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Laser excitation and photoionization spectroscopy of the AO* and B1
states of indium monoiodide: Ground state dissociation energy
and photodissociation yield of In  (652Sy),)

K. K. King,2 C. M. Herring,” and J. G. Eden®
Everitt Laboratory, Department of Electrical and Computer Engineering, University of lllinois, Urbana,
lllinois 61801

(Received 31 July 1998; accepted 23 April 1999

The dissociation energy of the Inl ground staXe'® *(0™)) and the relative yield of In(§2S;,,)

from the photodissociation of Inl by sequential two-photon absorption have been measured by
laser-induced fluorescence and excitation spectroscopy in the 390—431 nm region. Laser excitation
spectroscopy and photoionization experiments demonstrate that@fiedissociation energy is
25340+ 90 cmi 1, which agrees with the value suggested by Vempati and Jdné4ol. Spectrosc.

127, 232(1988] if the Inl ground state is covalent. Seven previously unreported vibrational bands
of the Inl(B«+—X) transition have been observed and the molecular emission spectra indicate that the
B3I1,(1) state is predissociated above-6. Splitting between the fine structure levels of the In
np2P1,23,2(15$n$17) states has also been measured by fluorescence suppression spectroscopy,
following the three photon excitation of Inl in the 450—-470 nm interval. 1899 American
Institute of Physicg.S0021-960609)01827-9

I. INTRODUCTION IN(5p 2Py,,) +1(5p2P3,). Presuming, however, that the
_ ] ) ground state is ionic, Vempati and Johesoncluded thathe

In 1934, Wehrli and Miesché&f reported the observation AO" and Bl states are also derived fron(5p 2Py,
of three excited states of Inl. The two 3Iowest I)_/ing of tr_\ese+ I(2P4,) and the ground-state dissociation energy rises to
are bound and were label@éd’ITo andB °I1;, while transi- 57500 cmt. The latter scenario was favored in Ref. 11 on
tions from ground to th? third state,.denotéé‘lﬂl, 9IVENS€  the pasis of molecular orbital correlation arguments.
to a broad cotr:tmuu.m in the ultraviolek {-318 nm)c.j Frc;;:d | Spectroscopic constants for electronic states of Inl and
microwave a sorptlon experlments., Barrett and Mande other Group IlIA metal—halide diatomics are of interest for
subsequently determined the rotational constants for th everal reasons, one of which is the role of these species in

.grg'und séaLes Efatth?mo?()hg“geti of alulimr}uqun,fgzzlllgmj ANYas discharge lamp3.Furthermore, measurements of rela-
indium. scheniet al.” extended the work or =et. YN tive photodissociation yields of metal atoms in specific ex-

cluding hyperfine structure in the analysis of the Inl rota- . o . )
. . . . i r metal—halogen atomic ion pdi vital
tional spectrum. With the Kitt Peak Fourier-transform spec-C ted states or metal-halogen atomic ion pdiesre vital to

trometer, Davis and Pecynemeasured the rotational line detergmnlng the pracpcahty of thin film depositith or

. X . . lasef® schemes. In this paper, the results of laser spectro-
positions for 234 vibrational bands of th&B—X transi- scopic experimental studies of tiheand B states of Inl are
tions in absorption in the 22 285-25 322 chregion and b b

determined vibrational and rotational spectroscopic constantgs% porgii'hléaggg'nfsulciiqﬂfeor; Sncfg\fja?ggfgﬁ'tigsi%32?032_5'
for the X, A, andB states. Py B 9 P y

Despite the availability of high-resolution absorption reportedB«X(v’—v") bands, and the spectra suggest that

measurements, a significant issue yet to be resolved for Inl i eB1 state Is predlssomateq abové=6. Comparison of
the dissociation energy of the ground sta} *(O*)).8 ,A<—X absorption spectra with the wavelength-dependent

Primarily on the basis of thermochemical data, Barrewg- relative yield of In(&Z,SUZ) show§ that thg upper limit on
gested thaDo(X)~27 600 cmT?, which is 7%—15% larger D for the InI(X) state is 25 429 cit. Photoionization spec-
than the values estimated by Bulewiezal® and Wehrli and tra acquired in the vicinity of the'l photodetachment thresh-

