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Hyperfine structure of lanthanum at sub-Doppler resolution
by diode-laser-initiated resonance-ionization mass spectroscopy
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Hyperfine structures of atomic lanthanum at sub-Doppler resolution have been recorded using

diode-laser-initiated resonance-ionization and mass-spectrometric detection. Spectra were recorded
for two diode-laser-pumped transitions, 'D3/2 F3/2 and 'D5/2 P3/2 at 753.9 and 819.0 nm, respec-

tively. The linewidths observed were as narrow as 165 MHz, substantially below the expected

Doppler width of 1 GHz for the 1700-K sample. Atomic hyperfine structure constants for the
13260-cm '

Fq/2 state were determined from the spectra: A = —350+4 MHz and B =54+12
MHz. Isotopically selective resonance ionization was achieved, even though a broadband dye laser
was involved in the overall ionization process.

INTRODUCTION

Diode lasers are finding increased utility in many
atomic spectroscopic techniques. ' Their simplicity, nar-
row linewidth (to 25 MHz for off-the-shelf devices), ease
of tunability, and low cost often promote their selection
over competitors such as ring dye lasers. For analytical
spectroscopic applications, diode lasers open broad new
vistas because very high-resolution techniques can be ac-
complished with an inexpensive source. We have recent-
ly reported the use of a 754-nm diode-laser-initiated pro-
cess for 1+1+1 resonance ionization of lanthanum. In
that study, the wavelength of the diode laser (first pho-
ton) was fixed and that of a tunable dye laser (second
bound-bound and final bound-continuum transitions) was
scanned to record two-color resonance-ionization pro-
cesses in lanthanum via mass spectrometric detection,
i.e., resonance-ionization mass spectrometry (RIMS). We
report here the alternative experiment of fixing the dye-
laser wavelength and scanning the diode laser. Sub-
Doppler resolution spectra were acquired for both the
D3/2 and Ds/2 to F3/p transitions at 753.9 and 819.0

nm, respectively. Atomic hyperfine structure constants
were determined for the heretofore unanalyzed 13260-
cm '

F3/2 state. Isotopically selective resonance ioniza-
tion was also achieved for a natural abundance lantha-
num sample.

The hyperfine structures of various neutral
lanthanum-139 levels have been reported. The hyperfine
splittings for the two levels of the ground-state term were
measured by Ting using a magnetic-resonance tech-
nique. Childs and co-workers ' used an atomic-beam,
laser-radio-frequency method to determine the atomic
hyperfine constants for several levels. Both naturally
occuring lanthanum isotopes possess a nonzero nuclear
spin, 5 and —,

' for ' La and ' La, respectively. The natu-

ral abundance of the minor 138 isotope is 0 089%.
Isotope-shift determinations were reported for several op-
tical transitions by Fischer, Huhnermann, and Mandrek.
The lanthanum isotopes are near the neutron magic num-

ber of 82 where isotope shifts are very small; the ' La-
La isotope shift for several visible wavelength transi-

tions is typically 200-400 MHz.

EXPERIMENT

The experimental arrangement for these experiments
was recently described. A focused diode-laser beam was
joined with the focused beam from a copper vapor laser-
pumped rhodamine 6G dye laser in the source region of a
magnetic sector mass spectrometer (see Fig. 1). Two sin-

gle longitudinal mode Ga, Al, As diode lasers were
used: (a) model LT030MDO (Sharp Corporation, Osaka,
Japan), 753 nm, 3 mW and (b) model ML-3401 (Mitsu-
bishi Electric Corp. , Tokyo, Japan), 823 nm, 3 mW. The
former was operated at 34.0'C and 58 mA and the latter
at —0.8'C and 29 mA to attain the 753.9- and 819.0-nm
wavelengths required for lanthanum. The operating tem-
perature was controlled to +0.01'C; the rms current
noise of the diode-laser power supply was specified by the
manufacturer (ILX Lightwave Corp. , Bozeman MT) as
approximately 1 pA. A 7.5-GHz optical spectrum
analyzer was used to determine the bandwidths of the
diode lasers. At 819 nm the spectrum analyzer has a
finesse of 100; at 754 nm the finesse is somewhat lower
due to decreased refiectivity of the mirrors. The band-
width of the 819-nm diode laser is at or below the 75-
MHz full width at half-maximum (FWHM) instrumental
limit of the spectrum analyzer; the apparent bandwidth
of the 754-nm diode laser is ~150-MHz FWHM, but
cannot be measured to better accuracy due to the reduced
analyzer finesse.

