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Through a three-level kinetic model, the branching ratio of the nascent photofragment K in the 
5 2 PJ fine-structure states following photodissociation of KI by a 193 nm excimer laser has 
been experimentally determined to be K(5 2P3/2 ) = 0.791 and K(5 2P1/2 ) = 0.209 with ± 1 % 
accuracy. The model has taken into account the rapid energy transfer between the 5 2PJ 

doublets and the result appears to be more accurate than those fluorescence intensity ratio 
measurements under low pressure condition. The cross section of fine-structure mixing 
induced by H2 collisions has also been measured to be 134 ± 6 A 2 for the transition 
5 2PJ/2 <- 5 2PI/2 and 72 ± 5 A2 for its reverse process. The ratio 1.86 is consistent with the 
value 1.89 predicted by principle of detailed balance. Using the Stem-Volmer equation, we 
have also obtained the radiative lifetime 137 ± 4 ns for the K(5 2PJ ) state and its quenching 
cross section 10.4 ± 1.8 A? by collision with H2 molecule. The latter appears much smaller 
than those of fine-structure energy transfer processes by an order of magnitude. 

I. INTRODUCTION 

Photodissociation of diatomics has been widely used to 
generate hot atoms, with which investigation on the kinetic 
energy dependence of a chemical reaction can be carried out. 
On the other hand, for the photodissociation of alkali halide, 
a practical application is to produce population inversions, 
so that the atomic alkali or halogen resonance lasers can be 
generated. For instance, the alkali lasers have been success
fully demonstrated with energy conversion efficiency 1 %-
3%, corresponding to have the output powers 1-10 kW.1 In 
this application, understanding the photofragment distribu
tions and the relevant transfer rates is crucial. 

Research on photodissociation of alkali halide has 
drawn wide interest among experimentalists and theoreti
cians for decades.2

-10 For instance, studies on absorption 
spectroscopy of alkali halides have shown that the fluctu
ation bands arise from the transition from the high vibra
tional levels of the ground electronic state to the repulsive 
excited electronic state. The results characterize the disso
ciation dynamics associated with the adiabatic and nonadia
batic processes. 3 Continuous absorption spectra provide dis
sociation cross sections for the photofragmentation in 
various excitation wavelengths.2

•
4 Photolysis carried out in 

the apparatus of molecular beam renders information avail
able on the energy and angular distribution of the frag
ments. S.6 Herm and co-workers have thoroughly studied the 
quenching processes of Na* and K* following photodisso
ciation of their halides in the presence of foreign gases. For 
some quenchers, the quenching efficiency toward the first 
excited state of the alkalis has been correlated with the outer 
valence electron configuration and reactivity in collisions. 7.8 

') To w hom correspondence should be addressed. 

Studies on kinetic energy dependence of quenching cross 
section of photofragments permit construction of the poten
tial energy for the repulsive excited electronic state and the 
ground electronic state.8

•
9 Quite recently, in an experiment 

of NaI photodissociation by a femtosecond laser, the very 
early stage of cleavage process reveals that the excited NaI is 
bounced back and forth in the quasi potential well. The leak
ing Na atom in each period has a -10% yield. lo 

Following photofragmentation, branching ratios of 
fine-structure component in the 3 2PJ doublets of Na have 
also been studied. II The result was determined directly by 
measuring the fluorescence intensity ratio under low pres
sure condition. However, the possible energy transfer be
tween these two components was simply neglected. In fact, 
the collision-induced fine-structure mixing rates for the P 
states of the excited alkali atoms in the presence of various 
gases have been reported. The cross sections are on the order 
of 100 A2, about one order of magnitude larger than their 
subsequent quenching cross section. 12- 14 Therefore, error 
would have been introduced in the direct fluorescence inten
sity ratio measurement from the rapid energy transfer be
tween the P doublets. A pump-and-probe method is a better 
technique; one laser is used for photolysis while the other to 
monitor the laser-induced fluorescence signal of the photo
fragments. The delay time between the two lasers can be 
shortened to allow for collision-free condition. However, dif
ficulties may be encountered in applying the pump-and
probe technique to our case for the 193 nm photodissocia
tion of KI, in which case the photofragment K is 
predominantly partitioned into the 5 2PJ doublets. ls

