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SURFACE CHEMISTRY OF POLYACETYLENE: ADHESION TO SILICA, 
DERIVATIZATION WITH NICKEL AND CATALYTIC ACTIVITY 

DUNCAN H. WHITNEY and GARY E. WNEK 
Department o f  M a t e r i a l s  Science & Engineer ing,  
Massachusetts I n s t i t u t e  o f  Technology, Cambridge, MA 02139 
US A 

A b s t r a c t  Adhesion o f  (CH) f i l m  p repared  by t h e  L u t t i n g e r  
m e t h o d o  g l a s s  can be impPoved by s i l y l a t i o n  i n  o r d e r  t o  
more c l o s e l y  match d i s p e r s i v e  s u r f a c e  energ ies.  Treatment 
o f  n- type (CH) f i l m s  w i t h  NiBr,/HMPA/THF a f f o r d s  (CH) - 
suppor ted N i "  w h c h  shows s e l e c t i v i t y  i n  hyd rogena t ion  6 f  
phenylacety lene.  

INTRODUCTION 

The use o f  po l ymer i c  m a t e r i a l s  as c a t a l y s t  suppor t s  has been 

s t u d i e d  e x t e n s i v e l y  i n  t h e  p a s t  seve ra l  yea rs  [l, 21. 
c a n t  advantage gained by t h e  use o f  suppor ted c a t a l y s t s  i s  ease o f  

separa t i on  a l though  more e l e g a n t  f u n c t i o n s  a r e  o f f e r e d  by t h e  sun- 
p o r t  i t s e l f .  Supports have been shown t o  c o n t r i b u t e  stereochemi c a l  

c o n t r o l  [3] and s u b s t r a t e  s e l e c t i v i t y  [%5] as w e l l  as  improved ac-  

t i v i t y  and s t a b i l i t y  [ 61 .  H h i l e  a g r e a t  deal  o f  work has been 
done w i t h  po lymer-modi f ied e l e c t r o d e s  c o n t a i n i n g  c a t a l y t i c  spec ies 

[la, o n l y  r e c e n t l y  have e l e c t r i c a l l y  conduc t i ve  polymers [ 8,  9 1  
been considered as candidates f o r  i n c o r p o r a t i o n  o f  c a t a l y s t s .  He 
cons ide r  t h e  f o l l o w i n g  c h a r a c t e r i s t i c s  o f  Do lyace ty lene  (and many 

o t h e r  conduc t ing  polymers) t o  be p a r t i c u l a r l y  a t t r a c t i v e  f o r  t y p i -  

c a l  suppor t  m a t e r i a l s :  (1 ) ,  (CH)x  f i l m s  have h i g h  s u r f a c e  areas 

(ca.  60 m2/g) @q; (2), t h e  ( C H ) x  su r face ,  be inq  o r g a n i c ,  i s  e a s i l y  
d e r i v i t i z e d  by  s imp le  chemical r e a c t i o n s ;  and ( 3 ) ,  (CH)x i s  n e i t h e r  
s o l v a t e d  n o r  s w e l l e d  i n  c o m n  r e a c t i o n  rnedica wh ich  can be d e s i -  

r a b l e  i n  t h e  sense t h a t  t h e  number o f  accessable c a t a l y s t  s i t e s  

w i l l  n o t  change w i t h  s o l v e n t .  
o f f e r  a s i m i l a r  advantage t o  case (3).  

A s i o n i f i -  

S i n g l e  c r y s t a l s  o f  p o l y e t h y l e n e  E l l ]  
I n  a d d i t i o n  t o  these noints, 
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314 D. H. WHlTNEY AND G. E. WNEK 

however, electroactive polymers such as  (CH), allow the additional 
capability of introducing catalyt ic  species via redox chemistry and 
maintaining ( th rough  an  applied potential)  a t ransi t ion metal cen- 
t e r ,  for  example, in a particular oxidation s t a t e  whereas otherwise 
the center would be rendered non-active a f t e r  one chemical event. 
Oxidative coupling reactions involving metal catalysts ,  for  example, 
resul t  in  an irrevsibly altered and inactive metal oxidation s ta te .  
Additionally, an e lec t r ica l ly  conductive support may be able to  
conduct heat away from a catalyst  s i t e  where an  exothermic reaction 
occurs. 

depicted quali tatively in Figure 1 .  We envision anchoring ( v i a  
primary and/or secondary bonds) a thin layer of ( C H ) x  t o  a h i g h  
surface area inorganic support such as Si02. 
cantly enhance the number of catalyt ic  s i t e s  available on a weiQht 
basis o f  ( C H ) x .  