For diode laser frequency scans, a 20-mV sawtooth
ramp {225-s period) from a signal generator {model 164,
Wavetek Corp. , San Diego CA) was impressed upon the
dc bias voltage of the laser power supply to create ap-
proximately 2-mA current scans; the corresponding
ranges for the frequency scans were 12 and 14.2 GHz at
754 and 819 nm, respectively. The scan ranges were
determined by observing the spectrum analyzer output
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beam either as a 90' crossed beam (usual configuration)
or collinearly (if noted), approximately midway between
the sample filament and the first plate of the source lens
of the mass spectrometer. The distance from the heated
sample filament (1400'C) to the laser beam was approxi-
mately 1 mm. Further details of the mass spectrometer
were given previously. The analog output from a count
rate meter (0.3-s time constant) was used for recording
spectra.

For isotope ratio measurements, the mass-spectrometer
accelerating voltage was switched rapidly between volt-
ages corresponding to detection of mass per charge 138,
139, and 137.5 (a background channel) at constant mag-
netic field while ion counts were logged. The switching
protocol was controlled by a PDP/11-34 computer, and
was set for dwell times of 64 ms (at mass 137.5), 576 ms
(138), and 64 ms (139) and 100 counting cycles. Such
mass switching methods are required to reduce effects
due to time variation of atom emission from the filament.

RESULTS AND DISCUSSION

FIG. 1. Mass-spectrometer source region scaled drawing
showing the diode (horizontal) and dye-laser (vertical) beams
crossing between the hot filament atom source and the first plate
of the mass-spectrometer ion collection lens.

with an oscilloscope as the diode-laser current was
ramped; this technique resulted in approximately 1 —2 %
precision for the frequency scan range calibrations. The
frequency versus drive current was determined to be
linear to better than +0.5% by a similar technique. Dur-
ing the flyback portion of the sawtooth waveform, the
diode-laser wavelength rapidly swept through the
resonance-ionization spectrum and resulted in
compressed spectra in the data that serve to mark the be-
ginning and end of the linear portion of the voltage ramp;
they appear in some of the spectral figures shown here.
Note that as the drive current was increased (i.e., the
diode-laser frequency was scanned to lower values), the
output power also increased; power increases of approxi-
mately 15% occured for the scan ranges, and the spectra
reported here have not been corrected for these power
changes. The diode-laser output beam was focused to ap-
proximately a 1.2 mm diameter (1/e ) at the sample loca-
tion.

The dye laser was operated at 6 kHz (25-ns pulses) and
produced an average power of approximately 300 mW;
the spectral bandwidth was 0.3 cm ', except when the
dye laser was narrowed using an intracavity etalon, in
which case the bandwidth was approximately 0.05 cm
The 584.86-nm dye-laser output beam was filtered using a
3-66 Corning glass filter (565-nm red cut-on) to eliminate
amplified spontaneous emission from the output. The
beam was focused to a diameter of approximately 0.8 mm
by using a two-lens telescope (40/160-mm focal lengths).
As shown in Fig. 1, it was joined with the diode-laser

A partial energy-level diagram of neutral lanthanum is
shown in Fig. 2. The diode-laser-driven transitions stud-
ied here originate from the two levels of the
5d6s D&&z 5&& ground-state term (0.0 and 1053 cm ')

and terminate on the 5d 6s ( D)6p F3/i lowest odd parity
level at 13260 cm '. From that intermediate level, the
excited atoms are raised to the D5&2 level at 30 354 cm
and subsequently ionized by 584.86-nm photons from the
pulsed dye laser. Given the 0.3-cm ' bandwidth of the
dye laser, it is expected that any lanthanum atoms excited
to the intermediate level at 13260 cm ' are swept on to
ionization; hence scans of the diode-laser frequencies
should yield hyperfine structures for the 0-13260 and
1053—13 260 cm ' transitions.

