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ABSTRACT 

I n  order to prepare piezoelectric copolymers, vinylidene cyanide ha5 been copolymerized with two 

styrenes bearing a fluorinated chain in  the para position of the aromatic nucleus. The 
microstructure of the resulting copolymers has been studied by I3C NMR, with decoupling of 
lluorine and hydrogen. These copolymers are perfcclly alternating and for one copolymer, a partial 
cnstallinity is observed, due to the side fluorinated chain. 

INTRODUCTION 

Since high piezoelectric activity was observed i n  poled amorphous copolymer of vinylidene 
cyanide (VCN) and vinylacetate l) P(VCN-VAC), many syntheses of new copolymers of VCN 
with vanous monomers have been described : Styrene *), methylmethacrylate 3). vinylesters 4), 

methacrylonitrile and cyanovinylacetate react easily with VCN giving generally alternating 
copolymers. But the piezoelectric activity has  chiefly been observed with copolymers of VCN and 
vinylacetate or viny1esters.A mesophase glass structure has been proposed for these copolymers 
allowing cooperative motions around the glass transition temperature. Other polymers or 
copolymers which have a crystalline structure with large dipoles moments can also exhibit high 
piezoelectricity when their main chain has an all-trans conformation. The main examples are the 
polyvinylidene fluoride (PVDD7) (J3 type) and the crystalline copolymers of vinylidene fluoride 
and tnfluoroethylene *). Recently new fluorinated styrenes have been synthesized by reaction of 
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2 MONTHEARD ET AL. 

fluoro alcohols with 4-vinylbenzylchloride (VBC). Their polynienwtions and copolymcri7iitions 
with styrene provide macromolecules having a partial crystallinity due to side chain 
crystallization9). This phenomenon dccreascs when a growing percentage of styrenc monorncr is 
incorporated in to the copolymer. As the piezoelectric activity can also depend on the partial 
crystalline structure and on the dlpolar rotation of the nitnle group i t  should be userul to prcpai-c 
new copolymers of VCN with fluorinated styrenes. The syntheses characterizations and 
preliminary studics of their microstructurc arc now giwn. 

EXPERIMENTAL 

Products 
4 Vinylbenzylchloride (Kodak, USA) has been distilled under reduced pressure (1mmHg) before 
use.VCN has been synthesized according to a modification or the procedure dcscribing the 
pyrolysis reaction, at 17O"-23O0C, of 1.1.3.3 telracyanopropane 10). 

lH,  1H-perfluoro- 1-octanol (Janssen Chcmical) and IH, lH,2H,2H-perfluoro 1-hexanol (Fluorine 
Chem.) have been used without purification. 

Materials : 

13 C NMR spectra have been recorded with a Brucker DR X 400 apparatus at the frequency of 
100,6MHz, by using a simultaneous decoupling of hydrogen and flunnne. Impulsion anglc - 40"; 

acquisition time = 1,Ol sec. (32 k. words); scan numbcrs = 4100. Dcuterated acetone has bccn 
used as a solvent and tettamethylsilane as an internal rererencc. 

Tlierinal characterization 
Differential scanning calorimetry was performed on a Selaram DSC 92 at a heating rate 01' 

10"C.min-1 under nitrogen. Dynamic thermogravimetric runs were made using a Sehram G70 
thermal analyzer under a dry helium atmosphere (XI ml.min-I) at a heating rate of 10 "C.min-'. 

Preparations of the monomers. 
The fluorostyrenes F1S and F2S have k e n  synthesized by using the described procedure by J. 

Hopken et al 9, with a phase transfer catalysis(Fig. 1). As the substitution reaction is not complcic 
dnd provides residual VBC and starting fluoroalcohols, the two liquid fluoroethcrs have been 
purified by means of a column chromatography (silicagel support, elution with petroleum cther) to 
eliminate the residual VBC then with mixture of petroleum ether and chloroform (10/90 - 20180) to 
eluate the fluoroalcohols F l S  (liquid) and F2S (mp = 17°C D.S.C.). The yields (pure products) 

drc close to 45 %. 

