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X-RAY CRITICAL SCATTERING IN THE 4DBT/l2DBT BINARY 
MIXTURIT NEAR THE INA POINT 

B. PURA', J. PRZgDMOJSKI', K. WENTOWSKA', A. JABLONKA' 
and R, DABROWSKI 
IInst i tute o f  Physics, Warsaw Technical Universi t y , 
Warsaw, Poland. 
2Military Technical Academy, Warsaw, Poland. 

Abstract 
tics: 4DBT and l2DBT has been investigated by X-ray 
method. This compound exhibits an induced nematic 
phase f o r  a molar fraction of 12DBT of 0.14xS0.6. 
The smectic mass density fluctuations have been stu- 
died in the nematic phase near the INA point at x = 
0.12. Values of the critical exponents: Y,, , UL , T and 
the anisotropy parameter f.p/sL do not practically 
change with approaching the INA point along the smec- 
tic A - nematic transition line. 

The liquid crystal mixture of two SA smec- 

INT RO DUCT ION 

Both components of the studied binary mixture 4DBT/I2DBT 
belong to the same homologous series nDBT (5-n-alkyl-2- 
(4  '-isothiocyanatophenyl) -1,3-dioxane) described by the 
formula 

All members of this series have monolayer smectic A phs- 
ses and show smectio Al - isotropic phase transitions. 
Smectic A phase of nDBT is characterised by the layer 
spacing dn,(obtained from X-ray Bragg scattering measure- 
ments) which changes from d2 = 1.53 nm for n = 2 t o  di2 = 
2 .97  nm for n = 12. Physiaal and chemical properties of 
nDBT compounds for n from 2 to 12 and of 4DBT/nDBT mix- 
ture for n from 5 to 12 were disaussed by Dqbrowski et 
al, Cil. 

The interesting feature o f  the 4PBT/nDBT mixtures for 
n 37 is the appearanae of the induced nematic phase on 
the (T,x) phase diagram: T is the temperature, x denotes 
the concentration of the nDBT in the mixture. The smectic 
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14/[450] B. PURA at all. 

layer spacing ratio dn/d4 changes from d,/d, = 1.08 to 
diz/d4 = 1.61. The nematic phase appears for dn/dg>d7/d,*= 
= 1.23. For n = 7 the nematic phase is observed for 
0.4SxS0.6 in the temperature range of I K .  The tempera- 
ture and concentration range o f  the induced nematic phase 
changes with the value of n. For n = 12 the nematic phase 
exists for O.IdxS0.6 and in the temperature range of 
15IC. The (T,x) phase diagram for the 4DBT/IBDBT mixture 
is shown in Fig. 1. The points at x = 0.1 and x = 0.6 are 
the so called INA multicritical points. 

FIGIJRE 1 The phase diagram for the binary mixture 
conposed o f  4DBT and IBDBT. 

EXPE RIL,EST AND RESULTS 

The X-ray scattering measurements have been performed on 
the two-crystal spectrometer using the CuKa radiation 131. 
The instrumental resolution function expressed as the 
half-width at half maximum was 6*10'3 "A1 in the longitu- 
dinal in-plane direction, 8-10'* I-' in the transverse 
in-plane direction and 2*10'2 %-' in the direction per- 
pendicular to the scattering plane. 

The sample was electrically heated and the temperatu- 
re was controlled within kO.OiK. The director was aligned 
in the scattering plane by a magnetic field of  0.8 T on 
cooling the liquid crystal from the isotropic phase to 
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X-RAY SCATTERING I N  THE 4DBT/12DBT [451]/15 

t h e  s z e c t i c  phase.  

t h e  v i c i n i t y  of t h e  I N A  p o i n t  f o r  x = 0.12  and f o r  t h r e e  
o t h e r  concen t r a t ions :  x = 0.18, 0 .24 ,  0.30, near  the phase 
t r a n s i t i o n  l i n e  between the srnectic A and induced nematic 
phase.  The measurements f o r  x < O . l  and x > 0 . 3  were impoa- 
s i b l e  t o  d i s c u s s  because of very weak o r i e n t a t i o n a l  p ro -  
per t ies  o f  t he  smect ic  phase. 

