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ELECTRICAL AND DIELECTRIC PROPERTIES OF POLYMERIZING 
MIXED SINGLE CRYSTALS OF DIACETYLENES: PTS - PFBS SYSTEM 

JULIUSZ SWORAKOWSKI AND MACIEJ E. ORCZYK 
I n s t i t u t e  o f  Organic and Physical Chemistry, 
Technical Unfversity o f  Wroclaw, 
50-370 Wroc law, Po land 

Abstract The paper presents resu l ts  o f  measurements o f  evolut ion 
o f  the photoconductivity and the low-frequency e lec t r i c  
pe rm i t t i v i t y  o f  the mixed pTS-pFBS diacetylene s ing le crysta ls  
during the thermally driven sol id-state polymerization. The 
k ine t ics  of the polymerization was found t o  be a function o f  the 
composition of the crysta ls ,  the ra te  constants i n  the induction 
and autocata ly t ic  periods fo l lowing d i f f e ren t  composition 
dependences. Changes i n  the k ine t ics  o f  the photocurrent bui Id-up 
essent ia l ly  follow the changes i n  the polymerization k inet ics .  
Temperatures o f  the phase t rans i t ions  i n  the mixed c rys ta ls  
decrease wi th  increasing concentration o f  pFBS, probably due t o  
weaker dipole-dipole in teract ions between fluorobenzenesulfonyl 
side groups. 

INTRODUCTION 

Single-crystal l ine polydiacetylenes are a unique class o f  so l ids 

consist ing o f  extended conjugated n-electron chains, 10 -10 monomer 

un i t s  long, well  separated from and re la t i ve l y  weakly in te rac t ing  w i th  

one another. Slnce the pioneering work o f  Wegner, s t ructura l ,  

mechanical and e lect ron ic  propert ies o f  t h i s  class o f  polymers have been 

extensively studied (see, e.g., Refs. 2-6 f o r  reviews and co l lect ions of 

papers). The polymer single c rys ta ls  are usually obtained by the 

sol id-state polymerization o f  respective monomer crystals: 

2 4  

1 

It should be noted tha t  the polymerization resul ts  i n  qua7itative 

changes o f  in teract ions modifying propert ies o f  the crystals: the 

monomers are i n  a l l  respects typ ica l  molecular crystals, exh ib i t ing  a 
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moderate anisotropy o f  t h e i r  physical  proper t ies,  whereas f u l l y  

polymerized polydiacetylenes may be considered model one dimensional 

so l ids.  

I n  some diacetylenes, such as pTS (R = -CH,-OS0,-@-CH3), the 

polymer chains formed a t  e a r l y  stages o f  t h e  polymerizat ion are embedded 

i n  the  monomer matr ix ,  forming s o l i d  monomer - polymer so lut ions.  

Therefore, it seemed i n t e r e s t i n g  t o  study evo lu t i on  o f  p roper t i es  

o f  t he  system dur ing the  polymerizat ion,  and i n  p a r t i c u l a r  t he  e f f e c t  o f  

the connec t i v i t y  o f  t h e  conjugated n-e lect ron system on t h e  e lec t ron i c  

p rope r t  i 8s. 

I n  our e a r l i e r  papers, we reported on changes o f  t he  d i e l e c t r i c  

and on the  photoconduct iv i ty build-up" o f  pTS s ing le  proper t ies,  

c r y s t a l s  dur ing t h e i r  thermal polymerization. Polymer content and 

temperature were found t o  in f luence the  C, component o f  t he  e l e c t r i c  

p e r m i t t i v i t y  tensor, a l lowing one t o  fo l l ow  both the  polymerizat ion 

k i n e t i c s  and v a r i a t i o n  o f  t he  temperature o f  phase t r a n s i t i o n s .  I t  was 

a l so  shown t h a t  t he  photocurrent dependence on the polymer content i s  

p r i m a r i l y  a func t i on  o f  t he  p r o b a b i l i t y  o f  in ter -chain jumps, the  

anisotropy o f  t h e  photocurrent r e f l e c t i n g  mainly the  anisotropy o f  t he  

main f r e e  path of  charge ca r r i e rs .  

The present paper puts  forward r e s u l t s  o f  s i m i l a r  measurements 

c a r r i e d  out  on mixed pTS-pFBS s ing le  c r y s t a l s  ( i n  t h e  l a t t e r  

and diacetylene, R -CH,-OSO,-+F). pFBS i s  isomorphous w i t h  pTS 

forms a ser ies o f  s o l i d  so lu t i ons  over t h e  e n t i r e  composition range. 

