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VERY HIGH RESOLUTION SATURATION SPECTROSCOPY
OF LUTETIUM ISOTOPES WA CW SINGLBFREQUEFCY

LASER RESONANCE Ionization MASS SPECTROMETRY

B. L. Fewey,l D. C. Parent, 2’ R. A. Keller,z and C. M. MillerJ

1Isotope and Nucle~ Chemistry Croup INC-7
‘Chemical and L~er Sciences Group CLS-2

Los Alamoa National Laborato~, Los Alamos, NM 87545

ABSTRACT

In this paper, we discuss the uee of Resonance Ionisation MUS Spectromet~ (RIMS)
to perform isotonically selective saturation spectroscopy of lutetium ieotopes. Utilizing

this technique, it b shown that accurate mczumrements of the relative frequencies of
hyperfine (HF) components for ditTerec.t izotopeo easily can be made without the need
for an isotonically ●nriched sample. The precision with which the HF splitting constants
can be determined u ●stimated to be -5 times greater than in previous work.

INTRODUCTION

Considerable interest in the technique of RIMS ha.e developed over recent yeare due
to: I) the seltxtive manner in which iaobuic inte; rerences we discriminated against,l’z
●nd 2) the large dynamic range available for meuuring isotopic ratios.’ Ewlier works
hae demonstrated the ability to me~ure lutetium isotopic ratios down to the 0.4 ppm
level on very small samplee (-W rig), In this previous work, the isotope ratio dynamic
range wu b=ically limited by low signal. Recently however, we have demonstrated that
using ● second, high-power, non-reeonar,t laser for the ionisation step can dramatically
increm ionisation efficiency. 416 Here, the mu spectrometer resolution uhimately limits
the dynamic range. In order to significantly increase the dynamic range even further, it
may become neceeaary to perfoma “~topically selective reammnce ionization. In tha present
work, Doppler-fr~ saturation cpectroecopy via RIMS iz utilised for thin goal, i.e., to obtain

precise determination of the variouc HF components for the lutetium ieotopea.

EXPERIMENTAL SECTION

Briefly, an ultraviolet Ar+ laser pumped ring dye Iaaer operating with Stilbene 3
(-66 mW) was tuned to the one-photon transition of lutetium (5d6a6p 2D03/2 - 5d6sa
~D~/J ●t -2212S cm-’ (-452 rim). To incre- the ionisation ●fficiency,’oc a second Ar+
lMer tuned to the 457.9 nm line ionized the excited atom. Luer beams mere propagated
parallel to and *2 mm ●bove the sample filament, with typical beam diametera of -.100 pm.
A spherical mmor waz inserted to retrorellect the Iaaer beams collinearly. A magnetic
wctor mzu spectrometer, equipped with pulse counting ●lectronics, wu ueed for detection
of the lutetium ions. Samplee were prepared by depositing 1-2 pg of total lutetium onto a
zonerefined rhenium filament, along with a sirnik ●mount of wanium oxide to provide s
diffusive bamlm. Spectra were taken at ● filament temperature of - 122S0 C.

RFAULTS AND DISCUSSION

Saturatio~ npectrotcopy wu discovered soon after the advent of the first gae laaer.
Ilenneta and l.smb’ recornised that the narrow resonancm (Lamb dips) that appeared in
the center of inhomogenecmdy broadened gain profiles interacting with counterpropagating
l~er bemlc rmulted from “hole~” burned into the Maxwell-Doltcmann velocity distribution.
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‘1’hia phenomenon simultaneously pro-tides a mean~ for determining the center frequency
ot’ a transition and for removing the inhomogeneous line broadening.

Much saturation spectroscopy ha-s been performed in a pumpprobe scheme using
a relatively high pressure static cell, with inhwent difficulty in examining rare i:otopes.
In contrast, for the present experiments, the pump and probe ue the same laser, and a

low-pressure mass spectrometer is used as the detector. This removes possible pressure
broadening effects and permits simple isotonically selective saturation spectroscopy of
unenriched samples. Two features generally are observed: (1) dips which reflect line centers
approaching their natural linewidth, and (2) crossover peaks which occur at the mean
frequency of two hyperfine lines whose Doppler pro61es overlap. The details of the exact
processes occurring in these experiments will be discussed more fully in a forthcoming

paper.a

1i—..
I

I

\dh-h—.... --------............
G l!124i: 2:1:?’44 ;’:l:!4~ ~li4H ,’.!I;T) .:!1:!52

WAVFNJMMIRS@rv*“~

Figure 1. Saturation spectrum of (5d6e6p
21203/2 +- 5d6a2 21)3f9) transition of 1’!5!.11 at
-22125 cm-i.

A typical experimental
spectrv m fcr 17sJ,u is shown
in Figure 1. The dye and
Ar+ powers were -40 W/cmz
and -8.5 k’vV/cm2, respectively.
Similar 176LU ~pec.t,ra were ahlo

observed but. me not shown. Tht!
dips and peaka correspond to
the line centers and crossovers
for the aton,:c HF components
for lutetiv.rn (see reference 8
for details). Excellent signal-
to-noise (S/N) waa obsemed for
both 1761.u and I’” Lu spectra.
Figure J ia an unsrnoothed,
expanded view of the first two
bands in the ~7$Lu spectrum find

illustrates the S/N and resolution
attained using this technique.

Included in the spectra, Figures 1 and 2, ~rc the transmission peaks of L -300 MHz
con focal etalon used for frequency calibrati~;.. k“.I incre,aaed pre~ision, the free spectral
range of tha etalon waa determined to bc’ter than 2 ppm using the J.os Alarn~s
Nmtiond Laboratory Fourier Transform Spectrouleter (LANL E’TS), gre~tly exceeding dat~

requirements. flecause of this precision and the )~ertr rl~tural linewidth chumctrrizirrg tLe
(lips and peaks, :he hyperfine splitting conetants for the 17:’Lu excited states determinmt

from the dip spectra (see Figures 1 and 2) w*, exp?cted to be -5 tm~es more precise
than previously determined. 9,1O “r]le exact rjetermination of the i]~s constantri ~nd their

precision is presently undcrwny and will be presented in detail in rcf’crence .9.

With s simple experimental modific~tion, i.?., the inclusion of a .vikwating” n~irr~r,
rpmoval of the Doi)pler pedestal i.a pomihle. Earlier ;tudiea in a atan(i,ard gaa ceili’ Ilflve
~hown that this can be ac(ilmplished hy mwlulat!ng th! mirm,r *n(i phrae detecting the

ionisation signal.
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Figure 2. Expanded, unsoothed spectrum ~f first
two bands of 17SLU shown in Figure 1. The arrows
point out the dips and croeeover for the indicated
hyperfine transitions.
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