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Recently there have been increased interests in the de-
excitation processes of rare gas excited atoms in many fields
such as radiation chemistry, astrophysics, and gaseous electronics.
The rate constants or the cross sections of these processes have
been measured using a flowing afterglow technique, a crossed
molecular beam method, a pulsed discharge method, etc.

We have recently investigated energy transfer processes from
some excited rare gas atoms to many kinds of molecules using a
pulse radiolysis technique combined with optical emission spectro-
scopy and microwave cavity technique. The experimental apparatus
is sketched in fig.l. A Febetron 706, which produces a several
nsec pu}se of 600 kev electrons, was used as the electron pulse
source?

We have presented the first attempt of the application of
the pulse radiolysis technique to the determination of the ene§§v
transfer(_Penning ionization r%te+constant from U°(2J3 to No

Be(298) + Np — NoT (B, 1+ H% (I)

The emission decay rate of No (BZZ’ zg Varles as a
function of He or No pressures. From the kinetic plots of the data,
the rate cgnstant of the process (I) is obtained to be (6.8 T 0.4)
x 10-11 cm? sec™l. The addition of other atoms or molecules, M,

to He+Nﬁ ml%tdrps chanes the decay rate of the optical emission
of No (?‘Z' —>X22g ). From the kinetic plots of the data, the
rat constants for HP()3%) de-excitation by M are obtained ( Table
1)4). The de-excitation cross section, o, calculated by dividing
the measured rate constant, k, by the relative velocity of the
reacting particles in thermal equiliblium has been correlated
with some physical constants for M. For example, the d's are
plotted as a function of polarizab;}ity, a, in fig.?2.

The time resolved measurement’’/ of the concentration of
electrons produced by Penning ionization in He-No mixtures has
been carried out gsing the microwave cavity technigue combined with
pulse radiolysis The kinetic analysis of the increase in the
concentration of electrons gives the rate constant of Penning
ionization, which is compared with that obtained above by the
optical emission qpectroscony

The time resolveq optical emissions of Ho(eg — v32,7)
and Dp(alsig™—> b?Zﬁ % have been observed in Ar-Hp and Ar- D2
mixtures, respectlvelv ). These emissions are induced by energy
transfer from an excited mrgon @tom, Ar¥*, to Ho or Do.

Arx* + Iip ————9 I (a3Zg") Ar (II)
The precursor of Ho(a zg § or Do (a3Z; is not the lowest
metastable argon atom or Ar(- % From the kinetic plots of the
data, the energy tranufer rate constants in each mixtures_are
obtained to be k(Ar* + ° t0.4) x 10-11 cem? sec~1 and
k(Ar* + Do) = (6,8 T 0. 3§ X O‘ cm3 sec—l. The optical emissions
of N?(CBRﬁ -——>B3ng) and (B5ng ———*A.Z‘ ) have albo been observed
in Ar-No mixtures. These emissions are lnduced by energy transfer
from the lowest metastable states »f argon, Ar(> Po, o), to Np,
whose rate constant is obtained to be .(Ar(ZPO 5) i NZ) (5.3 +
0.1) x 10-11 cm3 sec™
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We are also carrying out the time resolved measurements of
optical absorption of excited rare gas atoms in order to determine
their de-excitation rate constants and to compare with the results

obtained by optical emission spectroscopy and microwave cavity
technique. The experimental apparatus is sketched in fig. 3.

Signal out ! ' ¢ v
LaHe
3 ® 5 A
sof- LXR .
E;:l | 1 N .CO,““‘: J
' _ = o ™
Fig. 1. Experimental apparatus b 0y ot 4
for optical emission spectro- M -
scopy. (1)Electron gun,(2)gas Ao, T T¥a “
cell, (3)monochromator, (4)photo- o Doy, ot .
multiplier, (5)power supply. o 2 4 € 8
o, 1024 em3

Table I. He(23S) de-excitation

rate constants and cross

sections.
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Fig. 2. Variation of He(235)
de-excitation cross sections
with polarizability.
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Ar 8.9 + 0.5 6.8

Kr 10,0 ¥ 0.5 7.8

Xe 17.2*1.0 14

Hp 4.2 % 0.6 1.9

Dy 3.7 + 0.4 2,1 |
co 9.2 + 1.0 9
NO  2l.Ah+bk.2 16 8

02 -22,8%2,0 17 ) |-

N,0 50,0 + 4,0 38

CO2 59.0 + 4.0 L5 i .

CHy, 19.2 ¥ 1.6 1L Fig. 3. Experimental apparatus for
CoHg 37.5 E 2.5 28 optical absorption spectroscop§.
CoHj, 55.5 % 6.5 4l (1)electron gun,(2)gas sell,(3
CoH, 57.5%6.2 43 flash lemp, (4)power supply,(5)
CBHB 68.5 * 7.5 52 trigger generator,(6)delay trigger
03H6‘ 80 =+ 8 61 amp, (7)power supply,(S)monochro-

n-CpHy o 78 ¥ 10 60 mator, (9)photomultiplier, (10)power
= supply, (11)oscilloscope.
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