•
16 

First, a tunable ir laser is required, since transition from the 
5 2PJ to Rydberg states lies in the near ir wavelength range. 
Such a near ir laser source must be generated from nonlinear 
optical processes and may suffer from weak conversion effi-
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ciencies. Second, the transition probability of the transition 
of interest turns out to be rather small, since the transition 
probability is approximately proportional to lIn 3

; n is prin
cipal quantum number. 17 

In this paper, following photodissociation of KI at 193 
nm, branching ratios and mixing rates of the fine-structure 
components for the nascent fragment K in the 5 2 PJ doublets 
are deduced. To account for the fine-structure mixing colli
sions, we treat the branching ratio of the two spin-orbit 
states as a function of H2 concentration. The zero-pressure 
value is then derived in a model of three-level rate equations. 
In this model we simply need one parameter to fit the experi
mental result of the pressure dependence measurement for 
the branching ratio. The relevant radiative lifetimes, total 
collisional deactivation rate coefficients, and the mixing rate 
coefficients associated with the K (5 2 PJ ) doublets are also 
determined. In the following, we describe the experimental 
apparatus in Sec .. 11, detail the kinetic model in Sec. III, and 
finally present the results and discussion in Sec. IV. 

II. EXPERIMENT 

Two experimental setups have been used. One appara
tus is employed to measure the H2 pressure dependence of 
the branching ratios of the K(5 2PJ ) doublets, as well as 
their radiative lifetimes and their quenching rate coefficients 
by H2 collision, following 193 nm photodissociation of KI. 
The other is employed to measure the collision-induced fine
structure mixing rate. The 193 nm photodissociation appa
ratus, as shown in Fig. 1, contains an ArF excimer laser, a 
heat-pipe oven containing the pure KI sample, and a fluores
cence detection system positioned at 90· to the incident 
beam. A brief description is given below. 

The pure KI sample was deposited in a five-armed heat
pipe oven,18-20 in which the temperature was kept about 
400 ± 1 ·C, generating a vapor pressure ~0.8 mTorr.21 The 
reactor was evacuated below 10 - 5 Torr, and purged several 
times with H2 before the pressure dependence measurement 
was carried out. The ArF excimer laser beam was collimated 

193 nm 

via pinholes to beam size about 20 mm2, while the energy was 
reduced to ~ 1 mJ to avoid multiphoton excitation effect. To 
selectively resolve the two fine-structure components of 
K(5 2PJ ), the slit of monochromator was set at 30 11m, giv
ing a resolution of 1.6 A. In this manner, the time-resolved 
fluorescence either from the transition 5 2PII2 --.4 2S112 at 
404.7 nm or from 5 2P3/2 --.4 2S112 at 404.4nm was selective
ly recorded with a transient digitizer. 

The second experimental setup for measuring energy 
transfer between the K(5 2PJ ) doublets contained similar 
instruments, except that the light source was changed to an 
excimer laser-pumped dye laser emitting at 404 nm, and the 
sample was replaced by a pure potassium metal. The K metal 
in the heat-pipe oven was operated at 170 ± 1 ·C to give a K 
vapor pressure of 1.8 mTorr.21 The energy of the dye laser 
pulse was kept at less than 1 mJ to avoid the multi photon 
process. Because no fluorescence from any higher states 
were detected as the 5 2 PJ was excited, it can be assumed that 
energy pooling for this state is negligible. Upon excitation 
selectively to the K(5 2PI12 ) [or K(5 2P3/ 2 )] state, two 
emission lines were monitored; one is the resonance fluores
cence from 5 2 P II2 (or 5 2 P 312 ) to 4 2 SII2 , and the other is the 
sensitized fluorescence from 5 2

P 312 (or 5 2PI12 ) to 4 2S 112 . 
A monochromator, aligned behind a pair of collection 
lenses, was employed for selecting each individual transi
tion. The fluorescence signal thus obtained was processed by 
a boxcar integrator. To inspect the radiation trapping effect, 
the radiative lifetime measurement associated with the 
K(5 2P) state was also performed. The result showed that 
this effect was negligible under our experimental condition. 