Mieschet from flame photometry and spectroscopic experi—OId_rleveal that a conservatiewer limit on De(X) Is 25143
ments, respectively. Vempati and Johed determined the M . These valueg support the p“’pos?" by Bafrtvat the
rotational constants of th& andB states from an analysis of N ground state is covalent and derived from 4R{,)
microwave discharge emission spectra and concluded that'(“Par)- _ - -

the Ini(X) state dissociation energy is 25 296 chif XO* is The photodissociation spectra also exhibit a strong de-

2 . .
covalent and correlates, in the separated atom limit, witPendence of In(8°S,,;) yield on the rotational quantum
number of the intermediafB1(v’,J')] state, a characteris-

tic that is not present in the photoionization spectra. Finally,

dpPresent address: Cutting Edge Optronics, Inc., 20 Point West Blvd., Stepfitt: :
Charles, MO 63301, Splitting between the fine structure components of the

2 . .
bpresent address: Caviton, Inc., 702 Scottswood Dr., Urbana, IL 61802. NP P; (n$17) states of In and the dlpole-forbldden
®Electronic mail: jgeden@uiuc.edu nszsl,z,md2D3,2,5,ﬁ6s 23, (15=n=<25, 13<m=25)
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transitions have been observed by fluorescence suppressi
spectroscopy of the In@S,,,) species, following three-
photon excitation of Inl in the 450—-470 nm spectral region.

IIl. EXPERIMENTAL APPARATUS AND TECHNIQUES

All experiments were conducted under static fill condi-
tions with Inl-containing quartz optical cells. After the cells
were evacuated to below 1BTorr and outgassed, natural
abundance Inl was introduced and the cell sealed. For mo:
of the experiments described here, the cells were operated
a temperature of 6505 K, which corresponds to an Inl
number density of 1¥fcm™3. Radiation from an Nd:YAG
laser-pumped dye laser having a linewidth~ad.1 cmi * was

Absorption

Il ! L 1 L1 L 1 i 1 L

. . F 1 L 1 ! 1 L L L L 1 L Lo
directed along the axis of the cell and fluorescence observe %300 325 350 375 400 425

at right angles by a 0.25 m monochromator and a photomui- Wavelength (nm)

tiplier. Experiments were conducted in which either atomicg,g. 1. Absorption spectrum of Inl in the 300-425 nm region. T

In or laser-induced InB,A— X) emission was detected. The —XO* continuum is saturated betweerB24 and 326 nm and the highly
dye laser wavelength was calibrated by Ne optogalvanigtructured bands are associated WD, B1—X transitions_ of the mol-
spectroscopy to an estimated uncertaint)t@‘.l cm'l The eculzi Fglrethef data, the cell temperature was 650 K, which corresponds to
nominal dye laser pulsewidth is 8 ns and the pulse energglml]_1 em =

was, unless noted otherwise, maintained-atmJ. A boxcar

integrator sampled the photomultiplier output and the entire A series of experiments was conducted in which molecu-

experiment was un_der the control of a compu'Fer. lar and atomic excitation spectra were obtained. Molecular
. Survey absorpt_|on specira of Inl were o_b_tamed ata resoépectra were acquired predominantly for Bi& state which
'““OT‘ of 0.2 nm with a Xe arc Iamp.prowdlng the SOUrCe ivolved monitoring the relative intensity of a particulBr
cont!nuum adal mspe.ctrggraphjhavm.g a reC|_procaI.d|s- —X(v',v") emission line as the dye laser wavelength was
persmr_mrﬁf 0.82 rtlmllrzm n grst ord)efetc;]wplped W'trl a :j|ode scanned. This experimental approach is essentially a sensi-
array. 1he spectral cependence of e famp output Was ag,. yeans for acquiring«— X absorption spectra. Similarly,
counted for by sampling the beam incident upon and trans:

itted by th tical cell with fiber bundl d i Iatomic excitation spectra for the Ir*6,,, state were ob-
mitted by the optical cell with Tioer bundles and an optical5inq by recording the relative intensity of thes%s,,
multichannel analyzer.

