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Abstract

The copolymerization behavior and the dark polymerization kinetics of highly reactive novel acrylic monomers were compared to traditional
acrylate monomers. Copolymerization of thiol functionalities with novel acrylic monomers was characterized, and it was observed that the in-
clusion of secondary functionalities such as carbamates, carbonates, and cyclic carbonates, in acrylic monomers significantly alters the relative
reactivity of the novel acrylates with thiols. While traditional aliphatic acrylates exhibited propagation to chain transfer ratios ranging between
0.8 (£0.1) and 1.5 (£0.2), the novel acrylates characterized by secondary functionalities exhibited much higher propagation to chain transfer
ratios ranging from 2.8 (£0.2) to 4 (£0.2). In the dark polymerization studies, the kinetics of the novel acrylates were evaluated following ces-
sation of the UV light. The novel acrylates exhibited extensive polymerization in the dark compared to most traditional acrylates and diacrylates.
For instance, cyclic carbonate acrylate was observed to attain 35% additional conversion in the dark when the UV light was extinguished at 35%
conversion, whereas traditional acrylates such as hexyl acrylate attained only 3% additional conversion when the UV light was extinguished at
35%, and a diacrylate such as HDDA attained 15% additional conversion when the UV light was extinguished at 40% conversion. Also, through
choice of appropriate monomers, the dark polymerization studies were performed such that the polymerization rate was approximately the same
at the point the light was extinguished for all these monomers. The copolymerization and dark polymerization studies support the hypothesis that
the nature of the propagating species in the novel acrylates is altered as compared to traditional acrylic monomers and polymerizations.
© 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Photopolymerization offers multiple advantages which in-
clude spatial and temporal control, solventless polymeriza-
tions, as well as compatibility with multiple solvents. Due to
the multitude of advantages it offers, photopolymerization of
(meth)acrylates has been used for a variety of applications in-
cluding dental materials, biomaterials, coatings, polymeric
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membranes, microfluidic devices, stereolithography, contact
lenses and adhesives [1—9]. However, currently used (meth)-
acrylates are subjected to several limitations including
polymerization shrinkage, oxygen inhibition and residual
unsaturation which have deleterious effects on polymer perfor-
mance and lifetime. Hence, development of new (meth)acrylic
systems to overcome these limitations is a focus of great
interest.

Decker et al. [10—12] in the early 1990s and more recently,
Jansen [13,14], Hoyle [15], and Bowman and coworkers
[16,17] developed and evaluated a novel class of monovinyl
(meth)acrylates that exhibit polymerization kinetics rivaling
or surpassing multivinyl acrylates, despite their having only
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a single vinyl group. These monomers also form crosslinked,
insoluble polymer early in the polymerization. Owing to their
faster cure kinetics, near-quantitative conversions and superior
polymer properties, these materials are very attractive for use
as reactive diluents. Therefore, it is of immense significance to
understand the factors leading to their higher reactivity which
would enable a rational design of a new generation of acrylic
monomers with enhanced reactivity and superior polymer
properties.

Several theories have been proposed to explain the anoma-
lous behavior of the highly reactive monomers. Decker et al.
[18,19] first proposed a highly efficient hydrogen abstraction
mechanism, implicating the presence of labile hydrogens in
the novel acrylic monomers. Hydrogen abstraction would
lead to crosslinking and subsequently suppressed termination.

Alternatively, Jansen and coworkers [13,14] have theorized
that for molecules with a high dipole moment, the more polar
medium reduces the activation energy for propagation, leading
to an acceleration in the propagation reaction rate. However,
various systems characterized by relatively low values of
dipole moments that have high reactivities are known. Further,
recent studies have depicted that even for systems with high
dipole moment, molecular dipole is not a single, decisive
factor causing enhanced reactivity [17].

