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The Laser Induced Fluorescence Spectrum of SiF Around 193 nm 
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Fluorescence of SiF radicals induced by a tunable ArF excimer laser is reported. The radicals 
are prepared using laser vaporization and subsequent supersonic cooling. A tentative assignment 
of the most prominent features in the spectrum is given. The spectrum deviates from what can 
be expected from the extensive emission spectroscopic data. Delayed fluorescence detection is 
used to unravel the congested structure. and a previously unobserved electronic state. which we 
label D(2)*lI. with (in cm-‘) T, = 52128.7 +_ 0.1. B, = 0.629 rt 0.001, A, = 5.7 +- 0.1, and (in 
nsec) T = 110 f 8. is characterized. Franck-Condon factor calculations permit the vibrational 
assignment ofthe excited state on the basis of the dispersed fluorescence spectrum. (~3 IYYI Acadcmlc 
Press. Inc. 

I. INTRODUCTION 

Silicon monofluoride is a free radical of considerable interest for several reasons. 
Davis and Hadley have reported a potential chemical laser transition in this molecule 
between the a42 and A *2: states ( 1). Vasile and Stevie (2) showed that SiF occurs 
during plasma etching of silicon, a standard technique used in the manufacturing of 
integrated circuits. Walkup et al. (3) observed SiF in 80% CF4/ 20% O2 plasmas with 
a silicon substrate on the cathode of the discharge source. They demonstrated that 
products of plasma-surface reactions in reactive ion etching and plasma sputtering 
environments can be monitored in situ using laser induced fluorescence (LIF) and 
they pointed out that the analysis of the products leads to the possibility of inferring 
mechanisms of the sputtering or etching process. These examples demonstrate the 
importance of the SiF radical for modern technology. Since this molecule has been 
observed in stellar atmospheres (4) and because it is believed to be a constituent of 
the sun, it is of astrophysical interest as well (see also Ref. [ 5 ] ) . Since the first obser- 
vation of SiF in 19 11, numerous papers with spectroscopic data and molecular con- 
stants of this radical have appeared. The extensive study by Houbrechts (6) of 73 
vibrational levels in 22 electronic states can be regarded as a complete summary up 
to 1983. Since then, several Rydberg-Rydberg transitions between known electronic 
states have been reported in the near infrared, leading to refined molecular constants 
( 7. 8, 9). Two configuration-interaction (CI) studies followed. in which the calculated 
constants were compared to the experimental values ( 10, I I). 

Electronic spectroscopy produces detailed information about the temperature and 
density of the medium under investigation. Dulcey and Hudgens demonstrated sen- 
sitive resonance enhanced multiphoton ionization (REMPI) detection of SiF via the 
A, C’, and C” electronic states ( 12). Several electronic states of SiF can be excited 

329 0022-2852/91 $3.00 



330 EBBEN, VERSLUIS, AND TER MEULEN 

with a narrowband tunable ArF excimer laser. Because of its high spectral brightness 
this laser can even be used to detect molecules via transitions that are forbidden in 
first order (13). Its output beam can also be transformed to a sheet with still enough 
intensity to monitor molecular densities with two-dimensional spatial resolution using 
CCD imaging techniques. 

We have studied the excitation spectrum of the SiF radical in the relatively small 
frequency window (5 1 570-5 1 865 cm-’ ) of this laser and encountered, among many 
others, an electronic state not reported so far. Our spectroscopic findings are the subject 
of this paper. 

2. EXPERIMENTAL DETAILS 

The principal experimental setup has been described in an earlier paper (14) in 
which we outlined the possibilities of a pulsed laser vaporization source for the pro- 
duction of small free radicals. For the purpose of detection and calibration of the LIF 
spectrum of SiF the apparatus is used in a somewhat different configuration, as is 
discussed below. 

2.1. Laser Vaporization Source 

The SiF molecules are produced in a laser vaporization plasma and cooled in the 
subsequent supersonic expansion in which the plasma is entrained. To achieve this, 
10 mJ of energy from a frequency tripled Nd:YAG laser (Quanta Ray DCR2) is 
focused onto a continuously moving silicon target. The vaporization of the sample 
takes place in a small (2 mm wide, 10 mm long) cylindrical channel in front of a 
pulsed solenoid nozzle valve. Figure 1 shows the brass nozzle fixture that we use. As 

