Polymer Journal, Vol. 30, No. 2, pp 152—154 (1998)

NOTES

Phase-Transfer Photopolymerization of Methyl Methacrylate with
Tetrabutylammonium Chloride-KSCN-CCl, in an Aqueous-
Organic Two-Phase System

Shozo SHIMADA, Kenzo TABUCHI* and Masahiro TSUNOOKA**

SUNFCO, Ltd., 5-5, Nishitenma 4-chome, Kita-ku, Osaka 530, Japan
* Department of Industrial Chemistry, Nithama National College of Technology,
7--1, Yagumo-cho, Niihama 792, Japan
** Department of Applied Chemistry, Faculty of Engineering, University of Osaka Prefecture,
Sakai, Osaka 591, Japan

(Received June 2, 1997)

KEY WORDS

Phase-Transfer Photopolymerization / Methyl Methacrylate / Tetrabutylammonium

Chloride / Potassium Thiocyanate / Carbon Tetrachloride /

The previous paper! reported that methyl methacrylate
(MMA) was photopolymerized with N-cetylpyridinium
chloride (CPC)-KSCN-CCl, in an aqueous—organic
two-phase system. The following photoinitiation mech-
anism was suggested for this photopolymerization. The
charge transfer complex of N-cetylpyridinium thiocya-
nate (CPT) photodecomposes into thiocyano radical and
N-cetylpyridinyl radical, and the latter reacts with CCl,
to yield CPC and CCl;- in the organic phase. The CPC
transfers into the aqueous phase to regenerate CPT.

The thiocyano radical and CCl;- initiate the polym-
erization of MMA. In this study, tetrabutylammoni-
um chloride (TBACI), a commonly used phase transfer
catalyst, was used in place of CPC which would act
as a phase transfer catalyst as well as an electron ac-
ceptor in CPC-KSCN-CCl, initiator system. On the ba-
sis of kinetic studies, an initiation scheme was proposed
for the photopolymerization of MMA with TBACI-
KSCN-CCl, in an aqueous-organic two phase system.

EXPERIMENTAL

Materials

MMA was purified by the usual method and distilled
in a nitrogen stream under reduced pressure just before
use. Water was deionized. All other chemicals were of
reagent grade and used without further purification.

Tetrabutylammonium Thiocyanate. Equimolar quanti-
ties of tetrabutylammonium chloride and potassium
thiocyanate were mixed in acetone for 1h at room
temperature. After the precipitated potassium chloride
was filtered off, the solution was evaporated under re-
duced pressure to dryness. Residual matter was recrys-
tallized from benzene, mp 123—124°C (lit.? 123°C).

Polymerization

Photopolymerizations in aqueous—organic two-phase
system were performed by using a photochemical reac-
tion apparatus described in the previous paper.® A
150 cm? reaction vessel was charged with 20 cm3 of MMA
containing CCl, and 80cm? of water containing pre-
scribed amounts of TBACI and KSCN. The contents in
the reaction vessel were bubbled with nitrogen at a con-
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stant flow rate (1cm3®s™!) through a glass filter from
the bottom of the vessel and irradiated with a 100 W
high pressure mercury lamp (Fuji Glass HL-100) at
303 K. After irradiation, the reaction mixture was poured
into excess methanol and the precipitated polymer was
filtered, washed with methanol, and dried under reduced
pressure. The rate of polymerization was determined by
measuring the weight of the polymer obtained.

RESULTS AND DISCUSSION

The photopolymerizations of MMA with TBACI-
KSCN-CCl, were carried out in aqueous—organic two-
phase system, and the results are summarized in Table
I. The polymerization of MMA proceeded in this sys-
tem at 303 K, but only a very small amouont of poly-
mer was detected in any case when one of these three
components was excluded. These results suggest that
SCN™ paired with TBA™ in the aqueous-phase trans-
ferred to the organic phase containing CCl, and in-
duced polymerization of MMA.