Other investigators have implicated hydrogen bonding as
a factor leading to enhanced reactivity [15,20]. Hydrogen
bonding increases the relative viscosity of the system, particu-
larly during early stages of polymerization. The resulting mo-
bility restrictions inhibit termination reactions, which lead to
a higher radical concentration, and hence higher reactivity.
While it is true that hydrogen bonding undoubtedly contributes
to enhanced reactivity, it has been shown that internal hy-
drogen bonding is not the single decisive factor influencing
monomer reactivity [16]. Further, several monomer systems
incapable of intermolecular hydrogen bonding are known to
be extremely reactive, including several in Decker’s original
work [21].

Recently, acid inhibition studies were performed to im-
prove the fundamental understanding of these novel systems
and they revealed the contribution of a reactive intermediate
that has at least an anionic character as a part of the novel
acrylic polymerization behavior [22]. To enhance this funda-
mental understanding of the nature of the novel acrylic mono-
mer’s double bond/propagating radical, this work focuses on
examining specific features of the polymerization kinetics.
Specifically, this work investigates the copolymerization be-
havior of the novel acrylates with thiol monomers as well as
the partial cure polymerization behavior of these systems in
the absence of the initiating UV light.

2. Experimental
2.1. Materials
Cyclic carbonate acrylate (CCA) was prepared by the reac-

tion of 4-hydroxy methyl-1,3-dioxolan-one (Huntsman, Salt
Lake City, Utah), with acryloyl chloride (Aldrich Chemicals,

Milwaukee, WI) in the presence of triethylamine [17]. Ethyl
linear carbonate acrylate (LCA) was prepared by reaction of
ethyl chloroformate with hydroxyethyl acrylate (Aldrich
Chemicals, Milwaukee, WI) [16,23]. The monomer phenyl
carbonate ethyl acrylate was prepared by the reaction of phe-
nyl chloroformate and hydroxyethyl acrylate (Aldrich Chemi-
cals, Milwaukee, WI) [16,23]. Phenyl carbamate ethyl acrylate
was prepared by a reaction of phenyl isocyanate (Aldrich
Chemicals, Milwaukee, WI) with hydroxyethyl acrylate
(Aldrich Chemicals, Milwaukee, WI) [17]. The synthesized
monomers did not contain any added inhibitors. The 'H
NMR (400 MHz, CDCls;) spectra of the synthesized monomers
collected on a Varian Innova DSX-400 spectrometer are: cy-
clic carbonate acrylate (CCA) (400 MHz, CDCl3) 6 6.42 (d,
1H), 6 6.15 (dd, 1H), 6 5.9 (d, 1H), 6 4.95 (m, 1H), ¢ 4.58
(t, 1H), 6 4.4 (q, 1H), 6 4.3 (m, 2H); ethyl linear carbonate ac-
rylate (LCA): ¢ 6.29 (d, 1H), 6 5.96 (m, 1H), 6 5.72 (d, 1H),
04.25 (m, 4H), 6 4.05 (m. 2H), ¢ 1.15 (m, 3H); phenyl carbon-
ate ethyl acrylate: 6 7.1—7.4 (m, 5SH), 6 6.4 (d, 1H), 6 6.05 (q,
1H), 0 5.85 (d, 1H), ¢0 4.4 (m, 4H); phenyl carbamate ethyl
acrylate (400 MHz, CDCl3): 60 7.4 (m, 5H), 6 7.05 (m, 1H),
0 6.7 (s, 1H), 6 6.42 (d, 1H), ¢ 6.05 (dd, 1H), 6 5.82 (d,
1H), 6 4.4 (s, 4H). The monomers hexyl acrylate, ethoxyethyl
acrylate, tetrahydrofurfuryl acrylate, lauryl acrylate, and butyl
mercaptopropionate were purchased from Aldrich Chemicals
(Milwaukee, WI) and used as received. 1,6-Hexanediol
diacrylate (HDDA) was purchased from Aldrich Chemicals
(Milwaukee, WI) deinhibited through vacuum distillation prior
to use. The photoinitiator 2,2-dimethoxy-2-phenylacetophe-
none (DMPA) was purchased from Ciba-Geigy (Hawthorne,
NY). The structures of all the monomers used in the study
are depicted in Fig. 1.

