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SMECTTC F PHASES EXHIBTTEV BY THE - N- (4-n-ALKOXYBENZYL- 
I D E N E  1 - 4 ' - n- ALKYLANl L l  NES 

JW GOODBY and GU GRAY 
Uepahtment oh C h m h L t y ,  The UnivennLty 0 6  HuRR, ffULL, 
ff 116 7 RX , England 

(Submitted for publication 19 July 1979) 

AbaX7L~ct: Studies  of the  N-(4-n-alkoxybenzylidene)-4'- 
n-a lky lan i l i nes  have been made by numerous workers,  and 
a l a rge  v a r i e t y  of phases has  been shown t o  be  
exh ib i t ed  by these  ma te r i a l s .  However, no au then t i c  
r e p o r t s  of smect ic  F p r o p e r t i e s  have been c i t e d .  I n  the 
p re sen t  s tudy w e  have c l o s e l y  examined the compound 
N-(  4-n-nonyloxybenzylidene)-4'-n-butylaniline, and w e  
now be l i eve  t h a t  t h i s  i s  the f i r s t  ma te r i a l  f o r  which a 
d i r e c t  smect ic  A t o  smect ic  F t r a n s i t i o n  has been 
observed. 

l n X 7 L a d u ~ u n :  Since t h e i r  mesomorphic p rope r t i e s  were f i r s t  
examined by Smith,  Gardlund, and Cur t i s '  9 '  t he  N-(4-n-alkoxy- 
benzy l idene)-4 ' -n-alkylani l  ines  (no. ms) have been 
ex tens ive ly  s tud ied  by numerous respec ted  research workers. 
A s  a consequence, major con t rove r s i e s1 ,2 ,3 ,4 , s  a rose  over t he  
i d e n t i t i e s  of t he  smect ic  phases exhib i ted  by c e r t a i n  members, 
no t  ab l y  N- (4-n-hep t y  loxyben zy 1 idene) - 4 ' -n-penty l a n i  1 i n e  
(70.5) and N-( 4-n-butyloxybenzylidene)-4'-n-ethylaniline 
(40.2) e t c .  However Doucet and Levelu t6  have r e c e n t l y  shown 
q u i t e  c l e a r l y  t h a t  the genera l  p a t t e r n  of phase behaviour f o r  
the pentapolymorphic members i s  nematic,  SA, S c ,  SB, and 
t i l t e d  SB. For example, f o r  70.5 we have wi th  f a l l i n g  
temperature:  
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44 J .  W. GOODBY and G .  W. GRAY 

From t h e s e  X-ray s t u d i e s  Doucet and Leve lu t  were 
t h e r e f o r e  a b l e  t o  show f o r  t h e  f i r s t  t i m e  t h a t  o r thogona l  
SB t o  t i l t e d  SB (SH) t r a n s i t i o n s  could occur  i n  pu re  
materials. Th i s  s imple o b s e r v a t i o n  had complex 
r e p e r c u s s i o n s  on t h e  i n t e r p r e t a t i o n  of expe r imen t s  based on 
m i s c i b i l i t y  t e c h n i q u e s ,  and made a number of such s t u d i e s  
i n v a l i d  because  of t h e i r  assumption t h a t  t h e  two SB phases  
are m i s c i b l e .  

I n  our  c u r r e n t  work,8 w e  have confirmed t h e  o b s e r v a t i o n s  
of Doucet and L e v e l u t  by o p t i c a l  microscopy and m i s c i b i l i t y  
s t u d i e s .  I n  t h e  cour se  of t h i s  work, w e  p repa red  N-(4-n- 
nony 1 oxybenz y l i d e n e )  -4 ’ -n-bu t y  l a n i  1 i n e  ( 9 0 . 4 )  . 
was shown t o  e x h i b i t  SA, SF, and SH phases ,  and t h e  SA t o  
SF phase t r a n s i t i o n  i s  b e l i e v e d  t o  b e  t h e  f i r s t  of t h i s  
n a t u r e  t o  b e  observed.  A l l  p r e v i o u s l y  r e p o r t e d  SF phases  
have been formed from S c  phases  on c o o l i n g .  ” ’ l 1  ’ ” 

This  compound 

RUub.2 and Db5cubClian: We have s t u d i e d  a number of  
N- ( 4-n-alkoxyb e n z y l  i dene) -4 ’ -n-bu t y  l a n i  l i n e  s and t h e  ove r  a1 1 
r e s u l t s  are v e r v  i n t e r e s t i n g  f o r  t h e  ser ies  as a whole. 
However, w e  w i l l  c o n c e n t r a t e  h e r e  on t h e  s p e c i f i c  
p r o p e r t i e s  of N- (4-n-nonyloxybenzyl i dene )  -4 ‘ -n-butylani  l i n e .  
I n i t i a l  s t u d i e s  by o p t i c a l  microscopy conf inned t h a t  t h e  
m a t e r i a l  e x h i b i t e d  t h r e e  l i q u i d  c r y s t a l  phases  and had t h e  
t r a n s  i t  i on t e m p e r a t u r e s  shown be  1 ow. 

