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Collision-free lifetimes and deactivation rate constants of SO(B3Σ-, V′ ) 0, 1, and 2) by collisions with He
have been determined. SO(X3Σ-) was generated in the photolysis of SO2 at 193 nm (ArF laser) and excited
to a single rovibrational level of B3Σ- with a pulsed ultraviolet laser. We recorded dispersed fluorescence
spectra, and found that 0-12 (350.8 nm), 1-14 (368.5 nm), and 2-17 (401.2 nm) bands are suitable for
detecting fluorescence from single vibrational level of interest. Time profiles of wavelength-resolved
fluorescence were recorded at various buffer gas pressures (5-165 Torr of He). Deconvolution by the integrated
phase plane method derives apparent fluorescence lifetime at a given pressure. Total pressure dependence of
fluorescence decay rates leads to collision-free lifetimes and rate constants for deactivation of SO(B3Σ-, V′
) 0, 1, and 2) by collisions with He. Lifetimes of SO(B3Σ-) have been determined to be (28( 2) ns (V′ )
0), (30( 3) ns (V′ ) 1), and (27( 4) ns (V′ ) 2). Rate coefficients for deactivation of SO(B3Σ-) by He have
been obtained to be (6.3( 0.3) × 10-12, (3.9 ( 0.2) × 10-11, and (1.3( 0.2) × 10-10 in units of cm3

molecule-1 s-1 for V′ ) 0, 1, and 2, respectively. To the best of our knowledge, deactivation rate constants
for V′ ) 0 and 1 of SO(B3Σ-) are measured for the first time in the present study. The large rate coefficient
of deactivation by He and vibrational level dependence is explained by predissociation via the C3Π state.

Introduction

The SO radical has been proposed as a medium for a widely
tunable ultraviolet laser.1-6 There are two electronically excited
states, A3Π and B3Σ-, lying close to the first dissociation limit
to S(3P) + O(3P), and their internuclear distances, 0.161 nm
(A3Π) and 0.1775 nm (B3Σ-), are longer than that of the ground-
state X3Σ- (0.1481 nm).7 Therefore, the Franck-Condon
envelope ofV′′ progression stretches over a wide range of
wavelength and offers an advantage for realizing a ultraviolet
tunable laser. The energy difference between these states,∆E
) 3320 cm-1, is small compared to their excitation energies,
38 306 and 41 639 cm-1 for A3Π and B3Σ-, respectively.7,8 The
two states, however, have totally different photochemical
properties. For example, the radiative lifetime of the lowest
vibrational level of A3Π is about 35-39µs,2,5,9and that of B3Σ-

is 17.3 ns.10 In contrast to A3Π, rotational levels higher thanN′
) 65, 53, 37, and 10 ofV′ ) 0, 1, 2, and 3 of B3Σ- undergo
efficient predissociation to S(3P) + O(3P) by way of the C3Π
state.8,11

Smith10 measured radiative lifetimes of SO(B3Σ-) by phase
shift techniques, and reported lifetimes to beτV′)0 ) 17.3 (
3.3 ns,τV′)1 ) 16.6( 3.3 ns, andτV′)2 ) 16.2( 3.3 ns. Stuart
et al.12 have also measured radiative lifetimes of SO(B3Σ-, V′
) 1 and 2) by pulsed laser excitation with continuously tunable
KrF laser and found no rotational level dependence of the
lifetimes ofV′ ) 1. In contrast to theV′ ) 1 case, the lifetimes
of V′ ) 2 are strongly dependent on rotational levels because
of perturbation by the C3Π and/or A3Π states, ranging from 28
to 91 ns. Stuart et al. did not measure the lifetime ofV′ ) 0,
because the tunable range of their laser was too narrow to excite

0-V′′ bands in the B3Σ--X3Σ- system. There is still a large
discrepancy between the previously reported lifetimes of
SO(B3Σ-).