2.2. Methods

2.2.1. Fourier transform infrared spectroscopy

FTIR studies were conducted with a Nicolet 760 Magna
FTIR spectrometer (Nicolet, Madison, WI). Samples were
laminated by placing them between two NaCl crystals with
approximate film thicknesses of 15—20 pm and placed in
a horizontal transmission apparatus [16]. Samples were ir-
radiated with an ultraviolet light source (Ultracure 100SS
100 W high pressure mercury vapor short-arc lamp, EXFO,
Mississauga, Ontario, Canada) filtered and centered at 365 nm
for a duration of 5 min. Irradiation intensity was monitored
using a Cole-Parmer Instruments Co. Series 9811 Radiometer
(Vernon Hills, IL). The initiator used was 0.1 wt% of 2,2-
dimethoxy-2-phenylacetophenone (DMPA) for all samples.
The thiol conversion was monitored by measuring the SH
absorption peak [24—26] at 2570 cm !, and the acrylate con-
version was monitored by measuring the C=C stretching
vibration at 1630 cm™' or the C=C twisting vibration at

around 810 cm™ .

2.2.2. Dynamic mechanical analysis
Dynamic mechanical analysis in extension mode (Perkin—
Elmer DMA-7, Perkin—Elmer, Norwalk, CT) was utilized for
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Fig. 1. The structures of the monomers used in the study: (a) cyclic carbonate acrylate (CCA), (b) hexyl acrylate, (c) ethyl linear carbonate acrylate (LCA),
(d) tetrahydrofurfuryl acrylate, (e) phenyl carbamate ethyl acrylate, (f) phenyl carbonate ethyl acrylate, (g) hexanediol diacrylate (HDDA), (h) lauryl acrylate,

and (i) ethoxyethyl acrylate.

determining the modulus, glass transition temperature and
crosslinking density. Loss tangent and storage modulus were
determined as a function of temperature, applying a sinusoidal
stress at a frequency of 1 Hz. The temperature of the sample
was increased from —30 to 170°C at a rate of 5 °C/min.
The crosslink density was determined from Eq. (1)

EI
AT (1)

Ve =

where E' is the storage modulus in the rubbery plateau, R is the
universal gas constant, and T is the absolute temperature at
which the storage modulus is measured in the rubbery plateau.

3. Results and discussion
3.1. Copolymerization with thiol monomers

Traditional acrylic monomers copolymerize with thiol
functionalities through a mixed step-chain growth polymeriza-
tion. In this polymerization mechanism, depicted below
(Scheme 1), while acrylates readily homopolymerize through
a chain growth mechanism, they are also capable of abstract-
ing a hydrogen from the thiol monomers (chain transfer).
Therefore, when a mixture of acrylate and thiol monomers is
polymerized, there are two possible reactions in which the
acrylic radical participates: propagation through another acry-
late functional group (step 1) and chain transfer to thiol (step
2). The thiyl radical, formed through the chain transfer step,
further consumes the acrylic functional groups by propagating
through the carbon—carbon double bond (step 3).

R'—CH,—RHC® + RCH=CH, Kpcq, RCH—CH,—R’ Step 1
CH,—RHC®
n Al RHEC k \ » o Step2
R’— CH,—RHC® + RSH ot , RCH,—CH,— R’+RS p
RS® + RCH=CH, Kos¢  Rs—cH,—RHC® Step 3

Scheme 1. The polymerization sequence of thiol—acrylate systems.

To characterize the polymerization behavior of traditional
acrylic monomers with thiol functionalities, copolymerization
studies of hexyl acrylate were conducted with butyl mercapto-
propionate as a chain transfer agent. Fig. 2a presents the
copolymerization kinetics of these monomers at various thiol:
acrylate stoichiometric conditions. These experiments reveal
that the addition of thiol to hexyl acrylate results in consider-
able enhancement in acrylate polymerization kinetics. To
understand this phenomenon better, presented below are poly-
merization rates of acrylic monomers in both the absence
(Eq. (2)) and presence (Eq. (3)) of thiol [25].

