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A THEORY OB =TIC TO ISOTROPIC 'PRUISITIOB 
I11 LIQUID CRYS'l!US BoRMIlW 1)- 

0.  W O H A R ,  V.K. gEwuB and J .Y.  YAKBy[I 
Ohemirtry Mvlrion, Bhabha Atomlo Remeamh 
Oentm, Bombsy-400085, India 
(Submitted for publication: 24 October 1978) 

A B 8 T W l  Using an extenaion of the Malor- 
88up theory it is shown that In the l i q u i d  
oryrtale whioh fonr dimere, there 1s an 
abrupt ohango in the eonoentratlona of 
d h e m  and aononore at  the nexitio t o  i ro -  
tropia tranrit lon.  EQuationr dotemining the 
tonperaturo dopondonco of order prrameter and 
the ooncentrationm are dorired,  Appliuationa 
of thero re ru l t r  t o  roae roleoules are dim- 
O I U O O ~ ,  

Th~m 18 8 1 number of l i q u i d  oryeta l r  
rhleh i o n  d i r e n ~ ~ ( . n d ,  nay be, higher polymerr), 
but thero ha6 not boon any syetemstio theory 
dorolopod f o r  their  rtudy, 
prerent work came ifor two obrervationot 

( 1 )  The forastion of  dimere ir really an 
e q u i l i b r l ~  prooons, 1.e. 8 number of nonomer~~ a m  
in thermal oqulllbri\ol with a number of d h e m  
(wo ignore, f o r  r i rp l io l ty ,  the formation of higher 
polymora o r  open dirom), rhleh ir  formally mpm- 
8Onted by 

whero A and B denote 8 monomer and a dlmer, rerpeo- 
tivoly. 
w i t h  lr  th8t of 8 nhturr of trr0 l i q u i d  O r p t t B b  
rhoso indiridual  aonoentratlone OA and CB vary wlth 
terporrturo . 
t ranr i t lon,  there i n  an abrupt ohm@ In Ca and 

The aotivation for the 

B * 2 A  (1 1 

So, n 8 l l y  the problen one ha8 t o  deal 

(2) Thore i r  an indltmtlon that at the phase 

OB3,4. 
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100 C. MANOHAR, V. K. KELKAR and J. V. YAKHMI 

6 The MaierSaupe (H.S.) theory f o r  nematio 
t o  irotropio t ransi t ion can be extended t o  describe 
the behaviour of iuoh moleaulee reaultiag in a 
number of lnterer t ing ooneequenuee. Imt B and 
IfB be the number of A and B moleoulee, the& 

where 1p denote. the t o t a l  number of folclDula unit. 
of A, 

N A  +2Nc(s = N=-+& ak &Vi. (2) 

The conuentrcrrtiona ca and % Bn, given by 

If ye, vu end VBB a G  the interaction strength 
aad A and SB, tho order parameterm, then the 
offeutire potential on moleoulo A (in moleoular- 
field agproxlmation) 16, given by 

VA - --V,,S& P,CC~S~~)~VAS 5 B c 6 P(C&) z 

= - P,(cas @A). x, (5) 
where 0~ is the angle between the moleaulax 10- 
aria of A and the preferred dlreation. SirilsrlJr, 
f o r  po te i t ia l  on B, one obtain6 

ve t - (c,s~v~,+c,s,v,~~. PaC?Sed 

= - P,c.ose,) .& (6) 
Blow, the par t i t ion funotion8 f o r  the o r i en ta t ion4  

In order t o  oorpute the free energy, we h v e  t o  
inolude the vibrational eontrlbution t o  the parti- 
t i on  funation, ar is ing f r o m  the bond between two A 
moleoulee in a blmer. 
i r  I) and the diesooiation merw is I), then the 

If the vibrational frequenoy 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 0

4:
26

 2
3 

Fe
br

ua
ry

 2
01

3 



LIQUID CRYSTALS FORMING DIMERS 101 

The trsrrrlational part of the partltlon funetlonr 
for A and B are approxhated by 

The total  partition funetloxm ZA and % are, then, 

a-4 2 Z,= Z,, . Z,ib.z,t, (1 3) 
Using the above partition funotlono one oan 
caloulate tho total  0riontation.l onorgy, th4 
total entropy and the Holrholts frao energg for the 
system. Of there, the fne energy I s  given by 

The #elf-eonrlstont equations to be solved o m  now 
bo dorlred by rlnlslring F wlth mrpeot to SB and 1Ic rubjoot to  the oandltlon given In .quation 
(21, 9.0. 

