Polymer (Korea). Published by the Polymer Society of Korea
Vol. 9, No. 4. 1985

ClHEHEMstZAE D OIFEZLES H Z4H[22

westm shatal, *ahebsl g ol e shets)

(1985 649 4 & )

Free Radical Copolymerization of Diphenylvinylphosphine
Oxide with Acrylonitrile and Vinyl Acetate

Jung-!l Jin and Hong-Ku Shim*

Department of Chemistry, Korea University, 1-Anam Dong, Seoul 132, Korea
Korea Institute of Technology, 400, Kusong dong, Taejon 300-31, Korea

(Received June 4, 1985)

Abstract : Free radical-initiated copolymerization of diphenylvinylphosphine oxide
(DPVPO) with acrylonitrile (AN) and vinyl acetate (VAc) were studied. The monomer
reactivity ratios for the monomer pairs determined at 70C using benzoyl peroxide as
an initiator were: r, (AN)=3.8, r,(DPVP0)=0.16 and r,(VAc)=0.38, r, (DPVPO)
=1.7. The values of the Alfrey-Price constants, Q and e, for DPVPO were calcula -
ted to be 0.068 and 0.49, respectively, from the AN-DPVPO system, and 0.059 and
0.44, respectively, from VAc-DPVPO pair. The reduced viscosity of copolymers de-
creased as the content of DPVPO units increased for both systems.

1. INTRODUCTION derivatives. Even though polymers and copolymers

derived from vinylphosphine oxides are of much in-

Very little information exists in the literature terest for various applications, there have not been

concerning free radical copolymerization much systematic copolymerization studies of those
characteristics of vinylphosphine oxides and their monomers.
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Berlin et al.” reported synthesis and free radical
-initiated homopolymerization of diphenylvinyl-
phosphine oxide. According to their results, degree
of polymerization of the polymer was relatively low
and the intrinsic viscosity value was only 0.047.

Rabinowitz and Pellon? reported the
copolymerization of diphenylvinylphosphine oxide
with styrene and methyl methacrylate. According
to their results, the r, was 5+1 for styrene and
11+ 4 for methyl methacrylate, respectively. For
both systems, the values of r, were zero. But
because of the vast different in the reactivity of the
comonomer pans and the high degree of error for
the reported r, values, we can not deduce a quan-
titative information for copolymerization charac-
teristics of diphenylvinylphosphine oxide from their
work.

Levin et al.>* reported the copolymerizations of
various phosphorus-containing vinyl monomers.
However, they did not include diphenylvinyl-
phosphine oxide in their study.

In order to establish the structure-reactivity rela-
tionship, we have investigated the monomer reac-
tivity ratios and copolymerization characteristics of
various phosphorus containing vinyl monomers. As
a part of our continuing efforts toward this goal,
we conducted a free radical-initiated copolymeriza-
tion of diphenylvinylphosphine oxide with acryloni-
trile and vinyl acetate. Especially monomer
reactivity ratios of each monomer pairs were deter-

mined and the results are reported in this article.

2.  EXPERIMENTAL

2-1. Chemicals and Instruments
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Diphenylvinylphosphine oxide was synthesiz-
ed via the following route developed by

Rabinowitz and Pellon®.

(C;Hs)N
(CeH,)sPCI+ HOC,H;

(CsH:),POC,H;
9
(CsHs);,POC,Hs+ BrCH,CH,Br+(C;H;),PCH,CH,Br

(C¢H,),PCH,CH,Br + (C,Hy);N—»(CsH,),PCH=CH,

The yield of diphenylvinylphosphine oxide in
the last step was 71% and had a melting point of
116-118°C, in agreement with that given by
Rabinowitz and Pellon?. Analysis: Percentage com-
position of P in C,,H,.PO; calculated, 13.59%;
observed, 13.44%.