—5p 2P, atomic line(451.1 nm as a function of dye laser

hi IDr]h:;]t0|onl_zat;on ”expeannts dvl\;ere also ;:_ond:Jcted t"!NaveIength. Results representative of more than 20 spectra
which the oplical cefl was replaced by a proportional coun eE’icquired in the 390-410 nm interval are illustrated in
which is simply a Pyrex tube, 32 cm in length, having aFigs 2_5

cylindrical diode. The anode. Is a 15&).“ d_iameter_ nickel The In(6s2S,,,) excitation spectrum in the 390—-410 nm
wire suspended along the axis of a cylindrical stamless—ste%terval is illustrated in Fig. 2. Upon examining the data, it is

cathodg by Ni-W feedthrough;. The 'ceII windows ar€eyident that features attributable to th@©" state are con-
Suprasil-grade quartz and, after introducing Inl, the counter

was backfilled with 150 mTorr of He. A buffer amplifier was
inserted into the signal path between the ionization cell and —— — —
boxcar amplifier. Bias voltages betweer200 and~350 V - G (o0 (- (1-1) In 657S,, —= 5p°Py, -
were required to operate the diode in the linear portion of its ~ r (#451.1nm) 1
responsesignal vs voltagecharacteristic.

T T T

Ill. RESULTS AND DISCUSSION

A. Molecular (B«+—X) and atomic (In(62S;,,))
excitation spectra

Figure 1 shows the absorption spectrum for Inl at 650 K
in the 300-425 nm region. The highly structurdzil
«—XO* and AO"+XO" bands as well as th€1« XO"
continuum dominate the spectrum. The latter is clearly satu-
rated and the six strongest features in Bie—XO™" spec-
trum (lying between 399 and 403 nrare all members of the T T
v’ —v”"=Av=0 progression. Simulations of the experimen- Wavelength (nm)
tal A,B+— X absorption spectra, calculated from the spectro-

- : IG. 2. Overview of the laser excitation spectrum of 18f&,,,) in the
scopic constants of Refs. 5 and 11, match the data of Flg. \5|'|olet (390-410 nm Note the clear, red-degraded vibrational bands of the

and higher-resolution measuremenﬁ;)\(<0.1 nm, cf. Fig. B« X transition lying between-390 and 394 nmB«— X vibrational bands
8) quite well. associated with other prominent features in the spectrum are also indicated.

Relative Intensity
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FIG. 5. Comparison ofa) the molecular excitation spectrum recorded by
monitoring B(v'=3)—X(v"=5) fluorescence at 406.8 nm, ail) the
In(6 2S,,,) excitation spectrum in the 395-403 nm region.

the In(6s2S,,) excitation spectrum in the 391-398 nm re-
gion along with the molecular excitation spectrum obtained

FIG. 3. (&) Inl molecular fluorescence spectrum obtained over the 391—39&by monitoring 0n|y theB—>X(v 'y = 1_1) transition at

nm interval by monitoring theB«—X(v'—v")=(1-1) transition at 399.9
nm, and(b) the atomic In(& 2S,,,) excitation spectrum over the same spec-
tral region. Several of the most promineBi—X bands are labeled.

399.9 nm. The strongest feature in the molecular spectrum,
the (1-0 band, has a profile consistent with previous absorp-
tion and emission experiments® Because the rotational
constants B,) for the XOJ and B1 states differ by

spicuous by their absence. Only intermediate resonances as-10~°cm™* (Refs. 10, 11, additional heads often appear in
sociated with theB1 level are observed, and several are la-the P, Q or R branches of vibrational bands at largeThe
beled in Fig. 2. Notice, however, that well-developedextra head evident hergFig. 3(a)] is also present in the
vibrational bands are present only in the short wavelengtil—1 band. Of particular interest, however, is the structure
portion of the spectrum. For=395 nm, the features are, in in the photodissociation (In®S,, yield) spectrum and its

general, considerably sharper, and beyond00 nm the

spectrum rapidly diminishes

A detailed comparison of the In@8,,,) excitation spec-
trum with corresponding portions of th&1(v') excitation

in intensity.