A scan of the 0—13260 cm ' transition of ' La is
presented in Fig. 3. The features at the two extremes of
the spectrum are compressed spectra as noted in the ex-
perimental section; the actual spectrum extends from—1.0 to 6.0 GHz. The strongest line in Fig. 3 (shown ar-
bitrarily as 0.0 GHz) corresponds to a count rate of 700
counts per second (cps); its linewidth is 165 MHz
FWHM. The spectrum was recorded using a diode-laser
power of 0.1 rnW created by attenuating the full beam
power with a neutral density filter.

A second spectrum was taken with the dye laser tuned
to 586.54 nm instead of 584.86 nm. For this latter case
the ionization mechanism is similar to that shown in Fig.
2, except that the final bound atomic level is the F»2
level at 30305.6 cm '. The spectrum was identical to
that shown in Fig. 3. Thus the sharp features of the spec-
trurn are independent of the second intermediate level in-
volved in the excitation process. The spectrum was also
reproduced when the 584.86-nm copper vapor laser-
pumped dye laser was replaced with a 1-IMs pulsed,
Aashlamp-pumped rhodamine 6G dye laser (at the same
wavelength) with a spectral bandwidth of 3 cm '. The
spectral structure is thus representative of the 0-13260
cm ' transition and is not due to laser-dependent param-
eters such as cavity mode structure or pulse length. At
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higher diode-laser powers than those used for Fig. 3, the
spectral resolution degraded. As reported earlier, the
ion current begins to saturate at laser powers of approxi-
mately 2 rnW. In addition to power broadening, some of
the resolution loss is due to the growth of a secondary
spectrum as shown in Fig. 4. Spectra are presented for
diode-laser powers of 0.2, 0.5, and 2.6 mW; the relative
count rate scale factors are 6.7, 3.3, and 1.0, respectively.
As the power is increased, a duplicate spectrum arises at
slightly lower frequency than the main spectrum. This
secondary spectrum will be discussed further below.

The sharp structure seen in Fig 3 is due to the atomic
hyperfine structure of the D3&z and F3/p levels. Ting
has reported the split tings for the D3/p ground term;
they are shown in the left-hand energy-level diagram df
Fig. 5. The intervals of the F3/Q upper level are un-

known. The ' La nuclear spin of —,
' results in fourfold
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FIG. 3. 0-13260 cm ' hyperfine structure of "La at 754
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number F ranging from 2 to 5. The AF=0, +1 selec-
tion rule predicts ten allowed hyperfine lines, one more
than is apparent in the spectrum shown in Fig. 3. A
computer program was written that performed two tasks.
It first identified the F quantum numbers associated with
each line in the spectrum. Second, it found values for the
magnetic dipole and electric quadrupole constants (A and
8, respectively) for the 13260-cm ' level via a least-
squares fitting routine that produced a calculated spec-
trum that most closely matched that observed. The de-
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FIG. 2. Partial energy-level diagram of neutral lanthanum.

FIG. 4. Diode-laser power dependence of the ' La 0—13 260
cm ' hyperfine spectrum. Spectra (oft'set for clarity) are shown
for diode-laser powers of 0.2, 0.5, and 2.6 mW; the relative
count rate scale factors are 6.7, 3.3, and 1.0, respectively.



41 HYPERFINE STRUCTURE OF LANTHANUM AT SUB-DOPPLER. . . 2569
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e6'ects noted by other workers" are absent for these mea-
surements.

