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K I N E T I C  BEHAVIOUR OF POLYMORPHIC TUNSITION BETWEEN 

PHASES ~1 AND (3 OF SUBLIMED p-DICHLOROBENZENE 

YOSHIKATA KOGA 

Department of Chemistry,  The U n i v e r s i t y  of B r i t i s h  

Columbia, Vancouver, B . C . ,  Canada V6T 1Y6 

(Submitted f o r  P u b l i c a t i o n  June 26 ,  1980) 

ABSTRACT 

Kinetic behaviour  of polymorphic t r a n s i t i o n  between 

phases  c1 and 6 of subl imed p-dichlorobenzene w a s  

d r a s t i c a l l y  a l t e r e d  when t h e  sample w a s  t r e a t e d  a t  

tempera tures  h i g h e r  than  70"C(m.p. 53.0"C) f o r  a few 

hours .  P o s s i b l e  i n t e r p r e t a t i o n s  based on t h e  e f f e c t  

of i m p u r i t i e s  and t h e  e f f e c t  of mode of a g g r e g a t i o n  

i n  t h e  sample w e r e  sugges ted .  

The tempera ture  and t h e  en t ropy  of  t h e  t r a n s i t i o n  a t  

about  90 K of t h e  sublimed c h l o r a n i l  have been r e p o r t e d L  

t o  b e  lower t h a n  t h o s e  of t h e  sample prepared  by recry-  

s t a l l i z a t i o n  from benzene s o l u t i o n .  

a t t r i b u t e d  t o  t h e  f a c t  t h a t  t h e  sublimed sample c o n s i s t e d  

of microdomains 10  Ao i n  s i z e .  

T h i s  phenomenon w a s  

3 

The p r e s e n t  n o t e  d e s c r i b e s  t h e  o b s e r v a t i o n  of a 

p e c u l i a r  k i n e t i c  behaviour  of  t h e  t r a n s i t i o n  between 

phases  c1 and 6 of t h e  sublimed p-dichlorobenzene. 

The sample w a s  prepared by subl iming p-dichlorobenzene 

(Matheson Coleman and B e l l )  i n  vacuo f i v e  t i m e s  at room 

tempera ture  onto  a g l a s s  s u r f a c e  cooled i n  d r y  ice  ba th .  

51 

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

3:
32

 2
3 

Fe
br

ua
ry

 2
01

3 



52 Y .  KOGA 

It w a s  s t o r e d  a t  room temperature  f o r  several months p r i o r  

t o  experiments.  Raman spectroscopy ind ica t ed  it w a s  i n  t h e  

a phase.  
-4 2 w a s  es t imated  2x10 by means of a n  a d i a b a t i c  ca lo r ime te r  . 

The t r a n s i t i o n s  between phases  c1 and 6, as w e l l  as mel t ing  

and f r e e z i n g  w e r e  monitored by Raman spectroscopy,  d i l a t o -  

metry and DTA technique.  

w a s  used.  

- + 2OC.  

t empera ture  of which w a s  c o n t r o l l e d  wi th in  ? 0.OS0C. Water 

w a s  used f o r  d i l a tome te r  l i q u i d .  A s e n s i t i v e  DTA appa ra tus  

w a s  cons t ruc ted  f o r  t h e  present  s tudy  and descr ibed  

elsewhere . 

The mole f r a c t i o n  of so l id - inso lub le  i m p u r i t i e s  

A Spex Ramalog Raman spec t rometer  

The tempera ture  of specimen w a s  c o n t r o l l e d  wi th in  

A d i l a tome te r  w a s  immersed i n  a w a t e r  ba th ,  t h e  

3 

The observed k i n e t i c  behaviour  of t h e  t r a n s i t i o n  

between phases  c1 and 6 w a s  very  complicated,  and i n  p a r t i -  

c u l a r  t h e  occurrence of t h e  change from B t o  a on cool ing  

w a s  erratic a t  f i r s t  s i g h t .  Af t e r  repea ted  obse rva t ions ,  

however, i t  became s a f e  t o  summarize t h e  r e s u l t s  i n  t h e  

diagram below. 

