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Cavity ringdown laser absorption spectra of tungsten oxide
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Abstract

Gas-phase WO was generated by laser vaporization and its electronic spectra investigated by cavity ringdown laser
Ž . 16 y1absorption spectroscopy CRLAS . The tungsten isotopic structure in the W O F–X 0–0 transition at 23405 cm is clearly

resolved, and its analysis reveals that the strong interstate interactions previously reported in the matrix are also present in
the free molecule in the gas phase. q 1998 Elsevier Science B.V. All rights reserved.

Studies of simple metal-containing molecules or
small metal clusters are essential components of our
quest for a deeper understanding of chemical bond-

w xing 1,2 . Their investigation may eventually provide
insight into the structure of solid systems, and reveal
how the discrete, quantized spectra of small
molecules evolve into band spectra of solids. Vapor-
ization of many solid materials of technical interest
requires, however, very high temperatures, and in-
vestigations of their building blocks — small dis-
crete molecules and clusters — by conventional
spectroscopic techniques proved to be quite difficult.

w xSome time ago 3 we showed that vaporization of
such solids by pulsed lasers in the presence of cold,
inert carrier gas, presents an extremely versatile and
convenient technique for spectroscopic studies of
their molecular fragments. In 1981 we used this
approach to produce the Pb lead dimer molecules2
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w xand determine their spectroscopic properties 3,4 .
Nowadays modifications of this technique are in use
in numerous laboratories around the world and have
been applied for studies of a large number of sys-

Žtems, mostly in conjunction with LIF laser-induced
. Žfluorescence or REMPI resonance-enhanced multi-

.photon ionization spectroscopy.
Unfortunately, as a consequence of fragmentation

and rapid nonradiative processes, the techniques fre-
quently fail when the size of the cluster or molecule
studied exceeds a few atoms. The instantaneous den-
sity of the atoms and molecules produced by laser
vaporization sources is high, and absorption spec-
troscopy is an obvious alternative. If both the pulse
timing and laser frequency are properly adjusted and
tuned to strong atomic transition the laser is often
almost completely extinguished by the atomic ab-
sorption, and we have in fact often used this effect
for crudely adjusting the delay between the vaporiz-
ing pulse and the probe laser. It has been shown that
the laser vaporization can be combined with the
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cavity ringdown laser absorption spectroscopy
Ž . w xCRLAS 5,6 to provide an extremely sensitive

w xdetection of a variety of cluster species 7 .
In the CRLAS technique the jet with the absorb-

ing species to be investigated is located inside a high
finesse optical cavity consisting of two highly re-
flecting mirrors. A fraction of the tunable probe laser
pulse enters the cavity through one of the mirrors,
and propagates then with gradually decreasing inten-
sity back and forth inside the cavity, as on each
reflection a small fraction of the photons leaks out
through the highly reflecting mirrors. By fitting the
decreasing intensity of the signal transmitted through
the output mirror, one can obtain the ‘cavity ring-
down’ time. In the absence of sample, this depends
mainly on the reflectivity of the mirrors. If the laser
is tuned to a frequency where the molecular species

in the jet absorb, the cavity losses are increased and
w xthis is evidenced by the shortened ringdown time 8 .

We have recently used our laser vaporization
source to investigate a number of highly refractory
species, including tungsten and tungsten oxides in

w xlow-temperature matrices 9,10 . The goal of the
present work is to apply the CRLAS technique to the
same system in the gas phase. Interestingly, even
though in this study, unlike most of the previous
investigations employing specially designed slit noz-

w xzles 11 , we used a conventional home-built piezo-
electric valve with a 1 mm round aperture, compara-
ble signal-to-noise ratios were obtained. We have
recorded a series of bands of diatomic WO in the
range 21000–24000 cmy1 and this results are gener-
ally in good agreement with both our matrix spectra

w xand the previous gas-phase studies 12 . While, how-

Ž . Ž y1Fig. 1. CRLAS spectra of the F–X 0–0 band of WO is shown in the upper trace. The wavenumber of the probe laser 0.04 cm
.bandwidth vs. the total cavity loss is plotted. The rotational temperature was estimated to be -20 K. The inset shows the isotopic splitting

in a part of the P-branch on an expanded scale. The strong line at 23386 cmy1 is due to Cr atomic impurity. A simulation of the band is
shown in the lower trace.
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ever, in the gas-phase work samples enriched to 97%
with the 186 WO isotope had to be used to rotation-
ally resolve the spectra, the cavity absorption tech-
nique in the cold molecular beam easily resolves the
individual isotopes even in the natural isotopic abun-
dance sample.

This is exemplified in Fig. 1, exhibiting the 0–0
band of the F–X absorption of WO at 23405 cmy1,
with the top trace showing the experimental spec-
trum, compared with a simulated spectrum in the
bottom trace. In particular, in the P-branch one can
clearly see the quartets caused by the four major
isotopes of tungsten, 28.6% 186 W, 30.7% 184 W,
14.28% 183 W and 26.3% 182 W. A particularly inter-
esting aspect of this figure is the magnitude of the
isotopic splitting. Since the ground state vibrational

Ž y1 .frequency of tungsten oxide v s1064.645 cme
Žis larger than the upper F-state frequency v s955e

y1 .cm , also the ground state zero-point energy will
be larger, and one would therefore expect the heavier
isotopic species to be shifted towards the blue, and
can, in fact, easily calculate the tungsten isotopic
shift to be ;0.01 cmy1ramu. Experimentally, how-
ever, one can clearly see in the figure that the shift is
about an order of magnitude larger than predicted,
0.1 cmy1ramu, and goes in fact in the opposite
direction, with the lines of the heavier species being
red-shifted.

w xWeltner and McLeod 13 in their early study of
WO in rare gas matrices have noted that while the
spectra of the heavier, W18O are relatively unper-
turbed, those of the normal isotope exhibit numerous
unregularities, due to strong interactions. In particu-
lar, strong perturbations resulted from interactions of
the A, B and C states, but also the higher lying E and
F states were found to interact. Interactions of this
type can either be of an intrinsic, intramolecular
nature, or may be induced by the matrix. It is clear
from the present result that in the case of WO the
interaction occurs even in the free molecule and is
the reason for the anomalous shift. Specifically the
Õs0 level of the F state at 23400.9 cmy1 interacts
strongly with the Õ

X s2 level of the E state at
23425.2 cmy1, so that the observed transition actu-
ally involves a mixture of Õ

X s0 F and Õ
X s2 E. In

the Õ
X s0 X–ÕX s2 E transition, the lines of the

heavier isotopic species would naturally be shifted
towards red, and one can calculate a value of 0.40

cmy1ramu for the magnitude of this shift. Based on
the observations, one can conclude that the Õ

X s0
level of the F state in fact contains some 20% of
Õs2 E.

In conclusion, we show in the present work that
using a conventional laser vaporization source and
the cavity ringdown technique, one can, without the
use of a slit nozzle, obtain excellent quality spectra
even for highly refractory species. As we show for
the specific example of tungsten oxide, WO, the low

Ž . y1temperatures -20 K and a line width of 0.06 cm
permit rotational analysis of the absorption spectra in
natural isotopic abundance, without the use of iso-
topically enriched samples. Analysis of tungsten iso-
topic shifts in our WO absorption spectra indicates
that the strong interstate perturbations between dif-
ferent electronic states observed previously in rare
gas matrices are not medium-induced, but are present
even in the free molecules.
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