IR spectrum (KBr): 3000-3050 (phenyl C-H),
1600 and 1480 (C=C), 1160 cm~-1(P=0): NMR
spectrum (CDCL): 4 5.75-6.25 (m, 2H,=CH,),
6.45-6.71 (m, 1H,=CH), 7.28-7.80 ppm (m, 5H,
—CsHy).

Instruments used were a Jasco DS 701 G dif-
fraction grating IR spectrophotometer and a Vairan
EM 360A NMR spectrophotometer.

Acrylonitrile (Merck A.G.) and vinyl acetate
(Merck A.G.) were purified by standard
procedures®®. Afterwards, gas chromatographic
analysis found the monomers to be better than
99.9% pure. N,N-Dimethyl formamide (DMF,
Merck A.G.), after being dried over anhydrous
magnesium sulfate, was purified by distiilation.
Benzoyl peroxide (Fisher Scientific) used as an in-
itiator throughout the present work was dissolved
in chloroform and then precipitated with ethanol.
It was dried at room temperature under vacuum.
All other chemicals employed in the present in-
vestigation were of reagent grade and used as

received.
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2-2. Copolymerization of Diphenylvinylpho-
sphine Oxide (DPVPO) and Acrylonitrile
(AN)

Copolymerization of DPVPO and AN was
performed in DMF. Given amounts of two
monomers and 0.5 mole % of benzoyl peroxide
(based on the total monomer mixture) were placed
in a polymerization tube. The tube then was con-
nected to a vacuum line and degassed by the usual
freeze and thaw cycles. Next, the tube was filled
with predried nitrogen and placed in a water bath
at 70.0+0.1°C. Polymerization was stopped by im-
mersing the tube in a dry ice-acetone bath, follow-
ed by the transfer of the frozen mixture into 10 ml
of DMF containing 2% by weight of hydroquinone.
Reaction time ranged from 20 min. to 5 hours
depending on the feed composition. The co-
polymers formed were precipitated when the DMF
solution was transferred to a large volume of diethyl
ether. The precipitated polymers were separated

by centrifugation and purified by dissolution-

Table 1. Copolymerization of Acrylonitrile (M,)
and Diphenylvinylphosphine Oxide

M) *

Exp. No. 2|3 |4|5(6/(7
M) 0. 2600. 361{0. 398|0. 457 (0. 652{0. 506{0. 414
M. (g) 1. 143{0. 798{0. 572{0. 433/0. 908(0. 9420. 964
M,/M; (mole ratio) ** 102 |19 [2.99 [4.09 5.99 [8.01 {9.89
Coversion (wt. %) 29 (36 5.2 (44 |44 [31 [3.0
P content{wt. %) 6.3 [4.89 [3.67 296 |2.21 1166 (137
m,/m, (mole ratio)® 4.87 |7.81 [1L7 |15.4 |22.2 30.9 [38.3

* 1 Copolymerized at 70C using 0.5 mole% ben-
zoyl peroxide as initiator.

* 2 M,/M, designates the mole ratio of M, and
M, in feed, and m,/m; mole ratio of M,

and M, units in copolymers formed.

EZ A9 Al 45 19854 84

precipitation cycles using DMF and diethyl ether.
The polymers obtained were dried under vacuum
at 35°C to a constant weight. Conversions ranged

from about 2.9 to 5.2 wt.% (Table 1).

2-3. Copolymerization of Diphenylvinylphos-
phine Oxide (DPVPO) and Vinyl Acetate
(VAc)

Copolymerization of DPVPO and VAc was
performed in benzene. Given amounts of two
monomers and 0.5 mole % of benzoyl peroxide
(based on the total monomer mixture) were
placed in a polymerization tube. Benzene was
added in a tube untill the mixture became an
homogeneous solution. Degassing and poly-
merization procedures were the same as those
described above for the copolymerization with
acrylonitrile. Polymerization was stopped by
immersing the tube in a dry ice-acetone bath,
followed by the transfer of the frozen mixture
into benzene containing 2% by weight of hydro-
quinone. Reaction time ranged 20 to 25 hours
depending on the feed composition. The co-
polymers formed were precipitated into a large
volume of n-hexane and further purified using
benzene and n-hexane as a solvent-nonsolvent
pair. The purified copolymers were dried under
vacuum at 35°C. Conversions ranged from about
1.9 to 5.2 wt.% (Table 2).

