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THE PHASE TRANSITIONS AND THE X-RAY C R I T I C A L  SCATTE- 
R I N G  I N  THE NIIXTUHE OF THE L I Q U I D  CRYSTALS SB + Sc. 

2 B. RJRA’, J, PXZEDMOJSKI~,  A. RAJEWSKA , K. WENTOW- 
SKA’, A. JAB&ONKA1, R DqBROWSK13 
1 - I n s t i t u t e  o f  Phys ics ,  Warsaw Technica l  Univer- 
s i t y ,  Koszykowa 75,  00-662 Warsaw, Poland 
2 - Facu l ty  of t h e  Bui ld ings  and A g r i c u l t u r a l  Machi- 
n e s  i n  Pkock, Warsaw Technica l  U n i v e r s i t y ,  09-400 
PXock, 2,ukasiewicza 17, Poland 
3 - M i l i t a r y  Technica l  Academy, 00-908 Warsaw, Poland 

Abs t r ac t  We have c a r r i e d  out a h igh - re so lu t ion  X- 
r a y  c r i t i c a l  s c a t t e r i n g  i n  a b ina ry  mixture  of smec- 
t i c  B: 4-4-hexyl( b i cyc lo  [2,2,2] octylphenyl)  4-octyl- 
oxybenzoate and smect ic  C: 1-[5-(4-hexylphenyl) pyri-  
midyl-23-2- (4-hexylophenyl) e thane.  Near t h e  m u l t i c r i -  
t i c a l  p o i n t s  NAC i l , 2 ]  and I N A  [ 3 ]  t h e  magnitudes of 
t h e  c r i t i c a l  exponents: v,, , v, and T f o r  t h e  N - SA 
t r a n s i t i o n  are e x t r a c t e d  from our  d a t a .  The c r i t i c a l  
e x p o n e n t p  was a l s o  c a l c u l a t e d  i n  t h e  v i c i n i t y  of 
t h e  BAC and NAC p o i n t s .  

INTRODU CT I O N  

The s u b j e c t  o f  our  s tudy  w a s  t h e  b ina ry  mixtures  of t h e  

l ic tuid c r y s t a l  compounds wi th  t h e  d i f f e r e n t  smect ic  pha- 

s e s .  The phase diagrams o f  t h e s e  systems e x h i b i t  t h e  appe- 

a rance  o f  d i f f e r e n t  m u l t i c r i t i c a l  p o i n t s  i n  dependent on 

t h e  composition o f  t h e  mixture .  The phase diagram o f  our 
b ina ry  mixture  S 

means o f  t h e  o p t i c a l  microscopy, scanning ca lo r ime t ry  and 

X-ray s c a t t e r i n g .  X-ray measurements were performed f o r  

d i f f e r e n t  concen t r a t ions  of smect ic  C i n  the  mixture:  x = 

0, 0.3, 0.5, 0.6, 0.8, 1. The fo l lowing  sequences of t h e  

phases have been observed: SB - SA - I f o r  x = 0, SB -SA- 

shown i n  F i g ,  1 w a s  ob ta ined  by B + ‘C 

[461]/25 
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26/[462] B. PURA at all. 

- I for x = 0.3, SB - Sc - SA - N - I for x = 0.5; 0.6, 
SB - S c  - N - I for x = 0.8 and S - N - I for x = 1. 

C 

1 1 I 

0 0.2 0.4 0.6 0.8 
X 

CONCENTRATION 

FIGURE 1, 
mixture . The phase diagram of the SB + S c  binary 

The X-ray scattering measurements were performed on two- 
crystals spectrometer using the C u  radiation monochro- 

matized by two flat Ge single crystals. The instrumental 
resolution defined as the half-width at half maximum of 

the Bragg peak (HWHM) was 4-10 -3 in-plane longitudinal 

direction (respectively to the long axes of the molecules), 
8 0 1 O - ~  1-l in the in-plane transverse direction and 2010’~ 
A-1 in the direction perpendicular to the scattering plane. 
The investigations have been carried outforthe parameters 
of the primary beam: 40 kV and 30 mA. The liguid crystal 
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sample w a s  ordered through t h e  cooling from i s o t r o p i c  t o  

smectic phases i n  t h e  magnetic f i e l d  0.8 T .  The tempera- 

t u r e  w a s  con t ro l l ed  wi th in  & 0.01 K. 

