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Hgln photoassociation, bound-bound transitions, and excimer emission
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Laser excitation of In atoms at the?6,,,—52P,,, atomic resonance transition wavelength of 410.3 nm in
the presence of Hg vapor produces several types of emission features: Hgln 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 fg6,) with Hg(61S;), and UV atomic fluorescence
from the In(5°D) states that lie at energies above the 1A%§,—52P;,,) excitation. These various spectral
features are interpreted in terms of a proposed Hgln 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 Hgln bound-bound transitions also produces emission at 410.3 and
451.1 nm resulting from collisional dissociation of the excited Hgin sta&E050-294717)10109-3

PACS numbe(s): 34.50.Gb, 34.20.Cf, 33.20.Kf, 42.55.Lt

[. INTRODUCTION Although excimers can be created by a variety of excita-
tion methods, their structure and dynamics are often best
Over the past several decades considerable attention hatudied when they are formed from collisions in which one
been given to excimers derived from metal-noble-ga®f the atoms is prepared in a single, discrete excited state.
dimers. With their'S, closed-shell electronic ground states, This is conveniently accomplished for the group-Ill metals
the noble-gas elements give rise to mainly dissociativaising laser excitation of the atomic resonance transitions.
ground-state interactions with the metal atofh§ thereby The present work was undertaken to examine the emission
providing the lower state for the excimer emission. As ancharacteristics of electronically excited Hgin generated as
alternative to the noble gases, group-ll elements with theithe photoassociation product between laser excited
s, closed sub-shell electronic ground states often providén(6 2S,,,) and ground-state Hg(6,) atoms and to exam-
mainly dissociative ground states in their interaction withine the nature of the upper and lower electronic states that
many metal atoms. Among the group-Il elements, mercury igorrelate with this emission.
a particularly attractive excimer partner because of its con- In electrical discharges, emission spe¢#al1] that have
siderable vapor pressure and its low-lying, easily excitecbeen identified as arising from Hgln consist(af the exci-
electronic states. That it is a viable candidate as an atomimer wings and satellites associated with the 410.3- and
partner for an excimer laser is evidenced by the fact thatt51.1-nm In atomic lines, an@) electronic band spectra of
stimulated emission has been observed in mercury halidddglin at 522 and 499 nm. These spectroscopic features were
[2]. Since a high rate of excitation is required for laser gainfirst observed by Winanet al.[7] and later studied by Pur-
those metal atoms with low-lying excited electronic statesbrick [8], Chilikuri and Winang9], and Thomsoret al.[10].
are also considered to be good candidates for excimer lasekéore recently they were observed in an electrical discharge
as they can be expected to have large cross sections for eldwy Pichleret al. [11], who discussed the excimer wings on
tronic excitation. However, the dissociative nature of the Hg-the In atomic lines in terms of an Hgln potential energy
metal ground states is also a factor. For example, HgTl hadiagram constructed by analogy with the results of Hgfl
been advanced as an attractive group-ll—group-Ill excimeinitio calculations[12]. The prominent Hgin excimer emis-
laser possibility{ 1], but gain has yet to be observed for this sion features in electrical discharges are the red-wing satel-
system[3]. lites at 412.7 nm for the 410.3-nm In atomic line and at
The element In occurs immediately above T1 in the453.7 nm for the 451.1-nm In atomic lii8,11]. Additional
group-lll metals and has the unusual property that #§,6,  weaker satellites are also observall&]. The resolved rovi-
first excited atomic resonance state at 24 372.87'cia  brational structure of the bound-bound Hgln electronic band
greater in energy than one-half of the In 46 669.93-tm spectra at 522 nm has had several interpretations. The first of
ionization potential4]. Besides offering a £ 1 multiphoton  these[8] proposed a long progression’(=0-14) terminat-
ionization (MPI) process, this situation also forms the basising onv”=0 in the lower state. However, these bands were
for the very interesting energy pooling ionization collisions later reinterpreted by Chilukuri and Wina[@] as being due