2-4. High Conversion Polymerizations

conversion

(DPVPO-AN: 5.00-17.5%, DPVPO-VAc: 11.0-

Copolymerizations to  high

16.5%) were conducted in the same manner,
with the exception that larger amount of benzoyl

peroxide (1.0 mole %) and longer reaction
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times (DPVPO-AN: 40 min-5 hrs., DPVPO-VAc :
33-50 hrs.) were employed.
2-5. Characterization of Polymers

Copolymer compositions were determined
colorimetrically from their phosphorus contents
indicative of DPVPO units’. A small quantity
(10-20 mg) of copolymers first was oxidized
in a hot 1:1 mixture of concentrated nitric and
sulfuric acids. Further oxidation with perchloric
acid and then with hydrogen peroxide resulted
in a colorless solution. Reaction with ammonium
molybdate and hydrazine sulfate produced a
colored solution. Its absorbance was measured
at 830 nm using a UV-VIS spectrophotometer.
Tripara-cresyl phosphate was used as a stand-
ard for the construction of a calibration curve.
Blank tests were run side by side with actual
experiments. Reduced viscosities of copolymers
were measured at 25.0 +0.1°C using an Ubbelohde-

type viscometer.

Table 2. Copolymerization of Vinyl Acetate My)
and Diphenylvinylphosphine Oxide (M,) *!

Exp. No. 1 2 3 4 5 6
Mi(g) 0.427 ( 0.564| 0.686] 0.376| 0.758| 0.882
M (g) . L135) 0.74| 0.457| 0.325] 0.295] 0.209

M, /M, (mole ratio)| 0.996| 198 | 3.98 | 6.00 | 7.87 |1L18

Comversion (wt. %) | L9 | 23 | 52 | 26 | 36 | 35

P content (wt. %) [1L36 [10.07 | 8.2 | 6.92 | 6.08 | 501

m,/m, (mole ratio)*] 0.516} 0.927 L7 | 256 | 327 | 4%

* 1 Copolymerized at 70C using 0.5 mole %
benzoyl peroxide as initiator.

* 2 M,/M, designates the mole ratio of M,
and M, in feed, and m,/m, mole ratio of

M, and M, units in copolymers formed.
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Fig. 1. Kelen-Tiidos plot for copolymerization of
acrylonitrile and diphenylvinylphosphine oxide
(r,=3.8, 1;=0.16). o stands for the constant
of Kelen-Tiidos equation and r for the
coefficient of correlation.
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Fig. 2. Kelen-Tiidos plot for copolymerization of vinyl

acetate and diphenylvinyl phosphine oxide
(r,=0.38, r,=1.7). o stands for the constant
of Kelen-Tidos equation and r for the
coefficient of correlation.
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3. RESULTS AND DISCUSSION

The results of the copolymerization of DPVPO
with AN and VAc are summarized in Table 1 and
2.

These data were analyzed by the Kelen-Tiidos®
method to determine the monomer reactivity
ratios for the monomer pairs (Fig. 1 and 2).
From the intercepts at £=0 and £=1, well defined

values were obtained from both systems;

r;(AN) = 3.8, r,(DPVPO)
r(VAc) = 0.38  r(DPVPO)

