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New Vinylidene Fluoride Copolymers:
Poly(vinyl acetate-co-vinylidene fluoride)

V. PANCHALINGAM, AND JOHN R. REYNOLDS,*
Department of Chemistry, The University of Texas at Arlington

Arlington, Texas 76019

INTRODUCTION

Since the discovery of piezoelectricity and pyroelectricity in the dielectric polymer

poly(vinylidene fluoride), PVF2 , it has attracted widespread interest form science and industry.
2-6 7-11

PVF2 and its copolymers with trifluoroethylene and tetrafluoroethylene have also been

extensively studied due to their strong ferroelectric behavior. The large C-F dipole moments and

details of the crystal structure are considered to play an important role in determining the electrical

properties associated with these fluoropolymers.

Some non-fluorinated, dipole containing polymers also have been shown to posess novel

electrical characteristics. It has been shown that the alternating copolymer of vinylidene cyanide
12 13

(VDCN) and vinyl acetate (VAc) possesses high piezoelectricity. The origin of the

piezoelectricity in the copolymer has been attributed to the ability of the vinyl acetate unit to assist

in dipolar orientation of the cyanide groups under poling conditions. Unlike the highly crystalline

PVF2 and its fluoromonomer based copolymers, this copolymer is believed to be essentially

armo.orhous with a glass transition of 160"C. Subsequently, a small number of comonomers,

including methyl methacrylate, styrene and vinyl benzoate, have been copolymerized with
14, 15

vinylidene cyanide and their electrical properties have been investigated.

Unlike the zopolymers of vinylidene fluoride (VF2) with other -luorinated comononers.

copolymerization of VF2 with non-fluorinated comonomers has not been studied. We antic-parzd

that. if significant copolymerization could 'be made to occur, th vinvi acetate unit might -.Io assIt



dipolar orientation of the CF2 unit in a vinylidene fluoride/vinyl acetate copolymer. Here, we

report on the synthesis of this copolymer and its characterization.

EXPERIMENTAL

Materials

Vinyl acetate, (VAc, Aldrich Chemicals, 99%) was stored over CaCI2 and fractionally

distilled. Vinylidene fluoride, (VF 2, SCM Chemicals) was used after degassing.

Trichlorotrifluoroethane (Isotron-1 13, surfactant) and t-butyl perpivalate (initiator, 75% in mineral

spirits) were kindly supplied by the Pennwalt Corporation and used as received. Acetone-d6

(99..9% with 0.05% TMS) was used for NvMR analyses of the copolymers.

Copolymerization

The suspension copolymerization of VF2 and VAc was carried out using a Parr stirred high

pressure reactor (300 ml capacity) equipped with temperature and speed controller. In a typical

copolymerization, the reactor was charged with VAc (0.13 tool), Isotron- 113 (15 ml) and

t-butyl perpivalate (0.5rrl). The reactor was closed and VF 2 (0.66 mol) was condensed into the

reactor. The temperature of the reaction system was allowed to rise to -10°C and distilled water

(deareated, -225ml) was charged into the reactor using an HPLC pump. The temperature was

raised to 82*C, and the pressure raised to 2100 psi. The temperature of the system was maintained

during polymerization.

The unreacted VF2 was vented off, the water decanted and the crude product dried under

vacuum. The copolymer was fractionated into two components. A THF soluble fraction was

precipitated in pentane and a rubbery sample was obtained. The THF insoluble fraction. was

dispersed in THF and a powdery material obtained by stirring with pentane. Both fractions were For

dried under vacuum at 60"C. t

Characterization of the Copolymer 3

The :.c, onalit.es and diff.rent copolymer sequences were determined by IR and NMR

spectroscopic analyses of the copolymer. IH-NMR (300.13 MHz) and 13C-NMR (75.47 MHz) on/-
lity CodO

were recorded on a Bruker. 300 MSL spectrometer at 40°C. In addition to elemental analyses, L anct/Qr

I z poc xal



copolymer composition was determined by 1H-NMR analysis. FT-IR (diffuse reflectance) spectra

were obtained on a Digilab FTS-40 spectrometer as a 1% powder in KBr. Thermal stabilities and

melting properties were determined under N2 atmosphere using a 951 TGA module and a 910 DSC

module on a model 9900 DuPont Thermal analyzer. DSC samples were thermally cycled initially

by heating the sample at a rate of 10*C / min to 190"C and cooling back to room temperature at a

rate of YC / min. Gel permeation chromatography (GPC) was carried out on a Waters Associates

GPC system containing 100A, 500A and 10,000A ultrastyragel columns in series.

