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Abstract 

The laser-induced decomposition of 2-chloroethenylsilaa¢ was studied in the IR with a TEA CO_~ laser and in the UV with a nanow-band. 
frequency-doubled dye laser at 212.5 nm. Silylene was observed in the IR maltiphoton dissociation (MPD) via Ioser-ind~ed fla,,o~g'e~¢ 
(LIP). The nascem sitytene fragments are vibrationally excited in the bending mode. Multiphoton UV ph~oiysis yields a fl~see~¢e 
emission spectrum originating from lhe SiR (A 2A ~ X2II) ~ v = 0 system, with several atomic Si transitions and molecular bands ctm~ptm~ 
lag to C2 (dSll~-' a~II,) Av = 2, 1, 0, - 1 and - 2 trausifions. The simulation of the spectra originating from diatom/¢ ~ t s  indicates 
thin these possess a high content of internal energy. A high population of Si triplet states is observed. © 1997 Elsevier Scicr, ce S.A. 

Kew'ords: 2-ChioroethenyIsilane; IR; Laser.induced fluorescence; ffV 

l .  Introduction 

The laser-induced decomposition of 2-chloroethenylsilane 
(CES) has been shown to be promising for the chemical 
vapour deposition of silicon c,'wbide [ I ]. The laser-induced 
photodecomposifion of CES has been investigated recently 
using IR multiphoton dissociation (MPD), employing one 
or two CO2 laser fields [2,3] and UV irradiation with an AtF 
laser [ 1 ]. As a result of these studies, two main decomposi- 
tion pathways have been postulated 

I-IsSi--CH I CHCI ~ H~SiC~-CI-I + HCI 

HsSi--CH [ CHCi ~ H2C I CHCI + SiR2 

H3SiC---CH ~ HC---~CH + SiHz 

IR MPD studies of CES indicate that, for low flaence con- 
ditions (5 J cm- 2 or less ), the dominant dissociation reaction 
is dehydrochlorination, followed by the decomposition of 
ethynylsilane. UV photodissociation studies of CES have led 
to the characterization of the gaseous products formed during 
photolysis by Fourier la'ansform IR (FTIR) spectroscopy and 
of the resulting solid deposits by several spectroscopic tech- 
niques [ 1]. These studies support the belief that dehydro- 
chlorination is the most efficient primary photofragmentation 
pathway, Recently, other workers have detected and analysed 
the intense visible luminescence produced during the IR MPD 
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of CES at high flnence conditions (5 J cm- 2 or more) [2]. 
This emission has been assigned to the A~BI ~ X t A i  elec- 
Ironic u'ansifion of the silylene radical, formed within the 
laser pulse. The detection of silylene gives support to 
previously postulated reaction pathways in the IR MPD of 
this molecule, and suggests that, at high flneace condith~s, 
the ehloroethene elimination channel dominates ~ dissoci- 
ation reaction. 

The work presented here represents another stop in the 
general ~jective of conelating the properties o f ~  gaseous 
products and solid deposits formed with the primary flag- 
mentatiun channels available during the laser irradiation of 
CES. The fluorescence excitation specnum of the AIBt 1 
XIAI trILqSJtion of tl'~ SiR 2 lad[ca], prodl,iced dllring tll¢ I~ 
MPD of CES with a ~ CO2 laser, has been obtained. We 
have also ~alysed the spontaneous fluorescence emisskm 
resulting from the MPD of CES with a narrow-band, fre- 
qnency-do~abled dye laser at 212.5 run. The results of hhis 
study shed light on the mechanisms participating in the p~-  
duction of the observed pholofragments and on the relative 
importance of the primary photodissociation channels o f~¢  
molecule. 