Preliminary work on adhesion of polyacetylene to glass i s  dis- 
cussed below. For i n i t i a l  experiments using ( C H ) x  as a catalyst  
support we have chosen to  incorporate nickel onto ( C H ) x  for  hydro- 
genation experiments by the reduction o f  Ni2+ using n-type ( C H ) x .  
The choice was based on the extensive l i t e ra ture  available on or- 
ganonickel chemistry [ la ,  and for  comparative purposes, the fac t  
t h a t  a similar system has been prepared and characterized using 
graphite ~ a re la t ive of (CH),. Preliminary data on the use of 
" (  CH)JNi" as a hydrogenation catalyst  are reported herein. 

A goal of our research is  t o  develop a tandom support system 

This would s iqni f i -  

R FIGURE 1 

Jt catalyst  s i t e s  

R : roups to  confer se lec t iv i ty  
Qfor example, chiral  species) D
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SURFACE CHEMISTRY OF POLYACETYLENE 315 

EXPERIMENTAL 

Adhesion o f  (CH)x t o  glass was s tud ied  using (CH)x f i l m s  prepared 
v i a  the Lu t t i nge r  04 method on glass s l i d e s  f o l l o w i n g  a procedure 
s i m i l a r  t o  t h a t  o f  Wegner, e t  a1 [14], although the c a t a l y s t  con- 
cent ra t ions  used here were grea ter  by a f a c t o r  o f  f i v e  and the  
Co( NO3vNaBH~ r a t i o  was approximately 50% greater.  Several s l i d e s  
were s i l y l a t e d  ( f o r  general review see [15]) w i t h  the organofunc- 
t i o n a l  s i lanes  shown i n  t a b l e  1 by treatment o f  a s l i d e  w i t h  a 1% 
s o l u t i o n  o f  s i l a n e  i n  95% ethanol ( w i t h  ac id  c a t a l y s t  added), f o l -  
lowed by dry ing  a t  100°C f o r  1 hour. C r i t i c a l  surface tensions f o r  
we t t i ng  (y;s) o f  the t rea ted  s l i d e s  were determined from Zisman 
p l o t s  [14] and l i s t e d  i n  t a b l e  1. 

were r i go rous l y  cleaned and used on ly  i f  a drop o f  water subse- 
quent ly  wet the  surface i n d i c a t i n g  t h a t  the  c r i t i c a l  surface ten- 
s ion  o f  the cleaned glass was grea ter  than the surface tension o f  
p u r i f i e d  water (72 -). Also, i t  should be noted t h a t  the p o l a r  
forces (vs,  d ispers ion  forces) account f o r  the m a j o r i t y  o f  the  c r i -  
t i c a l  surface tension o f  glass whereas the opposi te i s  t rue  w i t h  
s i lanes  &. 

P r i o r  t o  glass t reatment s l i d e s  

dvnes 

Table 1 

(CH30)$i-R 

- R vc(dyne/cm 1 
A 

29.3 - l a  -CH3 

- 1 b -CH2CHzCH2NCOCH2 39.6 

0 

H 
0 
I I  C - CH 2CH 2CH 2NCOCH 2CH 2 CZCH 40.6 - 1 c 

H 

A: Purchased from Petrarch Systems, Inc.; B: prepared from 
isocyanatopropyl t r imethoxys i  lane (IPTMS) (Petrarch) and benzyl 
alcohol; C: prepared from IPTMS and 3-butyn-1-01 (Farchan 
Labs. 
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D. H.  WHITNEY AND 0. E. WNEK 316 

Adhesion o f  (CH)x t o  the t rea ted  and untreated s l i d e s  was com- 
pared q u a l i t a t i v e l y  by imnersion i n  deionized, d i s t i l l e d  water. 
The (CH)x-coated s l i d e s  were immersed f o r  72 hours i n  room-tempera- 
tu re  water, and 2 hours i n  b o i l i n g  water and the percentage o f  f i l m  
re ten t i on  was observed. 

