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When 2. 85% cis  f i lms  of t h e  semiconducting polymer, 
po lyace ty l enexCH)  , a r e  f i r s t  doped wi th  bromine and 
then p a r t l y  dehydrotrominated a t  15OoC , s u b s t i t u t i o n  of 
I1 by B r  occurs  t o  y i e l d  new semiconducting polymers of 
genera l  composition [CII 
These f i l n s  have been sk8ie8 us ing  e l e c t r o n  paramagne-. 
t i c  resonance (EPR), dynamic nuc lea r  p o l a r i z a t i o n  (DIJP), 
and Raman spec t roscopic  techniques.  EPR r e s u l t s  i nd i -  
cate t h a t  w i th  an inc rease  i n  bromine s u b s t i t u t i o n ,  t h e  
l inewidth  ( A H  ) ,  g-value, and homogeneity of t h e  san- 
p l e s  increase!' This i s  c o n s i s t e n t  w i th  DNP r e s u l t s  
which suggest  a decrease i n  the  d i f f u s i o n  c o e f f i c i e n t  
of unpaired sp ins  a s  t h e  bromine s u b s t i t u t i o n  l e v e l  in-  
c reases .  Ranan r e s u l t s  a r e  c o n s i s t e n t  wi th  bromine 
s u b s t i t u t i o n  and i n d i c a t e  t h a t  e s s e n t i a l l y  no change i n  
conjugat ion length  occurs  when II i s  s u b s t i t u t e d  by B r .  

B r  I,, where y=0.003-0.23. 

[1197]/165 
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INTRODUCTION 

M. J. KLElTER cr al. 

Polyacetylene is  t h e  s i u p l e s t  p o s s i b l e  organic  polyner ,  and 
is the re fo re  of s p e c i a l  fundamental i n t e r e s t .  We have shown 
previously t h a t  i t  can be prepared i n  e i t h e r  t h e  &- o r  
t r ans - fo rm as s i l v e r y ,  f l e x i b l e ,  high-qual i ty  f i l m s  which 
can be t r e a t e d  wi th  e i t h e r  11- o r  2-type dopants t o  y i e l d  a 
series of semiconductors,  which a t  h igher  dopant levels are 
converted i n t o  organic  netals , I s 2  I n  p r i n c i p l e ,  t h e  hydrozen 
a t o m  can be replaced e i t h e r  p a r t i a l l y  o r  conple te ly  by or- 
ganic ,  inorganic ,  o r  o rganone ta l l i c  groups t o  y i e l d  a wide 
range of s u b s t i t u t e d  d e r i v a t i v e s  having t h e  polyacetylene 
backbone. I n  add i t ion ,  a l a r g e  v a r i e t y  of organic  netals and 
seniconductors  having d i f f e r e n t  chen ica l  and phys ica l  pro- 
perties should,  i n  p r i n c i p l e ,  be ob ta inab le  by doping t h e s e  
de r iva t ives .  I n  t h i s  way, chen ica l  s u b s t i t u t i o n  should pe r -  
n i t  con t ro l l ed  n o d i f i c a t i o n  of phys i ca l  parameters such a s  
band gap, conduct iv i ty ,  etc.  

We have repor ted  previous ly  t h e  success fu l  syn thes i s  of 
bromine s u b s t i t u t e d  polyacetylene by thermal dehydrobronina- 
t i o n  of cis-(CH)x f i l n s  doped wi th  bromine t o  t h e  metallic 
r e g i n e . 5  t o  z. 20% of t h e  hydrogen a t o m  i n  (CH)x were 
replaced by bromine by t h i s  procedure.  These f i l m  were re- 
ported t o  be golden, r e l a t i v e l y  f l e x i b l e  2-type seniconduc- 
t o r s  of approximate composition [CH - B r  I,, where 
[ (l-y)+y]-0.82-0.98. It was be l i evea  ehae  sone c ross - l ink ing  
between cha ins  and/or  a l l e n e  o r  alkyne fo rna t ion  wi th in  a 
chain had occurred dur ing  t h e  dehydrobroninat ion s i n c e  t h e  
sum of (1-y) and y d id  no t  equal  1.00. These f i l n s  could be 
doped wi th  I2 o r  AsF 
conducting i n  t h e  me?al l ic  reg ine .  