2. Experimental details 

Two different experimental systems have been used in this 
work. The experimental set-up for laser-induced flaoresceace 
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(LIF) studies in the IR MPD of CES has been described in 
part in Ref. [ 2 ]. IR photolysis was carried out with a Lumon- 
ics K-103 CO, laser using the 10R(28) line at 936.8 cm-  ~, 
nearly coincident with the Sill+ mode of CES [3]+ The laser 
operates with a mixture of CO2. NO~ and He in the proportion 
8 : 8 : 84, the pulse temporal profile being monitored with a 
photon drag detector (Rofin Sinar 74 ] 5 ). The measured laser 
pulse consists of a spike of 85 ns (fall width at half-maxi- 
mum. FWHM) tbllowed by a tail of around 3 g,s. Experi- 
ments were performed in a static Pyrex cell fitted with a pair 
of NaCI windows orthogonal to another pair of quartz win- 
dows. The pressures of the samples of CES diluted in Arwere 
measured in the cell with a capacitance manometer (MKS 
But'am-m, 0-0.75 Torr). An [R laser fluence of 5 J cm- 2 was 
ob~ned  by focusing the CO2 laser at the centre of the cell 
using an NaCI lens with a focal length of 10cm. Fluorescence 
was induced in the nascent fragments using an N2-pumped 
dye laser (PP, A LNI07) with a bandwidth of 1.2 cm -~ at 
580 nm. The dye laser, collinear and counterpropagating to 
the CO,_ laser, was focused by a 50 cm quartz lens at the 
centre of the photolysis region. The delay between the CO, 
and probe laser was controlled by a Berkeley Nucleonics 
(BNC 7036A) unit to within 5:50 ns. Total LIF was detected 
through one oftbe quaru windows perpendicular to the laser 
axis and focused onto an R92g Hamamatsu photomultiplier 
through a Schott RG610 glass filter. Photomultiplier signals 
were sent to a Tektronix TDS540 digital oscillo~ope on line 
with a personal computer, where they were averaged and 
analysed+ 

The experimental set-up for UV photofragmentation stud- 
ies has been described recently [41, and a short summary 
will be given bere~ Photolysis radiation was obtained by fre- 
quency doubling in a BBO crystal cut at 81 ° to the output of 
a home-baiR dye laser pumped by an XeCI excitant laser. 
The frequency-doubled laser delivered around 0.1 mJ of 
212.5 mn polarized light with a bandwidth of 0.4 cm-~ in 
pulses of 15 ns. The photolysis beam at 212.5 nm was focused 
by a lens ~ t h  a focal length of 15 cm in the centre of a glass 
cell fitted with quartz windows. The pressures of the CES 
samples, ranging from 100 to 300 reTort, were measured 
with a capacitance manometer with the same characteristics 
as that used in the [R experiments. The cell was connected to 
a glass vacuum system, routinely operating at a vacuum of 
10 -s  Ton'. The detection of pfiotofragment emission was 
made perpendicular to the photolysis beam by an EMI 9816 
QB photomultiplier. Spectral selection was performed by a 
0.5 m Spektronik monochromator. When needed, cut-off ill- 
ters were used in certain experiments to avoid contamination 
of the signal with second orders of short-wavelength radia- 
tion. The electric signal generated in the photomuitlplier was 
either viewed directly on a 40 MHz digitaloscilloscope (Tek- 
tronix 2430A) or fed into a boxcar averager (SR250) inter- 
faced with a personal computer for subsequent data analysis. 

The preparation of CES followed the chemical procedure 
given elsewhere [ 1,2]. CES was obtained as a mixture of the 
cis and trans isomers (cis : trans, l : 3). The purity of the 

CES sample was checked by gas chromatography to be 
approximately 95%. The Ar purity was 99.998%. 

3. Results 

3. I. LIF studies daring IR MPD 

A LIF spectrum of the pholofragments resulting from the 
IR MPD of CES was recorded by scanning the probe laser in 
the region between 574.5 and 597.0 nm in steps of 0.2 nm. 
The temporal behaviour of the LIF signal at each wavelength 
shows a contribution corresponding to the scattering of the 
dye laser on the windows of the cell, which disappears after 
the first 40 ns. For longer times, the temporal profile can be 
fitted to a single exponential function with decay times 
between 200 and 300 ns. Therefore the intensity of the LIF 
signal at each wavelength is estimated by integration in a 
temporal window from 40 to 400 ns; fitting to an exponential 
function provides information about the decay time of the set 
of excited states contributing to the emission. Fig. 1 shows 
the LIF spectrum recorded at two different probe to pump 
delay times of 600 ns and 5 Ixs+ The sample contained 75 
mTorr of CES in 750 mTorr of Ar, the pressure of Ar buffer 
gas being chosen to maximize the intensity of the signal. Each 
point in the spectrum was obtained by averaging the signal 
over 20 laser shots. Before averaging, each signal was nor- 
realized for variations in the energy of the dissociating and 
probe lasers. Every 200 laser shots, the cell was filled with 
fresh sample to avoid the buildup of photolysis products that 
could disturb the LIF signal. The time between IR pulses 
exceeds 30 s, which appears to be long enough for the solid 
particles to settle and for the gaseous products to diffuse out 
of the reaction zone. The spectrum in Fig. I consists of four 
broad bands superimposed on a background. These features 
may be due to hot band absorption, the bandwidth of the 
visible probe laser and the amplified spontaneous emission 
{ASE) present in the dye laser output. The four bands are 

