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HgIn photoassociation, bound-bound transitions, and excimer emission
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Laser excitation of In atoms at the 62S1/2– 5 2P1/2 atomic resonance transition wavelength of 410.3 nm in
the presence of Hg vapor produces several types of emission features: HgIn excimer satellites on the red wings
of the In resonance fluorescence transitions at 410.3 and 451.1 nm, bound-bound HgIn molecular fluorescence
at 499 and 522 nm resulting from photoassociation of In(62S1/2) with Hg(6 1S0), and UV atomic fluorescence
from the In(52D) states that lie at energies above the In(62S1/2– 5 2P1/2) excitation. These various spectral
features are interpreted in terms of a proposed HgIn potential-energy level diagram with additional information
from measured excited-state lifetimes and the power dependence of the laser excitation at 410.3 and 522 nm.
Direct excitation of the 499 and 522 nm HgIn bound-bound transitions also produces emission at 410.3 and
451.1 nm resulting from collisional dissociation of the excited HgIn states.@S1050-2947~97!10109-3#

PACS number~s!: 34.50.Gb, 34.20.Cf, 33.20.Kf, 42.55.Lt
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I. INTRODUCTION

Over the past several decades considerable attention
been given to excimers derived from metal–noble-g
dimers. With their1S0 closed-shell electronic ground state
the noble-gas elements give rise to mainly dissocia
ground-state interactions with the metal atoms@1#, thereby
providing the lower state for the excimer emission. As
alternative to the noble gases, group-II elements with th
1S0 closed sub-shell electronic ground states often prov
mainly dissociative ground states in their interaction w
many metal atoms. Among the group-II elements, mercur
a particularly attractive excimer partner because of its c
siderable vapor pressure and its low-lying, easily exci
electronic states. That it is a viable candidate as an ato
partner for an excimer laser is evidenced by the fact t
stimulated emission has been observed in mercury hal
@2#. Since a high rate of excitation is required for laser ga
those metal atoms with low-lying excited electronic sta
are also considered to be good candidates for excimer la
as they can be expected to have large cross sections for
tronic excitation. However, the dissociative nature of the H
metal ground states is also a factor. For example, HgTI
been advanced as an attractive group-II–group-III excim
laser possibility@1#, but gain has yet to be observed for th
system@3#.

The element In occurs immediately above T1 in t
group-III metals and has the unusual property that its 62S1/2
first excited atomic resonance state at 24 372.87 cm21 is
greater in energy than one-half of the In 46 669.93-cm21

ionization potential@4#. Besides offering a 111 multiphoton
ionization ~MPI! process, this situation also forms the ba
for the very interesting energy pooling ionization collisio
@5,6#:

In~6 2S1/2!1In~6 2S1/2!→In1~1S0!1In~5 2P1/2!1e2,

which may play a role in electrical discharge excitation
high metal vapor densities.
561050-2947/97/56~3!/2025~7!/$10.00
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Although excimers can be created by a variety of exc
tion methods, their structure and dynamics are often b
studied when they are formed from collisions in which o
of the atoms is prepared in a single, discrete excited st
This is conveniently accomplished for the group-III meta
using laser excitation of the atomic resonance transitio
The present work was undertaken to examine the emis
characteristics of electronically excited HgIn generated
the photoassociation product between laser exc
In(6 2S1/2) and ground-state Hg(61S0) atoms and to exam
ine the nature of the upper and lower electronic states
correlate with this emission.