by the modif ied Shirakawa method [17]. The f i lms were n-type doped 
by immersion i n  0.5 M sodium naphthalide/THF s o l u t i o n  i n  a d ry  box, 
fo l lowed by washing w i t h  dry THF ( d i s t i l l e d  f r o m  sodium/benzophe- 
none) u n t i  1 the washings were co lo r less .  Compositions o f  
[(CH)Nao. 14_0.24]x were ca lcu la ted  from weight uptake analysis and 
elemental analysis.  
sured by two-point method) were on the order o f  10 cm fi . 
f i l m s  were then t rea ted  w i t h  a s o l u t i o n  o f  N i B r 2 [  41. The N i  
so lu t i on  was prepared a t  a concentrat ion o f  0/.25 M i n  THF/HMPA 
(15:1, v/v). The amount o f  s o l u t i o n  used f o r  Ni deposi t ion was 
based on a s to ich iomet r ic  balance o f  n-type charge c a r r i e r  concen- 
t r a t i o n  and N i  concentrat ion, although i n  a l l  cases the N i  s a l t  
so lu t i on  was n o t  completely deco lo r i ted .  

A t y p i c a l  hydrogenation experiment was performed as fo l lows.  
A f t e r  al lowing doped (CH), and N i b 2  s o l u t i o n  t o  reac t  30 minutes 
the  hydrogenation substrate, phenylacetylene, was added d i r e c t l y  t o  
the reac t ion  f lask ,  which consisted o f  a 100 m l ,  three-neck round 
bottom f l ask  (one neck having a serum stopper) .  The apparatus was 
then connected t o  a vacuum l i n e ,  evacuated, and r e f i l e d  w i t h  p u r i -  
f i e d  (deoxygenated and d r ied )  hydrogen gas. 
o f  N i  on t h e  (CH)x f i l m  (9. 8 w t .  % by elemental analysis)  the  
amount o f  phenylacetylene added was a 50:l mole r a t i o  excess. Hy- 
drogen uptake was fol lowed w i th  a mercury l e v e l i n g  bulb [18] which 
a lso  allowed f o r  maintainance o f  E. 1 atm. H2. 
reac t ion  mixture were removed v i a  syr inge a t  regu la r  i n t e r v a l s  and 

analyzed by gas-1 i q u i d  chromatography. 

Experiments i nvo l v ing  " (  CH)x/Ni"  employed (CH)x f i l m  prepared 

Conduct iv i t ies  o f  the  r e s u l t i n g  f i l m s  (mea- 

;re 
l -1 -1 

2+ 

Based on the  amount 

A l iquots  o f  the 
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SURFACECHEMISTRY OFPOLYACETYLENE 317 

RESULTS AND DISCUSSION 

A. Adhesion t o  Glass 

We f ind ,  as d i d  Wegner e t  a l .  [13], t h a t  (CH), f i l m  grown by the 
Lu t t i nge r  method on untreated g l -ss  microscope s l i d e s  e a s i l y  " l i ft- 
o f f "  when the s l i des  are imnersed i n  water. S l ides  t rea ted  w i t h  

- l c  p r i o r  t o  (CH), growth showed no debonding even a f t e r  submersion 
i n  water f o r  several days. A f t e r  two hours i n  b o i l i n g  water s l i d e s  
t rea ted  w i t h  & had only g. 5% o f  the (CH), f i l m  debonded. While 
i t  i s  tempting t o  suggest t h a t  the terminal  akyne f u n c t i o n a l i t y  o f  
- l c  entered i n t o  copolymerization w i t h  -C*Hz, thus forming a covalent 
bond w i t h  the coupling agent, t he  actual  explanat ion may no t  be 
t h i s  simple. Sl ides t rea ted  w i t h  &, which has a yc s i m i l a r  t o  
t h a t  o f  &, b u t  which could no t  reac t  w i t h  the C2H2, a f f o r d  (CH), 
adhesion comparable t o  t h a t  o f  s l i d e s  t rea ted  w i th  &. Reactions 
of the carbamate moiety are r u l e d  ou t  as con t r i bu t i ng  t o  adhesion 
from model react ions.  S l ides  t rea ted  w i t h  s i m i l a r l y  showed 
dramat ica l l y  improved adhesion o f  ( C H I x  f i lms compared t o  untreated 
glass although the water immersion r e s u l t s  were no t  as good as w i t h  
- l b  and &. Therefore i n  add i t i on  t o  the  p o s s i b i l i t y  of covalent 
bond format ion w i t h  lc-, a c o r r e l a t i o n  appears t o  e x i s t  between sur-  

