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Precise Characterization of the B {/2) and C (%/,) States of XeF from a Deperturbation
Analysis of the B— X Spectrum of 136XeF"
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The B (/2) and C §/,) ion-pair excited states of XeF are coupled by the rotational Hamiltonian, producing
perturbations in the rotational structure of- 8 X(2=") transitions involvingy’ levels <5. Fivev' -v" bands

in the B— X emission spectrum of the single isotopom&Xe!°F are analyzed by a deperturbation model

to yield improved spectroscopic parameters (&nfior the low- regions of the B and C states: For@, =
308.09,wexe = 1.480,B. = 0.145 29, andx. = 0.000 675; for Cwe = 345.1,wexe = 2.10,B. = 0.165 42,
andae = 0.001 48. The C state lies 797 chbelow the B state, witlR. = 2.473 A. The electronic perturbative
coupling element for B-C interactions is 1.632, which is 6% below the simple Hund’s case c-based prediction

(x/§) and just 3% greater than an estimate obtained from a more elaborate case a approach.

Introduction

Although XeF was identified spectroscopically as early as
1963173 it first aroused real interest in the heady times
surrounding the discovery of the rare gas halide (RgX) lasers
in 1975. Velazco and Setser reported UV emission for all four
XeX species from low-pressure flowing afterglow reactions of
halogen-bearing compounds with electronically excited Xe
atoms? and the XeF laser became the second RgX laser to be
announced (after XeBFf). The lasing transitions were labeled
B—X and were quickly understood as charge-transfer transitions
from a bound ion-pair excited state to the essentially unbound
ground staté. This picture (see Figure 1) was corroborated by
more detailed theoretical computatichd® Yet XeF was unique
among the RgX species, in that its emission spectrum at high
pressures exhibited rich fine structure that could not possibly
arise from the bound-free transitions expectetf. To the R(A)
contrary, the X state had to be bound by much more than gigre 1. potential diagram for XeF. Energies are relative to the
predicted for only van der Waals attractive forégsNot minimum of the X state, which dissociates at 1175 &nThe B and C
surprisingly, XeF became the focus of much attention by (broken) states tend toward X¢2Ps) + F~ at 71 590 cm?, and D
molecular spectroscopists. goes to Xé (°Pyp) + F~ at 82130 cm™

The first successful vibrational analysis of the-B system ) ) o ) )
was reported from our laboratory, working in collaboration with  information about the third ion-pair state, &) Both the simple
a group from Sandi# Through a further collaboration with and the elaborate theoretical considerations indicated that this

Setser's group and John Coxon, we extended this work to State lay at about the same energy as B, with its internuclear
include the rotational analysis of a single-v"" emission band ~ distance somewhat smallerl® In fact the most extensive
(1—2), for which by happenstance the isotopic shifts in the computations placed the C state somewhat above B (and thus

various XeF isotopomers canceled out, leaving well-resolved Supported the adopted alphabetic labels for these states). Yet
rotational structuré®16 The latter work also corroborated and Studies of relative emission intensities from the B and C states

also from Setser’s group and Cox¥iThe vibrational analysis ~ State lay at least 600 crh below B. The issue was more or
of the B—X system was confirmed by Smith and Kobringky  less settled by Helm et al., who directly detected the weak
in a flash-photolysis transient absorption experiment; and a high- C <~ X transition in a transient laser-excitation experim&nt.
resolution nozzle-jet study by Monts et'dicorroborated and  Their analysis of the vibrational struclture in theC)i spectrum
extended the rotational analysis of-&. Both the B-X and placed the C state & = 28 023 cm*, or 788 cm* below B.
D—X systems were also identified in low-temperature matrix ~ About the time of the Helm et al. work on the C state, we
isolation studieg0:21 published preliminary results of a rotational analysis of the
Although these experimental studies characterized the X, B, B—X system for the single isotopom&¥Xe'°F.2° The reported

and D states of XeF with good precision, they yielded no Parameters were based on fits of just transitions haing
41, because for highét the lines deviated progressively from

T Part of the special issue “Donald Setser Festschrift”. predicted positions. These deviations could be accommodated
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perturbation to a single parameter that can be compared with
predictions based on the pure precession model for the ion-pair
states.