RESULTS AND DISCUSSION

The yield, conversion and composition results for two different intial feed ratios of

VF2/VAc are shown in Table L The products were obtained as either THF soluble (s) or insoluble

(i) fractions. It should be noted that the THF insoluble copolymer fraction VFi'VAc-li and the

THF soluble copolymer fraction VF2/VAc-.s have a VAc content of 15% as determined by 1H-

NMR and elemental analysis. All of these materials fomi free-standing films on casting from THF

onto glass plates or hot pressing of the THF insoluble fractions. GPC analyses show molecular

weights greater than 50,000 for vinyl acetate rich, THF soluble, copolymers. Comparison of the

structural results on these polymers show the differences in their microstructures.

The 1H-NMR spectra of three copolymer fractions (VF2/VAc-ls, VF2/VAc-li, and

VF 2/VAc-2s) along with poly(vinyl acetate) are shown in Figure 1. Peak assignments were made

by comparing the two homopolymers' spectra to those for the copolymers. The results,

summarized in Table I, show specific peak groupings that can be assigned as the triad structures

in the copolymer. For example, the lone vinyl acetate methine resonance at 4.9 ppm in poly'vinyl

acetate: becomes three resonances at 5.6, 5.2, and 4.9 ppm (peaks 1, 2 and 3) in the copolymers.

Companr-son .)f these peak in Figures lc and ld show their intensities to be different though the

overall copoiymer compositions are equivalent. This indicates that the microstructure of the two

polymers is different and offers a possibility for their varied solubii:;ty. The dominance of he

VAc-VAc-VAc triad, seen at 4.9 ppm. in the insoluble copolymer containing a high content (85

tool %) VF2 units is most easily expiained if the copoiymer is biockiy in nature. The methine



region of the soluble copolymer having the same composition is, on the other hand, dominated by

the VF2 -VAc-VF 2 sequence. This is as expected if the VAc units are more randomly distributed

along what is mainly a PVF2 chain. The small peaks between 1.5 and 0.7 ppm are probably due to

end groups or defect structures.

The 13C-N'MR spectra of the same copolymer fractions and poly(vinyl acetate) are shown

in Figure 2 for the carbonyl, methine and methylene resonances. Peak assignments are

summerized in Table Ili. The fine structure within each set of resonances arise from different

stereosequences of the VAc unit and splitting by the fluorine nuclei. The assignments of the

resonances for the C=O and CH carbons in different sequences can be explained by the shielding

effects of the different y-substituents for these carbons. Thus a VAc unit inserted between two

VF 2 units is found upfield from a VAc with only one or zero VF2 neighbors. The small peaks in

the upfield position of the CH 2 carbon region are due to head to head linkages. A direct

comparison of the intensities of the carbonyl peaks for the copolymer fractions VF2JVAc-li (Fig.

2c) and VF2/VAc-2s (Fig. 2d) indicates that the insoluble copolymer fraction contains a higher

content of VAc triads (peak 1) in the polymer main chain. In line with the 1H-NMR results, the

13 C-NMR results lead us to conclude that the insoluble copolymer is blocky in nature.

The FT-IR spectra of the same two copolymer fractions, and of poly(vinylidene fluoride),

are shown in Figure 3. The peaks at 1743 cm -1 (C=O) and 1237 cm -I are characteristic of the

vinyl acetate unit in the copolymer. The comparison of the IR-spectra of VF2/VAc- li (Fig. 3b) and

VF2/VAc-2s (Fig. 3c) show them to be almost identical and confirm they have the same overall

composition. Since infrared spectroscopy is generally insensitive to subtle changes in

microstrucmre we expected no difference here.

The DSC of poly(vinylidene fluoride), copolymer fractionVFZ/VAc- li, and VF2/VAc-2s

are shown 'n Figure 4. PVF2 exhibits a higher melting temperature and higher content of

crystallinuc- :Fig. 4a) than the copolymers. Significant recrystallization is seen on cooling (Fl.

4a*) in the homopolymer with a peak at 142"C. The copolymer fraction VF/VAc-li (Fig. 4b

shows a lower melting temperature and lower crystalline content than the hornopolymer, while



VF2/VAc-2s (Fig. 4c) shows only a mace amount of crystallinity. This is exemplified by the small

exothermic peak for recrystallization (Fig. 4c') at about 95"C. These DSC results are expected

again if the THF insoluble fraction contains blocks of vinyldene fluoride units allowing significant

crystallization. On the other hand, the amorphous nature of the VF2iVAc-2s fraction is likely

caused by a more random placement of VF2 and VAc units along the chain.

TGA thermograms of the homopolymers, copolymers of varying composition and a

mixture of the homopolymers are shown in Figure 5. It is interesting to note that the copolymers

exhibit thermal stabilities intermediate between PVF2 and PVAc. In fact, the thermal behavior of

the copolymers is similar to the 55/45 blend of PVF2 and PVAc (Fig. 5c). This is worth noting in

that it is well known that almost all copolymers are less thermally stable than their homopolymers.
16

This has been reported specifically for the vinyl acetate/vinyl fluoride copolymer.

