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The UV-induced photolysis of trimethyl(vinyl-
oxy)silane (TMVSi) induced by ArF laser,
affording a multitude of unsaturated hydrocar-
bons and a solid polydimethylsiloxane, repre-
sents a convenient process of chemical vapour
deposition in which the silicon of the parent is
almost completely utilized for the formation of
the solid phase and in which the morphology and
composition of the films is affected by the
configuration of the substrate and laser beam.
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INTRODUCTION

Silicon oxycarbides are of increasing interest in
various fields of applied research (e.g. Refs. 1–4)
and find use in ceramic sensors for oxygen
detection in high-temperature corrosive conditions
and in photodetectors and solar cells.5,6 Different
kinds of these Si/C/O and Si/C/H/O materials
are known: black glasses have been prepared
by pyrolysis of polysiloxane gels (e.g. Refs.
7–9), nanosized particles have been synthesized

by pyrolytic laser–aerosol interaction10–12and solid
films have been plasma-13–15or IR laser-chemical-
vapour-deposited by pyrolysis of gaseous organo-
silicon monomers.16–20

Of the IR-laser gas-phase thermally decompo-
sed organosilicon monomers hexamethyldisilox-
ane,10–12,18,19(methoxy)methylsilanes,19 (ethoxy)-
methylsilanes11,12 and 1,1,3,3-tetramethyldisil-
oxane20 have been reported. We have recently
shown21 that trimethyl(2-propynyloxy)silane,
(CH3)3SiOCH2C�CH, undergoes UV laser-in-
duced polymerization in the gas phase and affords
polytrimethylsiloxy-substituted, partly unsaturated,
polyhydrocarbons. This reaction represents a un-
ique way for chemical vapour deposition (CVD) of
polytrialkylsiloxy-substituted macromolecules.

Here we report on UV laser-induced gas-
phase photolysis of trimethyl(vinyloxy)silane,
(CH3)3SiOCH=CH2 (TMVSi), and show that
photolytically induced polymerization at the double
bond of this compound does not occur, but an
efficient cleavage of all but the Si–O bonds of this
molecule do take place instead and results in CVD
of solid polysiloxane films.

EXPERIMENTAL

The laser photolysis experiments were carried out
in a reactor which consisted of two orthogonally
positioned Pyrex tubes, one fitted with two quartz
windows and the other furnished with two NaCl
windows. TMVSi (30 Torr) was irradiated at a
repetition frequency of 10 Hz by pulses from an
ArF (Lambda Physik LPX 200) laser at an incident
energy of 50 mJ effective over an area of 1.4 cm2.
The progress of the photolysis was monitored by
FTIR spectroscopy (with a Shimadzu FTIR 4000
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spectrometer)usingtheabsorptionbandof TMVSi
at 1330cmÿ1, and by gas chromatographyon a
GasukuroKogyo370chromatograph(programmed
temperature30–150°C, 60m Neutra Bond-1 ca-
pillary and2 m SUSUnipakS columns)connected
with a Shimadzu CR 5A Chromatopac data
processor.Identification of gaseousproductswas
accomplishedby meansof gaschromatographyand
GC/MS techniques (Shimadzu QP-1000 mass
spectrometer).Propertiesof the depositson NaCl,
quartz and nickel substrates,which were accom-
modatedin the reactor,were measuredby FTIR
spectroscopy,XP spectroscopy(XPS) (with a VG
ESCA3 Mk II electronspectrometer)andscanning

electronmicroscopy(SEM) (a TeslaBS 350ultra-
high-vacuuminstrument).

RESULTS AND DISCUSSION

ArF laser irradiation of TMVSi resultsin TMVSi
depletionand the formation of volatile hydrocar-
bons(in mol/mol of decomposedTMVSi � 100):
methane(25–27),ethene(19–21),ethane(13–17),
propene(7–9) and buta-1,3-diene(2–3), propane
(<1), and traces (<0.5) of trimethylsilane and
tetramethylsilane.The formationof theseproducts
is accompaniedby depositionof thin transparent
films ontheinsideof theentirereactor.Therelative
amounts of the gaseousproducts are virtually
independentof photolysis progress(Fig. 1) and
are in line with combination(Eqn [3]), dispropor-
tionation (Eqn [4]), cross-disproportionation (Eqn
[5]) andhydrogen-abstractionreactions(Eqn[6]) of
H2C=CH. and CH3

. radicals produced upon
cleavageof the CH3–Si (Eqn [1]) andO–CH(Eqn
[2]) bondof TMVSi (Scheme1). Anotherplausible
routeis subsequentdecay(b-cleavage,Eqn [7]) of
radical I yielding very reactivedimethylsilanone,
which is known22 to polymerize(Eqn [8]). These
plausiblestepsareshownin Scheme1, Eqns[1]–
[8].

Insignificant amounts of trimethylsilane and
tetramethylsilanecan be explainedby very minor
cleavage of the Si–O bond and consecutive

Figure 1 Product yield (mol%) at different stagesof the
photolysisprogressof TMVSi: ^C2H2; *, CH4; �, C2H4; *,
C2H6; ^, C3H6; &, C4H6.

