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I. Introduction.
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" Some years ago, the Commission on. Atomic Weights asked its Subcommittee on the
.Assessment of Isotopic Composition, (SAIC), to keep it informed of new techniques that
'.'might eventually impact on its work. The Subcommittee never formally reported to the
Commission because at the time, no techniques exceeded in accuracy that of thermionic
emission "mass spectrometry now in use to determine isotopic abundance values. This paper
-will attempt to provide a status report on those other techniques in the field which may
or may not eventually exceed the accuracy of thermionic emission mass spectrometry. This
is merely an early warning system for the use of Commission members, who might not

mecessarily become aware of these other techniques in any other way.

"There .are some general categories for these techniques and I will discuss very briefly
the papers, -which have been published over the years, in each of the categories. Those
categories are gamma—ray and alpha spectrometry, activation analysis, laser techniques,
infrared spectrometry, resonance ionization mass spectrometry, electron paramagnetic
-resonance (EPE) hyperfine structure techniques, emission spectrometry and ion micrc-probe
_mass spectrometry.

II. Gamma—Ray and Alpha Spectrometry.

"•• Gamma-ray spectrometry has already been used quite extensively for a number of years
for the "radioactive elements to determine their isotopic abundances in a non—destructive
•analysis. Measurements have been performed with both Pu samples^ and also with U
samples^. The advance in detection capabilities provided during the late iS60's by
the Ge(Li) detector with its excellent energy resolution (the capaoility to separate
two peaks, which are very close to one another in the spectrum) has allowed gamma
"radiation from different sources to be easily distinguished. Typical resolution for a
coaxial Ge(Li) is about 0.002 MeV at a gamma-ray energy of 1.332 MeV. At present, work
is underway on a possible new generation bismuth germanate, BGO, detector.

In .another application for the radioactive elements, use has been made of solid
state ^detection of alpha particle spectra^. The isotopic composition calculated
from ±he alpha spectra agree well with mass spectrometric measurements of the sample.
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III. Activation Analysis.

Activation analysis, usually in connection with gamma—ray speetrometry, has been used
in the determination of isotopic abundances, when the activation has been caused by both
neutrons* (the more usual approach) and by charged particles*^, in the case of
neutron activation, it has already been used by the Commission in determining the value
of the abundance for 58j?e m conjunction with the mass spectrometric .measurement of the
other isotopes'^, it should be noted that in the measurement of osmium via deuteron
activation^, Lindner measured the isotopic composition of the osmium fraction in some
commercial grade rhenium reagents and found a non-standard atomic weight and isotopic
composition. He points out that the commercial grade perrhenic acid (HReO4.) contained
only 0.4 % of natural osmium, with 99.S % 187Os. This is no doubt due to the decay of
187jje_ Whether this implies that the rhenium isotopic composition is non standard

-was not determined.

IV. Laser Techniques.

Laser techniques are based on the principle that isotopicnlly selective photo-
excitation is possible because of the difference of frequencies and structure of
spectral absorption lines of atoms and molecules of different isotopic composition.
Isotopic effects appear in the optical atomic spectra due to the differences in mass,
volumes and nuclear spins of different isotopes. Tucker^ used two adjacent, but
••well resolved, rotation—vibration absorption lines, one of each isotopic species to
sucessfully measure the relative abundance of ^0 a n ( j 16o. "The separation
and enrichment of isotopes by laser techniques uses the resolved frequencies of two
isotopes and the fact that excitation of an atom changes some '.of .its physical and
chemical properties. Use is then made of these properties to separate or enrich the
the isotope, e.g. the separation of zirconium

V. Infrared Speetrometry.

In the special case of the determination of the percentage of the oxygen isotopes
in the uranyl group, Gaziev*! has utilized the irfrared spectra in "place of the mass
spectrometric measurement previously used. They noted that the use of Txiass spectrometry
in this case requires difficult and prolonged chemical preparations, "which are avoided
by the use of the infrared spectrometric determination.

VI. Resonance Ionization Mass Spectrometry.

"Resonance ionization spectroscopy is a photoionization process in which atoms in
the gas phase are ionized by the absorption of photons that energetically jcnatch quantum
selected states of these atoms. Lasers are used as the photon source. The use of this
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technique with mass spectrometry has the advantage that the isobaric interference (where
two identical masses from different elements both register at the same location) is
eliminated. The alternative, without resonance ionization, is to chemically separate
the elements before you start. This technique .has already been used for the rare earth
elements samarium and neodymium12'13. Chemical separation of these elements is more
difficult because the rare earths are chemically similar.

VII. Electron Paramagnetic Resonance (EPR) Hyperfine Structure Techniques.

"Electron Paramagnetic Resonance (EPR) is a men-destructive method for determining
isotopic abundances in selective cases. TJrsu1^ has used it to measure the effect
in uranium. EPR depends upon the nuclear spin quantum number, I, and the magnetic moment
of the atom. The hyperfine interaction between the electronic and nuclear spin splits
the resonance line into (21+1) hyperfine components equally spaced and of the same
intensity. The hyperfine splitting is proportional to the magnetic moment. The global
intensity of the hyperfine components "in "the EPR spectrum of a given isotope i3
proportional to the concentration of that "isotope in th.e given sample. Since uranium
has even mass numbers, 234 and 238, which "nave :no nuclear spin or magnetic moment, any
measurement will determine the abundance of the odd mass isotope, 235.

VIII. Emission Spectrometry.

The principle of emission spectrometry, ̂ which allows detection of the isotopic
abundances, is that gas (nitrogen gas in -fixe paper cited1^) in a discharge tube is
excited by a high frequency oscillator and the -wavelengths of light emitted depend on
the isotopic composition. Light analysed Jay ̂ a prism is detected by a photomultiplier
.and amplified. The variation of light output =with wavelength is used to calculate the
enrichment from a measurement of the speaks.

-IX. Ion Mieroprobe Mass'Spectrometry.

In recent years, work has been done •on "determining the isotopic composition of
magnesium using an ion microp^obe16'-1''' v>r "with a proton microprobe and a gamma
spectrometer18. In the standard ion microprobe, a mass spectrometer is used to
scan the spectrum of the released magnesium ions. It is subject to the problem of
isobaric interference, which was mentioned above, e.g. doubly ionized 48Qa would
appear at the same location as ^^M.g, which was- singlely ionized. The use of the
proton microprobe uses the gamma—rays produced in the inelastic scattering of protons
on magnesium atoms and measures the^amma-ray spectra produced.

It might be mentioned in closing that in the case of non-terrestrial samples,
e.g. other planets, stars and the like, measurements of some isotopic abundances have
been made using the radio portion of the ̂ spectrum. Hawkins19 hap obtained values
of 12C/13C from radio-frequency emission lines of carbon bearing molecules.
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.


