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Soft x-ray induced fragmentation of

polymethylmethacrylate thin films
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Purpose

The motivation of this thesis is to determine the mechanisms of surface
photochemical reactions of large organic molecules induced by soft x-ray
radiation.

Three key points were developed in this work:

(1) Development of an apparatus for the study of surface photochemical reactions.
(2) Study of the decomposition of poly(methyl methacrylate) (PMMA) using
monochromatic soft x-ray radiation.

(3) Verification of the possibility of site specific reactions in large organic
molecules.

The starting step of this research was the construction of an apparatus for
the study of surface photochemical reactions in general. It was decided that the
investigation of the surface photochemical reactions would be done by the analysis
of the reaction products released during irradiation. For this purpose, an ultrahigh
vacuum chamber was designed and constructed considering the utilization of mass
spectrometric techniques for the detection of the released products.

The utilization of this newly constructed apparatus is very versatile
allowing the analysis of different chemical systems. It would be desirable to make
the initial test of the apparatus using a very simple chemical system. Thus, the
study of the soft x-ray induced decomposition of PMMA was chosen due to the
ease of its experimental feasibility. The studies using PMMA thin films are
experimentally easy to be put in practice because of several points, namely:

(1) The ease of decomposition of PMMA during irradiation;
(2) The reaction does not involve reacting gases, and
(3) The experiments can be easily performed at room temperature.

Although this system can be considered as very simple from the point of
view of its experimental execution, PMMA is a relatively complex molecule since
it is constituted of carbon and oxygen atoms with different chemical
characteristics.

The motivation of this study is the localized character of core electron
excitations. When solids are excited by soft x-rays, a deeper-lying hole localized at
a definite atom can be created. It is believed that this hole plays a crucial role in
the following chemical reactions. Soft x-ray excitations in the 250-600 eV photon
energy range on PMMA result in fragmentation of the original polymer with
desorption of electrons, ions and neutral particles. In order to investigate the




primary steps in photochemical decomposition mechanism of this polymer,
measurements of electron, ion and neutral particles yields were performed
following carbon and oxygen 1s electron excitations.

The main contribution of this work is the first observation of site specific
reactions in solid polymer films. To our knowledge, no examples of site specific
reactions on solid samples of large molecules have been reported before. The
present achievement became possible by a systematic measurement of the fine
structure of ion yield spectra of the main ionic fragments from PMMA and other
similar polymers.

Obtained new .information

In the present work, useful information about the photon stimulated ion
fragmentation of thin films of poly(methylmethacrylate) (PMMA) has been
obtained in the 250-700 eV photon energy range that covers the carbon and
oxygen K-edge regions.

In order to analyze the neutrals produced in etching or desorption
processes it was necessary to design and construct a new vacuum system and use
an efficient mass spectrometer. Using this new equipment, PMMA films of 0.4 to
1.0 wm thicknesses have been irradiated to various doses of monochromatic 300,
400, and 600 eV soft x-rays. It was observed that the main neutral species
observed in the mass spectra come from the ester group scission. The
decomposition rates of these species are dependent on the radiation dosage, and
solid film thickness. The fragments of mass 15, 28, 29, 31, 44 and 60 amu,
corresponding to CH;*, CO*, CHOY, CH;0", CO," and HCOOCH;", were chosen
for monitoring this irradiation dose dependence. It was shown that the products
decrease in intensity with dose with different decay curves. The etching rates
represented by the yield of the released fragments are dependent on the original
thickness of the sample and gradually decrease with dose. The absorption spectrum
after irradiation suggests the abstraction of the ester group and formation of double
bondings. All this observations suggest a degradation mechanism involving the
ester group abstraction followed by main chain scission and, at large doses,
crosslinking and the formation of a protecting overlayer of chemical nature similar
to polybutadiene.

For the first time, site specific reactions were observed in solid polymer
films. These site specific reactions were detected by the characteristic differences
in the partial ion yield spectra of the main positive ions from PMMA thin films.
The most intense positive ions produced from PMMA correspond to CH;* and H™.
The CH', CH,", CHO" and COOCH-" ions are also observed in considerable



intensities. Using soft x-rays, the ion desorption mechanism of PMMA was shown
to be directly related to the excitation from 1s core electrons at specific atomic
sites to unoccupied orbitals at neighboring bondings. The efficient production of
CHs*, CH»* and CH" ions at 288 eV, was taken as evidence of the localized
contribution of the 0™ state at the main chain carbons or methoxy group carbon. In
order to determine the origin of CH3;*, CH,", and CH" ions a comparative
investigation was done using poly(methyl methacrylate), poly(methyl acrylate) and
poly(methacrylic acid). It was clearly observed that most of the CH3" ions are
originated from the side chain methoxy group.

Near the oxygen K-edge, two characteristic features were distinguished
for the site selective production of CH3" and CHO" ions. The strong and sharp
peak observed at 537.7 eV for CH3" and CHj" ions was assigned as a O 1s
eletrons to o* state transition localized at the methoxy group. The prominent
broader feature at 539.3 eV observed in the CHO™ spectra was assigned to
transitions from the methoxy O 1s to the o* state of the carbonyl-methoxy C-O
bonding. The good efficiency of production of CH3" and CHO" ions observed at
these characteristic features can be explained by the excitation of the methoxy
oxygen core electrons to unnocupied orbitals that favors the breaking of the
methoxy group O-CH3 bonding and the carbonyl-methoxy C-OCHj3; bonding
respectively.

The results of the neutral and ionic products detection should be
considered together as two kinds of products involved in the same irradiation
degradation mechanism. One of the most important differences resides in the
characteristics of the used detection techniques and in the differences in sensitivity
for surface and bulk reactions.
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