vapor t o  g ive  r e l a t i v e l y  f l e x i b l e  f i l n s  

RESULTS AND DISCUSSION 

!Je r epor t  he re  a modified the rno lys i s  procedure u t i l i z e d  i n  
preparing f i l m  of [CII B r  Ix. g. 85% C&-(CH)~ f i l n s  were 
t r e a t e d  wi th  B r 2  vapor1I&OYTorr) a t  room ternperature t o  y i e l d  
b r i g h t  l u s t r o u s  purp le  t o  green f i l n s  of metallic [CIBr ] 
(2-0.02-0.46), as de tern ined  by weight uptake of B r .  Th&g 
f i lms ,  der ived from 10-20 
s t a t i c  vacuum at  145-15OoC i n  a s. 1'30 nl Pyrex g l a s s  tube  
f o r  a per iod of 3-3.5 minutes,  and then  cooled t o  room teup- 
e r a t u r e  f o r  approximately f i v e  minutes.  The evolved gases  
(mainly MBr wi th  a trace of B r 2 )  were thus  allowed t o  i n t i -  
mately n i x  wi th  t h e  f i l n  throughout t h e  procedure.  

have va lues  of [ (l-y)+yj-)l.93&tf.02, i n d i c a t i v e  of e s s e n t i a l l y  

of (CI-I)x, were then hea ted  under 

The samples of [CH B r  ] (y-0.003-0.23) thus  obta ined  
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SYNTHESIS AND CHARACTERIZATION OF BROMINE 

zero cross-linking and/or allene or alkyne fornation within 
experinental accuracy, as can be seen in Table 1. 

[ 1199]/167 

TABLE I Compositiona of Sanples of [CB Br ] Having 
Various Degrees of Bromine Subitltueik 

[ CHl-yBry 1 x 

[CH0.77Br0.231x 1.00 
[CN0.81Br0.191x 1.00 

"'0. 87Br0. 14'x 1.01 

[C'10.87Br0.131x 1.00 

(1-Y )+Y 

1.06 [CHO. 81Br0. 25 Ix 

0.97 [CHO. 83Br!J. 14 Ix 

0.97 

0.98 
[C'10.86Br0.111x 0.97 

1.00 [ CHO. 94Br0. 06 x 

ICHO. 85Br0. 12 x 
0. S7Br0. lllx [ C!l 

[CH0.94Br0.051x 0.99 

a Determined by initial weight uptake of Br and subsequent 
weight loss of IIBr. 

These films are somewhat more flexible than film obtained 
in earlier procedures. Raclan and EPR studies show that they 
have the trans configuration. In addition, films of 
[CHl-gBr6]x prepared in this manner have similar conductivity 
and r do ing properties to those described earlier.3 For 

exanple, a dark golden filn of conposition [CII 0.84Brg 05Ix (as determined by initial weieht uptake of Br an su Bequent 
weight l o s s  of Br) shows a room temperature conductivity of 
6.5 x ohm-'cn-', indicative of its seziconductor nature. 
Upon doping with I vapor and subsequent punping, a shiny 
silver-black film of conposition [CH Br I ] (conpo- 
sition deternined by weight uptake oe.?f ig'%t!digd? 
has a conductivity (in the metallic regime) of 4.9 ohm-lcm-' 
at room temperature. 

prepared using earlier procedures indicated the existenc 01 

2 

This 

Preliminary EPR studies perfor3ed on films of [Cl: Br ] 1-g y x 
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1 684 12001 

two superimposed s igna l s .  This  w a s  a t t r i b u t e d  t o  inhomoge- 
n e i t y  i n  the  polyner f i b r i l s ,  i n  which some chains  were be- 
l i eved  t o  have undergone heavy bromine s u b s t i t u t i o n ,  whereas 
o thers  renained e s s e n t i a l l y  pure (CH)x. 

