Acryloyl Chloride Polymer
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ABSTRACT: Free radical polymerization of acryloyl chloride (AC) was conducted in the
following solvents: dichloroethane, ethyl acetate, tetrahydrofuran, dichloromethane,
dioxane, and cyclohexane. However, poly(acryloyl chloride) with high molecular
weights could be obtained only in solvent cyclohexane. The molecular weights of poly-
(acryloyl chloride) could be measured through analogous poly(methyl acrylate). The
reactivity ratios of AC (M;) with styrene (St) or vinyl acetate (VA) obtained by the
extended Kelen—Tiidos method at 42°C with dicyclohexylperoxydicarbonate as initiator
in dioxane were found to be AC-St (r; = 0.09 * 0.1, r, = 0.40 * 0.1) and AC-VA (r;
=0.84 = 0.1, r, = 0.03 = 0.1), respectively. The @ and e values of AC calculated from
obtained r; and r, were 0.58 and 1.02. © 1998 John Wiley & Sons, Inc. J Appl Polym Sci 68:

665-670, 1998
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INTRODUCTION

During the past few years, a great deal of atten-
tion has been focused on functional polymers
with special properties, such as pyroelectric prop-
erties,! photoconductive properties,?® nonlinear
optical properties,*® and liquid crystal,®’ etc.
Poly(meth)acrylates and poly(meth)acrylamides
with various functional groups have been syn-
thesized, but these functional groups often con-
tain a number of groups (e.g., nitro or azo groups)
that may act as retarders or inhibitors in free radi-
cal polymerization. Therefore, in many cases, the
yields are not quantitative and the molecular
weights are quite low.®~

A novel method, the polymer analogous esteri-
fication or amidate of poly (methacryloyl chloride)
and its copolymer, has been used for the pre-
paration of polymethacrylates or polymethacry-
lamides with functional groups.’~'* The free radi-
cal polymerization of methacryloyl chloride in
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1,4-dioxane solution with azobisisobutyronitrile
(AIBN) as initiator yields a high viscous solution
from which the solid polymer is isolated by precip-
itation into dry hexane. In contrast, poly(acryloyl
chloride) (PAC) forms a viscous oil when precipi-
tated into hexane. Therefore, the 1,4-dioxane so-
lution from free radical polymerization was used
directly in the polymer analogous reactions.'’
Staudinger'® tried to prepare PAC from poly-
(acrylic acid ) and thionyl chloride or phosphorous
pentachloride, but obtained only insoluble, cross-
linked material.

In this article, free radical polymerization of
acryloyl chloride (AC) were conducted in different
solvents, and solid polymers were obtained in cy-
clohexane. Furthermore, its reactivity ratios with
styrene or vinyl acetate were also obtained by ex-
tended Kelen—Tiidos method.

EXPERIMENTAL
AIBN, benzoyl peroxide (BPO), and dicyclohex-

ylperoxydicarbonate (DCPD) were recrystallized
from methanol two times before use. All solvents
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Table I Polymerization of AC on Different Conditions

[Initiator]
[Monomer] [Monomer] Temperature Time Yield M7
Run  Initiator Solvent (mol L™Y) (%) (°C) (h) (%) (x10%)

1 AIBN Dichloroethane 8.6 0.35 65 48 Oil —
2 AIBN Ethyl acetate 8.6 0.35 65 48 0Oil —
3 AIBN — — 0.70 65 48 Liquid —
4 AIBN Tetrahydrofuran 8.6 0.35 55 72 Oil —
5 AIBN Dioxane 8.6 0.35 65 48 Oil —
6 DCPD Dichloromethane 12.3 0.39 50 24 Oil —
7 DCPD Dichloroethane 12.3 0.45 50 24 Oil —
8 DCPD Tetrahydrofuran 12.3 0.28 50 24 0Oil —
9 BPO Tetrahydrofuran 12.3 0.45 65 48 0Oil —

10 AIBN Cyclohexane 4.9 0.39 70 6 62 1.49

11 AIBN Cyclohexane 8.2 0.39 70 6 70 3.10

12 BPO Cyclohexane 8.2 0.44 70 6 65 1.61

13 DCPD Cyclohexane 8.2 0.37 55 2 63 1.27

2 Measured from poly(methyl acrylate) by equation' [5] = 12.8 X 10~ M>™ in benzene at 85.0°C.

were dried according to the literature.'® Styrene
and vinyl acetate were distilled under pressure.
Infrared spectra of polymers were obtained with
KBr on a FTIR-5DX spectrophotometer. Chemical
shifts of monomer and polymer were obtained on
a JEOL FX90Q.