Why is the resolution of the spectrum shown in Fig. 3
so high? The sample filament was operated at 1700 K,
and for a particle mass of 139 amu, the free gas Doppler
width (in MHz) should be
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FIG. 5. Partial energy-level diagram for "La, showing
atomic hyper6ne splittings. The splittings of the D3/2 and
'D5/2 levels are due to Ting (Ref. 4j.

tails of the program are available from the authors. The
resulting upper level intervals are shown in Fig. 5. The A

and 8 constants, with corresponding standard deviation
of the mean, derived for the ' La 13 260-cm ' level are

A = —352+6 MHz,

8 =48+15 MHz .

The largest deviation for any of the nine observed lines
from the corresponding calculated position is 20 MHz.
For some spectra, fine adjustment of our frequency scale
calibration was made using the splittings of pairs of lines
separated only by one of Ting's ground-state level split-
tings, which are known to much greater accuracy and
precision than is possible here. That correction corre-
sponded to l%%uo changes in our scale. The calculated
spectrum is shown at the top of Fig. 3 as a stick spec-
trum. The I' quantum numbers of the upper and lower
levels are shown as the upper and lower numbers, respec-
tively.

The I' =3 to I"=3 line is missing from the resonance
ionization spectrum. Line intensity calculations made by
using 6J symbols' were performed for the lines of the
spectrum. The calculated intensity of the F =3 to I"=3
line is identically zero. The calculated relative intensities
of the other lines (see Table I) match those observed ex-
perimentally to within +15%. This result indicates that
substantial intensity alterations due to optical pumping

TABLE I. Calculated relative hyper6ne structure component
intensities for ' La at 753.9 and 819.0 nm.

753.9 nm ( D3/2- F3/2)
Calculated

relative
intensityComponent'

819.0 nm ( D s /2- F3/2
Calculated

relative
intensityComponent'

5/5
5/4

1.98
0,77

5/6
5/5
5/4

2.17
0.51
0.07

4/5
4/4
4/3

0.77
0.48
1.0

4/5
4/4
4/3

1.83
0.74
0.19

3/4
3/3
3/2

1.0
0.0
0.75

3/4
3/3
3/2

0.69
0.73
0.33

2/3
2/2

0.75
0.50

2/3
2/2
2/1

0.25
0.50
0.50

'Upper level F/lower level F; the components are listed in order
of ascending frequency.
Calculated using 6-j symbols (Ref. 10)

b, v=(7. 16X10 )v(T/M)' =995,
where b, v is the Doppler-broadened linewidth (FWHM),
v is the frequency of the transition, T is the temperature
(K), and M is the particle mass. The spectral width ex-
hibited in Fig. 3 is approximately one-sixth the calculated
Doppler width. The geometric factor derived from cross-
ing 1-mm-diam beams 1 mm from a point source of
atoms reduces the predicted Doppler width, but not near-
ly enough to explain the observed spectrum. Some pro-
cess that effects additional atom-beam collimation must
be operative; the most likely candidate is collection of
photoions from a restricted spatial region. An atom-
beam collimation ratio of approximately 10:1 would be
required to yield Doppler widths of a few hundred
megahertz.

The sample filament is probably more like a line source
of atoms after its first heating due to migration of lantha-
num over the length of the filament (approximately 0.5
cm); such behavior on metal surfaces has been observed
for uranium. '2 Atom trajectories originating from points
ofF the midpoint of the filament and passing through the
crossed-beams intersection would be normal to the
diode-laser beam and would not contribute to Doppler
broadening.

The mass spectrometer is, of course, a focusing instru-
ment and collects ions from a specific focal volume in
space. In the experiment that yielded Fig. 3, the posi-
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tions of the crossing diode and dye-laser beams were ad-
justed for maximum ion current through the mass spec-
trometer, and their crossing point is thus near the focal
point of the ion lens. In this particular case, the dye-laser
beam was parallel to the length of the sample filament
and the mass-spectrometer slit; the diode-laser beam was
perpendicular to the filament. The foci of both beams are
projected at great distances () 1 m), so the intersection-
volume is approximately that of two crossed cylinders.