30 | Experiments

The spectra were recorded photographically as described
before?6-27 The Tesla discharge sources contained. 5 Torr
SFs, 2—3 Torr136Xe (Mound Laboratory, 95.2% isotopic purity),
and 146-170 Torr Ar. Spectra were recorded in the 3300
3600 A region and were calibrated with Fe lines from a
microwave discharge Fe source. The spectrometer (1.5 m JY
Model HR-1500) was equipped with a 3600-groove/mm holo-
graphic grating that gave a reciprocal dispersion of 1.35 A/mm
and a resolving power exceeding<21(®. The plates were read
and processed using a modified microdensitometer/microcom-
puter systen3® We estimate that sharp unblended spectral lines
were measured with an absolute accuracy-6f03 cntl,

E (103 cm-1)
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Figure 2. Expanded potential diagram for the lawregions of the B
and C states.

by adding additional terms to the rotational Hamiltonian for Theoretical Background
either the X state or the B state. Ir] the former case, the effects Both the D-X and B—X transitions display four strong
would be due to anomalies associated with the unusual naturebranches in eachi—v" band. These may be labeled R.. R
of the shallow X state (dissociation energy1200 cnT?l); in v ) y AN

the latter they could be attributed to perturbative interactions and i, where R and P have their usual S|gn|f|cgnAé € il).’
with the C state. A subsequent study of the rotational structure and ezarld Fare the symmetry lab&isthe rotational energies
in the D—X system of the same isotopordémade it clear that in the Z* ground state X may be represented

the X state was behaving as predicted, and that therefore the ) 3 4 5
second interpretation was the reason for the anomalies in the F, (") =B,"«" = D,"«""+ H,"«""+ L, """+ M,"«"
B—X spectrum. In the present work we have verified this (1)
interpretation by carrying out a deperturbation analysis of five

bands in the B-X spectrum oft36XeF. The results confirm the ~ whereB,’ is the rotational constant for levelin the X state,

analysis of Helm et &° and yield an improved characterization and D,”, H,”, etc. are the first through fourth centrifugal

of both states in their low-regions. distortion constants. (Note that for the very anharmonic X state,
The situation for B-C perturbations is illustrated in Figure the last two of these are indeed needed for the highest assigned

2. The C state is located far enough below B that lolevels rotational lines.) The rotational argumaexitis different for the

(ve) in the B state lie just above levelg + 2 in the C state. € and f levels?

Also, since the C state has a smaller internuclear dist&ace

its rotational constant is larger, permitting the (unperturkkd) kg' =N(N+ 1)+ oN

levels ofvc = vg + 2 to overhaul those ofg in the B state
from below. Levels of the sam&and same e/f symmetry in
the two states are mixed by the rotational Hamiltonian, with
the effect being strongest where the two unperturbed levels whereN is the quantum number for rotation of the molecule
coincide. The perturbation produces a mutual repulsion of the about its center of mass awdis the constant which describes
interacting levels, which is manifested as an upward shift in the spin-splitting between the twblevels that share a given
the frequencies of the BX rotational lines forJ below the N, Je =N+ Y, andJ = N — Y. (a is related to the usual
coincidence level and a downward shift for levels above this splitting constant by y = 2aB,".)

point. Because the vibrational interval in the C state is larger  The ionic limit, Xe*(2P) + F~(1S), gives rise téII and2=*
than that in B, the mutually perturbinglevels in the two states ~ molecular states, with th& = 3/, component of theIl
move closer together with increasinguntil they essentially correlating with the lowerPs, limit. This component (C)
coincide atvg = 4. Thus the perturbed rotational region in the remains purelyfI in character, but the tw = 1/, components

