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Abstract. The mass spectra of a metal alloy sample consisting of AI, Cu and Fe were
studied using both glow discharge mass spectrometry (GDMS) and resonance ionization
mass spectrometry (RIMS). Particular emphasis was placed on the reduction of isobaric
interferences and discrimination between those ions formed by the discharge and those
formed by the laser radiation.

INTRODUCTION

Previous applications of a glow discharge source as an atom reservoir for
RIMS employed a system in which the laser interactionzone was containedwithin
the negative glow region of the dischargeplasma (1). As a naturalextension, this
study reportsthe first effort designed to couple a laser system, magnetic sector
mass spectrometer,and glow discharge source in such a manner as to allow the
resonance interactionof the sputteredatompopulationto be carriedout externalto
the discharge source. A sample consisting of 63%AI, 25%Cu, and 12%Fe was
examined using GDMS and RIMS, with particularemphasis on the reductionof
isobaric interferences and discrimination between ions formed by the two
processes.

INSTRUMENTATION

The experimentalsystem used in this study was modified from a previously
reportedRIMS instrument(2). It included the laser system, the glow discharge
source, the mass spectrometer,and the datacollection electronics. An overview of
this modified system is shown in Figure 1. Laser radiationfrom a tunabledye
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laser pumped by the second harmonic of a Nd:YAG laser was frequency doubled
and tuned to the iron atomic transition at 302 nm. It had a pulse duration of 10 ns,
a repetition rate of 10 Hz, and a bandwidth of 0.01 nm. The laser beam diameter
was 3-4 mm with a pulse energy of 500 Id. The unfocused laser ultraviolet (UV)
radiation was directed in front of the glow discharge exit orifice, external to the
source.

The mass spectrometer was a 90 ° GlowDischarge
12-inch magnetic sector instrument Device

withan°minalmassres°luti°n°f ILaser t------ 1=_600. The glow discharge device, System 300nm
operatedwith argon gas, was inserted
into the sourcechamber,replacing the
original thermal atomization source. Ion
The stainless steel housing served as Detector Optics
the anode. The cathode was made of

material under investigation in the DataAcq.
form of an 8 mm pin. Discharge System neticpressures from 0.1-1.2 torr were SectorMS
used, generating 1-6 mA currents
with a voltage of 2.5 kV. The
differential pumping system included
two turbo pumps(110 l/s and 330 Us) FIGURE 1. Experimentalsystemof
and an ion pump (140 l/s). laserresonantionizationglowdischarge

For the measurements in which massspectrometry.
only glow discharge ion signals were
monitored, a Faraday cup was used
as the collector. Signals from the Faraday cup were sent to a electrometer, and
then through a digital voltmeter to the laboratory computer. When pulsed laser
generated ions were monitored, an electron multiplier was used. Its signals were
sent through a current preamplifier and a boxcar averager to the digital voltmeter.

RESULTS AND DISCUSSION

Glow discharges provide sample atomization through sputtering of the cathode
surface. Discharge pressures, currents, and voltages are closely related
parameters, which play an important role in the study of GDMS. In this
experimental system, the discharge voltage was held constant. This operation
mode provides a direct relationship between the discharge pressures and currents,
with higher currents resulting at higher pressures. Using the sample described
above, the impact of different discharge conditions on the discharge mass spectra
was investigated. Figure 2A illustrates the glow discharge mass spectra of iron
isotopes without the laser. It is clear that the spectra are pressure dependent. The
measured 56Fe/54Fe ratio, changing from 2.388 at 0.17 torr (~ 2 mA) to 6.127 at
0.3 torr (~ 3 mA), was much smaller than the 15.76 calculated from the relative
natural abundance (5.82% 54Fe, 91.7% 56Fe, 2.19% 57Fe, 0.33% 5SFe). In the
glow discharge, polyatomic and multiply charged species can cause isobaric
interferences which limit the isotopic information available, especially when using
mass spectrometer systems with limited resolution. The pressure dependent
isobaric interferent present at nominal mass 54 would most likely come from
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FIGURE 2. MassSpectraofFeisotopesbyglowdischargeionization(A)andlaser
resonantionization(B) atdifferentpressures(currents)witha dischargevoltageof 2.5
kV.

