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X-RAY STUDIES I N  THE n-PENTYL 4-[4=n-DODECYL- 
OXYBENZYLIDENE-AMINO] -CIt?NAMATE I N  THE 
SI PHASE 

S. DIELE, D. DEMUS and H. SACKMA” 
Sekt ion Chemie, B4artin-Luther-Universi tat 
Halle-Wittenberg, GDR, b¶€ihlpforte 1 ,  402 Hal le  

(Submitted for P u b l i c a t i o n  January 22, 1980) 

Abstract:  Resul t s  of X-ray s tud ies  i n  o r i e n t -  
ed and n o t  o r i e n t e d  samples of n-pentyl 4-[4- 
n-dodecy loxy ben zy li dene-amino] -c innama t e i n  

the smect ic  modif icat ions I, C and A r e s p e c t i -  
ve ly  a r e  repor ted .  Spec ia l  emphasis i s  l e d  t o  
t h e  SI phase, the  s t r u c t u r e  of which i s  d e t e r -  
mined t o  be monoclinic with parameters a=5.04%; 
b=8.40 9; c=37.8 8 ;  13= 106’. An at tempt  was 
made t o  present  a model of t he  packing of t he  
molecules regard ing  s h i f t s  of the  molecules, 
too. 

INTRODUCTION 

Recently the  new smect ic  phase type S was e s t a -  
b l i shed  i n  t h e  nonyl and decyl homologuea of t he  

By use of m i s c i b i l i t y  r e l a t i o n s  a l s o  i n  o t h e r  sub- 

I 

terephthylidene-bis-n-alkylanilines 1 ,2 ,3 ,4  
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218 S. DIELE, D. DEMUS and H. SACKMA” 

s t ances  SI phases could be c l a s s i f i e d  596. Eepe- 
c i a l l y  i n  n-pentyl 4-[4-n-dsdecyloxybenzylidene- 
amino] -cinnama t e ,  a substance Jvhich formerly was 
claimed t o  poaseas a SB phase, by new invea t iga-  
t i o n s  1 9 2 y 5 9 6  t h e  polymorphiam SI, Sc, SA was 
found. 

Now we inves t iga t ed  o r i en ted  and non-oriented 
samples of t h i s  substance i n  SI, Sc and SA phaaes. 
A first deec r ip t ion  of t he  X-ray p a t t e r n  of non- 
o r i en ted  eamples was given in  7 6  

EXPERIMENTAL 

Oriented samples were obtained by cool ing the sub- 
s t ance  from the  i s o t r o p i c  s t a t e  i n t o  the  smectic 
one within a magnetic f i e l d  of about 1.5 Tesla. 
The f i e l d  waa appl ied  during the  whole exposure 
time. The samples were enclosed i n  g l a s s  c a p i l l a -  
r i es  w i t h  a diameter of 1.5 mm. The aamples were 
i r r a d i a t e d  from d i f f e r e n t  d i r e c t i o n s  with Cu K& 
r a d i a t i o n .  The d i f f r a c t i o n  waa recorded by a f l a t  
f i l m .  The inves t iga t ions  of non-oriented aamplea 
were performed with a Guinier camera (diameter: 
114.6 mm). 

The Bsagg angles  8 of the  l a y e r  apacings as a 
func t ion  of t he  temperature were measured with a 

B d e  VRIES: p r i v a t e  communication. 
According t o  conoscopic observat ion the  low 
temperature form of the decyl  homologue is 
b i a x i a l .  It should belong t o  the  SI phaaea. 
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X-RAY STUDIES IN SI 219 

goniometer which allowed a sufficient accuracy 
of the angle determination. 

RESULTS 

SI phase 

The patterns of non-oriented samples are characte- 
rized by one outer reflex besides the inner one, 
which indicates the layer structure. The outer re- 
flex exhibits a sharp profile. 

The layer spacings as a function of the tempera- 
ture were calculated according to Bragg's law and 
are given in F i g .  1. The layer spacings are smal- 
ler than the length of the molecule L = 39.7  8, 
measured by a model assuming a full stretched mo- 
lecular form. From these values a tilt angle can 
be derived. 

By means of patterns of oriented samplee, the in- 
clination and the packing of the molecules within 
the smectic layers could be determined. The hexa- 
gonally arranged maxima were observed on the outer 
reflex (Fig. 2 lower part), when the X-ray beam is 
nearly parallel to the long axes of the molecules. 
Therefore, a hexagonal packing of the molecules 
within a plane perpendicular to their long axes 
can be suppoaed. 

W O  different orientations of the smectic layer 
flith respect to the magnetic field were obtained. 
b most of the cases, the layer normal is inclined 
with respect to the magnetic field (Fig. 2 upper 
part, the fhld direction is indicated by an arrow). 
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I 
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Figure 1 Figure 3 

t ;t ? 