The focal volume from which the mass spectrometer
collects ions is not precisely known. An estimate of that
volume was made by translating the line of the diode-
laser beam along the propagation axis of the dye-laser
beam while maintaining right angle crossing; the extent
of laser beam overlap should be relatively unaffected by
this motion. The motion is experimentally simple due to
the compact nature of the diode-laser source. Translat-
ing the diode-laser beam 0.64 mm from the position cor-
responding to the maximum two-color count rate re-
duced the count rate to 20% of the maximum value. The
ion beam intensity is thus very sensitive to submillimeter
motions of the laser beam crossing point.

Another method employed to gauge the active volume
of the combined laser beam crossing-mass-spectrometer
focus was to examine the spectral resolution for alterna-
tive laser beam geometries. Three geometries were exam-
ined: (a) the geometry described above and shown in Fig.
1; (b) collinear laser beams with the propagation direction
parallel to the filament (and mass-spectrometer slit); and
(c) collinear beams, but with the propagation direction
perpendicular to the filament. The linewidth of the
strong F=5 to F'=5 line was 260 MHz FWHM for
geometry (b). The spectral resolution of each case was
similar to the others, i.e., widths much less than 995
MHz. For collinear beams, the laser beam intersection
volume is substantially greater, and the lasers interact
with a larger set of atomic angular trajectories. The
Doppler-limited spectral width would be correspondingly
greater, unless the ion optics are unable to collect the
photoions from off-axis regions.

The secondary spectrum seen in Fig. 4 and noted above
could possibly be due to ionization of atoms at a secon-
dary spatial position along the perpendicular diode-laser
beam. A stray dye-laser beam (e.g, a back refiection from
the vacuum chamber exit window) intersecting the
diode-laser beam at a second point would excite and ion-
ize atoms with a different trajectory from the filament.
The approximately 200-MHz shift between the two spec-
tra indicates a 17' angular difference between the trajec-
tories of the atoms, assuming a point source. At a dis-
tance of 1 min from the filament, the 17 ' angular
difference corresponds to a separation of 0.3 rnm. The in-
tensity of the secondary spectrum is weak at low diode-
laser power, but as the primary spectrum saturates, the
weak spectrum attains comparable apparent intensity.
Alternatively, either of the laser beam foci or the ion col-
lection focus could exhibit an aberration-derived double
image and hence two active volumes for ion creation or
collection.

When an intracavity etalon was inserted into the dye-
laser oscillator to narrow its spectral output, the spec-
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FIG. 6. 0-13260 cm ' hyperfine structure of '"La as shown
in Fig. 3, except with a line narrowing etalon inserted in the
dye-laser oscillator.

trum shown in Fig. 6 was recorded. The diode laser
power for this scan was approximately 2 mW. The dye-
laser spectral bandwidth is now approximately 0.05 cm
(i.e., 1500 MHz); the presence of the dye-laser frequency
required to complement all hyperfine components of the
first transition can no longer be assumed. A partial spec-
trum is observed. The specific partial spectrum recorded
was dictated by the fact that the dye-laser etalon tilt was
adjusted for maximum ion count rate while the diode-
laser frequency was fixed at the F =5 to F'=5 hyperfine
component of the 13 260-cm ' transition.

The D5&z ground-state-term level of ' La at 1053
cm ' is also populated for the atoms that evolve from the
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FIG. 7. 1053—13 260 cm ' hyperfine structure of "La at 819
nm,
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heated filament. A high-resolution spectrum of the
1053—13260 cm transition was recorded with the aid
of an 819-nm diode-laser (see Fig. 7). A crossed-beam
geometry was employed, and the dye-laser wavelength
was 584.86 nm as in Fig. 3. No intracavity etalon was
used. The overall excitation and ionization scheme is
identical to that described previously except for the
changed first step. Comparable spectral resolution was
observed. The linewidth of the lowest energy hyperfine
component is 245 MHz (FWHM). The spectrum
comprises 12 lines, and the F quantum number assign-
ments are shown in the figure.

