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I. ABSTRACT

It was demonstrated that cc-aminoacetophenones such as Irgacure 907 and Irgacure 369 work
effectively as photobase generators in epoxy-based compositions. Upon irradiation they
accelerate the thermal reaction of phenol novolac epoxy resins with polyacrylates having
carboxylic acid groups despite of their high latency before irradiation. Irgacure 369 is much
more active than Irgacure 907 due to the more reactive amine generated. We believe that
conformational and steric effects contribute to the latency of the amine moiety. The bulky
benzoyl group of the aminoacetophenone moiety shields the amino nitrogen from acidic
species present in the composition. Upon irradiation, the benzoyl part is cleaved and the
active tertiary amine base is liberated.

II. INTRODUCTION

Photoactive compounds which can liberate amine and other bases by irradiation have opened
a new route for the development of radiation curable coatings, resists and imaging materials.
For example, photogenerated bases have been used in the development of photoimageable
polyimides(l), and in positive tone resist materials based on electrophilic aromatic
substitution(2).
a-Aminoacetophenone derivatives are the most recent type of a-cleavage radical
photoinitiators commercially available, which are widely used in various applications due to
their high initiating efficiency. Upon UV irradiation, a-aminoacetophenone photoinitiators
undergo a-cleavage to generate a benzoyl radical and an aminoalkyl radical. These radicals
initiate polymerization of radically polymerizable ethylenic double bonds such as acrylates
and methacrylates. In the absence of such double bonds, the photogenerated aminoalkyl
radical is eventually converted to a tertiary amine via hydrogen abstraction from a hydrogen
donor in the system and/or disproportionation reactions with the encountered benzoyl
radical(3). The generated amine is expected to accelerate reactions which can be catalyzed by
amine bases, for example thermal crosslinking reactions of epoxy resins with hardeners such
as carboxylic acid compounds and with thiols.
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In this paper, we report on the photobase generation from a-aminoacetophenones in
compositions comprising an epoxy resin and a hardener. The development of new imaging
materials, based on this approach is also described.

Initiating radical polymerization

Figure 1 Photochemical reaction of Irgacure 907

H + H—I—N O

H + hN q

III. EXPERIMENTAL

1. Materials
Irgacure 907 and Irgacure 369 (Ciba Specialty Chemicals) are commercially available.
Carboset 525 polyacrylate with free carboxylic acid groups was provided by BFGoodrich
Specialty Chemicals. Phenol novolac epoxy resin GY1180 was provided by Asahi Ciba.

Irgacure 907

Carboset 525(Polyacrylate) GY1180(Epoxy phenol novolac)

Figure 2 Structures of the materials used

2. Thermal analysis
Thermal reactivity of epoxy with carboxylic acid groups was evaluated by DSC analysis.
DSC curves were recorded using a Mettler-Toledo thermal analysis system at a heating rate of
10°C/min under nitrogen.

3. FT-IR analysis
Retention of epoxy and carboxylic acid groups during heat treatment at 150°C was measured
from intensity changes of the respective IR absorption bands at 916 and 3250 cm"1. IR spectra
were recorded on a Bruker IFS66 IR spectrophotometer.
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4. Imaging procedure
GY1180, Carboset 525 and Irgacure 907 were dissolved in acetone and the solution was
applied on an aluminum plate. The coated film was dried in a convection oven at 60°C for
15min. The coating was irradiated with an ORC SMX3000 metal lamp through a photomask.
The irradiated coating was heated at 150°C for 5min. After cooling to room temperature, the
layer was developed with ethanol for 5min to obtain an image of the mask. The composition
which included Irgacure 369 was heated at 130°C for 5min after exposure and prior to
development (post exposure bake). The other processing steps were same as for Irgacure 907
compositions.

IV. RESULTS AND DISCUSSION

1. DSC analysis of epoxy-carboxylic acid reaction
Figure 3 shows the DSC curves of the composition comprising GY1180 and Carboset 525.
The exothermic reaction of epoxy and carboxylic acid groups started at around 150°C and the
peak temperature was over 200°C. In the presence of Irgacure 907 in the composition, no
significant change of the reaction temperature was observed. Upon irradiation, the reaction
temperature was strongly reduced and the exothermic peak due to the catalyzed reaction was
observed at around 150°C with an onset of 70°C. The DSC curve after irradiation was
essentially identical with that of a composition comprising morpholinocyclohexene which is
supposed to be a suitable model for the suggested amine-photoproducts of Irgacure 907.
These results suggest that Irgacure 907 works as a photobase generator in the composition and
the active species in this reaction is the amine generated from Irgacure 907 upon UV
irradiation. For Irgacure 369, similar results are obtained. Thermally, and without irradiation,
Irgacure 369 is a slightly more active catalyst for the reaction compared with Irgacure 907, but
still highly latent. Upon irradiation of the Irgacure 369 comprising composition, the
temperature at which the exothermal reaction was observed was drastically reduced compared
to a purely thermal process without irradiation. The peak temperature due to the exothermic
reaction was measured at about 135°C, that is 15 °C lower than with Irgacure 907. Thus, it is
concluded that Irgacure 369 is more active as a latent photobase than Irgacure 907. The
photoactivity of the aminoacetophenone in the base catalyzed reaction depends on the
reactivity of the amine which is formed upon photolysis. The reactivity of Irgacure 369 upon
irradiation was found to be similar to that of the model compound dimethylbenzylamine
corresponding to the expected amine photoproducts. Another factor which can influence the
reactivity may be the photodissociation rate for generating a free amine, which affects the
concentration of the base catalyst in the composition.

