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SOME NEW SMECTIC F MATERIALS 

J W  GOODBY and GW GRAY 
Department of Chemistry, The Univers i ty ,  Hu l l ,  
HU6 7RX, England 

(Submitted f o r  pub l i ca t ion  23rd January,  1978) 

A b ~ R n ~ c t  I n  the  course of s t u d i e s  on t h e  smect ic  C 
phase, we have succeeded i n  prepar ing  th ree  new compounds 
each of which e x h i b i t s  a w e l l  def ined smectic F phase. 
I n  a l l  of these  m a t e r i a l s ,  the  F phase g ives  a 
smect ic  C phase on hea t ing  and a smectic H phase on 
cool ing.  Moreover, t hese  th ree  compounds a r e  members 
of two r e l a t e d  homologous series of esters; the re fo re  
i t  seems probable t h a t  many more of the  o the r  
homologues w i l l  e x h i b i t  smectic F p rope r t i e s .  

Zn&oduction Un t i l  t h i s  present  work, only one 
ma te r i a l1  w a s  known t o  e x h i b i t  a smect ic  F phase.  
compound has  t h e  s t r u c t u r e  

This 

and i s  very  d i f f i c u l t  t o  synthes ise .  
have been s tudying  the  e f f e c t  of ' t e rmina l  outboard d ipole  
moments' on t h e  formation of the  smect ic  C phase,  and a s  a 
consequence of t h i s ,  we have succeeded i n  prepar ing  (by 
genera l  methods) t h r e e  new esters which e x h i b i t  smect ic  F 
phases.  
these  t h r e e  compounds a r e  : 

Recently,2 however, we 

The s t r u c t u r e s  and t r a n s i t i o n  temperatures (OC) of 
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146 J. W. GOODBY and G. W. GRAY 

(1) n-CgH170 -@@ CO.O-@ CH*CH(CH3) C2H5 

67' 'F 69' 'C 84.5' 'A 136- 

( ) monotropic sequences of t r a n s i t i o n  

L t  i s  i n t e r e s t i n g  t o  no te  t h a t  ester (1) (4-(2'-methyl- 
buty1)phenyl 4'-n-octyloxybiphenyl-4-carboxylate) is 
pentapolymorphic, so e s t a b l i s h i n g  the  thermodynamic sequence 
of f i v e  smect ic  phases.  
t he  D phase is  more thermally s t a b l e  than the  C phase,3 and 
t h a t  the B phase is  more thermally s t a b l e  than t h e  H phase4 
( t i l t e d  B phase) ,  t h e  thermodynamic o rde r ing  of t h e  known 
smectic polymorphic forms appears  t o  be  as fo l lows:  

Since i t  has  a l s o  been shown t h a t  

most thermal ly  
s t a b l e  

l e a s t  thermally 
s t a b l e  

The G phase i s  placed below t h e  E phase,  simply because 
t i l t e d  smectic phases appear t o  l i e  below t h e i r  or thogonal  
analogues. 

Note: a l l  t h r e e  esters were racemates 
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NEW SMECTIC F MATERIALS 147 

Z).i6cLL6niun The proof t h a t  these  th ree  esters e x h i b i t  
smectic F phases was obtained by r igorous  methods. 
a r e  d iscussed  i n  the four  s e c t i o n s  given below: 

(a)  Microscopic Textures:  4-(2'-Methylbuty1)phenyl 
4'-n-octyloxybiphenyl-4-carboxylate , compound (1) , on cool ing  
from t h e  i s o t r o p i c  l i q u i d ,  gave a nematic phase.  On f u r t h e r  
cool ing ,  t h i s  phase gave a smectic phase with e i t h e r  t he  
homeotropic or  t h e  clear focal-conic  f an  t ex tu re .  The phase 
separa ted  from the  nematic phase a s  b2tonnets ,  i n d i c a t i n g  
t h a t  i t  was of t h e  A type.  On cool ing ,  t h i s  phase gave a 
t i l t e d  smectic phase which exhib i ted  two t ex tu res ,  t h e  
broken fan and sch l i e ren  t ex tu res .  In  the  f an  t e x t u r e ,  t he  
fans  were excep t iona l ly  broken, and t h e i r  backs were sanded 
and mott led.  
and changed colour  with temperature decrease.  
shown t o  be mobile by t h e  flow p rope r t i e s  on mechanical 
displacement of the  cove r s l ip .  Thus, t h i s  evidence i n d i c a t e s  
t h a t  t he  phase i s  of t he  C type.  

