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An experimental study of the 33Pg electronic state of7Li2, using the Perturbation–Facilitated Optical–Optical Double
Resonance (PFOODR) technique, was recently reported [A. Yiannopoulouet al., J. Chem. Phys.103,5898, (1995)]. However,
due to the very small number of known7Li2 A1Su

1 ; b3Pu window levels, only 13 ro-vibrational levels (spanning a range
of vibrational levels designatedvx 2 1 to vx 1 3 in that reference) could be observed. Dunham coefficients, based on the
assignmentvx 5 7, were found to fit the observed term values and give a qualitative fit to the intensities of the first six lines
of the 33Pg (v 5 vx, N 5 11)3 b3Pu emission spectrum. However, due to the limited number of levels used in the fit,
both the absolute vibrational numbering and the 33Pg RKR potential curve obtained from the Dunham coefficients, must be
considered to be uncertain. In the present work, we show that the previously reported 33Pg RKR curve is unable to reproduce
the experimental intensity distribution in the7Li2 33Pg (vx 5 7, N 5 11)3 a3Su

1 emission continuum. We report new
experimental data for the7Li2 33Pg (vx 1 1, N 5 11)3 a3Su

1 bound-free continuum and discrete 33Pg (vx 6 1, N 5
11) 3 b3Pu spectra obtained using the PFOODR experimental technique. We demonstrate that the correct vibration
numbering and an improved RKR potential curve can be obtained by analyzing the experimental term values in combinatio
with all observed bound-free and discrete spectra. Finally, term values for four6Li2 33Pg ro-vibrational levels were obtained
using PFOODR spectroscopy. The measured isotope shifts confirm the absolute vibrational numbering obtained from t
present analysis.© 1999 Academic Press
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Alkali diatomic molecules have been studied extensi
ver the last several decades because they are theore

ractable and their electronic transitions can be pumped
isible and near IR tunable dye lasers. Li2, in particular, ha
ttracted considerable attention because, except for H2, it is the
implest stable homonuclear molecule. Most experime
tudies of the alkali molecules have concentrated on the
inglet electronic states due to the dipole selection rule on
DS 5 0) and the fact that the ground stateX1Sg

1 is a singlet
he development of Perturbation–Facilitated Optical–Op
ouble Resonance (PFOODR) spectroscopy in 1983 (1) has
pened the door to the study of the triplet electronic state

he alkali molecules. In this technique, advantage is take
utually perturbing pairs of levels such asA1Su

1 (vA, J) ;
3Pu (vb, J). Nearly degenerate levels of these two sta
hich have the sameJ, are coupled by the spin–orbit intera

ion. The resulting mixed states have both singlet and tr
haracter. High-lying triplet states can then be accessed
hese mixed singlet–triplet window levels in a double-re
ance experiment.
Recently, Yiannopoulouet al. (2) reported PFOODR studi

f the 7Li2 23Pg and 33Pg electronic states using the on
nown 7Li2 A1Su

1 ; b3Pu window levels (A1Su
1 (v9 5 13,

9 5 4) ; b3Pu (v9 5 19, N9 5 5), A1Su
1 (v9 5 13, J9 5
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) ; b Pu (v9 5 19, N9 5 7), andA Su (v9 5 13, J9 5
1) ; b3Pu (v9 5 19, N9 5 10)). The 23Pg state was we
haracterized since transitions into a wide range of 23Pg

ibrational levels (v 5 0–41) were observed. However, la
ranck–Condon factors exist only for a limited number

ransitions into levels of the 33Pg electronic state from th
1Su

1 ; b3Pu window levels. Thus, only 13 ro-vibration
evels of the 33Pg state were observed (spanning a rang
ibrational levels designatedvx 2 1 to vx 1 3). The absolut
ibrational numbering was difficult to determine and the 33Pg

v 5 vx, N 5 11) rovibrational level with the term valu
5 491.452 cm21 was assigned tovx 5 7 in Ref. (2), based on
counting of nodes in the bound-free 33Pg (v 5 vx, N 5

1)3 a3Su
1 continuum, and a simulation of intensities for

rst six lines of the bound–bound 33Pg (v 5 vx, N 5 11)3
3Pu emission spectrum. However, this numbering was
idered uncertain because the long wavelength end o
ound-free continuum is overlapped by the short wavele
nd of the stronger 33Pg 3 b3Pu bound–bound emissio
hile the long wavelength end of the latter is, in turn, stron
verlapped byA1Su

13 X1Sg
1 fluorescence lines (produced

oth the pump and probe lasers individually). Moreover,
imited range of observed rotational and vibrational le
equires the fitting of a limited number of Dunham coefficie
or the 33Pg state. The long extrapolation to the bottom of
0022-2852/99 $30.00
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148 IVANOV ET AL.
otential well is necessarily uncertain, and the RKR pote
onstructed from the Dunham coefficients reflects that s
ncertainty. For this reason, calculated Franck–Condon fa

or 33Pg3 b3Pu transitions must also be considered susp
In light of recent work by two of us (3–5) devoted to th

evelopment of new techniques for inverting experime
pectroscopic data to yield adiabatic potential curves of
cules, we set out to simulate the intensity distribution of
ound-free 33Pg (v 5 vx, N 5 11) 3 a3Su