correlation with the(1-0 absorption(excitation) profile.
Note that maximum In S, yield is sharply peaked and
does not coincide with maximum absorption. Rather, In
excited-state production is clearly enhanced by highter-

spectra reveal several trends that are illustrated in Figs. 3—51ediate states of thR (and possiblyQ) branch. Similarly,

Parts(b) and(a) of Fig. 3, for example, showrespectively

(1-3)

(a) B—=X (1-1)

(1-4)

e i 2 T

Relative Intensity

(b) In (6°S1s)

1 I S T T T T Y T I T I A I D A A

401 402 403 404 405 406 407 408 409 410
Wavelength (nm)

FIG. 4. Spectra similar to those of Fig. 3 over the 401-411 nm region. The

411

when theB(v'=0) excitation spectrunm{not shown was
obtained by monitoring th&®— X(0-2) transition at 405.0
nm, peak(0—0 P-branch absorption was observed to coin-
cide with a small suppression in the In8) yield and, con-
versely, maximum yield is associated with higlvalues of

the R branch. Almost identical results were obtained for the
(1-1 band which was observed by monitoring ttie-0)
transition at 397.0 nm. Similar behavior is observed else-
where as evidenced at longer wavelengd®1—411 nm by

the spectra of Fig. 4. In absorption, tle—X(1-2) and
(1-3 bands exhibit the well-known violet-degraded profiles,
but additional peaks appear in the IA®yield spectra, dem-
onstrating that photodissociation yield is dependent upon
Higherv’ states were also examined and illustrate these ef-
fects most clearly. Figure 5, for example, shows the atomic
and molecular excitation spectra for several (3} band
heads. As discussed by Vempati and Jdfeshading of the
B« X bands reverses for2v’ <3 owing to the rapid varia-
tion of B,,» with v’. Consequently, the (3s*) bands are red
degraded but it is again the influence of the rotational quan-

molecular laser-induced fluorescence spectrum was acquired by monitorifg!M NUMber on the atomic excitation spectra that is the most

theB(v'=1)—X(v"=1) transition.

intriguing aspect of these spectra. Consider the Idatmic
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FIG. 6. In(62S,,,) excitation spectrum recorded at a dye laser resolution of
~0.1 cnit in the 402—411 nm region. All of the labeled vibrational band 10
features are associated with—X transitions.

IS S e e e I A O B O B B

X 0*

excitation spectrum of Fig. 5, which shows the presence of B R S SV
three distinct features associated with the ¢3)- bands R(A)

shown. The middle feature of the three for t{f&-1) and , . . , .
(3—3) transitions of Fig. 53), for example, peaks at395.91 FIG. '7. Partial energy level diagram fo+r !nl |IIu§trat|ng the sequential ab-
’ - sorption of two pump photons wheAO™ is the intermediate state. The
and ~401.48 nm, respectively, or several chto the red of  jimits for production of In(& 2S,,,) and ion pairs (Ifi—1") by photodisso-
the correspondin@ branch maxima in the molecular spectra ciation of Inl are also shown. For convenience, }ieA andB states are
[Fig. 5(a)] Lying still further (~2 A) to the red is a third represented by Morse pc_)tentials and the_ spectroscopic constants of Refs. 5
feature, apparently associated with hlgtlansitions in the® a_mc_i 11. The Iol/vest horizontal dashed line represents the separated atom
limit for the XO" state.

branch. One concludes, therefore, that each of the features in
the In* yield spectrum corresponds Bor Q (and, presum-
ably, R as wel)® branch transitions of high. Notice also An upper limit for the ground XO™") dissociation en-
that, as one would expect, the widths of the three peaks agrgy can be estimated by noting that fBe-X(0—2) tran-
sociated with the (3&”) bands increase according to the sition is clearly present in the In@s,,,) yield spectrum, but
R—Q— P sequence. Although the features are weaker, th¢he (1-4) band is weak and features attributable (€3-3)
same behavior is observed for thi-0), (2—-1), and (2—2) transitions are absent, despite the fact that(fhed), (2—4),
bands of Fig. 5, as well as tH&—4) band of Fig. 4. and(2-5 bands are strong. Consider first the partial energy