tO 2 0~' - tO 0 0 t  
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Excitation wavdeagth I am 

Fig. I. LIF spectrum following IR MPD of a mixture of 75 retort of CES 
in 750 reTort of At. The scan step is 0.2 am. The assignmenl of the SiH~ 
~B,(0+Cz,O) d XAt(O,e,O) transitions is indicated. The delay between the 
photolysis and pro~e laser is 600 as (a) and 5 tts (b). 
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Fig. 2. Timescal¢ o[ the LIF signal in ~ IR MPD of 75 mTmr of CES in 
750 mTo~ of At. monitored by the dependence of fl'~ intensity at 578A0 
and 588.15 nm on the time delay between tl1~ [R and visible laser. 

readily assigned to SiH~ ~B~(0,,~,O) ~ ~A,(O,v~,0) transi- 
tions with ,,t v = vz -- v~ = 2 [ 5.61. in the present experimental 
conditions, it was not possible to resolve the rotational struc- 
ture of the vibronic transitions. According to the calculated 
Fnmck-Condon factors for these transitions [6], it appears 
that most of the population of the nascent SiHz t'ra~ncnts is 
produced in vibrationally hot form. The spectrum taken at a 
longer delay, 5 its after the IR photolysis pulse, shows a 
considerable reduction in intensity of the bands, except for 
the line observed at 588.15 am. The intensity of this line 
remains practically unchanged with increasing time delay. 
Similar effects have been reported iu LIF studies following 
the IR MPD of certain orgnnosilanes [7,8], and have been 
explained by the effect of extensive rotational cooling, 
indaced by collisions with the buffer gas, which leads to flue 
accumulation of the nascent rotational population in a 
selected set of states. 

We studied the dependence of the LIF signal on ~ time 
delay between the photolysis and probe lasers. Fig. 2 shows 
the LIF signal correaponding to the excitation of ~ SiH~ 
fragment ~tt two wavelengths (578.40 and 588.15 nm) as a 
function of this delay. Both signals reach a maximum value 
within I p.s after the CO~ laser pulse. From this rapid rise, it 
seems that SiHz production takes place during the IR pulse. 
The signal recorded at 588.15 nm maintains its maximum 
intensity during a longer time than the signal at 578.40 am, 
probably reflecting the timescale for rotational cooling. The 
LIF signals decay with a tail of several microseconds. For the 
pressure conditions applied, the observed decay time may 
contain contributions from both spontaneous diffusion of the 
radicals out of the volume probed by the excitation pulse and 
reaction of the SiH,~ radical with the patent or other decom- 
position products. 

3.2. Photofragment emission daring photolysis at 212.5 nm 

Photofragmcnt emission spectra were recorded in the 
region from 200 to 700 nm. The most intense emission pro- 
duced dating the UV photolysis of CES at 212.5 nm was 
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0-0 

"~ f ..... 2,~.__ 
,I r i , 

~ ~ Q I Q j  v 

400 405 410 4| 5 420 425 430 4:$$ 

Wavelength / nm 
Fig, 3+ (a} Fluorescence emission spectrum fromSiH < A2A "-', XZH ) ~c ~ 0 
obtained by ph~olysis of 150 mTmT of CES at 212.5 am. The spe~-m~ 
resolution is 5 A. ( b ) Simul-atefl spectrum ~ ~sir, g flt¢ TSVD methyl. 
The ir~ct shows thv roL'~tional l~pul=lion distr;,bu~ion fv¢ c' =0. 

