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Abstract

The photoinduced free radical polymerization of methyl methacrylate in the presence of benzophenone and thiophenoxyacetic aci
investigated. It has been observed that adding of diphenyliodoniumhexafluorophosphldte Fe¥saltincreased the rate of polymerization
and molecular weight of polymer. ©1999 Elsevier Science S.A. All rights reserved.

1. Introduction Ax N Ar N CRcoH
Many aromatic ketones possess long livee-mr* triplet + —_— AnCO
states £10-%s) which abstract hydrogen atoms from suit-  acop
able C—H bonds (e.g. those in alkanes, ethers and alcohols P"‘hA/ \T’“‘B
[1-4]. The n— =* and = — =* triplet states of aromatic ke-
tones also undergo electron transfer reactions with donors AryCOg,+ AIXCHCOpH AXCHy +C0y + AnCOH

such as tertiary amines (Scheme 1).
Scheme 2.
H .
The generation of radicals of the type BRM, (where

. L I/-\ o
PhhCOT; + (RCHp)3N ——» Ph,C—O + R—CH—N(CH_R) . ~
200m + (CHs 2 22 X=0, S or NH) in these reactions suggests that such re-

l actions may be of value as initiating reactions for the radi-
PhyCOH + RéHN(CHZR)Z cal mediated polymerisation of acrylate and methacrylates
Ketyl radicals (AICOH,) are also generated in these reac-
Scheme 1. tions and there is evidence to support the view that such rad
icals are inefficient initiators of acrylate and methacrylate
This reaction can lead to the productioncefiminoalkyl polymerization reactions [7,8].

radicals as shown in Scheme 1. These radicals are most Ketyl radicals can be used with benefit in cationic poly-
effective at initiating the polymerization of acrylates and merisation processes due to the fact that they are potent re
methacrylates. Recognition that triplet ketones react asducing agents. Typical photoinitiator for cationic polymeri-
shown in Scheme 1, led to the finding that other electron sation reactions are iodonium and sulphonium salts having
donors such ag-aminoalcohols and-aminoacids could be  non-nucleophilic counterions. Ketyl radicals (@H,) will
used [5]. The range of donors was further extended by us-reduce iodonium salts generating an acid and a free radice
ing other carboxylic acids of the type RXGBO,H where (Scheme 3) [9,10].
X =0, S. Reactions of these acids is thought to proceed via i
the mechanism as shown in Scheme 2 although it should Ar COH + ALTPF~ ——» Ar COH +Ar* + Arl +PF

. 2 2 6 2
be pointed out that Baum and Norman [6] proposed an

alternative mechanism not involving electron transfer. + B
Ar COH +PF  ——» Ar,CO ¥ HPF

* Corresponding author. Scheme 3.
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Table 1
Photoinduced free radical polymerisation of methyl methacrylate [4.68THaH the presence of benzophenone with thiophenoxyacetic acid under nitroge

Run Benzophenone (molt) Thiophenoxy acetic acid (moff) Time (h) The amount of polymer (g) Conversion %R, x 10° (moll~1s™1)

1 4.132x 1072 1.32x 1071 1 0.0172 3675 4.778
2 4.132x 1072 1.32x 1071 2 0.0360 7692 5.000
3 4.132x 1072 2.64x 1071 1 0.0194 445 5.389
4 4.132x 1072 2.64x 101 2 0.0560 11966 7.778
5 6.02x 1072 1.32x 1071 1 0.0166 3547 4.611
6 6.02x 1072 1.32x 101 2 0.0342 7308 4.750
7 6.02x 1072 2.64x 1071 1 0.0202 4316 5.611
8 6.02x 1072 2.64x 101 2 0.0565 12073 7.847
9 8.264x 102 1.32x 1071 1 0.0174 3718 4.833
10  8.264x 1072 1.32x 101 2 0.0397 483 5.514
11  8.264x 1072 2.64x 101 1 0.0207 4423 5.750
12 8.264x 1072 2.64x 1071 2 0.0511 1019 7.097
Table 2

Photoinduced free radical polymerisation of methyl methacrylate for different concentration and irradiation

Run  Bezophenone (mott)  Acid (moll™!)  Phl*PRs~ (moll=1)  The amount of polymer (g)  Conversion % Ry x 10° (moll~1s™1)

12 4.132x 1072 - - 0.0045 0.962 1.250
2 4.132x 1072 - 3.0x 1072 - - -

32 4.132x 1072 - 3.0x 1072 0.0015 0.321 0.417
4 4.132x 1072 1.32x 101 - 0.0090 2.115 2.750
52 4.132x 1072 1.32x 101 - 0.0172 3.675 4.778
6? 4.132x 1072 1.32x 101 3.0x 1072 0.0334 7.137 9.278

aExperiments were carried out under nitrogen atmosphere. [MMA]: 4.68Thptl: 60 min.