s i n g l e ,  e s s e n t i a l l y  symmetric EPF. s i g n a l  us ing  an X-band 
spec t roae ter  (10 GIIz). Figure 1, f o r  example, shows the  EPR 

spectrun obtained f o r  a f i l n  of composition [CH 0 .77Br0.231r, with trans-(CH)x as a reference .  
i nd ica t e  an inc rease  i n  l inewidth  (AH ) f r o n  0.73 G i n  

M. J. KLETTER er 01. 

The new procedure descr ibed above, however, y i e l d s  a 

Comparison of hese  spec ra 

PP 

C C H O . T ~ ~ ~ O . Z ~ ]  x 
A H p p Z 6 . 0 4 G  

(01 

AHpp = 0.73 G 
q = 2.0026 

FIGURE 1 EPR s p e c t r a  (roon temperature) a t  10 GHz of 
(a) bronine s u b s t i t u t e d  [CH9.77Br0.23]x; (b) trans-(CH)x 
reference 

trans-(CII) t o  6.04 G i n  [CH 0,77Br0.23]x. I n  add i t ion ,  t h e  
g-value s h i f t s ,  from 2.0026 i n  t h e  case  of trans-(CEI)x t o  
2.0038 i n  the  bromine s u b s t i t u t e d  f i lm.  
i s  f u r t h e r  v e r i f i e d  i n  Figure 2, i n  which trans-(C€I)x i s  taped 
on the  outs ide  of t h e  EPR tube conta in ing  the  [CIIo 77Brp.23]x, 
thus providing simultaneous neasurenent of both naferia s . 
The spectrum obtained is cons i s t en t  wi th  an overlap of two 
s i g n a l s  having d i f f e r e n t  g-values. Sanples of [CH B r  ] 
with lower bronine s u b s t i t u t i o n  y i e l d  l inewidths  aidYg-%afues 
intermediate  i n  va lue ,  a s  can be seen i n  Table 11. 

11: (1) as t h e  bromine content  i nc reases ,  t h e  g-value in- 
c reases  i n  a d i r e c t i o n  away f r o n  t h a t  of t he  f ree-e lec t ron  
spin-only value of 2.0023. Spin-orbit coupling between t h e  
odd e l e c t r o n  and covalen t ly  bound bromine, which has  a rela- 
t i v e l y  l a rge  sp in-orb i t  coupling constant  as conpared t o  hy- 

x 
The s h i f t  i n  g-value 

Two conclusions can be drawn f r o n  the  r e s u l t s  i n  Table 
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SYNTHESIS AND CHARACTERIZATION OF BROMINE [1201]/169 

drogen, i s  cons i s t en t  with t h i s  s h i f t  i n  g - ~ a l u e ; ~  and 
(2) t h e r e  i s  an o v e r a l l  tendency f o r  t h e  l inewidth  t o  broaden 
wi th  increas ing  bronine s u b s t i t u t i o n .  This  i s  c o n s i s t e n t  wi th  
s t rong  sp in -o rb i t  coupling due t o  t h e  B r  atoms, which re- 
s u l t s  i n  a s t rong  decrease of t he  e l e c t r o n i c  r e l a x a t i o n  t i m e  
wi th  a consequent i nc rease  i n  l inewidth .6  It is  a l so  consis-  
t e n t  wi th  a decreased e l e c t r o n  mobi l i ty  i n  [CII 
compared t o  trans-(CH)x. This  could be  caused%? ax increased  
l o c a l i z a t i o n  of sp in  on a bromine 2pn o r b i t a l .  Which of t h e s e  
two sources  of broadening of  t he  l inewidth  i s  nore  i n p o r t a n t  
i s  not  ye t  c l e a r .  