R;
Ry v = [ 5 koec[CC] @)
t
R, 1+b
Ry, with sH = 2_klkpCC [CC]\/ﬁ (3)

where, kpcc is the homopolymerization kinetic constant. k is
the termination kinetic constant and R; is the initiation rate,

 ka[SH]
 kpsc[CC]

b ke [SH]
kpcc[CC]

Where, k,sc is the thiyl radical propagation kinetic constant,
k.. is the chain transfer kinetic constant of the acrylate to thiol.
Therefore, the enhancement in the polymerization rate of
acrylate associated with the addition of thiol is given by

Rp winsa _ 1+ b @)
Rp, bulk vV l4+a+ a?

From Eq. (4), it is clear that the increase in acrylic mono-
mer reactivity upon thiol functional group addition occurs
when parameter b is greater than parameter a, i.e., when
kpsc > kpcc. Further, previous work by our group has demon-
strated that the ratio of the thiyl radical propagation (k,sc) to
homopolymerization (kpcc) kinetic constant is approximately
13 for the hexyl acrylate—thiol reaction presented here [25].
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Fig. 2. Acrylate conversion as a function of time for: (a) hexyl acrylate and
butyl mercaptopropionate: (1) 100:0, (2)70:30, (3) 50:50; (b) cyclic carbonate
acrylate and butyl mercaptopropionate: (1)100:0, (2) 95:05, (3) 90:10,
(4)75:25, (5)50:50. Polymerization conditions: light intensity:SmW/cmz,
initiator concentration = 0.1 wt%, room temperature.

Therefore, the increase in acrylic monomer reactivity upon
addition of thiol is not unexpected, and it is due to the higher
propensity of the thiyl radical to propagate through the acrylic
double bond as contrasted with the propagation of an acrylic
radical through the acrylic double bond.

However, addition of thiol does not lead to a rate enhance-
ment in the polymerization kinetics of the novel acrylic mono-
mers, as shown for CCA in Fig. 2b. In contrast, the addition of
thiol in similar quantities as used with hexyl acrylate slowed
the novel acrylate’s polymerization kinetics (Fig. 2b). The
negligible impact of the low thiol concentration on cyclic
carbonate acrylate clearly suggests that the homopolymeri-
zation kinetic parameter is greater than the thiyl radical
propagation kinetic parameter. Further, the suppression in the
polymerization kinetics upon addition of large amounts of
monothiol reflects the chain transfer ability of thiols

[24,27,28]. While kinetically the thiol is not increasing the
polymerization rate as in the case with traditional acrylic
systems, the thiol monomer here further functions as a chain
transfer agent, suppressing autoacceleration effects by reduc-
ing the molecular weight of the growing kinetic chains [27—
29]. Further, the reduction in the molecular weight of the
growing chains also leads to an increase in the observed
overall conversion.

It was expected that the propagation to chain transfer ratios
for the thiol and acrylate would also be different compared to
traditional acrylic systems. Hence, we attempted to obtain the
propagation to chain transfer Kinetic constant ratio (ky/k.) for
several thiol—acrylate systems. Based on steps 1—3 from
Scheme 1, of the thiol—acrylate reaction, the relative rates
of thiol and acrylate consumption are given by [21]:

d[c=C]
d[SH]

k,[C=C]

= s )

These ratios are obtained by optimizing the kp/k., parameter
for a least squares fit of the thiol functional group conversion
as a function of the acrylate functional group conversion over
a range of 0—80% acrylate conversion. The ky/k. parameter
was determined for two different thiol/acrylate initial ratios
of 50/50 wt% and 30/70 wt%. Since the kp/k., parameter was
fit over a range of conversion from 0 to 80%, where the stoi-
chiometric ratios of thiol to acrylate change as the reaction
progresses, two initial thiol:acrylate mixtures of different
ratios were adequate for the estimation of k,/kc.