EXYEktINIENTAL RESULTS AND DISCUSSION 

The X-ray c r i t i c a l  s c a t t e r i n g  i n t e n s i t y  w a s  measured near  

t h e  SA - N phase t r a n s i t i o n  ( T  = T 
t i c  A - nematic t r a n s i t i o n  l i n e .  Experimental d a t a  were 

analyzed by means of t h e  expression f o r  cross-section gi-  

ven by Als-Nielsen at a l l .  [41 

+ T) above t h e  smec- NA 

The temperature dependences of t he  long i tud lna l  F,, and 

t r ansve r se  F~ ( r e spec t ive ly  t o  the  long  axes o f  t h e  mole- 

cu les )  c o r r e l a t i o n  l eng ths  and t h e  s t a t i c  s u s c e p t i b i l i t y  

were discussed. Ve observed that t h e  tL chanpes v i t h  t h e  

Concentration x. The r e s u l t s  of our measurements a r e  pre- 

sented in  Table I and i n  .Fig. 2. The values o f  t h e  $,I, F~ 
-3 

and tll/t+ i n  t h e  Table a r e  piven a t  t = l!/TNA - 1 = 10 . 
TABLE I The va lues  o f  t h e  measured parameters  f o r  t h e  
smectic A - nematic phase t r a n s i t i o n .  

X YI ‘3; 3- 

0.70 f 0.05 0.55 & 0.04 1.35 +_ 0.08 
0.5 0.75 _f 0.06 0.58 .f 0.05 1 . 4 0  k 0.07 

1.50 f 0.07 

0.3 

0.6 0.78 k 0.05 0.65 k 0.04 

0.3 230 70 3 403.15 
0.5 250 50 5 394.85 
0.6 260 30 9 384.55 
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28/[464] 

I 

40: 

10; 

B, PURA at a l l .  

P I G U H E  2. The c o r r e l a t i o n  lenyths:  $,, , yA and t h e  
t i c  s u s c e p t i b i l i t y  6, versus  temperature f o r  x = 

sta- 
0.3. 

F o r  t h e  SA - S 

t u r e  o f  t h e  tilt angle it of smectic C was s tudied .  This 

change was obtained from t h e  expression: 

phase t r a n s i t i o n  t h e  change w i t h  tempera- C 

cos T = ( s i n  OA/sinQc , I 
where: 

@A - t h e  Bragg angle of s c a t t e r i n g  f o r  t h e  smectic A phase 

8, - t h e  B r a g  angle of s c a t t e r i n g  f o r  t h e  smectic C pha- 

s e  f o r  a f i x e d  temperature. 

With our experimental da t a  f o r  0, and. f o r  t h e  concentra- 

t i o n  x = 0.5 and x = 0.6 we obtained t h e  change of t h e  
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[465]/29 
C THE PHASE THANSITIONS IN S + S B 

angle  T as a func t ion  o f  t h e  reduced temperature: 

as wel l  as t h e  exponent$. F o r  t h e  above compositions two  

m u l t i c r i t i c a l  po in t s  were observed: BCA and CAN. The maxi- 

m a l  va lues  o f  T f o r  d i f f e r e n t  concentration a re :  11.6’ 
0 0 f o r  x = 0.5, 13.2 f o r  x = 0.6, 15.6 f o r  x = 0.8 and 

16.8’for x = 1. The ca l cu la t ed  exponent ~3 near these  mul- 

t i c r i t i c a l  po in t s  has  t h e  fo l lov ing  values:  p = 0.46 + 
0.05 f o r  x = 0.5 BCA and p =  0.50 f 0.05 for x = 0.60 

(CAN). 
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