FIG. I. The nozzle fixture that is used for the laser vaporization of solid targets. The screw movement of 
the target and the gas flow and vaporization laser beam are indicated. 
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can be seen, the target disc performs a screw motion to prevent the laser from drilling 
deep pits in the material. The arrows indicate the gas flow and the vaporization laser 
beam. The laser is timed so that the plasma is formed while the valve is open. For 
this experiment we used helium doped with 10% of SiF* at a total pressure of 900 
mbar. The pressure in the vacuum chamber drops to 10e5 mbar between two gas 
pulses. It is estimated that 80% of the vaporization laser pulse energy is used merely 
to raise the temperature of the atomized material. As a result, a hot plasma is formed 
and dissociation and (multiple) ionization of the constituents follows. One of the 
neutral molecules that is observed in the subsequent free jet expansion is silicon mono- 
fluoride. 

This vaporization technique to create small molecular radicals has two major ad- 
vantages, important for time resolved laser spectroscopy, when compared to traditional 
discharge cells. 

( 1) The molecules are produced in the initial part of a supersonic expansion. 
The expansion cools the internal degrees of freedom of the molecule to such an extent 
that spectroscopy is greatly facilitated. This cold regime can be considered comple- 
mentary to the conditions, normally encountered in discharges, explosions, and flames. 

(2) In the collision free regime after the supersonic expansion relatively slow 
intramolecular relaxation phenomena like spontaneous emission of radiation or weak 
predissociation can be studied. 

2.2. Time Resolved LIF 

Approximately 30 mm downstream from the nozzle opening the probe laser beam 
crosses perpendicular to the jet. The excitation in the VUV region was accomplished 
by a tunable excimer laser (Lambda Physik EMG 150 MSCT) operating on ArF. The 
excimer laser is used in the so-called amplified oscillator mode, in which the unstable 
resonator optics of the amplifier are removed and the oscillator beam is amplified in 
one single pass. In this mode, the tuning range of the laser is extended to 300 cm--’ 
( 5 1 570-5 1 865 cm-‘) and amplified spontaneous emission is absent. The bandwidth 
of the excimer laser is 0.4 cm-’ . To avoid absorption of the laser radiation by oxygen 
in the air, the beam path is shielded and flushed with nitrogen. In spite of flushing. 
laser action ceased over 2.5 cm-’ around 5 1 788 cm-‘, due to a strong intracavity 
absorption, probably by carbon. For the excitation of the molecules to the A2Z + state 
we used a Nd:YAG laser pumped pulsed dye laser (Quantel 68 1 C- 10 + Lambda 
Physik FL3002). 

Fluorescence emitted by the molecules is imaged on two different photomultipliers 
(see Section 2.4). The signals from the photomultipliers are processed with a digitizing 
oscilloscope ( LeCroy 9400) and two boxcar averagers (SRS SR250 ) . All experiments 
run at 10 Hz repetition rate. 

2.3. Calibration of the Excimer Laser Wavelength 

In order to calibrate the SiF excitation spectrum in the VUV, a static pressure 
of 0.2 mbar NO is introduced in the vacuum chamber and the LIF spectrum of the 
B211 (v’ = 7) f X211 (u” = 0) transition in NO is recorded around 193 nm, along 
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with the iodine absorption spectrum around 580 nm. For this purpose we used a 
Raman shifted frequency doubled red dye laser (Quante168 IC- 10 + Continuum TDL 
60 with Rhodamine 590). The fourth anti-Stokes stimulated radiation is introduced 
in the chamber. LIF from NO is detected with a photomultiplier. The fundamental 
red radiation of the dye laser enters an iodine absorption cell in order to record the 
I2 spectrum. In particular the Rs(27.5) and the R~(28.5) rotational transitions of NO 
at 5 1 805.22 and 5 1 769.06 cm-‘, respectively, were used for the calibration. The 
iodine wavenumbers are taken from Ref. ( 15). With this experiment, the wavenumbers 
of the NO lines have been determined with an accuracy of 0.1 cm-‘. A more extensive 
report of the LIF spectrum of NO in this wavenumber range will be the subject of a 
forthcoming paper ( 16). The same NO spectrum has been recorded with the tunable 
ArF excimer laser. This resulted in an absolute wavenumber calibration of this laser 
within 0.1 cm-‘. 

2.4. Fluorescence Detection 

The excitation of SiF to a highly excited state results in a cascade of fluorescence 
to many lower states. The relevant states for this experiment have been schematically 
drawn in Fig. 2. Within the narrow gain profile of the ArF excimer laser a number of 
“D” vibronic states can be excited. The rovibronic term values T,, of these D states, 
D”II, D2A, D”( 1 )‘Z+, D”“Z+, D”(2)211, and D”( 3)211, range from 47 128 to 54 624 
cm-’ . For this reason the excited levels in Fig. 2 are provisionally labeled D. 