(90.4) 

1 - s1 s 2  # s 3  ( C - S 3 ,  50’) 
82 69.5O 6 7 O  

P r e l i m i n a r y  o b s e r v a t i o n s  by o p t i c a l  microscopy showed 
t h a t  one phase  (S1) w a s  o r thogona l  and t h e  o t h e r  two were 

Note: t h e  nomenclature  system used i s  t h a t  
proposed by Goodby and Gray.7 
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A SABF TRANSITION IN 90.4 45 

t i l t e d .  On cool ing  t h e  i s o t r o p i c  l i q u i d ,  t h e  f i r s t  phase 
( S 1 )  sepa ra t ed  i n  the form of bs tonne t s .  These coalesced 
on f u r t h e r  cool ing t o  g ive  a phase exh ib i t i ng  t h e  foca l -  
conic  f an  t ex tu re .  The phase a l s o  exh ib i t ed  t h e  homeotropic 
o r  pseudoiso t ropic  t e x t u r e ,  thus i n d i c a t i n g  t h a t  i t  w a s  
or thogonal  i n  na tu re .  These observa t ions  were i n d i c a t i v e  
t h a t  t he  phase w a s  of t h e  SA type.  Subsequent cool ing  
produced the  second phase ( S 2 )  which exh ib i t ed  t h e  mosaic 
and chequerboard broken-f an t ex tu res .  The mosaic t e x t u r e  
was not  t y p i c a l  of e i t h e r  a SB o r  SH phase,  bu t  was s imilar  
t o  t h a t  of t h e  SF phase of TBPA; the  chequerboard f a n  t e x t u r e  
w a s  a l s o  very s imi l a r  t o  t h a t  exh ib i t ed  by most smect ic  F 
phases .  On f u r t h e r  coo l ing ,  t he  f i n a l  phase ( S J )  w a s  
ob ta ined;  t h i s  exh ib i t ed  mosaic and broken f an  t e x t u r e s  
which were t y p i c a l  of t h e  smect ic  H ( t i l t e d  SB) phase. 

The t r a n s i t i o n  temperatures  obta ined  from o p t i c a l  
microscopy were confirmed by d i f f e r e n t i a l  thermal ana lys i s .  
The mel t ing  p o i n t  of 90.4 w a s  determined by DTA, and t h e  
va lue  of 50' confirmed t h a t  t he  t h r e e  smect ic  phases were 
enan ti  o t r op i c . 

The smect i c  phases of N- (4-n-nonyloxybenzylidene) -4'-n- 
b u t y l a n i l i n e  were next  f i rmly  c l a s s i f i e d  by m i s c i b i l i t y  
s t u d i e s  using var ious  s tandard  m a t e r i a l s  e x h i b i t i n g  smect ic  F 
phases .  For example, t h e  tes t  S c h i f f ' s  base  (90.4) was 
shown t o  e x h i b i t  SA, SF,  and SH phases  by t h e i r  s epa ra t e  
co-misc ib i l i ty  w i th  the  r e l e v a n t  known smect ic  phases of 
terephthalylidene-bis-4-n-pentylaniline (TBPA) : N ,  SA, Sc, 
SF, SH, and SG phases.  

I n t e r e s t i n g  r e s u l t s  were obtained i n  one case ,  w i th  t h e  
s tandard  mater ia l  4-(2'-methylbuty1)phenyl 4'-n-nonyloxy- 
biphenyl-4-carboxylate (90SF). l o  
used t o  confirm t h e  i d e n t i f i c a t i o n  of the  t h r e e  smect ic  
phases of 90.4,  an unusual i n j e c t i o n  of SB p r o p e r t i e s  w a s  
obtained wi th  c e r t a i n  b ina ry  compositions.  The m i s c i b i l i t y  
diagram of s t a t e  f o r  b ina ry  mixtures  of 90SF ( N ,  SA, Sc, SF, 
SH, and SG phases)  and 90.4 (SA, S F ,  and SH phases)  i s  shown 
i n  F igure  1. 

When t h i s  material w a s  

The two smect ic  F phases appeared t o  be misc ib l e  u n t i l  
mixtures  conta in ing  from 60 t o  90% by weight of 90.4 w e r e  
i n v e s t i g a t e d .  I n  t h i s  range,  mixtures  gave t h e  phase 
sequence SA, SB,  SH. This  i s  s u p r i s i n g ,  as n e i t h e r  of t h e  
components e x h i b i t s  SB phases.  Moreover, t h e  SA t o  SB 
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46 J. W. GOODBY and G. W. GRAY 
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FIGURE 1 
me thylbu ty 1) pheny 1 4' -n-nonyloxyb ipheny l-4-carboxy late 
(90SF) - compound A - with N- (4-n-nonyloxybenzyl idene) - 
4'-n-butylaniline - compound B. 

