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THE PREVIOUSLY UNCLASSIFIED SMECTIC PHASES OF 
BIS- (4 '-n-HEPTYLOXYBENZYLIDENE) -I, 4-PHENYLENEDIAMINE 
( HEPTOBPD ) 

EM BARRALL Tit, JW GOODBY* and GW GRAY* 
Dep@&nent a6 Chemi.&~y, The U n i v m L t y ,  H i d &  
HU6 7RX, EngLavui 

fnten&,Lun& 8ubinab Machina Cotrpuhdan, 
Sun Jane, Ccl&dohnia 95193,  USA 

* 

(SubrnLtted huh pubficatian 5 t h  A p h i e ,  1 9 7 9 )  

A bbmc;t  : 
benzyl idene)  -1,4-phenylenediamines, p a r t i c u l a r l y  t h e  
heptyloxy homologue, by o p t i c a l  microscopy and 
d i f f e r e n t i a l  scanning ca lor imet ry  has  confirmed the  
ex i s t ence  of two h i t h e r t o  u n c l a s s i f i e d  smectic phases ,  
which a r e  now assigned t h e  code l e t t e r s  J and K (SJ and 

Re- exam i n a t  ion  of t h e  b i s- (4 ' -n-a lkoxy- 

SKI - 

'ImOmduotion: 
t he  w e l l  known' y 2 ' 3  homologous s e r i e s  of bis-(4'-n-alkoxy- 
benzylidene)-1,4-phenylenediamines t o  a s c e r t a i n  t h e  ex ten t  
and na tu re  of t h e  smectic polymorphic behaviour of the  
system. Our a t t e n t i o n  was concentrated on t h e  heptyloxy 
homologue, and i t  was quick ly  ev ident  t h a t  a t  least  one 
h i t h e r t o  u n c l a s s i f i e d  smect ic  phase ex i s t ed .  The work a t  t h e  
Univers i ty  of Hull  involved o p t i c a l  microscopy, bu t  i n  
September 1978 w e  i n t e r e s t e d  Professor  EM B a r r a l l  11, of t h e  
IBM Corporat ion a t  San J o s e ,  i n  t hese  compounds, and he 
c a r r i e d  out DSC s t u d i e s  on t h e  heptyloxy compound. These 
confirmed t h e  ex i s t ence  of t h e  new smect ic  phase (SJ) which 
we had observed,  bu t  revealed the  presence (on cool ing  cyc le s )  
of a second new smect ic  phase (SK).  This  second new phase was 
then confirmed by o p t i c a l  microscopy f o r  both hea t ing  and 
cool ing cyc les .  

Ear ly  i n  1978, w e  re-examined some members of 

We decided not  to pub l i sh  our observa t ions  u n t i l  
s t r u c t u r a l  s t u d i e s  had been c a r r i e d  ou t  on the  new phases ,  
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320 E. M. BARRALL 11, J. W. GOODBY and G. W. GRAY 

al though we were aware from conversa t ions  which w e  had wi th  
W S p r a t t e  and GM Schneider a t  t h e  Seventh I n t e r n a t i o n a l  
Liquid Crys t a l  Conference a t  Bordeaux t h a t  they  were 
examining t h e  e f f e c t s  of p re s su re  on t h e  l i q u i d  c r y s t a l  
p r o p e r t i e s  of these  m a t e r i a l s .  Although t h e  s t r u c t u r a l  
s t u d i e s  be ing  c a r r i e d  out  by P ro fes so r  Leadbe t t e r ' s  group 
a t  Exeter  Un ive r s i ty  a r e  s t i l l  incomplete,  t he  very  r ecen t  
p u b l i c a t i o n  by S p r a t t e  and Schneider4 of t h e i r  r e s u l t s  now 
makes i t  d e s i r a b l e  t h a t  w e  record  t h e  observa t ions  we have 
made and the  conclusions we have reached s o  f a r .  

