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Decay kinetics of Ga(5s), Ga(渺)and Ga(4d) atoms in Ar were studied by laser induced fluorescence technique. The 
ground state gallium atoms in the gas phase were generated by pulsed de discharge of trimethyl gallium and argon 
mixtures. Both pulsed discharge and YAG-DYE laser system were controlled by a dual channel pulse generator and 
the delay time between the end of discharge and laser pulses was set 3.0-6.0 ms. The Ga(5s) and Ga(4d) atoms 
were generated by single photon excitation from the ground state Ga atoms and radiative lifetimes as well as the 
total quenching rate constants in Ar were obtained from the pressure dependence of the fluorescence decay rates. 
The Ga(渺)atoms were populated by a two-photon excitation method and the cascade fluorescence from Ga(5s) atoms 
were analyzed to extract quenching rate constant of Ga(5/>) atoms by Ar in addition to radiative lifetimes of Ga(5/)) 
state. The magnitudes of the quenching rate constants by Ar for the low-lying excited states of Ga atoms are 1.6- 
3X 10-il cm3 molecule-ls l, which are much larger than those for alkali, alkaline earth and Group 12 metals. Based 
on the measured rate constants, kinetic simulations were done to assign state-to-state rate constants.

Introduction

Organometallic compounds having considerable vapor pres­
sures at a relatively low temperature have drawn substantial 
interests because these compounds provide an easy way to 
produce temporally well defined pulses of free metal atoms 
by UV/VIS multiphoton dissociation (MPD) technique.1 6 
Among the various species of organometallic compounds, tri­
methyl gallium (TMGa) has been one of the target molecule 
for investigation, since gallium is an important element for 
compound semiconductor technology, and since the genera­
tion of free Ga atoms in the gas phase by MPD of TMGa 
provides one to investigate physical and chemical properties 
of Group 13 metal atoms at low temperature. Mitchell and 
Hackett7 have studied the MPD of TMGa and shown that 
the free Ga atoms are liberated by pulsed UV/VIS laser pho­
tolysis using multiphoton ionization (MPI) technique. Mit­
chell and coworkers also have studied MPD mechanism for 
TMGa,8 fine structure changing collisions for Ga(4/> 2P3/2) 
state and branching ratios for chemical reactions in collisio­
nal quenching of Ga(5s) state.9 Baughcum and coworkers10 
have shown that the photolysis of TMGa with an excimer 
laser produces various excited states of Ga atoms.

In this work, we have generated gas phase Ga atoms by 
pulsed de discharge of TMGa/Ar mixtures and investigated 
collisional energy flow among the low-lying excited states 
of Ga atoms in Ar using single and two-photon laser induced 
fluorescence technique. Radiative lifetimes for those low-ly­
ing excited states of Ga atoms have been studied by several 
groups using various experimental techniques.11-25 Neverthe­
less, the collisional energy transfer processes among the low- 
lying excited states have not been reported. This work is 
motivated by the observation of substantial fluorescence 
quenching of the low-lying excited states of Ga atoms and 
intermultiplet mixing by Ar. Since it is well known that fluo­
rescence emissions from those low-lying excited states of 
alkali metals are virtually not quenched by rare gases,26 the 
fluorescence quenching of Ga atoms by Ar is interesting. 
The energy levels relevant to this work is shown in Figure
1.

Figure 1. Schmatic energy level diagram for the low-lying ex­
cited states of Ga atom.

Experimental Section

A schematic diagram of the experimental set up is shown 
in Figure 2. The cell was made of a 2 / pyrex bulb and 
two pairs of 1" pyrex O-ring joints were attached to allow 
laser beam path as well as to install electrodes for pulsed 
discharge. The electrodes for pulsed discharge were made 
of Ta foil and tungsten rods, The sample gas (0.5-2% TMGa 
in Ar) was premixed and stored in a storage bulb in the 
vacuum rack. The partial pressures of the TMGa in the cell 
were kept constants (~30 mTorr) by varying the contents 
of TMGa (0.5-2%) in the sample gas to investigate the quen­
ching of Ga(5s) and Ga(4J) atoms by Ar. The gas mixture 
was slowly flowed through the cell and the flow rate (〜0.5 
mmoles/min) was controlled by adjusting the openings of 
the inlet needle valve and exit teflon valve. The ground state
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Figure 2. Schmatic diagram of the experimental set up.

