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FIELD-INDUCED STRUCTURAL CHANGES AND DIPOLE ORIENTATlON 
IN POLY(VINYL1DENE)FLUORIDE 

RUDI DANZ" , ANDREAS BUCHTEMANNI) AND MIREILLE LA TOUR^) 

"Fraunhofer-Institute of Applied Polymer Research 
Kantstr. 55, 0 - 1 5 3 0  Teltow, Germany 
"Laboratoire de Physique Moleculaire et Cristalline 
Group de Dynamique des Phases Condenskes, Associk au 
CNRS n'233 
Universit6 des Sciences et Techniques du Languedoc, 
Place E. Bataillon, 3 4 0 9 5  Montpellier Cedex 5 ,  France 

Abstract Infrared spectra of D-PVDF f i l m s  under the 
influence of  an electric field were registered f o r  1 3  
cycles of field strength. Butterfly-shaped hysteresis 
curves due to dipole orientation changes were obtained 
for the absorbances as well as f o r  the frequencies of 
the bands at 4 4 5  and 510 cm-l. Investigations of a-PVDF 
show considerable changes in the spectra after polari- 
zation at, Field strengths o f  180 MV/m to 320 M V / m .  Th: 
absorbance decreases of the bands 218 cm-' and 616 cm- 
were discussed in terms of a conformation conversion 
and of an alignment of the CF2-dipoles in a-PVDF. 

INTRODUCTION 

The process of  electric polarization of poLy( vinyli- 
dene)fluoride (PVDF) i s  accompanied by an alignment of the 

CFZ-dipoles and structural changes at various levels i n  

dependence on electric field strength and polarization 

temperature . Infrared spectroscopy can be used to inves- 
tigate the orientation of the CF2-dipoles and its field- 
induced conformation changes. For studies of the dipole 
orientation the all-trans conformation of D-PVDF may be 

most suitable, since no field-induced conformation changes 
occur in t h j s  case. Electric polnrization at, room ternpc- 

rature of  a-PVDF results in a field-induced conversion of 
the nonpolar a- into the polar piezoelectric u -modifi- 

cation and in an alignment of the CF2-dipoles towards the 
field direction as proved by x-ray investigations ! I 2 .  
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182/[422] R. DAN2 ET AL. 

No significant changes were found in the infrared spectra 
under the given polarization conditions. The purpose of 
this paper is to study by infrared spectroscopy the field- 
induced hysteresis of the dipole orientation in I;)-PVDF and 
the electric polarization in a-PVDF. 

3 

EXPERIMENTAL 

Dipole orientation hysteresis was studied using uniaxially 
drawn B-PVDF films (a-content < 5 %, thickness 8 pm to 
10  p m ) ' I 5 .  Thin carbon layers (25 nm) were evaporated onto 
the films to form highly IR-transparent electrodes (trans- 
mittance > 90 % )  for in-situ experiments '. The high 
voltage was applied in up to 1 3  cycles with maximum field 
strengths varying between f 2 4 0  MV/m in one cycle. 
Absorbances were measured at distances of  1 cm-l, and the 
maxima positions of the bands were obtained with a 

resolution of 0.1  cm-l. 
PVDF samples used in the experiments on a-PVDF were 
unoriented, commercial films ( 4 0  pm thick) manufactured by 
Bemberg-Folien GmbII, FRG (resin Solef 1008 ,  Solvay & Cie., 
Belgium). Aluminium electrodes were evaporated onto both 
sides of the films prior to poling. The metallized PVDF 
films were polarized using electric fields from 5 0  MV/m to 
320 MV/m at room temperature (polarization time 4 0  s ) .  The 
infrared spectra of the PVDF films were recorded before and 
after the polarization process by the Bruker-Fourier- 
spectrometer IF 5 113 V in the region of 150 to 1000 cm-', 

FIELD-INDUCED HYSTERESIS OF DIPOLE ORIENTATION 

The B-bands at 510 cm" (CFZ-bending) and 4 4 5  cm-l (CFZ- 
rocking) depend on dipole orientation (A510-sin 4,  
4-angle between field and dipole moment)'. Under the influ- 
ence of the electric field the intensity of the 510 an-' 
band decreases considerably, whereas the intensity of the 
4 4 5  an-' band strongly increases. These changes are only 
partially removed when the field is switched off (Fig. 1 ) .  