3r I,, as 

[CH,77Bra,,1, AND TRANS-[CHI, 
RECORDED SIMULTANEOUSLY 

FIGURE 2 EPR s p e c t r a  a t  10  GHz of bromine s u b s t i t u t e d  
[ C E  0 , 7 7 B r 0 .  23]x and trans-(C!.I)x recorded s imultaneously a t  
r 0 om temperature 

TABLE I1 Summary of X-Band EPR Spec t ra  f o r  [CII 3r ] 1-y y x 

[C'd B r  ] 
1 - Y  Y x 

r CH 0.77Br0.231x 

[CB0.81Br0.191x 

[crrO. 83Br0. 14 ]x  

""0. 873r0. 1 4  :: 

[caO. 87Br0. 13  

rC"0.87Br0.111x 

[CH0.863r0. 11';; 

[c"0.94Br0.051 
t rans-  (CF:) 

AH 
PP - 

6.04G 

6.32G 

3.54G 

2.30G 

2.39G 

2.67G 

2.15G 

1.53G 

0.73G 

g-Value 

2.0038 

2.0035 

2.0033 

2.0030 

2.0030 

2.0028 

2.0028 

2.0027 

2.0026 
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1 704 12021 M. J. KLETTER cf ul. 

In order to gain further infornation concerning the 
homogeneity of bronine substitution, the EPR spectra were 
further examined at a Zeeman frequency of 35 GHz (Q-band), 
where the resolution is significantly better than at 10 GXz. 
The shape and symmetry of spectra at this higher frequency 
are particularly useful diagnostic means for detecting even 
small degrees of non-homogeneity. Figure 3 shows the EPR 

[cH0.94 Br0 .06 ]X  

AHp$ 2 .5G 

(a) - 
I 

H c 

5 6  w 
H 

FIGURE 3 EPR spectra at 35 G!iz of (a) bronine substituted 
[CH0,94Br0~06]x; (b) bronine substituted [CX 0. 81Br0. 25 'x 

spectra at 35 GRz of [CH1- Br ] with (a) y=0.06 and (b) y= 
0.25. For the lightly subgtirured sanple, the lineshape is 
not synnetric and the peak to peak linewidth of the spectrum 
(2.5G) is considerably greater than the width (1.7G) obtained 
at 10 GHz (Table III).This could be caused by a g anisotropy 
with an axial symmetry or by the superposition of nany lines 
with different widths and g values due to non-homogeneous 
substitution. It is not possible to find an axial anisotropic 
g-value from which spectra nay b e  derived which fit both the 
35 GHz and 10 GI-Iz experimental spectra. Iience, the lineshape 
and width are not caused by anisotropy of g and must be caused 
by sone non-homogeneity of bromine substitution. 
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SYNTHESIS AND CHARACTERIZATION OF BROMINE [1203]/171 

TABLE I11 Comparison of X-Band and Q-Band EPX Spec t r a  f o r  
[CH B r  I 

1 -Y Y x 

[ G I  B r  ] 
1 - Y  Y x 

X-Band 

A I-I 
PP 

Q-Band 

[crrO. 94Br0. 06 Ix 

[ci'O. 85Br0. 1 2  Ix 

1 . 7 G  

3.OG 

2.5G 

4.7G 

The g r e a t e r  symmetry of t h e  l i n e  i n  the  nore  h igh ly  
s u b s t i t u t e d  sample (y=O. 25) shows t h a t  t h i s  material is  r'iore 
honogeneous; however, t h e  broadeneing of t he  l i n e  makes i t  
d i f f i c u l t  t o  determine p r e c i s e l y  t h e  degree of homogeneity. 
This  conclusion i s c o n s i s t e n t  wi th  t h e  f a c t  t h a t  h igh ly  sub- 
s t i t u t e d  samples,  which are obtained from highly  doped f i l m ,  
are expected t o  be nore honogeneous than  l i g h t l y  s u b s t i t u t e d  
ones which r e q u i r e  s h o r t e r  doping t ines wi th  a consequent 
inhonogeneous d i s t r i b u t i o n  of t h e  dopant.  

d i f f u s i o n  c o e f f i c i e n t  (D ) of the  s p i n s  a long t h e  cha ins ,  
dynamic nuc lear  p o l a r i z a t i o n  (DiIP) experiments were performed. 
In  1-D systems, t h e  inc rease  of t h e  nuc lea r  s i g n a l  (A) of 
protons obtained by s a t u r a t i n g  the  e l e c t r o n i c  l e v e l s  (Over- 
hauser  e f f e c t )  depends on Dll. 