The visible (VIS) and near ultraviolet (UV) fluorescence is detected with a pho- 
tomultiplier, suitable for these wavelengths (EM1 9863B). Prior to this photomultiplier, 
an F/3.7 monochromator disperses the fluorescence. It serves as an adjustable band- 
pass filter and to record dispersed fluorescence spectra. The smallest bandwidth ob- 
tainable with this monochromator (0.5 nm FWHM) makes it possible to resolve 
vibrational structures. 

The resonant vacuum ultraviolet (VUV) fluorescence is monitored by a solar blind 
type photomultiplier (EMI 94 13), sensitive only for radiation with a wavelength below 
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FIG. 2. Scheme of the energy levels of SiF, relevant for this experiment. The transitions leading to visible 
(VIS). near ultraviolet (UV) and vacuum ultraviolet (VUV) fluorescence are indicated. The right-hand 
side illustrates delayed fluorescence detection that is used to separate overlapping bands from electronic 
states with different lifetimes. 
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200 nm. The pulsed signals from the photomultiplier are sampled with a gated inte- 
grator and boxcar averager. 

Two bands overlap in the frequency region around 5 I 780 cm-‘. We could unravel 
them on the basis of their different fluorescence branching ratios for the emission to 
the A and X states. However, since the corresponding excited electronic states show a 
large difference in radiative lifetime, a much more suitable technique to separate them 
was delayed fluorescence detection. For this, a boxcar gate synchronous with the probe 
laser pulse monitors fast fluorescence and a second boxcar gate is delayed to measure 
only slower fluorescence. This is schematically shown in Fig. 2 as well. With an ap- 
propriate delay time the spectra could be completely unraveled. 

3. RESULTS AND DISCUSSION 

3.1. The I’isible LIF Spectrum 

The excitation spectrum of the A’Z’ (v’ = 0) + JY?11,2.3,2 (v” = 0) around 439 
nm is used to test the stability of the production of the SiF and to find optimum 
production conditions. Rotational analysis of this spectrum has been reported by 
Houbrechts (6). The shape of the rotational band contour is reproduced by a computer 
simulation when a rotational temperature of approximately 80 K is assumed. From 
the time resolved exponential fluorescence intensity decay upon pulsed excitation, a 
radiative lifetime of 254 -+_ 11 nsec for the A%+ (21’ = 0) state is determined. This 
value is in agreement with 230 5 30 nsec obtained by Davis and Hadley from their 
microwave discharge experiment ( I ). The dispersed fluorescence spectrum of this 
state is discussed below. 

3..?. The LIF Spectrum Around 193 nm 

The laser excitation spectrum of the SiF molecule in the wavenumber range covered 
by the tunable ArF excimer laser is shown in Fig. 3. In this diagram the upper spectrum 
is detected by a VIS-UV photomultiplier which monitors fluorescence from the excited 
level to the intermediate A2Z+ state as well as fluorescence from the A state to the 
ground state. The lower spectrum is recorded with a solar blind photomultiplier that 
detects the resonant VUV fluorescence. A difference between the two spectra for one 
excited state is due to the fluorescence branching ratio. Since the ground state character 
is 211 whereas the A state is 22, the selection rule AA = 0, k 1 leads to a large difference 
between the two spectra when a A state is excited. This helped us to assign line N in 
Fig. 3 to the H2A (2)’ = 0) + X211 (u” = 2) transition. A comparison of the spectra 
with the emission spectrum measured by Houbrechts et al. ( 17) in the same frequency 
interval shows clear similarities that led us to the tentative assignment of several lines 
in Fig. 3 presented in Table I. An unambiguous assignment would require a complete 
rotational analysis that in this case is severely complicated due to the many overlap- 
ping bands. 

Apart from these similarities, the comparison also shows a striking difference. The 
strongest features in our LIF spectrum (around lines E, F, and M) are absent in the 
VUV emission spectrum of Houbrechts er al. A careful reexamination of the original 
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FIG. 3. The laser excitation spectrum of SiF around 193 nm. The upper spectrum is obtained by detecting 
UV fluorescence to the A state, the lower by detecting resonant VUV fluorescence to the ground state. The 
most distinct features in the spectrum, indicated by letters, are discussed in the text. D is an artifact due to 
a cessation of laser operation at this frequency. 

photographic plates of this spectrum, kindly supplied by Professor Bredohl and Dr. 
Dubois, confirmed this observation. 