2 A ~ ~ ~ - c o s  6 ,  2 
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FIELD-INDUCED CHANGES IN PVDF [423]/183 

I n c r e a s i n g  t h e  f i e l d  

s t r e n g t h  i n  o p p o s i t e  p o l a -  

r i t y  causes  t h e  a b s o r b a n -  

ces t o  a p p r o a c h  t h e i r  o r i -  

g i n a l  v a l u e s ,  b u t  w i t h o u t  

r e a c h i n g  them. When t h e  

f i e l d  s t r e n g t h  i s  f u r t h e r  

i n c r e a s e d  t o  i t s  maximum 

and t h e n  d e c r e a s e d  t o  zero 

a g a i n ,  t h e  a b s o r b a n c e  va-  

l u e s  measured d u r i n g  f i r s t ,  

f i e l d  a p p l i c a t i o n  a re  more 

or l e s s  r e p r o d u c e d .  Repea- 

t i n g  t h i s  p r o c e d u r e  l e a d s  

t o  b u t t e r f l y - s h a p e d  h y s t e -  

resis c u r v e s  for t h e  ab-  

s o  r b a n c e  s o f  t h e s e  two 

o r i e n t a t i o n - s e n s i t i v e  ab-  

s o r p t i o n  b a n d s .  F i g u r e  2 

shows t h e  a b s o r b a n c e  va-  

l u e s  A445 measured a t  m a -  

ximum f i e l d  s t r e n g t h  t o  

i n c r e a s e  t o  a c e r t a i n  ex-  

t e n t  w i t h  i n c r e a s i n g  c y c l e  

number ( 5 1 0  c m - ' :  d e c r e a -  

s i n g  v a l u e s ) .  Tak ing  t h e  

b e n d i n g  band a s  example ,  

F i g u r e  3 r e v e a l s  t h a t  t h e  

f r e q u e n c i e s  o f  t h e  bands  

d e p e n d  on t h e  a p p l i e d  

f i e l d  s t r e n g t h .  Dur ing  t h e  

f i r s t  c .yc l e  a h y s t e r e s i s -  

l i k e  r e l a t i o n  between w a v e  

number and  f i e l d  s t r e n g t h  

d e v e l o p s ,  w h i c h  r e m a i n s  

e s s e n t i a l l y  unchanged du- 

r i n g  s u b s e q u e n t  c y c l e s .  

*,,OF-, 

* . . . .  
*zoo *1w 0 -100 -200 

field rtrrngth,MVm-' 

F I G U R E  1 Absorbance o f  t h e  C F Z -  
bend ing  band i n  dependence  on 
a p p l i e d  f i e l d  f o r  t h e  f i r s t  
two p o l i n g  c y c l e s .  

I . . , , . .  
-m -mo 

Fkld strmgth. Z,MV rn" 

F I G U R E  2 Absorbance o f  t h e  CF2-  
r o c k i n g  band as a f u n c t i o n  of 
f i e l d  s t r e n g t h  f o r  s e v e r a l  po- 
l i n g  c y c l e s .  P o i n t s  w i t h  n u m -  
b e r s  i n  p a r e n t h e s e s  r e f e r  t o  
c y c l e  numbers .  
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E L E C T R I C  POLARIZATION I N  a-PVDF 

The s t r o n g  a b s o r p t i o n  b a n d s  o b s e r v e d  a t  2 1 8 ,  2 8 8 ,  3 5 5 ,  410 

a n d  616  c m - i  a re  a s s i g n e d  t o  t h e  a - m o d i f i c a t i o n  ( t g t g ' - c o n -  

f o r m a t i o n )  o f  PVDF, whe- 

reas b a n d s  o f  t h e  D-form 

( t t - c o n f o r m a t i o n )  a t  372 

wave number 

0 .  

