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1. Introduction

This conference on RIS, the third since 1981, i s truly an international
event with 13 countries represented on our prograa. All of us are
grateful to Prof. C. Grey Morgan and to his staff and colleagues at the
University College of Swansea for their invitation to meet here and for
their preparations for this five-day event. The Welsh language is an old
and respected one, free of the Modern technical jargon such as "resonance
ionization spectroscopy." Research by Prof. J. H. Beynon shows that
"spectroscopeg loneiddio drwy atsain" is a suitable translation.

I wish ta Mention the origin of RIS and then comment on the delineations
of RIS with reference to aany related laser processes. The substance of
the talk wil l deal with the trends in RIS and especially how the needs for
sensitive analytical Methods have overshadowed the original plan to study
excited species. We can only speculate on what we may be Missing in the
interesting field of radiation physics and chemistry.

2. Origin of RIS and Related Processes

The t era "resonance i o n i z a t i o n spectroscopy" (RIS) originated in
connection with an experiaent designed to aeasure the population of
aetastable s tates , He(21S), created by the interaction of proton beaas
with helium gas (Hurst et al 1975. Payne et al 1975). The ORNL group in
radiation physics had a background in the nonselective ionization
associated with the passage of charged part ic les through aatter. The
importance of the RIS process was recognized when simple calculations
showed that selective ionization could be done in single laser pulses with
efficiencies approaching 100*.

Our background in radiation dosiaetry had taught us that single electrons
could be detected with proportional counters, as f i r s t deaonstrated by
Curran et al (1949). Thus, a stress was placed on the use of RIS with
atoas in their ground s tates so that one-atom detection could be

Research sponsored by the Office of Health and Environaental Research.
U.S. Department of Energy under contract AC05-840R21400 with Martin
Marietta Energy Systems, Inc.

'consultant to the Oak Ridge National Laboratory, Oak Kidge. TN 37831.
U.S.A.

By accaptanca Of this artlcla. the

DISTRIBUTION OF THiS DOCUMEUT IS UMUMITED ,, J ^ ^ Z ^ ^ ^ Z ^
ratlin a nonaxcluiiva. royaltv-fraa
licania in and to any copvf iaht""•-••



demonstrated (Hurst et al 1977) and applied to a variety of problens in
analytical chemistry. Supporting research on the photophysics,
dissociation of free atoms from molecules, chemistry at the one-atom
level, diffusion of atoms, and other demonstrations received much
attention from the ORNL group (Hurst et al 1979).

Of course, the ioea ot K1S could not have been carried out had pulsed
lasers with suitable specifications not been available. Furthermore, we
were not alone in novel applications of pulsed lasers for photoionizatlon.
The Institute of Spectroscopy, USSR Academy of Sciences in Moscow
pioneered the use of "multistep ionization" for isotope enrichment; see.
for example, a paper by Ambartsumyan et al (1971) and Hurst et al (1979)
for other early references. And we realize today, of course, that RIS is
just a subset of the field known as multiphoton ionization (MPI) which
will be discussed by Professor Mainfray following this talk. A more
complex process known as the optogalvanic effect involves the combination
of resonance ionization with some other agency to create a plasma with
excited species, as illustrated by Professor Hirose in Session IX.

3. Analytical Applications of RIS

Modern applications of elemental analyses require improved sensitivity and
selectivity; thus RIS is of considerable interest. A fundamental feature
of RIS is the requirement that the atom to be ionized must be in a free
state. All RIS schemes depend on the known spectroscopy associated with
nearly isolated atoms. Thus, any approach to the elemental analysis of
solids using RIS aust provide a way to "atomize" the sample. In this way
the inherent features of RIS—Z-selectivity and high efficiency—are
retained.

There are many well known methods for the atomization of a solid sample.
Thermal evaporation by simply heating a sample is the best known.
Electrical discharge is another method, but it has secondary problems
produced by high density lonization that would be a background to the
resonance ionization. It is noted, however, that the important subject of
optogalvanic phenomena has dealt with this problem in a clever way. It Is
also possible to focus laser light on a solid and produce atoms by laser
ablation. This method, too, can have the problem of background ionization
(even strong plasmas), which complicates the RIS analysis. Sputtering of
solids with energetic ion beams is a highly developed field and has now
been used extensively as atomization for RIS.