III. MODELING OF KINETIC EQUATIONS 

A. Branching ratio of K(5 2P1/2) and K(5 2P3/2 ) following 
KI photodissociation 

To describe photodissociation ofKI at 193 nm, a three
level system, which consists of the interested spin-orbit 
states,5 2P lI2 and 5 2P3/2' and the other states, forming all 
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FIG.!. Schematics of the experimental ap
paratus for photodissociation of KI at 193 
nm. 
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T 

OTHER STATES 

FIG. 2. The three-level model diagram. k, and k _ , denote the fine-struc
ture mixing rates; k.l and k, are the quenching rate coefficients; k2 and k. 
are the radiative rate coefficients. 

possible channels for the population depletion, is depicted in 
Fig. 2. The processes associated are written as 

KI + hv(193 nm) --K(5 2PJ ) + 1(5 2p3/2)' (1) 

k, 

K(5 2P3/2 ) + H2 <::t K(5 2P1/2) + H2 , (2) 
k_, 

k2 

K(5 2P3I2 )-+K(4S, 3D, 5S) +hv', (3) 

k3 

K(5 2P1/2 ) + H2 -+K(4S, 4P, 3D, 5S) + H2 , (4) 

k. 

K(5 2P1/2 ) --K(4S, 3D, 5S) + hv", (5) 

k, 

K(5 2P3/2 ) + H2 __ K(4S, 4P, 3D, 5S) + H2 • (6) 

Because the photodissociation rate of KI is in the ps regime 
and is much faster than those channels in the ns regime for 
population depletion, the photodissociation process using a 
ns pulsed laser can be considered to be time independent. 10 

Therefore, rate equations can be written as 

X [K(5 2P3/ 2 )] 

+k_I[H2][K(52PII2)] (7) 

d[K(5
2
PI!2)] = -{(k_ 1 +k3)[Hd +k4} 

dt 

X [K(5 2PI (2)] 

+ kl [H2] [K(5 2P3/2)]' (8) 

Let the initial concentration of K(5 2P3/2 ) and K(5 2P1/2) 
be Ao and Co, respectively. The solution of above equations 
gives 

[K(5 2P3!2)](t) = __ l_{(AoL22 +COLI2 +Aosl)e',t 
Sl -S2 

where 

and 

S1,2 = H - (L l1 + L22 )2 ± [(L l1 + L22)2 

- 4(L ll L 22 - L 12 L 21 )] 112} 

Ll1 = (k l +ks)[H2] +k2' 

LI2 = k_1 [Hd, 
L21 =kl [Hd, 
L22 = (k _ I + k3 ) [H2] + k4· 

(11) 

(12) 

(13) 

(14) 

(15) 

S I and S2 represent the sign .. + " and" - ", respective
ly, in Eq. (11). The fluorescence F2 , integrated over the 
entire temporal profile monitored experimentally for the 
transition 5 2P3/2 -+4 2SI/2 can be expressed as 

F2 a: L'" A3/2 [K(5 2P3/2)] (t)dt. (16) 

Analogously, FI for the transition 5 2PI/2 --4 2S112 is ex
pressed as 

(17) 

HereA3/2 = A 1/2 = 1.24x 106 s -1, are the Einstein sponta
neous emission coefficients for transitions 5 2P3/2 -+4 2S112 
and 5 2PI12 -+4 2S112 .22 In the following the ratio F2/Fl can 
be simplified as a function of the branching ratio of the K 
5 2 P3/2 component. The branching ratio is defined as 
x = Ao/(Ao + Co). 

F2 x(k3[H2]+k4)+k_I[H2] 

FI (k l + ks ) [H2] + k2 - x(ks [H2] + k2) . 
(18) 

Given the rate coefficients k;, i = 1-5 and - 1, the par
titioning of nascent photofragment K in the 5 2 P3/2 and 
5 2PII2 states can be obtained by fitting the parameter x to 
the measurement of H2 pressure dependence. 