The data of Figs. 2—5 provide a ruler with which the level diagram for Inl illustrated in Fig. 7. Th¥, A andB
dissociation energy of th€O™ state may be measured. The states are represented by Morse potentials for which the
strong dependence of the Ir'{6S,,,) yield onJ reflects the  spectroscopic constants are taken to be those of Refs. 5 and
fact that, as the pump wavelength is decreased, higher rotd:l. Although Rydberg—Klein—Ree@RKR) potentials are
tional energies are required to provide the energy necessaafso availablgRef. 11, Morse potentials are more than ad-
to access the In(6S;,) +1 exit channel. It is no surprise, equate for illustrative purposes. TI&1 state is assumed to
therefore, that the features in the atomic excitation spectrurbe a Born potential and the limits associated with the pro-
become increasingly narrow as the pump wavelength movesuction of In(62S,,,) +1 and In*—I~ ion pairs(Ref. 13 are
to the red. Therefore, an examination of the 1A8,,) exci-  also shown. Since the energy available to access the neutral
tation spectra at higher resolution allows one the opportunitgxit channel In(€S)+1 is twice the photon energy plus
to determine theXOg+ dissociation energy to within the G(X,v"), then estimatindd((X) is straightforward. For the
ground-state vibrational energyw{y=177cm?).'%1 Fig-  key (B«X) vibrational transitions of Fig. 6, the energies
ure 6 shows the atomic %5, ,, excitation spectrum recorded available for photodissociation when exciting that particular
in the 402—-411 nm region with a dye laser resolution of 0.ltransition are ordered as (3—-5J2-4)>(1-3)>(2-5)
cm ! and a peak intensity more than an order of magnitude>(0—2)>(1-4)>(0—-3). In other words, the sequential
lower than that for the data of Figs. 2-5. Bo#+X and  absorption of two photons via tH&— X(1—3) transition ter-
B-—X transitions lie in this spectral interval, but all of the minates at a slightly higher energy than does pumping the
peaks in Fig. 6 are attributable 8« X bands. Severai B+ X(0-2) band. Therefore, the strength of the features in
—X bands$® also appear in the In(8S,),) yield spectrum, Fig. 6 attributed to theB«—X(1-3) and(2-5 transitions
but only as suppressions. A few of these are indicated bynd the weakness of th®—2) and (1-4) features suggest
asterisks in Fig. 6. Several of tiBz— X bands identifiable in  that the total energy available when driving t@=-2 band
Fig. 6 are also labeled. is immediately above the energy threshold for accessing
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the dissociation energyD(XO")<2% +G(v"=2

~ — 25429 _1gy he( ~ ) .V(O‘Zk) (U b z] FIG. 9. Comparison of the relative photoionization and 1786, yields
T Vin(e2sy) T cm=, wherew_p) I taken to be the  penyeen 404.0 and 405.5 nm showing the enhancement in photoion produc-
peak of theP branch and the In(8S,,,) state lies at 24 373 tion yield associated with—X(2,0) transitions. The location of the thresh-

cm™ L. It should be mentioned that although this simple ex-0ld for photodetachment of lis also indicated. It should also be noted that
; ionization spectrum is saturated; the resonances associated with