In the present study, SO(X3Σ-) was generated by the
photolysis of SO2/He mixture at 193 nm and excited to a single
vibrational level of B3Σ- (V′ ) 0, 1, and 2) with a tunable laser.
Time profiles of the fluorescence intensity were recorded at a
wide range of buffer gas pressures (5-165 Torr of He). Careful
deconvolution analysis was made using the integrated phase
plane method,13 and radiative lifetimes and deactivation rate
constants forV′ ) 0, 1 and 2 of B3Σ- have been determined
from fluorescence decay rates as a function of buffer gas
pressures.

Experimental Section

A schematic diagram of the experimental apparatus is shown
in Figure 1. SO2 was photolyzed at 193 nm with an ArF excimer
laser (Lambda Physik LEXtra50, 19 Hz) at 298( 2 K, and
SO(X3Σ-) was generated. Vibrational levels of SO(B3Σ-, V′ )
0-2) were excited via the 0-2 (256.16 nm), 1-1 (245.14 nm),
and 2-2 (248.30 nm) bands in the B3Σ--X3Σ- system with a
Nd3+:YAG laser (Spectron SL803) pumped dye laser (Lambda
Physik LPD3002 with LD489/MeOH). Time delays between
the photolysis (ArF) and excitation (dye) laser were 20µs in
all measurements. Excited rotational lines are assigned to
P11(17)/P33(17) lines for the 0-2 band andP11(15)/P33(15) for
the 1-1 band using previously reported spectroscopic data.8,11,14-17

Labels for rotational lines such asP11(17) are defined to be
∆Nij(N′′), where N is a quantum number of total angular
momentum apart from spin and the subscriptsi andj represent
spin sublevels of upper and lower levels, respectively. It is
difficult to identify the excited rotational levels of the 2-2 band,
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becauseV′ ) 2 of B3Σ- is highly perturbed,8,12,16and no decisive
rotational assignment has been reported. The rotational line of
the 2-2 band excited in the present study is assignable toR(20)
based on the tentative numbering given by Stuart et al.12

SO(A3Π-X3Σ-) transitions, which can appear over the almost
identicalwavelengthrangewiththeB3Σ--X3Σ-system,1-5,7,9,18-26

does not disturb the present experiments, because the effective
absorption cross section of the A3Π-X3Σ- system, 6.9× 10-17

cm2, is less than 3% of that of B3Σ--X3Σ- transition, 2.5×
10-15 cm2.12

Fluorescence was collected with a quartz lens (f ) 80 mm),
focused on the entrance slit of a monochromator (JEOL JSG-
125S,f ) 125 cm,∆λ(fwhm) ) 3 nm), and detected with a
photomultiplier tube (Hamamatsu R928). All of the rotational
lines of a single vibrational band are included in the spectral
bandwidth of the monochromator. Wavelength dependence of
the sensitivity of photo detection system was calibrated with a
super-quiet Xe lamp (Hamamatsu L2273). When dispersed
fluorescence spectra were recorded, the PMT was terminated
with a 1 kΩ load resistor, and the signal averaged with a gated
integrator (Stanford SR-250) was stored on a disk of a PC. When
fluorescence decay curves were observed, on the other hand,
the resistor was set at 50Ω, and the output from the PMT was
fed into a digital oscilloscope (Tektronix TDS420A, time
resolution: 20 ps), and the signals from 10000 laser pulses were
averaged. At least three profiles were recorded and averaged to
obtain an adequate signal-to-noise ratio.

The wavelengths ofV′-V′′ bands are close to those of (V′ +
2)-(V′′ + 1) bands, because vibrational quantum energy of B3Σ-

is about a half of that of X3Σ-: ωe′ ) 622.5 andωe′′ ) 1150.695
cm-1.8 Fortunately, the transition wavelength of the rotational
line used for exciting the 2-2 band was shorter than that of
the head of the 0-1 band, and consequently, none of the
rotational lines of the 0-1 band are excited simultaneously with
the 2-2 band. Rotational lines of the 2-3 and 3-2 bands, on
the other hand, partly overlap with those of the 0-2 and 1-1
bands, respectively. However, dispersion enables us to observe
fluorescence from a single vibrational level of interest. The
wavelength of the monochromator was tuned to the 0-12 (350.8