[5,6]: to two overlapping sequencesB °Il;,—A %S and
B 2I1,,—A 23. The basis for the revision was an analogy
IN(62Sy,,) + In(6 2S;,5)—In* (1Sp) + In(5 2Py + & with the (B-A) bands of Cdin and ZnIn wheile andQ band

heads and overlapping doublet sequences were clearly evi-
dent. The atomic states that asymptotically correlate with the
which may play a role in electrical discharge excitation atupper and lower electronic states of the 522-nm band have
high metal vapor densities. also received different assignments. Chilukuri and Winans
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[9] suggested that these might be B+ In(52P,,,) for
the upper state and H) + In(5 2P,,,) for the lower state.
More recently, Thomsost al. observed the band at 522 nm
together with a more intense broad band at 505 nm when In 10
atoms are excited to the®s,, state in an experiment where
the In atoms are generated by photodissociation of InBr in
the presence of mercury vapdO]. Their conclusions were
that the 522-nm band could be assigned to emission arising
from a bound excimer state of Hgin correlating with the

I (arb.units)

In(62Sy,,) +Hg(6'S,) asymptote, and that the 505-nm band
was due to In(6S,,,) interacting with InBr.

As shown in the present study, excitation of In vapor at 400 4'50 5<')o 5éo 6Cl)0
410.3 nm in the presence of Hg vapor produces, in addition X {nm)
to the 499- and 522-nm bands, UV emission from the higher-
energy In(5°D) states, which forces one to consider the pos- FIG. 1. Visible emission spectra produced when the
sibility that the 522-nm band might originate from a state!n(6 *Sy,~57Py;) transition in an Hg-In vapor at 1173 K is ex-
correlating with In atomic states above I®,,) or from a  Cited at a power density of 0.3 MW/cm
state correlating with one of the In atomic ground states and ) o
excited states of Hg. Furthermore, the fluorescence decaind detected with a Hamamatsu R663 photomultiplier. For
time of the 522-nm band was found to have both a fast and De lifetime measurements the output of the photomultiplier
slow component. Other findings that must be reconciled witHS Monitored with a Tektronix TDS520 transient digitizer
the assignment of the bound-bound transitions are the cuft@ving & 500-MHz bandwidth. Spectra as a function of either

rently accepted spectroscopic constants for the 522-nm barfliSPersed fluorescence or scanned excitation wavelength

[9], which are ve=19,106 cm?, w.=198cm?, W’ were recorded using a boxcar averager. The In atomic spec-

—151cm! with anharmonic constantse’x’ ~w!x!~0. tral lines provide a convenient wavelength calibration. The
The negligible anharmonic constants together with éhe

values are an indication of a substantial bond energy for th
upper and lower states of Hgln, which give rise to this band’

The present work offers additional spectroscopic findings

laser power was measured at both the beginning and end of
each data collection experiment with an Ophir 10 A-P laser
ower meter.

that are interpreted in terms of a proposed potential energy Ill. RESULTS
level structure for Hgln. Several types of spectroscopic data are reported here. The
first is the dispersed emission spectrum following 1A%,
Il. EXPERIMENT —52pP,;,) excitation at 410.3 nm. The second is dispersed

. . emission following excitation at various points in the 490—
The mgasgrements were cgrned out in a q“?‘”z Sampl§25-nm range, which is the region where the Hgln bound-
cell 3 cm in diameter by 5 cm in length loaded with a small ’