The difference between the microwave discharge emission study and our laser in- 
duced fluorescence experiment should be noted here. In an emission study, the initial 
upper state distribution and the spontaneous emission rates determine the spectrum. 
In a microwave discharge, the initial excited state distribution is not known. When 
LIF is used, the spectrum is determined by the initial lower state distribution and the 
rates for absorption and spontaneous emission. Saturation of the transitions due to 
the high power of the pulsed laser can rule out the influence of the Einstein coefficients 
for absorption, certainly for electric dipole allowed transitions. For these reasons, a 
difference in the spectra from both experiments can be expected. 

Coincidently, however, two transitions with almost the same wavenumber are ex- 
pected where we find lines E, F, and Min Fig. 3, on the basis of the observed transitions 
in the work of Houbrechts. The band centers of these transitions, 

D’211 (V’ = 5) f X%,/2 (V” = 0) (1) 

and 

O”(2)% (u’ = 3) + X2&,2 (V” = O), (2) 

lie at 5 1 784.02 and 5 1 783.86 cm-’ respectively, their PI bandheads at 5 1 756.09 and 
5 1 76 1.10 cm-‘. Note that both transitions start from the ground vibrational level in 
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TABLE I 

Observed Wavenumbers (in cm-‘) and Tentative Assignment of the Lines, Denoted in Fig. 2 

Line WkWe- 
number 

A 51849 

B 844 

C 799 

D 789 

E 782 

F 766 

G 761 

H 756 

I 714 
J 690 

Ii 682 

L 649 

M 621 

N 597 

Assignment 

F?V (v’=O) + X’II; (?=a) 

D”(3)“H (v’=O) + X’H; (v”=l) 

G’%+ (v’=O) + X’I13 (v”=l) 

a) 

D”(l)‘S+ (v’=4) t X2Ht (v”=O)~) 

D(2)% + X’II; (v”=O)cl 

D”(2)2H (v’=3) + >(*I$ (v”~O)~l 

D’% (v’=lj) + XzHj (v”=O)~’ 
e) 

F%+ (v’=O) + X211; (v”=‘L) 

D”(3)211 (v’=O) +- X*H; (v”=I) 

1*rI (v’=O) + S%j (v-=2) 
D”(l)“x+ (v-=1) + x2+ ($‘=O)b’ 
H*A (v’=l) + X211 5 (v’!=Z) 

335 

a An intracavity atomic carbon absorption resulted in a cessation of laser action around this wavenumber. 
h The assignment on the basis of the dispersed fluorescence spectrum on this line is discussed in the text. 
’ Pi bandhead of the new electronic transition that is discussed in the text. 
d P, bandhead. 
e Unidentified band, also mentioned in Ref. (6). 

the electronic ground state, the one most populated in our jet expansion. In principle 
both should be present in our spectrum. The excitation spectrum around 5 1 780 cm-’ 
indeed consists of (at least) two overlapping bands that belong to different electronic 
states as is shown below. These two bands can not be due to the above-mentioned 
D-X and D”( 2)-X transitions, however, because their respective absolute frequencies 
do not match. This is observed most clearly for the position of the lowest frequency 
features of the spectra, the P, bandheads. In Fig. 3 it can be seen that the P, bandheads 
belonging to the D-X and D”( 2)-X transitions, tentatively assigned to line H and 
G, respectively, do not correspond to the strong bandhead observed at line F. For 
this reason we decided to study the strong bands in more detail. 

3.2. I. Rotational analysis. The bands around 5 1 780 cm-’ could be unraveled using 
delayed fluorescence detection: A boxcar integrator gate delayed 100 nsec with respect 
to the excitation laser pulse samples slower fluorescence only. A second boxcar gate 
timed simultaneously with the laser measures all fast fluorescence as well as the major 
part of the slower fluorescence. The result is shown in Fig. 4. The lower spectrum 
belongs to a state with a longer radiative lifetime, while the upper trace shows the sum 
of the two states. The asterisks denote the lines that are missing in the lower spectrum 
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FIG. 4. Detail of the laser excitation spectrum of SiF around 5 I 780 cm-‘. The two spectra are separated 
using delayed fluorescence detection that results in the isolation of the slower fluorescence spectrum. The 
rotational assignment of transitions to a previously unobserved electronic state is given. The asterisks denote 
rotational lines that belong to the short lifetime spectrum. 

and hence belong to the state with the shorter lifetime. Gatewidths of typically 100 
nsec have been used. 