B. Collision-induced fine-structure mixing 
for the K(5 2PJ ) doublets 

A three-level system as shown in Fig. 2 is employed. As 
the 5 2 P II2 state of K sample is selectively excited by a tuna
ble dye laser, the rate equations can be written as 12-14 

dN1 
-- = SI (t) + kl [H2 ]N2 

dt 

- NI {(k -I + k3) [H2] + k4}, (19) 

dN2 { } dt=k_1 [H2]NI -N2 (k l +ks)[Hzl +k2 , (20) 

where SI (t) indicates excitation rate by a pulsed laser; NI 
and N2 are the population density for the 5 2 P I/2 and 5 2 P3/2 
states, respectively. The rate coefficients are denoted in the 
preceding section. Analogously, as K (5 2 P3/2 ) is excited, the 
rate equations are given as 12

-
14 
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dN2 
Tt=S2(t) +k_1 [HdNI 

- N2{(k l + k s ) [H2] + k 2}, (21) 

S2 (t) is the excitation rate to the 5 2P3/2 state. While the 
5 2P I/2 (or 5 2P3/2) state is directly excited, the concentra
tion ofK(5 2P3/2) [or K(5 2PI/2)] is assumed to be zero at 
t = 0 and 00 .12-14 Thus integration of Eqs. (20) and (22), 
respectively, leads to 

NI (k l + ks ) [H2] + k2 
(23) 

N2 k -I [Hd 

NI kl [H2] 
(24) 

N2 (k -I + k3) [H2] + k4 

Here, NI and N2 denote the time-integrated value of NI 
and N2 • Accordingly, the ratio between resonance fluores
cence and sensitized fluorescence monitored in the experi
ment is related to the above equations by taking into account 
the spontaneous emission coefficients A 1/2 and A 3/2' 

II A 1/2 [(k l + k s ) [H2] + k 2 ] 
-= 
12 A 3/2 k _ I [H2 ] 

(25) 

II AI/2kl [H2] 

12 A3/2 [(k _ I + k3 ) [H2] + k4 ] 
(26) 

The mixing rate coefficients kl and k _ 1 can then be de
duced from the detection of both resonance and sensitized 
fluorescences, as the relevant rate coefficients are provided. 
Note that in this model, kl and k _ I can be determined inde
pendently without involving the principle of detailed bal
ance. 

3.5 

3 

2.5 
t::" 
len 

'b 2 
~ .......,. 
~ 1.5 

N 

5 
N 

N 
0.5 

0 

IV. RESULTS AND DISCUSSION 

A. Energy transfer rate between K(5 2P3 / 2 ) 

and K(5 2P1/ 2 ) 

Upon irradiation of the KI vapor with a 193 nm laser, 
the excited K atoms have been demonstrated to be predomi
nantly in the 5 2 PJ state. Partitioning into the 3D or 5S states 
was not detectable. 15,16 In addition, measurement of the 
K(5 2P) fluorescence intensity as a function of excitation 
wavelength reveals that the yield is peaking around 193 nm.8 

Recently, by using resonantly enhanced multiphoton ioniza
tion (REMPI) technique to detect the I fragment, we have 
found that more than 97% of the iodine product is in the 
spin-orbit ground state.23 The above points show that path
ways other than the one leading to K(5 2PJ ) + 1(5 2P3/2) 

are negligible in the photofragmentation. 
To determine precisely the nascent population distribu

tion ofK in each state of the 5 2PJ doublets following photo
dissociation of KI, the information on energy transfer be
tween the fine-structure components becomes crucial. 
However, it is difficult to detect these parameters of energy 
transfer using the same apparatus for the KI photolysis, be
cause the nascent population partitioned in the P doublets 
has not been well characterized yet; additional parameters 
other than those described in Eqs. (25) and (26) are neces
sary. When more fitting parameters are required, computer 
simulation may become more tedious and unreliable. This 
motivated us to use the potassium heat-pipe oven. The initial 
concentration of each state may be well prepared by excita
tion with a tunable dye laser at 404 nm. According to Eqs. 
(25) and (26), kl and k -I can be determined simulta
neously. In the following, the corresponding cross sections 
QI2 and Q21 of energy transfer are related to the first-order 
rate coefficients, which are defined as Z\2 = k _ I [H2] and 
Z21 =kl [Hd, 

FIG. 3. Measurement for H, pressure de
pendence of the first-order rate coeffi
cientsZ'2 andZ2I offine-structureenergy 
transfer. The average relative velocity, 
{v} = 2220 mis, is assumed under the 
Maxwellian-Boltzmann distribution at 
170± 1 'C. 

