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MJLTICRITICAL FBHAVIOIJR OF SMEXTIC A LIQUXD CRYSTAL 
WITH CONFORMATIUNAL DEGREES OF PREEDOM 

AhxkacL The atatistical model of the smectic A 
system of s e m i  flexible molecules (BrnSSM) i 5  
formulated, m d  numerical analysis of phase beha- 
viour of the model is f u l f i l l e d .  

IMTRODUCT ION 

The necessity of the account of intramolecular degrees 
of freedom for theoret ica l  description of the smectic 
mesophase ir; caused by varfaut; experimental data con- 
(‘ern i n g  inf  l u s n c e  of s t r u c t u r e  and conformations of 
rnesogeneous molecules on the thermostability of par 

tially ordered state.  Below, the version of McMi11~1.n 
model* of srnoctic A generalized for the case of confar 
m a t i o u i l l y  liA-Llc molecules and the restilts of iiumer i- 
cal calculations of its phc?sc behaviour 3se slrown. 

F- c 

Tf:e Hamiltonfan of SmSSM is given by 

w h e r e  N is a number of molecules, 
parameter descr ib irte; the value of the translational 
interaction , F,fr 

the L - t h  particle and 3t of its nearest neighbours. 

a is the HcMillan’ 

are angles between long axes uf 
L, \  tk 
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2q4381 Vl.K.PFIISHIN NJD V.A.KONOPLEV 

z is a d i f f e rence  of the  positions of  e-coordi- 
na te s ,  d is a period of the layered s t r u c t u r e  along t h e  
axis OZ, P is t h e  Legsndre polynomial. me values 
v determine t he  i n t e r p a r t i c l e  i n t e rac t ion  depen- 
d i n g  un molecular conformational states ( c r , ~ ) .  

L . L I A  

2 

/ l V  

The value II ( 1  ~ 1-1 ,O is a n  occupying operator  of t h e  
,L1 

i s -  t h  c~cmformational state by the I - t h  particle. A cer- 
t a i n  set of m r t l e c u l a r  configurations €lL} with energ ies  

E( lL 1 corresponds to each of conformational states. 

of two conformational states where a l l  the poss ib l e  con- 
format,ions of molecules are divided into two types': 

" fc lded"  and "unfolded" ones ( n i l  l - n E ) .  

m e a l i s  of t.he variaLiona1 p r inc ip l e*  

T h c  expression (1) is wri t ten  a t  the  approximation 

The free energy of !,he system F is ca lcu la ted  by 

F : F V- - - T I n  Sp expl-RJT) + <H - H,' (2) 
ni1.h approximated fiairmi I t.onian 

where p,o,h are v a r i a t i o n a l  parameters and T is  the 
t e m p e r a t u r e  expressed i n  ene rge t i c  u n i t s .  The system of 

equatioxls descr ibing e q u i l i b r i u m  states of t h e  mesophase 
and allowing t o  f i n d  t empera tu re  dependencies of parame- 
t,ers of orientat iunal 

order and also of corkformational disorder  ( x )  determined 
hy t h e  condition $7F-0 is 

( <P2 > ) and t r a n s l a t i o n a l  ( <UP' > )  

.-. 
p c : P 2 > [ ( 1 - r ) x  - I]", 

'' = c-* ~ L ~ P ~ ?  [ ( I - r  )X  - l]', 

x = z /CzL+zzexp(h/?)}, 5 

,.. 
w : c o s ( ~ ~ z / ~ ) ,  ( 4 )  

2 
- 
h = - ( 1  -r , ){<P.  > 2 i  c y  <4?2> ] * [ ( l - t , ) x - l ] ,  - 

- f E ( l L ) ,  k71,2 
<n,<l )=I) 
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MULTICRITICAL BEHAVIOUR ... [439]/3 

- - -  
where p,u,h,  are s i z e l e s s  var ia t iona l  parameters and 1 

is a s i z e l e s s  temperature. 
x is a parameter of conformational disorder characteri- 
zing a part of molecules i n  t h e  "folded" conformation, 
y is an e f f ec t ive  molecular rigidity, A=ln(zi/z2) is 
an e f fec t ive  molecular length2 - 

The equations ( 4 )  possess solut ions of th ree  types 
corresponding t o  s m e c t i c  A (SmA) ( - : P t  >go , ( wP2 W O )  , 
nematic (N) (<P2>*O, <~.JP > = O ) ,  and i so t ropic  l iqu id  
( I L )  ( <P2>:0, ( L ~ P ~ > - O  ) phases and transforms into t he  
equations s i m i l a r  t o  t h e  McMillan modeli i n  the liait 
of con f ormat ional ly rig id  particles . 

Numerical calculatioxis has shown that t h e  increase of 
t h e  e f f ec t ive  molecular f l e x i b i l i t y  ( r  + 1) of meso- 
phase particles leads t o  t h e  increase of t h e  dependence 
of t r ans l a t iona l  and or ien ta t iona l  order on t h e  degree 
of conformational dlsorder i n  t h e  system. A 5  a conse. 
quence three qua l i t a t ive ly  d i f f e r e n t  types  of the t e m -  
perature evolutlon of SmSSM are resrliaed, which can bc 
ident i f ied  with t h e  behaviour of systems of conformatio- 
n a l l y  f l ex ib l e ,  scmiflexihle and relat,ively r ig id  mole- 
cul es (Figure 1, a- d) . 