gallium atoms were generated by a pulsed de discharge 
(2-3 kV( 5 mA) of the gas mixture. The discharge pulse w거th 
was 4-5 ms and the delay time between the discharge and 
laser pulses (8 ns FWHM) was 5-6 ms to allow the excited 
species to decay. The Ga(5s) and Ga(4d) atoms were generat­
ed by single photon excitation at 403.2 and 294.4 nm, respec­
tively, and the fluorescence from the laser excited states 
was monitored at 417.3 and 287.4 nm, respectively. On the 
other hand the Ga(渺)atoms were generated by two-photon 
excitation at either 605.3 or 603.2 nm and the cascade fluore­
scence from Ga(5s) state was monitored at 417.3 nm. The 
line width of our laser (Quantel YG681-TDL 60 with NBP 
and DGO) was narrow (<0.1 cm*1) enough to excite single 
spin-orbit state selectively.

The fluorescence from the excited Ga atoms was detected 
at 90° from both the laser beam and discharge directions 
through 0.5 m monochromator (Spex) equipped with a Ham- 
mamatsu R928 photomultiplier tube. The signal from the PM 
tube was digitized with a transient digitiger (Tektronix 7912 
HB) and transferred to a laboratory computer for signal ave­
raging and storage.

Results

Decay behavior of Ga(5s) and Ga(4d) atoms. The 
fluorescence time profiles from the Ga(5s) atoms in pure 
TMGa and in the Ar mixtures showed fast rise and decay 
following the laser excitation pulse. The decaying part of 
the fluorescence signal after the termination of the la도er 
pulse showed clearly single exponential decay with strong 
enough amplitude for the analysis. The decay constants of 
the decaying part of the Ga(5s) emissions at different gas 
pressures are plotted in Figure 3(a).

The radiative lifetimes as well as the quenching rate con­
stants obtained from the intercepts and slopes of the plots 
are shown in Table 1 with tho옹e previously reported values. 
The radiative lifetime for Ga(5s) state in this work is in 
good agreement with the previously report은d values,9b, 15-18 
but substantially longer than that from Lindgard et 시.”

The radiative lifetimes and decdy behavior of Ga(4J) atoms 
have been reported in the previous paper.25 It has been re-
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Figure 3. The pressure dependence of fluorescence decay rates; 
(a) Ga(5s) atoms in pure TMGa (O—O) and in Ar (□一口)，(b) 
Ga(4d) atoms in Ar (□一口).
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Figure 4. Laser power dependence of cascade fluorescence from 
Ga(5s) state following two-photon excitation of Ga(5/>) state. Laser 
pulse energies were (a) 8.3, (b) 7.3, (c) 6.2 and (d) 5.0 mJ.

ported that the radiative lifetimes of the two spin-orbit states 
are substantially different from each other. However, collisio­
nal mixing between the two states is found to be very effic­
ient in Ar and the Ga(4J) atoms show a coupled decay with
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Table 1. Radiative lifetimes and quenching rate constants for 
the low-lying excited states of Ga in Ar and TMGa

Radiative lifetimes Quenching rate constants
States (ns) (10-11 cm3molecule-1s-1)

This work Others 〈Ref.〉 This work Others^

5s 2SV2 7.0± 0.2 9.9± 0.2 11 20± 3 (TMGa)
6.4± 2.4 12 1.6+ 0.6 (Ar)

11.4± 1.7 13 <0.1 (H2)
7.6±0쇼 14 38±4 (CH4)
6.8±0.3 15 5± 1 (N2)
6.9± 0.5 16
6.8± 0.5 17
6.8± 0.4 18
7.0± 0.4 19
7.0± 0.4 20
5.7± 0.6 21
7.1± 0.2 9b

沛 2P/、 55±5 22、
1 50± 4 23
t 55±2 56±4 24 '1.9± 0.2(Ar)