The photopolymerizations of MMA were thus car-
ried out in an aqueous—organic two-phase system with
changing feed ratios of TBACI, KSCN, and CCl,, and
percent conversions of MMA were plotted against time.
Linear relations were obtained for the polymerizations

Table I. Phase-transfer photopolymerization of MMA
with TBACI-KSCN-CCl, in the aqueous—organic
two-phase systems*

KSCN ccl,

TBACI Conversion
mmol mmol mmol %

1.4 16.0 0.5 10.3

14 16.0 — 0.2

1.4 — 0.5 0.5

— 16.0 0.5 0.3

— 16.0 — 0.6

— — 0.5 0.5

1.4 — — 0.2

14 16.0 0.5 0. 0°

*MMA, 20cm?3; H,0, 80cm?; temp, 303K; time, 1h. ®Without
UV-irradiation.
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Figure 1. R, vs. [TBACI]}”? for the photopolymerization of MMA
with TBACI-KSCN-CCI, in the aqueous—organic two-phase system:
MMA, 20cm?; H,0, 80cm3; KSCN, 16 mmol; CCl,, 0.5 mmol; temp,
303 k; time, 1h.
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Figure 2. R, vs. [KSCN]}/? for the photopolymerization of MMA
with TBACI-KSCN-CCl, in the aqueous—organic two-phase system:
MMA, 20 cm?; H,0, 80 cm?®; TBACI, 1.4 mmol; CCl,, 0.5 mmol; temp,
303 K; time, 1 h.

over the expermental range studied. At fixed concenctra-
tions of KSCN and CCl,, the initial rate of polymeriza-
tion (R,) was proportional to the square root of the
initial quantity of TBACI, [TBACI];,, as shown in
Figure 1. R, s were proportional to the square root of
the initial quantities of KSCN and CCl,, respectively
(Figures 2 and 3). These results show the similar de-
pendency of polymerization rate on the concentrations
of radical initiator and phase transfer catalyst as seen
in the case of the polymerization of MMA with
K,S,04[18-crown-6].* From these observations, we
postulate the following mechanism for the polymeriza-
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Figure 3. R, vs.[CCl,]}’* for the photopolymerization of MMA with
TBACI-KSCN-CCl, in the aqueous-organic two-phase system:
MMA, 20cm?; H,0, 80cm?®; TBACI, 1.4mmol; KSCN, 16 mmol;
temp, 303 K; time, 1h.

tion of MMA with TBACI-KSCN-CCl, in the aqueous—
organic two-phase system.

In aqueous phase TBA"SCN ™ is formed by eq 1 with
equilibrium constant Kj.

K, _
TBA* +SCN~ < TBA*SCN (1)
The partition coefficent of TBA*SCN™ between two
phases (k) is expressed by eq 2,
k=[TBA*SCN"],/[TBA*SCN™], 2)

where the subscripts o and w refer to the organic and
aqueous phases, respectively. TBA*SCN ™ transferred to
the organic phase may form a complex with CCl, as eq
3 with equilibrium constant (K,), which generates the
radicals, SCN- and CCl;-, on UV irradiation as eq 4.

TBA*SCN~ 4 CCl, =2 TBA*[SCN- - -CCL,]~ (3
Complex

h
TBA*[SCN---CCl,]~ > TBA*Cl~ +SCN-+CCl,-
4)

The radicals thus formed initiate the polymerization as
shown in eq 5, 6, and 7.

Initiation:
K;

CCly+M —P;- (5)

SCN-+M —P;-
Propagation:

kP
P-+M —,P,, (6)
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Table II. Phase-transfer photopolymerization of MMA
with TBACI-KX-CCl, in the aqueous—organic
two-phase systems®

TBACI CcCl, Conversion
R KX
mmol mmol %
1.4 KSCN 0.5 10.3
1.4 KSCN — 0.2
1.4 KCl 0.5 1.0
1.4 KCl — 0.3
1.4 KBr 0.5 1.3
1.4 KBr — 0.6
1.4 KI 0.5 1.1
1.4 KI — 0.4

*MMA, 20cm?; H,0, 80 cm?; KX, 16.0 mmol; temp, 303 K; time, 1 h.