= Temperature ("C) 
30.8 53 .0  70 
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KINETICS (0 OF SUBLIMED p-DICHLOROBENZENE 53 

The mel t ing  of t h e  B phase and t h e  r eve r se  a t  any s t a g e  

of sequence i n  t h e  diagram w e r e  o rd ina ry .  Process  1, which 

i s  t h e  f i r s t  t r a n s i t i o n  of t h e  sublimed sample from a t o  B, 

occurred gradual ly  i n  t h e  temperature  range of about 10°C. 

On hea t ing  cons t an t ly  a t  a rate of 1-2°C min 

showed broad peaks ba re ly  n o t i c e a b l e  even wi th  t h e  s e n s i t i v e  

DTA appara tus .  A t  a s i m i l a r  hea t ing  r a t e ,  t h e  i n t e n s i t y  of 

27  c m  peak i n  Raman spectrum, which is  c h a r a c t e r i s t i c  t o  

t h e  a-phase , s t a r t e d  t o  d iminish  a t  about  40°C and became 

ze ro  a t  about 47°C. This  process  w a s  so s lugg i sh  t h a t  t h e  

a d i a b a t i c  ca lor imet ry  on a s e p a r a t e  sample f a i l e d  t o  d e t e c t  

a thermal anomaly. On cool ing  t h e  8-phase obtained by Pro- 

cess 1 t o  room temperature ,  t h e  conversion t o  phase a 

(Process  2) d id  not  occur  at  least a few days. On cool ing  

t h e  sample t o  room temperature  from a m e l t  which had not  

been heated t o  higher  than 60"C, t h e  conversion from phase 

B t o  a (Processes  3 and 4 )  d i d  no t  occur  a t  least a day. 

Once t h e  sample w a s  t r e a t e d  a t  temperatures  h igher  than 

7OoC f o r  a few hours ,  the t r a n s i t i o n  from phase 8 t o  ci 

(Process  5) occurred wi th  s e v e r a l  hours of induct ion  

per iod  a t  room temperature .  

runs ,  t h e  change from 6 t o  a a t  25.5"C completed wi th in  an 

hour a f t e r  4 hours  of an induct ion  per iod .  

hea t ing  t h e  c1 phase t h u s  obta ined  a t  a r a t e  of 1-2°C min 

t h e  conversion t o  phase 6 (Process  6) occurred,  without  

f a i l ,  sharp ly  a t  about 40°C (C10"C superhea t ing) .  DTA 

gave a sharp  peak and t h e  i n t e n s i t y  of 27 c m  peak i n  

Faman s p e c t r a  dropped sharp ly .  However, when kept  a t  a 

cons tan t  temperature  a few degrees  lower than  4OoC, t h e  

r a t e  of t r a n s i t i o n  was slow. I n  one of d i l a tome t ry  runs ,  

t h e  r a t e  of growth a f t e r  nuc lea t ion  of t h e  B phase was 

-1 , DTA runs  

-1 

4 

In  one of t h e  d i la tomet ry  

On cons t an t ly  
-1 , 

-1 
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54 Y.KOGA 

observed t o  be 1.3% min-l a t  36.8OC (6OC higher  than 

t h e  t r a n s i t i o n  po in t ) .  Process  7 showed t h e  same behaviour 

as Process  5 and Processes  6 and 7 could be repeated back 

and f o r t h .  

From t h e  r e s u l t s  summarized above, t h e  hea t  t reatment  

of m e l t  a t  high temperatures (>7OoC) f o r  a few hours 

obviously a l t e r e d  t h e  proper ty  of t h e  sublimed sample 

towards t h e  k i n e t i c  behaviour of  t h e  t r a n s i t  ion.  