Re,b&X6 m d  Dhint.i,bd,kio: 
cha rac t e r i s ed  a number of bis-(4'-n-alkoxybenzylidene)-lY4- 
phenylenediamines. 
number of t hese  m a t e r i a l s  a r e  pentapolymorphic wi th  regard t o  
t h e i r  smectic p r o p e r t i e s ,  bu t  they  d id  not  g ive  any d e f i n i t e  
c h a r a c t e r i s a t i o n  of t he  phases  i n  t h e i r  pub l i ca t ion .  With 
the  a i d  of o p t i c a l  microscopy and d e t a i l e d  d i f f e r e n t i a l  
scanning ca lo r ime t ry ,  w e  have now shown t h a t  b i s ( 4 I - n -  
heptyloxybenzylidene) -1,4-phenylenediamine i s  hexapolymorphic 
wi th  regard t o  i t s  smect ic  p r o p e r t i e s ,  and t h e r e f o r e  w e  w i l l  
confine t h i s  pre l iminary  r e p o r t  of our r e s u l t s  t o  t h i s  
ma te r i a l .  

We have r e c e n t l y  resynthes ised  and 

Arora QA d.2 had e a r l i e r  shown t h a t  a 

Our i n i t i a l  s t u d i e s  by o p t i c a l  microscopy confirmed the  
f i v e  smect ic  phases de t ec t ed  by Arora QA d. 
d a t e ,  however, t he  presence of a s i x t h  phase was ind ica t ed  by 
DSC and confirmed by o p t i c a l  microscopy. The phase sequence 
f o r  t h e  heptyloxy compound can t h e r e f o r e  be wr i t ten*  as: 

A t  a l a t e r  

where S 1  = Sc,  S 2  = SF, S3 = unknown, S 4  = SH, S 5  = SG, 

The above t r a n s i t i o n  temperatures  were obtained by o p t i c a l  
microscopy using a Mettler FP52 ho t s t age  and c o n t r o l  u n i t ;  
a l l  t r a n s i t i o n s ,  except  t h a t  from s6 t o  t he  s o l i d ,  were 
r e v e r s i b l e  w i t h i n  narrow temperature  l i m i t s  on cool ing.  

s g  = unknown 

* S p r a t t e  and Schneider4 adopt t h e  nomenclature system 
of t h e  Hal le  group and u s e  SG f o r  t h e  phase which w e  denote '  a s  
SH 
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UNCLASSIFIED SMECTIC PHASES OF HEPTOBPD 321 

Opt ica l  microscopy has  shown c l e a r l y  t h a t  S A ,  SB,  SD, 
and SE phases a r e  not  exh ib i t ed  by t h i s  ma te r i a l  and 
t h e r e f o r e ,  a s  i t  i s  hexapolymorphic, then a t  l e a s t  two of t he  
smect ic  phases must be  MU. 

O p L h l  S X u d i a :  
on cool ing the  nematic phase of t he  heptyloxy compound, i t  
gave a smectic C phase cha rac t e r i s ed  by i t s  s c h l i e r e n  and 
broken f a n  t ex tu res .  On f u r t h e r  cool ing of t h i s  phase,  a 
t r a n s i t i o n  t o  a smect ic  F phase was de tec ted ;  t h e  smect ic  F 
phase exh ib i t ed  t y p i c a l  s c h l i e r e n  and broken f a n  t ex tu res .  
S p r a t t e  and Schneider4 have i n  f a c t  des igna ted  t h i s  phase a s  
smect ic  B y  but  , our  observa t ions  d e f i n i t e l y  show t h a t  t h e  
molecular o r i e n t a t i o n  i n  the  l aye r s  of t h i s  phase i s  t i l t e d  
and n o t  or thogonal .  

Our i n i t i a l  i n v e s t i g a t i o n s  had shown t h a t  

O n  cool ing  t h e  smect ic  F phase,  a smect ic  phase ( S 3 )  

e x h i b i t i n g  e i t h e r  a broken f a n  or a mosaic t e x t u r e  was formed. 
On f u r t h e r  coo l ing ,  t h i s  phase underwent a t r a n s i t i o n  t o  
another  smect ic  phase (St,) e x h i b i t i n g  almost i d e n t i c a l  
t e x t u r e s .  The t r a n s i t i o n  was cha rac t e r i s ed  by f a i n t  zig-zag 
l i n e s  c ross ing  t h e  mosaic a r e a s ;  t hese  l i n e s  occurred only 
a t  t h e  po in t  of t r a n s i t i o n  and e x i s t e d  over a 0.1 t o  0.3' 
temperature range. 
p a r t i c u l a r  phenomenon wi th  any of t he  known smectic phases ,  
and t h e r e f o r e  we b e l i e v e  t h a t  t h i s  c h a r a c t e r i s e s  a new type 
of t r a n s i t i o n .  

