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The influemee of tempewitnee on the photppblyeératanon kinetizs of three anabwgoss momaneess, 2,2'-
thiothiethhaolo] diacmghies. 2,2 -oxyhisattadol diacwghice and 1L 5-penttnecitio] diacnygthies, has been studiedi by
isotthenail differenttsh] scamingg calormettyy in the tempecitmee ramge of 30-1000CC in air and in Ar
atmosphere. The presence of the heteroatomn markedly enhances the fimal conversion and maximun
polymerization rate in air over the wholle temperattiere range. This effect is much more pronooncedd for the
sulfurreonteiaingng momsrneer. The final comwessonas of the momoroecss incresse with tempesitore up to 100°C
in air but in Ar they pass througth a masiimum at abouit 70°C in the case of mommneess that do nott comttium
sulfurr. The sulfide groupp preventss the drop of cure extentt in Ar at higher temperaitiess. The obiaineed resulls
(kinettc paramebeess, activatioon energy)) are discussad] mainijy in terms of hydnegeen absttentiton reactimm.

(Keymairils: diacryhates; sulfide group; temperitnre effects; photapo)ymeization)

INTHRIDIDCUTION

Phaottonitititettd free-tacidsh] polymesizztition of mulliffunee-
tionall momwneess has foumdl mamy industtiah] applica-
tioms,, especially in such areas as pradltiion of praiestivvee
codlingss, imagimg systems and lithogeppiry'’. The
momonecss that are most widely used for phatoppblym-
erizatom processes are diacmyhites and dimettizocyldess.

The kinefcs of the phattppbimeéritiotion of di(metth))-
acnylaess of variiss types have been intensiratly studied
(see, for exampiy, refs 1, 3-5)) and most oftem used
metihmsiés are isotfhemahl phottsetdonietetry® and real-ime
i.r. specthassoppy. . Fewer papes have been devatteH to the
tempeeititre dependieuee of the pollymeizatition counse of
mullt{mettioastleses. Aftar the early worlk of Tryswm and
Schulz® concemningg hexanesiobl diactyhiee and penta:-
erytthiiobl tetiammcyldiete, furttiesr studies deallt with the
polymeiiatiion of acrylkteed urettiemess’, bisphembl A-
based di(metthyecyidasss'™'" and recemtiy oligo(@tiyjdore
oxide) and oligo(methhideae oxide) dimetiaccyldiess up to
temperttress higher tham 100°C*’. It was foumy, for
instanmex, that in the absemze of oxygem the maxiimmum
polgmeeitztition ratie at first increases with tempersittee
but them reaches a maximuni'® or a plaan and then
decreases’!'. This was explaimetl by suppressiom of
autimmcebdeatioion due to chaim tramsifer and/@sr themmablyy
inducestl unziigping of the kinetic chaim’®!!. Since the
final obt@inabtde comwemiorn also passes througth a
maximum as a funciioon of temperettee, it was indicateetd
thatt themmsil stahiility is the dominanat factorr in conirnbi-

ling the maxiimum comverioon at high tempesitess’ 'R,

In mosit appliiztiooss the coatingss obtaiiecd by pheite-

polymesizztition of di(methyecyidistes shoulldl be chana:-
terized! by good themmil stabillity, low moistes

absorgpidon and, in some cases, high refiactives index.
All these propetiges may be impravest] in comparisson to
widelly used di(methacyidimees of ethylimee glycdls and
otharr glycolls by the replacnent of the ether or -CH2,-
groupp in these mommmeess by the thiosttieer groyp. The
themeh] progestiies will be impraveet], since aliphaiiec
sulfides are knowm to be thermmexiddiveve stahillzas; the
moiistiiree absorgpitdon will be reducedd], since the thiostieer
groyp is hydwagbhbioic; and the refiracttiee index will be
enhanueel] due to the presemz of the stronghyy pollarzzithde
sulfur atorm. There are also some indicatomss that the
mlfurr—mmmihr%g diacmythiess exhifitt lower pollymmeiiza-
tion shrinfaned 3.