. bound emission occurs. A third consists of excitation spectra
piece of In metal of 99.999% stated purity3]. A very small . 2
droplet of mercury is added and the cell degassed und taken by scanning the laser around the If66;,~5°Py)

vacuum at 473 K. After filling with 10 torr of Ne gas, the cell ansition region and over the 490-525-nm region. Finally,

is sealed off. At the temperature of 1173 K where most of themeasurements were made of the time dependence of the

measurements were made, the mercury is entirely Vaporizeg{lnission decay of some of the spectral transitions following
) . i . Z Ised laser excitation at 410.3 and 522 nm.
with an atomic number density of approximately*36m™3.
The In atomic number densityl4] is 6.5< 10" cm™2 and
the Ne atomic density is 8:210'° cm™3. The cell is placed
in an oven where a long-term temperature stability of 1 K The emission spectrum produced when a mercury-indium
could be maintained for the measurements. vapor is excited on the 410.3-nm Int8,,,—52P;,,) reso-
Resonant excitation of In atoms to the’%,, level is  nance transition is shown in Figs. 1-4 with the visible fea-
produced by pulsed laser radiation at 410.3 nm obtained btures in Fig. 1 and the UV in Fig. 2. Figure 3 exhibits details
optical mixing the output of a pulsed dye laser at 667 nmof the satellites near the In atomic resonance transitions, and
with the 1064-nm fundamental of a Nd:YAG laser. The Fig. 4 shows emission details of the HgIin bound-bound tran-
pulses at 10 Hz have a 10-ns width and a 0.8-tiand-  sitions at 499 and 522 nm. All intensities are in arbitrary
width, mainly due to that of the fundamental Nd:YAG out- units, and all spectra were obtained at a vapor cell tempera-
put. Laser power densities range between 0.2 andure of 1173 K. The features near the In atomic resonance
3.4 MW/cn? in a beam diameter of approximately 3 mm. lines that are due to the presence of Hg include the promi-
For the direct excitation of Hgln in the 490-525-nm re- nent red-wing excimer shoulders at 412.7 and 453.6 nm in
gion, the pulsed radiation produced by the dye laser was usdelg. 3 which are identical to those reported for electrical
directly and with a bandwidth of 0.3 cmh. The power den- discharge excitation in a Hg-In vapp8,11]. However, the
sities quoted for those experiments are for 10-Hz, 10-nelectrical discharge features previously observed at 455 and
pulse duration, and in a 3-mm-diameter beam. 438 nm could not be detected. On the blue side of the
The laser-induced fluorescence at 90° is dispersed with 451.1-nm line, the weak satellite observed in an electrical
Jobin Yvon HR1000 monochromator at 15-chresolution  discharge at 447 nm was found in this work, but the satellites

Excitation of In (6 2S;,,—52P;,,) at 410.3 nm
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FIG. 4. Hgln bound-bound emission produced in an Hg-In va-
4 | | por at 1173 K following In(6S;,,—52P,,,) excitation at a power
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FIG. 2. Ultraviolet emission spectra produced when thecitation of In(6281/2) as shown 'n_ Fig. 4. As mentioned
In(6 2S,,~52P,,,) transition in an Hg-In vapor at 1173 K is ex- above, the 522-nm band was previously observed by Thom-
sonet al. in an In(62S,,,) excitation experiment where the
In atoms were generated by photolysis of InBr in the pres-
previously reported11] at 405 and 392 nm are not evident. €Nce of Hg vapof10]. In that experiment the 499-nm band
Other features due to Hg are the Hgln bound-bound transi@s either absent or obscured by a broad, strong emission
tions at 499 and 522 nm and the Hg enhanced UV emissioRand at 505 nm, which was reported to be present even in the
of the In(52D—52P, ) transitions. These latter also ex- absence of Hg vapor and was attnbuted_ to p-roducts of a
hibit line broadening due to Hg. An additional spectral fea-r€action between excited In¢&,,) and undissociated InBr

ture not previously reported is the broad wing on the red sidd0 form either InBr or Ip. The band at 505 nm was not
of the transition at 522 nm, which extends to 590 nm. Indetected in the present work, nor in a previous Ifg,)

contrast to measurements made in electrical discharges, ti&citation study in pure In vapor at higher temperatures to
present spectra are free from the complications of selfProduce emission spectra ofIf5], ruling out the possibil-

reversal of the In resonance lines and the presence of H{ that the 505-nm band is due to emission by excited In
atomic transitions. the present work the 522-nm emission was resolved into