nm), 1-14 (368.5 nm), and 2-17 (401.2 nm) bands for
monitoring fluorescence fromV′ ) 0, 1, and 2, respectively.
As shown in the later section, dispersed fluorescence via the
three bands detected with 3 nm of resolution does not overlap
with any vibrational band. Fluorescence excited via the 4-3
and 5-3 bands, whose rotational lines might overlap with the
2-2 and 1-1 bands, respectively, are negligible, because
vibrational levels higher thanV′ ) 3 are nonfluorescent because
of efficient predissociation8,11 and because nascent populations
of SO(X3Σ-, V′′ g 3) generated in the photolysis of SO2 at 193
nm is very small.27-32

Assuming the SO yield to be near unity,33,34the approximate
concentration of initially prepared SO can be estimated to be
about 5× 1011 cm-3 from the energy density of the photolysis
laser at the entrance window of the reaction cell (e1 mJ cm-2),
photoabsorption cross section of SO2: σ(193 nm)) 7.9× 10-18

cm212 and 6.3× 10-18 cm2,35 and a typical pressure of SO2 (3
mTorr).

Photoabsorption cross sections of SO2 at the wavelengths of
excitation laser (λ ≈ 250 nm) have been reported to be 1×
10-19 cm2.12,35,36This value is smaller than that of SO by about
25 000. Concentration ratio [SO2]/[SO] is about 200, and thus,
the number of excited SO2 is less than 1% of that of SO.
Fluorescence yield of SO2 excited atλ > 240 nm is very small,37

and no fluorescence from SO2 was actually observed upon
excitation atλ > 239 nm in the present study.

The flow rates of all of the sample gases were controlled
with calibrated mass flow controllers (Tylan FC-260KZ and
STEC SEC-400 mark3) and mass flow sensors (KOFLOC
3810). Linear flow velocity was 10 cm s-1 irrespective of buffer
gas pressures. Total pressure (He buffer) was monitored with a
capacitance manometer (Baratron 122A). The total pressure
measurement together with the mole fractions as measured by
the flow controllers gave the partial pressures of the reagents.
SO2 (Nihon-Sanso,> 99.9%) and He (Nihon-Sanso, 99.9999%)
were used without further purification.

Results and Discussion

Dispersed Fluorescence Spectra and Time Dependent
Profiles of SO(B3Σ--X3Σ-). Figure 2 shows dispersed fluo-
rescence spectra recorded at 5 Torr of He buffer gas. All of the
peaks are assigned to theV′′ progression of SO(B3Σ--X3Σ-),
and the intensity distributions clearly show Franck-Condon
envelopes.38,39 The wavelengths of vibrational bands were
calculated using vibrational constants reported by Clerbaux and
Colin.8 Faint peaks at 283, 292, and 358 nm in Figure 2a are
assigned to the 1-6, 1-7, and 1-13 bands, indicating that
vibrational relaxation occurs by collisions of 5 Torr of He,
although it is inefficient. Fortunately, the 0-12, 1-14, and
2-17 bands, which are indicated with the arrows, do not overlap
with any other peaks. Therefore, fluorescence from a single
vibrational level can be detected using these bands, even if
vibrational relaxation populates different vibrational levels from
those initially prepared.

Figure 3 shows time-resolved fluorescence following excita-
tion to V′ ) 0, 1, and 2 at 50 Torr of He. The excitation laser
pulse, whose duration is 15.5 ns (fwhm), was recorded with
the monochromator tuned to the wavelength of the excitation
laser. Simple semilogarithmic analysis is not applicable to
determine apparent fluorescence decay rates, because the
duration of the excitation laser is not sufficiently small compared
to the decay period of fluorescence. Therefore, deconvolution
of observed time profiles using the excitation laser pulse must
be made to derive fluorescence decay rates. Here, the procedures
for the actual analysis are described.