The polymerizat ion o f  pFBS I s ,  however, much slower; moreover, both 

monomer and polymer pTS c r y s t a l s  e x h i b i t  we l l  documented phase 

t r a n s i t i o n s  (e.g., Refs. 15 ,161 ,  whereas no signature o f  any phase 

t r a n s i t i o n  has been observed i n  pFBS. 

7-9 

11-13 

1 4  

17 

EXPERIMENTAL 

Mixed pTS-pFBS c r y s t a l s  were grown from acetone so lu t i ons  by a slow 
evaporat ion a t  ca. 277 K, e s s e n t i a l l y  as described i n  Ref. 18. The 

procedure o f  growth, hand1 ing, and determinat ion o f  t he  cornposition o f  

mixed c r y s t a l s  was described i n  more d e t a i l  elsewhere. 

Most experiments described i n  t h i s  work were c a r r i e d  out  on samples 

cu t  i n  such a way t h a t  t he  e l e c t r i c  f i e l d  was appl ied p a r a l l e l  t o  the 

7,10,19 
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POLYMERIZING MIXED CRYSTALS OF DIACETYLENES 15651173 

d i r e c t i o n  o f  growing polymer chains ( p a r a l l e l  t o  the  c rys ta l l og raph ic  b 
d i r e c t i o n ) ;  i n  some cases, t he  experiments were c a r r i e d  out on as-grown 

samples, w i t h  t h e  f i e l d  perpendicular t o  the chains. The polymerizat ion 

was c a r r i e d  ou t  in  s i t u ,  a t  333K. 

The e l e c t r i c  p e r m i t t i v i t i e s  were determined from the  capacitance 

measurements performed a t  1 kHz. Polymerization-dependent photo-response 

o f  t he  samples was measured employing a t y p i c a l  t ime-o f - f l i gh t  setup", 

using a weak pulse i l l um ina t ion .  

RESULTS 

As was demonstrated e a r l i e r I 7 ' *  t he  E~ component o f  t h e  e l e c t r i c  

p e r m i t t i v i t y  tensor e x h i b i t s  an anomaly around the  temperature o f  t h e  

phase t r a n s i t i o n  

found a near ly  

feature a1 lowed 

polymerizat ion of  

range from pure 

i n  pTS. Far from the  t r a n s i t i o n  temperature, E~ was 

inear  func t i on  o f  t he  polymer contents. The l a t t e r  

us t o  monitor t h e  k i n e t i c s  o f  the so l i d -s ta te  

mlxed c rys ta l s ,  t h e i r  compositions cover ing the  e n t i r e  

'TS t o  pure pFBS. Fig.  1 shows t h e  conversion curves 

measured a t  333 K f o r  several mixed c rys ta l s .  Both i n  the  induct ion and 

au toca ta l y t i c  periods, t he  conversion curves were found t o  fo l low the  

1 . 0  

X 

0.5 
l e  f 

30 40 50 100 150 200 10 20 

FIGURE 1 Monomer-to-polymer conversion curves measured dur ing the  
thermal polymerizat ion o f  mixed pTS-pFBS c r y s t a l s  a t  333 K. The 
curves a through i r e f e r  t o  the  fo l l ow ing  compositions o f  the 
samples (expressed i n  mole % o f  pFBS): 0, 5, 10, 15, 20, 28, 39, 
54, and 100. Note t h e  change o f  t he  t ime scale. 
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-6 - 1  
f i r s t - o r d e r  k i n e t i c s ,  t he  r a t e  constants being o f  the order o f  10 s 

i n  t he  induct ion per iod ( k i ) ,  and 1 0 - 4 ~ - 1  i n  t he  au toca ta l y t i c  

per iod (ka) ,  i n  a good agreement w i t h  ava i l ab le  l i t e r a t u r e  data. I t  i s  

i n t e r e s t i n g  t o  note t h a t  ki and ka f o l l ow  d i f f e r e n t  composition 

dependences: k, decreases monotonically w i t h  increasing mole f r a c t l o n  o f  

pFBS ( y ) ,  whereas ki e x h i b i t s  a maximum around y *  0.5. 