These 

The sch l i e ren  t e x t u r e  was h ighly  b i r e f r i n g e n t ,  
The phase was 

On f u r t h e r  cool ing ,  t h i s  phase gave another  t i l t e d  
smectic phase which a l s o  exh ib i t ed  two types of t e x t u r e ,  
namely the  s c h l i e r e n  t e x t u r e  and the  broken f a n  t ex tu re .  
The phase w a s  h ighly  b i r e f r i n g e n t  and excep t iona l ly  mobile,  
thus  i n d i c a t i n g  t h a t  t h e  phase w a s  no t  smectic H i n  type. 
The broken fans  exh ib i t ed  a chequerboard p a t t e r n  ac ross  
t h e i r  backs. 
t he  l ack  of r e a l  'b rushes ' ,  and i t  was impossible t o  b r ing  
the  t e x t u r e  i n t o  sharp microscopic focus.  
t e x t u r e  w a s  a l s o  h igh ly  coloured.  

The sch l i e ren  t e x t u r e  was cha rac t e r i s ed  by 

The s c h l i e r e n  

On cool ing  t h i s  phase,  t h e r e  was a t r a n s i t i o n  t o  another  
t i l t e d  phase. This  again exhib i ted  two t ex tu res ,  t he  broken 
fan  and mosaic t ex tu res .  The broken f ans  had a patchwork 
p a t t e r n  across  t h e i r  backs. The mosaic t e x t u r e  r e s u l t e d  on 
cool ing  t h e  sch l i e ren  t e x t u r e  of t h e  preceding phase,  and 
was c h a r a c t e r i s t i c  of t h e  SH phase. Thus, i f  t h i s  phase i s  
of t h e  SH type,  then the  preceding phase must be e i t h e r  a 
SF phase o r  a completely new type of phase.  

On f u r t h e r  cool ing,  t h e  SH phase gave r ise t o  ye t  
another  t i l t e d  phase.  The t r a n s i t i o n  was cha rac t e r i s ed  by 
the  mosaic a r e a s  becoming crossed with a number of l i n e s ,  
c r e a t i n g  the  impression of a corrugated sur face ;  these  l i n e s  
disappeared on f u r t h e r  s l i g h t  cooling. 
exh ib i t ed  e i t h e r  t h e  broken focal-conic  t e x t u r e  or  t h e  mosaic 

The phase the re fo re  
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148 J. W. GOODBY and G. W. GRAY 

t ex tu re .  The mosaic t ex tu re  was d i s t i n c t l y  d i f f e r e n t  from 
t h a t  of t he  preceding phase. Thus, i f  t he  preceding phase 
i s  SH i n  type,  then,  a s  t h i s  phase i s  b i a x i a l  and e x h i b i t s  
a mosaic t e x t u r e ,  i t  i s  reasonable  t o  assume t h a t  i t  is  G 
i n  type.  

Although compounds ( 2 )  and (3 )  do not  e x h i b i t  SG phases ,  
they otherwise e x h i b i t  the  same smect ic  sequences a s  t h a t  of 
compound (1) .  The microscopic  t e x t u r e s  of t he  SF phase of 
(2) and (3) a r e  not  q u i t e  the  same a s  those exhib i ted  by the  
SF phase of compound (1). The SF phase of (2) e x h i b i t s  a 
t e x t u r e  which ;.s less h igh ly  coloured than t h e  corresponding 
t ex tu re  of (1). The t e x t u r e  has  a wizened appearance and 
t h e r e  a r e  l e s s  s c h l i e r e n  ' brushes '  compared with (1) .  
Compound (3)  e x h i b i t s  a SF phase which has  a mosaic type of 
t e x t u r e  which is  d i s t i n c t l y  d i f f e r e n t  from t h a t  of t h e  SH 
phase formed on f u r t h e r  cool ing.  The 'mosaic' t e x t u r e  of 
t he  SF phase of (3) i s  not  t he re fo re  a t r u e  mosaic; i t  has  
c e r t a i n  sch l i e ren  c h a r a c t e r i s t i c s ,  and the re fo re  has  a 
t e x t u r e  of an  in te rmedia te  na ture .  