pregspn ignores the potential barrier e}ssoqlated with the dI%EX(Z,O) transitions are, in reality, more than an order of magnitude stron-
sociative IN(6°S;;,) +1(°Py,) potential [i.e., V(Rex) ger than any other feature in the photoionization spectrum.
—V(=0)], the upper limit is, nevertheless, valid. Also, this
value forD(X) is remarkably close to the lower of the two
values proposed by Vempati and Jotteand will be dis- cal to the absorption band profiles in this spectral region and,
cussed in more detail in the next section. Similarly, in viewin particular, the sharply peaked structures corresponding to
of the fact that features associated with B€—3) transi- largeJ that were observed in the Inf&,,) yield spectra are
tion are either extremely weak or not present in Figs. 2 an@bsent in the photoionization spectrum. At longer wave-
6, thelower limit for D, is calculated to be 25253 ¢cth On  lengths(403-411 nmy A-X bands are now present and the
the basis of these considerations, we conclude EhdX) Av=+1,+2 sequences are dominant.
=25340+90cm L. The most interesting features in the photoionization
Before leaving the excitation spectra, it should be menspectra are structures corresponding to Bhbranch of the
tioned that seven previously unreportBe-X bands[(3,0), A—X(2-0) transition that lie at 404.5 and 404.8 nm. The
(4,0, (4,1, (5,2), (5,2, (6,2 and(6,3)] have been observed ionization current produced at these wavelengths exceeded
in these experiments, and several are identified in Fig. 3. Th#hat produced elsewhere by more than an order of magni-
position of each bandhead is consistent with ¥iand B tude. Figure 9 presents a comparison of the f%6,) yield
molecular constants of Refs. 10 and 11. No bands for whict@and photoionization spectra in the 404—405.5 nm interval. It
v'>6 were observed in the present work or Ref. 5, whichshould first be noted that, because the photoionization spec-
suggests the possibility that highB(1) vibrational states trum has intentionally been saturated, the features lying at
are predissociated. wavelengths below the | photodetachment threshold &t
~405.2nm(Ref. 18 are considerably stronger than is im-

B. Photoionization spectra plied by Fig. 9. Because of the dependence of the cylindrical
' diode current on particle mobility, the diode response to
Although Hag!’ reported the photoionization of Inl in electrons is greater than that for anions such asrd, there-
1943 and Geohegaet al®® studied by microwave tech- fore, the experiment is considerably more sensitive to the

niques the Ifi—I~ ion pair yield resulting from the absorp- A—X(2,0) resonances than the-X(3-1) feature, despite
tion by Inl of a single 6.4 eV X=193nm) photon, the the fact that the absorption cross section is approximately the
photoionization spectra of the molecule have, to our knowl-same for both vibrational transitions.

edge, not been explored previously. In these experiments, Of particular interest, however, is the lack of correspon-
measurements of the relative negative charge collected byence between features in both spectra of Fig. 9. All of the
the proportional countecylindrical diodg were made as the prominent features in the photoionization spectrum are asso-
laser wavelength was tuned between 395 and 431 nm. Asiated withA—X(2—0) and(3-1) transitions, and the nota-
illustrated in Fig. 8, photoionization spectra recorded in thetion for labeling the bandheads is adopted from Wehrli and
395-402 nm region generally replicate the Inl absorptionMiescher'® Several of the weaker peaks in the photoioniza-
spectrum. Band shading and structure are essentially idention spectrum near 405 nm may arise from tiige
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—X(0-2) band but, in general, the'lal~ pair yield shows
little influence fromB— X transitions. In the same vein, the
In(62S,),) yield spectrum exhibits virtually no structure as-
signable toA—X transitions. One concludes, therefore, that
in the spectral region studied her&~X transitions offer
insufficient energy to photodissociate Irlyielding the
In(6s2S,,) speciey but metal—halide ion pairs are pro-
duced, whereas the opposite is true if one driBesX tran-
sitions. When excitind«— X(v'—v") bands in the 395-410
nm region, production of In($°S,,,) predominates over the
formation of ion pairs. Since the excitation of tAe-X(2,0)
transition produces -1~ ion pairs but not the neutral spe-
cies In(62S), one readily finds that thiower limit for the
XO" dissociation energy is-25 143 cm*. This estimate is
~100 cm ! smaller than, but consistent with, the lower limit
suggested in the last section.

The value for D, proposed here, 2534000cmni?,
agrees well with the estimate by Vempati and Johes
Do(XO")=25296 cm, assuming the Inl ground state to be
covalently bonded and th&O™, B1, andC1 states are de-
rived from In@P,) +1(?P3). As discussed in Ref. 11, this
value for theXO™ dissociation energy is consistent with
measurements from flame photometry25 880 cm?, Ref.
8), the upper limit of 27 630 cm' determined from photo-
ionization experiment§Ref. 7), and the range in values pro-
posed in Ref. 1(21700—27 430 cit). It should also be
noted that the estimates &f,(X) by Vempati and Jonés

were drawn from Morse potential extrapolations and, as th
»hantly enhanced by tha&p

authors mention, “...should be considered as upper limits.