observed in the wavelength interval of 400-430 ran and 
assigned to the A:A ~ X2l'! Av = 0  transition of tim Sill frag- 
ment. The spectrum is presented in Fig. 3, toged~r wi~h the 
assignment, showing contributions from vibrazioval transi- 
tions v'-~:" = 0--0, t - I  and 2-2. The rovibmtionaJ p o ~  
giving rise to the observed emissions were eslint~ed by a 
computer program based on a nunca~d singular value 
decomposition (TSVD) method [9]. The resulting ratio of 
vibrational population in level v' = I relative to v ' = O  was 
0.75 +0.05. However, the relative populathm of c" ffi2 was 
subject to very high uncertainties due to the low ia~lsity of 
tl~ 2--2 "band. The rotational population distribution of c' = 0 
is presented in the inset of Fig. 3. Two regions, the first 
between J '=g and J'ffi 15 and the other cen te r  at J ' = 2 5 ,  
seem to locate most of the population of the state, l~0ducing 
a disttibufion far from equilibrium. The cak:ulated average 
rotational enemy in the v' = 0 level is 1560 4- 200 cm - n. The 
determination of the rotational populations for v ' =  1 and 
~,' = 2 is less clear due to s~ong overlapping of the bands in 
the regions in which these levels contribute to the emission. 
The calculated spectrum is also shown in Fig. 3. h is of 
in,crest to compare the S[H (A) specs'urn and ~ con~v- 
sponding mvibrational po ta t ion  distribution obtained by 
pho~olysis of CF.S with those ob~ined during the l~hom~ysis 
of phenylsilane at the ~ wavelength [4]. For phe~ylsi- 
lane, the relfieved population distribution in c,' ~0 alsopres- 
ents a bimoda[ stmcCdre, and the resulting ratio of the 
vibmtionalpopulations in levels v' = t and c' =OisO.6+O.I, 
very close to the value of 0.75 + 0.05 o~aincd for CES. 

In the range between 200 and 300 am, five atomic Si 
emission lines, from two u'iplet and three singlet exci~d 
states, are observed. Fig. 4 depicts the spectrum in this region 
and the assigned transitions. Due to the enhancemc~ of the 
gratiug efficLoncy at 500 am, the u-ansifion 3d~D~z ~3p~Dz, 
at 243.5 am, not present in the speclroJ region 
observed in second order. The triplet structure of the :  
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Fig. 4. Atomic Si emission spectrum resulting from the 212.5 am pholodis- 
sociation ~ 150 mTe~ of CES. The spectral repletion is 30 A and 5 A for 
the spectrum in the inset, where one Iriplet emission is resolved in second 
order. The dotted line shows the efficiency of the detection system as a 
fene6on of wavelength. 

4s~l~--* 3p3P transition, as shown in Fig. 4, is resolved by 
observing it in second order. Individual lines 1' ~ J "  of 2 ~ 1, 
1 ~ 0 , 2 ~ 2 ,  ! ~  1,0--, ! and I --, 2 are assigned. 

Once the relative inten sirius of the observed lines have been 
conected for the system response, an estireate of the relative 
populations of the upper states can be made using the 
expression 

~g, J f 

where N is the population of the upper level, gu and g~ are the 
degeneracies of the upper and lower states respectively, land 
A are the intensity and wavelength of the observed line respec- 
tively and f is the oscillator strength of the corresponding 
transition. Values off were taken from the literature [ I0]. It 
is interesting to compare the populations of the 4s3P ° and 
4s~ states, which have similar energies. The populations of 
the J'  sublevels in the 4:P ° state are assumed to be propor- 
tional to their degeneracy; this assumption is supported by 
the analysis of the relative intensities of the different lines in 
the resolved triplet-trlplet transition. The resulting ratio 
between the populations of the 4s~P ° and 4 s ' ~  states is ten 
It seems, therefore, that the dissociation process favours, to 
some extent, the production of triplet states. We have com- 
pared the observed distribution of excited silicon states with 
that obtained in the MPD of phenylsilane at 212.5 nm [4]. 
In the photolysis of CES, the intensity of the lines arising 
from excited triplet states relative to the intensity correspond- 
ing to singlet states is substantially higher than in phenyl- 
silane. 