Figure 2 Figure 4 

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:
02

 2
3 

Fe
br

ua
ry

 2
01

3 



X-RAY STUDIES IN SI 221 

In some o the r  cases  an o r i e n t a t i o n  was obtained, 
which i s  represented schematically i n  Fig.3. This 
p a t t e r n  can be explained by t h e  r o t a t i o n  of a mo- 
n o c l i n i c  c e l l  around t h e  c -axis.  It should be em- 
phasized t h a t  the  use of the  term %onoclinic 
ce l l1*  i s  very doubtful ,  because 3 -  dimensional long 
range order  is  implied.  But there  a r e  no experi-  
mental h i n t s  t o  prove the  ex is tence  of such a 3 -  
dimensional c o r r e l a t i o n .  In te r fe rences  w i t h  hk l  
o r  hk2 could not  be observed. Therefore the  c-axis 
a s  wel l  a s  t he  monoclinic angle  13 only represent  
an averaged d i r e c t i o n  of the molecules. 

The observed in t e r f e rences  i n  Fig.3 were indexed 
on the  bacsis of a f ace  centered c e l l  following 
from the  hexagonal packing. A s i m p l e  r e l a t i o n  a t -  
t r i b u t e s  from the  110 d i r e c t i o n  (14') t o  the  200 
d i r e c t i o n  (16') and t o  the monoclinic angle  13 = 
106'. The ca l cu la t ed  parameters a r e  

a = 5.04 8; b = 8.40 8; c = 37.8 El; D = 106' 

Recently, Leadbetter e t  a l .  i nves t iga t ed  smec- 
tic F phases. The p a t t e r n ,  a s  well a s  t h e  obtain- 
ed r e s u l t s  a r e  very s i m i l a r  t o  the r e s u l t s  repor t -  
ed  here .  That means t h a t  the Sp and t h e  SI phases 
cannot be d is t inguished  up t o  now from a s t ruc tur -  
a l  po in t  of view. 

The inne r  spots  caused by the  smectic l a y e r s  a r e  
loca ted  on d i f f u s e  l i n e s  represent ing  a t r a n s l a t i -  
onal  movement of s t r i n g s  of molecules. This was 
also found i n  o the r  l i q u i d  c r y s t a l l i n e  phases and 
i s  connected w i t h  s h i f t s  of molecules p a r a l l e l  t o  
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222 S. DIELE, D. DEMUS and H. SACKMANN 

the  c a x i s  ' 0 9 ' 1 * ~  t he  p a t t e r n  described here 
the  d i r e c t i o n  of t h e  s h i f t s  i s  d i f f e r e n t  from the  
d i r e c t i o n  of t h e  c ax i s .  The s h i f t  d i r e c t i o n  i s  
t i l t e d  by an angle  CL of about go t o  t he  l a y e r  nor- 
mal. 

The Figure 4 shows a comparison of the  l a t t i c e  of 
t h e  SI phase w i t h  a model of  the  molecule. The 
long a l i p h a t i c  chain forms an angle  of about 10' 
w i t h  t he  l a y e r  normal i f  t he  c a x i s  i s  assumed t o  
be an averaged molecule ax i s .  Thereby, t he  s h i f t  
d i r e c t i o n  i s  determined by t h e  d i r e c t i o n  of the  
r i g i d  chains  i n  the  SI phase. 

Sc and SA phases 

t e r e d  by a jump t o  lower values .  Analogous jumps 
were observed i n  o the r  substances w i t h  long a l k y l  
chaine. a l s o ,  and were explained by a l o s s  of r i g i -  
d i t y  of the  a l k y l  chains '**13* The t i l t  angles  
( ind ica t ed  wi th  o i n  f ig .1)  according t o  

A t  the  I - C  t r a n s i t i o n  the  l a y e r  spacings d a r e  a l -  

a r e  unexpectectedly small, a s  compared w i t h  the  
t i l t  angles  i n  o the r  Sc phases. However, t h i s  r e -  
s u l t  shows a very good agreement w i t h  the  values 
obtained from the  p a t t e r n  of o r i en ted  samples 
( ind ica t ed  with I in Fig.1). 

The p a t t e r n  taken a t  a temperature 1 = 100°C 
y i e l d s  a t i l t  angle  of 10'. 

Fur ther  i t  should be emphasized t h a t  t h e  d i f f e ren -  
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X-RAY STUDIES IN SI 223 

ce of the  i n c l i n a t i o n  between the  averaged mole- 
c u l a r  a x i s  and the s h i f t s  of t h e  molecules does 
not  occur i n  t h e  Sc phase. The angle  i s  zero 
wi th in  the  l i m i t s  of e r r o r .  

That means t h a t  the  t r a n s i t i o n  i n t o  the  Sc phase 
i s  connected w i t h  an intra-molecular reorganiza- 
t i o n  which is based on a higher  mobil i ty  of the  
a l k y l  cha ins ,  leading simultaneously t o  a loss  of 
order  within the  smectic layers .  On the  base of 
t h e  h ighe r  f l e x i b i l i t y  of the chains  t h e  molecu- 
l es  a r e  ab le  t o  form an averaged molecular long 
ax i s  which is respons ib le  for t h e  t i l t  d i r e c t i o n  
a s  wel l  a s  f o r  the  d i r e c t i o n  of s h i f t s .  The l a y e r  
spacings of the  A phase a r e  q u i t e  d i f f e r e n t  from 
the  length of t h e  molecules i n  the  most extended 
form. However, by means of o r i en ted  samples i t  
was poss ib le  t o  prove the  orthogonal arrangement 
of the  molecules i n  t h i s  phase. 
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