2he mean f ie ld eauationo. thus obtalned for the 

Those two eqtaat e m  have boon dirau8sod by 

oqulllbrl\g dlmer oonoentretlon l o  &Iron by 
Humphrler o t  al 3 In a different oontoxt. Tho D
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102 C. MANOHAR, V. K. KELKAR and J.  V. YAKHMI 

As a rpeoial oaoe, we rhall oonrider ta eyater 
where the monomer 10 not a l i q u i d  oryatsl ,  and mo 
not ordered, 1.e. S d. Tbfa rituation i r  not a 

there exlet  molecules with only one bensene ring, 
but rhioh form dimere, t h w  exhibiting l iquid 
oryrtall ine propertleer. For example, p-n-blkoxy- 
bensoio asiar, having only one bemisene ring, do 
rhor liquid oryatalline propertfee, purely aa a 
rerult of dimer formation. 
therefore, can be ruitably mpreeented by putting 
S,= 0 in above equations. Thup we get f o r  free 

hypothetical one bu t= of p m t i c a l  value beoauee 

These moleouler, 

The equatfbn (18) determining C, now becomee, 

- 
(1- cg)? PJ 

lquatlon (20) i r  the ueual melf-ooneistency equa- 
t ion  f o r  the order parameter exoept f o r  the 
Important differenoe that 
rido, Since C rature dependent, a6 

entesl, the right haad- 

the temperature oaa be reea fx& 

temperature w i l l  bo ven e l  8 e w h e r s .  Uming these 

depsndenoe of S 
different f r o m  tiat in  the H.S. theory. The 
detail8 of eolving the equatione (20) and (21) and 
thereby determining C end S a8 a funetion of 

equations ma have de 3 emrined the temperature 
dependenoe of SB and CB f o r  g-n-heptyloxybentoio 
aoid (PEIBd). %he input parametere were D ~ 1 0  goal/ 
m0105, 3, = 200 em-1 and the nematio t o  irotropic 
t r a i t i o n  temperature wm taken gil 423.5 K. In 
higru?e 1 the variation of ordor parmeter of P?SA 
with temperature I 8  ohown. Dote indioa e the 

aooording t o  our theory w i l l  bo 

experimental data of Deloohe and Oabane 4 , while 
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LIQUID CRYSTALS FORMING DIMERS 103 

the oontinuoue curve is ad obtained from H.S. 
theory, 
plot  in t h i s  figure and aompam w e l l  with experi- 
ment 5. 

Our result8 am shorn au a broken-line 

From thsir HMR rtudlee, Deloahe and Cabana' 
found thaf the relaxation time W ' B ~  direot ly  pro- 
portional t o  order parameter, 
VI Q) 86 obtained frorr our theory in Figure 2, 

tiater our theory, 

t rans i t ion  o f  PHBA, there ir a eudden deoreeue 
(- lo$) in the oonoantratlon of dimerr. The ideal  
thing t o  oheok thi8 would be t o  do a Izllaul roatter-  
1% erperlment and t o  look f o r  the vibrational .ode 
of the hydrogen bond, The intensi ty  of Stoker line 
e b u l d  abruptly deoremm at the 19 4 I tranrrition 
Inplying (I reduotion i n  d l m r  aonoentration. We 
hare also ertim&ed the t rans i t ion  entropy 

We hare plotted SB 

A near-straight 1-8 mtU6 Of thi8 p l o t  8Ub#tUU- 

OUr oalaulaflOPo IRdiOate that 8f f 

AB N 0.24 R f o r  PHBA. 
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104 C. MANOHAR, V. K. KELKAR and J. V. YAKHMI 

FIC.,2 SB VS Cg 

Wo are thankful to the referee for weful 
Iug@BIf lons . 
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