Studies previously revealed that most traditional acrylates
have ky/k. ratios ranging from 0.8 to 1.5 [24,30] (Table 1).
However, the novel acrylates functionalized by carbamate,
carbonate and cyclic carbonate were found to have much
higher kp/k. ratios ranging from 2.8 (£0.2) to 4 (£0.2)
(Fig. 3 and Table 1). Acrylates such as hexyl acrylate, lauryl
acrylate, and HDDA which are very structurally similar,
showed propagation to chain transfer ratios around 1.0
(£0.1)—1.4 (£0.1) whereas the ethoxyethyl acrylate depicted
a slightly higher k,/k. ratio of 1.5 4 0.2. The novel acrylates
exhibit much higher ky/k. ratios as compared to any of the
aliphatic acrylates. As the propagation kinetic constants for

Table 1
The ratio of propagation to chain transfer kinetic constants (ky/k) ratios for
various acrylates reacting with butyl mercaptopropionate

Monomer Copolymerization ratio
(propagation to acrylate/chain

transfer to thiol) (kp/ke,)

Lauryl acrylate 09+£0.1
Hexyl acrylate 1.0+0.1
Ethoxyethyl acrylate 1.5+£02
Hexanediol diacrylate 14+0.1
Cyclic carbonate acrylate 40+£0.2
Ethyl linear carbonate ethyl acrylate 3.0+0.2
Phenyl carbonate ethyl acrylate 2.8+0.2
Phenyl carbamate ethyl acrylate 344+0.6

Polymerization conditions: light intensity =5 mW/cm?, initiator concentra-
tion = 0.1 wt% DMPA, ambient temperature.
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CCA and HDDA are very similar [31], 5 X 10* £ 0.4 x
10* 1mol~' s, under identical polymerization conditions and
measured with similar analytical techniques the unusually
high kp/k ratio of CCA is due to the decreased chain transfer
kinetic constant associated with the reaction of the propagat-
ing radical in chain transfer to the thiol. This difference in
thiol chain transfer ability of CCA suggests an inherent differ-
ence in the nature of the cyclic carbonate acrylate’s propagat-
ing acrylic radical as compared to that of traditional acrylates.
This hypothesis, if true, could potentially explain many un-
usual properties of the novel acrylic systems including their
unusually high reactivity. This hypothesis is also supported
by the acid inhibition studies which suggested that the propa-
gating acrylic radical might possess a greater ionic character
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[22]. The ky/k ratios of various novel acrylates as well as
traditional acrylates are presented in Table 1.

Hence, the nature of the propagating acrylic species is
hypothesized to affect the nature of both ky/k ratios of these
monomers with thiols as well as their enhanced reactivity
towards photopolymerization. Thus, the kpy/k., ratios of these
acrylate monomers are plotted against the average polymeriza-
tion rates to examine possible correlations between reactivity
to photopolymerization and an inclination to react with thiols
(Fig. 4). It can be inferred from Fig. 4 that the novel acrylates
with higher k,/k. ratios also exhibited enhanced average poly-
merization rates. However, no monotonic correlation between
average polymerization rates and copolymerization ratios was
found, since polymerization rates are also affected by factors
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Fig. 3. The thiol conversion as a function of the acrylate conversion for a variety of monomers and conditions. (—), Theoretical fit and (— —), experimental profile
of (1) 50/50 wt% acrylate/butyl mercaptopropionate, (2) 70/30 wt% acrylate/butyl mercaptopropionate. Experimentally observed profile of (a) cyclic carbonate
acrylate, (b) hexyl acrylate, (c) phenyl carbonate ethyl acrylate, (d) ethoxyethyl acrylate. Polymerization conditions: light intensity = 5 mW/cm?, initiator concen-

