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Strong new visible emission bands are observed when mixtures of Cs of Rb with noble
gases are excited with blue lines of an argon-ion laser. The bands in Cs are believed to
be due to transitions between 7so bound excited states and dissociating 6so. ground states
of alkali-noble-gas molecules, and they may have potential for excimer laser systems.

The emission and absorption spectra of alkali-
noble-gas systems have been the subject of de-
tailed investigation over a period of many years.
Therefore, we were very surprised recently to
discover that when we illuminated Cs vapor in a
few atmospheres of Xe with any one of several
blue lines from an argon-ion laser we observed
a striking yellow fluorescence which has appar-
ently never before been observed. We at first
mistook this to be resonance fluorescence from
a sodium impurity. A check with a grating mono-
chromator, however, revealed that a large frac-
tion of the emission from the vapor in the entire
spectral region from the violet to the near in-
frared (9000 A), which includes the first two res-
onance doublets, was concentrated in a single
band about 50 A wide, peaked at 5723 A, which
did not correspond to any known feature of the
Cs-Xe spectrum. Similar bands were observed
at slightly different wavelengths with other noble
gases. These bands are not present in the emis-
sion from pure Cs vapor with similar excitation
and no corresponding feature has been observed
in optical-absorption studies of similar Cs-no-
ble-gas mixtures. ' The existence and surprising
intensity of the emission bands we observe may
have significance for laser applications, ' and a
detailed analysis of their structure should pro-
vide extensive information about molecular po-
tential curves and transition moments of previ-
ously unknown bound excited states.

Typical emission spectra, recorded with a
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FIG. 1. Yellow emission bands of cesium in noble
gases.

scanning monochromator with a resolution of 1 A
and an extended S-20 photomultiplier tube, are
shown in Fig. 1. To obtain these spectra, cells
of alkali-resistant glass (Corning 1720) were
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orr,t 500 C under a vacuum of 10 ' T
then filled with cesium a d blm an a noble gas. The
cells were then Ip aced in an oven and illuminated
with an argon-ion laser. For all the data shown
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, and 88 for Ne,shown in Fig. 1 were 1 3 11
r, Kr, and Xe, respectively. A part of th'

g increase in intensity for the her e eavier no-
gases is the result of the variation in the

amount of 4579-A laser li ht abs
as 0, Vq, 30%, and 70% for Ne through Xe,

respectively. The path length in thein e vapor was
m. e yellow bands were excited most

strongly by the 4579-A line, but substantial ex-

lines. Stron noines. Strong nonthermal self-defocusin of thing o e
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laser. The b ' ' ' se a eastand intensity also increased at least
linearly with increasing bl-no e-gas pressure.
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u ar state and a dissociative 6so dgroun state.

e general properties of such bound-free tran-
sitions are well known. ' Th ere seems to be no
spectroscopic datump' atum on the 7so potential and the
only theoretical potential of h' ho w ic we are aware
was recently calculated by Pascale and Vande-

q .' e have reproduced several of th

p ials in Fig. 2. It is reason bl totenti
a o eir

a e e strong yellow bands with radiative tran-
in ernuclear separa-sitions occurring at small ' t

tions 8 where the transition moment for the 7so-
6so transition is large while th k

0
e wea peaks

aro '
wi arge R wherearound 5400 A are associated 'th l

e ransition momoment is more nearly zero. The
structures in the blue wing f ths o e bands for the
heavier gases (Fig. 1) could b du e ue to the vibra-
ional states of the bound excited 7so state. he

absence of noticeable emission bands for helium
is consistent with a ren wi a repulsive molecular potential

s e. However, thecurve for the 7so state of CsH
airly well developed band for neon m d'

at the 7so potential of CsN tts e is attractive, rath-
er than repulsive as indicated by theory. '

We were also able to observe broad, weak
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FIG. 3. Green emission bands of rubidium in noble
gases.