Copolyinerization of VCN with FIS or F2S 
VCN and FIS or b S  in equal proportions, with 2 ?& in weight of 2.4 dichlorobenmylperoxidc a$ 

in initiatnr and a minimum of dry petroleum ether (Eb 35°C - 60°C) are hcated at 4s" C and stmed 
lunng 24 hours in a dcgassed tube. 
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REACTIONS OF VINYLIDENE CYANIDE WITH STYRENES 3 

B u  
CIi?=CH CH2 = CH 

6 
CHI! - 0 - CH7 - R 

+ + Fluoroalcohol - 0 ct-tp 

V BC 

7 8 9 10 1 1  1 2  I3 
F2S R=-CF~-CF~-CFZ-CFZ -CFz-CFz -CF3 

CN 
B' l a '  B a 

CN +CH2-C G C H 2 - C H t  
I 

6 

CN $ / 
\ 

CH2 = C  + F l S o r F 2 S  - 
C N  

CHz -0- C H 2 - R  

V C N  7 8 9 10 1 1  
FlVCN R- CH2 CF2 CF2 CF2 CF3 

7 8 9 10 1 1  12 13 
F2VCN R- CF2 CF2 CF2 CF2 CF2 CF2 CF3 

Fig. 1 - Scheme of preparation of the monomers FlS and F2S and of the copolymers F lVCN 
and FzVCN. 
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1 MONTHEARD ET AL. 

Table 1: 

Chemical shift5 (I3C NMR,  h ppm. altcr dccoupling 01 lluorinc) of thc monomcrs FlS and F2S 

FIS F7S 

c, 138.3 137.4 
114.6 114.6 

138.9 or  137.1 CI 138.4 or 137.5 
C?_ 128.8 or  127.3 128.8 or  127.3 
C.? 127.3 o r  128.8 127.3 or  12x3 
C4 137.5 or 138.4 137.1 or  138,9 

cI1 

CS 74 75,l 
c6 63 67,7 
c7 37.5 1 18,3 
cx 1 1  1.5 116.8 

CS, 118,6 or 118.7 I 16.3 
ClO 118,7 or 118.6 1 12,2 or I12 o r  1 1  1.5 

- I  I 109,9 112 or 112.2 o r  1 1  1.5 
:I2 111,5or 112 o r  112,2 

-1.3 

I 

,. 
109.5 

The resulting copolymers are dissolved in dry acetone and precipitated by methanol The gields are 
close to 35% 

RESULTS A N D  DISCUSSION 

Strrrcticre of the monomers. 

Only re\\. details are given in  thc literature about the chemical shifLs in 13C NMR concerning 
vanous fluonnated monomers I 1 - l 2 )  and the assignments of the corresponding 13C chemical shilts 
of F I S  and F2.S could providc useful informations about the microstructure 01 thc l l uo i c  

copolymers. These assignments of chemical shifts o f  the carbons of styrenic skeletons have bccn 
carried out by companson 01 that of' pard VBC 13) (ublc I). 

Micro Structure of the copolyiners FlVCN arid F2VCN 

Figures 2 and 3 show the 13C NMR spectra of the two copolymers. after decoupling of the 
rluorine atom, i n  deuterated acetone (CD3COC D3) solution. Due io the numerous 

copolymerizations reactions of VCN with various substituted styrenes 2.14) the probable structure 
of these copolymers should be alternating. The chemical shifts of the carbon of the copolynier~ 
QVCN and F2VCN are given in the tablc 2 and their assignments are proposed after comparison 

with the chemical shifts of the carbons of various copolymers of styrcnes with substituted 
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REACTIONS OF VINYLIDENE CYANIDE WITH STYRENES 5 

Fig.2: I3C NMR spectrum of FlVCN 

styrenes14) . The usual unresolved pcaks for thc C, and Cpof styrenc units in polystyrene Is) it[-c 

not observed and the sharpness and simpleness of each resonance suggest that the monomeric 
units are arranged in  head-to-tail placemcnts. The measuremcnts or the areas of thc peaks due k r  

the C,, of VCN (F1VCN and e V C N )  and to the C I  and Ca of the styrcne uni t  also <hou q u a i  

proportions of VCN and styrcne units. 
As i t  was previously reported for numerous copolymers of VCN with vinyl esters such as v inq l  

acetate 16) or vinyl formate 1') three peaks are observed for the CN groups when the spectra arc 
magnified in the range of 110-120 ppm. These three peaks arc assigncd to the three different CN 
groups in the c o  meso and the co racemo triad (Fig.4). I n  the first structure the CN groups arc 
equivalent and different i n  the second structure (co raccmo) thcrcfore thc assignments are 
respectively for F] VCN and RVCN: 
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6 MONTHEARD ET AL. 