These values indicate that the AN monomer

0.16
1.7

is more reactive than DPVPO toward both pro-
pagation species. But the results for VAc¢/DPVPO
system reveal that DPVPO monomer is more
reactive than VAc toward the both propagating
radicals. The monomer reactivity ratios of the
AN/DPVPO pair lead to Alfrey-Price values of
Q=0.068 and e=0.49 for DPVPO. The VAc/
DPVPO pair gives almost the same results;
Q=0.059 and e=0.44. Judging by the Q values
obtained, the general reactivity or the degree
of delocalization of the m-electrons in the vinyl
group of DPVPO is very low, approximately same
as those of bis (8-chloroethyl) vinyl phosphonate
and sodium ethenesulfonate whose Q values are
known to be 0.06° and 0.064', respectively.
Certainly conjugation between CH,=CH- and
P =0 groups of the compound is not as facile as
that between CH,=CH-and>C=0 groups in vinyl

ketones or acrylates. For example, the Q value of

=2\ # 94d Al 435 19854 8¢

Table 3. Reduced Viscosities of the Copolymers
of Diphenylvinylphosphine Oxide (DPVPO:
M, with Acrylonitile (AN: M,) and
Vinyl Acetate (VAc: M )™

Copolymer AN/DPVPO VAc/DPVPO
M, M;(mole ratio) | 1.941 4.061 7.8%9 100/0 | 1.987 3.986 8.108 100/0
Conversion{wt. %) | 0.2 17.5 500 9.5 | I1L0 13.2 16.5 5.3
P content(wt. %) |4.84 3.04 184 0 991 818 593 0
m,/m,(mole ratio) |7.79 15.0 27.7 100/0]0.98 175 3.43 100/0

T
Re““““‘(*dlv/‘:““’ 0,180,408 0.69°0.721° | 0,042 0.064* 0,081 0.366"

* 1 Copolymerized at 70 C using 1. 0 mole %
benzoyl peroxide as initiator. Reaction time:
AN/DPVPO:40min. - Shrs, VAc/DPVPO
+33-50hrs.

* 2 Determined using DMF (a) or chloroform
(b) as a solvent,

phenylvinyl ketone is 0.66, which is much greater:
than that of DPVPO. However, the reactivity of
DPVPO seems to be much higher than that of
diethylvinyl phosphate whose Q value is 0.0252.
The e value of DPVPO is comparable to those of
methacrylic esters (0.4-0.5)* and sodium
ethenesulfonate (0.41)'° indicating that the
diphenylphosphine oxide group is a moderate
electron attractor. Electron withdrawing capacity
of the group is higher than that of diethyl
phosphate function, but significantly lower than
that of phosphonate group. According to our
earlier reports, the e values of diethylvinyl
phosphate and bis(f-chloroethyl)vinyl phos-
phonate are 0.13"* and 1.1'%, respectively.

The results for high conversion copoly-
merization of DPVPO with AN and VAc are
summarized in Table 3. One can see from the
table that the percentage of DPVPO units in-

corporated into AN copolymers is much lower
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than that incorporated into VAc copolymers
as expected from the difference in their reac-
tivities. Reduced viscosities of copolymers
steadily decreased as the content of DPVPO
increased. This suggests that either the chain
transfer constant of DPVPOQ is higher than VAc
and AN or steric effect by the bulky diphenyl-
phosphine oxide group hinders propagation reac-
tions or both. Further study is needed to quantify
the chain-transfer characteristics of DPVPO

in free radical-initiated copolymerizations.

4. CONCLUSION

From the present investigation the following
conclusion can be drawn:

1. Free-radical copolymerization of diphenyl-
vinylphosphine oxide (DPVPO) with acrylo-
nitrile (AN) and vinyl acetate (VAc) produced
well-defined values of monomer reactivity
ratios of the monomer pairs: r, (AN)=3.8, r,
(DPVP0)=0.16 (VAc)=0.38, r,
(DPVPO)=1.7.

2. General reactivity of DPVPO was found to

and r,

be rather low as judged by its Q value of
0.06-0.07. The e value of the monomer was
estimated to be about 0.4-0.5, indicating
an electron withdrawing property of the
diphenylphosphine oxide group.

3. Copolymerization of DPVPO with either AN
or VAc

viscosity of the copolymers suggesting a

resulted in lowering solution

higher chain-transfer capacity of DPVPO
compared with those of AN and VAc.
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