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Photoinitiators, both free radical initiators and photoacid genera-
tors, are ubiquitous in imaging technologies which rely on polym-
erization reactions and chemically amplified processes in polyiners.
Understanding the mechanism and efficiency of radical generation
is key in their potential use in the design of more efficient
photoinitiators. In microlithography, acid-sensitive fluorescent dyes
have been employed extensively in the study of both photoacid-
generating efficiencies and acid diffusion in polymer filfn8.
Fluorescent images of acid generated in this way are actual maps
of the spatial distribution of acid in polymer films. Although images
of this type have been used primarily to gain insight into the
development of physical images from latent images of acid, similar
techniques, also relying on acid-sensitive fluorescent dyes, have
been employed for the purpose of generating functional fluorescent
images in polymer film§-11

A novel approach to fluorescence imaging involving a prefluo- 4
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sensitive dyes have been used with photoacid generators. Therjgure 1. Fluorescence spectra of a 28 thick PMMA film containing
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thereby forming a fluorescence imaging system based on photo- o)

initiated radical generation. Additionall®, serves as a dual probe

for both photogenerated acid and free radicals flonithe use of

3 as a free radical photoinitiator is well-established, and it serves fluorescence intensity were obtained with films containingnd

as an efficient source of a benzoyl-dimethyl ketyl radical gir. 4, demonstrating the intermediacy of free radicals in the photode-

The photodecomposition of diargl-disulfones, such a4 to yield composition of4 within PMMA films.

arylsulfonyl radicals as precursors to protic acids has been It should be noted that PMMA films containirly but without

noted?>-29 However, unlikex-hydroxy ketones, diaryi-disulfones any photoinitiator also experience a slight increase in fluorescence

are not widely used as photoinitiators; hence, most insight into their intensity upon irradiation. Under the conditions shown in Figure

behavior has come from studies performed in solution as opposed1A, a 40% increase in intensity is observed as compared to the

to polymeric matrices. 750% increase observed in the presencé.oThis is a general
Thin polymer films of poly(methyl methacrylate) (PMMA)  result with fluorophore-nitroxide adducts and is likely due to

containingl (0.5 wt %) and3 (5 wt %) were prepared on quartz  hydrogen abstraction from the polymer by an excited state of the

disks by spin-coating. Irradiation of these films resulted in a nitroxide, a well-known reactioff.In the presence of photoinitiators,

dramatic increase in the fluorescence of the film, consistent with the importance of this side reaction is greatly minimized and is

photogeneration of free radicals Byand subsequent trapping by  expected to be unimportant due to shielding of the fluorophore-

1 (Figure 1A). These results are consistent with those obtained in nitroxide adduct from the photolysis light.

solution studies using 2;Aazobisisobutyronitrile and dibenzyl Irradiation of PMMA films of 1 and3 through a mask with 10-

ketone as photoinitiators (results not shown). Similar increases in um features produced finely resolved fluorescent images in which
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of this method may allow the quantification of acid and radicals,
and the sequence for their formation.

Prefluorescent radical probes and photoinitiators were used to
detect free radical generation in polymer films using fluorescence
spectroscopy and microscopy. In this way, prefluorescent radical
probes are the foundation of a fluorescence imaging system for
polymer films which is based on photoinitiated radical generation
and does not require any postexposure baking or wet development
of the film to obtain an image. This system may serve both as a
mechanistic tool in the study of photoinitiated radical processes in
polymer films and in the preparation of functional fluorescent
images. Additionally, a pH-sensitive prefluorescent radical probe
was employed as a dual probe for both photogenerated acid and
free radicals and may prove useful in the study of photoacid-
generator behavior in polymer films.
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