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APPLICATIONS OF SYNCHROTRON RADIATION
TO RADIATION RESEARCH

Yoshihiko Hatano

Department of Chemistry
TokyoInstitutecﬂ?Technology
Meguro—-ku, Tokyo 152, Japan

INTRODUCTION

Synchrotron radiation (SR) research is of great importance 1in
understanding further radiation physics, chemistry, biology, therapy, and
related fields [1-3]. Recent progress in SR research in general has been
remarkable and ascribed to dedicated SR facilities newly established in
1980’s [4]. The next third-generation SR sources with 1nsert10n devices,
i.e., wundulators and wigglers, are now becoming further available,
providing us with SR of extremely high brightness [5].

In this paper, a survey is given of recent advances in the
application of SR to radiation research with particular emphasis on its
application to further understanding of the interaction of ionizing
radiation with matter. '

INTERACTION OF PHOTONS WITH MOLECULES AND ITS RELATION TO THE EFFECTS OF
IONIZING RADIATION

The absorption of a single photon results in an electronic transition
of a molecule from the ground state O to a final state J [3, 6]. The
transition probability is expressed in terms of the optical oscillator
strength f,.

£,(E,) = (Es/R) M2, (1)

where E;, R, and M,?2 are the transition energy, the Rydberg energy, and
the dipole matrix element squared for this transition as measured in
atomic units, respectively. A set of E, and f, characterizes a discrete
spectrum. To discuss a continuous spectrum, one expresses the oscillator-
strength distribution as df/dE, which is proportional to the cross section
for the absorption of a photon of energy E. The total sum of the
oscillator strength including discrete and continuous spectra is equal to
the total number Z of electrons in the molecule, viz.,

sf,(Ey) + r (df/dE)dE = Z, (2)

where I represents the (first) ionization potential. Equation (2) is
called the Thomas-Kuhn-Reiche (TKR) sum rule.
A decisive step in the physical and physicochemical stages of the
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Hydrogen Formation and i

States in the Radiolysis of
' Liquid Olefins

ARIARLTH BE

Yosuiaixo HATANO AND SHOjT SHIDA

Tokya Institule of Technology, Meguro-ku, Tokyo, Japan

AND

Mitio InoOxUTI

Argonne Nalional Laboralory, Argonne, Illinois
(Received 31 October 1967)

In a previous paper! on the radiolyses of liquid
I-butene and frans-2-butene, evidence was presented
for a possible role of hot hydrogen atoms in radiation
chemistry. Namely, hydrogen formation was inter-
preted in terms of the hydrogen-atom abstraction
reaction by ‘“hol” hydrogen atoms, with kinetic or
electronic energies, formed by direct excitation which
must at least partially involve superexcilation.? The
purpose of the present Communication is twofold:
firstly to report new data on liquid ethylene and pro-
pylene, and secondly to attempt quantitative sub-
stantiation of the previous viewpoint.!

The yield g, per 100 eV energy absorbed, of a
primary decomposition channel s may be estimated
by the optical approximation.! Namely, g, is taken as
.proportional to an effective dipole matrix element
squared for s (in atomic units):

M.==f é.(E) E%dﬂ (1)

where E is the excitation energy, R the Rydberg
energy, df/dE the differential oscillator strength, ¢,(E)
the probability of decomposition s upon excitation
at E, and J, the threshold excitation energy for s.
Utilizing data on ionization, namely the W value (in
electron volts) and M3, the dipole—matrix element
squared for ionization [defined in a way similar to
Eq. (1)%], we may write?

&=(100/W) (M 2/3 ). (2)

Since G(H;), the G value for hydrogen formation
measured in our experiment,! is considered to represent
the combined yield of hot hydrogen atoms and molec-

Tasre I. Comparison of calculated and observed hydrogen yields.

[ G(H,) G(H')
1-CH, 0.7 1.2,1.05 1.00
2-C.H, 0.7 0.70 0.6
CiHe 0.8 0.8 0.6
CH, 1.0 1.2¢ 0.3
cyclo-CiHy tee 1.34 e

ularly detached hydrogen, we can compare G(H;
with g, calculated from Egs. (1) and (2) taking thes
two decomposition modes to be the channel s.