Figure 1. Schematic diagram of the experimental apparatus. Light (355
nm) from the YAG laser excites the dye laser (LD489 dye) at a
repetition rate of 19 Hz. Ultraviolet output is separated from the
fundamental (visible) beam with the Pellin-Broca prism. The PMT is
terminated with a 1 kΩ load resistor to observe fluorescence spectra,
and the output from the PMT is fed into the gated integrator. A 50Ω
load resistor is used to record time-resolved fluorescence profiles, and
the output of the PMT is transferred to the oscilloscope.
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Possible fates of an excited single vibrational level of
SO(B3Σ-, V′) are represented by the following scheme:

whereE(t) is a time-dependent rate of excitation in units of
molecule cm-3 s-1, and kr, kV, and kQ are rate constants for

radiative decay, vibrational relaxation, and quenching, respec-
tively. Radiative lifetimeτr is defined by reciprocal radiative
decay: τr ) 1/kr. Rate constants for upward vibrational
relaxation (∆V < 0) are estimated to be less than 5% of those
for downward relaxation at 298 K based on the principle of
detailed balance and vibrational quantum energy of B3Σ-: 630
cm-1.8 The collision-free lifetime of SO(B3Σ-) is at longest 100
ns in the present study.10,12 Assuming the gas kinetic collision
rate coefficient to be 5× 10-10 cm3 molecule-1 s-1 at 298 K,
the mean free time of collisions between SO(B3Σ-) and SO2 (3
mTorr) is about 20µs. Therefore, the probability of collision
of SO(B3Σ-) with SO2 is less than 5× 10-3, and there is no
effect of 3 mTorr of SO2 on the decay of SO(B3Σ-).

Figure 2. Dispersed fluorescence spectra of SO(B3Σ-fX3Σ-). Excita-
tion wavelengths are (a) 248.30 (R(20) of the 2-2 band), (b) 245.14
(P11(15)/P33(15) of the 1-1 band), and (c) 256.16 nm (P11(17)/P33(17)
of the 0-2 band). The labels of rotational lines are defined to be
∆Nij(N′′), whereN is the quantum number of total angular momentum
apart from spin and the subscriptsi and j represent spin sublevels of
upper and lower states.PSO2 ) 3 mTorr,Ptotal(He) ) 5 Torr. SO(X3Σ-)
is generated by the photolysis of SO2 at 193 nm, and the delay times
between the photolysis and excitation laser are 20µs. The 0-12, 1-14,
and 2-17 bands, indicated with the arrows, are monitored to record
time profiles of fluorescence.

SO(X,V) + hν 98
E(t)

SO(B,V′) (1)

SO(B,V′) 98
kr

SO(X,V′′) + hV′ (2)

SO(B,V′) + He98
kV

SO(B,V′-∆V) + He (V′ g 1) (3)

SO(X,V′) + He98
kQ

SO(X,V′′) + He or S+ O + He (4)

Figure 3. Time profiles of fluorescence of SO(B3Σ-fX3Σ-) following
excitation to a single rovibronic level. Excitation wavelengths are
identical with those of Figure 2. Fluorescence was detected at (a) 350.8
(0-12 band), (b) 368.5 (1-14), and (c) 401.2 nm (2-17). PSO2 ) 3
mTorr, Ptotal(He) ) 50 Torr. The large signals (black dots) represent
fluorescence signalsI(t), the small signals (gray dots) are the time
profiles of excitation laserL(t), and the red lines show convoluted
signals calculated by eq 10 with the following overall decay rates (k):
(a) 2.33× 108 (4.29), (b) 9.80× 107 (10.21), and (c) 4.57× 107 s-1