In electrical discharges, emission spectra@7–11# that have
been identified as arising from HgIn consist of~a! the exci-
mer wings and satellites associated with the 410.3-
451.1-nm In atomic lines, and~b! electronic band spectra o
HgIn at 522 and 499 nm. These spectroscopic features w
first observed by Winanset al. @7# and later studied by Pur
brick @8#, Chilikuri and Winans@9#, and Thomsonet al. @10#.
More recently they were observed in an electrical discha
by Pichleret al. @11#, who discussed the excimer wings o
the In atomic lines in terms of an HgIn potential ener
diagram constructed by analogy with the results of HgTlab
initio calculations@12#. The prominent HgIn excimer emis
sion features in electrical discharges are the red-wing sa
lites at 412.7 nm for the 410.3-nm In atomic line and
453.7 nm for the 451.1-nm In atomic line@8,11#. Additional
weaker satellites are also observable@11#. The resolved rovi-
brational structure of the bound-bound HgIn electronic ba
spectra at 522 nm has had several interpretations. The fir
these@8# proposed a long progression (v850 – 14) terminat-
ing on v950 in the lower state. However, these bands w
later reinterpreted by Chilukuri and Winans@9# as being due
to two overlapping sequencesB 2P1/2–A 2S and
B 2P3/2–A 2S. The basis for the revision was an analo
with the (B-A) bands of CdIn and ZnIn whereP andQ band
heads and overlapping doublet sequences were clearly
dent. The atomic states that asymptotically correlate with
upper and lower electronic states of the 522-nm band h
also received different assignments. Chilukuri and Wina
2025 © 1997 The American Physical Society
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2026 56P. BICCHI, C. MARINELLI, AND R. A. BERNHEIM
@9# suggested that these might be Hg(3S)1In(5 2P1/2) for
the upper state and Hg(3P)1In(5 2P1/2) for the lower state.
More recently, Thomsonet al. observed the band at 522 n
together with a more intense broad band at 505 nm whe
atoms are excited to the 62S1/2 state in an experiment wher
the In atoms are generated by photodissociation of InB
the presence of mercury vapor@10#. Their conclusions were
that the 522-nm band could be assigned to emission ari
from a bound excimer state of HgIn correlating with t
In(6 2S1/2)1Hg(61S0) asymptote, and that the 505-nm ba
was due to In(62S1/2) interacting with InBr.

As shown in the present study, excitation of In vapor
410.3 nm in the presence of Hg vapor produces, in addi
to the 499- and 522-nm bands, UV emission from the high
energy In(52D) states, which forces one to consider the p
sibility that the 522-nm band might originate from a sta
correlating with In atomic states above In(62S1/2) or from a
state correlating with one of the In atomic ground states
excited states of Hg. Furthermore, the fluorescence de
time of the 522-nm band was found to have both a fast an
slow component. Other findings that must be reconciled w
the assignment of the bound-bound transitions are the
rently accepted spectroscopic constants for the 522-nm b
@9#, which are ve519, 106 cm21, ve85198 cm21, ve9
5151 cm21 with anharmonic constantsve8x8've9xe9'0.
The negligible anharmonic constants together with theve
values are an indication of a substantial bond energy for
upper and lower states of HgIn, which give rise to this ba

The present work offers additional spectroscopic findin
that are interpreted in terms of a proposed potential ene
level structure for HgIn.

II. EXPERIMENT

The measurements were carried out in a quartz sam
cell 3 cm in diameter by 5 cm in length loaded with a sm
piece of In metal of 99.999% stated purity@13#. A very small
droplet of mercury is added and the cell degassed un
vacuum at 473 K. After filling with 10 torr of Ne gas, the ce
is sealed off. At the temperature of 1173 K where most of
measurements were made, the mercury is entirely vapor
with an atomic number density of approximately 1019 cm23.
The In atomic number density@14# is 6.531013 cm23 and
the Ne atomic density is 8.231016 cm23. The cell is placed
in an oven where a long-term temperature stability of 1
could be maintained for the measurements.

Resonant excitation of In atoms to the 62S1/2 level is
produced by pulsed laser radiation at 410.3 nm obtained
optical mixing the output of a pulsed dye laser at 667
with the 1064-nm fundamental of a Nd:YAG laser. Th
pulses at 10 Hz have a 10-ns width and a 0.8-cm21 band-
width, mainly due to that of the fundamental Nd:YAG ou
put. Laser power densities range between 0.2
3.4 MW/cm2 in a beam diameter of approximately 3 mm.