We measured the conversion rates of the epoxy and carboxylic acid groups upon heating at
150°C with FT-IR. The absorption bands at 915 and 3250 cm"1 which we assigned to epoxy
and carboxylic acid groups respectively decreased with increasing heating time. As shown in
Figure 4, the conversion rates in the presence of Irgacure 907 were quite similar to those
without Irgacure 907. Upon irradiation of the Irgacure 907 containing composition, the
conversion rate strongly increased. These results corroborate our conclusions from the DSC
analysis.
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Figure 3 DSC analysis of GY1180+Carboset 525 including Irgacure 907 or Irgacure 369

Ns lrg.907
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Figure 4 Conversion of
epoxy and carboxylic
acid groups upon heating
at 150°C
(ratio of epoxy and
COOH groups in the
composition:
epoxy: COOH = 2 :1)
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2. Photolatency of a-aminoacetophenones and structural effect of amines
In the absence of an amine catalyst, epoxy-carboxylic acid reaction proceeds at relatively high
temperature according to the scheme in Figure 5. In the presence of an amine catalyst, the
amine can initially form a hydrogen bonded ammonium complex with the carboxylic acid
[RCOO-H-NR"3] as shown in Figure 6. An activated complex or a transition species shown
in Figure 6 may be involved in the tertiary amine catalyzed reaction of an epoxy group and
carboxylic acid(4, 5). The reaction rate depends on the strength of the hydrogen bond which
again depends on the structure of the amine. An amine with smaller substituents can form a
stronger hydrogen bond which stabilizes the transition state, and which consequently results in
a higher reaction rate.
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Figure 5 Noncatalyzed reaction of epoxy with carboxylic acid
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Figure 6 Amine-catalyzed reaction of epoxy with carboxylic acid

As shown in Figure 7, tertiary amine having smaller alkyl groups actually showed higher
catalytic activity.
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Figure 7 DSC curves of composition comprising GYl 180, Carboset 525 and amines

Thus, an amine with more bulky substituents would be expected to be less active as a base
catalyst in this reaction. This model can additionally explain the good photolatency of a-
aminoacetophenones. The large benzoyl group of the aminoacetophenone moiety prevents the
amino group from getting into close contact to carboxylic acid group which would be
necessary to make an adequate hydrogen bond.
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MM calculations with Monte Carlo population
analysis suggest that the two most stable
conformations of Irgacure 907 with large populations
are puckered . In these conformations, the steric
hindrance due to the benzoyl group and the
morpholino ring would prevent a carboxylic acid
from getting close to the basic nitrogen. Therefore,
the good photolatency could be attributed to these
folded conformations. Even in other conformations,
which were only little populated, these substituent
groups may be still bulky enough to inhibit the
access. These conformational effects seem to be more
important than explanations based on the influence of
the carbonyl group on the pKb of the amine. The low catalytic efficiency of tris(2-ethylhexyl)-
amine compared with tri-tf-octylamine in the same model formulation is also consistent with
sterical arguments.

4
Figure 8 Puckered conformation of

Irgacure 907

3. Imaging
We evaluated the photoimaging of coatings of
our model formulations by UV exposure
through a stepwedge mask. After post exposure
bake, development with ethanol gave a clear
image as shown in Figure 9. With the Irgacure
369 containing composition, a lower post
exposure bake temperature than with Irgacure
907 is sufficient.

V. CONCLUSION

Figure 9 Image obtained with photosensitive
composition comprising GY1180, Carboset
525 and Irg.907.
Irradiation : ORC SMX3000, photomask
Post exposure bake : ISO °C/5 min
Development: Ethanol in an ultrasonic bath for 5 min

The usefulness of a-aminoacetophenones as photobase generators in the epoxy containing
compositions has been demonstrated. Irgacure 369, which generates amines with less bulky
groups upon irradiation, is more reactive than Irgacure 907. The latency of both
photoinitiators is most likely related to conformational and sterical effects of the benzoyl
group on the amine moiety. The model compositions which are based on photogeneration of
tertiary amines can be used in base-catalyzed imaging applications.
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