(21.86 ns).
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Rate equation for [SO(B,V′)]

can be transformed to be

where the lower limits of integrations are defined to be the initial
time of irradiation of the excitation laser. Time profiles of
fluorescence intensityI(t) and excitation laser pulseL(t) are in
proportion to [SO(B,V′)] and E(t): I(t) ) C1[SO(B, V′)] and
L(t) ) C2E(t), whereC1 andC2 are proportionality constants.
C is defined to beC1/C2, andk () kr + (kV + kQ)[He]) is an
apparent first-order decay rate at a given He pressure. After
dividing both sides by integratedL(t), the following equation
is obtained:

where

Therefore, a plot ofy(t) versusx(t), which is called a phase
plane (PP) plot,13 must be linear. Figure 4 shows typical PP
plots whose slopes give apparent first-order decay rates. It should
be noted that the intervals of data points along abscissa in Figure
4 are not constant, because the values ofx(t) do not grow
regularly with time. The density of points is higher at larger
values of x(t) in the present case, and as a consequence,
scattering of data points at small values ofx(t) hardly affects
the slopes (red lines) given by regression analysis. All of the
time profiles of fluorescence recorded at different total pressures
were analyzed in the same way.

We calculated convolution integrals to confirm whether the
values of apparent decay rates determined by the PP plots are
correct. Pseudo-first-order conditions are satisfied ([He]/-
[SO(B, V′)] g 105), and consequently, decay of a single

vibrational level SO(B,V′) by processes 2, 3, and 4 is represented
by a single exponential form: exp(-kt). This is a response
function of SO(B,V′) to an impulsive photoexcitation. As can
be seen in Figure 3, the actual excitation laser is not an
infinitesimal pulse but has a finite duration whose time profile
is given by L(t). Accordingly, the observed time-dependent
fluorescence intensity is given by the following convolution
integral:13

whereC andk have already been determined by the analysis
using eq 7. CalculatedI(t) from L(t) using eq 10 are also shown
in Figure 3 with red lines. All the observed fluorescence profiles
over the whole temporal range are well reproduced. The facts
indicate that the scheme given by eqs 1-4 represent actual
events induced by laser excitation, and that fluorescence decay
rates obtained by the PP plots are reliable.

Collision-Free Lifetimes of SO(B3Σ-, W′ ) 0, 1, and 2).
Plots of the first-order fluorescence decay rates versus He
pressures are shown in Figure 5. Radiative lifetimes determined
from the intercepts are (28( 2), (30( 3), and (27( 4) ns for
V′ ) 0, 1, and 2, respectively, and listed in Table 1 along with
previously reported values. The fact that collision-free lifetimes
of SO(B3Σ-) are independent of vibrational levels is in contrast
to SO(A3Π) which shows a large variation with vibrational
quantum number: 35-39 µs of V′ ) 0 and 9.8µs of V′ )
6.1,2,5,9,12

Figure 4. Integrated phase plane plots of the fluorescence from
SO(B3Σ-, V′ ) 1) excited at 245.14 nm (1-1 band) and observed at
368.5 nm (1-14 band) at different total pressures. Partial pressure of
SO2 was 3 mTorr. The ordinatesy(t) and abscissax(t) are defined by
eqs 8 and 9 in the text. The red lines denote the results of linear
regression analysis, giving apparent first-order decay rates of excited
states.

d[SO(B,V′)]
dt

) E(t) - {kr + (kV + kQ)[He]}[SO(B,V′)} (5)

I(t) ) C∫0

t
L(t′) dt′ - k∫0

t
I(t′) dt′ (6)

y(t) ) -kx(t) + C (7)

y(t) ) I(t)/∫0

t
L(t′) dt′ (8)

x(t) ) ∫0

t
I(t′) dt′/∫0

t
L(t′) dt′ (9)

Figure 5. Total pressure dependence of apparent first-order decay rate
constants. The ordinatek represents first-order decay rate constant
defined bykr + (kV + kQ)[He] (eqs 2-4). The intercepts of the plots
correspond to collision-free lifetimes of the excited level, and the slopes
give deactivation rate constants of SO(B3Σ-, V′) by He. Deactivation
of V′ ) 1 and 2 are governed by vibrational relaxation (kV) and
quenching (kQ); kV/(kV + kQ) are about 0.02 (V′ ) 1) and 0.08 (V′ ) 2).