�CH3�3SiOCH CH2 ! CH3
� � �Si�CH3�2 O

I

CH CH2 �1�

! H2C CH� � �OSi�CH3�3 �2�
2R� ! CH3 CH3;CH3ÿ CH CH2;H2C CH CH CH2 �3�
2H2C CH� ! H2C CH2� HC CH �4�
CH3

� � H2C CH� ! CH4 � HC CH �5�
R� � �CH3�3SiOCH CH2! RH�R� CH3;C2H3� � �H2C�CH3�2SiOCH CH2 �6�

�Si�CH3�2OCH CH2ÿÿÿÿÿÿÿÿÿ!
�ÿcleavage

H2C CH� � �CH3�2Si O �7�
n�CH3�2Si O ! =�CH3�2SiO=n �8�

Scheme1
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hydrogen-abstractionby the (CH3)3Si. radical,23

and by recombination of CH3
. and (CH3)3Si.

radicals,respectively.
We haveobservedthat theyield of methanecan

beincreasedby 5–8mol% at theexpenseof thatof
ethyneby usinga higherflux [90 mJ/effectivearea
(1.4cm2)]. This phenomenonis in line24 with
molecularexpulsionof methaneat higher fluxes.
Other examples of these reactions have been
observed(e.g.Refs.25–27)andmethanemolecular
expulsion from TMVSi affords reactive methy-
l(ethenoxy)silene.

Thefinal productsdetectedindicatethatTMVSi
is depletedby a blend of monomoleculardecom-
position and consecutive hydrogen-abstraction
reactions of TMVSi with radicals (Eqn [6])
producing an unstableunsaturatewhich can be
expectedto split off a methyl radical and yield
sileneII (Eqn [9]).

�H2C�CH3�2SiOCH CH2 ! CH3
��

H2C Si�CH3

II

�OCH CH2 �9�

The assumedstepsthus producevery reactive
products which can undergo a multitude of
reactions,suchas further cleavagesand polymer-
izations.28 The complex reactionschemeand the
occurrenceof thermal radical chain reactionsis
supportedby the estimatednumber of TMVSi
molecules depleatedwith one 193nm photon.
Within lessthan5% photolysisprogress,this value
rangesbetween4 and5.

The films depositedonto the substratesaccom-
modated in the reactor show an IR absorption
spectrum[wavenumber/cmÿ1 (normalizedabsorp-
tivity)]—806 (0.35),845 (0.42),1040(1.00),1260
(0.41),2853(0.10),2926(0.23)and2962(0.14)—
which is the sameregardlessof substrateposition-
ing andwhich canbe assigned,in the given order,
to n (Si–C), r (CH3Si), n (SiO), d (CH3Si) and n
(C–H) vibrations.Theabsenceof absorptionbands
belonging to C=C bonds (above 3000cmÿ1)
indicatesthat the depositscan be describedas a
completelysaturatedpolysiloxane.

The UV spectrumof thesefilms, togetherwith
thatof TMVSi, is givenin Fig.2: thefilms possessa
maximumatca204nm,while TMVSi itself shows,
dueto ablendof contributionsof bothchromophore
H2C=CH andSi-O-Cgroups,abathochromicshift
(maximumat 212nm). The films, beingopaqueto
193nm radiation, are detrimental to photolytic
progress.Indeed,laserirradiation with 500 pulses
drove photolysisto ca 5% conversion,while that
with as many as 4000 pulses resulted only in
photolysisprogressof ca 9%. Higher photolysis
progresscan thus be achievedonly by irradiating
TMVSi throughthe oneandthen the otherquartz
window.

XPSanalysisof two kindsof films is presented.
The films depositedon the bottom of the reactor,
which is outsidethe laserbeam,possessstoichio-

Figure 2 Absorption UV/Vis spectrumof TMVSi (b) and
thin films producedby CVD (a).

Figure 3 The Si (2p) core level spectraof films deposited
onto substratepositioned(a) outsidethe laser beam,and (b)
facing the laserbeam.
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metry Sia0.1 Sib1.0 C4.5 O1.0, while thosedeposited
on the substratesfixed severalmillimetres behind
the entrancequartz window, and facing the laser
beam,showstoichiometrySib1.0 C3.3 O1.0. TheSia

relatesto elementalsilicon andSib to silicon in the
organosiloxanepolymer,respectively.Theorgano-
siloxanesilicon prevailshighly in theformerandis
the only form of silicon in the latter (Fig. 3). This
assignmentis in line with the spectrumof Si(2p)
electronsof both films, which is dominatedby the
peaklocatedat102� 0.2eV. It is alsosupportedby
the valuesobtainedof the modified Auger para-
meter,1711.9� 0.2eV,andtheseparationbetween
O(1s) and Si(2p) photoemission lines,
430.4� 0.2eV, both of which are characteristic
of organosiloxanepolymers.29,30

SEM imagesof the two kinds of films differ
significantly. Thoseof the films depositedon the
reactor bottom show particulate structure and
consistof well-separatedagglomerates,the sizeof
which ranges to below 10�m (Fig. 4a). Very
interestingly,thosefilms depositedonto substrates
facing the laserbeambehindthe entrancewindow
reveal discrete continuous structures (Fig. 4b)
which can be taken as evidenceof laser-induced
formationof reactivecentresin thedeposit.A lower
contentof carbonin the latter films is in line with
additionalremovalof carbon-containing fragments
from once-depositedfilms. The once-deposited
particles apparently increase their size through
reactionsof their reactive centreswith gaseous
unsaturatedfragmentswhicharenot rich in carbon.
A similar reactivityof depositedsolidparticleswas
observed in laser evaporation of some solid
organosiliconpolymers.31

Theseresultsthusstressthatthemorphologyand
composition,but not the UV andIR spectraof the
depositedpolysiloxanefilms, arestronglyaffected
by substrateandlaser-beamconfiguration.
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