The aim of this wotkk was to comypares the kinetics of
the photoppbiy@ezatimtion of three modd] diacmyhiess
congningg -$, -@— and -CH2, - linkages in the ester
group in order to elucidate the effect of the sulfide group
on the reactiom counse over a wide temperpitiee range.
The investigaieed momwneess were: 2,2'-thichasttbaalol
diacnghiee (TEDY)), 2,2'-oxyhisetizanol diacmyhice
(OEDx) and 1.,5pentaneeiidol diacmghice (PDRY).

Because the lengtth of the chaim conmetingg the two

H H
cﬂﬂ:-g-o-cmCHZ-X-CHZCHZ-Oﬁ-éﬂz

TEDA: X=§
OHRDA: X=0
PDA: X=OR,
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Table I Some properties of the monomers studied

Monomer Purity” 43’
Monomer MW conc.’ (M) (%) (gml™")
TEDA 230 4.99 92.1 1.147
OEDA 214 5.18 98.2 1.108
PDA 212 4.87 97.6 1.033

“ Calculated
b By gas chromatography

unsaturations is approximately the same for all three
monomers, we may expect that the variations in the
reactivities of the monomers studied will result mainly
from the chemical reactions occurring at the thioether
and ether bonds (especially hydrogen abstraction) but
also from some physical factors arising from the
monomer structure and caused by the different physical
properties of the C-S, C-0O and C-C bonds (barrier to
rotation, bond strength, polarizability, and so on).
Different values of valence angles at —S—, -O- and
—C- atoms cause a difference in the shape of
monomer molecules and this, together with the
different polarities of these groups, may influence the
arrangement of the molecules in the bulk, their
possible association and the inter- and intramolecular
distances between double bonds (the character of
association of di(meth)acrylates was found to be very
important in their polymerization'*). All these physical
factors may influence the polymerization and,
although they will not be taken into account in the
discussion of the results presented in this work, we
should remember that they may be responsible for
some unexplained differences in the behaviours of the
investigated monomers during polymerization.

EXPERIMENTAL

The monomers were synthesized by the reaction of
appropriate glycols (Merck, Darmstadt) with acroyl
chloride (Merck) in the presence of triethylamine
(Merck) in dichloromethane (Zaklady Azotowe Ked-
zierzyn, Poland) solution according to a procedure
similar to that described in ref. 15. The characteristics
of the monomers are given in Table 1.

The polymerization kinetics were monitored by a
differential scanning calorimeter (DSC 605 M, Unipan-
Termal, Warsaw, Poland) equipped with a lid specially
designed for photochemical measurements. As initiator
I-benzoyloxycyclohexanol (BCH; Irganox 184 from
Ciba-Geigy, Basel) was applied. The accurately weighed
(~ 20 mg) samples of the photocurable composition were
polymerized in 6.8 mm diameter open aluminium d.s.c.
pans. When the polymerization was carried out in an
inert atmosphere, the sample was equilibrated in the
apparatus under argon (0.0005% O,) for 10min at the
chosen polymerization temperature. A medium pressure
mercury lamp equipped with a glass filter was used for
the irradiation. The transmitted light was in the 310-
400 nm range with A\p,, at 366 nm. The incident light
intensity at the sample pan position was measured to be
1.8mW cm *s~! (by the carbon black method) which
corresponds to 5.5 x 107 einstein cm 257! for 366 nm
light. The reflection of the light by the empty aluminium
pan was found to be 67%, this reduces the variation in
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Flgure 1 Time-polymerization rate curves of the three diacrylates in
air at 40°C: (a) TEDA, (b) OEDA, (c) PDA
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Figure 2 Time—conversion curves of the three diacrylates in air at
40°C: (a) TEDA, (b) OEDA, (c) PDA

the radiation intensity throughout the sample and
enhances the intensity of the light absorbed.

