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Introduction

We have recorded laser excitation spectra of the 711.9-nm band
of the molecule ReO, which was first observed by Balfour and co-
workers using a grating spectrograph [1-4]. The molecules were
prepared in a hollow cathode discharge source, and the spectrum
was recorded with a continuous-wave Ti:sapphire ring laser. We
have been able to resolve fully the ***Re/**’Re isotope structure in
this (0,0) band by intermodulated fluorescence and identify unam-
biguously the first lines of the P, Q and R branches, thereby confirm-
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resolved and measured the Re hyperfine structure of the molecule
for the first time. The hyperfine structure sheds light on the elec-
tronic configurations of the two electronic states involved in the tran-
sition.

Experimental Methods

The spectra were recorded by laser excitation spectroscopy. The
ReO molecules were made in a 30-mA DC hollow cathode source
using a 10:1 mixture of Arand H at a total pressure of 1.0 Torr. The
plasma flowed through a 0.5-cm wide slit from a smaller source
chamber into the observation region of the main vacuum chamber.
The resulting stream of gas was interrogated by the output from a
&RKHUHQW FRQWLQXRXV ZDYH ULQJ
7L VDSSKLUH PRGH SXPSHG E\ : RI -
ent Verdi V-10 DPSS pump laser.

Survey scans were first recorded at low resolution using a pulsed
dye laser with a bandwidth of 3 GHz. These were then followed by
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Observed Spectra
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Doppler-limited spectrum of the 711-nm band of ReOrecorded with a continuous-wave Ti:sapphire ring laser.
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Sub-Doppler IMFspectrum showing hyperfine assignments for the F(10.5), Q(185) and R325) lines.
The pairs of I to the Re0 (37% abundant) and ''ReO (63%)i
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We have fitted the rotational and hyperfine structure in the three
branches out to J
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hyperfine and isotope structure was only partially resolved due to the
500-MHz Doppler line widths.

The final scans were recorded at sub-Doppler resolution using the
technique of intermodulated fluorescence. In this technique the
laser output is split into two equal beams that are amplitude modu-
lated at different frequencies and counterpropagated through the
molecular flow. The laser-induced fluorescence was collected, fil-
tered through a red-pass filter, and focused onto a photomultiplier
tube. The signal was demodulated by a lock-in amplifier referenced
at the difference frequency. This technique reduced the line widths
to about 45 MHz (presumably limited by pressure broadening), en-
abling us to fully resolve the Re hyperfine structure.
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were fitted to a Hund's case (c) Hamiltonian. Hyperfine matrix ele-
ments for the magnetic dipole (h ) and electric quadrupole (eQq,) in-
teractions are diagonal in F, but off-diagonal inJ  J o

Rhenium has two naturally occurring isotopes with similar nuclear
spin properties:

«'®Re:
«1¥7Re:

37% abundant | m b, Q 1P
63% abundant | m b, Q 1P

The results of our least-squares fit are shown in the table below.
The rotational constants agree well with those reported previously,
but are two orders of magnitude more precise. The hyperfine con-
stants have been determined for the first time in this work.

185,

Molecular constants for ReO in cm*
ReO 187,

Parameter ReO
[0.0] 2.5 ground state:
B 0.4 3580 43) 0.4 5(4
10D 0.3 15(37) 0.3 16(38)
hy 0.06 (14) 0.059 5 (11)

Qao 0.087 8 (37)

e 0.073 4 (38)
[14.0] 3.5 excited state:
To

1403841  (13) 14 038.374 86 (
B 03881514 (41) 038 50 (40)
10D 033 (33) 0.340 1 (34)
hy 014 (1) 014 (8
eQqo £0  (40) + 034 3 (41)
10%c,_ 0.333( 0) 0.337 (19)
Variance 1.13 1.09
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Analysis of the Hyperfine Structure

Molecular hyperfine structure is a useful diagnostic of the elec-
. tronic structure because the hyperfine parameters can be expressed
® as direct averages over the electronic coordinates. In a Hund's case
® (c) molecule such as ReO, the only determinable magnetic hyperfine
parameter is the magnetic dipole parameter, h, )RU D SDUWLFX
-component of an electronic state, this parameter can be written as
a linear combination of the case (a) hyperfine parameters:
h, aR (B 20V
From our molecular orbital diagram, we predict the electronic con-
figuration for the ground electronic state to belm ml /4183 m
s> (6 JLYLQJ ULVH WR D Y JURXQG VSLQ RUE
2 vl consistent with our spectrum. With this assignment, the magnetic
’ dipole parameter becomes:
h5/2

2a ib, 3o

where the individual Frosch and Foley parameters are proportional
to expectation values for the single unpaired R, electron:

3 3cos’ e <l
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Sub-Doppler spectrum of the P(14.5) line, with the calculated positions 16/
of the hyperfine energy levels shown above. 3
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Since the unpaired electron has no s character, b, 7KH UDGLI
expectation values in the parameters a and ¢ can be estimated from
the value calculated by Fraga et al. [5] for the Re  5d® configuration:

Molecular Orbital Diagram

<1 DX 7KH DQJXODU H[SHFWRWJLRQ YD
+ LWK WKHVH YDOXHV ZH ILQG
., a 0+]
bF
c + 0+]
which lead to:
h SUHGLFWHG 0+]
» h  H[SHULPHQWDO “0+]

The close agreement is probably fortuitous considering the ap-
proximations in this model, but the result does confirm that the
ground state electronic configuration is correctly described as nearly
pure 1m ml/“1B3m (X 6 ), with the unpaired electron being a
nonbonding Re 5d belectron.
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