An excitation spectrum of the Hg-In interaction near thebands that correspond ti#@-0), (1-1), and(2-2) bands found

410.3-nm In resonance line can be obtained by monitoring? the high-resolution study of Chilukuri and Winap8].
the 451.1-nm fluorescence as the laser is scanned over tH&€ 499-nm band emission observed here as well as in the
In(62S,,,—~52P,,,) transition as shown in Fig. 5 where it is €lectric discharge experiment of Purbri¢g], was absent

compared with the very narrow excitation spectrum taken iffom the Hgin spectra of Chilikuri and Winans. Since the
the absence of mercury. Because of the optical mixing conlatter authors demonstrated that some of the bands observed

figuration, the available scan range is limited, and the entire

cited at a power density of 3.5 MW/dm

width of the In resonance line wings could not be obtained in
one excitation scan. With the laser and mixing crystal re-
tuned to 412.7 nm, a scan through this region did not reveal
the satellite structure at 412.7 nm in the excitation spectrum.
The bound-bound Hglin emission bands observed by Pur- =
brick [8] at 499 and 522 nm are also produced by laser ex- £
5
: e B
3 x20 g Xo 4097 3103 4109 4114
~ A(nm)

380 390 400 4I0 420 440 445 450 455 460 o _
Anm) A(nm) FIG. 5. Excitation spectrum of Hgln taken by scanning

0.8-cmi! linewidth laser radiation at a power density of
FIG. 3. Hgln excimer emission satellite wings on the 1.5 MW/cn? across the In(8S,,,—52%P;,,) transition and detecting
In(62S,;,,-52P;;,) and In(62S;,,—52%P3,) atomic emission lines the In(62S;,—52%P3,) emission. For comparison, the narrow In
resulting from excitation of the In(8S,,,—52%P;,,) transition in an  excitation spectrum found under identical conditions but without
Hg-In vapor at 1173 K and at a power density of 1.5 MW#cm Hg is shown.
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both 304 and 326 nm exhibits a slightly faster decay rate

326nm than the In(€S,,) emission at 451.1 nm and more closely
follows the laser pulse. This is consistent with the sh@rt
ns) lifetime of In(52D). The production of 326-nm emission
by In(62S,,) +In(62S,,,) energy pooling ionization colli-
sions occurs with a time delay due to*l# e~ recombina-
tion and energy cascade to I{B) [16]. No such delay is
observed here, which is not only further evidence against an
energy pooling process, but also argues against a multipho-
ton ionization (MPI) route to In(5°D). The broad widths
| | . observed here indicate that a multiphoton excitation route to
409 4i0 411 412 eventual formation of the In(3) excited states involves

A(nm) the Hg-In colliding pair. A linear power dependence of the
FIG. 6. Excitation spectra of the two Inf®) UV atomic emis- atqmiq UV emission in_tensity results if the InE.Sl/Z) exci-
sion lines in an Hg-In vapor at 1173 K produced by scanning a Iasetratlon is saturated, WhICh is the ca;e here. _Slnce there are a
over the In(62S,,,~52Py,) transition at 410.3 nm at a power den- number of mercury dimer glectromc states in the.sa.me en-
sity of 3.5 MW/cnf. ergy range as In(3D) and since the mercury density is ap-
proximately 18° cm™3, it is reasonable to expect population