-0.5 +---"---r- - --.----r---- --r---o--- ---.----,------r-----,I.----~--4 
0 40 80 120 160 200 240 

NHz<V> (1d!lcm2s') 
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The average relative velocity, (v), is taken to be 2220m/s for 
the Maxwellian-Boltzmann distribution at 170 ± 1 .c. As 
shown in Fig. 3, the Hz pressure dependence measurements 
for ZIZ and ZZI yield separately the cross sections of mixing, 
QI2 = 134 ± 6 A? and QZI = 72 ± 5 ;"2. The ratio 
QI21Q21 = 1.86 is in excellent agreement with the result 
1.89 predicted by the principle of detailed balance, 

QI2 = gz exp( -liE IkT), (28) 
Q21 gl 

whereg l = 2, g2 = 4 and liE = 18.75 cm -I. 
The measurement method for the quenching rate coeffi

cients k 3 and k s , and the radiative cascade k2 and k4 asso
ciated with the 5 zPJ doublets will be described in the next 
section. Due to rapid energy transfer, the radiative lifetime 
of the individual fine-structure component and its quench
ing rate by H2 molecule appear just slightly different from 
each other. Therefore, the identical values, 
kJ =ks = (2.9±0.5)XIO- 1O cm3/mols and 
k z = k4 = (7.3 ± 0.2) X 106 s - I (corresponding to a radia
tive time of 137 ± 4ns), have been assumed in Eqs. (25) and 
(26). A recent measurementl4 of the radiative time of 
K(5 2PI12 ) and K(5 zP3/2) gives 137 ± 2 and 134 ± 2 ns, in 
excellent agreement with our results. 

It should be noted that the cross sections thus obtained 
are under the condition of thermal equilibrium. To find out 
appropriately the corresponding rate coefficient suitable for 
the condition of photo dissociation, it is necessary to estimate 
the relative velocity distribution for the photofragments. 
The total translational energy available to the fragments of 
KI is determined by8.9.z5 

E=hv+Ev(v) -De -E*, (29) 

where hv is the energy of the incident photon; Ev (v) the 
vibrational energy in the level v ofKI; De dissociation energy 
for the process ofKIe~ + ) --+ K( 4 2S112 ) + 1(5 2P3/2 ), and 
E * the excitation energy for the transition from K( 4 2S1/2 ) 

to K (5 Z PJ ). Conservation of energy and linear momentum 
leads to the translational energy available for the K * atom, 

m K U}/2 = (mllm KI ) [E(V = 0) + 2kB T], (30) 

where U T is the recoil velocity of K * in the center-of-mass 
frame, and m; is the mass of species i. At temperature T, the 
average thermal energy in rotational and vibrational degree 
of freedom of KI is 2k B T. The most probable speed of the KI 
molecule is given by 

(31) 

Therefore, the most probable speed V T of the K * atom in the 
laboratory frame is determined by8.9.zs 

V T = U T + vii 13 U TO as U T > VKI 

= UKI + U}/3vK I> as UT < VKI' (32) 

At 400 ·C, UKI = 260 m/s and UT = 821 m/s result in 
VT = 848 m/s. 