For the direct excitation of HgIn in the 490–525-nm r
gion, the pulsed radiation produced by the dye laser was u
directly and with a bandwidth of 0.3 cm21. The power den-
sities quoted for those experiments are for 10-Hz, 10
pulse duration, and in a 3-mm-diameter beam.

The laser-induced fluorescence at 90° is dispersed wi
Jobin Yvon HR1000 monochromator at 15-cm21 resolution
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and detected with a Hamamatsu R663 photomultiplier.
the lifetime measurements the output of the photomultip
is monitored with a Tektronix TDS520 transient digitiz
having a 500-MHz bandwidth. Spectra as a function of eit
dispersed fluorescence or scanned excitation wavele
were recorded using a boxcar averager. The In atomic s
tral lines provide a convenient wavelength calibration. T
laser power was measured at both the beginning and en
each data collection experiment with an Ophir 10 A-P la
power meter.

III. RESULTS

Several types of spectroscopic data are reported here.
first is the dispersed emission spectrum following In(62S1/2
25 2P1/2) excitation at 410.3 nm. The second is dispers
emission following excitation at various points in the 490
525-nm range, which is the region where the HgIn boun
bound emission occurs. A third consists of excitation spec
taken by scanning the laser around the In(62S1/2– 5 2P1/2)
transition region and over the 490–525-nm region. Fina
measurements were made of the time dependence of
emission decay of some of the spectral transitions follow
pulsed laser excitation at 410.3 and 522 nm.

Excitation of In „6 2S1/2– 5 2P1/2… at 410.3 nm

The emission spectrum produced when a mercury-ind
vapor is excited on the 410.3-nm In(62S1/2– 5 2P1/2) reso-
nance transition is shown in Figs. 1–4 with the visible fe
tures in Fig. 1 and the UV in Fig. 2. Figure 3 exhibits deta
of the satellites near the In atomic resonance transitions,
Fig. 4 shows emission details of the HgIn bound-bound tr
sitions at 499 and 522 nm. All intensities are in arbitra
units, and all spectra were obtained at a vapor cell temp
ture of 1173 K. The features near the In atomic resona
lines that are due to the presence of Hg include the pro
nent red-wing excimer shoulders at 412.7 and 453.6 nm
Fig. 3 which are identical to those reported for electric
discharge excitation in a Hg-In vapor@8,11#. However, the
electrical discharge features previously observed at 455
438 nm could not be detected. On the blue side of
451.1-nm line, the weak satellite observed in an electr
discharge at 447 nm was found in this work, but the satell

FIG. 1. Visible emission spectra produced when t
In(6 2S1/2– 5 2P1/2) transition in an Hg-In vapor at 1173 K is ex
cited at a power density of 0.3 MW/cm2.
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56 2027HgIn PHOTOASSOCIATION, BOUND-BOUND . . .
previously reported@11# at 405 and 392 nm are not eviden
Other features due to Hg are the HgIn bound-bound tra
tions at 499 and 522 nm and the Hg enhanced UV emis
of the In(52D – 5 2P1/2,3/2) transitions. These latter also ex
hibit line broadening due to Hg. An additional spectral fe
ture not previously reported is the broad wing on the red s
of the transition at 522 nm, which extends to 590 nm.
contrast to measurements made in electrical discharges
present spectra are free from the complications of s
reversal of the In resonance lines and the presence of
atomic transitions.

An excitation spectrum of the Hg-In interaction near t
410.3-nm In resonance line can be obtained by monitor
the 451.1-nm fluorescence as the laser is scanned ove
In(6 2S1/2– 5 2P1/2) transition as shown in Fig. 5 where it i
compared with the very narrow excitation spectrum taken
the absence of mercury. Because of the optical mixing c
figuration, the available scan range is limited, and the en
width of the In resonance line wings could not be obtained
one excitation scan. With the laser and mixing crystal
tuned to 412.7 nm, a scan through this region did not rev
the satellite structure at 412.7 nm in the excitation spectr

The bound-bound HgIn emission bands observed by P
brick @8# at 499 and 522 nm are also produced by laser

FIG. 2. Ultraviolet emission spectra produced when
In(6 2S1/2– 5 2P1/2) transition in an Hg-In vapor at 1173 K is ex
cited at a power density of 3.5 MW/cm2.

