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ClASSIFlCATlON OF SMECTIC POLYMORPHIC PHASES 

JU GOODBY and CW GRAY 
Depahtment o d  CheminXhg, The UnivehniZg, H a ,  
HU6 7Rx, England 

(Submitted for  pub l i ca t ion  January 18, 1979) 

Abbikact:  Problems concerning the  polymorphic smect ic  
phases  of the  N-4-n-alkoxybenzylidene-4'-n-alkyl- 
a n i l i n e s  are reviewed. L i t e r a t u r e  d a t a  and our own 
experimental  r e s u l t s  now lead t o  conclusions concerning 
the  c l a s s i f i c a t i o n  of t h e  smect ic  types involved and t o  
a recommended nomenclature scheme f o r  polymorphic 
smect ic  phases i n  genera l .  

The N-(4-n-alkoxybenzylidene)-4'-n-alkylanilines are Schif  f ' s  
bases  which, d e s p i t e  t h e i r  simple s t r u c t u r e  (I) ,  may e x h i b i t  
complex polymorphism of t h e i r  smectic l i q u i d  c r y s t a l  phases.  
The occurrence of sequences of fou r  smectic phases i s  i n  fact  
common f o r  many of the  homologues. 

Smith and Gardlund and t h e i r  a s soc ia t e s '  s tud ied  a range of 
these  materials (m = 4 t o  8 f o r  n = 1 t o  7) and proposed the  
simple des igna t ion  n0.m t o  desc r ibe  p a r t i c u l a r  members of t he  
many series which may occur.  The number of carbons (n) i n  
the  a l k y l  chain a t tached  t o  oxygen (0) i s  followed by the  
number of carbons (m) i n  the  o the r  a l k y l  chain. Based on 
s t u d i e s  of the microscopic t e x t u r e s  of t he  phases,  they 
v e r i f i e d  the  occurrence of nematic  phases i n  many members, 
and p o s i t i v e l y  i d e n t i f i e d  two of the smectic types as  SA and 
Sc. They a l s o  considered t h a t  SF phases occurred wi th  some 
members, and t h a t  SB phases w e r e  a l s o  formed; i n  the  la t ter  
case, they d i d  n o t  d i s t i n g u i s h  whether these  were or thogonal  
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218 J .  W. GOODBY and G. W. GRAY 

(SBA) o r  t i l t e d  (SBc) B phases.  

For example, the  compounds 70 .4 ,  70 .5 ,  and 70.7 each form a 
nematic phase when the  i s o t r o p i c  l i q u i d  i s  cooled, and t h i s  
i s  then followed by a sequence of t h r e e  (70 .4 )  o r  fou r  
(70.5 and 70 .7 )  smect ic  phases which they numbered S1, S2 ,  
S3,  S 4  with  f a l l i n g  temperature.  The i r  assignments were: 
s1 = SA; s2 = SC; s3 = sg; s4  = SF. 

Later s t u d i e s  by B i l l a r d 2  employing m i s c i b i l i t y  techniques 
c a s t  doubt on these  assignments however, and i t  was proposed 
t h a t  S 3  w a s  i n  f a c t  SF, and t h a t  S4 was SG f o r  the compounds 
70.4,  70 .5 ,  and 70.7 .  

However, i n  a paper by Doucet and Levelu t ,  r e f e rence  i s  made 
t o  a p r i v a t e  communication from Demus s t a t i n g  t h a t  t he  S 3  and 
S4 phases  of 70.7 and 50.6 were SB and SG phases ,  r e spec t ive ly .  
de Jeu  and de Poor t e r4  had a l s o  s t u d i e d  s e v e r a l  of these  
compounds, and, i n  t h e  case of 70 .5 ,  f o r  example, they 
concluded t h a t  the  phase sequence was 

SH, SB, SC, SA, N ,  I 

S ince  they used SH t o  des igna te  a t i l t e d  smect ic  B phase,  
and SB t o  des igna te  an or thogonal  smectic B phase,  t h i s  
sequence ( invo lv ing  a t i l t e d  t o  or thogonal  SB phase 
t r a n s i t i o n )  i n  f a c t  a reed wi th  t h a t  subsequent ly  repor ted  
by Doucet and Levelut  8 

SBc, SBA, SC, SA, N, I 
who used a d i f f e r e n t  nomenclature. 

