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High-Fidelity in Isotope Ratio Itfeasurements for Resonance Ionization Mass
Spectrometry

C,M, Miller, B.L. Fearey, B.A. Palmer, and N.S. Nogar
Los Alarms National Laboratory, Los Alamos, New Mexico 87545

ABSTRACT: Calculations are performed to gauge the effect of the convolution
of atomic spectral characteristics with laser sources upon isotope ratio
measurements by Resonance Ionization Mass Spectromet ry (RIMS). Comparisori
with experimental data is included.

1. INTRODUCTION

Atomic transitions, such as those used for resonance ionization schemes, are often
thought of as single lines at a particular wavelength. Often this is a gross
oversimplification of the complex atomic hyperfine structure, which itself may vary
from one isotope to another. Isotope shifts also may challenge the assumption of
a singie wuvelength for a particular element. In addition, the resonant l=er has a
finite frequency spread and distinct mode pattern which must be considered. As the
precision of isotope ratio measurement by RIMS increases, the effects of hyperfine
structure, isotope shifts, and laser spectral properties upon the accuracy of the
measurements become visible,

This paper presents the results of calculations designed to gauge the magnitude of the
effect of spectral parameters on isotope ratio measurements by RIMS. A comp~ risen
with experimental results for the ‘76Lu/ ‘7SJ,U isotope ratio is also made,

2, EXPERIMENTAL

Experiments were performed in a manner similar to Miller and Nogar ( 1983 b),
Briefly, a continuous wave dye Imer operating at 452 nm wa’j tuned to excite
the ~D~,l ~ 2D1/2 lutetium transition; absorption ot’ a second photo]l caused

ionization. The dye laser bandwidth was specified to be 1,3 cm-’. The laser
frequency WSE adjusted by means of a micrometer connected to a three-plate
birefringent filter, A lever action wm employed to increase the resolution and
reproducibility with which the wavelength could be set, Samples consisted of lutetium
and uranium evaporated onto rhenium filements, A 12 inch, 90 degree magnetic
mass spectrome~er with pulse counting electronics waa used to disperse and detect
the individual isotopes.

Isotope rat ios for i ‘6Lu/ ’75Lu were t~ken at intervals of approximately 0.040 cm--’.
Multiple ratio svts were obtained to give precision greater than 1% relative,

2, CALCULATIONS

In emence, our calculations represent a convolution of a laser irequency profile with
the hyperfine structure of the resonance transition for the isotope of interest, The
calculation essentially scans the laser pattern and hyperfine pattern relative to one
another and produces a response function of ionization signal versus wavelength



for each isotope. The ratio of two such response functions for different isotopes
(properly normalized) yicldsthe isotope ratio asafunction of wavelength. For our
purposes, the dye laser was taken to have a Lorentzian profile, while the atomic
lineshapes were assumed to have a Doppler-broadened Gaussian profile. Hyperfine
and isotope shift data for lutetium were taken from Miller ~t uf (1985).No account
was made f’or optical saturation of the resonance transition, although this is knowri
to perturb relative intensities of hyperfine components when narrowband Isers
are employed (Engleman (’t (d 1985) and certainly occurs when pulsed lasers are
employed, Similarly, differences in ionization efficiency and ion collection efficiency
throughout the ion source were ignored: a simple one-dimensional geometry was
assumed. This latter assumption has been shown to be reasonable (Miller and Nogar
1983a, and Apel ri U1 1987).

3. RESULTS

Figure 1displays the results of a sam-
ple calculation for an atom wit,h no
hyperfine structure. Assumed are a
transition frequency uf 25,000 cm-’ ,
a mass of 100, and a temperature
of 1000 K, A laser width of 1 cm-’
is used. The response function of
two isotopes is shown, with a rela-
tive isotope shift cf 0.1 cm-1, As
expected, these responses appear as
slightly shifted J,orentzian-like func-
tions, .41s0 displayed is the ratio of
the two functions, i.e.. the isctope
ratio as a function of wavelength.
It is readily apparvnt tha~ even a
small difference in the optical spec-
troscopy of isotopes can significantly
affect isotope ratio me~urements,

