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PHASE TRANSITION BOUNDARIES I N  1.6-DI LCARBAZOLYLI- 
2,4- E X A D I Y N E  

DAVID BLOOR, I A N  F. CHALMERS, ROBIN J. KENNEDY* 
Department o f  Physics, Queen Mary College, 
M i l e  End Road, London E l  4NS. 
AND M A J I D  MOTEVALLI 
Department o f  Chemistry, Queen Mary College, 
M i l e  End Road, London E l  4NS. 

A b s t r a c t  1,6- d i  (N -carbazoly  1)- 2,4-hexadiyne has a 
f i r s t  o r d e r  phase t r a n s i t i o n  a t  142 K a t  one atmos- 
phere pressure. The boundaries between t h e  h i g h  and 
l ow temperature phase reg ions i n  s i n g l e  c r y s t a l s  have 
been observed by o p t i c a l  microscopy. L a t t i c e  para- 
meters were measured and used t o  show t h a t  t h e  phase 
boundaries occur on l a t t i c e  planes f o r  which t h e  
mismatch between t h e  two phases i s  a minimum. 

INTRODUCTION 

1,6- d i  (N -carbazoly  1 )-2,4- hexadiyne, h e r e a f t e r  abbrev ia ted  

DCH, i s  one o f  t h e  many d i s u b s t i t u t e d  d iace ty lenes  t h a t  

have been s t u d i e d  because s o l i d - s t a t e  p o l y m e r i z a t i o n  leads 

t o  macroscopic, s i n g l e - c r y s t a l ,  polymer products .  I n  

a d d i t i o n  t o  i t s  unusual p o l y m e r i z a t i o n  behaviour  DCH 

monomer a l s o  undergoes a s t r i k i n g  f i r s t - o r d e r  phase t r a n s -  

i t i o n  a t  142 K a t  ambient p r e ~ s u r e . ~  

t h e  c r y s t a l  b -ax is  c o n t r a c t s  by about 0% and t h e  c r y s t a l  

dens i ty  increases by about 5%. As a consequence o f  these 
5 

dramat ic  changes t h e r e  is a l a r g e  thermo-chromic e f f e c t ,  

A t  t h i s  temperature 

*Present address: Department o f  Physics, Simon Fraser  
U n i v e r s i t y ,  Vancouver, Canada. 
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216 D. BLOOR et al. 

This i s  due t o  a lakge s h i f t  i n  t h e  absorpt ion energy o f  

t races o f  polymer i n  t h e  c r y s t a l s  i n  response t o  t h e  change 

i n  t h e i r  environment a t  t h e  t r a n s i t i o n  temperature. Because 

o f  the  l a rge  densi ty  change t h e  t r a n s i t i o n  temperature i s  

very s e n s i t i v e  t o  h y d r o s t a t i c  pressure.' 

o f  approximately 300 MPa the  t r a n s i t i o n  temperature i s  

300 K. 

Under a pressure 

During the o p t i c a l  and pressure s tud ies5"  d i s t i n c t  

phase t r a n s i t i o n  boundaries were observed. These phase 

t r a n s i t i o n  boundaries have been s tud ied  by o p t i c a l  micro- 

scopy and t h e i r  dynamics recorded us ing  video techniques, 

I n  order  t o  a i d  i n  t h e  i n t e r p r e t a t i o n  o f  these observations 

the c r y s t a l  l a t t i c e  parameters were determined a t  low 

temperature. 

E XPE RIRENT AL NET Ho DS 

DCH monomer was prepared us ing  a mod i f i ca t i on  o f  the method 

described by Yee.7 

by slow evaporat ion o f  to luene so lu t ions .  A Ziess Un iversa l  

Photomicroscope was used together  w i t h  an EM1 Emicooler c o l d  

stage. For  dynamic s tud ies  a Sony TV camera was mounted 

above the  v e r t i c a l  beam e x i t  o f  t h e  microscope. 

graphic records were obtained e i t h e r  w i t h  t h e  i n t e g r a l  35 mm 

camera o r  by photographing i n d i v i d u a l  frames o f  t h e  v ideo 

recording. C r y s t a l  l a t t i c e  parameters were measured us ing 

an Enraf-Noniue CAD-4 automatic f o u r c i r c l e  d i f f rac tometer .  

F ine  need le - l i ke  c r y s t a l s  were g r w n  

Photo- 

RESULTS AND DISCUSSION 

Phase t r a n s i t i o n  boundaries were observed both on coo l i ng  

and heat ing  through t h e  phase t r a n s i t i o n  a t  142 K. 

I n i t i a l l y  sharp phase boundaries a re  observsd as shown i n  
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PHASE TRANSITION BOUNDARIES IN DCH 217 

Figure  1. Since the  c rys ta l s  are elongated a long the  b-ax is  

and have prominent [lo01 facets t h e  o r ien ta t i ons  o f  t h e  phase 

boundaries can be deduced t o  be a long t h e  10311, [03i] ,  [041] 

[04i] d i rec t i ons .  

be t h e  10131, (Oi31, I0141 and tOi41 planes respec t ive ly .  