a n d  445 c m - l  are v e r y  weak.  A 

Thus  t h e  u s e d  f i l m s  e x i s t  

m a i n l y  i n  t h e  a-modif  ica- 

t i o n .  A p p l y i n g  t h e  elec- 

t r i c  f i e l d  l e a d s  t o  a 

d e c r e a s e  o f  t h e  a - b a n d s  

a n d  t o  a s m a l l  i n c r e a s e  o f  0 

t h e  B-bands . F u r t h e r m o r e  

w e  o b s e r v e d  a s h i f t  o f  t h e  + 

CCC-bending band a t  218 
field strength,MV.m-' 

-1  FIGURE 3 Wave number of  t h e  c m  t o  215 cm-l a n d  a new 

band a t  208 c m - '  ( F i g u r e  b e n d i n g  v i b r a t i o n  i n  depen-  
d e n c e  o n  t h e  f i e l d  b e i n g  4 ) . A s i g n i f i c a n t  d e c r e a s e  a p p l i e d .  A :  f i r s t  c y c l e ,  B:  

o f  t he  band a t  218 c m - l  be-  s e c o n d  c y c l e .  

f a b s o r p t i o n  maximum o f  t h e  C F 2 -  

g i n s  a t  a f i e l d  s t r e n g t h  o f  180  MV/m, w h e r e a s  be low 120 

M V / m  no  c h a n g e s  o c c u r .  A t  h i g h e r  f i e l d  s t r e n g t h s  ( 2 5 0  M V / m ,  

320 M V / m )  a s t r o n g  i n t e n s i t y  d e c r e a s e  a s  w e l l  a s  a d i s t i n c t  

f r e q u e n c y  s h i f t  o f  t h i s  band  i s  o b s e r v e d ;  t h e  new band a t  

2 0 8  c m ' l  o c c u r s  c l e a r l y .  T o  compare  t h e  f i e l d  d e p e n d e n c e  of 

t h e  two a - b a n d s  a t  218 c m - I  a n d  616 cm-', r e s p e c t i v e l y ,  w e  

a l s o  m e a s u r e d  t h e  a b s o r b a n c e  d e c r e a s e  of t h e  l a t t e r ,  wh ich  

1s r e l a t e d  t o  t h e  f i e l d - i n d u c e d  r e d u c t i o n  o f  t h e  g a u c h e  

c o n f o r m a t i o n .  F i g .  5 shows t h e  a b s o r b a n c e s  A i18 and  A 6 1 6  , 
r e l a t e d  t o  t h e  r e s p e c t i v e  v a l u e s  o f  t h e  u n p o l e d  f i l m s ,  i n  

d e p e n d e n c e  o n  t h e  p o l a r i z a t i o n  f i e l d  s t r e n g t h .  O b v i o u s l y  

t h e  r a t i o  A F l 1 8 / A l l s  ~ P C  reases  s t r o n g e r  t h a n  A P s i 6 / A 6 1 6  

i n d i c a L i n g  d if'fercnt- p o l a r i z a t i o n  p r o c e s s e s .  

P F 
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FIELD-INDUCED CHANGES IN PVDF [425]/185 

-- DISCUSSION 

Due t o  t h e i r  dependence o n  s i n '  I$ > and < c o s t  I$ i ,  

r e s p e c L i v e l y ,  t .he  a b s o r b a n c e s  Agio  and Ai4$ c a n  be i n t e r -  

100 %l 
p r e t e d  as a mea- 

sure f o r  f,he mean 

d i p o l e  o r i e n t a -  

L i o n .  T h u s  t h e  

b u  t te r f 1 y -s h a p e d  

h y s t e r e s i s  c u r v e s  

r e f l e c t  immed i - 
a t e l y  t h e  fe rvo-  

e l e c t r i c  c h a r a c t e r  

of  t h e  F i e l d - i n d u -  

ced  d i p o l e  o r i e n -  

t a t i o n  c h n n g e s .  