For the calculations a value for the heat of polymer-
ization AH equal to 86kJ mol™! was taken. Since the
conversion of dlacrylates calculated on the basis of
AH = 78kJImol ! (ref. 16), the most often used value,
were in some cases higher than 100%, the enthalpy of
polymerization was established by fitting the conversion
data of the highest conversion levels obtained by d.s.c. to
the conversions of the same samples determmed by
FTi.r. This gave the value of about 86-89 kJ mol™'. The
value of 86kJ mol ! was chosen, which still lies in the
literature range of acrylates, 78—86 kJ mol ™' (ref. 6). The
conversion at the time at which the polymerization rate
decreased to 0 (~ 20min) was taken as the final
conversion. All the results were analysed for the
corrected baseline.

The samples for swelling measurements were prepared
by polymerization of 1.5ml of the monomer under Ar at
30°C in the presence of 0.008 M BCH in vials of 7mm
diameter. The samples were swollen to equilibrium (1
week) at room temperature.

RESULTS AND DISCUSSION

The photopolymerization of the monomers was followed
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Figure 3 Temperature dependences of final conversions p': open

symbols denote polymerization in Ar atmosphere; filled symbols denote
polymerization in air; (O, ) TEDA, (O, ®) OEDA, (A, 4) PDA
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Figure4 Temperature dependences of maximum polymerization rates
R5™™. Symbols as in Figure 3

by isothermal d.s.c. in the temperature range of 30—
100°C in both neutral (Ar) and air atmospheres. Until
now the kinetics of photopolymerization at higher
temperatures were considered mainly in the absence of
oxygen®'?, The observation of the oxygen effect will give
better insight into the reactivity of the monomers and
the influence of the heteroatom present in the ester
group.

The photoinitiator concentration was kept at a level
allowing the polymerization to occur slowly enough to
observe precisely the temperature effect on the polymer-
ization. It was chosen as 0.04 M for the reactions carried
out in air and 0.005M for those in Ar.

Taking into account the earlier results obtained for
dimethacrylates!” by gravimetry for larger samples, it
was expected that the sulfide group would exert a
positive effect on the polymerization course at least in
air and at moderate temperatures.

Figures 1 and 2 show the time dependences of the
polymerization rate R, (expressed in s~ ') and degree of
double-bond conversron p (expressed as a fraction) at
40°C in air. It is clearly seen that TEDA polymerizes
much faster and to considerably higher conversion than
the two other monomers. The same effects are observed
in air at lower and medium polymerization temperatures
and, only slightly pronounced, in Ar.

The temperature dependences of final conversions p \
in both air and Ar, are given in Figure 3. In air the final
conversions increase with temperature and are signifi-
cantly higher for the heteroatom -containing monomers;
TEDA shows the highest p' values up to about 80°C.

Completely different is the temperature dependence of
final conversions in Ar. Up to about 70°C the conver-
sions of all monomers are srmllar and increase slightly
with temperature. Above 70°C p' of monomers that do
not contain sulfur decreases. The existence of a
maximum of final conversion at about 80°C or above
in the absence of oxygen was observed also by other
workers for various di(meth)acrylates'"!>. However, p
of the sulfur-containing monomer beyond 70 C remains
unchanged, keeping a plateau at least up to 100°C.

Figure 4 illustrates the dependences of the polymeriza-
tion rates at peak exotherm (maximum polymerization
rate. Ry™) on curing temperature. In air all the
monomers show a steady increase in Rg’a" with increas-
ing temperature up to 100°C. TEDA is characterized by
much higher R;** values than OEDA and PDA up to
80°C. Above 80°C Ry of OEDA rapidly increases
exceeding at 100°C RmaX of TEDA. In Ar RJ™
for the three monomers are very close with shghtly
higher values for TEDA and increase with temperature
only to 80°C. Above this temperature R;'** of OEDA and
PDA tend to reach a plateau whereas Ry™ of TEDA
begins to decrease, reaching at 100°C the values of Ry™
lower than those of OEDA and PDA.