face energy equivalence (between t h a t  of the s l i d e  and the  (CH), 
f i l m )  and adhesion (where f o r  polyacetylene yc = 50 and has 
pure ly  d ispers ive  forces cont r ibu t ions) .  I t  should be mentioned, 
however, t h a t  d ispersive forces provide the major c o n t r i b u t i o n  t o  
y 2 s  f o r  la-c also. 
the yc i s  a c t u a l l y  reduced, bu t  the dispersive component of the  
surface energy (yD) i s  increased lead ing  t o  a more favorable i n t e r -  
ac t i on  w i t h  (CH), - secondary bonds. 

B. (CH).,-Supported Nickel 

We now t u r n  t o  i n i t i a l  experiments w i t h  "(CH),/Ni," which are pre- 
pared as ou t l i ned  i n  Figure 2.  We be l ieve  t h a t  format ion o f  N i  

Thus by t r e a t i n g  p r i s t i n e  glass w i t h  s i lanes ,  

n 
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318 D. n. WHITNEY AND G. E. WNEK 

n-a1 l y l  complexes and/or a-complexes are possible, although the  l a t t e r  
are more l i k e l y  based on t h e i r  an t ic ipa ted  higher ( r e l a t i v e )  s t a b i l i t y  

[19]. 
e x i s t  on the (CH), f i l m  o r  i f  n-complexes of the N i "  and polyacetylene 
unsaturation are predominantly formed ( s i m i l a r  t o  N i [CODI2  o r  Ni[COT] 
complexes [19]). 

It has not been established, however, i f  d isc re te  c lus te rs  on N i "  

Figure 2 

~ - 4 ) h l  complex " "v-complex " and/or hric clusters 

The "(CH),/Ni" appears t o  be ra the r  se lec t i ve  i n  the  semihydrogenation 
of phenylacetylene. The f u l l y  hydrogenated product, ethylbenzene, i s  
fonned although f o r  the  most p a r t  when alkyne i s  present styrene i s  formed 
a t  t he  exclusion o f  ethylbenzene. Also the  semihydrogenation reac t ion  
product (styrene) i s  formed much f a s t e r  than t h e  f u l l y  hydrogenated product 
(ethylbenzene) if the  reac t ion  i s  allowed t o  proceed t o  completion. 
2 sumnarizes an experiment which complements the  observations: (1) When 
styrene alone was added t o  the  supported ca ta lys t ,  a small amount was 
converted t o  ethylbenzene very slowly; (2)  phenylacetylene was subsequently 
added (1 : l  molar r a t i o  w i th  styrene) and i s  c l e a r l y  converted t o  styrene 
whi le l i t t l e  hydrogenation o f  styrene occurs. 

Table 

Typ ica l l y ,  m r e  H2 i s  consumed than 
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SURFACE CHEMISTRY OF POLYACETYLENE 319 

t h e o r e t i c a l l y  expected from a mass balance which may be due t o  par-  

t i a l  hydrogenation of the  (CH)x. Compared t o  the  system o f  n i c k e l  
deposited on graphi te,  our system showed s i m i l a r  s e l e c t i v i t y  t o -  
wards semihydrogenation. As a f i n a l  note, p re l im ina ry  r e s u l t s  
i nd i ca te  t h a t  " (  CH),/Ni" has a somewhat g rea ter  a c t i v i t y  than a 

s i m i l a r l y  prepared "unsupported" N i -d ispers ion  , based on r e a c t i o n  
r a t e  per gram o f  n i c k e l .  

Table 2 

% e t h y l -  % 
procedure sample benzene styrene 

1 1 8% 92% 
2 2 4 50 

3 4 60 
4 5 62 
5 6 71 

*H2-uptake 
% pheyl- (mol H2/mol 
ace t s t a r t i n g  mat.) 

46 0.14 
36 0.50 
33 0.56 
23 0.74 

* For p a r t  (1)  s t a r t i n g  mater ia l  i s  styrene; f o r  p a r t  
(2 )  s t a r t i n g  mater ia l  i s  assumed t o  be pheylacetylene 
alone so t h a t  H,-uptake = 1.0 t h e o r e t i c a l l y  imp l ies  
semi hydrogenation. 
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