FIG. 3. HgIn excimer emission satellite wings on th
In(6 2S1/2– 5 2P1/2) and In(62S1/2– 5 2P3/2) atomic emission lines
resulting from excitation of the In(62S1/2– 5 2P1/2) transition in an
Hg-In vapor at 1173 K and at a power density of 1.5 MW/cm2.
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citation of In(62S1/2) as shown in Fig. 4. As mentione
above, the 522-nm band was previously observed by Th
son et al. in an In(62S1/2) excitation experiment where th
In atoms were generated by photolysis of InBr in the pr
ence of Hg vapor@10#. In that experiment the 499-nm ban
was either absent or obscured by a broad, strong emis
band at 505 nm, which was reported to be present even in
absence of Hg vapor and was attributed to products o
reaction between excited In(62S1/2) and undissociated InB
to form either InBr or In2. The band at 505 nm was no
detected in the present work, nor in a previous In(62S1/2)
excitation study in pure In vapor at higher temperatures
produce emission spectra of In2 @15#, ruling out the possibil-
ity that the 505-nm band is due to emission by excited In2. In
the present work the 522-nm emission was resolved
bands that correspond the~0-0!, ~1-1!, and~2-2! bands found
in the high-resolution study of Chilukuri and Winans@9#.
The 499-nm band emission observed here as well as in
electric discharge experiment of Purbrick@8#, was absent
from the HgIn spectra of Chilikuri and Winans. Since th
latter authors demonstrated that some of the bands obse

FIG. 4. HgIn bound-bound emission produced in an Hg-In v
por at 1173 K following In(62S1/2– 5 2P1/2) excitation at a power
density of 0.3 MW/cm2.

FIG. 5. Excitation spectrum of HgIn taken by scannin
0.8-cm21 linewidth laser radiation at a power density o
1.5 MW/cm2 across the In(62S1/2– 5 2P1/2) transition and detecting
the In(62S1/2– 5 2P3/2) emission. For comparison, the narrow
excitation spectrum found under identical conditions but witho
Hg is shown.
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2028 56P. BICCHI, C. MARINELLI, AND R. A. BERNHEIM
by Purbrick were due to a CdIn impurity, the assignment
499 nm to HgIn might be called into question, but the obs
vation of the 499-nm band in this work is strong eviden
that it is indeed due to HgIn. While the 499-nm band w
resolved in the spectra obtained by Purbrick with a 21
grating instrument, it is unresolved here. Both the 522- a
499-nm band intensities exhibited linear dependencies on
incident laser power at 410.3 nm and linear dependencie
the In atomic vapor density.

In the present study, a number of emission features w
also observed in the UV following the In(62S1/2– 5 2P1/2)
excitation at 410.3 nm, which would require a multiphot
excitation process. The two principal features shown in F
2 are the In(52D – 5 2P1/2) and In(52D – 5 2P3/2) atomic
transitions at 304 and 326 nm, which can result from eit
recombination and/or cascade mechanisms involving spe
that are produced by two-photon excitation. The variation
intensity of these atomic UV features exhibited a linear
pendence on laser power at 410.3 nm, but required s
ciently high power levels that the In(62S1/2– 5 2P1/2) transi-
tion is saturated. For vapor cells that contain only In and
at 1173 K, the UV atomic emission at 326 nm is very we
and difficult to observe even with the same laser power l
els used here, and the transition at 304 nm is unobserva
The UV emission at 304 nm is never observed in cells w
only In and Ne present even at temperatures as high as
K, the highest temperatures used in previous In1Ne experi-
ments@16#. In the present work both of the atomic UV line
are strongly enhanced and broadened when Hg is prese
temperature dependence study of the UV indium atomic
intensities produced by 410.3-nm excitation~carried out at a
power of 0.2 MW! reveals that the In atomic UV emission
linear in the indium vapor density. This fact, as well as t
linear laser power dependence, rules out an energy poo
mechanism for the production of In(52D). Excitation spec-
tra taken by scanning the laser over the In(62S1/2– 5 2P1/2)
transition and detecting the In(52D) emission at 304 and
326 nm are shown in Fig. 6. Their broad widths~which are
different for each In transition! are also contrary to an energ
pooling process which in In1Ne is known to occur only
when the laser excitation is tuned exactly on resonance@16#.
Furthermore, the time evolution of the In(52D) emission at