I n  o rde r  t o  ga in  information about t h e  v a r i a t i o n  of t h e  

11 

Thus, 

where A ,  5, and C a r e  r e l a t e d  t o  t h e  scalar and d i p o l a r  hy- 
p e r f i n e  cons t an t s ,  wn and w are t h e  nuc lea r  and e l e c t r o n i c  
Zeeman f requencies ,  r e s p e c t i v e l y ,  and R(w) i s  t h e  s p e c t r a l  
dens i ty  func t ion  of t h e  e l e c t r o n i c  s p i n s .  I n  such systems, 

e 

I n  t h e  present  (roon temperature)  s tudy ,  DNP neasurenents  
were made a t  

ue/2T = 9.6 Gi<z (3 )  
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1 7 2 4  12041 

corresponding t o  

M. J. KLETTER et al. 

w n / 2 ~  = 14.574 IUz ( 4 )  

using the  appara tus  prev ious ly  descr ibed .  
A as a func t ion  of t he  bromine s u b s t i t u t i o n  leve l  i s  given i n  
Figure 4 .  

The v a r i a t i o n  of 

We observe a s t rong  decrease  of t h e  Overhauser 

-4 
0 0. I 0.2 0.3 

a 0  

Y ( Br Content )  

FIGURE 4 Amplitude of t h e  Overhauser e f f e c t  as a func t ion  
of bromine conten t  y 

e f f e c t  as conpared t o  t h a t  observed i n  (CII) , even a t  low 
l e v e l s  of s u b s t i t u t i o n .  It w a s  found t h a t  &60 f o r  (CE)x 
and A”30 f o r  [CH0.94Br0 06]x.  
assune t h a t  t h e  cons t an t s  A ,  B ,  and C of equat ion  (1) are 
e s s e n t i a l l y  t h e  sane as i n  (GI) Therefore ,  t he  DNP r e s u l t s  
suggest  t h a t  i n  bromine s u b s t i t u t e d  polyace ty lene ,  D de- 
c reases  as y inc reases .  Addi t iona l  experiments involv ing  the  
proton nuc lea r  s p i n  l a t t i ce  r e l a x a t i o n  t ine (T ) as a func- 
t i o n  of frequency are c u r r e n t l y  i n  progress .  It appears  t h a t  
t he  decrease i n  D 
- se and no t  t o  any l i ec rease  i n  conjugat ion  l eng th  dur ing  t h e  
s u b s t i t u t i o n  process  s i n c e  t h e  Raman s t u d i e s  descr ibed  below 
show t h a t  no s i g n i f i c a n t  change i n  conjugat ion  l eng th  occurs  
dur ing  bromine s u b s t i t u t i o n .  

For small va lues  of y ,  w e  can 

X’ 

i s  due t o  t h e  bromine s u b s t i t u t i o n  per 

Ranan s c a t t e r i n g  experiments were performed on thermally 
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SYNTHESIS AND CHARACTERIZATION OF BROMINE [ 1205]/173 

i s o n e r i z e d  trans-(CH) bronine  doped cis-(CII) ( i . e . ,  
[CI-!Br ] ) ,  and bromine s u b s t i t u t e d  (CII)x ( i . e . ,  [CH1-yBr 1,). 
Ranan'sfudies are u s e f u l  i n  de te rmining  t h e  e x t e n t  of coxju- 

X '  X 

g a t i o n  i n  a (CX) cha in .  The e x t e n t  of conjugat ion  should  
n o t  b e  confused w i t h  t h e  l e n g t h  of a (C?Qx cha in .  Thus, de- 
f e c t  s i tes  i n  a given (Cii) c h a i n ,  caused by,  f o r  example, a n  
unpaired s p i n  on a carbon a t o n  can c a u s e  a break  i n  t h e  con- 
j u g a t i o n  wi thout  causing a break  i n  t h e  c h a i n ,  i n  which a l l  
carbon a t o m  are j o i n e d  by u bonds. 

