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PHASE TRANSITION FfOM THE SMECTIC G INTO THE G' PHASE 
IN A BINARY SYSTEM 

S DIELE, A M;1'DICKE, E-M HCFT, G WENDE, and H SACKMANN 
Sektion Chemie, Martin-Luther-Universitat Halle- 
Wittenberg, Miihlpforte 1,  DDR-4020 HALLE, E Germany 

(Received for Publication September 6, 1983) 

The s t r u c t u r e s  of t h e  smect ic  H and G phases have been 
descr ibed  by a monoclinic C-centred l a t t i c e  i n  which t h e  
r a t i o  of t h e  l a t t i c e  v e c t o r s  a and b i s  found t o  be  
a f b  > l.'-3 

Receut ly ,  new smect ic  s t r u c t u r e s ,  G '  and H ' ,  were found wi th  
a r a t i o  alb < l.4 
subs tances  with a sequence of phase types,  H '  G '  I ,  on t h e  
temperature  s c a l e ,  whereas the  s t r u c t u r e s  H and G seem t o  be  
p re fe r r ed  i n  sequences H G F. 
F and I phases can be d i s t ingu i shed  a l s o  by the  r a t i o  
alb  (a lb  > 1 f o r  the  F phases,  a f b  < 1 f o r  the  I phases) .4  

These s t r u c t u r e s  were observed i n  

I t  i s  important  t o  note  t h a t  

There a r e  substances wi th  a sequence F I ,  whereas subs tances  
wi th  a sequence G G '  o r  H H '  are unknown so  far.** 

I n  order  t o  observe a d i r e c t  t r a n s i t i o n  G G ' ,  a chance should 
be given wi th  b ina ry  systems, t he  components of which e x h i b i t  

* 
Paper No 27 i n  t he  s e r i e s :  "Relation of Isomorphism 
Betmeen Liquid Crystall ine Phases" 

It has been pointed ou t  by the  r e f e r e e  of t h i s  paper  
t h a t  an a r t i c l e  i n  p re s s  i n  Mol Cryst Liq Cryst by 
Gane, Leadbet te r ,  Wrighton, Goodby, Gray and 
Tajbakhsh does d e s c r i b e  t h e  probable occurrence of a 
G'-G t r a n s i t i o n  i n  a b inary  mixture of TBBA and 
HEPTOPD by t e x t u r e  observa t ion .  

** 
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188 S. DIELE, ef al. 

a G F and a G '  I polymorphism, r e s p e c t i v e l y .  

We re - inves t iga t ed  a system c o n s i s t i n g  of te rephtha ly l idene-  
b i s -  [4-n-nonylaniline] (TBNA) and n-pentylC4- 4-n-dodecyloxy- 
benzylideneamino] cinnamate (AABC 12.5) (Figure 1) e x h i b i t i n g  
the  polymorphism G F I C A (TBNA) and (G) I C A (AABC 12.5), 
r e s p e c t i v e l y .  Espec ia l ly  the  concent ra t ions  x m c  12.5 = 0.25, 
0.3, 0 .4 ,  0.5 0.6 were submit ted t o  d e t a i l e d  s tudy by t e x t u r e  
observa t ions .  

FIGURE 1 Phase diagram.5 The open c i rc les  represent 
the re inves t iga ted  points 

For a mixture  wi th  XMC = 0.4,  f o r  example, a homeotropic 
A phase i s  obta ined .  
a r i s e s  wi th  a schZieren t ex tu re ;  t h e  I phase a l s o  e x h i b i t s  
a schlieren t ex tu re ,  toge ther  w i th  a p a r t l y  mosaic-like 
t ex tu re .  By f u r t h e r  cool ing ,  a phase wi th  a mosaic-like 
t ex tu re  can be seen  (F igure  2 ( a ) ) ,  b u t  t h i s  i s  changed a 
l i t t l e  a t  a temperature  of about 8OoC. 
t ex tu re  conta ins  small  d i f f u s e  domains (F igure  2 (b ) ) .  

On cool ing  down the  sample, a C phase 

Now the  mosaic 
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SGSG' TRANSITION IN A BINARY SYSTEM 189 

FIGURE 2 Textures  of the mixture w i t h  x = 0 .4 .  

( a )  
( b )  

T = 95OC, G' phase 
T = 65OC, G phase 

I n  e a r l i e r  i n v e s t i g a t i o n s ,  t hese  small  changes i n  t e x t u r e  
were not  de t ec t ed  o r  they were no t  considered as  s i g n i f i c a n t  
a l t e r a t i o n s .  

DSC measurements do n o t  show a t r a n s i t i o n  h e a t  i n  t h i s  
reg ion ,  whereas the  t r a n s i t i o n  hea t s  f o r  t he  changes i n t o  
the  I phase were c l e a r l y  observed. 

For TBNA, X-ray i n v e s t i g a t i o n s  of o r i en ted  (Figure 3(a) - (c ) )  
and non-oriented samples were made. The eva lua t ion  of t he  
Guinier p a t t e r n s  i n  t h e  G phaseoyie lded  th?  l a t t i c e  
parameters a = 10.21A; b = 5.08A; c = 45.58; f3 = 119.5O. 

The s t r u c t u r e  of the  I phase of AABC = 12.5., wi th  a l b  < 1 
i s  descr ibed  i n  '. 
For t h e  mixture  x u c  1 2 . 5  = 0.4, t he  X-ray p a t t e r n s  of 
o r i en ted  samples a r e  s i g n i f i c a n t l y  a l t e r e d  between T = 6OoC 
and T = 8OoC (F igure  4 ) .  I n  the  wide angle  r eg ion ,  t h e  
s c a t t e r i n g  shows maxima the  p o s i t i o n s  of which are 
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I90 S. DIELE. rt al. 

FIGURE 3 X-ray patterns of oriented samples of TBNA 
i n  the 

( a )  G phase 
(bl F phase 
fc)  I phase 

FIGURE 4 X-ray patterns o f  a mixture with 
XAABC 1 2 . 5  = 0.4  

(a)  T = SOOC 

( b )  T = 6OoC 
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S&' TRANSITION IN A BINARY SYSTEM 191 

r e v e r s i b l y  changed, dependent on the  temperature .  The 
a l t e r a t i o n  of t h e  p a t t e r n s  taken w i t h i n  a reg ion ,  o r i g i n a l l y  
l abe l l ed  as G ,  corresponds wi th  a change of the  monoclinic 
s t r u c t u r e  wi th  the  c i t e d  r a t i o  alb > 1 (T = 6OoC) i n t o  one 
wi th  t h e  r a t i o  alb < 1 (T = 8OoC). 

As can be seen  i n  F igure  1, the  two phase reg ions  G and G '  
are d i s t ingu i shed  now by a phase t r a n s i t i o n .  Two sequences 
i n  the  r eg ion  of the  mixed phases can be observed: G F I C A 
and G G '  I C A .  
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