P-2 phase boundaries are a t  least locally arxpres8ible 

aa oonlo eeotions snd in systems, apparently like the  oms 

under oonsideratione, where A %,A a and A $ do not 

depend strongly on P and I?, the  phase boundaries will 

hare the shape of conio seo t iom over a l a r g e  area i n  

the  P-T plane. E l l i p t i c a l  phase boundariea will be obtained 

froa equation ( 4 )  if 

The shape of the nematic - steectic A phadle b oun8ary 

for 8 OCB aa ehown i n  f igure  4.1 appears to be elliptical. 

The f i t  of the  data of Cladis t o  an e l l ip se  waa therefore 
4 attempted by Clark. It would, first appar  t h a t  euch a 

f i t  involve8 the varying of eight independent parametars, 

namely, a$, P,, do, 2 , AOp, A Vo, A s and A QO. Howeta, 
0 0 

elnce the  choice of the reference point  is a r b i t r a r y ,  

(nark selected the  reference point  aa the  centre  of the 



f i t t e d  el l ipae.  A t  t h i s  point A C i8 maxi- and 0 

heme the first derivative of A G namely bV, and A So 

are aero. 'Phis effect ively eliminates four  parameters 

Z! , AV and A S . rPhe f i t t e d  ellipse will then be 
*Ob 0 0 0 

bharaoterised by three quanti t ies ,  the lengthmr of i t e  

major .Pd minor axis,  and Go, the angle of orientatirm 

of the major axis re la t ive  t o  the temperature -8. 

one is therefore l e f t  with three equations and f o u r  

u n k n w  quanti t iee,  rie.,Da,Ap,L)~ and AGO, and 

thus allowing the determination of r a t i o s  among any two 

of theas four quantities. 

lChe fit of an e l l ipse  t o  the data  of Oladie, e t  e l  1 

i e  shown i n  figure 4.1 and it is excellent, whioh t h e r e  

f a e ,  ver i f ies  the assumption tha t  Oa,  A$ and AOp 

are rgasonably constant over the area covered by the  phase 

boundary i n  the P-T plane. This f i t  yield8 the following 

rat ioe:  

a t h  Po = 4.0 bar8 and T - 42.85.C Bo = 49.4', and 
0 



While caloulat ing the  r a t i o s ,  following unite have been 

used. 

P (cd/cc) ,  G (oal/aole),  V (co/mole), 
2 s (cal/mole'c), a (o~ /mole '~ ) ,  $ (co /mole o a l )  

and Cp (cal/mole0O). 

4.3 F i t  of our data for the various reentrant nematogens 

We shall now t r y  t o  f i t  the data  f o r  the eight 

reentrant nematogene studied by us and a l s o  our data on 

8 OCXB t o  the equation t o  an e l l ipse .  For 4he make of 

s implic i ty  of computation, we have reduoed the number of 

constants i n  equation ( 4 )  by  lividing throughout by f ,  

ao that equation (4)  now reduces t o  fhe form 

where a' - a/f, b l * =  b/f, c t  = c/f and 80 on. !Ehe 

computation have been carr ied out by using a PI@-1 1 

computer. %e constante a', b', o ' ,  d '  and e '  evaluated by 

least square fit of the data t o  equation (6) are given i n  

Table 4.1.Us;ing t he  constants given i n  Table 4.1 the varioua 

thermodynamic parameters A ~ / A  p , D ~ / o D ~ ,  b $/A($, Po 
and To have been evaluated. !these data  are  given i n  

Table 4.2. Thie tabla ale0 gives I!lob a 2 / b  8 041 which 



ehould be less than one f o r  the emsctic A - nemt io  

phase boundary i s  t o  be an ellipee. It ia aeea t h a t  

this i s  indeed so f o r  all the  compound8 studied. 

iEhe fit of the data t o  an e l l i p se  f o r  r a r i o u o  

reentrant compounds studied by ua are  given i n  figures 

4.2 t o  4.10, whlch have been drawn using Hewlett-Padcard 

programmable calculator with a plo.t;ter attachment. !be 

c i r c l e s  denote the data points while the sol id  curve 

represents the best  f i t  f o r  the data points t o  the 

equation t o  an e l l ipse ,  i .e . ,  the oarre obtained by 

using the oomtants a', b t  , c . . . l i s t e d  i n  table 4.1. 

