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The ultraviolet photosensitive initiating system is composed of 4,4'-bis(N,N'-dimethyl-

amino)benzophenone(MK), 2-chlorohexaarylbiimidazole(o-Cl-HABI) and a hydrogen donor coinitiator

n-dodecyl mercaptan(SH). Under the irradiation by high pressure mercury lamp, the relationship

between the photopolymerization rate of MMA and the concentration of each component of the system.

including MK, o-Cl-HABI and SH, was studied. The excellent results have been obtained through

studying the system's application on PS lithographic printing plate.
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1. Introduction

In recent twenty years, photosensitive polymer materials, such as photoresist, ink,

coating and photosensitive printing plate, have been developing rapidly1' ~\ Among these

photosensitive polymer materials, photosensitive rate is a greatly important technical standard,

especially in Printing plate. The printing plate has been developed to the age of computer-to-

plate. The image can be obtained as soon as exposed under the laser source, and it means that

the sensitivity of photosensitive materials is very high'31. So, research work has been focused

mainly on high efficiency photosensitive initiating systems'241. In various photosensitive

initiating systems, biimidazole system has many virtues, such as high sensitivity, excellent

stability. Our research group has studied several biimidazole visible photosensitive initiating

systems'5'61. In this paper photopolymerization kinetics of biimidazole ultraviolet

photosensitive initiating systems were studied, and then polymer PS plate was prepared and

excellent results were obtained.

2. Experimental

2.1 Materials

o-Cl-HABI was purchased from TCI Chemical Corporation. MK, SH and MMA were

purchased from Beijing Chemical Reagent Corporation. Trichloromethane and MMA were of

analytical purity and purified by distillation before use.

2.2 Methods

(1) Photopolymerization was carried out in a dilatometer (®=10mm) at 30°C.The sample

tubes were rotated around the light source. A high-pressure mercury lamp (500W) was used,

and its short wavelength light (<300nm) was filtered by two pieces of Pyrex glass filters. The
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solution was deaerated by bubbling highly pure nitrogen for 30 minutes.

(2) The solution composed of MK, o-Cl-HABI, SH and MMA was coated on 2.5cmX

15cm aluminum plates that have been electrolyzed and oxidated, followed by drying at 100°C

for 2 minutes, and then 1% polyvinyl alcohol (PVA) solution was coated and dried at 100°C

for 2 minutes. Using 21-step stouffer wedge as the mask, the plate was exposed to a light of

1KW high-pressure Hg lamp positioned at a distance of 10 centimeters for 10 seconds. After

imagewise exposure, the plate was developed with a solution of 5% Na2CO3 at 25 °C for 30

seconds. After washing with water, the image was observed.

3. Results and Discussions

3.1 Absorption spectra

The absorption spectrum of MK in trichloromethane displays a strong broad band in the

UV region: A. ^ ^ S e n m and e ,^=3.41 X 104mor1»L»cm'1. o-Cl-HABI absorbs strongly in

the UV region: A. ^ ^ O n m and e max=2.58X 104mol'1»L»cm"1. The bond energy of C—N in

o-Cl-HABI is very low, which leads to the easy homolysis of o-Cl-HABI when exposed in

UV light or heated171. The absorption spectrum of the mixture of MK and o-Cl-HABI in

trichloromethane has no shift. This indicates that there is no formation of (MK)-( o-Cl-HABI)

complex in the ground state.

3.2 Photopolymerization procedure

The photosensitive initiating systems is composed of MK. o-Cl-HABI, SH and MMA,

which act as sepsitize, initiator, hydrogen-donor and monomer respectively. Many research

works on the dye sensitization mechanism in the polymerization of HABI have been

reported™. Because of the fact that the energy of the first excited singlet and triplet state of o-

Cl-HABI is higher than those of MK(See Table 1), the probability of energy transfer must be

consider to be negligibly low.

