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AbbRhaot: Re-examination of the smectic polymorphism 
of c e r t a i n  n-alkyl e s t e r s  of some 4'-n-alkoxybiphenyl- 
4-carboxylic acids ,  by X-ray and misc ib i l i t y  techniques 
has shown a fu r the r  phase t o  be present. This e x t r a  
phase i s  proved t o  be a t i l t e d  smectic B (S,) phase. 
One of the e s t e r s ,  n-butyl 4'-n-octyloxybipheny1-4- 
carboxylate, i s  shown t o  exh ib i t  SA, Sc and S B ~  (SH) 
phases, bu t  the Sc phase i s  so extremely short-lived 
t h a t  the impression is t h a t  the ester exh ib i t s  a 
SA-SCH t r ans i t i on .  

ZnaXoduotion: 
polymorphic behaviour of a number of the n-alkyl 4l-n-alkoxy- 
bipheny 1-4-carboxy lates . 
t o  the smectic propert ies  of 

Previously, '  9 '  we reported the smectic 

Pa r t i cu la r  importance w a s  attached 

n-C 8 H 1 7  w C 0 . 0 C 4 H g - n  

n-bu ty  1 4' -n-oc t y  loxyb ipheny l-4-carboxy late . This e s  ter w a s  
shown by m i s c i b i l i t y  s tud ie s  to  exh ib i t  SA and Sc phases and 
to have l a t e n t  SB cha rac t e r i s t i c s .  

ResuRtb: F i r s t l y ,  w e  w i l l  consider t h e  propert ies  of n-butyl 
4'-n-octyloxybiphenyl-4-carboxylate, because a large number 
of r e s u l t s  f o r  other  mater ia ls  are d i r e c t l y  linked to  t h i s  
e s t e r .  The S c  phase of t h i s  mater ia l  was confirmed by i t s  
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co-miscibil i ty with the S c  phase of the standard3 
4-n-octyloxybenzoic acid (N and Sc phases). Secondly, the 
e s t e r  was shown t o  exh ib i t  a SA phase and t o  have l a t e n t  SB 
cha rac t e r i s t i c s  by a m i s c i b i l i t y  study with the standard4 
n-nonyl 4-(4'-phenylbenzylideneamino)cinnamate. A t  the time 
of t h i s  study i t  w a s  believed t h a t  the orthogonal B and 
t i l t e d  B phases were miscible; therefore the f a c t  t h a t  the 
mater ia l  exhibited l a t e n t  SB propert ies  led us t o  exclude 
the p o s s i b i l i t y  of i t s  exhibi t ing a t i l t e d  B phase. 

However , X-ray s tud ie s  and fu r the r  more elaborate  m i s c i b i l i t y  
s tudies  have shown tha t  the e s t e r  does exh ib i t  a t i l t e d  B 
phase. F i r s t l y  a study was ca r r i ed  out with the standard 
cyclohexyl 4'-n-octyloxybiphenyl-4-carboxylate (SA and Sc 
phases). The m i s c i b i l i t y  diagram of s t a t e  f o r  binary mixtures 
of these two mater ia ls  i s  shown i n  Figure 1. 
of s t a t e  shows tha t  the e s t e r  does exh ib i t  a SA phase and t h a t  
the SA t o  Sc and Sc t o  SH t r a n s i t i o n  temperature l i n e s  
approach each other t angen t i a l ly  as the percentage of the 
test e s t e r  i s  increased. A su rp r i s ing  i n j e c t i o n  of SF 
propert ies  a l s o  occurred i n  mixtures of approximately 50% by 
weight of each component. 

A number of other  s tud ie s  were ca r r i ed  out t o  confirm t h a t  
the lower temperature phase of the n-butyl ester was of ' t h e  
t i l t e d  B o r  H type and these w i l l  be presented i n  a subsequent 
more de t a i l ed  account. 