by Purbrick were due to a Cdin impurity, the assignment ofo_f these states via golhsmnal energy transfer from any ex-
499 nm to Hgln might be called into question, but the obser<ited Hgin states which generate IrfB). While weak fea-
vation of the 499-nm band in this work is strong evidencelUres appear near the 304- and 326-nm In atomic lines in the
that it is indeed due to Hgln. While the 499-nm band wasUV. these are as yet unidentified. However, it should be
resolved in the spectra obtained by Purbrick with a 21-ffpointed out that the broad feature near the base of the
grating instrument, it is unresolved here. Both the 522- and26-nm In line may be due to emission from the,Hg,)
499-nm band intensities exhibited linear dependencies on thgsate that correlates with Hgé®;), the emission of which
incident laser power at 410.3 nm and linear dependencies gpeaks at 335 nril7].
the In atomic vapor density. In order to further characterize the nature of the electronic
In the present study, a number of emission features werstates associated with the Hgin bound-bound transitions at
also observed in the UV following the Inf®,,—52%P,, 499 and 522 nm, additional fluorescence decay measure-
excitation at 410.3 nm, which would require a multiphotonments were obtained. Figure 7 shows the time dependence of
excitation process. The two principal features shown in Figthe  fluorescence  decay at 522-nm  following
2 are the In(3D-52P,;,) and In(52D-52P,;,) atomic  In(6%S;,—52P,;,) pulsed excitation, which exhibits both a
transitions at 304 and 326 nm, which can result from eithefast and a slow component. The branching ratio between the
recombination and/or cascade mechanisms involving specidgst and slow components as a function of temperature is
that are produced by two-photon excitation. The variation inrshown in Fig. 7, with the slow component dominating the
intensity of these atomic UV features exhibited a linear dedecay at 1173 K. Under conditions of saturation of the
pendence on laser power at 410.3 nm, but required suffié 23,,, state of In, the branching ratios are not functions of
ciently high power levels that the In@&,,,—5°P,,) transi- laser power. The fast component has a time constant identi-
tion is saturated. For vapor cells that contain only In and Necal to the 25-2 ns decay of the In(6Sy,) state[18], while
at 1173 K, the UV atomic emission at 326 nm is very weakthat of the slow component is 18611 ns. The time decay of
and difficult to observe even with the same laser power levthe In(6%S,—52P3;) emission at 451.1 nm resulting from
els used here, and the transition at 304 nm is unobservablin(62S,,,—52P,,,) excitation similarly exhibits a slow tail
The UV emission at 304 nm is never observed in cells withwith a 92+ 18 ns time constant. Both the 522-nm emission
only In and Ne present even at temperatures as high as 122®d the In(€S,,) emission have, therefore, roughly the
K, the highest temperatures used in previousMe experi- same decay kinetics under these conditions. Since there is
ments[16]. In the present work both of the atomic UV lines both a fast and a slow component to each of these emission
are strongly enhanced and broadened when Hg is present.faatures, it is likely that two interactions or decay pathways
temperature dependence study of the UV indium atomic linewre making a contribution. The fast component at 522 nm is
intensities produced by 410.3-nm excitati@married out at a consistent with the correlation of the 522-nm radiating state
power of 0.2 MW reveals that the In atomic UV emission is with In(6 2S,,,) + Hg(61S) since In(6S,,,) also has a fast
linear in the indium vapor density. This fact, as well as thedecay of 25-2 ns and its transition moment for emission
linear laser power dependence, rules out an energy poolingould dominate the transition dipole of the correlated Hgin
mechanism for the production of Inf®). Excitation spec- state. The slow component could arise from cascade into
tra taken by scanning the laser over the 1A8§,,—52P;,) In(62S,,) from some long-lived reservoir states at higher
transition and detecting the In®®) emission at 304 and energy. There are many Hgln possibilities for such states,
326 nm are shown in Fig. 6. Their broad widtfvghich are  and one must include those that correlate with the long-lived
different for each In transitiorare also contrary to an energy triplet states of Hg: 6P,, 6°P;, 63P,, which are the only
pooling process which in WNe is known to occur only excited Hg-atom states that lie below the ionization energy
when the laser excitation is tuned exactly on reson@h6g  of the In atom. There is also a possibility that the responsible
Furthermore, the time evolution of the In{B) emission at reservoir states may be derived from Hg