It i s  therefore seen that f o r  a l l  reentrant 

nematogem whether they show reentrant nematic phase a t  

one bar o r  only a t  elevated preerures, the esaectio A - 
nematio ph88e boundary i n  the P-T plane i s  charac ter ised  

by the  e l l i p t i c  ahape. 

As the centre o f  tbe f i t t e d  e l l ipses  f a l l  i n  the 

smectio A phase, D O o  is positive. Hence from the 

qual i ta t ive  analysis of the smectic A - nematic phaee 

boundary, we have A Op 7 0 and A $ C. 0. !!!heref ore, the 

entropy and the volume differences between the nematio 

and t h e  smectic A phases f o r  any value of pressure and 



T e  m p e r a t u r e  ( O C )  

4.28 U phP.. bQUPd0;p~ ~f 8 OaB in the P.3 pLW. In 
fhl. M wall p. Uro fol10w4ng d i y r u  the 8-d :-_ e ~ .  
N p r u u r t 8  tha bwt iit of tho dat .  p o M s  t o  m *ILlp.a, 
0 rap-mt. uperiuntsl data point.. 
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n g u e  4.64 AM p h u a  bacurdw of 12 cPWQ39 in the P-2 pl-a 











temperature obtained from equation (2 )  are a8 follows: 

Without further data, equations ( 5 )  and (6) rqreaont 

the  t o t &  quantitative iniomation which say be obtainad 

from the phaeg diagram. The addition of a eingle maaeure- 

sent of either A S or AV a t  any point on the phaslr 

boundary would allow the determination of absolute value 

of &a,A$ ,  nap and AGO with the help of equatlom 

( 5 )  and (6). Hence augarenting auuh P-T meaauraments with 

the acaurate determinatim of A S and A V ,  be 

extremely uaeful rince it 18 possible t o  determine the 

dlffereaces of thermodynamical parameters aa well a. t o  

uheak the val id i ty  of thie model. But unfortunately no 

further information on these compounds cran be obtainod 

due t o  the lauk of knowledge of the absolute value of eury 

one pimameter, v is . ,  LS 4, Aa aM Afl for these 

oollrpoun8s. 



Constants eva lua ted  fraon the f i t  o f  t h e  experimental 
an 1 2  

d a t a  of the  A-N phase boundary t o  e l l i p s e  alp2 + b T 
1 1 + C P T + d P + e l ~ + l  = O  

i 

Constants of the  f i t t e d  e lUpae  
Compound No. a ' x10-~  b 'x10-~  C ' X ~ O - ~  d'x10-~ elxlO-' 

1 8 OCB 5.598 7.863 -11.153 5.169 -6.715 
(Cladis  ' d a t a )  

2 8 OCB 3.153 5.423 - 7.286 3.522 -5.111 
(our d a t a )  

'5 11 CPMBB 6.06 1.057 - 2 . 0 7 5  2.002 -2.123 

4 12 CPMBB 1 .TO2 1.195 - 2.314 2.245 -2.373 

5 11 CPMCB 3 684 0.609 - 0 . 5 6 6  1.009 -1.588 

6 12 CPMm 2.21 1 0.700 - 1 , 7 5 5  2,646 -1.798 

7 11 CPPIaMCB 19.710 0.823 - 0.970 0.635 -1,533 

8 12 CPIWMCB 2.176 0,969 - 2.563 3.066 -2.105 

9 1 1 CPMeOaMCB 2.459 1.551 - 2.108 2,123 -2.720 

10  12 CPMeOaMCB 1.247 1.564 - 1 . 9 8 9  1.6011 -2.810 



Table 4.2 

Thermodynamic parameters evaluated f'rom the constants of the f i t t e d  e l l i p s e  

Aa 
a. Po * o  n~ loo3 np/nc 

Compound D a2 
No. (kbar ) ('0) cal/cc @C c:/cal 

8 OCE -0.28 
(Cladis' data) - 

8 OCB(our data) -0.24 
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