The bimolecular rate constant kq is related to the 
quenching cross section Sq by the expression 

kq = i'" Sq (g)P(g)g dg, (33) 

where g is the relative speed between the K* atom and the 
target molecule; peg) is the relative speed distribution for 
the K fragment and the quencher. It is assumed that Sq (g) is 
independent of the relative speed region associated, and the 
fragment K has a single laboratory velocity V T at 400 ·C, 
while the target molecules follow a Maxwellian velocity dis
tribution. Accordingly, Eq. (33) can be expressed analyti
cally as8•9•

2S 

kq = Sq (g) 

(34) 

where 

t/J(a) = a exp( - a2
) + (2a2 + 1)(1T1I2/2)erf(a) (35) 

ais defined to be V Tluq , while uq indicates the most probable 
speed of the target molecule, (2k B T Imq) liZ. For the Hz 
quencher at 400 ·C, vH, = 2365 m/s and therefore 
(g) = 2781 m/s. For the collision-induced mixing cross sec
tions, QI2 = 134 ± 6 ;"2 and QZI = 72 ± 5 A2, the corre
sponding rate coefficients kl and k _ I' under the condition 
of photodissociation, are thus 2.03 X 10 - 9 and 3.72 X 10 - 9 

cm3/mol s, respectively. 

B. Branching ratio of nascent photofragment K(5 2P3/ 2 ) 

and K(5 2P112) 

The relevant rate coefficients, k 2 , k 3 , k 4 , and ks can be 
deduced from measuring time-resolved fluorescence from 
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FIG. 4. Time-resolved fluorescence of the photofragment K for the transi-
tion 5 2PJ ... 4 2Sll, at H, pressure 20 mTorr and I Torr. 
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FIG. 5. Stern-Volmer plot of the reciprocal of the effective lifetime for the 
K(5 2PJ ) state as a function ofH2 pressure. 

each state ofK(5 2P3/ 2 ) and K(5 2PI12 ) as a function ofH2 
pressure. Figure 4 gives two semilog plots of the time-re
solved fluorescence from the transition 5 2PJ -4 2SI/2 with 
respect to the H2 pressure 20 mTorr and 1 Torr. The result
ing slope gives the effective lifetime. According to the Stern
Volmer equation, a plot of the reciprocal of effective lifetime 
against H2 pressure in the low pressure region results in a 
straight line. The slope is related to the quenching rate coeffi
cient and the intercept provides the radiative lifetime. The fit 
shown in Fig. 5 yields the radiative lifetime 137 ± 4 ns and 
the quenching rate coefficient (2.9 ± 0.5) X 10- 10 

cm3/mol s. The corresponding quenching cross section, ac
cording to Eqs. (33)-(35), gives 1O.4± 1.8 A? The results 
are summarized in Table I. They appear in very good agree
ment with those reported previously.8.16,26,27 

We have narrowed down the slit width of the monochro
mator to allow for a single fine-structure state observation. 
The resultant radiative lifetime and the quenching rate coef
ficient for individual component do not show significant dif
ference from each other. We believe that the measurement is 
actually resulted from the mixing of the two components, 
since the energy transfer between them is more than ten 
times faster. Similar observations have been found, for in
stance, in the measurement of quenching cross sections of 
high-lying 2 D states of the alkali atoms.2

8-30 The results re
ported are identical to the averaged values among the mani-

TABLE I. Radiative lifetime rand quenching cross section QofK(5 2pJ ) 

by H2 collisions. 

r(ns) Q(A,2) 

137 ±4" 10.4 ± 1.8" 
139b 19b 

140" 7.4C 
127- 12d 

"In this work. Corresponding to rate coefficient (2.9 ± 0.5) X 10- 10 

cml/mol S following Eqs. (33)-(35) in the text. 
b see Ref. 26. 
C see Ref. 16. 
d see Ref. 8. 
-see Ref. 27. 
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FIG. 6. Branching ratio measurement of the nascent photofragment K in 
the 52PIll and 52P.lll states. x, defined as the branching ratio of 
K(5 2P.l1l)' is best fitted to the experimental results to give the value 0.791. 
Dashed line and dot-<lashed line indicate the best-fitting curves as x differs 
by 2%. 

fold states with 1';;'2, due to rapid change of angular momen
tum.28

-
30 

Since the collision-induced mixing rate of fine-structure 
components is very fast, the observed ratio of the integrated 
fluorescences from these two states depends largely on the 
H2 pressure. As shown in Fig. 6, when the pressure reaches 
more than 0.6 Torr, the ratio approaches a limit ~ 2, which 
is the ratio of their statistical weights. Theoretical prediction 
can be made by Eq. (18). As [H2] becomes very large, Eq. 
( 18) is simplified to 