FIG. 6. Excitation spectra of the two In(52D) UV atomic emis-
sion lines in an Hg-In vapor at 1173 K produced by scanning a la
over the In(62S1/2– 5 2P1/2) transition at 410.3 nm at a power den
sity of 3.5 MW/cm2.
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both 304 and 326 nm exhibits a slightly faster decay r
than the In(62S1/2) emission at 451.1 nm and more close
follows the laser pulse. This is consistent with the short~7
ns! lifetime of In(5 2D). The production of 326-nm emissio
by In(6 2S1/2)1In(6 2S1/2) energy pooling ionization colli-
sions occurs with a time delay due to In11e2 recombina-
tion and energy cascade to In(52D) @16#. No such delay is
observed here, which is not only further evidence agains
energy pooling process, but also argues against a multip
ton ionization ~MPI! route to In(52D). The broad widths
observed here indicate that a multiphoton excitation route
eventual formation of the In(52D) excited states involves
the Hg-In colliding pair. A linear power dependence of t
atomic UV emission intensity results if the In(62S1/2) exci-
tation is saturated, which is the case here. Since there a
number of mercury dimer electronic states in the same
ergy range as In(52D) and since the mercury density is a
proximately 1019 cm23, it is reasonable to expect populatio
of these states via collisional energy transfer from any
cited HgIn states which generate In(52D). While weak fea-
tures appear near the 304- and 326-nm In atomic lines in
UV, these are as yet unidentified. However, it should
pointed out that the broad feature near the base of
326-nm In line may be due to emission from the Hg2(1u)
state that correlates with Hg(63P1), the emission of which
peaks at 335 nm@17#.

In order to further characterize the nature of the electro
states associated with the HgIn bound-bound transition
499 and 522 nm, additional fluorescence decay meas
ments were obtained. Figure 7 shows the time dependenc
the fluorescence decay at 522-nm followin
In(6 2S1/2– 5 2P1/2) pulsed excitation, which exhibits both
fast and a slow component. The branching ratio between
fast and slow components as a function of temperatur
shown in Fig. 7, with the slow component dominating t
decay at 1173 K. Under conditions of saturation of t
6 2S1/2 state of In, the branching ratios are not functions
laser power. The fast component has a time constant ide
cal to the 2562 ns decay of the In(62S1/2) state@18#, while
that of the slow component is 106611 ns. The time decay o
the In(62S1/2– 5 2P3/2) emission at 451.1 nm resulting from
In(6 2S1/2– 5 2P1/2) excitation similarly exhibits a slow tai
with a 92618 ns time constant. Both the 522-nm emissi
and the In(62S1/2) emission have, therefore, roughly th
same decay kinetics under these conditions. Since the
both a fast and a slow component to each of these emis
features, it is likely that two interactions or decay pathwa
are making a contribution. The fast component at 522 nm
consistent with the correlation of the 522-nm radiating st
with In(6 2S1/2)1Hg(6 1S0) since In(62S1/2) also has a fast
decay of 2562 ns and its transition moment for emissio
would dominate the transition dipole of the correlated Hg
state. The slow component could arise from cascade
In(6 2S1/2) from some long-lived reservoir states at high
energy. There are many HgIn possibilities for such sta
and one must include those that correlate with the long-liv
triplet states of Hg: 63P0 , 6 3P1 , 6 3P2 , which are the only
excited Hg-atom states that lie below the ionization ene
of the In atom. There is also a possibility that the respons
reservoir states may be derived from Hg2.
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Direct excitation of HgIn at 522 nm