Table 1 [4] Singlet and triplet energies

Compound

MK

o-Cl-HABI

ErCkJmol"1)

233, 260"

283"

E^kJmol1)

307"

352"

"Calculated

In fact, MK is excited to 'MK'by UV light and then 'MK* readily undergo intersystem

crossing to the triplet state, 3MK*. On encounter of 3MK* with o-Cl-HABI, an "encounter

complex"(EC*) is formed which decomposes very rapidly either by the formation of

imidazolyl radicals and MK (a) or by the formation of a charge transfer complex(CTC) which

decomposes into free radicals ions(b). Alternatively, radiationless deactivation according to

reaction (c).
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The mode of interaction between the partners in the encounter complex is determined by

orientation. Therefore EC* is not a strictly definable species and the fate of the reaction of
3MK* with o-Cl-HABI depends on the mutual orientation of the reactants at the moment of

encounter. Route (b) is not favored as demonstrated by the very low quantum yield of ions. A

similar mechanism has been postulated for the hydrogen-abstraction reaction between

benzophenone(BP) triplets and diphenylamine(DPA)[4].

Triarylimidazolyl radicals can initiate the polymerization of MMA. but there are not

very effective due to their large sizes. SH is a hydrogen donor that can reduce o-Cl-HABI

radicals to generate SH free radicals. SH free radical is a more effective initiator, so the

polymerization is prompted[8].

R* +SH —R" + SH- +

SH"+ —S-+ H+

S • + MMA — SMMA •

SMMA* + (n-l)MMA — PMMA

3.3 Effects of the Concentrations of the Components

Sensitizer MK Fig. 1 shows the relationship between photopolymerization rate Rp and

the concentration of MK. When the concentration is lower than 1.01 X 10 : mol/L, lgRp is

proportional to lg[MK]. However, when the concentration increases furthermore, Rp

decreases.

This phenomenon of inversion has been observed in other photopolymerization systems.

A high molar extinction coefficient of the sensitizer at the wavelength of the light source is

necessary in order that it can excite the system effectively. However, on the other hand, it

makes the light difficult to pass through the system because the sensitizer absorbs the light

effectively, then decreases the polymerization rate when its concentration is higher than the

critical value.
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Fig. 1 The influence of [o-Cl-HABI] on Rp

[O-C1-HABI]=1X102 mol/L [SH]=1X 102 mol/L [MMA]=2.86mol/L
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Initiator o-Cl-HABI Fig.4 shows the relationship between Rp and the concentration

of o-Cl-HABI. When the concentration is lower than 1.41 X 10"3 mol/L, lgRp is proportional

to lg[HABI]. While the concentration increases furthermore, Rp decreases. The reason for this

effect is that triarylimidazolyl radicals (R), whose maximum absorption is at 550nm, can

absorb visible light and recombine rapidly in high concentration to form o-Cl-HABI

reversibly. On the other hand, it can make the light becoming difficult to pass through the

system with the increase of o-Cl-HABI because the initiator absorbs the light effectively. So it

should have a critical concentration value of o-Cl-HABI.
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Fig.2 The influence of (o-Cl-HABI] on ftp

[MK]= 1X 10'2 mol/L [SH]= 1X 102mol/L [MMA]-2.86 molL

Coinitiator SH Fig. 3 is the monomer conversion curve with SH(A) and without SH(B).

The curves have big difference. Triarylimidazolyl radicals can initiate the polymerization of

MMA, while there are not very efficient due to their big sizes. SH is a hydrqgen donor that

can reduce o-Cl-HABI radicals to generate SH free radicals. SH free radical has more

effective initiation, so the polymerization is prompted.
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Fig.3 The influence of [SH) on MMA conversion

[MK]= 1 X 10'2 mol/L [o-CI-HABI]= 1 X 10'2 mol/L [MMA]=2.86 mol/I, [SH]= 1 X 102 mol/L

4. Application in Presensitized Printing Plate

Routine negative presensitized printing plate is composed of two types, photocrossing

and photopolymerization. Photocrossing has been applied for many years in the world, but

photopolymerization negative PS printing plate were focused by people in recent years

because of its high sensitivity and long printing runs.

In this work, the photosensitive initiating system is composed of binder resin modified
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poly(styrene-co-maleic anhydride) resin, sensitizer MK, initiator o-Cl-HABI. coinitiator SH.

and polyfunctional acrylate. The solution was prepared according to the best rate obtained

from above kinetic experiments. According to experimental method II, many excellent images

were gained. The resolution is 10 u m at high exposure part and 7 i* m at low exposure part,

and halftone dot repetition is 97%. The sensitivity of new negative photopolymerization PS

printing plate is 9.42 mJ/cm2. The sensitivity is higher 12 times than routine PS printing plate

whose sensitivity is about 100mJ/cm2. So the new negative photopolymerization PS printing

plate is a highly sensitive printing plate.
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