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X-RAY STUDY ON THE PHASE TRANSFORMATION 
OF 1-BROMOOCTACOSANE 

NAOTAKE NAKAMURA 
Department of Chemistry, 
Rit sumeikan University 
Tojiin, Kita-ku, Kyoto, Japan 

(Submitted for publication March 2 5 ,  1981)  

ABSTRACT In the quenched samples, 
there was alternative disappearance of 
long spacing reflections. When the 
sample was kept for a long time, new 
reflections appeared at the positions 
between the long spacing reflections. 
The transformation studied here is 
related to the change of the period 
along the long axis. 

Spontaneous transformation of the bromides 
containing 22, 24, 26 and 28 carbon atoms was 
studied by die1ectric’)and therma12)measurements, 
and the transformation was explained by the change 
of metastable form to stable one during the storage 
at room temperature for a certain period. But X-ray 
study on this transformation has not been reported 
yet. In the present work, X-ray study of the 
1-bromooctacosane is made in order to obtain a 
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314 N.NAKAMURA 

s t r u c t u r a l  i n f o r m a t i o n  conce rn ing  t h i s  
t r a n s f o r m a t i o n .  

The sample,  1-bromooctacosane,  was s y n t h e s i z e d  
i n  t h i s  l a b o r a t o r y .  The bromide was p u r i f i e d  and 
was conf i rmed t o  b e  p u r e  by gas chromatography, 
I R ,  e l emen ta l  a n a l y s i s  and m e l t i n g  p o i n t  
measurement. For t h e  X-ray expe r imen t s ,  t h e  

bromide was f i l l e d  i n  a t h i n  wal led  g l a s s  c a p i l l a r y .  
The i n t e n s i t i e s  o f  t h e  r e f l e c t i o n s  were e s t i m a t e d  
v i s u a l l y  by a compara tor .  

The X-ray photograph  o f  quenched sample showed 
two s t r o n g  s h o r t  s p a c i n g  r e f l e c t i o n s  and s e v e r a l  
l o n g  s p a c i n g  ones* .  Observed v a l u e s  of  t h e  s h o r t  
s p a c i n g s  and t h e  l o n g  s p a c i n g  are g i v e n  i n  TABLE 1. 

From t h e  i n t e n s i t y  o b s e r v a t i o n s ,  it was o b t a i n e d  
t h a t  t h e  i n t e n s i t y  of  i n n e r  s h o r t  spac ing  r e f l e c t i o n  
was s t r o n g e r  t h a n  t h a t  of  o u t e r  one.  And t h e  

i n t e n s i t i e s  o f  t h e  l o n g  s p a c i n g  r e f l e c t i o n s  decayed 
g r a d u a l l y  as t h e  o r d e r  o f  r e f l e c t i o n s  i n c r e a s e d .  
These r e s u l t s  are shown i n  TABLE 2 .  

Af te r  a sample was quenched, X-ray photographs  
were t a k e n  a t  eve ry  2 4  hour s  r e g u l a r l y .  S t o r i n g  
t e m p e r a t u r e  was about  30°C. N e w  r e f l e c t i o n s  a p p e a r  
a t  t h e  i n t e r m e d i a t e  p o s i t i o n s  between t h e  l o n g  
s p a c i n g s .  And t h e  i n t e n s i t i e s  o f  these  r e f l e c t i o n s  
i n c r e a s e d  g r a d u a l l y  w i t h  t h e  i n c r e a s e  o f  s t o r a g e  

8 I n  t h e  X-ray powder pho tographs  o f  these l o n g  
c h a i n  compounds, l o n g  s p a c i n g  r e f l e c t i o n s  are 
a g e n e r a l  term f o r  t h e  i n s i d e  r i n g s ,  d i f f r a c t i o n  
from t h e  l a y e r s .  
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TRANSFORMATION OF 1-BROMOOCTACOSANE 315 

p e r i o d .  I n t e n s i t y  data  o f  t h e  l o n g  s p a c i n g  
r e f l e c t i o n s  o b t a i n e d  from t h e s e  pho tographs  a r e  
l i s t e d  i n  TABLE 3.  The appea rance  of  t h e  new 
r e f l e c t i o n s  shows a f o r m a t i o n  o f  a new s t r u c t u r e .  
The r a t e  o f  t h i s  t r a n s f o r m a t i o n  i s  f a s t  i n  e a r l y  
stage and  d e c r e a s e s  g r a d u a l l y .  T h i s  t e n d e n c y  i s  
c o n s i s t e n t  w i t h  t h a t  obse rved  i n  t h e  p r e v i o u s  
d i e l e c t r i c  and  thermal" s t u d i e s .  