304nm

I {arb.units)
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closely corresponds to the emission spectra resulting from
In(62S,,,) excitation and to the known high-resolution emis-
sion spectrun{8,9] with the (0-0), (1-1), and (2-2) vibra-
522nm tional bands again evident. Direct excitation at 499 nm pro-
/ duces only very weak emission at 410.3 and 451.1 nm as
well as some fluorescence near 499 nm, but no emission at
any other wavelengths between 525 and 300 nm. None of the
UV features that appear when the I, state is excited
on one of the In resonance transitions are produced as a
result of excitation in the 490—-525-nm region.
|.J . . . : The rate of emission at the In atomic resonance frequen-
cies following 522-nm pulsed excitation also exhibits fast
and slow decay components. The fast component is again
1073K consistent with the 262 ns In(6°S,,,) decay[18], and the
slow components are 13213 ns for the In(6S,,,—52%P3),)
emission, and 1068 ns for the In(6S;,—52%P,,,) emis-
522nm sion. The fluorescence lifetime of the 522-nm emission under
499nm the same excitation conditions exhibits the same fast compo-
451.1nm nent plus a much longer tail with a time constant of
250+ 75 ns. As above, the slow components of the In atomic
resonance transitions are consistent with the production of
long-lived reservoir states, which cascade into I#%§,).
These may be the same as those that are accessed using the
0 230 '5(00) 750 1000 In(62S,,,) state excitation at 410.3 nm since the time con-
" stants for the slow emission components are similar. How-
FIG. 7. The time evolution of the 522- and 499-nm band Hgln €Ver. an additional, longer-lived reservoir state participates in
emission and the 451.1-nm In¢6,,,~52P4,) atomic emission at  the cascade to the 522 nm emitting state when the excitation
different temperatures in the Hg-In vapor following pulsed excita-iS induced at 522 nm.
tion of the 410.3-nm In(8S,,,—52%P,,) transition at a power den-
sity of 1.5 MW/cnf. IV. DISCUSSION

H73K

499nm

451.inm

I (arb. units)

I{arb. units)

In order to accommodate the previous spectroscopic find-
ings together with the present observations, a proposed set of
Direct excitation of the Hgln bound-bound transition at potential-energy curves is schematically presented in Fig. 9.
522 nm produces weak indications of unresolved structure As discussed by Pichlest al.[11] some guidance for the
around the scattered laser radiation. However, strong fluoreggnstruction of a Hgln potential-energy diagram can be ob-
cence at 410.3 and 451.1 nm is also prOduced, eXthItlng &ined from both theoreticduz:l and experimentaﬂlg'zq
linear dependance on laser excitation power at 522 nm. Usstudies of HgTIl. Experiment shows that the corresponding
ing the detection of emission at either of the In atomic resog 25, and Xg» states of HgTl have binding energies of
nance wavelengths, an excitation spectrum of Hgin can bgpout 4400-4600 and 1240—2750 ¢mrespectively. The
obtained by scanning the exciting laser through the 522'”%inding energy of the HgTK,,,) ground state appears to be
region as shown in Fig. 8. The observed band structur@og cml. The HgTI@ 23,,,) excited state is also predicted
[12] to have a large contribution from a strongly attractive
ion-pair configuration which makes an avoided crossing with
the repulsive potential arising from TIEB,,,) + Hg(61Sy).
Pichleret al. made an analogy between the electronic states
of Hgln and those of HgTI to explain the satellite band struc-
ture around the In atomic resonance lines in an Hgln electri-
cal discharge. In order to reconcile the present spectroscopic
findings with the previous assignments of Hgln spectra and
the extrapolation from HgTI, several new features are re-
quired and are incorporated into the schematically drawn
potential-energy curves of Fig. 9. Most prominent of these
1 | | , Ly are the deep wells associated with BeS 1, and Xz/.1/>
500 505 510 515 520 525 530 states, which are projected to be the upper and lower elec-
Alnm) tronic states responsible for the bound-bound transition at
522 nm.