TABLE 1: Radiative Lifetimes SO(B3Σ-, W′ ) 0, 1, and 2)
and Rate Constants for Deactivation by He

V′ τ/ns ka/cm3 molecule-1 s-1 refs

0 17.3( 3.3 10
28 ( 2b (6.3( 0.3c) × 10-12b this work

1 16.6( 3.3 10
33.3( 3d 12

30 ( 3e (3.9( 0.2c) × 10-11e this work
32 ( 2f (3.6( 0.2c) × 10-11f this work

2 16.2( 3.3 10
31.3d (1.3( 0.3)× 10-10g 12

27 ( 4d (1.3( 0.2c) × 10-10d this work

a Collisional quenching forV′ ) 0, and the sum of quenching and
vibrational relaxation forV′ ) 1 and 2.b N′ ) 16. c Quoted errors are
2σ. d N′ ) 21. e N′ ) 14. f N′ ) 30. g N′ ) 15.

I(t) ) C∫0

t
L(t′)e-k(t-t′) dt′ (10)
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Smith10 has employed a phase shift technique to measure the
radiative lifetimes. The discrepancy of their lifetimes is partly
due to the incorrect assignment of the spectrum. Stuart et al.12

excited blendedR11(20)/R33(20) rotational lines of the 1-2 band
at 100 mTorr of SO2 and no buffer gas, determining the radiative
lifetime to be 33.3( 3 ns. Their value is in good agreement
with ours (30( 3 ns) despite different rotational levels and
pressures of SO2. We have also measured collision-free lifetime
of a high rotational level (N′ ) 30), excited via theR11(29)/
R33(29) lines, to be 32( 2 ns. This result is consistent with the
findings, reported by Stuart et al., that the lifetimes ofV′ ) 1
are independent of rotational levels. In contrast to theV′ ) 1
case, Stuart et al. have found that lifetimes ofV′ ) 2 are strongly
dependent on rotational levels, ranging from 28 to 91 ns. They
measured lifetimes ofN′ ) 21 (J′ ) 20 and 22) to be 31.3 ns,
which agrees with our value (27( 4 ns) for the same rotational
level.

Quenching Rate Constants of SO(B3Σ-, W′ ) 0, 1, and 2)
by Collisions with He. The slopes of the regression lines shown
in Figure 5 give second-order rate constants for deactivation of
vibrational levels of SO(B3Σ-) by collisions with He: (6.3(
0.3)× 10-12, (3.9( 0.2)× 10-11, and (1.3( 0.2)× 10-10 in
units of cm3 molecule-1 s-1 for V′ ) 0, 1, and 2, respectively
(Table 1). Deactivation rate constants are dependent on vibra-
tional levels, whereas collision-free lifetimes of three vibrational
levels are nearly identical. Stuart et al.12 have measured a
quenching rate constant of SO(B3Σ-, V′ ) 2) by He to be (1.3
( 0.3) × 10-10 cm3 molecule-1 s-1. They excited a different
rotational lineP(16) from that used in the present studyR(20);
nevertheless, their value is in perfect agreement with ours.
Deactivation rate constants forV′ ) 0 and 1 are measured for
the first time in the present study.

In general, helium is known to be an inefficient quencher of
diatomic molecules.40 However, even the lowest vibrational level
of SO(B3Σ-) is effectively quenched by He, (6.3( 0.3)× 10-12

cm3 molecule-1 s-1, and the value is more than 10 times larger
than that for quenching of SO(A3Π, V′ ) 0) by He reported by
Lo et al.,5 (5.3 ( 0.9)× 10-13, and by McAuliffe et al.,25 (4.0
( 0.8) × 10-13 cm3 molecule-1 s-1. Rate constants for
deactivation of B3Σ-(V′ ) 1 and 2) are the sum of those for
vibrational relaxation and electronic quenching (kV + kQ). The
contribution of vibrational relaxation can be estimated from the
observed fluorescence intensity ofV′ - 1, e.g., intensities of
the faint peaks seen in Figure 2a, following excitation toV′.
We have found that vibrational relaxation by He is not efficient
and estimated rate constants forV′ ) 1 f V′ ) 0 andV′ ) 2 f
V′ ) 1 to be 7× 10-13 and 1× 10-11 cm3 molecule-1 s-1,
respectively. Therefore, contributions of vibrational relaxation
to collisional deactivation are about 2% forV′ ) 1 and 8% for
V′ ) 2. This is in contrast to the case of SO(A3Π, V′ ) 1).
McAuliffe et al.25 measured the rate constant of deactivation
of SO(A3Π, V′ ) 1) by He,kV + kQ, to be (4.2( 0.2)× 10-12