Conclusion

Vinyl acetate and vinylidene fluoride undergo copolymerization resulting in a rubbery THF

soluble fraction and a powdery THF insoluble fraction. 1H-NMR, 13C-NMR, FT-IR and DSC

analyses of copolymers having the same composition lead us to conclude that the THF insoluble

fraction contains blocks of VF 2 and VAc units while the THF soluble fraction shows a more

random placement of the comonomer units. TGA of the copolymers show them to have a thermal

stability intermediate to the two homopolymers. We are investigating the copolymer structure in

detail with varying monomer feed composition and will report on this in the near future.
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Table I

Yield and Composition of VF2/VAc Copolymers Prepared at 82"C

Molar % VAc
Monomer Polymerization %Yielda %Conversion Compositionb
Feed Ratio Time (h) THF THF VF2  VAc THF THF
(VF-/VAc) soluble insoluble soluble insoluble

polymer polymer polymer polymer

VF,7VAc-1 5:1 1.5 30.8 4.0 21 87 50 15

VF2i/VAc-2 40:1 0.5 2.5 23.0 25 34 15 -2c

a Based on initial feed

b Determined by 1H-NMR

c Determined by elemental analysis
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Table 1T

IH-.N-MLR Assignments for VF2 /VAc Copolymers

Peak Proton Chemical Sequence
Number Type shift (ppm)

1 methine 5.6 VF2-VAc-VF-2

2 methine 5.2 VAc-VAc-VF2,

3 methine 4.9 VAc-.VAc-VAc

4 methylene 2.9 VF2-VF2

5 ?2.7

6 methylene 2.3 VF2-VAc + irregu,.lar linkazesa

7 methylene + methyl -2.0 VAc-VAc

alIrregular linkages include head to head and tail to tail linkages.



Table III
13C-NMR Assignments for VF 2/VAc Copolymers

Peak Carbon Chemical Sequence
Number Type shift (ppm)

1 C=O 170.6 VAc-VAc-VAc

2 C=O 170.4 VAc-VAc-VF2

3 C=O 170.1 VF2-VAc-VF2

4 CH -70-67 VAc-VAc-VAc

5 CH -67 -65 VAc-VAc-VF2

6 CH -65 - 63 VF2-VAc-VF 2

7 CH2  -45 -43 VF2-VF2

8 CH2  -43 -41 VAc-VF2

9 CH2 -41 - 39 VAc-VAc
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Figure Captions

Figure 1. 1H-NMR spectra (300.13 MHz) of poly(vinyl acetate) and VF2/VAc copolymers:

a) poly(vinyl acetate); b) 50/50 (VF2/VAc-ls); c) 85/15 (VF2/VAc-li); d) 85/15 (VF2/VAc-2s).

Figure 2. 13C-NMR spectra (75.47 MHz) of poly(vinyl acetate) and VF2JVAc copolymers for

the C--O, CH and CH2 carbon region: a) poly(vinyl acetate); b) 50/50 (VF2/V'Ac- ls); c) 85/15

(VFY/VAc-lD ; d) 85/15 (VF2iVAc-2s). Ref. (CD 3), CO: 29.8 ppm.

Figure 3. FT-IR spectra (Diffuse reflectance 1% in KBr) of poly(vinylidene fluoride) and

VFiJVAc copolymers: a) poly(vinylidene fluoride); b) 85/15 (VF2/VAc-li); c) 85/15

(VFZiVAc-2s).

Figure 4. DSC scans of poly(vinylidene fluoride) and VF2/VAc copolymers under nitrogren at a

heating rate of 10"C/rin. and a coolin, rate of 5°C/min.: a) poly(vinylidene fluoride); b) 85/15

(VF:JVAc- Ii); c) 85/15 (VF2 /VAc-2s).

Figure 5. Thermogravimetric traces of homopolymers, VF2/VAc copolymers and blends under

nitrogen atmosphere. Heating rate = 20°C/min.: a) poly(vinylidene fluoride); b) 85/15

(VF:J/VAc-ls); c)55/45 PVF2/PVAc blend; d) 50/50 (VF2/VAc-ls); e) poly(vinyl acetate).



I

10

eu

u~. 0~

Cl,

0~
Ix,. c.c
Cl,

V 0

Cl, 0

IC,

C~J

.2



II

CC.



0U
.0

M

00

C" Oz
C~I w

1cc

0m

EONVSHOSEV



0* a)

*Cu Cu

0
N

0

U

I 00

I -
C'~ CU

0
C-

I
0I

/ 11

I 0I f 1 0)ii
I I

N C N0 0 0 0 0
0 0 0 0 0 0

a a

cx~ - (~/M) MO~J~ ~GH - cc~



____ ____ ___ ____ ____ ___ ____ ____ ___ ____ __ o

0u

ccC

(lot (M