B state moves from quite high leveld ¢ 70) invg =0 toJ (B and D) are strongly mixed states of b&tandII character

~ 0 in vg = 4. Levelsvg = 5 and higher are essentially and are best described using the Hund’s case ¢ expressions for
unperturbed. (Level®g and vc = vg + 1 move into near Q = 1, stated530

proximity abovevg ~ 15, but levels this high are not detected
in our emission spectra. (o Vo '
Ssion spectra.) | | F,/(c) =B, =D, 3)

In following sections of this work, we briefly summarize the
experimental methods and theory of these perturbations and then . . . .
describe the results obtained by fittird.000 assigned lines in with « again being different for the e and f levels,
the 0-1, 1-1, 2-1, 3—1, and 4-1 bands to various models ) 1 1
accounting for the perturbations. We report spectroscopic Kef =II+1) =T, Fo(@+7) 4)
parameters for a model in which the C-state parameters are used
to predict the FranckCondon part of the perturbative interac- Under the assumption that only the aforementioned molecular
tion term in the Hamiltonian. This effectively reduces the states arising from X&2P)+ F~(1S) are involved in the mixing

k(' = NN+ 1) — (N + 1) @)
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of the two Q = 1/, states® the constant® for the lower (B) The case a basis that leads to egs7/5s more flexible and
and upper (D) states can be predicteé’ potentially more informative. In the origina\SZ; QJIMUset,
) theX state A = 0,2 = 1/,) is coupled to thdlz, state A =
20g =1+ cosf — 2C_ sin6 1, =Y,) by a matrix element of fornC B[I(J + 1) — 3/4]¥2,
_q_ ; whereB is the rotational operator that leads to elements such
20p =1~ cosf +2C, sin6 () as that in eq 11, an@, is as defined after eq 7. TH&1» (A =
where 1, = = —1/,) andII3, components are coupled by an element
that is the same except lacking the fad®r The twoQ = Y/,
cosf = (Ey — Ex — A2)IY components are coupled mainly by the spambit element
AC, /2. Diagonalization of the Z 2 block for these components
sinf = AC/Y (6) gives the B and D states, with B being expressed in terms of
the original basis &8
and

|BC= ¢SO0 911,00 (13)
Y=[(E; — Es — A2 + A’C,"? @)
The coefficients are related to the quantities in egs Sy
Here Ex and Ep represent the unperturbed energies of }he  (c2 — &) = cos6 and &c = sin 6. [Hencec = cos@/2) and
and IT molecular statesA is the molecular fine structure  s=sin(g/2).] This diagonalization yields for the matrix element
constant, andC. = [L(L + 1)]*2 in this “pure precession”  coupling B and C,
model3! (l.e.,C. = V2 here, sincd. = 1 for the Xe" ion.)
More generallyC, can be taken as an adjustable parameter to Hge = (s — ¢C)Bg[J(J + 1) — ¥/,]"2 (14)
accommodate deficiencies in the moéeFrom the known
spectroscopic energie3d of these states)s is predicted to from which, by comparison with eq 10Ve = (s — cCL).
be ~2 anddp ~ —1, which means that the rotational level  The predictions of eq 14 fo. can be compared with that
structure in the B state resembles that in a cas&g, state, of eq 12 by considering eq 14 in the ionic dissociation limit. If
while that in D approximates an isolatéd” state® The values e takeC, = [L(L + 1)]*2 = +/2, we find cos® = Y5 and

from analyzed rotational structdfe®26.27are g = 1.8 anddp sin @ = —/8/9. from whichs = —v1/3 andc = v/2/3. This

= —0.8. : ; ;
S . gives 6 — cC) = —/3in eq 14, in agreement (apart from
Perturbative interactions between the B and C states aresign) with the case ¢ result in eq 12. In the molecular binding

|nduceq by_the rotanongl Hamiltonian. In_the smgl_e-perturber region of internuclear distand® we allow for deviation olC,
approximation, the rotational levels of a giveg level interact from the pure precession result and solve GrandA using