4d % 6.6±2.4 12
8.3 ± 0.3' 9.7 ± 1.4 13

4d 證 7.7±0.3 14
6.4 ± 0.5 16
6.9士 0.5 17
5.8+ 0.6 18
7.4+ 0.3 22

・ 3±1 (Ar)

3 Ref. 9b (Reported quenching rate constants for many polyatomic 
species). ' Effective lifetime of the coupled states: The radiative 
lifetimes are 7.5 ±0.2 ns for the 2D3/2 state and 9.0± 0.3 ns for 
the 2D5/2 state.

an effective radiative lifetime of 8.3± 0.3 ns above 3.0 Torr 
as shown in Figure 3(b). Since the purpose of this work 
is aimed at investigation of the collisional energy flow among 
the low-lying excited states of Ga atoms, the effective lifetime 
of the coupled state is shown in Table 1, which is used for 
the kinetic simulations for the Ga(4J) atoms.

Kinetics of Ga(5p) atoms. The Ga(5/>) atoms were 
prepared by two-photon excitation of the ground state Ga(4/>) 
atoms and the fluorescence from the Ga(5s) state was moni­
tored to investigate the radiative lifetimes as well as the 
quenching rate constants of the Ga(渺)states. Typical time 
profiles of the cascade fluorescence from the Ga(5s) atoms 
at different laser pulse energies at 605.3 nm are plotted in 
Figure 4, and the power dependence of the fluorescence in­
tensities is shown in the insert. Since the strong fluorescence 
from Ga(5s) state was observed only at specific laser wave­
lengths (603.5, 605.3, 618.5 and 620.6 nm) corresponding to 
2/iv=△硏Ga(渺)and since the fluorescence intensi­
ties showed clearly second order for the laser power, the 
fluorescence from Ga(5s) state must be originated from the 
Ga(渺)atoms excited by two-photon absorption of the ground
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Figure 5. The pressure dependence of the decay rates of the 
cascade fluorescence from Ga(5s) state following Ga(4/>) excita­
tion.

아ate Ga atoms.
Although we were not able to observe the direct emissions 

from the Ga(5/>) levels, we attempted to extract kinetic infor­
mations on Ga(E0) levels by analyzing the pressure depende­
nce of the cascade fluorescence time profiles from the Ga(5s) 
level following Ga(5^) excitation. The time profiles of the 
cascade fluorescence showed a single exponential decay and 
the pressure dependence of the decay constants is shown 
in Figure 5. The zero pressure intercept and the slope are 
(1.82± 0.07)X107 s -1 and (L9± 0.2)X cm^olecule-^'1, 
respectively. Although the magnitude of the slope is not 
much different from the quenching rate constant of the Ga(5 
s) state, the apparent radiative decay rate constant from the 
zero pressure intercept is much smaller than the radiative 
lifetime of the Ga(5s) state. Indeed, it is found that the zero 
pressure intercept and the slope in Figure 5 correspond to 
the radiative lifetime and quenching rate constant for the 
Ga(5用)state, respectively, based on the kinetic analysis dis­
cussed below.

The kinetic scheme for the two-photon excitation of Ga(5/>) 
state can be written as followings.

Ga(4/») + 2Av^Ga(5/>) ⑴

Ga(渺)一드丄 Ga(5s) + /zv (1195 nm) (2)

Ga(渺)+ Ar 一虹=Ga(5s) + Ar (3a)

一虹iGa(4》) + Ar (3b)
To-1

Ga(5s)------- > Ga(4/>)+/zv (417.3 and 403.2 nm) (4)

Ga(5s)+Ar 一瞄-Ga(4/>) + Ar (5)

The formation and decay of the excited states of Ga atoms 
can be expressed by the following coupled differential equa­
tions.