A series of five intense hands was detected in the region 
of 420--625 rim; these were assigned to the Swan bands of 
the carbon moleculeC 2 (d3II~--~, a31],) At,= 2, 1,0, - 1 and 
- 2. The spectrum covering the full region is shown in Fig. 5. 
Fig. 6 shows the A~, = I band wilh higher resolution. Emis- 
sions from vibrational levels v' in the upper electronic state 

e ~  

C 2(d31-I - 31"I a ) 
g u 

A~-I  

Av=0 

Wmtimtl ~ 

Av=-I 

400 45o 5o0 sso 600 65o 

W a v e l e n g t h  / n m  
Fig. 5. ta) Swan bands of Cz produced in the 212.5 ran photodissocialion of 150 reTort of CES wi~h a resolution of 25 .~. A tail of the Sill (A 2A ~ X2[I) 
emission is s u p e r i ~ d  on lhe region oflhe AL,=2 band. (b) Simulated speClmltl ~:e.lo~'Ied by assuming TRox- 5.S00 K and the "~ibralional distribution 
shown in the inset (see text). 
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Fig. 6. SpecLmra of the Av - I band of the C~ Swan system resulting from 
the phmaaissociafion of 150 reTort of CES at 212.5 nm taken with a reso- 
lution of 10 .'g.. The full line represents the experimental spectrum and the 
d<ated line the corsesponding simulation, which was p~fformed with the 
rovihrational distribution of 5, 

up to v' =6  were assigned. The very high romfiona! levels of 
the C: (fl) state contribute tO the observed spectrum; this 
leads to the extremely strong overlap of many different lines, 
which, together with the limited spectral resolution, forbids 
definitive conclusions from being reached about the individ~ 
ual populations of the rovibrational levels. Thus a modiflca, 
lion was introduced it, the computer simulation ptogrdm, so 
that the only unknown parameters were the relative vibra- 
tional populations in the rails state. By assuming rotational 
equilibrium in each vibrational level, the best rotational tem- 
peramre for all substantially populated states was found by 
trial and error to be 5500+400 K. The relative vibrational 
populations provided by the simulation for t: ~0-6  are 
I/0.96/0.60/0.50/0.46/0.31/0.05+ with errors within 10% 
of the given values. The corresponding average vibrational 
energy is 3200+500 cm-L Fig. 5 and Fig. 6 also show the 
resulting calculated spectra. 

The dependence of the observed emissions on the laser 
energy is shown in Fig. 7. The fluorescence originating from 
the Sill ( AzA ~ XZl'l ) A v = 0 transition is linearly dependent 
on the laser energy, this is shown in Fig. 7(a). The depend- 
ence of the Si atomic emissions was determined for several 
lines. Fig. 7(b) presents the results corresponding to the Si 
(4sap a-+ 3paP) transition; the slope of the logarithmic plot 
gives a value of 2A+OA. Other lines corresponding to 
3 d * ~  3p~D~ and 4 s ~ 3 p ~ D 2  transitions yield similar 
slopes. Finally, the dependence of file C2 (daH~a~l'I~) 
emission on the laser energy was measured in the At, = l 
band and found to be quadratic, as shown in Fig. 7 (c ) .  

4.  ~ o n  

In this work, Sill2 ( ~A~ ) has been identified in the IR MPD 
of CES by studying the fluorescence excitation spec~m of 

s 
C~(d~II~ - a "1][ ), Av=I "1 

" "  (e) 
,t 

* $1~Fe - 2.1 t 0.1 

+ 

,...,. 2.5 

S i ( ~ ' P +  + 3pSP) . .  

" (b) 
i +, 

• ~ - ~ 4  ± O.l 

3.0 3.~ 4.0 4~ 

SL.q(A ~A - X Z I l ) ,  Av-O i+ 

• (a )  

* Slope - 1 .1 ,0 .1  

~(Euv IpJ) 
Fig. 7. LQgan|hmic ploLs of h~ delk-mkac¢ on laser energy of ~,,¢ ob~rvcd 
photnrragment emissions rcsullin@ from the ~ y s i s  ofCES ~ 212.5 
(a) Sill (A2A--~XZH). ~ t ' - 0  ~ 413 am; (b )  Si (4s3P°~3p~P) a~ 2.52 
nm: (c) C2 (d~llg-'~a~[I,). Ar= I at ,I,'70 nag T ~  slopes of the ~ , ~ r  
regression ills wcr¢ I.I ±0.1.2A:l:0.[ and 2.1 :]:0.1 ~spectiYely. 