The X-ray pho tograph  o f  t h e  s t a b l e  bromide ,  
which i s  s t o r e d  a b o u t  1 y e a r ,  showed two s t r o n g  
s h o r t  s p a c i n g  r e f l e c t i o n s  and s e v e r a l  l o n g  s p a c i n g  
o n e s .  The i n t e n s i t y  of t h e  i n n e r  s h o r t  s p a c i n g  
r e f l e c t i o n  was s t r o n g e r  t h a n  t h a t  o f  o u t e r  one 
as it h a s  been  obse rved  i n  t h e  quenched samples. 
The d a t a  of  t h e  s h o r t  and l o n g  s p a c i n g s  a r e  
l i s t e d  i n  TABLE 1 and i n t e n s i t y  d i s t r i b u t i o n  of t h e  
l o n g  s p a c i n g  r e f l e c t i o n s  was g i v e n  i n  TABLE 2 

t o g e t h e r  w i t h  t h o s e  o f  t h e  quenched sample.  

bromide are  n e a r l y  e q u a l  t o  t h o s e  o f  s t o r e d  one .  
Then, it may be  c o n s i d e r e d  t h a t  t h e  d imens ion  of  
b a s a l  p l a n e  i s  v e r y  similar i n  b o t h  samples .  And 
t h e  i n t e n s i t y  d i s t r i b u t i o n  i s  resembled i n  
b o t h  t h e  quenched sample and  s t o r e d  one .  
T h e r e f o r e ,  t h e  m o l e c u l a r  d i s p o s a l  i n  l a t e r a l  may 
b e  v e r y  similar t o  e a c h  o t h e r .  

i n t e n s i t y  d i s t r i b u t i o n s  between t h e  s t o r e d  sample 
and t h e  quenched one.  A s  i s  shown i n  TABLE 2 ,  
t h e  l o n g  s p a c i n g  r e f l e c t i o n s  a l t e r n a t e l y  d i s a p p e a r e d  
i n  t h e  quenched sample.  Then, i t  i s  obv ious  tha t  

I n  TABLE 1, t h e  s h o r t  s p a c i n g s  of  t h e  quenched 

The r emarkab le  d i f f e r e n c e  was obse rved  i n  t h e  
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316 N. NAKAMURA 

TABLE 1 The s h o r t  spac ings  and t h e  long  spac ings  
o f  t h e  quenched sample and t h e  s t o r e d  one. 

0 

sample s h o r t  spac ing  ( A )  l ong  spac ing  ( A )  

quenched 4 . 1 1  3.74 34.8 
s t o r e d  4 . 0 9  3.71 6 9 . 3  

TABLE 2 The i n t e n s i t y  d i s t r i b u t i o n s  of  t h e  long  
spac ings  of  t h e  quenched sample and t h e  
s t o r e d  one. 

sample t h e  o r d e r  from t h e  i n s i d e  
1 2 3 4 5 6 7  

quenched M W vw 
s t o r e d  VS M M VW W W 

TABLE 3 The change of  t h e  long  spac ing  i n t e n s i t y  
of  t h e  quenched 1-bromooctacosane. 

t h e  d a y  t h e  o r d e r  from t h e  i n s i d e  
e l a p s e d (  d a y )  2 3 4 5 6 7  

5 
6 
7 
8 
9 

vs M W 
V S W  M V W V W  
V S M  M W V W V W  
S M W W V W V W  
S M W M V W V W  
S M W W V W V W  
v s s  W w v w v w  
s M w w v w v w  
VS S W M VW VW 
V S S  W M WVW 
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TRANSFORMATION OF 1-BROMOOCTACOSANE 317 

the molecular disposal along the long chain axis 
in the quenched crystal differs from that of stored 
one. This result shows that the identical structure 
of the terminal plane exists at the middle of a 
period of the long axis in the quenched crystal. 

‘It is suggested from the single crystal 
structure analysis of this bromide, of which 
experiments are now in progress, that the length of 
the long axis is f o u r  molecules long as has been 
observed in B-form of 1-heptade~anol~’. The long 
chain axis of the stored bromide may be of four 
molecular arrangement, because the structure of 
the stored sample can be considered t o  be the 
same as that of the single crystal. Then, ( 0 0 1  1 
reflections are observed only in d even. 
the quenched sample, the length of the long chain 
axis may be double molecular long, because the 
long spacing is one half of that of stored sample. 
Therefore, this transformation may relate to the 
change from double molecular disposal to a f o u r  
molecular one. The similar transformation has been 
reported in long chain In the case of 
this type, some molecules in the quenched sample 
shift gradually along the long  axis to make the 
stable disposal. On the other hand, gauche 
conformation of the terminal hydroxyl group had 
been observed in the structure of 1-heptadecano13? 
If the similar gauche type molecules exist in this 
bromide, the mechanism of this transformation 
might be explained from the conformation change 
of terminal bromine atoms. The appearance of the 

While, 
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318 N.NAKAMURA 

new reflections may relate to the formation of a 
super-structure. 

After being kept for 9 days, the intensity 
distribution of the long spacing reflections is 
not the same as that of stable sample. Then, the 
transformation may be not completely finished in 
this period. 

When the crystal structure is analyzed 
perfectly, the mechanism of this transformation 
can be explained more clearly. The further 
investigation is being continued in this laboratory. 

The author wishes to express his thanks to 
Professor Akira Watanabe for continued guidance 
and encouragement. 
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