Just with those of the nearestlevel in C, which isve = vs + the observedg and energies of the three stat€3he B and C

gbfsoernjzg L%V;rv?else\ilflfhe'méoggfe g?;etrszlaeogt'giunf d 23' -I(;:]ae O_potentials cross approximately at the minimum of the B state
9 y diag (Figure 2), at whichR the D state lies very nearly 1@m™?

nalizing the resulting Z 2 matrix forJg = Jc (and the same higher. From these energies ang = 1.83 (see below), we

e/f symmetry), yielding’ obtainC 2 = 1.53 andA = —7.2 x 10* cmm L. These values
yield W = 1.58, which is 9% smaller than the estimate from
the case c basis.
If the two potential curves are known, thB—2(lintegrals in
eq 11 can be evaluated using standard numerical methods to
_ 2 21172 obtain the relevant one-dimensional wave functi#hsn
2= AW+ (B ~ Eo)’] ©) practice, a deperturbation analysis often involves one “dark”
state that is not well known apart from the perturbation. That
role is played by the C state in the present case, because the
analysis of Helm et &° is not sufficiently precise to permit
reliable computation of these quantities. Thus, the primary goal
of the analysis is the refinement of the spectroscopic parameters
of the C state to yield a description of the perturbative
— 3 1112 interactions that is optimally consistent with egsiL. In this
W= WeBac [+ 1) = ] (10) analysis the quantitMF;e| is re)'iained as an adjus?:ble parameter
and compared later with the predictions of eqs 12 and 14.

E="YE;+Ep) + 1,2 (8)

where

Here Eg and Ec represent the unperturbed levels in the two
states, and since the rotational levels of C overhaul those of B
from below, the perturbed energies for B are obtained by taking
the + sign in eq 8 forEc < Eg and the— sign for Ec > Eg.

The perturbation element is given 8y?

whereBgc is an “interstate” rotational constant,
h Results and Discussion

Bgc = DR v 11
5 8rlcu CLE (11) The vg—1 B—X bands (g = 0—4) were selected for the
present study, because the Fran€ondon factors predict all
This yields a FranckCondon-type dependence for the interac- of these to be sufficiently intense to permit full assignment to

tion, since thelR2Uintegral is different for eachs. The high J.16 Indeed, four of the five were included in our brief
electronic matrix element is report26 and for most of these the assignments already extended
beyondN = 40, even though the reported results were based

W, = [3,(0,+ 1) — QgQ"? (12) on fitting only lines having\ < 41, as already noted. Expansion

of the assignments to still high& was straightforward when
in pure precession in a case ¢ baSighus We is predicted  the data were fitted in band-by-band fashion to a deperturbation
to be+/3 in this basis (sincéd, = ¥/, and the twoQ values are model based on eqs-80. The final line list extended beyond
1/, and?®/y). N = 65 for most branches in most of the bands, and as high as
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TABLE 1: Perturbation Parameters for B —C Interactions “B—X" lines will drop to about half their expected intensity at
in 139@13': from _27-r|]3arameter Ngnlmear Fit OL 1005 d crossover, while “&-X” lines might become detectable there.
Assigned Lines in the 6-1, 1-1, 2-1, 3-1, and 4-1 Bands The predicted weakening of the & lines was evident, with
of the B—X Systent : - .

the lines forJ near crossover sometimes being too weak to

Ve~ Uc fe 9° discern above background in the emission spectra. Model
0-2 0.290(3) —4.1(5)x 10°° calculations predicted the “C” levels to be as much as one-
1-3 0.204(2) —1.0(4)x 10 j third B character for only the-24 J levels closest to crossover.
é:g 8'88(8822; 4%)* 10° For such a short range df we concluded that we could not
4 0.074(2) —3.8(1.5)x 10°6 assign the €X I|_nes with confldence, _because the spectra are

congested and include overlapping lines from other bands in
Cstate: Te= Teg — 801.3(1.2)me = 346.5(4)iweXe = 2.22(3) the regions in question. In an exception to this, we did doubly