Direct excitation of the HgIn bound-bound transition
522 nm produces weak indications of unresolved struc
around the scattered laser radiation. However, strong fluo
cence at 410.3 and 451.1 nm is also produced, exhibitin
linear dependance on laser excitation power at 522 nm.
ing the detection of emission at either of the In atomic re
nance wavelengths, an excitation spectrum of HgIn can
obtained by scanning the exciting laser through the 522
region as shown in Fig. 8. The observed band struc

FIG. 7. The time evolution of the 522- and 499-nm band Hg
emission and the 451.1-nm In(62S1/2– 5 2P3/2) atomic emission at
different temperatures in the Hg-In vapor following pulsed exci
tion of the 410.3-nm In(62S1/2– 5 2P1/2) transition at a power den
sity of 1.5 MW/cm2.

FIG. 8. Laser excitation spectrum of the 522-nm band produ
by scanning 0.3-cm21 linewidth laser radiation at a power densi
of 0.7 MW/cm2 across the band and detected as emission on
In(6 2S1/2– 5 2P1/2) atomic transition.
re
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closely corresponds to the emission spectra resulting f
In(6 2S1/2) excitation and to the known high-resolution emi
sion spectrum@8,9# with the ~0-0!, ~1-1!, and ~2-2! vibra-
tional bands again evident. Direct excitation at 499 nm p
duces only very weak emission at 410.3 and 451.1 nm
well as some fluorescence near 499 nm, but no emissio
any other wavelengths between 525 and 300 nm. None o
UV features that appear when the In(62S1/2) state is excited
on one of the In resonance transitions are produced a
result of excitation in the 490–525-nm region.

The rate of emission at the In atomic resonance frequ
cies following 522-nm pulsed excitation also exhibits fa
and slow decay components. The fast component is a
consistent with the 2562 ns In(62S1/2) decay@18#, and the
slow components are 132613 ns for the In(62S1/2– 5 2P3/2)
emission, and 10668 ns for the In(62S1/2– 5 2P1/2) emis-
sion. The fluorescence lifetime of the 522-nm emission un
the same excitation conditions exhibits the same fast com
nent plus a much longer tail with a time constant
250675 ns. As above, the slow components of the In atom
resonance transitions are consistent with the production
long-lived reservoir states, which cascade into In(62S1/2).
These may be the same as those that are accessed usin
In(6 2S1/2) state excitation at 410.3 nm since the time co
stants for the slow emission components are similar. Ho
ever, an additional, longer-lived reservoir state participate
the cascade to the 522 nm emitting state when the excita
is induced at 522 nm.

IV. DISCUSSION

In order to accommodate the previous spectroscopic fi
ings together with the present observations, a proposed s
potential-energy curves is schematically presented in Fig

As discussed by Pichleret al. @11# some guidance for the
construction of a HgIn potential-energy diagram can be
tained from both theoretical@12# and experimental@19,20#
studies of HgTl. Experiment shows that the correspond
B 2S1/2 and X3/2 states of HgTl have binding energies
about 4400–4600 and 1240– 2750 cm21, respectively. The
binding energy of the HgTl(X1/2) ground state appears to b
800 cm21. The HgTl(B 2S1/2) excited state is also predicte
@12# to have a large contribution from a strongly attracti
ion-pair configuration which makes an avoided crossing w
the repulsive potential arising from Tl(72S1/2)1Hg(6 1S0).
Pichleret al. made an analogy between the electronic sta
of HgIn and those of HgTl to explain the satellite band stru
ture around the In atomic resonance lines in an HgIn elec
cal discharge. In order to reconcile the present spectrosc
findings with the previous assignments of HgIn spectra a
the extrapolation from HgTl, several new features are
quired and are incorporated into the schematically dra
potential-energy curves of Fig. 9. Most prominent of the
are the deep wells associated with theB 2S1/2 and X3/2,1/2
states, which are projected to be the upper and lower e
tronic states responsible for the bound-bound transition
522 nm.

