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For three decades, the use of light to cure coatings and
fabricate plastic parts (3D design) has centered primarily on
the use of multifunctional (meth)acrylates which proceed by
free—radical polymerization processes. Photopolymerizable
epoxy and vinyl ether cationic chain processes, as well as
styrene/unsaturated ester and acrylate/unsaturated
free—radical chain reactions, have also found limited
commercial application. (Meth)acrylate photopolymerizations
are inhomogeneous and subject to oxygen inhibition, limiting
Although thiol-enes

represented one of the first really wide scale uses of

their use in some applications.

photocuring, its popularity has decreased since the late
1970s due to perceived problems with color formation and
other non-related issues. Recent extensive efforts in
thiol-ene chemistry by our group and Chris Bowman’ s group
has pointed out many exceptional properties that cannot be
achieved using other phocurable chemistries.

Due to the high conversions attained in the presence of
air and water, the lack of side product formation, reactivity
under mild conditions, and the availability of an endless
supply of reactive enes and thiols, thiol-ene chemistry is an
outstanding example of highly efficient click chemistry, which
is an important emerging field of modern chemistry. The
relatively weak sulfur—hydrogen bond of thiols results in

reactions with near quantitative yields via the photoinduced
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free—radical addition of thiols across electron rich/electron
poor carbon—carbon double bonds. Recent literature on
thiol—ene free-radical reaction processes is summarized in a
detailed review article that highlights work by Bowman, Hoyle
and others (Hoyle, Charles E.; Lee, Tai Yeon; Roper, Todd, J.
Polym. Sci. Part A: Chem., 2004, 42, 5301-5338). Basically,
thiol-ene mixtures react by a light induced step—growth
free—radical chain mechanism (Scheme 1) involving two
sequential reactions: hydrogen abstraction of a thiol
hydrogen by a carbon centered radical to give a thiyl radical
(Step 1), and subsequent addition of the thiyl radical to the
carbon of another ene functional group (Step 2). Termination
occurs through radical coupling. Depending upon the ene
used, the two—step process results in addition of a thiol
group across the ene double bond in essentially quantitative
yield. It is possible to initiate the free—radical chain process
by using either an external photoinitiator to generate radicals
that can abstract hydrogens from the thiol, or by direct
excitation of reactive thiols that cleave to generate
hydrogen and thiyl radicals. Thiol-ene networks are literally
benchmark polymer materials exhibiting near perfect glasses,
elastomers, ultrahigh energy absorbing materials, adhesives,
and optical components. Bowman has examined in great
detail the reaction kinetics for a wide variety of electron rich

(allyl ethers, vinyl ethers, norbornene) and electron poor
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(acrylates, vinyl siloxanes) terminal enes, as well as recently
ternary thiol-ene/acrylate systems (Bowman, Christopher
N.: Reddy, Sirish K;; Cramer, Neil B. Macromolecules, 2006,
39 (10), 3681 —3687).

In all thiol-ene systems, shrinkage occurs in the liquid
prior to gelation, and hence the final networks exhibit
astounding reductions in film stress of the highly crosslinked
networks. Additionally, the glass transition regions, as
identified by both calorimetric and dynamic mechanical
analysis (see Figure 1), are much narrower than any other
highly crosslinked systems.

Since thiols undergo photopolymerization with virtually
any ene or combination of enes, it is possible to create
networks with virtually any combination of physical and

optical properties desired. Figure 2 shows a 4 mm thick
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Figure 1. Tan & vs. Temperature DMA plot for
cured Trithiol-Triallyl Ether network.
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plate created by photopolymerization of a ternary
trithiol /triallyl ether/triacrylate mixture: although it is
optically clear it has a nanophase separated structure. There
is no question that the processing advantage afforded by
thiol-ene curing and the unprecedented physical/mechanical
properties of photocured thiol-enes opens up the potential
for expansion into the areas of high impact mouthguard
materials, biodegradable materials, impact resistant
automotive plates, electrically switchable optical screens
and many other applications. Finally, there are numerous
recent examples of incorporation of high performance
inorganic silicate nanocomposites, clays, and functionalized
hyperbranched monomers into thiol-ene networks via
covalent processes that ensures control of aggregation. The

future is literally a click away.
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Initiation and propagation steps in thiol-ene photopolymerization.

Figure 2. Photocured ternary thiol-ene/
acrylate network 4 mm thick plate.
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Buffer coating & advanced package application compatible
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PIMEL™ pattern image (negative tone/solvent developable type)

Pattern image after development Cross section image after cure

(Series: 1-8100s, Thickness: 10um) (Series: 1-8100s, Thickness: 5um)

PIMEL™ pattern image (positive tone/ aqueous developable type)

Pattern image after cure  (Series: | -700s, thickness: 7um)

[FrEmEnoRESE]

£ B R LHHRDH D EFRATCECR BISPRUENEE R 5NAH (&, Z1— AL S—DHFRRBA DHS LI
BLEH AL, BESF50F, 43737 B60(TIEE (R, THEAE) BROFRHLLT—#. 5000MEEL EFET,

[(=7%RAn]

OFEIBICLY2006FE6 8 LYEHRBDEZFBEENEDLYEL-, HTLLVEFEE S (L. 043-290-3460 TY,
FAXtHREIUE S CTZIERRETT,

EEE EHEE 2006108 1H 17
RITA NG
RITER 7+ bRU T —BESEER

T263-8522 TEMAREXIRERT-33

FEAZIFEGEREGIZE HHEEETOCXTERRERN

&EE /FAX 043-290-3460




	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8