In calculating g, by numerical integration in Eq. (1]
we have utilized the following sources of informatior
The differential oscillator strength df/dE is deduce
from photoabsorption* and electron energy-loss data
The quantity M2 is taken from ionization cross se
tions for fast electrons.® The W value is quoted fror
an experiment,’ with the assumption that no artifacl
disturbing total ionization such as the Jesse cffect ar
operative. As to the probability ¢,(E; lor the decon
position giving a hot hydrogen atom or a hydroge
molecule, lack of directly relevant information force
us to consider a reasonable model. We shall tentativel
assume that the above decomposition corresponds t
all the pathways, except for ionization, by which supe
excited states decay: ¢,(E) =1—y(E), I<L, where
is the ionization energy; n(E) is the probability ¢
ionization upon excitation at E and may be obtaine
from photon-impact datad The highly explorator
nature of the model must be emphasized. Firstly
contributions of hot hydrogen atoms from excitatio
in the region J,< E<I are not included. The value ¢
J, is diffcult to estimate ¢ priar;'. A reasonab]
assumption, however, is that J, is near J, becaus
neutralization (presumably resulting in states below /
has been experimentally found not to contribut
appreciably to hydrogen formation.! Secondly, othe
decomposition modes, C-C bond rupture, have bee
disregezded. Presently available evidence does nc
sezm to allow a conclusive statement .s to this point,?
although a recent study indicates the predominanc
of the C-H bond rupture in photolysis of ethylen
at 11.6-11.8 eV Finally, possible influence of th

C2H4 +Cz]7+ = HD
CHE = B+ CaHs
H + C2Dg—> 1D
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TIME-RESOLVED INVESTIGATION OF THE DE-EXCITATION OF XENON EXCIMER
BY SF¢ AND N, EXCITED WITH SYNCHROTRON RADIATION

Yoshihiko HATANO, Masayoshi OHNO, Noriyuki KOUCHI, Hitoshi KOIZUMI, Atsushi YOKOYAMA
Department of Chemistry, Tokyo Institute of Technology, Meguro-ku, Tokyo 152, Japan

Goro ISOYAMA

Synchrotron Radiation Laboratory, Institute for Solid State Ph ysics, University of Tokyo,

Midori-cho, Tanashi, Tokyo 188, Japan
and

Hideo KITAMURA and Taizo SASAKI

National Laboratory for High Energy Physics (KEK), Oho-Machi, Iharaki 308, Japan

Reccived 7 July 1981;in final form 11 September 1981

An attempt has been made to measure the rate constant for the de-excitation of a state-specified excimer using the
pulse character of synchrotron radiation. The rate constants have been obtained for de-excitation of a vibrationally relaxed
excimer Xe3 (05; low v) by Sl'g and Ny as 9 x 1071 and 7 x 10712 ¢m3 molecule™! §-! respectively.

1. Introduction

Synchrotron radiation (SR) is generally known as
a pulsed, stable and tunable source of VUV radiation.
These qualitics are expected to be useful in studying
spectroscopic and dynamic propertics of highly ex-
cited atoms and molecules. A detailed knowledge of
the de-excitation process of excited incrt-gas atoms
and molecules is very important in understanding the
interaction of radiation with matter and various phe-
nomena occurring in ionized gases such as electrical
discharges, gas lasers, ctc. The investigation has been

carricd out using mainly electron bombardment [1-3].

Recently, however, several time-resolved measure-
ments have been carried out using the pulse character
of SR [4,5]. A reaction scheme actually has become
much simpler using SR than electrons. An analysis of
the experimental results thus becomes easier, and
more reliable,

The SOR-RING [6] at SRL-ISSP has recently been
successful in single-bunch operation, where the time
interval between two pulses is 58 ns [7]. Here we re-

454

port results from a time-resolved fluorescence study
of Xe—~SF¢ and Xe—N, mixtures. This is the first at-
tempt at using the pulse character of SR from the
SOR-RING, which clearly shows for the first time SR
is a promising tool for measuring the rate constant for
the de-excitation of a state-specified inert-gas excimer
by various molecules. Previous studies in other facili-
ties [4,5,8], mainly on the spectroscopy of pure xc-
non or krypton systems, using SR were helpful for us
to choose suitable experimental conditions for study-

ing the de-excitation of excimers by forcign molecules.

Excitation energies were chosen in order to populate
only vibrationally excited Xe;(O:', and 1) dircctly
from Xcz(OE), where the overall threc-body collision
process of excited xenon atoms and other processes
to form excimers were negligible. The de-excitation
rate constant of vibrationally relaxed Xe3(0;) by SF
or N, has been obtained from the observed lifetime
of the second continuum emission as a function of
the pressure of SF¢ or N,.