Previously, we investigated the effect of diphenyliodo- lamps emitting nominally at =350 nm for 60 and 120 min
nium hexafluorophosphate salt on the photoinitated free rad-either in air or nitrogen atmosphere. Polymer were obtainec
ical polymerisation using polysilanes and it was found out after precipitation in methanol. Conversion % and Poly-
that in the presence of the cationic salt the rate of polymeri- merization Rates were calculated for all samples gravimet-
sation significantly increased [11]. rically. Light intensity was measured by using potassium

In this paper we explain: (a) the use of thiophenoxyacetic ferrioxalate actinometer and was found to be 6.876'
acid/benzophenone reaction as an initiator system for methylphoton s1.
methacrylate, (b) the effect of using an iodonium salt in
conjunction with the thiophenoxyacetic acid/benzophenone 2.3. Analysis
system as means of increasing the yield of initiating radical
(i.e. by utilising the aryl radicals generated in the reduction  The M, values were calculated from g.p.c chromato-
reaction). graphy according to standard polystyrene samples using -

Knauer M-64 instrument and THF as the eluent at a flow

2. Experimental rate of 1 mimirm?.

2.1. Materials 3. Results and discussion

Benzophenone, thiophenoxyacetic acid were obtained Table 1 shows the rates of po|ymerisatioﬁpx for
from Aldrich . Dichloromethane and methanol were bOUght the po|ymeri5a’[ion of methy| methacry|ate using a
from Merck. Diphenyliodoniumhexafluorophosphate salt henzophenone-thiophenoxyacetic acid initiating systems. Ir

were prepared as indicated in the literature [8] and methyl- 3|| cases the values & are greater for the 2 h irradiation
methacrylate was washed twice with 5% NaOH and distilled experiments when Compared with the 1 h irradiation exper-

over Cah under vacuum. iments. It is likely that this is due to residual oxygen in the
solution giving rise to an induction period. For a fixed con-
2.2. Irradiation centration of benzophenone at a fixed irradiation time the
Rp is always higher for the solution containing the highest
Methyl methacrylate [4.68 motf] in CH,Cl, and ben- concentration of acid.

zophenone as photoinitiator including thiophenoxyacetic  This is to be expected since increasing the concentratior
acid in the presence and in the absence of iodonium saltof the acid increases the rate of production of the initiating
were irradiated in a photoreactor equipped with 8 Philips radicals ArSCH].
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Table 3
Photoinduced free radical polymerization of methylmethacrylate in the presence of benzophenone and thiophenoxyaceticacid by adding oglbdonit
under nitrogen atmosphére

Run Benzophenone (molt) Thiophenoxy acetic acid (moff) Time (h) The amount of polymer (g) Conversion %R, x 10° (moll~s™1)

1 4.132x 1072 1.32x 1071 1 0.0334 7.137 9.278
2 4.132x 1072 1.32x 1071 2 0.0928 19.829 12.889
3 4.132x 1072 2.64x 1071 1 0.0568 12.137 15.778
4 4.132x 1072 2.64x 1071 2 0.1030 22.009 14.306
5 8.264x 102 1.32x 1071 1 0.0435 9.295 12.083
6 8.264x 1072 1.32x 1071 2 0.0645 13.782 8.958
7 8.264x 102 2.64x 1071 1 0.0362 7.735 10.056
8 8.264x 1072 2.64x 1071 2 0.1063 22.714 14.764
a[MMA]: 4.68 mol~1; [PhpltPRs~] : 3 x 102 mol -1,
Table 4
Mp value of some samples
Benzophenone (mott) Thiophenoxyaceticacid (mott) PhltPRs~ (moll~1) Mn (g mol1) Mu/Mn
4.132x 1072 1.32x 101 - 23000 2.458
4.132x 1072 1.32x 1071 3.0x 1072 51000 1.923

Increasing the concentration of benzophenone and main-4. Conclusion
taining a constant concentration of acid does not lead to a
very marked increase iRp which probably reflects and the The results presented demonstrate that benzophenor
fact that even at the lowest concentration of benzophenone When used in conjunction with thiophenoxy acetic acid can
most of the light necessary for exciting the ketone is fully initiate the polymerisation of methyl methacrylate i.e. an
absorbed. electron transfer induced fragmentation reaction has beel
Given that the results shown in Table 1 confirm that a uUsed to generate initiating radicals. Other papers will de-
mixture of benzophenone and thiophenoxyacetic acid canscribe the use of the electron transfer induced fragmentatio
be used to initiate the polymerisation of methyl methacry- Of B-aminoalcohols to initiate polymerisation. The results
late, the effect of added iodonium salt on the initiating ef- also confirm the idea that ketyl radicals can be used to
ficiency was explored. Table 2 shows tRevalues for the generate useful initiating radicals for the polymerisation of
initiated polymerisation of methyl methacrylate containing methacrylates.
added iodonium salt. Run 1, 2 and 3 are necessary ‘blanks’
which demonstrate that it is essential to have either ben- aAcknowledgements
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