its 'B,(O,v2,0 ) ~ tA,(0,et,O) wansitions, The behavlour of 
the LIF signal as a function of the probe to pump delay 
indicates that this radical is produced only in the presence of 
the IR pu|sc, and hence by photoly sis not via seon~lary chem- 
istry. This result leads to the conclusion that the Si l l  2 radic, a..[ 
is actually produced in the dissociation process and provides 
confirmation of the postulated prin~ay routes, i.e. secondary 
photolysis of ethynylsilane formed via dehydrochlofiaation 
or chloroethene elinfination. Previous studies [3] have 
shown that &h~drochlorination, having a lower ac t ivat~  
energy, is favoured at the fluence o r s  J cm - :  u.%,d in this 
experiment. However, the LIF spectrum obtained ia this work 
does not provide iofurmation on the relative i m ~  of 
the two possible sily]ene-lm,'ducing channels. 

More information regarding the faro of this SiHa fragment 
can be @ataincd by discussing the results found in the I a ~ n t  
work when dissociation of the parent m o l e c ~  was c a n ~  
out in the UV spcclral region. We consider the possil~c mech- 
anisms pafdcipaling in the formation of the elcc~k:atiy 
excited photofragments during MPD of CES at 212,5 nm and 
the role played by SiH~ as a possible proem-sot of Si+¢on~i~ 
ing fragments. We consider that the observ~l~Ot~'agmcms 
arc formed through multistep proccss¢~ involving 
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diate species originating in the primary decomposition 
channels 

HjSi~TH [ CHCI --, H.~SiC~CH + HCI 

A/~o= 8300 cm ~ (I)  

H3Si--CH [ CHCI "+ HzC [ CHCI + SiHz 

M~o=20 460 cm -I (2) 

These intermediate species will suffer dissociation after sub- 
seqtxnt photo  absorption within the laser pulse, giving rise 
to the final fragments. To carry out the indicated energy 
balance, the heat of formatio~ - ;  CES is needed. Due to the 
lack of experimental determinatmns, its value has been esti- 
mated from that of ethenylsilane as 5350 cm - i 111 I, The 
silicon-containing fragments, i.e. the Sill (A) radical and the 
excited silicon atoms, may have their origin in the interme- 
diates HjSiC--CH or Sill., formed via processes ( I ) and (2) 
respectively. 

The production of the Sill (A) radical may be connected 
with the appearance of the Sill: intermediate, formed in pri- 
mary process (2) or in the decomposition of ethynylsilane. 
The various mechanisms leading to the dissociation of ethy- 
ny Isilane have been investigated by ah initio molecularorbitaI 
methods [ 121. The pathway leading to a transient species. 
which dissociates without a barrier to the products C2H2 and 
Sill: 

H~SiC~-CH --* HC~-CH + Sill2 

A//g= 20 430 cm -I  (3) 

is preferred energetically and kinetically. This theoretical pre- 
diction seems to be confirmed by the results obtained in the 
193.3 nm photolysis of this compound, which produces high 
yields ofC.~H2 gas~us product t ! !. According to Ref. [ 12], 
ethynylsilane can decompose to yield SiH~. by several other 
routes, but these require more energy. The SiHz intermediate, 
formed by the two pathways suggested above, will photodis- 
.social, after subsequent photon absorption to yield the Silt 
fragment via the process 

Sill z (XIAI) --*H (2S$) +Sil l  (A-'A) 

A/'~o= 51 213cm -t (4) 

calculation of the potential energy surface of the sily- 
lene systera has allowed the dissociation channels in the dif- 
ferent excited states to be determined [ 13 I. Two Sil-I2 singlet 
escited states tA2 and ~A, at 4.745 and 5.532 eV respectively 
correlate with the dissociation channel (4). Therefore Sill 
(A) can be produced by two possible mechanisms. The path 
that requires less energy includes two steps corresponding to 
processes (2) and (4). The alternative mechanism consists 
of the sequence of processes ( ! ) ,  (3) and (4). As noted 
above, the rovibrational population distribution of Sill (A), 
resulting from the MPD of CE$, is very similar to that 
obtained in the MPD ofphenylsilane at the same wavelength. 
One of the identified primary decomposition channels of 