Miscibility diagram of state f o r  4-(2'- 
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A SABF TRANSITION IN 90.4 47  

t r a n s i t i o n  temperatures  f o r  t he  b ina ry  mixtures i n  t h i s  
percentage composition range l i e  above t he  SA or  Sc  t o  SF 
t r a n s i t i o n  temperatures  f o r  mixtures  on e i t h e r  s i d e  of the  
reg ion  i n  which t h e  SB phase i s  in j ec t ed .  Thus, t h e  
i n j e c t e d  SB phase would appear t o  be more thermally s t a b l e  
i n  t h i s  p a r t  of t he  composition range than  t h e  t i l t e d  SF 
phase. 

However, i t  i s  d i f f i c u l t  t o  decide whether t h e  SB phase 
a r i s e s  from a mixture  of t h e  two F phases of t h e  two 
components o r  i f  t h e  i n j e c t i o n  i s  caused by the  admixture of 
t h e  two SH phases.  Ce r t a in ly ,  mixtures  of two SH hases  can 
produce an or thogonal  SB phase i n  b inary  mixtures .  
However, i n  t h e  cases r epor t ed ,  t h i s  has always given SB t o  
SH t r a n s i t i o n  temperatures  lower than the  neighbouring S 
t o  SH t r a n s i t i o n  temperatures ,  thus causing a depress ion  i n  
the  t r a n s i t i o n  temperature curve. I n  t h i s  case ,  t h e  SF o r  
SB t o  SH t r a n s i t i o n  curve i s  una f fec t ed ,  and it  i s  t h e  SF 
o r  SA t o  SB curve t h a t  shows a maxhum; i e ,  t h e  oppos i te  
s i t u a t i o n  now arises. 

? 4  

E a r l i e r  r e s u l t s  obtained by B i l l a r d 6  on t h e  
c l a s s i f i c a t i o n  of var ious  phases i n  the  n0.m series may shed 
l i g h t  on t h i s  problem. 
b enzy l idene)  -4 ' -n-hep t y  l a n i  1 ine  ( 70.7) , B i  11 ard concluded 
t h a t  it exh ib i t ed  S A ~  Sc,  SF, and SG* phases by t h e i r  
s epa ra t e  co-misc ib i l i ty  wi th  t h e  phases of t he  s tandard  
2- (4'-n-pentylphenyl) -5-(4"-n-pentyloxyphenyl)pyrimidine 
(SA,  Sc,  SF, and SG* phases) .  
assignment of phases f o r  70.7 i s  now known t o  be  SA,  S c ,  
SB, and S H . ~  
some a f f i n i t y  between t h e  SB phase of 70.7 and t h e  SF phase 
of t he  pyrimidine,  l ead ing  him t o  conclude t h a t  they were 
misc ib le .  This  might i n d i c a t e  t h a t  the  na tures  of t he  two 
phases (SF and SB) a r e  no t  t o t a l l y  incompatible ,  and hence, 
the SF phases of 90.4 and 90SF nay be  ab le  t o  produce a SB 
phase under c e r t a i n  condi t ions  of mixing. 

I n  h i s  s t u d i e s  of N-(4-n-heptyloxy- 

However, t h e  c o r r e c t  

This  would imply t h a t  B i l l a r d  may have found 

* 
Note: t h e  nomenclature used is t h a t  given by 

Sackmann and Demus ( f o r  SG read SH) . ' " O  
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48 J.  W. GOODBY and G .  W. GRAY 

Exp~himenhd: N- (4-n-Nonyloxybenzylidene) -4'-n-butyl- 
a n i l i n e  (90.4) w a s  prepared by s tandard  procedures  from 
4-n-nonyloxybenzaldehyde and 4-n-butylani l ine,  each of known 
s t r u c t u r e  and p u r i t y .  
c r y s t a l l i s a t i o n  from l i g h t  p e t r o l  (bp 40-60'). 
of t h e  product  was confirmed by nmr and inf ra - red  
sp  e c t  r o s copy. 

The S c h i f f ' s  base w a s  p u r i f i e d  by 
The s t r u c t u r e  

Op t i ca l  microscopy and measurement of t h e  t r a n s i t i o n  
temperatures  were c a r r i e d  out  u s ing  a Nikon L-KE p o l a r i s i n g  
microscope i n  conjunct ion wi th  a Mettler FP52 hot-s tage and 
c o n t r o l  u n i t .  D i f f e r e n t i a l  thermal a n a l y s i s  was performed 
us ing  a Stanton-Redcroft  low-temperature d i f f e r e n t i a l  
thermal  ana lyse r  (Model 671B). 

1. N-(4-n-nonyloxybenzylidene)-4'-n-butylaniline (90.4) 
e x h i b i t s  a smect ic  F phase; i t  a l s o  g ives  a d i r e c t  
smectic A t o  smectic F t r a n s i t i o n ,  t h e  f i r s t  
t r a n s i t i o n  of i t s  k ind  t o  b e  observed. 

2. Smectic F phases  have been shown t o  produce smectic B 
phases i n  c e r t a i n  two component b ina ry  mixtures .  
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