Because the 522-nm band can be produced by In(62S1/2)
excitation, Thomsonet al. assigned it to emission arisin
from the bound excimer state of HgIn correlating with t
In(6 2S1/2)1Hg(6 1S0) asymptote. They also suggested@10#
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2030 56P. BICCHI, C. MARINELLI, AND R. A. BERNHEIM
that the lower state correlated with In(52P3/2)1Hg(6 1S0).
As pointed out above, the spectral analysis of Chilukuri a
Winans@9# implies that both the upper and lower states
the 522-nm band are deeply bound. In fact, if the potent
energy curves could be modeled by Morse potentials,
proximate values for the dissociation energies can be fo
from De5ve

2/4vexe . Using theve values from Chilukuri
and Winans and the assumption thatvexe is less than
0.5 cm21 for HgIn ~Chilukuri and Winans setvexe'0!, dis-
sociation energies in excess of 104 cm21 would be required
by a Morse potential for the upper and lower states wh
produce the 522-nm band. This fact plus the 22 159-cm21

difference between the In(62S1/2)1Hg(1S0) and
In(5 2P1/2)1Hg(1S0) asymptotes, the 2212.58-cm21

In(5 2P3/2– 5 2P1/2) fine-structure separation, together wi
the measured 522-band origin@8,9# of ne519 106 cm21 re-
quires substantial binding for the upper and lower electro
states of the 522-nm transition. If the lower state of t
522-nm band were correlated only with In(52P3/2), an un-
bound, repulsive HgIn ground state correlating w
In(5 2P1/2)1Hg(6 1S0) would not be possible. Even if th
HgIn electronic states depart significantly from a Mor
model, the negligiblevexe values must indicate deepl
bound states. This can be accommodated by theX3/2,1/2HgIn
states schematically sketched in Fig. 9, both being dee
bound.

FIG. 9. Schematically drawn potential-energy diagram for Hg
incorporating features which are necessary for consistency with
spectroscopic observations observed previously and in the pre
work. Also shown is the energetic location of the Hg2(1u) state
~dashed curve!, which can participate in energy transfer collisio
with excited HgIn or In and which can emit 335-nm radiation in
transition to the unbound ground state~not shown! of Hg2 located at
E50.
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In the reinterpretation of Purbrick’s spectra@8# by Chi-
likuri and Winans@9# the 522 band contained a2P fine-
structure separation that was very small compared to
similar separation of 20 cm21 in ZnIn and 8 cm21 in CdIn,
which they point out indicates an approach of the2P state to
Hund’s case~b! in the trend from lighter to heavier mol
ecules. However, Chilikuri and Winans also placed the2P
state above the2S on the basis of relative intensities of theP
andR branches, which is the reverse of the requirement h
that the lower state is2P. In the present work the upper sta
of the 522-nm band is generated by a one-photon excita
of In(6 2S1/2), and the 522-nm emission has a fast comp
nent identical to the decay rate of In(62S1/2), which is fur-
ther evidence that the upper state for the 522-nm band
relates with Hg(61S0)1In(6 2S1/2), in agreement with
Thomsonet al., and therefore must be a2S1/2 state. Further-
more, the fact that the 522-nm emission can be directly
cited with a one-photon process requires that the lower s
must correlate with one~or both! In(2P) ground states. The
long-time components of the decay rates arise from mu
photon excitation processes that decay by cascade thro
longer-lived higher excited states of HgIn or Hg2.

