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Studies of Photosensitive Polymerization of Dye-Sensititzed Co-

Initiating Systems and Their Relevant Properties

Ph.D Candidate: Fang Gao (Organic Chemistry)
Directed By: Professor Yong-yuan Yang
ABSTRACT

The research work on developing photosensitive initiating systems that are
sensitive to long-wavelength light and have higher sensitivity is a very active field.
In this paper, we reviewed the new development of photosensitive initiating systems
and focused on studying visible and near-UV light dye-sensitized initiating systems
and investigating the spectroscopic properties of dyes. Many excellent results have

been obtained.
1. Sensitized photoinitiator by dyes and photopolymerization of MMA

1.1 The  photoinitiator, bis(n-5-cyclopentadienyl)-bis[2,6-difluoro-3-(1-H-
pyrrolyl)phenyl]titanium, has a week absorption in visible light region, which
comes from LMCT transition. Thus, it can initiate polymerization of MMA
when it is exposed to visible light, while the initiating efficiency is low. This
photoiniator can be sensitized efficiently by the ketocoumarin dye, 3, 3'-
carbonylbis(7-diethylamino) coumarin. Therefore, the initiating efficiency is
improved greatly, so the phohosensitive system could be used in computer-to-

plate and thick photocuring for its obvious photobleaching under visible light
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1.2

1.3

irradiation. The photolysis reaction of this dye is finished through its excited
triplet state and thus it can be inhibited by oxygen. The sensitization of the
photoinitiator induced by the dye is completed through electron transfer
between them on the dye’ s excited triplet state.

Three ketocoumarin dyes and two coumarin dyes with heterocyclic substituent
were prepared. They also display strong absorption in visible light region for
intra-molecular charge transfer. In CHCl,, these dyes can all be employed to
sensitize the photoinitiator, o-chloro-hexaarylbiimidazole under visible light
irradiation. The sensitized reaction is finished only by electron transfer
process between them due to the higher excited states’ energy of the
photoinitiator. The initiating efficiency of the above photsensitive initiating
systems can be improved by n-dodecyl mercaptan as a co-initiator in
photosensitive system. Clear images can be obtained for these systems and the
result proves further the photopolymeric results in solution.

The synthesized two coumarin dyes with heterocyclic substituent can also be
used to sensitize diphenyliodonium hexafluorophosphate and thus MMA can
be initiated efficiently by the dye/diphenyliodonium hexafluorophosphate
systems. The sensitization is finished by electron transfer process which takes
place in the excited state of the dyes for their higher fluorescence quantum
yields and the higher inter-conversion efficiency during the dyes’ excited
state decay process, so the reaction 1s somewhat sensitive to oxygen. The
photosensitive systems can both be used to recorded image and have high

sensitivity when exposed to visible light.

VI
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1.4

The co-initiating efficiency of the four mercapto compounds are compared
and n-dodecyl mercaptan is found the best co-initiator in improving initiating
efficiency. Four near-UV light dyes, ITX. DiTX. DeTX and coumarin dye
7-N,N-diethylamino-4-methyl coumarin, can sensitize the photoinitiator, o-
chloro-hexaarylbiimidazole, when they are exposed to high-pressure mercury
lamp. Because of the lower energy of their excited sate, energy transfer from
them to the photoinitiator must be impossible. Both in photopolymerization
kinetics and in photoimaging study, DiTX / o-Chloro-hexaarylbiimidazol / n-
dodecyl mercaptan has the greatest initiating efficiency, its photosensitivity is
7.04mJ/cm?, its resolution can reach 10 ¥ m, and its halftone dot repetition is

3%,

2. Study of absorption and emission spectroscopic properties of coumarin dyes

and the possibility as fluorescence polar probes

Three ketocoumarin dyes that has different substituent at 3-position were

synthesized and the spectroscopic properties were investigated.

2.1

2.2

The properties of absorption and emission of these ketocoumarin dyes show an
obvious dependence on the molecular structures and media.

The results show that the increasing of the electron acceptor strength at 3-
position does not influence the radiative decay process of the excited singlet
state. A free double bond and surrounded surfactants play an important role in
increasing the nonradiative decay rate of excited singlet state of ketocoumarin

dyes.

Vil
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2.3

2.4

The relationship of the maximum emission of the dyes (in aprotic solvents) and
the polarity of the solvents can not be used to probe the polarity of
microenvironments (micelles and vesicle), the main reason that aprotic solvent
do not mimic micelles and vesicle well. The situation changes when we employ
1,4-dioxane/water binary solvent as model solvent, and the estimated polarity
of micelles can match well with that reported in the literature.

The fluorescence of dyes can be quenched by triethylamine and it proves
further that the dyes are characterized markedly by intra-molecular charge

transfer when they are excited.

3. Singlet-singlet energy transfer between coumarin dyes and rose bengal B Na*

Salt in micelles and in vesicle

Three novel single-singlet energy transfer pairs between ketocoumarin dyes and

rose bengal B Na" Salt (RB) were designed and their properties were studied in

micelles and vesicle.

3.1

N

When the ketocoumarin dyes and RB are solubilized in micelles and vesicle at
the same time, they are separated by the media due to their greatly different
hydrophilic and hydrophobic properties. In such case. singlet-singlet energy
transfer still takes place efficiently and dipole-dipole interaction can be used to

explain this phenomenon.

3.2 The results show that singlet-singlet energy transfer process keeps well with

Perrin formula, but it is not according with Stern-Voimer equation, which

proves further dipole-dipole interaction is the only mechanism to explain the

VIl
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energy transfer. The radius of quenching sphere is estimated in 14-20nm.
Therefore, even if the dyes are separated by the media, the energy still can be

transferred efficiently.

4. UV-visible absorption studies of tetrachloro-p-benzoquinone and tertiary

amines charge transfer complexes of the ground state in trichloromethane

In this chapter, we employed the spectrophotometrical method to study the CT

complexes of the ground states using the tetrachloro-p-benzoquinone (TCB) as =

acceptor and some simple tertiary amine [ triethylamine (TEA), triphenylamine

(TPA), N,N-dimethylphenylamine (DMPA), N-ethylenecarbazole (ECZ) Jas donors.

Some interesting results were obtained.

4.1

4.2

Under our experiment condition, the ground state CT complexes can be formed
between TEA . DMPA and TCB in a suitable concentration (10°mol/L. 10
’mol/L and 1:1 molar ration). The various physical properties of the CT
complexes can be obtained. While no CT complexes are formed for TPA. ECZ
and TCB in such cases.

The above results demonstrate that the volume and the ionization potential of
donor influence strongly the forming of CT complex. The greater the volume of
donor is, the smaller the ionization potential of donor is, the more difficulty is
to form a CT complex.

The smaller the free energy 4G to form a CT complex is, the greater the
dissociation energy of the CT complex excited state E is, the more easier is to

form a CT complex.
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