AC monomer was obtained according to the lit-
erature.™

Polymerization of AC was conducted in a 100-
mL three-necked bottle with a magnetic stirring
bar under nitrogen atmosphere. Copolymeriza-
tion of AC with styrene or vinyl acetate was per-
formed in an ampulla under nitrogen atmosphere.

RESULTS AND DISCUSSION

Polymerization of AC
Strohriegl!' has reported that PAC forms a vis-
cous oil when precipitated into hexane with AIBN

Table II Chemical Shifts of AC and PAC

as initiator in dioxane. We thought it was because
of the low molecular weights of obtained poly-
mers; therefore, polymerization of AC was con-
ducted on different conditions listed in Table I to
obtain a solid polymer.

From Table I, it is difficult to obtain solid PAC
by free radical polymerization in bulk or in sol-
vents dichloroethane, ethyl acetate, tetrahydrofu-
ran, dioxane, and dichloromethane; but, it was
easy to obtain as a solid polymer in cyclohexane,
the cause of which may be that cyclohexane is a
bad solvent for AC and PAC, so gel effect exists
during polymerization of AC, and a solid polymer
with high molecular weight will precipitate from
solution. Chemical shifts of monomer and polymer
listed in Table II and infrared spectra of polymer
shown in Figure 1(a) confirm that there is no
chemical reaction of acryloyl groups during poly-
merization of monomer. Peak absorption at 1780
cm ! indicates the existence of a carbonyl of AC.

6 (ppm)
'H-NMR 3C-NMR
Monomer (CDCl;) —CH,— —CH— —CH,— —CH— —CO—
6.0-6.8 136.8 133.1 166.3
Polymer (DMSO-d) 2.0-2.2 14 — — —

DMSO, dimethyl sulfoxide.
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Figure 1 (a) Infrared spectra of PAC. (b) Infrared
spectra of esterification product.

Polymer analogous esterification of PAC with
absolute methanol was conducted at room temper-
ature for 1 h. It is confirmed by infrared spectra
shown in Figure 1(b) and NMR (chemical shifts
are listed in Table III) that the esterification
product is poly(methyl acrylate), which has no
difference with polymer obtained by free radical
polymerization of methyl acrylate monomer. Di-
rect measurements of PAC molecular weights are
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Table IV Critical f; from Different
Q@ and e Values

AC-Vinyl
AC AC-Styrene Acetate
Q e fi 1 1 1

1.82% 1.92% 0.995 0.030 0.861 0.001
0.85% 1.58% 0.990 0.081 0.749  0.002
1.780**  1.020* 0.878 0.061 0.169  0.001

difficult to perform because of its active reactivity;
thus, we can modify PAC with a 100% yield by
absolute methanol to give poly(methyl acrylate)
and measure the molecular weights of analogous
poly (methyl acrylate).

Copolymerization of AC with Styrene
or Vinyl Acetate

Copolymerization with other monomers is an ef-
fective method to modify the property of polymer,
so reactivity ratios of monomer are essential pa-
rameters. Usually, the reactivity ratios r; and r
are obtained from some version of the Mayo—
Lewis equation ®:

F, (ﬁ) rifi + fo

= 1
F, fa) rafe + f1 L

where f; represents the mole fraction of monomer
1 in the reaction that is instantaneously producing
copolymer containing mole fraction F; of monomer
i. This equation relating F; to f; is nonlinear in r;
and ry, but can easily be manipulated into linear
forms by defining new dependent and indepen-
dent variables that are functions of f; and F;.
McFarlane and coworkers'” have compared the
precision of estimation of copolymerization reac-
tivity ratios by different methods and concluded
that, for a new monomer pair, a linear method
such as that of extended Kelen—Tiidos'®*~* may
be used.

Table III Chemical Shifts of Esterification Product of PAC with Methanol

NMR 'H-NMR (CDCly) 3C-NMR (CDCly)
Group —CH— —CH,— CH;— —CH— —CH,— CH;— —CO—
6 (ppm) 1.6-1.8 2.2-24 3.65 35.2 414 51.8 174.9
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Table V Copolymerization of AC (M,) and Styrene (M,) at 42°C Initiated by DCPD

([Initiator] = 2.66 X 10 2mol L™}

(Mo + [Molo Time Yield
Run (mol L™Y) fi f2 (h) (%) Fy? Fy
1 10.61 0.857 0.143 7 45 0.605 0.395
2 10.74 0.647 0.353 5 40 0.488 0.512
3 10.65 0.502 0.498 5 48 0.425 0.575
4 10.94 0.342 0.658 5 30 0.376 0.634
5 10.69 0.150 0.850 7 20 0.240 0.760
2 Calculated from polymer(methyl acrylate-co-styrene) by "H-NMR.
G
g a+ F
F
§ =

.03 N 1 . 1 N 1 s 1

0.0 0.2 04 0.6 0.8 1.0

Figure 2 7 versus £ of polymer(AC-co-styrene).