The ion count rate for the F=6 to F'=5 component
was measured at diode-laser powers between 0.3 and 5.4
mW; no deviation from linearity was detected. The ion
yield corresponding to this transition is substantially
lower than that for the F =5 to F'=5 component of the
0-13260 cm ' transition. For diode-laser powers of ap-
proximately 2 m% and a filament temperature of 1350'C,
the relative ion yield is 45:1 for the optical process begin-
ning from the ground state relative to that from the
1053-cm ' level (i.e., 754 versus 819-nm excitation).
Correcting for the J-degeneracy di6'erence, the ratio be-
comes 68:l. At a higher filament temperature (1500'C),
the latter ratio drops to 38:1, consistent with a higher
population of the 1053-cm ' level at the higher tempera-
ture. Such large ratios are incongruent with a naive
Boltzmann population distribution picture if similar os-
cillator strengths are assumed for the D3/z and D~zz to
F3/p transitions. Those relative oscillator strengths are

unknown to us; however, Meggers's compilation of
spectral-line emission intensities' suggests that the 754-
nm La I line is substantially stronger than the one at 819
nm. The former is listed with an intensity of 85, while
the latter is absent from the table. A nearby line at 820
nm with an intensity of 7 is shown, indicating adequate
sensitivity in this spectral region to have observed the
819-nm line at approximately tenfold lower intensity. If
the relative oscillator strengths were known accurately, it
would be possible to measure the relative populations of
these initial atomic states evolved from the heated fila-
ment by this technique. Such a measurement is of practi-
cal importance for gauging the ultimate sensitivity of
RIMS because all atoms in initial states not addressed by
wavelengths utilized in an ionization scheme are lost to
the measurement.

The hyperfine structure of the F3/p level derived above
can be confirmed using the 1053—13 260 cm ' transition
spectral information of Fig. 7. The hyperfine structure of
the 1053-cm ' level is known from Ting's work (see Fig.
5). The A and B coefficients, with corresponding stan-
dard deviation of the mean, for the 13260-cm ' level as
calculated from the spectrum shown in Fig. 7 are

A = —347+2 MHz

B =60+8 MHz .

These results are in good agreement with those derived
above from the 0—13260 cm ' hyperfine structure. The
relative line intensities agree to within 15% with the
calculated values (see Table I).
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FICx. 8. 0—13260 cm ' hyperfine structure for "La (upper
trace, offset vertically for clarity) and ' La (lower trace) for a
natural abundance sample. For the '"La trace, the filament
temperature was raised from 1300 to 1480'C and the count rate
meter sensitivity was raised fivefold. The labeled lines were uti-
lized for isotopically selective ionization.

The efficiency of the ionization process initiated with
the 0—13 260 cm transition is sufficiently high that the
corresponding spectrum could be recorded for the minor
138 isotope in a natural abundance lanthanum sample.
This was accomplished by changing the accelerating volt-
age at constant magnetic field to bring the minor isotope
into focus at the exit slit of the mass spectrometer. The
0—13260 cm ' hyperfine structures for ' La and ' La
are shown as the upper and lower traces of Fig. 8. To
record the ' La spectrum, it was necessary to raise the
filament temperature to 1480'C (from 1300'C for ' La)
and increase the count rate meter sensitivity by fivefold.
The maxima of the strongest component lines for the two
individual spectra represent 120 and 800 cps for ' La
and ' La, respectively; the diode-laser power was 0.4
m%. The weak character of the 1053—13 260 cm ' tran-
sition prevented observation of that spectrum for ' La at
natural abundance.

As can be seen in Fig. 8, the ' La spectrum extends
both to higher and lower frequencies than that for ' La.
The spectral offset of the lowest frequency lines was used
to attempt isotopically selective ionization. Ion counts
were conducted for ' La and ' La at each of the two
maximum response frequencies ( —670 and 0.0 MHz).
This frequency separation corresponds to a diode-laser
drive current difference of 0.12 mA. The results are sum-
marized in Table II.