Fur ther  doubts and u n c e r t a i n t i e s  about the smectic phase 
c l a s s i f i c a t i o n  i n  the  n0.m series have a l s o  a r i s e n  i n  
connection wi th  the  s impler  compound 40.2. 
s tud ied  i n  d e t a i l  by de Vries’ who concluded t h a t  i t s  
s i n g l e  smectic phase was d i f f e r e n t  from any o the r  smectic 
phase known dt &dt dime; he des igna ted  i t  as SH, and the  
sequence f o r  40.2 w a s  t he re fo re  SH, N ,  I. 
Demus, and Sackmann6 la te r  d isagreed  wi th  t h i s  assignment 
and proposed t h a t  t h e  sequence w a s  SG, N ,  I ,  the  s i n g l e  
smect ic  phase be ing  i n  f a c t  the  S 4  phase.  

This w a s  f i r s t  

However, Richter ,  

The confusing s i t u a t i o n  exis ts  the re fo re  t h a t  t h e  S 3  phases 
of t hese  n0.m compounds have va r ious ly  been repor ted  as SB 
and SF, and the S4 phases as SF, S G ,  and SBC (SH). 
a t tempt  t o  c l a r i f y  the  p o s i t i o n  i n  t h e  n0.m series, w e  

I n  an 
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CLASSIFICATION OF SMECTIC PHASES 219 

prepared some twenty of t h e  S c h i f f ' s  bases  and examined 
them i n  d e t a i l .  The m a t e r i a l s  prepared and the  r e s u l t s  
of c e r t a i n  phys ica l  s t u d i e s  made on them and on t h e i r  
smect ic  phases w i l l  be descr ibed  i n  d e t a i l  i n  a la ter  
pub l i ca t ion .  Here however, w e  concent ra te  simply on the  
conclusions w e  have reached about t h e  smect ic  phase 
assignments and the  reasons f o r  t he  c o n f l i c t i n g  l i t e r a t u r e  
r e p o r t s  which have a r i s e n  on t h i s  s u b j e c t .  

To r eas ses s  the  s i t u a t i o n  we have t o  r e a l i s e  t h a t  u n t i l  
r e c e n t l y  the t i l t e d  B ( S 8 c  o r  SH) phase w a s  be l i eved  t o  b e  
misc ib le  with t h e  or thogonal  B phase (Sg o r  S B ~ ) .  
t h i s  b e l i e f ,  a SB t o  SH t r a n s i t i o n  i n  a pure m a t e r i a l  was 
impossible .  
r e s u l t s  c l e a r l y  show t h a t  t h i s  i s  n o t  so ,  and t h a t  t he  S 3  
phase of say 70.5 i s  SB and t h e  S4 phase i s  of t h e  t i l t e d  B 
type.  Moreover, our own m i s c i b i l i t y  s t u d i e s  f u l l y  agree 
wi th  t h e i r  assignment of phase types ,  and w e  have produced 
independent evidence t h a t  or thogonal  and t i l t e d  SB phases 
are immiscible . 

Based on 

However, Doucet and Leve lu t ' s3  r ecen t  X-ray 

Working independent ly  of these  cons ide ra t ions ,  R ich te r ,  Demus, 
and Sackmann had s tud ied  n0.m's such as 40.2, and had shown 
t h a t  the  S 4  phase w a s  t he  same as t h e  SG phase of t h e i r  
pyrimidine d e r i v a t i v e .  They the re fo re  named t h e  S4 phase 

6 
SG. 

A s  the  r e a l i s a t i o n  grew among o t h e r  workers t h a t  the two B 
phases  a r e  n o t  of t he  same type,  a new l e t t e r  f o r  the t i l t e d  
B phase had t o  be found. 
r e a l i s i n g  t h a t  Demus had a l ready  g iven  the  'new' S 4  phase the  
code l e t t e r  G ,  tended i n s t e a d  t o  use de Vries' SH nomenclature 
f i r s t  repor ted  i n  h i s  s tudy  of 40.2. 