We have never  be fo re  observed t h i s  

Fur ther  cool ing  of t h i s  phase gave a t r a n s i t i o n  t o  a 
The t r a n s i t i o n  was cha rac t e r i s ed  by t h e  smect ic  G phase.  

appearance of a cross-hatching of t he  mosaic a reas .  On 
cool ing  over a f u r t h e r  3-4', these  cross-hatched a r e a s  
healed t o  g ive  a mosaic t e x t u r e  i n  which t h e  ind iv idua l  
mosaic a reas  had smal le r  dimensions than  those  i n  t h e  previous 
phase. 
t e x t u r e  c h a r a c t e r i s e  t h e  occurrence of t h e  smect ic  G phase. 
S t i l l  f u r t h e r  cool ing produced t h e  second new t r a n s i t i o n .  
The mosaic a r e a s  became s l i g h t l y  f l u i d  a t  the  p o i n t  of 
t r a n s i t i o n ,  and t h e  l i n e s  of d i s c o n t i n u i t y  a t  t h e i r  borders  
became rounded and l o s t  t h e i r  angular  appearance.  On 
f u r t h e r  s l i g h t  coo l ing ,  t h e  mosaic patches set  i n  a s l i g h t l y  
nmre broken f a sh ion  than  i n  t h e  preceeding smectic G phase.  

The cross-hatching and t h e  breaking up of t h e  mosaic 

M i s c i b i l i t y  s t u d i e s  wi th  terephthalylidene-bis-4-n- 
p e n t y l a n i l i n e  (TBPA) ( N ,  SA, Sc,  SF, SH, and SG phases)  
confirmed t h a t  t h e  S 1  phase w a s  S c  i n  type ,  t h e  S 2  phase was 
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322 

SF,  t he  S 4  phase was SH, and t h e  S 5  phase w a s  S G ,  because of 
t h e i r  s e p a r a t e  co -misc ib i l i t y  w i t h  t h e  appropr i a t e  phases  of 
t he  s t anda rd  TBPA. These s t u d i e s  a l s o  showed t h a t  an  SA 
phase w a s  no t  exh ib i t ed  by t h e  heptyloxy compound, and t h a t  
the  S 3  and s 6  phases were n o t  misc ib l e  w i t h  any of t h e  known 
phases of TBPA. 

E. M. BARRALL 11, J .  W. GOODBY and G. W. GRAY 

Conoscopic observa t ions  showed t h a t  a l l  of t h e  phases 
exh ib i t ed  by the  heptyloxy m a t e r i a l  were i n  f a c t  b i a x i d ,  
confirming t h a t  i t  does no t  e x h i b i t  e i t h e r  a smect ic  A o r  a 
smect ic  B phase. 

Vid6~&er?;tid Scanning C a h h k n & t t y :  On f i r s t  h e a t i n g ,  t h i s  
material  shows e i g h t  endothermal t r a n s i t i o n s  (Figure 1, 
peaks 2-9) beginning wi th  a c r y s t a l l i n e  s o l i d - s o l i d  t r a n s i t i o n  
( C Z - C ~ )  a t  116.3' and concluding w i t h  a nematic t o  i s o t r o p i c  
l i q u i d  t r a n s i t i o n  at  234 .9O.  The t r a n s i t i o n  temperatures  
and the  en tha lpy  va lues  f o r  t h e  t r a n s i t i o n s  a r e  shown i n  
Table 1. 

On second and subsequent  h e a t i n g s ,  t he  s o l i d  phase i s  
found t o  c o n s i s t  of a new form which c o n s t i t u t e s  t h e  ma jo r i ty  
of the  sample and g ives  a so l id - so l id  t r a n s i t i o n  a t  115.1'. 
Thus on &&ld h e a t i n g ,  s o l i d  C p  g ives  s o l i d  C 3  which melts 
(F igure  1, peak 3) v i a  t he  s 6  phase t o  g i v e  t h e  SG phase.  
The en tha lpy  peak f o r  t h e  change of t he  s o l i d  C3 t o  smect ic  6 ,  
on h e a t i n g ,  i s  incorpora ted  i n  t h e  l a r g e  mel t ing  peak 
(F igure  1, peak 3) and i s  t h e r e f o r e  no t  observed. However, on 
cool ing ,  t h e  t r a n s i t i o n  of t he  SG t o  t h e  S 6  phase i s  observed 
(Figure 1, peak 4 ' )  due t o  t h e  supercool ing  preceding 
formation of t h e  s o l i d  C 3  from S g .  Sol id  C 3  then forms a 
mixture  of C 2  and mainly the  new s o l i d  - C 1  (F igure  1, peaks 
1 and 2 ,  cool ing) .  Reheat ing g ives  r e so lved  peaks f o r  t h e  
mixed C1-C3  and C2-C3  t r a n s i t i o n s .  