으^=F(£) —{§ + (如 i+/如)[Ar]}[Ga(渺)] (6)

气件] 하[Ga(5》)]



666 Bull. Korean Chem. Soc. 1994, Vol. 15, No. 8 Kuntack Lee et al.

(J
거0

A
-

S
U

Q
m

l  
P
Q
스

E
u

n
o

N

(b)

(a)

0 100 200
Time(ns)

Hgure 6. Comparision of the experimental (•一•)and simula­
ted (——)time profiles from Ga(5s) state following two-photon 
excitation of Ga(5/>) atoms including 4-5% of direct formation 
of Ga(5s) atoms at (a) 4.4 Torr, (b) 5.6 Torr, and (c) 8.1 Torr. 
The contribution of the directly formed Ga(5s) atoms to the time 
profile at 4.4 Torr (—) is shown in the insert.
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Figure 7. Comparision of experimental (•一•； ▲一▲) and cal­
culated (solid line) time profiles from the laser excited state 
(•一•) and product state (▲—▲). The Ga(4d 2D3/2)lev아 was 
excited from the Ga(4/> 沪3/2) level, and emissions from Ga(4d 
少3/2)项顽4少 아、/2)and Ga(5s 2Si/2)^Ga(4/> 外?)transitions are 
monitored. The gas mixture was 5.4 Torr of 2% TMGa in Ar.

+爲 3【Ar]}[Ga(&)] (7)

where F(t) denotes the formation rates for the laser excited 
state. If the deactivation rates for the Ga(5/>) atoms were 
much slower than the formation rates, F(t) could be assumed 
as a 8-function so that it could be dropped out in the rate 
equation. In that case, the concentrations of the Ga(5/>) vs 
time can be expressed by Eq. (8).

Ga(渺)(f)= [Ga(5切]。exp(—娘 (8)

where 力1 = 5 1+仇끼+為2)口址[|. Substituting Eq. (8) into Eq. 
(7), and solving for the time dependence of the Ga(5s) con­
centrations, the following Eq. (9) is obtained.

[Ga(5s)](£) = ：「쓱 [Ga(渺){exp(exp(-b^)\ (9) 

where 力2=더—1+岛丄1町, and 勿=“~'+灼3】Ar]. If 垢>机, the 
second exponential term in Eq. (9) could be neglected, and 
the decay constant of the cascade fluorescence corresponds 
to b、Thus, the radiative lifetime and the total quenching 
rate constant for the Ga(터)) states can be obtained from 
the pressure dependence of the decay constants of the cas­
cade fluorescence. The radiative lifetimes and collisional 
deactivation rate constants for Ga(渺)states are also given 
in Table 1. The radiative lifetime of Ga(5/>) state obtained 
from the Stern-Volmer pl아 in this work is in good agree­
ment with that of Ga(5/> 2Pi/2) state reported by Carlsson 
et al.22 and Buurman and Donszelmann.24 Since the energy 
difference between the two spin-orbit states of Ga(5切 atoms 
is only 111 cm-1 and the pressure range employed in this 

work is high enough for the rapid collisional mixing of these 
states, it is difficult to measure the radiative lifetimes of 
the two spin-orbit states separately by analyzing the pressure 
dependence of the decay times of the cascade fluorescence.

We also 간tempted to assign the magnitude of kg and kq2 
by kinetic simulation of the Ga(5s) emissions at several dif­
ferent pressures. For this purpose, Runge-Kutta numerical 
method was employed and a temporally Gaussian laser pulse 
shape with 8 ns FWHM was used to simulate the formation 
rate for the Ga(5/>) atoms, i.e.t F(Z) term in Eq. (6). However, 
it was unsucessful to assign definite rate constants for kqX 
and 1帆 It was found that the relative magnitude of the kqi 
and kq2 does not affect on the decay behavior of the cascade 
fluorescence due to the large radiative transition probabilities 
between Ga(5^) and Ga(5s) levels, and the later part of 사le 
decay curves could be fitted reasonably good using the mea­
sured radiative lifetimes and total quenching rate constants 
for the Ga(5s) and Ga(5/>) states, even though 아le early part 
of the experimentally observed time profiles showed some 
discrepancy with the calculated ones as shown in the insert 
of Figure 6. Since the excitation laser wavelength is far from 
the observation wavelength, the discrepancy is not believed 
to be the laser scatterred light. Decay curves collected by 
installing cutoff filters in front of the entrance slit of the 
monochromator also showed the same magnitude of discre­
pancy in the early part. Thus, the observed decay curves 
are emissions from Ga(5s) atoms without doubt and the disc­
repancy in the early part of the decay curves are attributed 
to the contributions of the directly formed Ga(5s) atoms by 
multiphoton dissociation of discharge products of TMGa, 
most likely GaCH3*, by the excitation laser beam. When we 
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included the direct formation of small amounts of Ga(5s) 
atoms (4-5%) by the excitation laser beam, we were able 
to fit the whole decay curves at different pressures as plotted 
in Figure 6.