C. Fluorescence suppression spectra:
2S112,%P1i2312,2 D3 51065 2Sy, transitions of In

For excitation wavelengths beyond410 nm, populat-
ing the 62S,, state of In from Inl requires the absorption of

King, Herring, and Eden
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FIG. 10. Fluorescence suppression spectrum of

IN(NS2S,,,NP 2P1/5.3/2,Nd 2Dy 52— 65 %Sy 5, 25<n<15) transitions ob-
tained by monitoring In(6S,,—5 2P, spontaneous emission at 410.2
nm. In this wavelength region, production of thé®,, state requires the
absorption of three photons.

multiphoton ionization spectrum of the Column III B alkyls
Al5(CHs)g, GACHy);, and IMCHjy); that were reported by
Hackett, John, and Mitchetf"2>who demonstrated that the
absorption of 4—6 photons in the visible completely removes
the methyl ligands and yields a metal ion. Thus, the mul-
tiphonon ionization(MPI) spectrum of the alkyl in the vis-
ible has the signature of solely the metal atom. In the case of
én(CH3)3, two-photon ionization of the In S,,, state, reso-
2P, states (1%n=<30) was
observe® but, to our knowledge, the single-photon forbid-
den, md?D g, 52— 6s2S, transitions have not been re-
ported previously.

IV. CONCLUSIONS
The relative, wavelength-dependent yield of 186, ,)

three photons. Since the threshold wavelength for photoionfrom Inl, and the Inl ground stateX(O") dissociation energy

ization of the &2S,,, level by two photons of equal energy
is 448 nm, excitation spectroscopy of Ig®5,,,) in the A

have been measured by excitation spectroscopy and laser-
induced fluorescence in the spectral region that overlaps the

>448 nm region is a convenient tool for examining high AO*, B1+ XO™" transitions of the moleculé890-431 nm
Rydberg states of atomic In while simultaneously probingSeven previously unreporteB«<X bands have been ob-
In(6s2S,,) production. Figure 10 shows the fluorescenceserved and the absence of vibrational bands for whith
suppression spectrum for indium in the 450—470 nm regior>6 suggests that thB1 state is predissociated. The pres-

that was recorded by monitorings6S,,,—5p 2P/, emis-

ence or absence of speciffe—X or B« X bands in the

sion at 410.2 nm. The strongest features correspond to tHa(62S;,,) excitation spectrum or photoionization spectra

dipole-allowednp 2Py, 3,65 2S,, transitions, and princi-
pal quantum numbers= 25 are readily observable. Also, the
fine structure splitting in théP states has not been reported
previously for then=15-17 terms of the series, but the
values measured in these experimdgst®own in Fig. 10 are

permit theXO™ ground-state dissociation energy to be deter-
mined to beD.= 25340+ 90 cm !, which agrees with the
lower value suggested in Ref. 11—the value@f to be
expected if:(1) XO" is covalent, and2) the AO*, B1, and

C1 states are all correlated, in the separated atom limit, with

in agreement with the expression given by Neijzen andn(5p 2?Pg,)+1(?P3,). DeducingD, from direct spectro-

Donszelmanrf? AT,=588M* ~3 (in cm™ 1), whereAT, is
the 2P,,,_g, splitting andn* is the effective quantum num-
ber.

scopic evidence, rather than from the extrapolation of a
Morse potential vibrational series, yields a value more accu-
rate than those available previously, due in part to the fact

Also noticeable in Fig. 10 are single-photon transitionsthat the result proposed here is not dependent upon the struc-

terminating on thens?Sy;, (15<n<25) and md?Dy 5,

ture of the XO' state near the dissociation limit. The

(13=m=25) states of the atom. These transitions werdn(6s2S;,) relative yield data, particularly in the 395—407
found to quickly vanish as the laser pulse energy was deAm region, exhibit a strong dependence uponBkstate ro-
creased, but were observed for principal quantum numbers aational quantum number, which reflects the fact that the

low asm=9. The spectrum of Fig. 10 is reminiscent of the

photodissociation process is near threshold in this spectral
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