2572 SHA%, YOUNG, SMITH, BONANNO, AND DALE

TABLE II. ' La-to-' La apparent isotope ratios for two-color, diode-laser-initiated RIMS and
thermal-ionization mass spectrometry for a natural abundance sample.

Diode laser
frequency

selected for
isotope

Raw ion counts
for mass'b

138 139

Apparent 139/138
isotope ratio

(+ standard deviation)

Selectivity
factor based

upon the
apparent ratio

138L

139L

None'

198
20

312

715
50459
32025

31.3+6
22 700+6000

925+65"

30
25
(1.00)

'Uncorrected for the 9:1dwell time ratio favoring mass 138.
Sum of seven ion count measurements on one sample for the ' 'La laser frequency, nine for the ' La

laser frequency, and three for thermal ionization.
'Thermal ionization measurement.
Accepted value 1123.

These preliminary ion counting results indicate that
the apparent ' La to ' La isotope ratio of a natural
abundance lanthanum sample can be changed from about
30 to over 22000 by judicious selection of diode-laser ex-
citation frequency, a change of over 700-fold. The selec-
tivity factor for ' La resonance ionization over ' La is
30; the inverse selectivity factor is 25. These results are
in good agreement with selectivities predicted using the
signal strength at the indicated hyperfine component of
each isotope (see Fig. 8) along with the corresponding
background at that frequency due to the other isotope.
The value reported for the thermally produced ions
differs from the International Union of Pure and Applied
Chemistry recommended value (925+65 versus 1123).'

This is probably due to poor counting statistics, but isoto-
pic fractionation may also have had an effect; the sample
had been in use for considerable time when this measure-
ment was made. The natural variation of isotopic abun-
dance for lanthanum is apparently unknown. '

The selectivity factors are only approximate due to the
poor counting statistics resulting from the few ' La
counts collected, especially for the case where the diode-
laser frequency was set for selection of ' La. More accu-
rate results must await a sample that is enriched in ' La
and better frequency control of the diode laser. Narrow
bandwidth laser-derived isotopic selectivity can be used
to reduce the dynamic range required of a mass spec-
trometer for isotope ratio measurements of elements with
widely different isotopic abundances; the selectivity due
to the diode laser can serve to skew the apparent abun-
dances toward equality. Recall that the isotopic selectivi-

ty achieved here was accomplished with a simple and
inexpensive diode laser. The isotopic selectivity of the
mass spectrometer can be utilized for the spectroscopy of
rare isotopes in the presence of more abundant isotopes
of the same element. '

CONCLUSIONS

High-resolution 1+1+ 1 resonance ionization spectra
were acquired for the 0.0-13260 cm ' and 1053-13260
cm ' transitions of lanthanum-139 by current tuning a
diode laser. The hyperfine structure of the 13260-cm
level was derived from the spectra. The spectral
linewidths were as narrow as 165 MHz. This sub-
Doppler resolution is thought to be due to the minute
effective volume for photoion extraction. The geometry
of the laser beams —perpendicular or collinear —had lit-
tle e8'ect on the observed spectral resolution. The resolu-
tion is not as yet limited by the linewidth of the scanning
diode laser; further improvements in resolution (and iso-
topically selective ionization) may be possible by changes
in the ion optics of the mass spectrometer.

Partial isotopic selectivity was achieved for ' La and
La. The apparent isotope ratio for a natural abun-

dance sample could be altered more than 700-fold by
careful selection of diode-laser wavelengths. Studies are
currently underway using a sample enriched in ' La to
make more precise measurements of the ' La 13260-
cm ' level hyperfine structure, the ' La-to-' La isotope
shifts for the 754- and 819-nm transitions, and the opti-
mized selectivity factors for isotopically selective reso-
nance ionization by this 1+1+ 1 process.
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