A f t e r  a l i g n m e n t  a t  

i n c r e a s i n g  f i e l d  

s t r e n g t h s  t h e  d i -  

p o l e s  r e m a i n  i n  

p a r t  i a l  l y  s t a b l e  

p o s i t i o n s  at  de- 

c r e a s i ~ i g  f i e l d  

s t r e n g t h ;  t h u s  a 

c e r . t , a i n  o p p o s i t e  

f i e l d  i s  needed t o  

c a n c e l  l a r g e l y  

_- without field _- vithatt field - field ltrmglh 12OHVlm 

....., I . . * 
200 240 280 200 240 280cm-1 

Wave number 

180 ---.l.kl 220 260 . 220 . '  260 ' CW' 

Wave number 

F I G U R E  1 I R - s p e c t r a  b e f o r e  and a f t e r  
t h e  e l e c t r i c  p o l a r i s a t i o n  o f  u-PVDF. 

t h i s  p r e f e r e n t i a l  o r i e n t a t i o n ,  b e f o r e  new a l i g n m e n t  occurs 

a t  h i g h e r  f i e l d  s t r e n g t h .  A f t e r  f i r s t  e l e c t r i c  p o l a r i -  

zat, i o n ,  t h e  o r i g i n a l  o r i e n t i r t  i o n  d i s t r i b u t i o n  i s  n e v e r  

r r1)roduced.  I n t e n s i t y  c h a n g e s  a t  h i g h  f i e l d  s t r e n g t h s  w i t h  

iticrcas irig c y c l e  number way be due t o  f i e l d - i n d u c e d  s t r u c -  
t,iiral t r a n s i t i o n s  6 , According t o  model c a l c u l a t i o n s  t h e  

f i e 1  d-ii lduced f r e q u e n c y  i n c r e a s e  i s  due t o  s t r o n g  d i p o l e  

a1 i g n m ~ n  t i n  f i e l d  d i  rec  t i  o n ,  whereas  a f r e q u e n c y  d e c r e a s e  

niay t - p x  c i a 1  opposi  t-e d i r e c t  i o n s  o f  d i p o l e s  and f i el d 
s t re r igLh '  . T h e  d i  L'ferent. d e c r e a s e  o f  t h e  a b s o r b a n c e  r a t i o s  
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A P 2 1 9 / A 2 1 8  a n d  A’6!6/A6,s r e v e a l s  two 

p r o c e s s e s  : t h e  f i e l d - i n d u c e d  gau- 

c h e - t r a n s - t r a n s i t i o n  a n d  a f i e l d -  

i n d u c e d  a l i g n m e n t  o f  t h e  CF - 

d i p o l e s  i n  t h e  a p - m o d i f i c a t i o n .  

The b e h a v i o u r  o f  t h e  a b s o r b a n c e  

A G I E  r e f l e c t s  t h P  gni iche- t  r a n s -  

t r a n s i t i o n  o n l y ,  w h e r e a s  t h e  ab -  

s o r b a n c e  A Z l b  i n c l u d e s  b o t h  a d i -  

p o l e  a l i g n m e n t  e f f e c t  and t h e  

g a u  c h e  - t ran s - c o n v  e r s i on . 
The new band a t  208  cm-’ i s  as- 

s i g n e d  t o  t h e  u p - m o d l f i c a t i o n .  

6 
“L 0 ZOO 300 MVlm 

field strength 
F L G U R E  5 I lbsor .hnr ic :es  
A’,,, and  A P b l G ,  r e l a t e d  
t o  t h e  r e s p e r t i v e  \a- 
l u e s  ?Illa and A6,, o f  t h e  
u n p o l e d  f i l m s ,  i n  deyen-  
derrc €1 o n  the. l m  1 :t r i - 
z a t i o n  f i e l d  s t r e n g t h .  
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