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SURFACE MODIFICfiTION OF CONDUCTING PARTICLES. 
A NEW APPROACH TO CONDUCTING POLYMERS. 

JOEL S. MILLER* 
Occidental Research Corporation* 

Abstract  Conducting polymers based on binding a h ighly  
conducting i n e r t  inorganic s o l i d  and in su la t ing  polymer 
mat r ices  have been prepared. Films prepared with the  su r face  
modified pigments exh ib i t  sur face  conduc t iv i t i e s  comparable t o  
and i n  some cases g r e a t e r  than those prepared from unmodified 
pigment 8 .  

INTRODUCTION 

I n t r i n s i c a l l y  conducting polymers have been the  focus of  i n t ense  

study by chemists and phys ic i s t s  i n  recent  years. An a l t e r n a t e  

approach t o  developing conducting polymers is t o  use r e f r a c t o r y  

conduc t ing  i n o r g a n i c  p a r t i c l e s  and c o v a l e n t l y  bond them t o  a 

polymeric matrix; thus ,  t he  r e s u l t i n g  conductive polymer would 

maintain some of the  physical p rope r t i e s  of the  polymer. Herein, 

using ferrophosphorus,2 1, a s  an exemplary conducting pigment we 

demonstrate t h a t  both su r face  modified3 and polymer bound 

conducting p a r t i c l e s  can be achieved without d e l e t e r i o u s l y  

a f f e c t i n g  the  conduct iv i ty  of t he  conducting p a r t i c l e ,  Fig. 1. 

RESULTS AND DISCUSSION 

S i l ana t ion  of L with e i t h e r  alkoxy o r  ch lo ros i l anes  does no t  

Pretreatment of 1 with NaOH leads  t o  hydroxylation d i r e c t l y  occur. 

* Current address:  E.I. du Pont de  Nemours & Co., Inc. 
Experimental S ta t ion  Bldg. 328, Wilmington, DE 19898 
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322 1. S. MILLER 

of L4. 
using chloropropyldimethylchlorosllane t h e  -OSIMe2( CH2)3c1 pendant 

Hydroxylated 1 may be s i l ana ted  with ch loros i lanes ,  e.g., 

FIGURE 1 Generalized Procedure To Modify Ferrophosphorus 
S is a sur face  group, and B is a point of 
a t t a c h e n t  of S t o  a polymeric binder. 

group is  graf ted  onto  1. The presence of t h i s  pendant group was 
confirmed using energy d i spe r s ive  X-ray (EDX), Fig. 2 ,  and ESCA 

analyses (C1 is observed a t  a binding energy of 198.8 eV). 

FIGURE 2 EDX spec t r a  f o r  Ferrophos su r face  
modified with C1SiMe2C3H6C1 (bottom). 

Attachment of  the  alkoxy pendant group was achieved by 

reac t ing  a l l y 1  alcohol (conta in ing  5% LiCH3) with 1. Confirmation 

of a l ly l a lkoxy la t ion  required in t roduct ion  of an EDX tag.  Thus, 
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A NEW APPROACH TO CONDUCTING POLYMERS 323 

a f t e r  epoxidization with Ech lo rope rbenzo ic  ac id  we reac ted  t h e  

epoxide with pchlorobenzylamine t o  introduce the  EDX a c t i v e  C 1  

t a g ,  Fig. 3. The ESCA spectrum of the  epoxidized func t iona l  group 

shows a new peak a t  288.3 e V  ass ignable  t o  the  C l S  i n  t he  s t r a ined  
t h r e e  membered r ing  containing the  e l ec t ronega t ive  oxygen. EDX 

spec t r a  confirm the  presence of ch lor ine .  

The conduct iv i ty  was not d e l e t e r i o u s l y  a f fec ted  by g r a f t i n g  of 

t he  pendant groups on the  surface.  The su r face  r e s i s t i v i t y  of I 
inch  diameter p e l l e t s  comprised of 9 : l  1 i n  a polyvinylchloride 

matrix a r e  comparable to  and i n  some cases  exceeds t h a t  of unmodi- 

f i ed  1. Actual 75-100 pm epoxy based f i lms  made with a l l y l  alkoxy 

modified 1 exhibited lower sur face  r e s i s t i v i t y  (33 vs. 80 ohm/in) 

and, thus ,  reduced the t i m e  t o  e l e c t r o p l a t e  by 25% r e l a t i v e  t o  

comparable f i lms  based on 1, Fig. 4. 
Di rec t  binding of the  sur face  modified 1 with a polymer was  

achieved by introducing a s t y r y l  group t o  t h e  sur face  and 

cross l ink ing  it with styrene. '  ,6 Crosslinking of s t y r y l  modified 1 
was achieved with 4-bromostyrene using 2,2 '-azobis(2-methylpropio- 
n i t r i l e )  i n i t i a t o r .  EDX s p e c t r a  confirm v i a  the  presence of t he  

bromine i n  the  crosslinked product. 8 

H-N Q 
FIGURE 3 Epoxidation and amination of a l l y l  

alkoxide pendant t o  a Ferrophos p a r t i c l e .  

Thus, we have shown t h a t  r e f r a c t o r y  conducting pigments may be 

sur face  modified with ch loros i lanes  o r  alkoxides without 

de l e t e r ious ly  a f f ec t ing  the  conductivity.  These sur face  modified 
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IEpoay Hrsomidl 

Tirna. Minulm 

FIGURE 4 Pla t ing  t i m e  f o r  unmodified and a l l y l  
alkoxide modified Ferrophos. 

g roups  may be f u r t h e r  r e a c t e d  wi th  r e a g e n t s  t o  i n t r o d u c e  new 

funct iona l  groups onto t h e  sur face  and even c ross l ink  with polymer 

matrices t o  form a conducting polymer. 
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