Kinetics of Ga(4d) atoms. When 하此 Ga(4d) st가e was 
excited, weak emissions from the Ga(5s) state was observed 
at relatively high pressures. Typical time profiles from the 
Ga(4J) and the Ga(5s) emissions following the Ga(4J) excita­
tion are shown in Figure 7. The emissions from the Ga(5s) 
atoms are delayed and the magnitude of the Ga(5s) emissions 
is about 5% of that of the laser excited state. Even though 
the relative magnitudes of 瞄 and 瞄 could not be determin­
ed from the kinetic simulations of the Ga(5s) emissions fol­
lowing Ga(5^) excitation, we attempted to assign the magni­
tude of the state-to-state rate constants among the low-lying 
excited states of Ga based on the kinetic simulations to fit 
the shapes and intensities of the Ga(4d) as well as the Ga(5s) 
emissions following Ga(4J) excitation. Maintaining the same 
notations used in the decay kinetics for the Ga(5/>) excitation 
except for the formation step, the kinetic scheme for the 
Ga(4d) excitation can be written as followings.

Ga(4/))+/?v (laser)------- > Ga(4d) (10)

Ga(4d) Ga(4/>,5/>)+Z;v (11)

Ga(4d)+Ar-0—Ga(5/>) + Ar (12a)

丄匝TGa(5s) + Ar (12b)

一如JGa(4力)+ Ar (12c)

Ga(沙)*、Ga(5s) + Zzv (1195 nm) (2)

Ga(沥)+Ar 一虹r Ga(5s) + Ar (3a)

-쏘fGa(*) + Ar (3b)

Ga(5s) 一-~> Ga(4/>)+/zv(417.3 and 403.2 nm) (4)

Ga(5s)+Ar -보- Ga(4/>) + Ar (5)

Although the Ga(渺)atoms can be formed by the radiative 
and collisional processes from the Ga(4d) atoms, the contri­
butions from the radiative process could be neglegible consi­
dering the short radiative lifetimes of the Ga(4d) atoms and 
r이ativ이y small * Einstein A* coefficients for Ga(4^)-Ga(5p) 
transitions (see Discussion) compared to those for the Ga(4 
d)・Ga(4少).Thus, neglecting the radiative process for the for­
mation of the Ga(渺)atoms, the differential rate eqs. for 
the Ga(4M) excitation can be written as followings.

d[G 辭)]=F(t)— {* +(^+^5+%MAr]}[Ga(4d)] (13) 

疝辭归=乩丄Ar][Ga(4d)]

—{* + (知i+知 2)[Ar]}[Ga(5》)] (14)

也쁴또" = {普+ 妁[A 가 [Ga(50)] 냐 g[Ar][Ga(4如

—+ 也 3[Ar]}[Ga(5s)] (15)
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Figure 8. Comparision of experimental (•一•)and calculated 
(——)time profiles from Ga(5s) state flowing Ga(4d) excitation 
at (a) 3.0 Torr, (b) 4.5 Torr and (c) 5.4 Torr.