0009-2614/81/0000--0000/$ 02.75 © 198] North-l{olland
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Electron—lon Recombination
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1) 2-body recombination in crossed beams

Dynamics of superexcited states

' ca YY“"

e~ + ABT = AB’”—»A-\-B

2) Recombination in bulk gases LLDS&YGA Dl}S
P 10lyss

Collisional de—excitation of superexcited states

e” + ABT+M = AR"S M

3) Recombination in dense gases, liquids, and solids

Langevin-Harper-Bates theory

Debye-Onsager-Smoluckowski theory
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Radiat, Fllys. Chew. (1983)
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Fig.1. Variation of k. with electron mobility u#. less
than ~ 150 em®*V " 's™ ! in nonpolar condensed media..
n-Pentane, n-hexane, TMS, [, ref. [24]; n-hexane, cyclohexane, X, ref. [37]:

neopentane-n-hexane mixtures, @, ref.[27]; liquid and solid neopentane,

Q) ref. [28].
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ELECTRON—TON RECOMBINATION
IN DENSE MOLECULAR MEDIA
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Department of Chemistry

Tokyo Institute of Technology
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Research and Development of Alternative Gas System and Alternative Process Technology
for Etching Gases Used in the Manufacture of Electronic Devices
— A Sensible Step to Help Prevent Global Warming —
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Electronic and Information Technology
Development Department
New Energy and Industrial Technology
Development Organization
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Targets

Development of an IC manufacturing process
with a small global warming potential
- Dry-etching Process-

I Reducnon in PFC gas consumption
(target reduchon: 80%)
Energy saving (target rate of saving: 50%)

(Basis of comparison: 1995)

PFCEIHEDEIRBE
PFC Emission Reduction Targets

e LOSE
(W2’ 95EF100E EmE=10%4%
LZABR L R ) Rate of increase without

T was grves the relative emussion

levels, with the year 1995 taken as 100 countermeasures = 10%/year
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Source: Voluntary Action Program for HFC emission and consumption reduction measures
in the electronics industry (Revised: December 1999: Japan Electronic Equipment
Manufacturers Association)

PFCHEMOMINRE(LFHEATFH

Global Warming Potential and Life Time in Atmosphere

A HEBLERZ (GWP) AZEm

Gas Global Warming Potential(GWP) Life time(years)
CFs* 6,500 50,000
CeFs 9,200 10,000
CsaFs 7,000 2,600
c-CaFs* 8,700 3,200
CHF3* 1,700 264
(CO2) 1 | s0-200 |

(1) GWPRIR A R 100 E HOBEBHRECO2HLTRLTVET,
(i22) HRRIPCC (REEFBICRETIEMR/ 3V) 8 (' 945) TF,
(3) *EIRATOZ 7 THIZHRELLPFCHRERLET,

Note 1: The GWP value gives the global warming effect of the gas after 100 years of its release mio the
atmosphere as compared with COz

Note 2: Source: IPPC Intergovernmental Panel of Climate Change (IPCC) Report (1934)

Note 3: PFC gases marked with an asterisk (*) are candidates for reduction under this project.

ERBEZOZIMER . FRICPFCHHE
DR LEEEZL . HF10%OFETEM
LTWLERAZATL 2T .NEDOTR#
BEA—H—PREHAREOHNEZBT. 2
hz2010FICBVT H 1 9954F LU A
TI0%LLEEIRTE 5 v F > ZVHIifiOW
RHFEEITH>TI X7,

The rapid growth of the semiconductor industry has been
paralleled by an increase in PFC emission levels. Without

| any measures to control PFC emissions, their presence in
the atmospheres would increase at a rate of 10% a year.
‘With the cooperation of semiconductor manufacturers and
university researchers, NEDO is engaged in a research and
development project designed for new etching technology
capable of reducing ermission levels by 2010 bv 10% or more
as compared with the 1995 level.

Slcto

PFC&IE?

PFC & iZPerFluoro-Carbon MBg T A #
KT T Lo 7vEERZBOLEWTT. K
7o L L THEINLHLOT.EERE
ERARVAL ST VY R i - - &5}
DNERA BRIEHGRVBRKEVLDHIIC
COP3THIEIISME (CHRE S L, (CHF?
{ZHydroFluoro-Carbon) .

Definition of PFC

PFC stands for per-fluaro-carbans. These are the
compounds shown in the table on the left that contain of
fluorine and carbon only. PFCs have been developed as
alternatives to ozone-destroying chlorofluorocarbons. As
PFCs contain no chlorme atoms they do not destroy the
ozone layer. They, however, have a high global warming
potential and have therefore been designated at the COP3
as substances requiring reduction.
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