X 

X 

FIGURE 5 Ranan s p e c t r a  f o r  =676.4nn taken  a t  T=78 K 
O K  ( a )  trans-(CY) t h e r n a l l y  isonei- ized f o r  1 hour  a t  140°C 
under vacuunt; (b)  bronine  doped [C;?3r ] 
(*) l i n e  o r i g i n a t i n g  f r o n  l i q u i d  n i t r o g e n  c o o l a n t  

exc 
X 

0.17 x' 

Figure 5 shows Ranan s p e c t r a  O E  b o t h  trans-(CII) and 
8 

[CI!Br0,17]x. 
sho s a spectrum v e r y  s imilar  t o  trans-(CH) (bands a t  1064 
cn and 1457 cm-l) w i t h  two main bands a t  TO34 C L I - ~  and 1464 
cm ',' f o r  t h e  e x c i t a t i o n  wavelength A=676.4 nn. I n  doping 
t h e  sample,  w e  have achieved complete i s o n e r i z a t i o n  w i t h  a 
decrease  i n  t h e  r e l a t i v e  nunber o f  long  sequences of conju- 

The l a t t e r  samule (doped t o  t h e  R e t a l l i c  regime) 

-Y 
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1744 1206) 

gated CH groups as conpared t o  t h e  t r a n s  r e f e r e n c e .  The l i n e s  
c h a r a c t e r i s t i c  of t h e  isomer are no  l o n g e r  observable .  
This  can be deduced f r o n  t h e  change i n  shape and f requency  
of t h e  two b a n d s . l O s l l  The very  c l o s e  s i m i l a r i t y  between t h e  
s p e c t r a  of trans-(CII) and [CIIBr 3 may b e  due t o  resonance 

X 17  x enhancement of s m a l l  anounts  of ?Fans sequences which are 
doped t o  only  a n  i n s i g n i f i c a n t  e x t e n t .  

[CH B r  ] ) have been s t u d i e d  w i t h  y-0.003, 0 .05,  O.lly and 
0.21;' Rzr& s p e c t r a  were recorded f o r  s e v e r a l  e x c i t a t i o n  
wavelengths i n  t h e  range  457.9 n n  t o  676.4 nm. The most s i g -  
n i f i c a n t  r e s u l t s  were obta ined  f o r  X=676.4 nn ,  as shown i n  
FiSure 6.  For  y=0.003, t h e  two Raman bands are observed a t  

M. J. KLETTER ct ul. 

Four d i f f e r e n t  bromine s u b s t i t u t e d  samples ( i . e . ,  

FIGURE 6 
of ( a )  trans-(CK) 
[ C H ~  982~r0  oo I,? (c) b r o n i n e  s u b s t i t u t e d  [ c I I ~ . ~  Sr 

(*) l i n e  o r  8 n ng  f r o n  l i q u i d  n i t r o g e n  c o o l a n t  

Raman s p e c t r a  f o r  Aex =676.4 nm t a k e n  a t  T=78 1; 

1 * 

as i n  F i z u r e  Sfa) ;  (b)  b r o n i n e  s u b s t i t u t e d  

(d) 6 r o m i n e ' s u 2 s t i t u t e d  [CM0.87Br0.11]x; ( e )  bromtne 0.02 s u  s r; - 
[ '"0. f 7:'g $3 x 
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SYNTHESIS AND CHARACTERIZATION OF BROMINE [ 1207]/175 