So, we observe an interesting phenomenon: the final
conversions of OEDA and PDA decrease above 70°C in
Ar although their R;™ values still slightly increase,
whereas Ry values of TEDA decrease above 80°C but
its p values are kept at the highest level reached.

Generally, we can conclude that, whereas the presence
of heteroatom influences the reactivity of the monomer
in the absence of oxygen rather slightly, it affects deeply
the polymerization in air. Much higher reaction rates and
p' values of TEDA and OEDA compared to PDA in air
indicate that these monomers are less sensitive to oxygen
inhibition and, in turn, the sensitivity of TEDA is much
lower than that of OEDA. This result is a consequence of
the different rates of consumption of dissolved and
diffusing oxygen in the chain peroxidation process:

R® + O, — ROO" (1)
ROO® + RH — ROOH + R® (2)

where RH is monomer or polymer molecule, R® is
monomer-, polymer- or initiator-derived radical.
Reaction (2) is faster for the heteroatom-containing
monomers and is responsible for their reduced sensitivity
to oxygen inhibition. However, hydrogen abstraction
occurs much easier from the carbon atom attached to
sulfur than to oxygen (due to better radical stabilization
by S atom'®); therefore TEDA polymerizes in air faster
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Figure 5 Temperature dependences of times needed to reach Ry™
(tgm) in air. Symbols as in Figure 3
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Figure 6 Temperature dependences of the polymerization rates at 5%
conversion Rf,. Symbols as in Figure 3

and to higher conversion than OEDA. This reaction may
be of lower importance at high initiator concentration,
when oxygen is mainly removed in reaction (1) (in this
case R* denotes initiator-derived radical).

The lowest sensitivity of TEDA to oxygen inhibition is
also manifested by the considerably lower values of the
time needed to reach R} (fgy) and the lowest
temperature gradient of (g, (Figure 5). However, as
will be shown below, the onset and maximum of
autoacceleration is affected also by factors other than
the retarding effect of oxygen.

The cause of the rapid increase of Ry of OEDA
in air above 70°C is uncertain. It may be connected
with a peroxygenation process. The faster reaction (2)

1042 POLYMER Volume 37 Number 6 1996

for heteroatom-containing monomers causes the
concentration of hydroperoxides formed in the reaction
to be higher. At temperatures above 70°C the decom-
position rate of hydroperoxides and polyperoxides
becomes high enough to increase the overall initiation
rate. The substantial contribution of hydroperoxides in
the initiation of polymerization was indicated in the
literature'®. However. in the case of sulfur-containing
monomer, hydroperoxides formed are only intermediate
products in the oxidation of sulfur atom>">* and cannot
participate in the enhancement of the initiation rate (it is
impossible, for instance, to reach high conversion of
sulfur-containing monomers in the presence of peroxide
initiators™). As the result, R)™ of OEDA exceeds R
of TEDA and their final conversions above 80°C in air
become similar. At a low degree of conversion (5%.
Figure 6) the polymerization rate of OEDA increases
with temperature similarly to other monomers, possibly
because the concentration of hydroperoxides is still too
low to affect the initiation.

Another reaction that influences the course of polym-
erization, and its effects should be especially visible in the
absence of oxygen is the chain-transfer reaction:

~M*+RH — ~MH + R°* (3)

where ~ M* is a macroradical and RH is a monomer or
polymer molecule.