tration = 0.1 wt% DMPA, temperature = 25 °C.
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including increased viscosity effects of hydrogen bonding, and
autoacceleration effects [7,15,32]. For instance, phenyl carba-
mate ethyl acrylate which exhibited a ky/k. ratio of 3.4 £0.6
is observed to be approximately 3-fold more reactive as com-
pared to CCA because of increased viscosity effects due to
hydrogen bonding [32]. Similarly, HDDA with a lower kp/k,
ratio of 1.4 £0.1 is also observed to exhibit reactivity equiv-
alent to the linear carbonate ethyl acrylate due to the contribu-
tion of typical autoacceleration effects associated with the
polymerization of diacrylates [6]. Though both hydrogen
bonding interactions and crosslinking affect the polymeriza-
tion rate; neither of these interactions are expected to have
a primary effect on the reaction with the thiol.

3.2. Dark polymerization studies

Once the photopolymerization of the novel acrylates is
initiated and, subsequently, the UV light is extinguished, the
novel acrylates are observed to polymerize and achieve exten-
sive conversions in the dark. Table 2 presents the extent of
conversion in the dark for various monomers under similar ini-
tiation conditions. The above behavior is also very atypical of
traditional acrylic systems. Cyclic carbonate ethyl acrylate and
phenyl carbamate ethyl acrylate are observed to polymerize
and attain ~30—40% conversion after the light is extin-
guished, whereas traditional acrylates such as hexyl acrylate
and tetrahydrofurfuryl acrylates attain only ~2—3% conver-
sion in the dark. A certain amount of increased dark conver-
sion in novel acrylates is attributed to the reduction in
termination kinetics due to the presence of intermolecular in-
teractions such as hydrogen bonding and mobility restrictions
generated by the small amount of crosslinking that occurs. In-
creased mobility restrictions reduce the termination kinetics,
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Fig. 4. Average bulk polymerization rates of various acrylates (10—50%
conversion) versus their ky/k, ratios with butyl mercaptopropionate. The poly-
merization rates have been normalized with respect to initial double bond
concentration of acrylates. Polymerization conditions: light intensity =
5mW/cm2, initiator concentration =0.1 wt% DMPA, room temperature,
weight ratios of acrylate/thiol ranging from 70/30 to 50/50.

Table 2
Dark conversion data for various acrylate monomers
Monomer Conversion Dark R, at the
at which the polymerization conversion where
UV light was (% conversion the light was
extinguished  after the UV light  extinguished
(%) was extinguished)  (s™")
Hexyl acrylate 35+1 3+1 0.007 £ 0.002
Tetrahydrofurfuryl 35 +£1 T+£2 0.02 £0.03
acrylate
Hexanediol 10£2 72 0.05+0.02
diacrylate
Hexanediol 40+3 15+£3 0.08 £0.02
diacrylate
Cyclic carbonate 35£5 35+£3 0.16 £0.02
acrylate
Phenyl carbamate 36 £ 8 40+3 0.38 £0.03
ethyl acrylate
Ethyl linear 34+3 25+3 0.09 +£0.02

carbonate ethyl
acrylate

Polymerization conditions: light intensity =5 mW/cm?, initiator concentra-
tion = 0.1 wt% DMPA, room temperature.

increasing the radical lifetimes and the amount of dark conver-
sion. Hence, the novel acrylates would be expected to exhibit
increased amounts of dark polymerization compared to tradi-
tional monoacrylates. However, as discussed in the following
section, the novel acrylates were observed to exhibit signifi-
cantly enhanced dark polymerization, even compared to
traditional diacrylates such as HDDA.

HDDA was observed to achieve a higher dark conversion of
around 7%, when the UV light source was extinguished at
10% conversion and, 15% conversion when the UV light
source was extinguished at 40% conversion. HDDA is ex-
pected to polymerize to a greater extent in the dark since it
is crosslinked to a greater extent, leading to higher mobility
restrictions and greater radical life-times. However, CCA re-
acted an additional 35% conversion following extinguishing
of the light source compared to the 12% additional conversion
exhibited by HDDA under the same initiation conditions.