1076 cn-I and 1460 cn-l .  
quency s i d e  of each band rises q u i t e  s h a r p l y  as compared t o  
t h e  b r o n i n e  doped [CI13r0 17]x d e s c r i b e d  above ( s e e  F i g u r e  5 ) .  
This  r e s u l t  i n d i c a t e s  a l a r g e  c o n c e n t r a t i o n  of l o n g  sequences 
of conjugated C 9  groups i n  t h e  b r o n i n e  s u b s t i t u t e d  
[ CH B r  ] A s  t h e  s u b s t i t u t i o n  l e v e l  y i n c r e a s e s  
f rag' 8%03°&od. ?;, t h e  h i g h  frequency band (1460 cn- l )  does 
n o t  change i n  f requency.  A t  t h e  same t ine,  however, t h e  low 
frequency band s h i f t s  g r a d u a l l y  from 1076 cn-' t o  1104 cn-l. 
For snal ler  e x c i t a t i o n  wavelengths  (457.9 ncl and 514.5 n n ) ,  
which g i v e  i n f o r n a t i o n  about  s h o r t  sequences of conjugated  
CII g roups ,  i n s i g n i f i c a n t  changes are observed as t h e  s u b s t i -  
t u t i o n  level varies.  

The high frequency (1460 cn-') Ranan band is  n a i n l y  
a s s i g n e d  t o  t h e  carbon-carbon double  bond (C=C) s r e t c h i n 2  
v i b r a t i o n ,  w h i l e  t h e  low frequency band (1076 cn ) i s  a mix- 
t u r e  of t h e  C=C and C-C s t r  t c h i n g  modes, and t h e  carbon-hy- 
drogen (C-H) bending node. If The f a c t  t h a t  no change i n  
f requency o c c u r s  f o r  t h e  h i g h  frequency (1460 cn-l)  Ranan 
band as w e  i n c r e a s e  t h e  s u b s t i t u t i o n  l e v e l  from y=0.003 t o  
0.23 i n d i c a t e s  t h a t  no s i g n i f i c a n t  change i n  c o n j u g a t i o n  
l e n g t h  o r  i n t r o d u c t i o n  of c r o s s - l i n k i n g  i n v o l v i n g  sp3  hybrid-  
i z e d  C atoms h a s  occurred  d u r i n g  replacement  of 1.1 by B r .  I n  
a d d i t i o n ,  t h e  o b s e r v a t i o n  t h a t  t h e  low frequency (1076 cn-l) 
Ranan band noves t o  h i g h e r  f r e q u e n c i e s  on B r  s u b s t i t u t i o n  
wi th  i n c r e a s i n g  B r  c o n t e n t ,  as shown i n  F igure  6 ,  is  b e l i e v e d  
t o  b e  due t o  a r e l a t i v e l y  lone, range e f f e c t  of t h e  C-Br bond 
upon t h e  C-H bending node. 

It can be s e e n  t h a t  t h e  low f r e -  

-E. 

COiICLUS I O B  

In  conclus ion ,  EPR, DNP, a n d R a m a n r e s u l t s  p r o v i d e  s u p p o r t i v e  
evidence f o r  bromine s u b s t i t u t i o n  of  hydrogen i n  The 
sha?e of t h e  EPR s p e c t r a  a t  10 GIIz s u g g e s t  t h a t  b r o n i n e  sub- 
s t i t u t i o n  i s  homogeneous a t  a l l  s u b s t i t u t i o n  levels ;  however, 
s t u d i e s  a t  35 GIIz i n d i c a t e  non-homogeneity, p a r t i c u l a r l y  a t  
lower l e v e l s  of s u b s t i t u t i o n .  DXP s t u d i e s  s u g g e s t  t h a t  t h e  
d i f f u s i o n  c o e f f i c i e n t  of unpai red  s p i n s  i n  [CII 
c r e a s e s  as b r o n i n e  s u b s t i t u t i o n  i n c r e a s e s .  Thk-zadn s t u d i e s  
show t h a t  t h e  n o d i f i e d  t h e r n o l y s i s  procedure d e s c r i b e d  i n  
t h i s  paper  produces f i l m  of B r - s u b s t i t u t e d  ((211) w i t h  essen-  
t i a l l y  no change i n  conjugat ion  l e n g t h .  
and e l e c t r o n i c  s t u d i e s  of t h i s  new p o l y a c e t y l e n e  d e r i v a t i v e  
a r e  underway. 

B r  I x  de- 

Detaile3 s p e c t r a l  
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