Figure 9 for HgIn departs from an extrapolation of th
theoretical curves for HgTl in that the ground-state fi
structure components are close together and are more de
bound. This is reasonable since the 62P3/2– 6 2P1/2 fine-
structure interval is much larger in Tl than th
5 2P3/2– 5 2P1/2 separation in In: 7792.7 cm21 for Tl com-
pared to 2212.58 cm21 for In. In Fig. 9, the ground state ha
been designatedX3/2,1/2 corresponding to the notation fo
HgTl used by Pfaff and Stock@19# and Chilikuri and Winans
@20#. It is suggested that the 522-nm band in HgIn should
referred to as theB-X transition rather thanB-A as used by
Purbrick @8# and Chilikuri and Winans@9#.

The weaker transition at 499 nm was shown to have
solved structure by Purbrick@8#, but with vibrational band
separations in the 40– 50-cm21 range, quite different from
that of the 522-nm band. In the present work, the 499-
band is produced in emission by excitation of In to t
6 2S1/2 state but is unresolved. Direct excitation at 499 n
produces In(62S1/2) but with greatly diminished intensity
when compared to excitation at 522 nm. Furthermore, e
tation at 499 nm does not produce measureable emissio
522 nm. A consistent explanation for these facts is
C 2S1/2–A 2S1/2 assignment for 499-nm shown in Fig. 9
The upper and lower bound states for this transition are
required to be as deep as those for the 522-nm transit
While the upper state for the 499-nm band is not the sam
that which gives rise to the 522-nm emission, it is nevert
less diabatically correlated with In(62S1/2)1Hg(6 1S0). The
lower A 2S1/2 state lies above theX3/2,1/2states and is weakly
thermally accessible. The upperC 2S1/2 state can be popu
lated from In(62S1/2) by diabatic collisions with Hg(61S0).
The broad diffuse emission that extends from the 522-
transition to 590 nm may be bound-free emission from eit
theC 2S2

1/2 or B 2S1/2 states to theA 2S1/2 or X3/2,1/2states.
Finally, the red-wing satellites on the In atomic resonan
lines are given, in agreement with Pichleret al., to regions
where the In(62S1/2– 5 2P3/2) and In(62S1/2–

2P1/2) differ-
ence potentials are less than the resonant state separa
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and remain constant over a region of Hg-In internuclear d
tances.

A complete analysis of the radiative and nonradiative
cay kinetics of the excited states would require a deta
investigation of the fluorescence lifetimes as a function
the densities and collision rates among all species pres
While such an energy transfer study was beyond the scop
the present survey, the fluorescence decay lifetimes m
sured here support the proposed assignments in Fig. 9.
present spectroscopic findings are consistent with
522-nm transition being dominated by the stro
In(6 2S1/2– 5 2P3/2,1/2) transition moments.

V. SUMMARY

While the satellite structure on the In atomic resonan
transitions may very well have excimer emission charac
istics, the HgIn bound-bound transition appears to indic
substantially binding for the ground electronic state of Hg
which is not conducive to high gain for HgIn excimer em
sion in general.

This conclusion is consistent with the spectroscopic in
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pretations that~a! give negligible anharmonic constants fo
the upper and lower electronic states responsible for
522-nm bound-bound transition;~b! require the upper elec
tronic state of the 522-nm transition to be correlated w
In(6 2S1/2)1Hg(6 1S0); ~c! assign the 522-nm transition to
2S1/2–X3/2,1/2 transition with a smallX-state fine-structure
separation; and~d! reveal a transition probability for the
522-nm emission that is identical to the In(62S1/2) emission.
Other results include a probable assignment of the w
499-nm band and the possible existence of several lon
lived HgIn and/or Hg2 reservoir states that lie above th
HgIn B 2S1/2 state that participate in the decay followin
resonant multiphoton excitation via the In(62S1/2) atomic
state or the HgInB 2S1/2 state. Full characterization of th
X3/2,1/2 states of HgIn would benefit from studies conduct
on HgIn cooled in supersonic beam expansions.
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