FIG. 8. Laser excitation spectrum of the 522-nm band produced Because the 522-nm band can be produced by 18(p)
by scanning 0.3-ci linewidth laser radiation at a power density €Xxcitation, Thomsoret al. assigned it to emission arising
of 0.7 MWi/cn? across the band and detected as emission on th&#om the bound excimer state of Hgin correlating with the
IN(6 2S,,,—52P,,,) atomic transition. In(62S,,,) + Hg(61S,) asymptote. They also suggesidd]

Direct excitation of Hgln at 522 nm

I(arb. units)
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In the reinterpretation of Purbrick’s spectf@] by Chi-

8- e (s likuri and Winans[9] the 522 band contained &1 fine-
3 . structure separation that was very small compared to the
44} —— Hg(67P,) +Hg(6'Sp) .. . 1. _1 -
similar separation of 20 cnt in Znin and 8 cm? in Cdin,
40~ e — Hg(6%R,) +Hg(6'So) which they point out indicates an approach of ié state to
s6k — Hg(63R,)+Hq(6'So) Hund's case(b) in th(le'tre'nd from'lighter to heavier mol-
(D) Ha (650 ecules. However, Chilikuri a}nd Winans glso p_Ie_lced fihe
321 I ;g ) 0 state above thé3, on thg basis of relative mtensmgs of tRe
28l 8 u andR branches, which is the reverse of the requirement here
© that the lower state iéI1. In the present work the upper state
= e4r \/c n In(6%S,,2)* Hg (6'So) of the 522-nm band is generated by a one-photon excitation
,,“E’ 20l { of In(62S,,,), and the 522-nm emission has a fast compo-
e 2 © & nent identical to the decay rate of Int8,;,), which is fur-
“oe- | Y 3 P ther evidence that the upper state for the 522-nm band cor-
oL I B 212 : g relates with Hg(6'Sy)+In(62S,,), in agreement with
o v Thomsonet al, and therefore must be %, state. Further-
8l § N more, the fact that the 522-nm emission can be directly ex-
i \/A.\,2 cited with a one-photon process requires that the lower state
In(5%P,,,) + Hg (6'S,) must correlate with onéor both In(?P) ground states. The
o Xan In (52 R,,) +Hg (6'S,) long-time cpm_ponents of the decay rates arise from multi-
b \/ ‘ photon excitation processes that decay by cascade through
Xirz longer-lived higher excited states of Hgln or g
= Figure 9 for Hgln departs from an extrapolation of the

theoretical curves for HgTI in that the ground-state fine

h ically d ial di ¢ structure components are close together and are more deeply
FIG. 9. Schematically drawn potential-energy diagram for Hglnbound. This is reasonable since théFﬁg,/z—GZPuz fine-

incorporating features which are necessary for consistency with thg ructure interval is much larger in Tl than the
spectroscopic observations observed previously and in the preseg%zp 52p separation in In; 7792.7 it for Tl com
32— 12 . . -