In the Kelen-Tiidos equation

n=<r1+9)f—r2 (2)
o

o

where

The conventional method allows only a conversion
of ~ 5%, but the extended Kelen—Tiidos method
provides reliable reactivity ratios up to ~ 60%
conversion.?

McFarlane and coworkers!” also suggested
that critical experiments should be designed for a
previously unreported monomer pair; one should
predict reactivity ratios using the @, e scheme by
the Alfrey—Price equation ! to determine approxi-
mately the values of 7, 5, and then use eq. (3)
to design the critical experiments.

Table VI Copolymerization of AC (M,) and Vinyl Acetate (M) at 42°C Initiated by DCPD ([Initiator]

=2.84 X 10 2mol L)

[M1]0 + [M2]0 Time Yield
Run (mol L™ fi fo (h) (%) F? Fy
1 10.66 0.602 0.398 11 30 0.683 0.317
2 11.01 0.486 0.514 9 48 0.636 0.364
3 10.81 0.346 0.654 9 40 0.578 0.422
4 10.62 0.201 0.799 11 32 0.513 0.487
5 10.97 0.098 0.902 11 25 0.481 0.519

2 Calculated from polymer(methyl acrylate-co-vinyl acetate) by "H-NMR.
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Figure 3 7 versus ¢ of polymer(AC-co-vinyl acetate).

2
fi= ; (3a)
2+r1
*
fi=—"— (3b)
2"‘}”2

but the @ and e values from different references
are not the same; the critical f; calculated with
different @ and e values are shown in Table IV
(styrene: @ = 1.00, e = —0.80; vinyl acetate: @
= 0.026, e = —0.882%). According to the results of
Table IV, the critical f; of AC—styrene (f | = 0.85,

7 = 0.15) and AC-vinyl acetate (f 1 = 0.60,
1= 0.00) were accepted.

The copolymerization of AC and styrene in di-
oxane at 42°C with DCPD as initiator is listed in
Table V. The n versus £ plot shown in Figure 2 is
linear and r, (i.e., ry/a) and r; are obtained from
the intercepts at £ = 0 and £ = 1, respectively,
computed using the least-squares method. The re-
activity ratios r; (AC) and r;, (styrene) were found
to be r; = 0.09 + 0.1 and r, = 0.40 = 0.1. The
same for AC and vinyl acetate is listed in Table
VI and shown in Figure 3, and the reactivity ratios
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Table VIII @ and e Values of AC (M,)

Mg riy 18 Q e
Styrene 0.09 0.40 0.58 1.02
Vinyl acetate 0.84 0.03 0.57 1.02
Ref. 24 1.780 1.020
Ref. 23 0.85 1.58
Ref. 22 1.82 1.92

1.059%

# Calculated from eq. (4).

r1 (AC) and r, (vinyl acetate) were found to be r;
=0.84 £ 0.1 and r, = 0.03 = 0.1.

The critical f; calculated with obtained r; and
ro are listed in Table VII.

Results of Table VII show that the accepted
critical f; in experiments is reasonable.

Determination of Q and e Parameters from r, and r,

The reactivity @ of the monomers and the polari-
ties (e) of their double bond were calculated from
the parameters r; and r; using the Alfrey-Price
equation.?’ Another empirical method? of deter-
mination of e parameters from *C-NMR data was

§(CH,)(ppm/TMS) — 113.5
22

e(vinyl X) = (4)

the @, and e; values of AC from different refer-
ences are also listed in Table VIII.

From Table VIII, it is obvious that the @ and
e values obtained by different methods have some
difference, but the @ and e values of us by the
Kelen-Tiidos method are the same, and our e val-
ues are the same as that of ref. 24 and eq. (4).
From the results of our experiments, the @ and e
values of AC were 0.58 and 1.02.

Table VII Critical f; Calculated with Obtained r;, and r,

fi ;
Calculated Experiment Calculated Experiment

AC-St 0.957 0.857 0.167 0.150

AC-VA 0.704 0.602 0.014 0.098

St, styrene; VA, vinyl acetate.
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