A second m i s c i b i l i t y  diagram of s t a t e  f o r  mixtures of n-butyl 
4 -n-oc t y  1 oxyb ipheny 1-4- carb oxy l a  te w i  th n-hexy 1 4 -n- 
decyloxybiphenyl-4-carboxylate (SA and SC phases) i s  however , 
shown i n  Figure 2. This m i s c i b i l i t y  study again shows t h a t  
the n-butyl ester exh ib i t s  a well-defined SA phase along with 
an extremely short-l ived Sc phase, which quickly changes t o  
SH. The n-hexyl e s t e r  i s  therefore  confirmed as a SA, S c  
mater ia l ,  but i t  a l s o  has l a t e n t ,  t i l t e d  B (SH) 
character is  t i c s .  

The lowest temperature phase of the n-butyl e s t e r  w a s  a l s o  
studied by X-ray techniques, and the r e s u l t s  were 
fundamental t o  our present re-examination of t h i s  ester. 
The X-ray d i f f r a c t i o n  pa t t e rn  f o r  the t i l t e d  B phase (SH) i s  
shown i n  P l a t e  1. 

The sample w a s  contained i n  a Lindemann g la s s  tube and was a t  
a temperature of 45O. F i l t e r e d  Cu Ka r ad ia t ion  was used. 
The sharp inner r e f l e c t i o n s  and the  s i n g l e  sharp outer 
r e f l e c t i o n  of t h i s  photograph a re  c h a r a c t e r i s t i c  of B type 
smectic s t ructures .  The inner r e f l e c t i o n s  correspond t o  

This diagram 
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PLAT€ 7 .  The X-hay di66tract ion paA;tetrn 0 6  n-bLLtyk? 
4 ' -n- ootyLoxybiphenyl- 4- catrboxykkte. The phohghaph 

WM t a h e n  IrtiXh a tempeza;tum-eonthoUed c m a a  
ipecG&y d a i g n e d  d o t  L i q u i d  clybtal!  btu&cu. * 

t h ree  d i f f r a c t e d  orders  from the  l a y e r  spacing. 
a l aye r  th ickness  of 27.2 (+0.1) 8. This  va lue  i s  
s i g n i f i c a n t l y  less than t h e  l eng th  of t he  f u l l y  extended 
molecule (29.0 8, as es t imated  from molecular models) and i t  
impl ies  t h a t  t h e r e  i s  some degree of i n t e r l a y e r  p e n e t r a t i o n  
of molecules and/or  t h a t  t h e  molecules are t i l t e d  wi th in  
the l aye r .  The s i n g l e  ou te r  r e f l e c t i o n  corresponds t o  a 
spacing of 4.41 8 and i s  very much i n  accordance wi th  prev ious  
observa t ions  of t he  SB phases  of molecules w i t h  similar 
cross-sect ion.  It  can be seen t h a t  the  l i n e  j o i n i n g  the  
maxima of t h e  ou te r  r i n g  i s  no t  e x a c t l y  perpendicular  t o  t h e  
l i n e  j o i n i n g  the  max ima  of t he  inner  r ings .  The discrepancy 
i s  about 7 O ,  and t h i s  i s  a f u r t h e r  i n d i c a t i o n  t h a t  t he  
molecules are t i l t e d  i n  t h e  l aye r s .  Although w e  made no 
at tempt  t o  o r i e n t a t e  t h e  sample, t he  photograph shows t h a t  

They i n d i c a t e  

* Coakley and Lydon, J Phyb E ,  Sci In&&, 1977, 10, 296 
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A SA-SCH TRANSITION 129 

a cons iderable  degree of o r i e n t a t i o n  has  occurred 
spontaneously wi th  both t h e  ou te r  and the  inner  r i n g s  showing 
arcs of maximum i n t e n s i t y .  