work. Also shown is the energetic location of the ) state ~ .
(dashed curve which can participate in energy trari[fgejr collision pared to 2_212'58 cnt for In. In Fig. _9’ the ground st(_:lte has
with excited Hgin or In and which can emit 335-nm radiation in its been designate®s; ,/, corresponding t_o_ th_e notaﬂ_on for
transition to the unbound ground stétet shown of Hg, located at 19 T! used by Pfaff and Stodk 9] and Chilikuri and Winans
E=0. [20]. It is suggested that the 522-nm band in Hgin should be
referred to as th8-X transition rather thaB-A as used by
Purbrick[8] and Chilikuri and Winan$9].
that the lower state correlated with In{Bg,) +Hg(6'Sy). The weaker transition at 499 nm was shown to have re-
As pointed out above, the spectral analysis of Chilukuri andsolved structure by Purbricf8], but with vibrational band
Winans[9] implies that both the upper and lower states forseparations in the 40—50-cthrange, quite different from
the 522-nm band are deeply bound. In fact, if the potentialthat of the 522-nm band. In the present work, the 499-nm
energy curves could be modeled by Morse potentials, appand is produced in emission by excitation of In to the
proximate values for the dissociation energies can be found 2s, , state but is unresolved. Direct excitation at 499 nm
from De=wi/4weX,. Using thew, values from Chilukuri  produces In(6S,,) but with greatly diminished intensity
and Winans and the assumption thatx. is less than when compared to excitation at 522 nm. Furthermore, exci-
0.5 cmi 't for HglIn (Chilukuri and Winans sebgx.~0), dis-  tation at 499 nm does not produce measureable emission at
sociation energies in excess of*1@m ! would be required 522 nm. A consistent explanation for these facts is the
by a Morse potential for the upper and lower states whiclC 23,,,—A 23, assignment for 499-nm shown in Fig. 9.
produce the 522-nm band. This fact plus the 22 159-tm The upper and lower bound states for this transition are not
difference  between the In@®;,)+Hg(*S,) and required to be as deep as those for the 522-nm transition.
IN(52P,) +Hg(*S,) asymptotes, the 2212.58-cth  While the upper state for the 499-nm band is not the same as
In(52%P4,—52%P,),) fine-structure separation, together with that which gives rise to the 522-nm emission, it is neverthe-
the measured 522-band oridi8,9] of v,=19 106 cm* re-  less diabatically correlated with Iné&, ;) + Hg(6'S,). The
quires substantial binding for the upper and lower electronidower A 23, ,, state lies above th¥;, 1/, States and is weakly
states of the 522-nm transition. If the lower state of thethermally accessible. The upp€r?s ,,, state can be popu-
522-nm band were correlated only with Ii{B;,,), an un-  lated from In(6%S,,,) by diabatic collisions with Hg(6S,).
bound, repulsive Hgin ground state correlating withThe broad diffuse emission that extends from the 522-nm
In(52P4,) + Hg(6'S,) would not be possible. Even if the transition to 590 nm may be bound-free emission from either
Hglin electronic states depart significantly from a MorsetheC 232, or B 23, states to thé\ 23, or X5, 15 States.
model, the negligiblewsx, values must indicate deeply Finally, the red-wing satellites on the In atomic resonance
bound states. This can be accommodated byte, ,Hgin  lines are given, in agreement with Pichletral, to regions
states schematically sketched in Fig. 9, both being deeplwhere the In(€S,,—52P3,) and In(62S,,,—2P;,) differ-
bound. ence potentials are less than the resonant state separations
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and remain constant over a region of Hg-In internuclear dispretations thata) give negligible anharmonic constants for
tances. the upper and lower electronic states responsible for the
A complete analysis of the radiative and nonradiative de522-nm bound-bound transitio) require the upper elec-
cay kinetics of the excited states would require a detailedronic state of the 522-nm transition to be correlated with
investigation of the fluorescence lifetimes as a function ofin(62S,,,) + Hg(61Sy); (c) assign the 522-nm transition to a
the densities and collision rates among all species present3.;;,—Xa, 1, transition with a smallX-state fine-structure
While such an energy transfer study was beyond the scope gkparation; andd) reveal a transition probability for the
the present survey, the fluorescence decay lifetimes me&22-nm emission that is identical to the I{®,;,) emission.
sured here support the proposed assignments in Fig. 9. Ti@ther results include a probable assignment of the weak
present spectroscopic findings are consistent with th@99-nm band and the possible existence of several longer-
522-nm transition being dominated by the stronglived Hgin and/or Hg reservoir states that lie above the

IN(62S;/,—5%P451/) transition moments. Hgln B 23, state that participate in the decay following
resonant multiphoton excitation via the Int8,,) atomic
V. SUMMARY state or the HglB 23/, state. Full characterization of the

. ) : X301/ States of Hgln would benefit from studies conducted
While the satellite structure on the In atomic resonance,, Hgln cooled in supersonic beam expansions.

transitions may very well have excimer emission character-

istics, the Hgln bound-bound transition appears to indicate

substantially binding for the ground electronic state of Hgln,

which is not conducive to high gain for Hgin excimer emis-  Support from the National Science Foundation, NATO,

sion in general. and the Italian Consiglio Nazionale della Ricerche is grate-
This conclusion is consistent with the spectroscopic interfully acknowledged.
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