The ma jo r i ty  of workers ,  n o t  

The major problem t h e r e f o r e  becomes one of f i n d i n g  a gene ra l ly  
accep tab le  nomenclature system f o r  smectic polymorphic 
phases.  A recommended nomenclature system ( i n  thermodynamic 
order )  can be  def ined  as  fol lows:  
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CLASSIFICATION OF SMECTIC PHASES 221 

Therefore  on t h i s  recommended b a s i s  the phase sequences of 
some AXandatrd materials are given below: 

(1) TBBA:’ 

(2 )  TBPA: ’ 
(3 )  40.2:3 I - + N - + S H  

( 4 )  70.5:3 I - + N - + S A - + S C + S B + S H  

I -f N -+ SA -+ SC -f SH -+ SG 

I - + N  -+ SA -+ SC + SF -f SH + s G  

(5) Pyrimidine: l o  I -+ N -+ SA -+ S c  -+ SF -+ SH 

( 6 )  80SF:l’ 1 N -+ SA -+ SC -+ SF + SH -+ SG 

The major remaining problem i s  s t i l l  cen t red  on t he  SB and 
SH phases.  De Vries, 
40.2 sugges ts  t h a t  i t  has  a t i l t e d ,  hexagonally close-packed 
arrangement of t h e  molecules i n  the  l aye r s .  Furthermore, he 
sugges ts  t h a t  t he  layers  are c o r r e l a t e d  t o  give a three- 
dimensional l a t t i c e .  Ear l ie r  c l a s s i c a l  work by Levelut  and 
Lambert’* had a l s o  shown t h a t  the  l aye r s  of t h e  smectic B 
phases of ce/r;t&n compounds were c o r r e l a t e d  over s e v e r a l  
l aye r s ,  and r ecen t ly ,  Doucet13 has shown t h a t  a fe r ro-  
e l e c t r i c  material  can e x h i b i t  a t i l t e d ,  hexagonally c lose-  
packed, uncorre la ted  phase as w e l l  as a t i l t e d ,  hexagonally 
close-packed c o r r e l a t e d  phase. Thus, i t  w i l l  b e  i n t e r e s t i n g  
t o  see i f  a similar d u a l i t y  of phase type ,  depending on the  
presence o r  absence of c o r r e l a t i o n s ,  i s  observed i n  o the r  
materials and i f  t h i s  i n  t u r n  w i l l  g ive rise t o  two types 
of B and H phases.  A t  p r e sen t  w e  can be c e r t a i n  of the 
d i s t i n c t i o n  belween B and H phases by microscopic  and 
conoscopic observa t ions ,  b u t  i f  both of these phases are 
sub-divided i n t o  two types ( c o r r e l a t e d  and uncorre la ted)  , 
then m i s c i b i l i t y  s t u d i e s  w i l l  probably not  b e  ab le  t o  
s e p a r a t e  one type from another .  Moreover, t he  ex.tctenX of t h e  
c o r r e l a t i o n s  between l aye r s  would a l s o  be  important  i n  
dec id ing  the  sub-group involved o r  indeed whether the phase 
i s  r e a l l y  a s o l i d .  

i n  h i s  s tudy of the smectic phase of 

tlowever, d e s p i t e  the f a c t  t h a t  m i s c i b i l i t y  may not  be the 
u l t ima te  technique f o r  t he  i d e n t i f i c a t i o n  of smectic phases ,  
i t  w i l l  always remain the most u s e f u l  t o o l  i n  phase 
ca t egor i sa t ion .  M i s c i b i l i t y  w i l l  always c l a s s i f y  phases 
i n t o  the  simple smect ic  polymorphic groups,  whereas 
c l a s s i f i c a t i o n  based on minute s t r u c t u r a l  d e t a i l  could i t s e l f  
give r ise t o  ambigui t ies  of assignment unless  a complex 
nomenclature scheme - which may not  be  gene ra l ly  comprehended - 
is  adopted. 
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222 J. W. GOODBY and G.  W. GRAY 

Conctubiun 
n o t  deeply involved i n  t h e  s t r u c t u r a l  complexi t ies  of smectic 
polymorphism and the  accompanying nomenclature problems , 
t he re  i s  l i t t l e  doubt t h a t  a simple system of code l e t t e r s  
would be welcome. However, the  s i t u a t i o n  i s  no t  s t r a i g h t -  
forward. Indeed, i n  view of the above mentioned 
u n c e r t a i n t i e s  and the  p o s s i b i l i t y  t h a t  more ambigui t ies  
may arise i n  t h i s  complex area of smect ic  polymorphism, s t i l l  
f u r t h e r  changes i n  nomenclature may i n  f a c t  be necessary.  
Unt i l  a c l e a r  p i c t u r e  develops,  i t  i s  however hoped t h a t  t h e  
comments i n  t h i s  l e t te r  on smectic phase nomenclature,  wi th  
p a r t i c u l a r  r e fe rence  t o  the  nO.m's, w i l l  be  a use fu l  guide 
through a confusing l i t e r a t u r e  s i t u a t i o n .  
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