Participation of this reaction is significant in the
polymerization of acrylates due to the presence of
tertiary hydrogens in the polymer backbone!. Such
reaction (by tertiary hydrogens) should occur to a similar
degree for poly-TEDA, poly-OEDA and poly-PDA.
However, the chain-transfer constants for hydrogens in a
CH, group attached to sulfur atom are considerabiy
higher than those for hydrogens in a CH, group attached
to oxygen atom and higher than for tertiary hydrogens'®.
Therefore. the influence of the following reaction:

~M*+ —CH, —S— — ~MH+ —"CH- S~ (4)

may be appreciable during the photopolymerization of
TEDA.

The general consequence of reaction (3) is grafting
leading to formation of more dense polymer network
and the acceleration of termination by introduction of
some mobility to radical sites attached to the network'.
Owing to reaction (4) both these processes will occur to a
higher degree of TEDA and since the activation energy
of the chain-transfer reaction is higher than that of the
propagation process by 20-40kJ mol™' with active
transfer agents'®, its contribution will be greater at
higher temperatures. The formation of considerable
amounts of —*CH-S- radicals reduces the polymeriza-
tion rate not only by enhanced termination but also due
to slower reinitiation caused by lower reactivity of
radicals stabilized by sulfur. Therefore, we observe the
drop of R;™ of TEDA above 80°C in Ar.

It is interesting to note that at such a low conversion
level as 5% (Figure 6), the polymerization rate in Ar
increases with temperature and. in contrast to Ry, for
OEDA and PDA does not tend to reach a plateau above
70°C. However, for TEDA the increase of Rrs, with
temperature is hampered above 80°C. This leads to the
conclusion that the decelerating processes influencing Ry'™*
above 80°C result from two main factors: one that depends
and another one that does not depend on the conversion
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Figure 8 Temperature dependences of ratios pgy, /p’ in Ar. Symbols as
in Figure 3

level achieved. The first factor may be chain transfer to
polymer and/or polymer degradation and may explam the
difference between the temperature dependences of R and
RZ%* in Ar for OEDA and PDA. The second factor, Wh]Ch
a&ects the polymerization rate of TEDA just from the
early polymerization stages, is chain transfer to monomer
and polymer according to reaction (4).

One of the factors that characterizes the autoaccelera-
tion is the degree of conversion at which Ry is reached
(Prm)- Its temperature dependence in both Ar and air is
shown in Figure 7. Although p values for TEDA in Ar
are a little higher than for other monomers, its pg,, are
the lowest, at least to about 70°C. Since, beginning from
this temperature, p' for OEDA and PDA decreases, it is
better to consider what fractlon of final conversion PRm
makes, i.e. the ratio pRm/p (Figure 8). In Ar this ratio is
the lowest for TEDA in the whole temperature range and
may be caused by the following effects. At the early
polymerization stages chain transfer favours grafting
rather than termination; therefore, in TEDA gelation
sets in earlier and results in earlier occurrence of
autoacceleration. However, at further polymerization
stages, when termination instead of being controlled by
translational diffusion (which brings the radicals
together) becomes controlled by reaction diffusion

(when two radicals are brought into contact by a series
of propagation steps''), the chain transfer enhances
termination by mobilization of trapped radicals and is
responsible for earlier deceleration in TEDA.

Although crosslinking accelerates polymerization
initially at lower conversions, it ultimately restricts
radical chain and monomer diffusion at higher percen-
tages of conversion as the network crosslink density
increases. For this reason the final conversion will
depend mainly on the network mobility, and the fact
that the extents of conversion of the polymerization
occurring under deceleration conditions beyond Ry are
higher for TEDA may be caused by the higher flexibility
of diacrylate spacer group due to lower barrier to
rotation of the C—S bond?®.

The importance of the chain- transfer reaction 1n the
polymerlzatlon of dimethacrylates® and diacrylates®
both air and Ar was shown for the formulatlons
containing various sulfide addlthCS and the scheme of
the action of sulfides was proposed™.