Very d e t a i l e d  examinations , involv ing  g r e a t l y  ampl i f ied  
t i m e  base  DSC scans ,  w e r e  made of t h e  smectic-smectic 
t r a n s i t i o n s ,  bu t  t h e  r e s u l t s  of t hese  i n v e s t i g a t i o n s  are too  
complex and lengthy  t o  d i s c u s s  he re .  We have,  however, 
chosen t o  inc lude  t h e  enthalpy d a t a  (Table 1 )  i n  t h i s  s h o r t  
communication and t h e s e  w i l l  be d iscussed  i n  f u r t h e r  d e t a i l  
i n  a subsequent pub l i ca t ion .  

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 0

4:
24

 2
3 

Fe
br

ua
ry

 2
01

3 



t 
"i 

&2 

UNCLASSIFIED SMECTIC PHASES OF HEPTOBPD 323 

8 Ill I 7 

/ 
Heating 

9 

I 

I I Y 

160 180 200 220 120 140 
Sample Temperature, QC 

FIGURE 1 

DSC scans (heating and cool ing)  f o r  HEPTOBPD 
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UNCLASSIFIED SMECTIC PHASES OF HEPTOBPD 325 

Cone&Unionb: By the  process  of e l imina t ion  of c e r t a i n  
phase types (SA, SB,  SD, SE) and the  p o s i t i v e  r e s u l t s  of 
our i n v e s t i g a t i o n s ,  i t  would appear t h a t  s3 and s 6  a r e  new 
smectic phases.  A s  S 3  was observed f i r s t  w e  w i l l  g ive  it 
t h e  code l e t t e r  J (SJ) ,  and consequently s 6  should have t h e  
l e t t e r  K (SK). 
code l e t t e r  I ,  a s  t h e  common use  of t h i s  l e t t e r  t o  denote  

We have purposely avoided t h e  use  of t h e  

i s o t r o p i c '  could cause confusion. 

Using these  new code l e t t e r s ,  t h e  f u l l  phase sequence 
f o r  bis-(4'-n-heptyloxybenzylidene)-l,4-phenylenediamine i s :  

When w e  compare t h e  p re sen t  r e s u l t s  w i th  those  
obtained by S p r a t t e  and Schneider4 f o r  t h i s  compound, 
remembering t h a t  they use  t h e  Ha l l e  nomenclature and denote  
SH as SG, four  main po in t s  emerge: ( a )  t h e i r  Sg phase is  
our SF phase,  (b) t h e i r  s m  3 i s  our SJ phase,  ( c )  t h e i r  
s m  1 i s  our SG phase,  (d) they d id  not  d e t e c t  our SK phase. 
The t r a n s i t i o n  temperatures  obtained by S p r a t t e  and Schneider 
by DTA are ve ry  c l o s e  t o  t h e  va lues  w e  obtained by o p t i c a l  
microscopy i n  t h e  case of t h e  lower and t h e  two h ighes t  
temperature t r a n s i t i o n s .  The b igges t  d i f f e r e n c e s  occur f o r  t h e  
in te rmedia te  SF-SC and SJ-SF t r a n s i t i o n s  i n  the  r eg ion  157- 
164OC; t h e i r  temperatures  a r e  h igher  by some 4-5OC. 

Before w e  can be abso lu te ly  c e r t a i n  of t h e  assignment of 
the  p a r t i c u l a r  phases s p e c i f i e d  t o  t h e  SJ and SK ca t egor i e s ,  
a wider range of c a r e f u l l y  s e l e c t e d  m i s c i b i l i t y  experiments 
must be of course be c a r r i e d  out .  A d e s c r i p t i o n  of t h e  
r e s u l t s  w e  ob ta in  and a f u l l  c h a r a c t e r i s a t i o n  of the new 
phases w i l l  be publ ished i n  due course.  

Achnaul!edgmment: We would l i k e  t o  thank the  Science Research 
Council ,  London f o r  a research  g ran t .  
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