Conformational d i s o r d e r i n g  i s  con t inuous ly  r i s a d  i n  
t h e  s y s t e m  of r e l a t i v e l y  r i g i d  particles a t  t c m p e -  
r a t u r e s  considerably lower -&,hen t h e  temperat-ure of t h e  
t r a n s i t i o n  from smectic i n t o  nematic state or i so t rop ic  
l iquid (Figurc? 1,a). On the c o n t r a r y ,  simultaneous step- 
wise translational and or ien ta t iona l  disordering a t  the 
point of smectic--nematic tmmsit-ion is typical for the 
system of f l e x i b l e  molecules (Figure 1,b). 
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FIGURE 1 Temperature dependences of order parameters 
<P2> (curve 11, <WZ> (curve 2) and x at the various 
values of model parameters < X = 6 . 0 ) :  (a)-a=0.6, y=O.67; 
(b)-a=O.B, y=O.57; (c)-a=O.6, y=0.62; (d)-a=0.35, 
t ,=0.57;  T is a temperature of the  N-IL transition. 
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MULTICRITICAL BEHAVIOUR . . .  [441]/5 

I s o s t r u c t u r a l  f i r s t  order phase t r a n s i t i o n s  of t h e  type 

SmAi-SmA2 is r e a l i s e d  a t  ~ 0 0 . 4  (Figure 3 ,c) and Nl--N2 
a t  a<0.4 (Figure 1,d)  i n  t he  intermediate  case of s e m i -  

f l e x i b l e  molecules where t h e  e f f e c t  of conformational 
rearrangements of particles is no t  SO high as t o  induce 
complete o r i e n t a t i o n a l  d i sorder ing  i n  t h e  system. 

Smectic phases SmAi and SmAZ (and a l s o  nematic 
ones Ni and NZ) have t h e  S a m e  global symmetry but  
d i f f e r  over t h e  v a l u e 5  of order  parameters (with major 
d i f f e rence  over t h e  conformational disorder ing value) 
(Figure l , c , d ) .  These phenomena w e r e  no t  seen i n  t h e  
de t a i l ed  modern , but  w e r e  obtained experi-  
mentally f o r  anhydrous amphiphilic systems of n-alkyl- 
ammonium ch lo r id  type7 ' I n - a l ~ a n e s ~  , p-n-octyloxy- 
benzoic acidio and some others. 

It is es tab l i shed  also t h a t  a t  a=const  t h e r e  are 
lines of triple p o i n t s  of types SmAi- SmAz- I L  (a>0.98), 
SmAi- SmAz- N (0 .4 ta<0.98)  or N l -  N z -  IL (u<O.4), and 
l i n e s  of critical po in t s  a t  which i sos t ruc tura l .  phase 
t r a n s i t i o n s  become a second order  ones i n  t h e  model pa- 
rameters space ( u , y , h ) .  

A t  ct4t0.98 t h e  McMillan model' demonstrates a sequ- 

ence of phase t r a n s i t i o n s  SmA - N - IL. In t h e  case of 
SmSSM a s i m i l a r  sequence of phase events  i s  observed f o r  
relatively r i g i d  particles (Figure l s b ) -  However, t h e  
molecular f l e x i b i l i t y  increase  leads  t o  suppression of 
t h e  nematic phase, analogously t o  one observed i n  homo- 
l o g i c a l  series of s m e c t i c s .  At. M O .  7 the phase tran- 
s i t i o n  SmA - N is always a second order  one i n  t h e  
McMillan modeli and for case of SmSSM t h i s  phase t rans-  
formation can be both a second and f i r s t  order one f o r  
semif lexible  m o l e c u l e s  depending on t h e  level of con- 
formational disorder ing of t h e  system (Figure 1 , c ) .  
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6/[442] V1.K.PERSHIN AND V-A-KONOPLEV 

Besides,  t h e  triple po in t s  l i n e  a t  w h i c h  t w o  smectic 
and one nematic phase coexist simultaneously is a t  the 
s a m e  t i m e  the tricritical p o i n t s  l i n e  for the nematic - 
mtectfc  t r a n s i t i o n ,  The phenomenon of s i m i l a r  t ype  is 
found i n  a mixture of cyan0 compounds w h e r e  the tricri- 
tical po in t  being near (or coinciding)  the triple p o i n t  
of coexis tence of nematic, mectic C and smectic A 

ptlases i s  revealed by the scanning calor imetry method 
i n  the l i n e  of phase transit,ions nematic-smectic C . i* 

A t  the gene ra l i za t ion  of the r e s u l t s  it can be sa id  
that conformational order ing inf luences  considerably 
t h e  macroscopic hfthrrviour of a smectic mesophase and 
determines of ten  not  only a type b u t  a l s o  an occurence 
of phase tr;u,.sit.icms i n  the molecular syc t  e m .  

I t ,  very l i k e l y ,  can p lay  an essential role i n  t h e  
w h o l e  number of phenomena observed i n  smectics such as 
t.hc induccd, bounded, r een t r an t  mesomorphism, and mu1 ti- 
c:ri tical phenomena. 
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