As was mentioned earlier, the maximum on the plot of
final conversion vs. temperature as well as the maximum
or a plateau on the plot of Ry'®* vs. temperature were
explained by the depropagation of the polymer formed
and/or by decelerating effect of chain-transfer reac-
tion'*"!2. The chain-transfer reaction will be the most
pronounced in TEDA polymerization and, since p’ of
TEDA does not show a max1mum chain transfer cannot
be the cause of the decrease of p’ above 70°C observed
for PDA and OEDA in Ar. Moreover, polyacrylates do
not undergo depropagation since chain transfer to
polymer backbone occurs and thermal decomposition
of polyacrylates is initiated by breaking of the bond at
the radical formed after abstractlon of tertiary hydrogen
from the polymer chain®®. However, if we accept the
explanation by thermal 1nstability but in the form of
polymer degradation and not depolymerization, we
should also assume that the thioether bond, by chain
transfer competitive to that from polymer backbone,
exerts a stabilizing effect on the polymer protecting it
from degradation in Ar. The apparent lack of polymer
degradation in the presence of atmospheric oxygen may
result in part from the fact that the thermal effect
observed by d.s.c. is a result of various processes
occurring simultaneously to a higher or lesser degree,
e.g. exothermic oxygenation and polymerization,
endothermic degradation or others. For better explana-
tion a comparison with other methods is needed.

The presence of a heteroatom in a polymer may affect
its swelling properties. The degree of double-bond
conversion of the samples of poly-TEDA, poly-OEDA
and poly-PDA prepared for swelling measurements
should be similar (compare Figure 3) and the swelling
of polymers should reflect mainly the dlﬂ’erence in their
crosslink densities, which do not derive from p value, as
well as the compatibility of the polymers with the solvent
used (Table 2). Generally, poly-TEDA is least susceptible

Table 2 Swelling of polymers (wt%)

Polymer Water Toluene
poly-TEDA 1.4 0.5
poly-OEDA 1.9 0.5
poly-PDA 1.5 2.4

POLYMER Volume 37 Number 6 1996 1043



Temperature effects on photopolymerization of diacrylates: E. Andrzejewska

to solvent penetration. The hydrophilicity of the ether
bond probably makes poly-OEDA the most swellable in
water; the swelling of poly-TEDA and poly-PDA is
similar with the lower value for the former. In toluene, in
turn, the swelling of poly-TEDA and poly-OEDA is the
same and about six times lower than that of poly-PDA.
The lowest swellability of poly-TEDA makes it useful for
potential applications in protective coatings.

The consideration of the temperature effect on the
course of polymerization needs also calculation of
activation energies (E,). The final shapes of Arrhenius
plots depend not only on the thermal dependence of R,
but also on other processes influencing the polymeriza-
tion rate and having their own activation energies, such
as decomposition of polymer or peroxides, chain
transfer, oxygen consumption and diffusion as well as
on temperature gradients of viscosity and oxygen
solubility. Therefore, the clear linear dependence may
be disturbed and the obtained apparent E, values may be
affected to a degree depending on the contribution and
importance of particular processes.

The usual expression for the activation energy is given
by the relation (5):

E, = E, +0.5E — 0.5E, (5)

where E, is activation energy of propagation, E; is
activation energy of initiation and E, is activation energy
of termination.

In the case of photochemical initiation:

a = Ep —0.5E, (6)
since E; is small or zero. However, expression (6) was

derived for bimolecular termination when k& in the
Arrhenius equation:

k= A exp(—E,/RT) (N
is determined by the relation:
Rp = k[M] (8)

in which &, for photochemical initiation, is expressed by °:
k= ky/ (kD) 2(1,) 9)

where k;, = propagation rate constant, k? = bimolecular
termination rate constant, & = quantum yield of initia-
tion, [, =intensity of absorbed light and
[M] = concentration of double bonds.

Expression (9) was derived under steady-state assump-
tion. In the polymerization of multifunctional monomers
a steady state practically does not occur and the
contribution of monomolecular termination may be
appreciable from the early polymerization stages. There-
fore, we cannot use equation (6) to determine the
possible relation between E;, and E;, as we sometimes
find in the literature, before we are sure that the steady
state and bimolecular termination really take place. Both
these conditions are not fulfilled in the polymerization
described in this work.