cm3 molecule-1 s-1. They also determined the rate constant for
vibrational relaxationV′ ) 1 f V′ ) 0 of A3Π by He to bek1

) (4.3 ( 0.3) × 10-12 cm3 molecule-1 s-1, indicating that
electronic quenching of A3Π(V′ ) 1) by He is negligibly small
compared to vibrational relaxation.

The large quenching rate constants of the B3Σ- state and their
strong dependence on vibrational levels can be explained by
collision-induced predissociation via the C3Π state. Clerbaux
and Colin8 have reportedN′ values of predissociation limit for
the vibrational levels of the B3Σ- state: 65 (V′ ) 0), 53 (V′ )
1), 37 (V′ ) 2), and 10 (V′ ) 3). The rotational energies of
predissociation limits are smaller for higher vibrational levels,

and consequently, predissociation is more efficient for higher
vibrational levels. Rotational levelsN′ ) 14-30 of V′ e 2 are
excited in the present study, and they do not predissociate;
however, rotational relaxation by collisions with He can populate
higher rotational levels than the initially prepared levels. Stuart
et al.12 have determined the rate constant of rotational relaxation
by He to be 7.8× 10-10 cm3 molecule-1 s-1 from measurement
of saturation fluence for an optically pumped SO(B-X) laser.
According to this rate constant, a time constant for rotational
relaxation at 50 Torr (Figure 3) can be estimated to be 0.8 ns.
This is much shorter than both the pulse duration of the
excitation laser and fluorescence lifetimes. Therefore, predis-
sociating levels might be populated by rotational relaxation
before deactivation. Figure 3 shows that observed time profiles
can be well reproduced by convolution (eq 10) using a single
decay rate. The deactivation rate constant of a different rotational
level (N′ ) 30) of V′ ) 1, (3.6( 0.2)× 10-11 cm3 molecule-1

s-1, is almost identical with that ofN′ ) 14. The findings
indicate that rotational motion is thermalized before decay
processes.

Quenching from B3Σ- to X3Σ- might be inefficient, although
the possibility cannot be ruled out. Excitation energies of
diatomic radicals, NH(A3Π, c1Π), CH(A2∆), and OH(A2Σ+),
are compatible to that of SO(B3Σ-). It has been well-known
that the hydride radicals are hardly quenched to the ground
electronic states by He.40-42 Therefore, 20 000-30 000 cm-1

of electronic energy of SO(B3Σ-) are not likely to be transferred
to translational motion between SO and He.

Summary
This paper describes radiative lifetimes and deactivation rate

constants of SO(B3Σ-, V′ ) 0, 1, and 2) by collisions with He.
An integrated phase plane method was applied to analyze time
profiles of fluorescence, and reliability of derived parameters
were confirmed using convolution integral. Radiative lifetimes
of SO(B3Σ-) have been determined to be (28( 2), (30 ( 3),
and (27( 4) ns forV′ ) 0 (N′ ) 16), 1 (N′ ) 14), and 2 (N′
) 21), respectively. The present study also gives the first
detailed results on deactivation of SO(B3Σ-) by He. Rate
coefficients for deactivation of SO(B3Σ-) by collisions with He
have been obtained to be (6.3( 0.3) × 10-12, (3.9 ( 0.2) ×
10-11, and (1.3( 0.2)× 10-10 in units of cm3 molecule-1 s-1

for V′ ) 0, 1, and 2, respectively. The efficient deactivation
even by He and strong vibrational level dependence can be
attributed to predissociation by way of the C3Π state.
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