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Photoinitiated polymerizations are of increasing interest
today because they address a number of energy, economic,
environmental and social issues currently of major importance
in the world. These polymerizations are employed in many
industrial applications and can essentially eliminate air and
water pollution since solvents are not required. Further, their
consumption of energy is only a small fraction of that required
Work in

this laboratory has focused on the development of novel classes

for traditional thermally induced polymerizations.

of photoinitiators that make it possible to carry out cationic
polymerizations at high speeds under UV irradiation. A key
discovery [1,2] made in this laboratory was the observation
that diaryliodonium salts are efficient cationic photoinitiators.
These hypervalent iodine compounds are easily prepared and
modified using a variety of straightforward synthetic methods.
This makes it possible to tailor at will their physical properties
such as melting points, solubilities, as well as their UV
absorption characteristics. Diaryliodonium salts not only
possess excellent photochemical quantum yields but
paradoxically also have good thermal stabilities. This enables
users to prepare shelf-stable solutions of diaryliodonium salt
photoinitiators in a wide variety of highly reactive monomers.
Currently, the diaryliodonium salt photoinitiators shown below

are available from several commercial sources. These
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compounds are finding many applications, for example, in
photocurable coatings, printing inks, adhesives, among many
others. They are widely employed as photoacid generators for
use in the most sensitive photoresists used for integrated circuit
fabrication and also in stereolithography for the construction

of three-dimensional models.
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Diaryliodonium salts are a series of stable, colorless,
crystalline, ionic salts that are readily soluble in many organic
solvents, but nearly insoluble in water. Especially useful is
their excellent solubility in a wide variety of polar cationically

polymerizable monomers. It was observed that all
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diaryliodonium salts are photosensitive [3], however, only those
bearing non-nucleophilic anions of the type MtX,, as indicated
above are useful as photoinitiators of cationic polymerization.
Considerable attention has been devoted to the elucidation of
the mechanism of the photolysis of diaryliodonium salts [4,5].
The actual mechanism is quite complex and an abbreviated

version is shown in equation 1 of Scheme 1.
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Scheme 1

The photolysis of a diraryliodonium salt produces the
excited singlet that rapidly decomposes by both heterolytic and
homolytic cleavage reactions to provide cations, radicals and
cation-radicals. The quantum yield of this process is quite high
and of the order of 0.7. The cations and cation-radicals interact
with the surrounding environment, i.e. solvent, monomer or
impurities, to generate the protonic acid, HMtX,,. If the anion,
MtX, , is selected such that a super acid (Hammett acidity -12
or lower) is formed, protonation of virtually any cationically

polymerizable monomer, M, will take place (eq. 2) and

subsequent polymerization (eq. 3) will occur.
Phenyl-substituted diaryliodonium salts have their primary
absorption bands in the wavelength region (220-250 nm). For
this reason, they respond well to such emission sources such
as medium pressure mercury arc lamps that emit in this region.
However, for applications involving imaging, it is often
necessary to employ longer wavelength emission sources such
as lasers and light emitting diodes. Achieving spectral
sensitivity at these wavelengths has been possible through the
use of electron-transfer photosensitizers, PS. For example,
polynuclear hydrocarbons such as anthracene, pyrene and
perylene and their derivatives have been employed to provide
sensitivity in the 300-530 nm region [6,7]. The mechanism of

electron-transfer photosensitization is depicted in Scheme 2.

ps — Tpge “)
[pS]"+ Anyl* MiX,~ —> [PS-+-AnI* MiX,] (5)

exciplex
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On the absorption of light, the photosensitizer, PS, gives
the corresponding excited species [PS]* (eq. 4). An excited
state complex (exciplex) is often formed as an intermediate
between the onium salt and the excited photosensitizer (eq. 5).
Next, the onium salt is reduced by a formal one electron-transfer
The rapid

decomposition of the resulting unstable diaryliodine free radical

between the two reaction partners (eq. 6).

(eq. 7) prevents back electron-transfer and renders the overall
process irreversible. Lastly, (eq. 8), the photosensitizer cation-
radical induces the cationic polymerization of the monomer.

Diaryliodonium salt photoinitiators can be used to
conduct the polymerization of virtually every known type of
cationically polymerizable monomer. Scheme 3 shows some
typical examples of vinyl and heterocyclic monomers that have
been photopolymerized.

Work in this laboratory has focused on three major classes
of cationically polymerizable monomers included in Scheme
3: epoxides, oxetanes and vinyl ethers. These specific
monomers are of interest since they undergo the most rapid
rates of polymerization. A wide range of epoxide monomers
is available commercially and many of these monomers are
suitable for coatings, adhesives and printing inks. More
recently, several new series of epoxide monomers have been
prepared with high reactivities and excellent properties [8].
Oxetane monomers have many properties that are similar to
epoxides [9]. Vinyl ethers display exceptionally high reactivity
in photoinitiated cationic polymerization by diaryliodonium
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salts and are most suited to high-speed printing ink applications.

Diaryliodonium salts have also found considerable use as
photoacid generators in chemically amplified microelectronic
photoresists [10]. Poly(4-z-butoxycarbonyloxystyrene) on
exposure to UV light in the presence of a diaryliodonium salt
gives poly(4-hydroxystyrene), carbon dioxide and isobutylene.
The photoresist is then developed using aqueous base to give a

positive image.
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A Photosensitive Materials Program’s Activity in the
Development of Photosensitive Coating Materials for
the TFT-LCDs
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Our Team, opened in June, 1996 belongs to the IEMRD
(Information & Electronic Materials R & D) which is pursuing
the development of high performance products in the fields of
Displays / Circuit Board Materials / Reprographics / Optical
Materials through the technology integration and fusion. At
present, 20 researchers with respecting and understanding mind
to share their creativity and challenging spirit are conducting
research on the development of coating materials for LCD in
our team.

Since we started the development of pigment-dispersed
color filter resist for full color TFT-LCD in 1996, we have
extended research items to all kinds of negative photo-sensitive
coating materials such as:

1) acryl-based color filter photoresists for notebook,

monitor and TV (commercialized in 1999)
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2) highly transparent overcoat photoresist for protection

and planarization of the color filter layer(commer—
cialized in 2002)

3) highly photosensitive column spacer photoresist for
the patterned spacer to keep a constant and reliable
cell gap uniformity of LCD panel(commercialized in
2002)

4) black photoresist for the resin black matrix with high
electric resistivity and high optical density

5) thermally stable advanced overcoating materials for
TOC(TFT-array on Color Filter) and thermally curable
transparent overcoat materials as well as positive-mode
photoresists including transparent insulating materials
for a TFT-array and photoresists for microlithography.
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We have been focusing on the acquirement of essential
technologies concerned with photoresists and coating materials,
and is now securing the world-class core technologies as
follows;

1) design and synthesis of matrix polymer(transparent
thermoplastic, thermosetting and photo-curable
polymer)

2) design and synthesis of photo-active compounds such
as photo-radical initiators, photoacid generators (PAG)
and photoreactive compounds, etc.

3) organic pigment dispersion using special dispersants
and functional additives

4) product solution formulation, characterization and
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The 13th International Conference on Photopolymers &
the 8th International Conference on Advances in
Polymers for Microelectronics
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evaluation

5) control of various product properties

6) surface treatment and analysis

7) fine chemical analysis

8) ink-jet technology
and now, we constructed very reliable mass production plants
in Daejeon and Chung-ju.

Since we have established excellent R & D group related
with LCD materials and very reliable mass production system,
we can help our customers by solving any technical problems
concerned with development and production of TFT-LCDs.
(http://www.rnd.lgchem.co.kr)
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