(b) D i f f e r e n t i a l  Thermal Analysis:  D i f f e r e n t i a l  thermal 
ana lys i s  showed t h a t  t h e  enthalpy va lues  a s soc ia t ed  wi th  
each of t h e  SA to  SC t r a n s i t i o n s  were extremely small .  This 
is  t y p i c a l  of a weak f i r s t  order  or  second order  change, and 
i s  i n  keeping wi th  the  t r a n s i t i o n  being of t h e  SA t o  SC type.  
A l l  the  SC t o  SF t r a n s i t i o n s  gave r e l a t i v e l y  l a rge  enthalpy 
values .  
below; where t h e  va lues  a r e  i n  k c a l  mol-l. 

The en tha lp i e s  f o r  a l l  t he  t r a n s i t i o n s  a r e  given 

AH AH AH AH AH 
SC-SA SF-SC SF-SH SH-SG C-S 

AH 
Ester AH SA-N 

N-l or  I 

1 0.23 0.61 * 0.44 0.095 * 1.94 
2 - 0.77 * 0.32 * - 4.24 
3 0.25 0.41 * 0.34 * - 3.76 

* too  small t o  be evaluated 

(c)  M i s c i b i l i t y  S tudies :  Compound (1) was shown t o  have 
N ,  SA, SC, SH, and SG phases by t h e i r  s epa ra t e  co-misc ib i l i ty  
with the  corresponding known phases of t he  s tandard 
ma te r i a l  TBBA (N ,  SA, Sc, SH, and SG). 
of compound (1) was a l s o  shown t o  be misc ib le  wi th  t h e  F 
phase of t h e  pyrimidine compound.l Moreover, t he  F phases 
of (2) and ( 3 )  were shown t o  be misc ib le  with t h a t  of (1) .  

The smectic F phase 
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NEW SMECTIC F MATERIALS 149 

(d) X-ray S tud ie s  : Measurements of t he  lamel la r  spacings 
i n  a l l  t h e  smectic phases mentioned have been obta ined5  by 
X-ray methods. For example, f o r  ester (1) t he  lamel la r  
spacings were: SA, 30.92; SC, 30.82 
temperature f a l l s ;  SF, 281; SH, 28.48; SG, 28.4g ( f u l l y  
extended molecular length ,  31.81). 
f o r  each SF phase showed a sharp inner  r i n g  and an  outer  
r i n g  which was less d i f f u s e  than t h a t  of a Sc phase.  

o 27.72 as t h e  

The d i f f r a c t i o n  p a t t e r n  

ExpeAimenXid 
s tandard  methods. 
and r e c r y s t a l l i s e d  u n t i l  cons tan t  t r a n s i t i o n  temperatures 
were obtained.  
s p o t  on t h i n  l aye r  chromatography, and mass spectrometry and 
inf ra - red  a n a l y s i s  confirmed t h e i r  s t r u c t u r e s .  
temperatures were determined using a Mettler FP 52 hot  s t age  
and con t ro l  u n i t .  Checks on t h e  t r a n s i t i o n  temperatures and 
t h e  measurement of en tha lp i e s  of t r a n s i t i o n  were made using 
a Stanton-Redcroft low temperature d i f f e r e n t i a l  thermal 
ana lyse r  (Model 671 B ) .  

The th ree  esters w e r e  prepared by 
A l l  were p u r i f i e d  by column chromatography 

The products  were each shown t o  give a s i n g l e  

Trans i t i on  

C o n d u b i o n  The prepara t ion  of these  SF esters 
confirms t h a t  t h e  SF phase does e x i s t  and has a s t r u c t u r e  
in te rmedia te  between the  s t r u c t u r e s  of t h e  Sc and t h e  SH 
phases.  

A more d e t a i l e d  account of t h i s  work g iv ing  photomicro- 
graphs,  m i s c i b i l i t y  diagrams, and d i f f e r e n t i a l  thermal 
ana lys i s  traces, toge ther  with r e s u l t s  on o the r  homologues 
of t h e  series i n  which t h e s e  esters occur ,  w i l l  be  presented  
a t  a later da te .  
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