DAcUb6bn: From t h i s  work i t  has  been shown t h a t  n-butyl 
4' -n-oc t y  loxyb ipheny 1-Ccarboxy la te  e x h i b i t s  SA , SC and S B ~  
(SH) phases ,  b u t  s ince  the  Sc phase is  extremely s h o r t ,  the  
material appears t o  e x h i b i t  a SA-SCH t r a n s i t i o n .  The 
consequences of t h i s  are extremely far-reaching.  This  
material can i n  f a c t  e x h i b i t  dua l  p r o p e r t i e s  as f a r  as 
m i s c i b i l i t y  techniques are concerned, i e ,  i t  can act  as both 
a s tandard  SC and a s tandard  SH material. Bearing t h i s  f a c t  
i n  mind, i t  has  beer! shown t h a t  t he  appropr ia te  n-alkyl  
esters of 4 -n-hep t y  loxyb ipheny l-4-carboxy li c ac id  are SH 
and noz Sc i n  type ,  the  esters of 4Ln-nonyloxybiphenyl-4- 
carboxyl ic  ac id  e x h i b i t  SC and SH phases ,  and f i n a l l y  t h e  
esters of 4'-n-decyloxybiphenyl-4-carboxylic ac id  are Sc i n  
type ( a s  prev ious ly  r epor t ed ) .  

Therefore ,  t h e  assignment of phase types  by e i t h e r  
m i s c i b i l i t y  o r  X-ray techniques d o n e  i s  obviously 
inadequate .  I n  the  f i r s t  r e p o r t  of t he  phase behaviour of 
n-bu t y  1 4 ' -n-oc tyloxyb ipheny 1-4-carboxy la t e  , t h e  phases were 
i d e n t i f i e d  us ing  materials showing N ,  Sc phases and SA, SB,  
SE phases.  As t h e  S c  phase i s  so  shor t - l i ved ,  obviously 
these  s t u d i e s  were inadequate .  However, i f  s t u d i e s  are 
c a r r i e d  out  us ing  a SA, SC, SH s tandard  material ,  t he  
i d e n t i f i c a t i o n  of t he  SH phase i s  made d i f f i c u l t  by t h e  
i n j e c t i o n  of SgA p r o p e r t i e s  which usua l ly  accompanies such 
s tud ie s .  Moreover, any assignment of phase type based on 
the  'apparent '  m i s c i b i l i t y 7  of t he  SH phase of the  n-butyl 
ester and t h e  SBA phase of a s tandard  material, i s  a l s o  
made d i f f i c u l t  due t o  the  lack  of t r a n s i t i o n  b a r s  a t  t he  
SA t o  SBA t r a n s i t i o n  f o r  b ina ry  mixtures  of t hese  types of 
material. Therefore ,  c l e a r l y  the  choice of a numbm of 
m i s c i b i l i t y  s tandards  i s  important .  

Our m i s c i b i l i t y  s t u d i e s  were c a r r i e d  ou t  by weighing out  
mixtures  on a microscope s l i d e  and determining t h e  
t r a n s i t i o n  temperatures by o p t i c a l  microscopy. 
the con tac t  technique had been used,  t he  SA-SCH t r a n s i t i o n  
would not  have been de tec ted  and hence f u r t h e r  problems 
would have occurred i n  later m i s c i b i l i t y  s t u d i e s .  

A similar s i t u a t i o n  would have occurred us ing  i d e n t i f i c a t i o n  
by X-ray methods only; aga in  the t r u e  na tu re  of t h e  SA-SCH 
t r a n s i t i o n  would have been missed and the  phase assignment 
would have been SAY S B ~  (SH) .  

I f  , however, 

Since a number of t h e s e  double 
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130 J. D. BUNNING, J. W. GOODBY, G. W. GRAY, and J.  E. LYDON 

t r a n s i t i o n a l  types are now being d i scove red , e9g  eg,  SM-I, 
SA-SBE e tc ,  c a r e f u l  a n a l y s i s  i s  requi red  by a number of 
techniques i n  order  t o  i d e n t i f y  c o r r e c t l y  t h e  phase types 
involved. For abbOk?& i d e n t i f i c a t i o n  of phase sequences 
and types , o p t i c a l  microscopy , m i s c i b i l i t y  s t u d i e s  and 
d e t a i l e d  X-ray a n a l y s i s  are & hequ.ih&d. 

Expfa?h?entd: 
materials and t h e  b ina ry  mixtures  used i n  t h e  m i s c i b i l i t y  
s t u d i e s  were determined by o p t i c a l  microscopy us ing  a 
Mettler FP52 hot-s tage and c o n t r o l  unit .  
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