phenylsilane yields Sill2, and this radical has been suggested 
as a possible precursor for the observed Sill emission [4]. 
The similarity of the population distributions may indicate 
that the mechanism in which Sill (AZA) is formed becomes, 
at some stage of the absorption process, independent of the 
parent molecule, and gives an argument in favour of the two- 
step process. A common Sill2 intermediate species, formed 
in primary process (2), would undergo further absorption 
and dissociation through process (4), ultimately leading to 
Sill (A). The required energy to produce the Sill (A) frag- 
ment from CES corresponds to the absorption of at least two 
photons of 212.5 nm. Therefore the observed linear depend- 
ence on the laser energy may indicate the saturation of one 
of the absorption steps participating in the process, The laser 
fluence used in these experiments is around F =  5 X l0 is pho- 
tons cm --". As the absorption cross-section of CES at 212.5 
nm is tr = 2 × 10- ~ cm z, measured in a Cary 3E UV-visible 
spectrophotometer, ~rF> 1, indicating that the first absorp- 
lion step is most probably saturated. 

As noted above, Sill2, formed via process (2) or (3),could 
be invoked as a precursor of atomic silicon fragments, flow- 
ever, a lower energy route for the production of excited Si 
atoms involves the dissociation of ethynylsilane via the two- 
step process [ 121 

H.~SiC-=CH ---, HC~-CSiH + Hz 

A/~0 = 16 100cm -I (5a; 

HC~CSiH ~ C , H : +  Si 

A/~  = 26 I I0cm -I (5b) 

The formation of excited silicon atoms via this pathway 
requires at least three laser photons. The observed quadratic 
dependence of the atomic silicon emission on the laserenergy 
could be explained ( as for Sill (A)) if saturation of the first 
absorption step involving the parent molecule takes place. In 
this case, the comparison between the MPD experiments of 
CES and phenylsilane [4 ! provides an argument againstSiH2 
as the precursor of the atomic fragments. The distribution of 
the population between silicon excited states shows, in the 
case of CES, a higher preference for triplet states, which 
cannot be explained if a common Sill2 precursor is invoked. 
This argument, together with energetic considerations, 
favours the pathway in which process ( i ) is followed by 
process (5) as the origin of the atomic fragments. For such 
a pathway, the high yield of excited triplet silicon states, in 
the case of CES, could indicate that dissociation of the inter- 
mediate HC=CSiH gives rise to fragments in triplet 
electronic states with high yield. 

Similarly, the observed C2 (d3llB) fragment may have its 
origin in one of the primary products of the photedissociation 
of CES; these are ethynylsilane and chloroethene produced 
via processes (I)  and (2) respectively. The photolysis of 
chlorocthene at 212.5 nm yields C2 (d3Ilg), as demonstrated 
by the observation of the Swan bands [ 141. However, we 
have compared the intensity of the Swan bands produced by 
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photolysis, under identical experimental conditions, of the 
same pressures of CES and chloroctheuc. We found that the 
intensity is around ten times higher for CES, indicating that 
this molecule is more efficient than chloroethene in producing 
C2 (d-~IIs) radicals. This result provides an argument against 
chlnrocthcne as the pmcursorofcxcited diatomic carbon mol- 
ecules which, alternatively, conld be formed via the partici- 
pation of the intermediate ethynylsilane. 
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5. Conclusions 

The LIF spectrum of the fragments produced during the 
IR MPD of CES can be attributed to the SiH~ radical, which 
is produced during the dissociation process. The spectrum 
indicates that the nascent Sill 2 fragments are vibrationally 
excited, at least in the bending mode. The results of the MPD 
experiments at 212.5 nm indicate the participation of this 
radical as an intermediate in the production of the Sill (A) 
photofragment. Arguments based on energetic considerations 
and on the similarity of the rovibrational distributions of Sill 
(A) produced in the 212.5 nm photolysis of CES and phcn- 
ylsilane support this assumption. A similar type of argument 
favours ethynylsilane as an intermediate in the production of 
Si atomic fragments. Finally, the high yield of C., (d3IIw) 
emission, compared with that obtained in the photolysis of 
chloroethene at the same wavelength, rules out the partici- 
pation of this species as an intermediate in the production of 
the diatomic carbon fragment. 
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