The 1013) planes occur much more f requent ly  than t h e  (014) 

planes, 

l i t e r a t ~ r e ~ ’ ~  and measured by us [see Table 11 t h e  dimen- 

s ions o f  t he  c r y s t a l  l a t t i c e  planes i d e n t i f i e d  as phase 

boundaries can be determined. The percentage changes i n  

l a t t i c e  dimension, along t h e  [Onl] 

Since the  boundaries a re  sharp they must 

Using t h e  c r y s t a l  l a t t i c e  parameters f rom the  

TABLE 1. L a t t i c e  parameters o f  OCH as a f u n c t i o n  

o f  temperature, t h e  standard dev ia t ions  o f  t he  l e a s t  

s i g n i f i c a n t  f i gu res  are  s h u n  i n  brackets. 

a (x  lOnrnl 13.60 (41 13.629 (1 I 

b [  ” 1 4.55[ 3) 4.5394C 51 

c (  ” I 17.60 [ 4) 17.632 (2 1 

!3[OI 94.0 (5) 93.379(61 

p[g.cm-3~ 1.25 1,246 

Z 4 4 

Space group P2 / c  PZ1/C 

93.110[51 92.0(51 

1.265 1.31 

4 4 

d i rec t i on ,  and i n  area of t h e  { O l n l  planes are l i s t e d  i n  

Table 11. From these f i gu res  i t  can be seen t h a t  the (0131 
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218 D. BLOOR et al. 

FIGURE 1. 

bending o f  t h e  c r y s t a l  a t  boundary, 

Sha rp  {Dl31 boundary i n  DCH [arrowedl ,  n o t e  

FIGURE 2. Two boundar i e s  formed by l o c a l  n u c l e a t i o n  

of t he  second phase (arrowedl.  
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PHASE TRANSITION BOUNDARIES IN DCH 219 

plane has the smal lest  change i n  bo th  quan t i t i es .  The 

con t rac t i on  on t h e  to141 p lane i s  s l i g h t l y  smaller than t h e  

expansion on the  (0121 p lanet  though a smal l  number o f  [0141 

planes occur no (0121 planes have been observed. The 

l a t t i c e  parameters can a l so  be used t o  determine the  

o r ien ta t i ons  o f  t he  phase boundaries and t h e  d e v i a t i o n  o f  

the  c r y s t a l  b-axis through the boundary. There i s  good 

agreement between t h e  ca l cu la ted  and observed values. 

TABLE 11. Changes i n  l a t t i c e  dimensions o f  OCH on 

coo l ing  thmugh t h e  phase t r a n s i t i o n  f o r  t h e  { a h )  
l a t t i c e  planes, a l l  values i n  percent. 

n 1 2 3 4 5 

A i [ ~ n l ]  +4.4 +2.7 +O. 7 -1.0 -2.4 

A A[Oln I +3.3 +1.6 -0.4 -2.5 -3.6 

Repeated c y c l i n g  through the  phase t r a n s i t i o n  leads t o  

a b u i l d  up o f  s t r a i n .  Because the  t r a n s i t i o n  temperature 

i s  s e n s i t i v e  t o  s t r a i n  t h i s  leads t o  l o c a l  nuc lea t i on  and 

p inn ing  of t he  t r a n s i t i o n  boundaries, 

which o f ten  appear d i f f use ,  are observed as shown i n  

Figures 2 and 3. S ing le  boundaries separa t ing  reg ions i n  

the  h igh  and l ow temperature phases produce an e a s i l y  

detected dev ia t i on  o f  the  b-axis, m u l t i p l e  boundaries w i t h  

t h i n  lamel lae o f  a l t e r n a t i n g  phases produce only  a l a t e r a l  

displacement i n  the  mult iphase region. Samples w i t h  many 

l o c a l  nuc lea t ion  s i t e s  f o r  t he  phase t r a n s i t i o n  have been 

observed t o  bend through angles approaching 360'. A less 

dramatic bu t  s i m i l a r  curvature i s  shown i n  F igure  4. 

M u l t i p l e  boundaries, 
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220 D. BU)(IR et al. 

FIGURE 3. M u l t i p l e ,  d i f f u s e  b o u n d a r i e s  l o c a l l y  

n u c l e a t e d ,  note a b s e n c e  of b e n d i n g  o f  t h e  c r y s t a l ,  

FIGURE 4. M u l t i p l y  n u c l e a t e d  b o u n d a r i e s  producing 

c u r v a t u r e ,  p a r t i c u l a r l y  of t h e  upper t h i n n e r  c r y s t a l  ,, 
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PHASE TRANSITION BOUNDARIES IN DCH 22 1 

Eventua l l y  such c r y s t a l s  d i s i n t e g r a t e  i n t o  a m i c r o c r y s t a l l i n e  

powder a f t e r  many cyc les through t h e  phase t r a n s i t i o n  

temperature. 

CONCLUSIONS 

The phase t r a n s i t i o n  boundaries i n  monomer OCH c r y s t a l s  have 

been shown t o  occur  on l a t t i c e  p lanes f o r  which t h e  mis- 

match o f  h i g h  and l ow temperature phases i s  a minimum. 

T y p i c a l  examples of  t h e  p h a s e - t r a n s i t i o n  boundary s t r u c t u r e s  

observed have been presented. A more d e t a i l e d  account o f  

t h i s  work w i l l  be pub l i shed elsewhere, 
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