Essentially all of the RIS methods now under development for analyses of
solids utilize a combination of lasers and mass spectrometers, and the
entire field could be called "resonance ionization mass spectrometry"
(RIMS). Although very different in its objective, an early proposal to
combine laser ionization and mass spectroscopy was made by Ambartsumyan
and Letokhov (1972) and further discussed by Letokhov (1976). These
concepts, however, dealt with Improved characterization and detection of
complex molecules. A combination of Z-selection using RIS and A-
selection with a mass spectrometer was recognized at the beginning of
RIS. Therefore, RIMS always involves (1) atomization of the solid to
liberate neutral atoms. (2) resonance lonization, (3) mass analysis of
positive ions, and (4) sensitive detection of the ions following mass
analysis. The use of a mass spectrometer is a key factor in improving
selectivity since it reduces background due to multiphoton lonization of
nonresonance types. Viewed from the perspective of mass spectrometry, the



use of resonance ionization sources in a mass spectrometer provides
isobaric resolution and decreases interference due to molecular ions.

The most logical way to discuss the use of RIS for elemental analyses of
solids is a classification according to the method of atomization. Thus.
RIMS could be retained as a general acronym; and we could append LA, TH.
and SI for laser ablation, thermal heating, and sputter init iated,
respectively. However, tradition often runs against logic and acronyms
proliferate. Currently, RIMS refers only to the thermal methods. Laser
ablation goes by LARIS and sputter initiated by SIRIS. Sessions IV and V
will describe exciting new developments on RIMS and SIRIS.

4. RIS Studies of Excited States

We now return to explore, briefly, the possible use of RIS for studying
excited states. The studies involving He(21S) gave absolute yield due to
charged particle excitations and gave lifetimes in specified environments.
From these it was possible to resolve questions of long standing on the
phenomenon known as the "Jesse effect." Apparently, in spite of this, no
additional applications have been made of RIS to study problems in
radiation physics.

When radiation interacts with matter, a variety of effects are produced.
These include (1) ionization of the atoms or molecules; (2) excitation of
electronic states in atoms; (3) excitation of rotational, vibrational, or
electronic states in molecules; (4) dissociation of molecules into neutral
species, or free radicals in excited states or ground states. These
direct excitation and ionization steps are followed with a host of
reactions that determine new chemical and thermodynamic states of the
system. And, of course, all biological effects are a consequence of these
early steps. Little is known about many of these early stages, especially
processes (2). (3), and (4) involving neutral species.

In principle. RIS can be used to obtain information on neutral species in
specified quantum states which may be produced as a consequence of
radiation interactions. Noble gases provide the elementary testing
grounds for new theories and new experiaental methods. Thus, the work on
Hê 21S) could be followed ay work on He(23S). using the simple apparatus
of Fig. 1 which was developed at ORNL to measure the yield of He(2̂ S) due
to a-particles in helium gas, in support of a magnetic monopole detector
(Hurst et al 1985). No doubt, such elementary methods could be used to
measure the yield and kinetic behavior of other neutral species created by
a-particles in atomic and molecular gases.

5. Comments on RIS-86

The Program Committee for RIS-86 observed that RIS is developing into a
truly international specialty and is used in most parts of the world.
Further, the number of papers was estimated by K. A. Keller to be more
than 300 per year. The Committee was especially pleased that more than 90
papers of high quality were submitted for RIS-86; many of these are
presented in this meeting as posters. The Committee felt that ail papers,
including the poster presentations, were of a quality deserving
publication in the proceedings. Fortunately, James Revill of Adam Hilger
Ltd. agreed.

The Organizing Committee Joins me in gratitude to Professor Morgan, the
University College of Swansea, and the City of Swansea for hosting RIS-86.
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Fig. 1. Schematic of
apparatus for exciting
He(23S) s t a t e s in
helium with alpha
p a r t i c l e s . Kinetics
in format ion for a
monopole detector can
be obtained by using
the same RIS process
that would be used in
an actual monopole
detector.
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