. = 0.165 90(14)pe = 0.001 56(3)
G =1524x 107, B8 =1.0x 10°°

fit variance= 0.001 01 cm?

assign lines at the crossover in the-B band, where the
perturbation is so weak that the maximum shift is orn§.2
cm L,

2 Parameters not given here are presented in Table 2, as determined When the theory behind eqs-82 is implemented in matrix
in final global analysis® Fitted quantity, from eq 10, &/ = 2WeBsc form, it is normally done tacitly or overtly in terms of
= f 4+ gJJ + 1); quantities in parentheses are &rrors.® Not rotationless J = 0) basis sets. However, when energy levels
statistically significant, so set to zerdFixed, using Dunham relatioR%. are represented in terms of the usual expansioniineq 1 or
3, the basis has already been effectively diagonalized in the

3
IR centrifugal distortion (i.e., with respect to the off-diagonal
o L ) L . A i intrastate @ |R2| v'0elements$®> This “diagonalization”
. introduces & dependence into thiaterstatelds |R2| vclmatrix
L . o 1 elements involved in the perturbations, which means that these
. OOO° elements must be evaluated specifically as functiond of
AE -mssesasssssél;mooocoooooOO fitting the perturbed spectra to a realistic B/C mutual interaction
(cm) 0 esssssesesses) model. Calculations showed that theg |R™2| vcmatrix
o elements were, to a very good approximation, lineak,iso
- . 7] they were represented this way in further computations.
. ° The band-by-band deperturbation least-squares fits yielded
2 - o estimates oB, c and the energy differenc@sg — T, ¢ for the
0 mixed levels. These were used to obtain first estimatek,of
-3 L1 e, WXe, Be, @anda, for the C state in an all-bands fit. In the

30 40 50 60 70 latter, the perturbation elements were initially represented in

J+ 1/2 .
) o ) terms of two parameters for eaei level: a constant and a
Figure 3. Energy deviations (perturbedinperturbed) in level = 2 coefficient of a term linear in
of the B state from interactions with the C state. ’

) o W =2W,Bgc=f+gJJI+1) (15)
N = 81 in the 0-1 band. The effect of the perturbation is

strongest in the latter band, and because it occurs athigh  Results for these 10 parameters (Table 1) reflect the Franck
lines could not be assigned above the B/C crossover. The condon dependence of the perturbation.

perturbation becomes prpgressllvely weaker in thé and 2-1 If the model for the perturbative interaction is correct, the
bands, and almost vanishes in the Bband; and the B/C  \iprational and rotational dependence of Bg: constants in
crossover] drops progressively with increasing, in accord egs 11 and 15 is entirely determined by the B and C potential
with expectations based on I_:igure .2. Accordingly, lines past curves, through th&® 2 matrix elements. This means that the
the crossover could be assigned in these three bands. Thes,. constants are effectively fixed by the other spectroscopic
crossover occurs very nedr= 0 invg = 4 and is effectively  narameters for the two states, and the 10 adjustable parameters
weakened by the explicitdependence in the perturbation matrix ;, Taple 1 are reduced to the single parameféy. This
element (eq 10); still, the. perturbation could be well determined maximally compact model was implemented in the final stage
from the least-squares fits for the-4 band. of the analysis, as follows. The B-state parameters were so well
In accord with egs 3 and 4, the e and f levels of the B state determined by the assigned lines that the B potential curve could
are well separated at fairly lowand move progressively further  pe taken as known and constant for the determination of the

apart, the splitting going asJ. In contrast the2-doubling in R2 matrix elements. The four C-state parametess, (veXe,

