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FLUORZNATEV ANALOGUES O F  172UlV CRYSTALS 11. STRUCTURE 
O F  THE SMECTlC PHASE O F  J,6-V1 (p-TOLYLJ-PERFLUOROHEXA- 
I ,  3,5-TRlENE 

VM YURCHENKO, L l  M Y N E E V ,  MM KREMLEV, YuA FZALKOV, and 
LM YAGUPOLSKZ 
ln4LLt.uZe 0 6  O h g a n i c  Chemisttnq, Academy 06 SciencQn 06 
ithe Uhh SSR, 252660,  K i e v - 9 4 ,  MURMANSKAYA 5,  USSR 

S S m i t ; t e d  SOX p u b f i c a t i o n :  16Rh Januahy 1982 

A b b i x a c t :  
perfluorohexa-lY3,5-triene has been s tud ied  us ing  X-ray 
d i f f r a c t i o n  and o p t i c a l  modelling. A " t r a n s l a t i o n a l "  
type of packing wi th  a s h i f t  of t he  molecules by h a l f  
of t h e i r  l ength  i s  proposed. This arrangement of 
molecules agrees  wi th  t h e  s i n g l e  c r y s t a l  d i f f r ac tomet ry  
da ta .  

The smect ic  phase of 1 ,6-d i (p- to ly l ) -  

It has been r epor t ed  r e c e n t l y '  t h a t  member compounds of t he  
a , w d i  a ry  lpe  r f  luorop olyene s e r i e s  

wi th  R = ( 3 3 3 ,  OCi l3 ;  n = 2, 3 ,  4 ,  possess  the  p r o p e r t i e s  of 
l i q u i d  c r y s t a l s  . 
(R = C H 3 ,  n = 3 )  (I) forms smect ic  (Figure 1) and nematic  
phases  as fol lows:  

1 , 6-Di (p- to ly l )  -perf luorohexa-1 , 3,5- t r iene  

Crys t 1 85 OC - Cryst2 12oOc  
c-----+ S 

145OC 
.t-----, N 176OC 

f------t IL 

T o  f i n d  ou t  t h e  s t r u c t u r e  of t he  smect ic  phase of (I) an 
X-ray d i f f r a c t i o n  s tudy  of o r i e n t e d  samples w a s  c a r r i e d  out .  
The o r i e n t e d  smect ic  phase w a s  obtained by cool ing  the  
nematic phase i n  a magnetic f i e l d  of 10,000G. 
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100 V. M. YURCHENKO et al. 

FigWu? 1 :  Polygonal t e x t u r e  of t h e  smect ic  phase of 
(I) .  Crossed p o l a r i z e r s ,  155OC, x 200. 

Figme 2 :  (a) - X-ray photograph of t he  o r i e n t e d  
smectic phase of (I) ,  155OC. 

shown i n  Figure 2 (a ) .  
( b )  - Scheme of s p e c i f i c a t i o n  of r e f l e c t i o n s  

A t y p i c a l  X-ray photograph i s  shown i n  F igure  2 ( a ) ,  ( b ) .  
There are two mer id iona l  r e f l e c t i o n s  of f i r s t  o rde r  ( 1  M ) ,  
two of second o rde r  ( 2  M ) ,  f o u r  d iagonal  r e f l e c t i o n s  (D) , 
and two e q u a t o r i a l  r e f l e c t i o n s  (E) . 
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FLUORINATED ANALOGUES OF LIQUID CRYSTALS 101 

X-ray d i f f r a c t i o n  photograph wi th  a similar arrangement 
of r e f l e c t i o n s  was not  prev ious ly  observed. The decrease i n  
i n t e n s i t y  of t h e  r e f l e c t i o n s  1 M, t he  inc rease  f o r  the 
r e f l e c t i o n s  2 M and t h e  appearance of d iagonal  r e f l e c t i o n s  
(D) sugges t  an unusual  arrangement of molecules i n  t h i s  
smectic phase. 

From t h e  d i f f r a c t i o n  p a t t e r n  it  is p o s s i b l e  t o  c a l c u l a t e ,  
using Bragg's equat ion ,  t h e  th ickness  of t h e  smect ic  l aye r  
and t h e  average d i s t ance  between t h e  long axes of t h e  
neighbouring molecules.  

The fo l lowing  i n t e r p l a n a r  d i s t ances  were ca l cu la t ed :  

Re f l ec t ion  I n t  e rp  l ana r  d i s t ances  

1 M  

2 M  

1 E  

19.7 8, 
19.7 R 

4.5 R 

The l eng th  of the  molecule according t o  s tereochemical  d a t a  
i s  about  19.8 A. The va lue  of 4.5 8, i s  u s u a l  f o r  i n t e r -  
molecular d i s t a n c e s  i n  t h e  smectic plane.  