Calculation of E, at Ry should be performed on the
basis of the composite rate constant k£ (equation (8)),
namely Ry“/(1-pgm), since the double-bond concen-
tration at R;™ varies with temperature (compare
Figure 7). At RJ™ the propagation reaction is under
a mixture of chemical and diffusional control and also
diffusion effects will influence the calculated E,.
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Figure 9 Arrhenius plots of the composite rate constants k at Rp™.
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Table 3 Apparent activation energies at Ry™* for TEDA, OEDA and
PDA polymerization calculated for the composite rate constants

Ar Air

Temp. range F, Temp. range £,
Monomer (°C) (kJmol™)y (O (kJ mol™")
TEDA 30-80 16 30-100 17

80-100 -10
OEDA 30-70 19 30--70 18

70-100 1 70-100 63
PDA 30-70 15 30--70 80

70-100 -0.1 70-100 54

In addition to the factors listed above, other inaccu-
racy in determination of E, derives from the fact that
relation (8) assumes a first-order dependence of R, on
monomer concentration, However, the reaction order is
very often higher than unity®'® and this is also the case
for the investigated monomers under the conditions used
in this work. Despite this, in this paper E, has been
calculated on the basis of equations (7) and (8) to enable
the comparison of the results with those obtained by
other authors.

Arrhenius plots of k at R;*™* for polymerization carried
out in air and in Ar are given in Figure 9. Generally on
the plots obtained for Ar atmosphere we can distinguish
two regions: up to about 70-80°C and above, in which
the plots are almost linear but E, values obtained for
these regions differ substantially (Table 3). In the first
region E, values for all the monomers are in the range of
14-19kJ mol™! (these values correspond with the
literature data for various di(meth)acrylates) and in the
second one become very low, near zero for OEDA and
PDA and markedly negative in the case of TEDA. The
existence of two regions was also observed by other
workers®!® and a value of E, near zero and negative for
the second region was explained by enhanced termination
due to chain transfer by tertiary hydrogens from poly-
acrylate backbone'® or as a consequence of decreasing
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tendency of polymerization rates caused by depropaga-
tion of the kinetic chain'!. Enhanced chain transfer may
be responsible for the negative value of E, for TEDA
but, as was indicated above, we cannot take depropaga-
tion into account.

The E, values obtained for polymerization in air are
close to those in Ar for TEDA and OEDA up to 70°C
(TEDA shows only one value of E,) and we can conclude
that in these cases the presence of oxygen does not
significantly influence E,. Only one value of E, in air in
the whole temperature range for TEDA indicates that
the retarding processes occurring above 80°C (observed
in Ar) are balanced by the accelerating effect of faster
oxygen consumption caused by the sulfide group. The
rapid increase of E, above 70°C for OEDA reflects the
increase of its Ry® and the high value of E, indicates the
occurrence of a thermal process, possibly decomposition
of hydroperoxides. Very high E, values for PDA in air
indicate in turn a very strong influence of oxygen on the
polymerization, especially at lower temperatures. Also in
this case at higher temperatures the formation of
hydroperoxides may assist the initiation.

CONCLUSIONS

The sulfide group introduced into an acrylate monomer
exerts a positive effect on the photopolymerization
course in both air and Ar. It markedly lowers the
monomer sensitivity to oxygen inhibition and prevents
the drop of final conversion (as measured by d.s.c.) in Ar
at higher temperatures. The action of the sulfide group is
based on hydrogen abstraction from CH, attached to
sulfur, which causes faster oxygen consumption (both
dissolved and diffusing), enhances network density,
increases the mobility of radical sites and is competitive
to abstraction of tertiary hydrogens from the polymer
backbone by growing macroradical.
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