by Besombes, Granier, and Granier. ' They as-
sociated the absorption bands solely with the for-
bidden 5d-5s transition, ignoring any possible
6s-5s contribution. Our data for Cs (Fig. l)
strongly suggest that emission bands associated
with s-s transitions in the alkali atoms can be
more intense than those associated with d-s tran-
sitions, which have heretofore received exclu-
sive attention. '

It is natural to expect that similar bands exist
for K, Na, and Li. We may also assume that the
bands are accompanied by strong emission bands
in the infrared due to transitions between molec-
ular terms associated with the lowest excited s
and P atomic states. Since some of these bands
will involve transitions between discrete molec-
ular states, an analysis of the vibrational struc-
ture should yield very precise information about
some of the same molecular-potential curves
studied by Hedges, Drummond, and Gallagher'
as well as unique information about the still un-
measured potential curves for the 7' state of
Cs-noble-gas pairs.

We are indebted to H. Tang for assistance in
the experimental work and to A. Gallagher for
valuable advice.

emission bands extending for several hundred
angstroms on either side of the forbidden 5d-6s
transitions, which were visible as sharp lines at
6849 and 6895 A. These bands were much less
striking than the yellow bands of Fig. 1 and they
were partially obscured by Csa emission bands
and by atomic Cs lines.

We have made similar studies of Rb. Green
0

emission bands were observed near the 4966-A
O

6s-5s and 5165-A 4d-5s forbidden transitions and
typical data obtained with 4579-A excitation at
about 350'C are shown in Fig. 3. The noble-gas
pressure was approximately 3 atm. The green
bands of Rb are considerably more complicated
than the yellow bands of Cs. This is qualitatively
what one would expect since the 6s and 4d' states
of Rb are nearly degenerate, and pronounced
avoided crossings can be expected to occur in
the molecular potential curves. ' The narrow

O

5165-A forbidden 4d-6s atomic transition is visi-
ble in all of the data of Fig. 3. The yellow Cs
bands can also be seen in Fig. 3, even though the
Cs contamination of our Rb sample was only 80
ppm.

/&sorption spectra with features very similar
to our emission spectra of Fig. 3 were obtained

*Work supported by the U. S. Air Force Office of
Scientific Research under Grant No AFOSB-74-2685,
with supplementary support by the Joint Services Elec-
tronics Program (U, S. Army, U. S. Navy, and U. S.
Air Force) under Contract No. DAAB07-74-C-0341.

M. Lapp and L. P. Harris, J. Quant. Spectrosc.
Badiat. Transfer 6, 169 (1966); A. E. Wechsler, De-
partment of Defense Document No. AD-631469, 1966
(unpublished); S. Y. Ch'en and B. O. Garrett, Phys.
Bev. 144, 59 (1966).

2A. V. Phelps, Joint Institute for Laboratory Astro-
physics, University of Colorado, Report No. 110, 1972
(unpublished); G. York and A. Gallagher, Joint Institute
for Laboratory Astrophysics, University of Colorado,
Report No. 114, 1974 (unpublished).

3F. W. Loomis and P. Kusch, Phys. Bev. 46, 292
(1934).

M. McClintock and L. C. Balling, J. Quant. Spec-
trosc. Radiat. Transfer 9, 1209 (1969).

5G. Herzberg, Molecular Spectra and Moiecular
Structure (Van Nostrand, New York, 1950}, Vol. I.

J. Pascale and J. Vandeplanque, J. Chem. Phys. 60,
2278 (1974).

F. Besombes, J. Granier, and R. Granier, Opt.
Commun. 1, 161 (1969}.

O. Jefimenko and %'. Curtis, J. Chem. Phys. 27, 953
(1957); J. A. Gwinn and P. M. Thomas, J. Chem. Phys.
48, 568 (1967); M. Lapp, Phys. Lett. 23, 553 (1966).

B. E. M. Hedges, D. L. Drummond, and A. Galla-
gher, Phys. Rev. A 6, 1519 (1972).