F2 k_1 
-~-, (36) 
FI kl 

which turns out to be (g2/g1 ) exp( - t:.E IkB T) or 1.9. The 
fine-structure mixing rate coefficients, as well as the radia
tive lifetimes and the collisional deactivation rate coeffi
cients for these two components, of which identical values 
are adopted, are given in Table II. Only one parameter in Eq. 
( 18) needs to be adjusted to fit the pressure dependence 
curve. Comparison between the measured value for the inte
grated fluorescence ratio and the theoretical calculation over 
the H2 pressure range in Fig. 6 shows an excellent agree
ment. The result leads to a branching ratio 0.791 for 
K(5 2P3/ 2 ), which is slightly larger than the value 0.786 ob
tained by measuring the fluorescence ratio under H2 pres
sure of ~20 mTorr. This fact suggests that the results de
rived from the model should be more accurate than from the 
fluorescence measurement. In addition, the fitting curve is 
very sensitive to a change of the branching ratio. A 2% 

TABLE II. Relevant rate parameters used in the kinetic model for branch
ing ratio determination. See the text for notation of k" i = I - 5 and - 1. 

2.03X 10-· cm'/mol s 
3.72X 10-· cml/mol s 
7.27x 10" S - I 

2.89 X 10 - to cm'/mol s 
7.27X 10" S - I 

2.89x lO-lO cm'/mol s 
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FIG. 7. Comparison of best-fitting curves for various fine-structure mixing 
cross sections with the branching ratio ofthe 5 2 P'I2 state fixed at 0.791. (a) 
solid line: QI2 = 134.3;"2 and Q2. = 73.2 ;"2, which have been obtained in 
this work, lead to the excellent agreement between the observation and cal
culation with Eq. (18); (b) dashed line: Q'2 = 62.2A,2 and Q2. = 36.6A,2; 
(c) dot-dashed line: Q., = 293 A,' and Q2. = 157 A,2. Inspection of the 
best-fitting curves associated with either the case (b) or case (c) reveals 
that the discrepancy with the experimental results is quite remarkable. 

change would give rise to a remarkable discrepancy from the 
experimental data, as one can see in Fig. 6. Therefore, the 
accuracy for the branching ratio determination is estimated 
to be within ± 1 %. 

Finally, such a simulation can also be used to examine 
the reliability of the mixing rate coefficient by collision with 
H 2, on which there is no literature value for comparison. By 
replacing H2 with Ar, we have obtained the fine-structure 
mixing cross sections 145 ± 5 A2 and 79 ± 4 A 2; the former 
is consistent with the theoretical calculation, 139 A2.31 The 
results are also comparable to the other noble gases, Ne ( 196 
and 98 A2), Kr (195 and 99 A2) and Xe (146 and 67 A2).14 
However, it is found that the mixing rate deviates by a factor 
of more than 2 from the values 317 ± 45 and 153 ± 22 A 2 

reported by Krause and co-workers. 14 Presumably the effi
ciency of fine-structure energy transfer induced by H2 and 
Ar are comparable, thus we have scaled the cross section of 
H2 collision proportionally to 293 A 2 and substituted it for 
the fitting. However, this value resulted in a remarkable dis
crepancy, as given in Fig. 7. Thus we conclude that the mix
ing cross section by H2 collisions obtained in this work 
should be reliable. 

In summary, by means of a kinetic model, we have accu
rately determined the branching ratio of the nascent photo
fragment K in the 5 2 PJ fine-structure components following 
photodissociation ofKI by a 193 nm excimer laser. By tak
ing into account the energy transfer between the P doublets, 
the result proves to be more accurate than the direct fluores-

cence intensity ratio measurement. In addition, the fine
structure mixing rate induced by H2 collisions has also been 
determined; it appears larger by a factor of about 10 than the 
rate of H2 quenching to other channels. 
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