the  SA - N t r a n s i f f o n :  T = Tc + A T  i n  the  l o n g i t u d i n a l  
d i r e c t i o n  (a long  t h e  d i r e c t o r ) :  qL = 0,  q,, - var i ed  and 
i n  t h e  t r a n s v e r s e  d i r e c t i o n  (perpendicular  t o  t h e  d i r e c -  
t o r ) :  q,, = qo, q, - var i ed .  The r e su l t s  were analyzed 
us ing  t h e  expres s ion  f o r  t h e  c ros s - sec t ion  i n  t h e  form[2] 

T h e  X-ray c r i t i c a l  s c a t t e r i n g  has  been c a r r i e d  out  i n  

The i n t e n s i t y  o f  t h e  s c a t t e r e d  beam was measured above 

Go ((2,) 

+ (Sl ,  - g o )  t,I + 

6 ( q )  = 2 2  2 2  

The l o n g i t u d i n a l ~ , , ( p a r a l l e l  t o  the long axes  of t h e  mole- 
c u l e s )  and t h e  t r a n s v e r s e   correlation leng 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 c a l c u l a t e d  f o r  d i f f e r e n t  tem- 
p e r a t u r e s  and concen t r a t ions .  The v a l u e s  o f  t he  c o r r e l a -  
t i o n  l eng ths  Faand the r a t i o  f u / f A  obta ined  f o r  the  
reduced temperature  t = loq3 (t = T/Tc -1) are given i n  
T a b l e  I. The change of t h e  c o r r e l a t i o n  l eng ths  and t h e  

TABLE I The l o n g i t u d i n a l  and t h e  t r a n s v e r s e  yI 
c o r r e l a t i o n  l e n g t h s  and f a  P FA f o r  d i f f e r e n t  concen- 
t r s t i o n s  of I2DBT at reduced temperature  t = 

X 

0 .12  170 100 1.7 337.66 

0.18 2 10 I 1 0  I. 9 324.32 
0 . 2 4  2 50 120 2. I 322.29 
0.30 290 130 2.2 321.10 

s u s c e p t i b i l i t y  with temperature  is shown i n  Fig.  2 
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16/[452] B. PURA at all. 

for x = 0.12. 

I 1 

-3.5 -2.5 log t 
I 

-2.0 Log t 

FIGURE 2 The longitudinal Fu and transverse corre- 
lation lengths and the susceptibility as function o f  
reduced temperatures for x = 0.12. 

The critical indices describing the temperature dependen- 
ce o r  the correlation lengths and the susceptibility are 
given in Table I1 for all four concentrations. 

TABLE I1 Critioal exponents: V u ,  v,and 7 for diffe- 
rent compositions of the 4DBT/I2DBT mixture. 

x vu V A  3- 

0.12 0.80 f 0 . 0 5  0.65 f. 0.05 1.15 f 0.08 
0.18 0.80 f 0.05 0.70 0 . 0 5  1.20 k 0.07 
0 . 2 4  0.76 A 0.05 0.68 i 0.04 1.18 f 0.07 
0.30 0.85 f 0.06 0.70 k 0 .05  1.20 k 0.08 

CONCLUSIONS 

The values o f  the critical indices near the INA point at 
x = 0.12 are practically equal to the values obtained for 
other ooncentretions of IBDBT. The anisotropy of the cri- 
tical scattering defined as the ratio also does not 
ohange significantly with the composition of the mixture: 

For other binary mixtures composed o f  different meso- 
WL = 2. 
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X-RAY SCATTBRING IN THE: 4DBT/I2DBT [4531/17 

gens and with different smectic phases of pure components, 
the ratio of the longitudinal to the transverse correla- 
tion length increases with approaching the INA (or NAC) 
multicritical points along the t = const line near the 
nematic - smeotic A transition [a]. For the 8DBT/i20CB 
mixture (31 its value was an order of magnitude greater 
close to the INA point (at x~~~~~ = 0.15) than far from 
it (x  = 0.4). In that mixture the increase o f  the aniso- 
tropy parameter was connected with the decrease of  the 
correlation length in the direction perpendicular to the 
long axes of the molecules with composition near the mul- 
ticritical point, while the longitudinal correlation 
length did not depend practically on the composition of 
the mixture. 

For the 4DBT/I2DBT mixture both longitudinal and 
transverse correlation length do not depend on concentra- 
tion o f  I2DBT in the interval 0.12CxzL0.3. In this case 
the obtained results indicate that the character of the 
molecular interaction does not change with the composi- 
tion of the mixture near the INA point. 

interaction responsible for ordering in smectic layers 
seems to decrease at the multicritical points and leads 
to the minimal value of the transverse correlation range. 

In binary mixtures mentioned above c43 the molecular 
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