1 .0  
Y s 

0.5 

0.0  

a 

i 

0 10 20 30 40 50 700 750 200 
t ( h )  

FIGURE 2 Photoconduct iv i ty build-up i n  mixed pTS-pFBS c r y s t a l s  
dur ing the  so l i d -s ta te  polymerizat ion a t  333 K .  The sample 
compositions are i d e n t i c a l  as i n  Fig. 1. 

The evo lu t i on  o f  t h e  photoconduct iv i ty measured dur ing the  thermal 

polymerizat ion o f  mixed pTS - pFBS c r y s t a l s  i s  shown i n  Fig. 2. The 

resu l t s ,  re-p lo t ted on a common master p l o t  (Fig.  3 )  show t h a t  the 

photoconduct iv i ty  bui ld-up i n  mixed c r y s t a l s  fo l l ows  e s s e n t i a l l y  t he  

same dependence as t h a t  found prev ious ly  i n  pure pTS. However, we 

found t h e  anisotropy o f  t he  photoconduct iv i ty i n  f u l l y  polymerized 

samples decrease monotonically w i t h  increasing y ( c f .  Fig. 4 ) .  Basing on 

the  arguments ra ised i n  our e a r l i e r  papers, one may assume t h a t  t he  

average unperturbed chain length i n  our samples i s  a decreasing func t i on  

o f  y. 

AS was shown measurements o f  t he  e l e c t r i c  p e r m i t t i v i t y  

a l l ow  one t o  monitor t h e  phase t r a n s i t i o n s  i n  pTS a t  a l l  stages o f  

polymerizat ion.  The same technique was appl ied t o  the  pTS-pFBS mixed 

c rys ta l s .  The resu l t s ,  shown i n  Fig. 5, demonstrate t h a t  t he  t r a n s i t i o n s  

i n  both monomer and polymer s h i f t  towards lower temperatures. This s h i f t  
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0 0.5 1 0 0.5 1 

X Y 

FIGURE 3 Photo-response i n  the pTS-pFBS i n  function o f  the 
polymer contents. Fu l l  l ine:  pure pTS ( y  = 01,  broken l ine :  pure 
pFBS ( y  = 1). To w i th in  experimental er ror ,  data f o r  a l l  mixed 
crysta ls  f a l l  between the two l ines  drawn i n  the f igure. 

FIGURE 4 The photocurrent i n  mixed crystals, measured i n  f u l l y  
polymerized samples a t  333 K under ident ica l  i l luminat ion 
conditions and e lec t r i c  f i e l d ,  i n  function o f  the pFBS content. The 
i l lumina t ion  and the f i e l d  were para l le l  t o  the d i rec t ion  the the 
polymer chains (b) 

may be explained tak ing i n t o  consideration the fact tha t  the t rans i t i on  

i n  pTS involves ordering o f  highly polar p t o s y l  side groups. A random 

subst i tu t ion o f  these groups by the less polar pfluorobenzenesulfonyl 

ones resu l ts  i n  a decrease o f  the dipole-dipole in teract ion energy, and 

hence i n  a s tab i l i za t i on  o f  the disordered phase. A simple model, put 

forward i n  Ref. 9, sa t i s fac to r i l y  explains the behaviour o f  the system. 

FIGURE 5 € ( T I  dependences i n  monomer (A)  and f u l l y  polymerized 
(B) pTS-pFBS mlxed crystals. The numbers re fe r  t o  the sample 
compositions expressed i n  mole X o f  pFBS. Note d i f f e ren t  E scales 
i n  Figs. A and B. For the sake o f  c l a r i t y ,  the curves are 
v e r t i c a l l y  sh i f ted  by h a l f  o f  E u n i t  i n  A, and by one u n l t  i n  B. 
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CONCLUSIONS 

We studied the evolut ion o f  the photoelectr ic and d ie lec t r i c  properties 

o f  mixed pTS-pFBS single crystals. The main resul ts  are as follows: 

- The k ine t ics  o f  the polymerization i s  a function o f  the composition o f  

the crysta ls ,  the rate constants t n  the induction and autocatalyt ic 

periods exh ib i t ing  d i f f e ren t  composition dependences. 

- Changes i n  the k ine t ics  o f  the photocurrent bui Id-up essent ia l ly  

fo l low the changes I n  the polymerization k ine t ics ,  the model developed 

f o r  pure pTS holding also f o r  the mixed crystals. 

- The phase t rans i t ions  i n  the mixed crysta ls  s h i f t  towards lower 

temperatures, probably due t o  weaker dipole-dipole interactions 

between side groups i n  pFBS. 
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