Besides t h e  example of c h l o r a n i l  mentioned above, 

t h e r e  have been many o t h e r  examples i n  which such 

secondary e f f e c t s  as s t r a i n ,  impur i t i e s ,  d e f e c t s ,  method 

of p repa ra t ion ,  material of sample con ta ine r ,  p a r t i c l e  

s i z e ,  e t c .  a l ter  equi l ibr ium p r o p e r t i e s  of m i l d  so l id -  

s o l i d  t r a n s i t i o n s ;  g l a s s  con ta ine r  seemed t o  s t a b i l i z e  

phase I a  of CCR 

Ib5'6, s t r a i n  changed t h e  r e l a t i v e  s t a b i l i t y  of two phases 
7 8 i n  hexamethylethane and i n  adamantane , impurity a l t e r e d  

t h e  polymorphism i n  cesium n i t r i t e  . 

over t h e  thermodynamically proper 4 

9 

On t h e  o the r  hand, it is k i n e t i c  behaviour i n  s o l i d  

s ta te  (nuc lea t ion  and growth) t h a t  i s  very s e n s i t i v e l y  

a f f e c t e d  by these  secondary e f f e c t s .  

observa t ion  porvides  one such example. 

The present  

An important ques t ion  remains a s  t o  which e f f e c t  

causes  t h e  phenomena observed here .  Impur i t ies  is a 

p o s s i b l e  candidate .  

have as much k i n e t i c  problem as t h e  present  case i n  

measuring t h e  hea t  of t r a n s i t i o n  by a d i a b a t i c  ca lor imet ry ,  

t h e i r  sample being prepared by r e c r y s t a l l i z a t i o n  from 

e t h e r  and t h e  p u r i t y  being quoted as 99.93 mole %. 

heat  t reatment  of t h e  sublimed sample i n  t h e  present  work 

a t  high temperature  might have caused decomposition and 

increased impurity conten t .  However, t h e  mole f r a c t i o n  

Indeed, Dworkin e t  a1.l' d id  not 

The 
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KINETICS (w OF SUBLIMED p-DICHLOROBENZENE 55 

of s o l i d  i n s o l u b l e  i m p u r i t i e s  determined f o r  two s e p a r a t e  

specimens,  one a t  P r o c e s s  8 and t h e  o t h e r  a t  Process  9 i n  
-4 -4 

t h e  diagram above, were 2.0k0.1 x 10 and 2.150.1 x 10 

r e s p e c t i v e l y .  Hence no unequivocal  conclus ion  could b e  

drawn. F u r t h e r  s tudy  w i t h  s t r a t e g i c a l l y  added i m p u r i t i e s  

may b e  necessary .  

Another p o s s i b l e  c a n d i d a t e  is  t h e  e f f e c t  of mode of 

molecular  a g g r e g a t i o n  i n  t h e  sublimed sample. A s  i n  

sublimed c h l o r a n i l  , t h e r e  may be some long  range c o r r e l a -  

t i o n  o r  l a c k  of i t  r e s u l t i n g  i n  t h e  format ion  of micro- 

domains, which may b e  completely des t royed  o n l y  by a 

prolonged h igh  tempera ture  t r e a t m e n t .  F u r t h e r  s t u d i e s  

by means of d i f f u s e  X-ray and neut ron  s c a t t e r i n g  may 

p o s s i b l y  r e v e a l  such f e a t u r e .  

1 

Though no molecular  mechanism could b e  e l u c i d a t e d  a t  

t h i s  s t a g e  i t  w a s  f e l t  worthwhile  t o  r e p o r t  t h e  p r e s e n t  

o b s e r v a t i o n ,  which may have an important  b e a r i n g  w i t h  t h e  

mode of molecular  a g g r e g a t i o n  i n  sublimed p-dichlorobenzene. 
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a s s i s t a n c e  and D r .  L.G. Harr i son  f o r  a l l o w i n g  t h e  u s e  of 

h i s  f a c i l i t i e s .  The f i n a n c i a l  suppor t  by NAHS g r a n t  

committee of t h e  U n i v e r s i t y  of B r i t i s h  Columbia is  a l s o  
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