Using t h e  e x t i n c t i o n  condi t ion  Ad = d/2 m, where Ad is  the  
p e r i o d i c  t r a n s l a t i o n  of molecules along t h e i r  long axes,  d 
i s  the  th ickness  of t he  l a y e r ,  and m 'is t h e  order  of the  
r e f l e c t i o n s ,  i t  can be found t h a t  e x t i n c t i o n  of t he  
meridional  r e f l e c t i o n s  of t h e  f i r s t  o rder  is caused by a 
t r a n s l a t i o n a l  s h i f t  of t h e  molecules by a magnitude d/2. 

To check t h i s  sugges t ion  we used t h e  method of o p t i c a l  
analogy. 2 

A graphic  model of the  molecular  arrangement with a 
t r a n s l a t i o n a l  s h i f t  of d/2 and o r i e n t a t i o n a l  d i so rde r ing  was 
cons t ruc ted  (Figure 3) . 
The diminished mask was i l l umina ted  by a He-Ne  l a s e r  beam. 
The i n t e n s i t y  d i s t r i b u t i o n  on t h e  d i f f r a c t i o n  p a t t e r n  
obta ined  (Figure 4 )  i s  i n  accordance wi th  the  X-ray 
photograph : 

(1) t h e  1 M r e f l e c t i o n s  a r e  weak; 
( 2 )  fou r  diagonal  r e f l e c t i o n s  a r e  observed. 
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102 V. M. YURCHENKO et al. 

Figute 3: Graphic model of t he  molecular arrangement 
i n  the  smect ic  phase of (I) .  

fkgu?@ 4 :  Opt ica l  d i f f r a c t i o n  p a t t e r n  from the  
g raph ic  model. 

To f i n d  out  the  molecular  and c r y s t a l  s t r u c t u r e  of ( I ) ,  
X-ray s i n g l e  c r y s t a l  d i f f r ac tomet ry  was c a r r i e d  out .  

From s i n g l e  c r y s t a l  d i f f r ac tomet ry ,  Mo K,, A = 0.710 A; 
a = 9.520 ( 3 ) ,  b = 9.537 ( 2 ) ,  c = 10.389 (2) A;  a = 106.48 
( 2 ) ,  6 = 94.19  ( Z ) ,  y = 105.13 (2)'; z = 2 ,  space group P 1. 
Independent r e f l e c t i o n s  numbering 2358 were measured wi th  
an automatic  four  c i r c l e  Syntex 2 P I 1  d i f f r ac tomete r ;  1720 
of those  wi th  F2 > 20 were used i n  the  ref inement .  

The o r i e n t a t i o n  of the  phenyl r ings  was found from a 
P a t t e r s o n  map. Other  atoms were loca ted  by Fourier-synthesis  , 
and H atoms were found from d i f f e r e n c e  Four ie r -synthes is .  
The s t r u c t u r e  was r e f ined  by a fu l l -ma t r ix  l e a s t  squares  
procedure wi th  a n i s o t r o p i c  ( i s o t r o p i c  f o r  H atoms) thermal  
parameters ,  R = 0.08. 
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FLUORINATED ANALOGUES OF LIQUID CRYSTALS 105 

The genera l  view of two independent molecules,  A and B of 
compound (I) ,  i s  shown i n  Figure 5. The symmetry of the 
molecules i s  near  Ci; t h e  planes of t he  phenyl r ings  formed 
a d ihed ra l  angle  of 3.34' ( f o r  molecule A) and 3.21' ( f o r  
molecule B) .  The molecules under i n v e s t i g a t i o n  have a 
non-planar S-cisoid conformation, and the  d ihedra l  angle  
between t h e  planes of the  d i f luo roe thy lene  groups i s  
wi th in  46.1 -49.9'. 

Figure 6 shows the  packing of t h e  molecules (I) i n  t h e  
bc-plane. 
a x i s ,  t h e  l a y e r s  themselves be ing  s h i f t e d  i n  r e l a t i o n  t o  each 
o t h e r  a long the  long axes by d/2.  

Thus, t h e  proposed " t r a n s i t i o n a l "  type of molecular 
arrangement i n  t h e  smect ic  phase of compound ( I ) ,  i s  i n  
accordance wi th  i t s  s o l i d  c r y s t a l  s t r u c t u r e .  

The molecules are packed i n  l a y e r s  a long the  3 

u&&h&nca 

VM Yurchenko, YuP Yegorov, VA Khranovski, d., 
Uhh Phyh J, 2 3 ,  337 (1978). 

BK Wainstein,  X-hug Dk6Sha&bkl on Chain h b & c d a ,  
Acad S c i ,  USSR, Moscow, 1963. 
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