aluminum dimer, 27A12 +, which would also appear at nominal mass 54. To
separate 54Fe (53.9396 ainu) and the aluminum dimcr (53.9631 ainu), the required
instrument resolution would be on the order of 2-3000. Higher discharge
pressures would produce a more collisionally active environment for the dimer,
resulting in a greater probability of collisional dissociation of the dimer and a
reductioninthemass54 intcrferent,asisobservedexperimentally.Under the
same experimentalconditions,themass spectraof coppershowed no such
pressuredependenceasappearedintheironspectra,indicatingthattheCu ion
signalisrelativelyfreefromisobaricinterferencesinthealuminumsamplematrix.
The measured63Cu/6SCuratiosof2.20atadischargepressureof0.35tort(-3.5
mA),and2.21at0.15tort(-1.5mA) wereconsistentwiththenaturalabundance
ratioof2.24(69.2%63Cu,30.8% 6sCu).

To overcometheaboveinterfcrentproblem,thedyelaserradiationwas tuned
to302 nm fora specificatomictransitionofiron(Fe3d64s25D4 -> 3d74p5D4),
therebyselectivelyionizingthisclementandreducingtheisobaricinterferences.
The spectraofthesame massrangeasFigure2A usinglaserresonantionization
with thesame aluminum matrixcathodesample areshown in Figure2B.
Althoughthepulsedlasershottoshotfluctuationsarcreflectedinthespectra,they
showednopressure,dependence,evidencethattheintcrferentatmass54hasbeen
eliminated.Usinglaserresonanceionization,themeasured56Fc/S4Fcratiosof
16.39at0.18ton"(~2 mA) and 16.27at0.3ton"(~3 mA) arcingoodagreement
withthecalculatednaturalabundanceratiowithintheexperimentaluncertainty.

When employinglaserresonanceionizationcoupledwiththeglowdischarge
plasma,the lasergeneratedionsmust be identifiedand collectedwhile
discriminatingagainstthebackgroundionsformedintheglowdischarge.Inthe
currentexperimentalsystem,two typesofdiscriminationmethodswereemployed.
The firstmethodistousedischargeconditionsforenhancinglaserproducedions
whilereducingglowdischargeions.Signaldependenceon pressureisshown in
Figure3 forbothtypesofions.The RIMS signalpeakisobservedata pressure
ofabout0.2tort,whilethepeaksignalforglowdischargeionsisapproximatelyat
0.8tort.Usinglowerpressuresappearsfavorableforbothenhancingthelaser
resonant ionization signal and discriminating against the glow discharge ions.
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The second discrimination method
is to use differences in ion energy
between the glow discharge ions and
laser ions. In this experimental ,.-,
system, the interaction of the laser =
radiation with the sputtered atom -_-
population was carried out external to
the glow discharge source. Therefore,
the laser generated ions would be in a =
different spatial volume and acquire _o
different energy than the glow
discharge ions. The discrimination
between the two types of ions is 0 0_2 0.4 0.6 0.8 1 1.2 1.4
achieved by changing ion focusing. A Glowdischarge pressure [tort]
more elaborate method would prevent
the discharge ions from entering the
extraction region of the mass FIGURE3. Pressuredependenceof
spectrometer by placing a grid with glow discharge and laser ion signals at
proper potential between the discharge fixed discharge voflage.
source and the laser interaction region.

CONCLUSION

Resonance ionization of material sputtered from the cathode surface of a glow
discharge with laser ionization external to the discharge cell has been demonstrated
for the first time. This technique has illustrated the ability to reduce isobaric
interferences present in GDMS by selective laser ionization, and to provide a
detectable RIMS signal of 58Fe at 400ppm. Although the potential for analytical
utility is present in the technique, the method requires further investigation and
ref'mement before this utility may be _.
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