Calculations sf this type reveal that
the correct isotope ratio is obtained
only at the exact midpoint between
the line centers of th~ two isotopes.
This point hii.q the twin disadvan-
tages of lowered response from both
isotopes and a large sensitivity to
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F:g. 1, Sample calculation of two
imagina!v isotopes’ responses to 1 cm”- 1
laser width (Lorcntzian-like curves). Also
shown is the calculated isotope ratio as
a function of wavelength. Frequency is
relative to line center.

the exact wavelength. A change of 4.012 cm-’ in irequcncy will result in a orrc
percent change in the obyerved isotope ratio. In contr~t, for rrmisuremcnt of t!lc
ion signal at the pemk of t:le response, a ~(),()o~ cm- 1 frequency change produces

only a 1/2percent signal chmge, Thus, the isotope ratio meaaurcment is much less
sensitive to wavelength shifts when the peak of each isotope is addrcmed individually
by the l~er.

As one considers hyperfine structure and isotope shiftci, the optical sprctrum rtipidly
becomes complicated, Figure 2 illustrates this for lY’’l.u. This isotope haa nine
individual hyperflne componcfits with non-zero intelirrity, At high resolution ~.,mall
laser width), several of these components are resolved, As the laser bandwidth is
increaaed, the spectral otruct; lre gradually dccreaaes, until a single broad spvctrml
feature remains, This brokd line is not identical to the sirnplc case discussed at)ovv,
however, but includes contribut.ior)s of the several hypcrfinc corrlpo~~vnts, Silllil;\r
cfrects also occur for the other lu!ctiurn isotoprw, with thvir apparent resolution



and line positions depending upon the individual hyperfine splittings and isotope
shifts. As witli the simple calculation of Figure 1 above, sensitivity of i~otope ratios
to laser wavelength changes is minimized at the peak of each isotopes’ response.
Obviously, the optimal choice of laser bandwidth and frequency depends upon the
actual magnitude and shape of the particular response function.
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Fig. 2. Calculated hyperfine pattern for the ~D(~,l - ‘D:~/l transition at

452 nm of ‘TSLU. A 1500K sample temperature is”assumed; Izxw widths are as
indicated. Frequencies are relative to the ‘‘“LU line C( .ter.

Figure 3 shows a comparison be-
tween the calculated and exper-
imentally observed l~liLu/]~’,Lu

isotope ratio as a function of laser
position relative to the ‘:”LU line
origin. C~alculations were done
assuming the specified laser line-
width of 1,3 cm-’; experimental
values were scaled to the natu-
ral isotopic abundances (0,0265,
De Bievre Imd Barnes 1985). No
other scaling waa performed. The
agreement between calculation
and experiment is quite good,
given the simple amumptions of
the model, Note that at the lyr’Lu
line ccntcr artificially low ratios
are observed, For this laser line-
width, this effect is due to the
somewhat greater width of the
1‘“LU hyperfine pattern, which
places Alarger fraction of the isO-
topea’ transition in the low power
wings of the Iascr bandwidth,
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Pig, 3, Comparison of calculation \soli(\
line) ~rlfi experiment (closmi circles) for thv
‘”} Lu/’ ‘“’LU isotopo mtio.



A further complication arises from the detailed spectral properties of the laser. \Ve
have observed a complicated mode structure in broadband dye lasers through Fourier
transform spectrometry. T}lis structure depends on factors such as alignment, tuning,
time, and temperature, and has been previously observed (Nieuwesteeg ct U1 1986).
The effect of such variables on the I=er output spectrum, and in turn on the response
functions of the isotopes of interest, must be understood.

4. DISCUSSION

From the calculational and experimental results discussed above, it is obvious that
detailed spectroscopic information is necessary for a complete understanding of the
resonance ion !zation process. This includes both the laser source and the isotopes
under invest i~ation. Fortunately, RIMS itself may be the source of some of this
information (Miller et al 1985). With such information, appropriate strategies may
be derived to insure the highest possible fidelity in isotope ratio measurement with
RUMS.
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