the C state should go asJ® and be much smaller than thatin B, o) from the analysis of Table 1 were used to generate a
the B state for the observed range &f° 3! Numerical reference RKR potential for the C state, which was then used
calculations based on the pure precession model behind-€4s 5 to calculate thdgc constants for a range df Each of the four
indicate that this splitting is insignificant in the obsend@nge, spectroscopic parameters was then incremented slightly in turn,

and we have assumed in our analysis that the e and the f levelsand the computations were repeated. From the results of these
in the C state are unsplit and follow the same energy formula, calculations, the matrix elements and thelependence were
namely eq 3 withd' = J(J + 1). Since the e levels lie lower in  expressed as linear functions of the four parameters, for
the B state, this means that the perturbation occurs at signifi-incorporation in the nonlinear fit. By this procedure tBgc
cantly lowerJ in the e branches than in the f branches. This constants were tied to the other adjustable parameters without
point is illustrated forvg = 2 in Figure 3. the computational inconvenience of having to iteratively refine
At the crossover point, both levels given by eq 8 are 50:50 the C potential, solve the Scitimger equation, and compute
mixtures of the B and C states. Since the-X transition is the overlap elements within the nonlinearfiAfter a first pass,
more than an order of magnitude weaker thanXg?® the the reference potential for the C state was updated and the
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TABLE 2: Nonlinear Deperturbation Analysis of the B—X the 0-1 band. The magnitude of the correction was only 2.7%
System in¥%Xe!9F2 in this case, and it is conceivable that errors of this magnitude
parameter B state C state stem from the single-perturber approximation. In particular, the

T. 28 811.67 28014.5 weakness of the perturbation fog = 3 is an especially sensitive
We 308.091(4) 345.08(23) locator for the C potential, and small changes in the absolute
wXe 1.4803(8) 2.100(25) strength of the interaction could have a large relative effect for
Be 0.145 294(13) 0.165 416(33) this level. In any event, the full set of residuals from the compact
e 6-17‘2152921&@4 3%%%18115#72) model of Table 2 well approximated a Gaussian distribution,

:C 172% 109 T A46x 1010 with a maximum discrepancy of 0.10 ctand only slight

Re (A) 2.6383(1) 2.4726(2) systematic effects in the individual bands.
Comparison of the results in Tables 1 and 2 reveals that the

= 1 . . .
0s = 1.827(3)+ 0.0072(2)(s +*/2) uncertainties of the C-state parameters are greatly reduced in

By =0.181459(13); Dy"?=7.332(6)x 107; ax = —0.035(3} the compact model, by as much as a factordffor Be. This
We = 1.632(3) indicates that the analysis is even more sensitive to the indirect
fit variance= 0.001 18 cm? Franck-Condon dependence of ti? matrix elements than

aUnits cnt. Interstate rotational constarsc for the perturbations to the direct dependence on the energy levels (i.e., from eqs 8
. C . . .. .

were computed numerically from RKR potentials for the B and C states and 9). In particular, the gr_eatly mcreased pre.CISIOBeIBhOWS .

and were included in the optimization, as described in feBased on  that the FC dependence is especially sensitive to the location

ref 26 for the X state. The fitted quantities were the energy of the B Of the C potential along th® axis (sinceRe is directly deter-

state relative taw = 1 in the X state, 28 498.117(5) cfy and the mined byBg). On the other hand, all five spectroscopic C-state

energy of the C state relative to B,797.2(5) cm™. ¢ Determined in parameters in Table 2 differ by more thaw 2Zrom their
fit fic()rml IOt[N?,f Dafazﬁggers, ltg?éJQMh ?Unhagﬂzrglaﬂ?oil;f;;ts—iﬁrlf estimates in Table 1. These results are all in good agreement
X 1 = —4. X 1 = — 4. X . . . A
' o~ g P ' with the much less precise estimates obtained by Helm ét al.,
from ref 27.© An additional sp_llt_tlng termtg[N(N + 1)]? was included the most si nificantpdiscre ancy beina our 8 S*ér)J;maIIerT
for the e/f levels ofvx = 1, givingq = 6.0(3) x 10° cm™ gn ; pancy g : ; e
value?” The fitted W is 6% below the case c estimate from

TABLE 3: g | R2| vcOMatrix Elements (A~2) in 136Xel%F, eq 12 and just 3% above the casbased estimate derived after
as Calculated Using B and C Potentials Derived from eq 14. The B-state parameters differ by small but statistically
Parameters Given in Table 2 significant amounts from their counterparts from the earlier, low-
vB—vc g | R?| vclh? 107dIR 2(dic® J-restricted analysi& which ignored the perturbation.