The concentrations of these low-lying excited states vs 
time are calculated by the Runge-Kutta numerical method 
incorporating with a Gaussian laser pulse (8 ns FWHM) for 
the F(Z). Since the emissions from the Ga(5s) state were 
weak and observed at relatively high pressures, we used 
the coupled radiative lifetime, 8.3 ns, for the radiative life­
time of the Ga(4d) state to simulate the time profiles. To 
fit the time profiles from the laser excited state as well as 
the product state sim냐Itaneously at different pressures, it 
was found that about 57± 5% and 10% of the total quenching 
rate constant had to be assigned for the Ga(4d)TGa(渺)and 
Ga(4J)—>Ga(5s) transitions, respectively, and about 33 ± 5% 
of the total quenching rate constant was assigned for the 
Ga(4d)TGa(助)transition. The lower limits of Ga(4J)—>Ga(5 
p) rate constant as well as the higher limits of Ga(4J)->Ga(4 
p) rate con동tant correspond to the 100% collisional branching 
for Ga(渺)TGa(5s), and the higher limits of Ga(4J)-^Ga(5/>) 
together with the lower limits of Ga(4d)iGa(知)correspond 
to no collisional transfer between Ga(渺)and Ga(5s) levels. 
Since the Ga(5力) levels locate about 0.20 eV below 나le Ga(4J) 
levels, and since the magnitude of the collisional rate con­
stant for Ga(4d)T”Ga(幼)is found to be (1.0± 0.2)X 10-11 cm3 
molecules ls-1, it is assumed that the quenching rate cons­
tant for Ga(3/»TGa(4p) transition could be similar magni­
tude. Thus, we assigned about 50% of the total quenching 
rate constant for Ga(5/>) level to Ga(渺)TGa(4/» and remain­
der to Ga(渺)TGa(5s) transition. The calculated and experi­
mental time profiles from the Ga(4<Z) and Ga(5s) states fol­
lowing the Ga(4d) excitation are compared in Figure 8 and 
the product formation rate constants are also given in Table
2. Since the Ga(4d) atoms are formed by single photon pro­
cess which occurs at much weaker laser intensities, multi­
photon process cannot contribute to the formation of Ga(5s) 
state.
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Table 2. Product formation rate constants and branching frac­
tions in Ar

Laser excited 
state

T 
(ns)

process kij (10-n cm3 
molecule^*1)

r
@涉/如）

Ga(4d) 83 4d—5D 1.7±0.15 0.57± 0.05
4d—>5s 0.3± 0.02 0.10+ 0.01
4d->4少 1.0± 0.15 0.33± 0.05

Ga（渺） 56 1.0± 1.0 0.50± 0.50
沛 ~스 서｝ 1.0± 1.0 0.50± 0.50

Discussion

The 아uenching rate constants for Ga(5s), Ga(^>) and Ga(4 
d) atoms by Ar are not large. The collisional cross sections 
(<?=知/〈〃〉)calculated at 300 K for Ga(5s), Ga(§p) and Ga(4J) 
atoms correspond to 3.2± 1.2, 4.0± 0.4 and 6.0± 2.0 A2, re­
spectively. Nevertheless, they are much larger than those 
for low-lying excited states of alkali, alkaline earth and Group 
12 metals, which is smaller than 0.1 A2 for most cases.26 
The relatively small but much larger quenching rate consta­
nts for these low-lying excited states of Ga in comparision 
with alkali metals by Ar could be explained qualitatively in 
terms of the shapes of the interaction potentials.

Recently, Stan^assinger et al.27 reported spectroscopic re­
sults for Ga-rare gas van der Waals molecules and discussed 
about the shapes of the interaction potentials of Ga(4/>)-Ar 
and Ga(5s)-Ar pairs. They have shown that the binding ener­
gy of the B2£v2 state arising from Ga(5s)-Ar pair is 0.056 
eV (455 cm-1). The binding energies of those from Ga(5/>)- 
Ar as well as Ga(4J)-Ar pairs are not expected to be large, 
either. Based on the work of Stanggassinger et 이尸, schema­
tic potential energy curves of Ga-Ar pairs are drawn in Fig­
ure 9. The Ga(5/))-Ar potentials are drawn by assuming that 
they might have similar shapes with the Ga(知)-Ar potentials, 
and those of Ga(4J)-Ar pair are just a sketch because reliable 
ab initio potentials for these states are not available yet. 
Although the potentials for Ga(5/>)-Ar and Ga(4d)-Ar pairs 
in Figure 9 are merely sketches, they are helpful to explain 
the substantial fluorescence quenching of the low-lying exci­
ted states of Ga atoms by Ar observed in this work. As 
shown in Figure 9, the strongly repulsive /t2Si/2 potential 
arising from Ga(4/>)-Ar pair crosses those potentials from 
the low-lying excited states of Ga-Ar pairs at short internu- 
clear distances, and may provide better exit channel for the 
Ga(5s) and Ga(5/>) atoms colliding with Ar. On the other 
hand, such a potential is absent for the alkali metal-rare 
gas system, where the fluorescence quenching of the low- 
lying excited states is not observed.28 Thus, the fluorescence 
quenching for the low-lying excited states of Ga atoms obser­
ved in this work could be ascribed to those curve crossing 
shown in Figure 9. Since the energy difference between the 
Ga(4J) and Ga(5^) atoms is 0.20 eV, about two times larger 
quenching rate constant for Ga(4J) atoms could be due to 
the another strongly repulsive potential arising from Ga(5/>)- 
Ar pair which crosses the Ga(4J)-Ar potential at longer dis­
tance than that from Ga(4/>)-Ar.