Further, the increased propagation rate exhibited by the
novel acrylates also translates to a greater extent of conversion
in the dark for a given period of time. Hence, the kinetics in
the absence of UV light, for LCA, a novel (mono)acrylate
were compared to HDDA, since both monomers exhibit com-
parable polymerization rates of 0.09 s~ ' and 0.08 s, respec-
tively, at the conversion at which the light is extinguished.
LCA reacted an additional 25% conversion following extin-
guishing of the light source compared to the 12% additional
conversion exhibited by HDDA when the UV light was extin-
guished at approximately 35% conversion for both monomers
(Fig. 5). Increased amounts of dark conversion, at similar po-
lymerization rates can be inferred to arise specifically from
suppressed termination of radicals. Also, it can be inferred
from Table 3 that the novel acrylates are crosslinked to a lesser
extent as compared to diacrylates. Hence, mobility restrictions
due to crosslinking leading to suppressed termination do not
account for the increased amounts of dark reaction. Another



2020 H. Kilambi et al. | Polymer 48 (2007) 2014—2021

0.8
0.6 - ]

_s | 0.4

4

g 04+ 1 03

5 - Light Off

o ]

o
N

1

0.2 - \2 /’T—‘

4 0.0 T
0 50 100

Time (s)

Dark Conversion
o

0.0 —7rtr T~ r - r 1 T 1 1 1.7
0 10 20 30 40 50 60 70 80 90 100
Time (s)

Fig. 5. Acrylate conversion as a function of time. (1) Ethyl linear carbonate
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Table 3
Crosslinking densities of various acrylate monomers

Monomer Crosslink density (mol/l)
Hexanediol diacrylate 10.0 £ 0.4
Cyclic carbonate acrylate 0.04 £0.003

Phenyl carbamate ethyl acrylate Polymer is soluble in chloroform
Ethyl linear carbonate ethyl acrylate Polymer soluble in methylene chloride

Polymerization conditions: light intensity =5 mW/cm?, initiator concentra-
tion = 0.1 wt% DMPA, room temperature. Crosslink densities are calculated
from the storage modulus in the rubbery region as presented in Eq. (1).

reason for the altered dark polymerization behavior could be
that the propagating acrylic radical is inherently altered for
the novel acrylates characterized by the secondary functional-
ities. Specifically, the acid inhibition studies conducted previ-
ously suggest that the propagating species appears to have an
increased partial anionic character [22]. Greater partial charge
on the propagating acrylic species would not only impact
monomer reactivity but also would suppress termination due
to increased electrostatic repulsion between partially charged
radicals [13] and hence, account for increased dark
polymerization.

4. Conclusions

Copolymerization of thiol functionalities with novel acrylic
monomers was characterized, and it was observed that func-
tionalizing the acrylic monomers with secondary functional-
ities significantly alters the relative reactivity of the novel
acrylates with thiols. The novel acrylates characterized by
the secondary functionalities were observed to exhibit reduced
inclination to copolymerize with the thiols, with k,/k. ratios
ranging from 2.8 (£0.2) to 4 (£0.2), as compared to the

traditional acrylates which depicted ky/k. ratios ranging
from 0.9 (£0.1) to 1.5 (£0.2). Further, it was shown that the
incorporation of the secondary functionalities into the acrylate
monomer alters the chain transfer ability to thiol, signifying
that the nature of the propagating acrylic radical is altered.

Further, the polymerization kinetics of the novel (meth)-
acrylates were measured in the absence of UV light, and the
novel acrylates were observed to exhibit extensive polymeriza-
tion in the dark compared to traditional acrylates and diacry-
lates. Previously conducted acid inhibition studies [22,33]
have also suggested that the nature of the propagating species
could be partially ionic. A greater partial charge on the prop-
agating acrylic radical would suppress termination and lead to
greater extent of polymerization in the dark. Thus, these re-
sults support the hypothesis that the nature of the propagating
species in the novel acrylates is different from that in tradi-
tional acrylic systems.
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