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[ON BEAMS AND PHOTONS: 'NATURAL EXTENSIONS OF RADIOCHEMiSTRY

T. T. Sugihara
Lawrence Livermore National Laboratory
Livermore, CA 94550

The background and experience of radiochemists and nuclear chemists
make it relatively easy for them to become involved in areas of materials
science that emphasize the use of ion and electron accelerators for the
characterization and modification of materials. [In this paper | examine
some of the connections between radiochemistry and the interactions of
ions and x-rays with solids. My intent is to provide an overview that
will familiarize radiochemists with a growing field.

Accelerator sources of ions, neutrons, electrons, and photons are now
extensively used for both basic research and technology in materials
science. In the case of ion beams, accelerator usage has evolved in
several stages. At keV energies the emphasis has beéen on ion
implantation and ion mixing in near-surface regions. At MeV energies
with light ions, analytical methods such as Rutherford backscattering
(RBS), particle-induced x-ray emission (PIXE), and nuclear reaction
analysis (NRA) have been developed. 1{n current work, heavier ions at MeV
energies and highly charged heavy ions are under investigation.

The basic science involved in the interaction of moving ions with
matter, the stopping process, is a topic well-known to nuclear scientists
from studies of recoil phenomena in a nuclear reaction and range-energy
relationships. Since the kinetic energies of the moving ions are
typically less than the Coulomb barrier, the interactions are atomic
rather -than nuclear. The stopping process microscopically is very
complex and can include the ionization and electronic excitation of atoms
in the stopping medium, the breaking of chemical bonds, the emission of
electrons and photons, the displacement of atoms from their normal
location in a lattice, the amorphization of crystalline systems, the
erosion of surfaces, and the implantation of foreign ions in an otherwise
homogeneous -system.

Virtually any element in the periodic table that can be ionized can
also be implanted. The substrate can be a metal, a semiconductor, an
insulator, a ceramic, or a plastic; it can be crystalline or amorphous.
Examples of properties investigated after implantation are catalytic
behavior, adhesion, corrosion, hardening, diffusion, and subsurface
modi fication. The use of ion beams in materials processing and
modi fication is thus a vast field; a few recent examples will be cited.

Analytical applications of ion beams are likely to be known already
to radiochemists. Recent work has emphasized the use of highly
collimated beams (as in an ion microprobe) so that analytical
determinations by RBS, PIXE, or NRA are resolved in space to a few pm.



Research with synchrotron radiation is another area in which
radiochemists would feel at home. Electron synchrotrons provide very
intense and highly collimated beams of x-rays that can be tuned
continuously over a wide energy spectrum. X-ray absorption spectra known
as EXAFS (extended x-ray absorption fine structure) and XANES (x-ray
absorption near-edge structure) are elememt specific and sensitive to
short-range order in the absorbing medium. The analysis of these spectra
leads to information such as oxidation state, bond distance, coordination
number, and type of neighboring atoms. When combined with high spatial
resolution and the methods of tomography, three-dimensional images can be
obtained. A few recent applications will be given. ,

in the laboratory the radiochemist will find many of the experimental
methods of ion-beam science such as energy analysis, coincidence methods,
particle identification, and multiparameter event recording to be
essentially identical to those used in experimental nuclear science. Of
course, any endeavor concerned with the properties of surfaces and bulk
solid matter may involve also less familiar techniques such as surface
spectroscopies (for example, Auger spectroscopy), x-ray diffraction,
electron microscopies, and a variety of other methods used to
characterize the mechanical, chemical, and electromagnetic properties of
matter.

I conclude that a radiochemist or nuclear chemist may find
interesting new challenges in materials science areas such as ion beams
or synchrotron radiation that will make substantial use of his previous
nuclear and chemical training. 4

This work was done under the auspices of the U. S. Department of
Energy under contract W-7405-ENG-48.
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CORE INVENTORIES AND TOTAL RELEASES (IAEA)

Element Hal(-tife Inventory® Percentage
() (Bq) released
85-Kr 3930 3.3 x 10" ~100
133-Xe 5.27 1.7 x 10" ~100
1311 8.05 1.3 % 10" 20
132-Te 3.25 32 x 10" 1]
134-Cs 150 1.9 x 10" 10
137-Cs 1.1 x 10° 2.9 x 10" B
99-Mo 2.8 48 x 10" 23
95-2r 65.5 4.4 x 10" 3.2
103-Ru 9.5 4.1 x 10" 2.9
106-Ru 368 2.0 x 10" 2.9
140-Ba 12.8 2.9 x 0" 5.6
141-Ce 3.8 4.4 x10" 23
144-Ce 284 32 x 10" 28
89-Se 3 2.0 x 10" 40
90-Se 1.02 x 10 2.0 x oY 4.0
239-Np 2.38 1.4 x 10" 3
238-Py 315 x 10° 1.0 x 10" 3
239-Pu 8.9 x 104 8.5 x 10" 3
240-Pu 2.4 x 10 1.2 x 10" 3
241-Py 4300 1.7 x 10" 3
242.Cm 164 2.6 x 10" 3
' Decay corrected to 6 May 1986 and calculated a3 prescribed by the Soviet experts.
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