0-2 0.081 00 —1.43

1-3 0.060 56 211 Conclusion

2—4 0.027 04 4.65

3-5 —0.002 29 5.53 The 0-1, 1-1, 2-1, 3—1, and 4-1 bands in the BX

4-6 —0.02303 5.23 emission spectrum of3%XelF are analyzed by taking into

aCalculated for rotationless potentials,= 0. ° Derivative with account perturbations between the B and C ion-pair states. For

respect toc = J(J + 1). Note that because of the sign differences, these five B-state levels, the primary interactions are with the
the magnitudeof the last two elements is actually decreasing with single levelsvc = vg + 2. Nonlinear least-squares fits based
increasingc. on this single-perturber approximation yield results for the C
state that are consistent with estimates from earlier work. The
procedure was repeated, with very little further change, indicat- electronic matrix element for the perturbation is within 3% of
ing convergence. Results of this analysis are given in Table 2, expectations for Coriolis coupling of the B and C states. The
and the compute® 2 matrix elements are presented in Table sjight deterioration in the quality of the fit for a model in which
3. The aSSigned lines and fit residuals are available as Table 4&he Franck-Condon dependence of the perturbation is incor-
(Supplementary Information). porated directly, as compared with one in which all perturbation
Initially, this compact model yielded a 34% increase in the elements are freely adjustable, could be due to limitations in
fit variance compared with that from the 27-parameter model. the single-perturber approximation. This possibility is under
However, residuals analysis revealed several outliers, especiallycontinued investigation, as we also expand the assignments in
two weak lines in the fbranch of the 41 band having residuals  an attempt to better describe the quite anomalous XeF ground
>0.2 cm'L. Deletion of these dropped the varianced by 10%, state. The latter is chemically “bound” when viewed from the
and further editing of the assignments led to anothdi5 standpoint of its vibrational frequency-226 cnt?), but not
deletions and additions, with a net reduction of 11 assigned lines,from the standpoint of its dissociation energy1(175 cnt?).
to yield the final data set of Table 4S. The latter was then used  The XeF molecule was discovered in the early 60s but first
to obtain the results given in Tables 1 and 2. burst into prominence in 1975 as the lasant in a new excimer
The final variance from the compact model still exceeded laser. Early in 1975, Setser enlisted the services of one of us
that from the 27-parameter model by 17%. We conducted (JT) in the effort to understand, through computational modeling,
several additional fits in an attempt to identify the primary source the structure in low-pressure (and mostly bound-free) XeF
of this increase. Allowance fdr dependence i, dropped emission spectré A few months later, high-pressure spectra
the variance by 7%; however, the resultiRglependence was  recorded at Sandia revealed clear discrete structure for both XeF
much stronger than is considered reasonable. Wavenumbeland XeCl, and we turned our attention toward analysis of those
calibration errors were checked by incorporating parameters to spectra as a more profitable course for determining the unknown
correct selected band origins, but these showed oo potential curves. Although interest in the XeFBX laser and
improvement, supporting the absolute reliability of the measure- the later discoverél C — A laser has waned in recent years,
ments (which were taken from several different spectrograms). some work continues in this aré&!! More generally, the
Addition of a scaling parameter for thgysc values for selected  electronic properties of XeF and its RgX kindred remain topics
bands gave a maximum improvement of 8% when applied for of study#?4¢ The present work on the detailed nature of the
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