L 

CN3 114.6 and 114.7 
CN2 114.3 and 114,6 
C N  1 115.8 and 114,8 

Similarly, in the two spectra the Cg and Ch', the C, and show two thin peaks. These two 

peaks, for Ca  and Cg'. are due to the nature of the tetrads (Fig.5) of meso type or  of racerno ~ y p e .  
A similar explanation can be given for the assignments of Ca and Cat by considering the two 

pentads (Fig.6). The most important peak in the two copolymers (respectively 35.6 and 35,5 for 
FlVCN and F2VCN) is probably due to the coracemic structure of the tetrad arising from a non 

stereospecific reaction of copolymerization. 
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REACTIONS OF VINYLIDENE CYANIDE WITH STYRENES 7 

Table 2: 

Chemical shifts (I3C NMR, 8 ppm, after decoupling of fluorine) of the copolymers FlVCN and 
F2VCN. 

F1 VCN F2VCN 

44.5 and 45 * 
35,3 and 35.6 * 

ca 40,s and 41.6 * 41.4 and 41,7 * 
44.5 and 44,9 * 
35.2 and 353 * 

% 445 and 45 * 44.5 and 44.9 * 
CI 139, I 139.6 
c2 129 or 129,9 129or 130 
c3 129,9 or 129 I30 or 129 
C4 139.8 138.4 

9 
Cd 

c5 73,l 74,3 
c6 62,6 67,l 
CI 32.1 114.7 
c8 119.2 ** 114.6 ** 
c9 118.5 ** 112,3 ** 
ClO 111,5 ** 111,3 ** 
CII 109,9 110,2 ** 
c12 110.1 ** 
c I3 109,5 
CN 114.3 and 114.6 and 115,8 
* : Observed after expansion of the spectra. 
** : The assignments of these chemical shifts are probable. 

114.6 and 114,7 and 114.8 

H CNI H H CN3 A r  

I I I 
I I I I 

- C - C ~ C - C l - b - C -  
I I I 

_. c-c*c-W-c- 
I I 

Ar C y  H CN2 A r  A r  

Fig.4 : VCN-Centered dyads of the copolymers FlVCN and @VCN (Ar- aromatic nuclei) 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
0
2
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



a MONTHEARD ET AL. 

CN Ar CN Ar 

B '  la* B I a B '  B la 
- C H p -  c q  C - C H p - c T  c - 

1 - 1  I 
CN H 

I 
CN H 

F i g 3  VCN centered tetrads of the polymers FlVCN and F2VCN(Ar= Aromatic nuclci) 

CN Ar CN Ar CN 

I l a  L o  I I 
I I I I I 

- c q c -  c q  c - c q c - c q  c -cq  c- 

CN H CN H CN 

CN Ar CN H CN 

I I a la' I I 
I I I I I 

- c q c - c q  c-cqc-cqc-cqc-  

CN H CN Ar CN 

Figd: VCN centered pentads of the polymers FlVCN and F2VCN(Ar= Aromatic nuclei) 

Tliermal characterization: 
The thermal behaviours of the two copolymers are quite different. DSC heating traces or the 
copolymers are shown in Fig.7 . The copolymer FlVCN with a short chain of fluorocarbons. 

shows a glass transition at 88°C and no melting point after heating up to 230°C. We can see a weak 
exothermic peak at 180°C which indicates a probable degradation. The second copolymer F2VCN 

with a longer chain of fluorocarbons shows a glass transition at an higher temperature( 119°C) und 
an endothermic peak (melling point at 190°C). The enthalpy is very weak( 1.67 J.g 1). T h s  partial 

cnstallinity may be explained by the side chain cristallization of perfluorooctyl groups % . Thc 
undercooling is about 30'C. 
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Fig.7:DSC traces of copolymers FlVCN and FzVCN 
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FIG8 : Dynamic thermognvirnetric curves for copolymers FlVCN and FzVCN 
heated in helium at lO"C.rnin-' 
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10 MONTHEARD ET AL. 

Thermogravimetric analyses in programmed heating runs indicate that thermal degradation with 
weight loss occurs in a single step ( Fig.8). The reaction begins at 200°C for FlVCN and at 230°C 
for RVCN. At 550"C, the global weight loss is fairly complete for both polymers (i.e. 93%). 
The characterizations of the electric properties of the two copolymers are now in progress and will 
be further detailed. 
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