The assignment of the collisional branching fractions for 
Ga(4J) atoms is based on the neglection of the radiative

Figure 9. Schematic potential energy curves of Ga-Ar system 
drawn by extrapolating the repulsive walls appeared in ref. 27.

decay from Ga(4d) to Ga(5/>) level which is allowed by the 
selection rule. The relationship among the oscillator strength, 
Einstein A coefficient and the fluorescence wavelength is 
given by Eq. (16).29

&= 薮)2 (16)

where & is the Einstein A coefficient between i and j levels, 
fij represents oscillator strength, g and gj are degeneracy, 
and 為 is the transition wavelength in centimeters. Using 
Eq. (16), the ratio of and Ay is given by Eq. (17).

A35由 _ g뎌‘ fu涌 (入知) (17)
g* jL心(人附)2

Using the theoretical oscillator strengths 她>=0・309, /后渺= 

0.246) reported by Carlsson and coworkers22 and the 
wavelengths corresponding to the energy separations, 
is estimated to be 2.2 X105 s-1 based on the measured radia­
tive lifetime of Ga(4J) atoms. This is an order of magnitude 
smaller than the collisional deexcitation rates of Ga(4J) 
atoms at high pressures and neglection of the radiative pro­
cess in the kinetic simulations could be justified.

Conclusion

We have investigated the collisional energy transfer rate 
constants among the low-lying excited states of Ga atoms in 
Ar at room temperature. The pulsed discharge of a mixture 
of an organometallic compound with a rare gas turned out 
to be an appropriate method to generate high concentrations 
of metal atoms in the gas phase and enabled us to investi­
gate kinetics of the excited states of metal atoms at low 
temperature. Even though the overall magnitude of the quen­
ching rate constants of the low-lying excited states of Ga 
atoms are not large in Ar, they are much larger than those 
of excited states of alkali metals investigated at high tem­
peratures. The large difference in the quenching rate consta­
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nts for the low-lying excited state of Ga atoms and alkali 
metals are ascribed to the strongly repulsive potential arising 
from the ground state electron configuration.
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Diaminoplatinum(II) Complexes of Glutamic Acid: 
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Coordination isomers of ci5-(N-N)Pt(Glu) prepared by reaction of a's-(N・N)Pt(S()4)(N-N=2NH3. ethylenediamine(en), 
(RtR)-l,2-diaminocyclohexane (DACH), N^N,N'.N'-tetramethylethylenediamine (TMEDA)) with barium glutamate in wa­
ter have been monitored and characterized by 】H-NMR, 13C-NMR, IR, and mass spectra The reaction at room tempera­
ture affords the mixture of O,O'- and N,aO-ch이ated platinum(II) complexes. The O,O'-chelate initially formed isomeri­
zed to N,aO-chelate on standing for a long time or increasing temperature. The ratio of the two isomers at room 
temperature depends on the nature of the nitrogen donor coligand (N-N).

Introduction

In order to overcome the drawbacks of ds-platin such as 

nephrotoxicity, nausea/vomiting, and myelosuppression along 
with development of resistance in the tumor cell,1-5 new 
type of platinum complexes have been synthesized and