Table III. Photopolymerization of MMA with
TBA*SCN™-CCl, in nonaqueous solutions
and aqueous solution®

TBA*SCN™ CCl, Conversion
Solvent
mmol mmol %
4.0 0.5 CH,Cl, 0.0
4.0 — CH,Cl, 0.0
4.0 0.5 MeOH 0.0
4.0 0.5 H,O 6.7

*MMA, 20cm?; solvent, 80 cm?; temp, 303 K; time, 1h.
Termination:
k,
Pn.+Pm. - Pn+m or Pn+Pm (7)

From eq 1 and 2, [TBA*SCN™],, is expressed as eq 8
on the assumption that [TBA*], and [SCN™], are
equal approximately to the initial quantities of TBACI
and KSCN, [TBACI]; and [KSCN],, respectively,

[TBA*SCN™],
=K,[TBA*],[SCN~], =fK,[TBACI],[KSCN], (8)

where f is the correlation coefficient between [TBA*],
[SCN™], and [TBACI],[KSCN],. Therefore, [TBA*
SCN™], is expressed as eq 9.

[TBA*SCN~],=k[TBA*SCN™],
=fK,k[TBACI],[KSCN], )

The concentration of the initiating complex in eq 3 is
expressed as eq 10 from eq 3 and 9.

[Complex] = K,[TBA*SCN~] [CCl,];
= /K, K,k[TBACI],LKSCNT],[CCI,], (10)

In radical polymerization, the initial polymerization rate
is proportional to the square root of the concentration
of initiator.

R, oc[Complex]*/? (1

Substituting eq 10 into eq 11, the photopolymerization
rate as,

R,oc[TBACIJY2[KSCN]M2[CCL Y2 (12)

154

Equation 12 is in good agreement with the observed ki-
netic data, and suggests the radical initiation mecha-
nism mentioned above for the photopolymerization of
MMA with TBACI-KSCN-CCl,.
Photopolymerizations of MMA were carried out with
other potassium halides (KX) in place of KSCN in
TBACI-KSCN-CCl,. As shown in Table 1l only KSCN
effectively initiates the photopolymerization.
Coetzee’ reported that thiocyante ions which act like
a pseudohalide had greater electron-donating ability than
other halides, chloride or bromide. This also supports
that thiocyate ions form a complex with CCl,.
Photopolymerizations of MMA were also performed
in nonaqueous system with TBA*SCN~-CCl,, and the
results are summarized in Table III. TBA*SCN~ was
prepared by mixing TBACI] and KSCN in acetone and
recrystallization from benzene described in the experi-
mental section. In methanol and dichlorethane, no po-
lymerization was induced with TBA*SCN~-CCl,.
Jayakrishnan and Shah® reported the phase-transfer-
catalyzed free radical polymerization of MMA using
ammonium peroxydisulfate {(NH,),S,04}/hexadecyl
pyridinium chloride (HPC) in ethyl acetate-water two-
phase system. Although Rasmussen and Smith’ re-
ported, in the case of HPC and peroxydisulfate in ethyl
acetate—water, the quaternary peroxydisulfate formed in
situ was soluble in the organic medium, Jayakrishnan et
al., pointed out that this was not indeed the case because
quaternary peroxydisulfate was not found soluble to any
appreciable extent in ethyl acetate. They reported a
seven-fold increase in conversion when water was present
in the system compared to the case when no water was
added, and that the low conversion observed without
water derived from the presence of small quantities of
water contaminated in MMA or ethyl acetate.® In our
polymerization system with TBA*SCN™-CCl,, the
presence of water may induce the dissociation of
TBA*SCN™ into TBA* and SCN~ which would be
favorable to the formation of the initiating complex,
[SCN---CCl,]~ TBA™*. These findings also supports
the above mechanism.
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