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XPS SPECTRA OF BF4~ DOPED POLYPYRROLE IN STATES OF DIFFERENT 

CONDUCTIVITY 

R. Er landsson and I . Lundstrom 

Department of Physios and Measurement Technology, Linkoping University, 
S-581 83 Linkdping, Sweden 

Résumé - Nous avons mesuré l'énergie de liaison N(ls) du polypyrrole dans 
divers états de conductivité par la méthode XPS. Les changements de conduc-
tivité sont produits par réduction et réoxydation obtenues soit ëlectrochi-
miquement soit chimiquement. Dans les deux cas, nous avons observé des 
effets réversibles sur les spectres des photoélectrons. 

Abstract - We have measured the N(ls) binding energy of polypyrrole in states 
of different conductivity using XPS. The conductivity changes were produced 
either electrochemically or chemically by a base/acid treatment. In both cases 
reversible effects on the N(is) photoelectron spectrum were observed. 

INTRODUCTION 

The conducting polymer polypyrrole which is normally produced electrochemically is 
stable in air and has a conductivity of up to 100 (n cm) . Polypyrrole is charac
terized by its ability to be reversibly switched between states of high and low 
conductivity, a property that has been discussed in the literature [1, 2, 3]. 

EXPERIMENTAL PROCEDURE 

We have produced polypyrrole films using the technique described by Kanazawa and 
Diaz [4, 5, 6]. Our substrates were gold evaporated onto glass slides. The counter 
electrode was platinum and the solution consisted of 0.1 M pyrrole in acetonitrile 
with 0.1 M tetraethylamoniumtetrafluoroborate (TEATFB). N2 was bubbled through the 
electrolyte to remove dissolved oxygen. 

The films were made potentiostatically with a reference electrode electrically con
nected to the production cell through a KC1 bridge. Samples of five different types 
were investigated: 

A. As produced. Those films are BF4" doped, light absorbing (green or blue depend
ing on thickness) and highly conducting. 

B. Electrochemically reduced. When reversing the potential in a pyrrole-free 
electrolyte, the films become semitransparent and yellow-looking but oxidize 
quickly (within minutes) when exposed to air and regain ultimately the colour 
of the unswitched samples. The films have low conductivity (at least three 
decades lower than films of type A). The measurements were made on atmosphere-
exposed samples. 

C. Electrochemically reoxidized. If the potential over the cell with pyrrole-free 
electrolyte is reversed once again the films of type B turn dark and regain 
most of their conductivity. 

D. Chemically reduced. Those films were originally of type A but subsequently ex
posed to 2M NaOH during eight minutes. This treatment decreases the conductiv
ity and is accompanied by a colour change. 

E. Chemically reoxidized. If films of type D are exposed to 6M HC1 during eight 
minutes they regain their conductivity and colour. 
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Resu l ts  

F i g u r e  1 shows t h e  N(1s) 1  i n e  f r om t h e  f i v e  t ypes  o f  f i l m s  recorded w i t h  a  VG-ESCA3 
equipment u s i n g  A1 K, radiation (1486.7 eV photons, approx imate ly  1.5 eV r e s o l u t i o n ) .  
The C(1s) and O(1s) l i n e s  were a l s o  recorded b u t  a r e  n o t  d iscussed here .  

As shown, two shou lders  appear a lmos t  symmet r i ca l l y  on t h e  N ( l s )  l i n e  when t h e  f i l m  
i s  e l e c t r o c h e m i c a l l y  reduced ( t y p e  B )  b u t  d isappear  when t h e  f i l m  i s  subsequent ly 
r e o x i d i z e d  by r e v e r s i n g  t h e  p o t e n t i a l  (C). 

The chemica l l y  reduced f i l m  (D) has o n l y  a  shou lder  on t h e  low B.E. s i d e  o f  t h e  
N ( l s )  l i n e  t h a t  d isappears  when t h e  f i l m  i s  t r e a t e d  w i t h  HC7 ( E ) .  The s t r o n g  F(1s) 
s i g n a l  a lways p resen t  on samples o f  t ype  A disappeared when t h e  f i l m  was t r e a t e d  
w i t h  NaOH. The HC1 t r e a t e d  samples ( E )  a l s o  show a f a i r l y  s t rong  c h l o r i n e  s i g n a l .  

F ig .  1  

The N( l  s )  pho toe lec t ron  
l i n e  f r om samples i n  d i f -  
f e r e n t  s ta tes .  

A: as produced 
B: e l e c t r o c h e m i c a l l y  

reduced 
C: e l e c t r o c h e m i c a l l y  

r e o x i d i z e d  
D: chemica l l y  reduced 

(exposure t o  NaOH) 
E: chemica l l y  r e o x i d i z e d  

(exposure t o  HC1) 

D i scuss ion  

B.E. 405 400 395 B.E. 
405 400 395 

The l ow  energy s t r u c t u r e  on t h e  N ( l s )  l i n e  l i n k s  t h e  e lec t rochemica l  and chemical 
s w i t c h i n g  methods and i s  b e l i e v e d  t o  r e f l e c t  r e v e r s i b l e  chemical  changes when go ing  
f rom t h e  conduc t i ng  t o  t he  non-conduct ing s t a t e .  



The e f f ec t  on t h e  l i n e  shape a f t e r  base/ac id  t r ea tmen t  suggests t h e  f o l l o w i n g  t e n t a -  
t i v e  exp lana t i on :  The t rea tmen t  w i t h  a  base depro tonates  some p y r r o l e  u n j t s  i n  t h e  
polymer cha in ,  c r e a t i n g  a  l o c a l i z e d  nega t i ve  charge t h a t  rep laces  t h e  BF4 which 
leaves the  f i l m .  The nega t i ve  charge on t h e  n i t r o g e n  accounts f o r  t h e  low B.E. s t r u c -  
t u r e  and can i n f l u e n c e  the  h o l e  i n  t h e  con jugated cha in ,  t he reby  a f f e c t i n g  t h e  con- 
d u c t i v i t y .  Th is  p i c t u r e  i s  a l s o  c o n s i s t e n t  w i t h  t h e  obse rva t i on  t h a t  f l u o r i n e  d i s -  
appears ( a t  l e a s t  f rom t h e  su r face  l a y e r )  a f t e r  t r ea tmen t  w i t h  NaOH. The reoccurence 
of t h e  c o n d u c t i v i t y  i n  s t a t e  E can be exp la ined  by t h e  reve rse  process, i .e .  p ro ton -  
a t i o n  o f t h e p y r r o l e  combined w i t h  i n s e r t i o n  o f  C1- as t h e  dopant spec ies .  F i g .  2  
i l l u s t r a t e s  t h e  argument. 

Theoccu r renceo f  a  h i g h  B.E. shou lder  on samples o f  t y p e  B i s  n o t  accounted f o r  by 
t h i s  model, b u t  c o u l d  p o s s i b l y  be due t o  o x i d a t i o n  o f  t h e  n i t r o g e n  atom. 

The bas i c  research on conduc t i ng  polymers a t  ou r  l a b o r a t o r y  i s  suppor ted by  a  g r a n t  
f rom t h e  Swedish Na tu ra l  Science Research Counc i l .  
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Fig.  2  The f i g u r e  i l l u s t r a t e s  a  p o s s i b l e  r e a c t i o n  mechanism when exposing BF i  
doped po l  y p y r r o l  e  t o  NaOH. 
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