Rotational analysis of the longer lifetime spectrum shows that it involves an elec- 
tronically excited state that has not been observed so far. The frequencies of the ro- 
tational lines assigned in Fig. 4 have been fit using the energy expressions 

Fi(J) = B,((J + t)’ - A2 - +lj4(J + 1)’ + Y( Y - 4)A2) - D,J4 (3) 

F2(4 = &((J + 4)’ - h2 + $\/4(J + 4)’ + Y( Y - 4)A2) - D,(J + 1)4 (4) 

for both the excited and the ground electronic state, appropriate for doublet states 
intermediate between Hund’s coupling cases (a) and (b) ( 18). Y represents the ratio 
A/B,. For A = 1, i.e., a II state, and using the ground state constants from Ref. (6), 
the least-squares fit procedure yielded the constants of this electronic state, listed in 
Table II. With these constants we could reproduce the observed spectrum using a 
computer simulation that includes the Honl-London factors appropriate for this tran- 
sition. In this simulation we assumed a rotational temperature of 80 K. The observed 
line frequencies and the differences between the observed and calculated values are 
given in Table III. The agreement is seen to be excellent. The introduction of a cen- 
trifugal distortion constant D for the excited state did not improve the fit. The signal 
to noise ratio for the XI13,2 counterpart spectrum of this state was too poor to include 
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TABLE I1 

Molecular Constants of the Rovibronic Band Around 5 I 780 cm-’ 

T ve 52128.7 f 0.1 cm-’ 

B, 0.629 f 0.001 cm-’ 

A, 5.7 f 0.1 cm-’ 

7 110 f 8 IIS 

the corresponding frequencies in the least-squares fit. From the single exponential 
fluorescence intensity decay upon excitation of several rotational levels in this state, 
a radiative lifetime of 110 * 8 nsec is obtained. The lifetimes of all the other states 
were too short (~30 nsec) to be measured. An SiF electronic state with a spin-orbit 
coupling constant, A = 5.7 cm-‘, has not been observed before. The only two states 
reported so far with an A # 0 are X’TI, A = 162 cm-’ and C’*II, A = 16 cm-‘. For 
the sake of clarity we provisionally label the new state D( 2)‘II. 

A rotational analysis of the second spectrum (indicated with asterisks in Fig. 4 ) was 
troublesome. Several series of lines could be fit to bands of a ‘Z + *II transition with 
a B constant of 0.6 19 +- 0.00 1 cm-’ that thus seems to belong to this state. Several 
lines could not be assigned, however, possibly due to perturbations or to congestion 
with other spectra. 

3.2.2. Dispersed fluorescence spectra. The monochromator makes it possible to 
measure vibrationally resolved dispersed fluorescence spectra upon excitation of a 

TABLE III 

Observed Wavenumbers of the New Rovibronic Transition and the Differences with the 
Calculated Values (cm-‘) (the Experimental Error Is 0. I cm-‘) 

J?’ PI O-C 41 o-c RI o-c “R*i O-C 

1.5 51777.62 -0.08 51782.13 0.03 

2.5 776.38 -0.07 51779.21 -0.01 783.21 0.04 

35 < _.. 775.13 -0.05 779.21 0.07 784.38 0.08 51791.84 -0.06 
4.r; 773.89 -0.06 779.21 0.10 785.55 0.06 794.17 0.00 
5.s 772.72 -0.05 779.21 0.06 786.73 -0.04 796.58 0.0’ 
6.5 771.64 0.00 
7.5 770.63 0.00 
8.5 769.69 0.00 
9.5 768.84 -0.05 

10.5 768.05 0.00 
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particular vibronic level. From the frequencies of the D + A spectrum and the known 
vibrational structure of the A state, the rovibronic term value of the excited D state is 
obtained. Since the energy of the exciting photon is known, the vibrational level in 
the electronic ground state from which the molecule is excited can be determined. 
Both spectra in Fig. 4 are in this way shown to result from an excitation starting from 
2)” = 0. The relative intensities of the spectrum are governed by the Franck-Condon 
factors (FCFs) and hence by the vibrational wavefunctions of both states that are 
involved in the emission transition. Relative emission intensities in a dispersed fluo- 
rescence spectrum consequently depend on the shape (described by we, wexe, - - - ) 
of the electronic potential energy curves, even more on the relative equilibrium in- 
ternuclear distances (described by r, or Be) of the curves, but predominantly on the 
vibrational quantum number in the upper state. This implies that from a vibrationally 
resolved dispersed fluorescence spectrum and a good estimate of we, w,x, and B, for 
the upper state, u’ can be determined. 

Dispersed fluorescence spectra following excitation of the A ‘Z+ (~1’ = 0) state (upper 
spectrum) and via line E of Fig. 1 (lower spectrum) are shown in Fig. 5. The Franck- 
Condon factor qoo for the A + X transition is 0.988, calculated on the basis of the 
molecular constants for the A and X states taken from Ref. (6). The emission intensity 
to the u, = 1 is calculated to be 124 times smaller and should indeed not be observable, 
regarding our present sensitivity. The observed doubling of the emission line is due 
to the spin-orbit splitting in V, = 0 of 16 1.8 cm-‘. In the comparison between the 
calculated FCFs and the observed emission intensities, the instrumental wavelength 
dependences (mainly the monochromator transmission and the photomultiplier sen- 
sitivity) have been taken into account. 

450 WAVELENGTH (nm) 
400 350 

FIG. 5. Dispersed fluorescence spectra. The upper spectrum results from excitation to the u’ = 0 level in 

the A state at 439 nm. The lower spectrum results from the excitation of the D-like state around 193 nm 

via lines E and M in Fig. 2. The numbers indicate the vibrational levels in the lower state. 
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FIG. 6. The relative emission intensities (filled bars) in the dispersed fluorescence spectrum of the D- 
like state (lines E and M in Fig. 2). compared to calculated Franck-Condon factors (open bars) for the 
D’ (u’ = 4)-A transition. The agreement leads to the vibrational assignment of the upper state. 

The relative emission intensities in the lower spectrum agree well with the FCFs 
calculated with the constants for the D’*II and A ‘Z+ states, assuming a V’ = 4 vibra- 
tionally excited level in the upper state. This is demonstrated in Fig. 6. It should be 
stressed that this similarity is not a result of the coincidental resemblance of the mo- 
lecular constants, but due to the correct value for u’. For V’ # 4, no such similarity 
occurs. We therefore conclude that the excitation spectrum indicated by asterisks in 
Fig. 4 is due to the transition from X211 ,,* (u” = 0) to (~1’ = 4) in an excited state 
that strongly resembles the D’% state. The dispersed fluorescence spectrum upon 
excitation via line A4 in Fig. 3 is identical to the lower spectrum in Fig. 5, clearly due 
to the XI13,2 counterpart of the same transition. When compared to all the B,‘s and 
TL'p's that are known for SiF (6), the values II’ = 4, B, = 0.619 t 0.00 1, and Tdc, 
- 52 130 cm-’ match precisely with the D”( 1 )2Z-t (v’ = 4) state. Cascade fluorescence 
from A + X is also observed and indicated in Fig. 5. From the dispersed fluorescence 
spectrum of the new band in the excitation spectrum we did not succeed in determining 
21’ for this upper state. 

4. CONCLUSIONS 

The LIF spectrum of SiF around 193 nm is surprising. The two transitions from 
the II” = 0 in the electronic ground state that can be expected in this wavelength 
interval on the basis of the known structure so far, 

D2rI (V’ = 5) +X2&,2.3,* (II” = O), TL'E = 52 130.81 cm-’ (5) 

and 

D”(2)% (V’ = 3) f X~rI,,2.~,~ (V” = O), T,, = 52 130.65 cm-‘, (6) 

are only weakly observed in the laser excitation spectrum. while the transitions 

D”( l)‘Z’(v’ = 4) + X~rI,,~.3,2 (v” = O), T,, - 52 130 cm-’ (7) 

as well as the new 

0(2)*rI (V’) + xQ1,2 (V” = O), T,, = 52 128.7 cm-’ (8) 
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appear as strong features. Rotational analysis of the excitation spectrum involving the 
D”( 1) (II’ = 4) state could not be completed, probably due to congestion with other 
spectra. The 0(2)*II state differs from all the other states with a comparable high 
term energy in two respects: It has a spin-orbit coupling constant different from zero, 
A, = 5.7 + 0.1 cm-‘; and its radiative lifetime is relatively long, 110 _+ 8 nsec. It is 
shown that ArF excimer laser induced fluorescence can be applied to probe SiF radicals 
and to determine their rotational state distribution. Delayed fluorescence detection 
and proper fluorescence filtering greatly enhance the selectivity of such a measurement. 
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