1 continuum
alculations based on the7Li2 33Pg RKR potential reported i

2) (based on the assignmentvx 5 7) did not allow us to
eproduce the experimental spectrum. We have, therefore
ied out additional measurements at Temple Universit
ecord the 33Pg (v 5 vx 1 1, N 5 11)3 a3Su

1 continuum
nd the short wavelength sections of the 33Pg (v 5 vx 6 1,
5 11)3 b3Pu discrete spectra, as well as more comp

3Pg (v 5 vx, N 5 11) 3 b3Pu bound–bound emissio
cans. These have been combined with the previous 33Pg (v 5

x, N 5 11) 3 a3Su
1 continuum spectrum and the te

alues reported in (2) in a global fit to determine the corre
ibrational numbering and an improved RKR potential, wh
re presented below. We believe this technique, which m
se of bound–bound and bound-free emission spectra, i
ition to measured term values, is useful for determining m
ccurate experimental potential curves in cases where o

imited number of levels can be observed.
As a final check of the vibrational numbering, we h

arried out measurements of term values for four ro-vibrati
evels of the6Li2 33Pg state using the window levelA1Su

1 (v9
9, J9 5 20) ; b3Pu (v9 5 15, N9 5 19) (6) of that

sotopomer. The isotope shift provides an absolute determ
ion of the vibrational numbering and confirms the result
he global fit of the7Li2 data. These6Li2 33Pg term values
ave been combined with all available7Li2 data in one las
lobal fit to calculate a final or best RKR potential for the2
3Pg state.

2. RESULTS

As a first step, we carried out a direct simulation of
ntensity distribution in the7Li2 33Pg (v 5 vx, N 5 11)3
3Su

1 continuum, using computer programs implementing
umerov–Cooley–Blatt method (7) with the initial vx 5 7
ibrational numbering and the five spectroscopic constantTe,

10, Y20, Y01, and Y11 from (2) (see also Table 1). For th
epulsive electronic statea3Su

1, we have taken the theoretic
otential energy curve from (8). This potential function wa
sed previously in computations of the7Li2 23Pg (v 5 17,
5 4)3 a3Su

1 and7Li2 33Sg
1 (v 5 10, N 5 10)3 a3Su

1

ransition continua (4) and was found to reproduce the exp
mental spectra with good accuracy. Note that the line in
ities in the7Li2 33Sg

1 (v 5 10, N 5 10)3 b3Pu transition
ere also simulated with good accuracy in (9), confirming the
igh quality of theb3Pu potential curve of Ref. (10). The
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al
e
rs
t.

l
l-
e

ar-
o

e

es
d-

re
a

al

a-
f

e

-
-

ondon approximation,M(R) 5 constant (whereM(R) is the
ransition dipole moment as a function of internuclear sep
ion R), was used in our initial calculations. The other det
f the simulation were the same as in (4). The basic approac

s as follows. First, the Schro¨dinger equation is solved nume
cally for the upper bound state potential to yield the nuc
adial wavefunction corresponding to the particular ro-vi
ional level of interest. Next, the Schro¨dinger equation is aga
olved for the lower repulsive potential, to yield the free s
avefunction corresponding to the continuum level which
elow the upper bound state by the energy of the em
hoton (hc/l). If the transition dipole moment is assumed
e constant withR, then the emission intensity atl is simply
roportional to the square of the upper and lower state w

unction overlap integral. The complete spectrum is obta
y calculating the emission intensity as a function of wa

ength (i.e., calculating the upper and lower state wavefun
verlaps for various levels lying at different energies within

ower state continuum). The result of this first simulation
hown in Fig. 1. The computed and experimental spectra d
trongly.
The intensity distribution depends on the electronic s

otentials and on the transition moment operatorM(R). The
nfluence ofM(R) on the node positions in the continuum
ery weak (4, 11), so the node positions can be used as cri
or the quality of the potentials.

One of the possible origins of this inability of the simulat
o reproduce the experimental continuum can be the w
ibrational numbering of the observed terms. We have trie
imulate the continuum with other vibrational numberingsvx

8 andvx 5 9. In the simulations, analogous to (2), the five
pectroscopic constantsTe, Y10, Y20, Y01, andY11 were fitted
sing the observed ro-vibrational term values from (2) (see also
able 4 of the present work), and the RKR potential en
urve was constructed for the 33Pg state using each assum

FIG. 1. Experimental7Li2 33Pg (v 5 vx, N 5 11)3 a3Su
1 bound-free

ontinuum and corresponding initial simulation based upon the vibra
umberingvx 5 7 and the 33Pg state RKR potential from (2).
Academic Press
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14933Pg STATE OF Li2
ibrational numbering. The closest match to the obse
pectrum is the casevx 5 9 (Fig. 2). On the other hand, t
ibrational numberingsvx 5 8 andvx 5 9 could not explain
he line intensities in the7Li2 33Pg (vx, N 5 11) 3 b3Pu

ransition. These facts together show that no vibrational n
ering is able to accurately account for all the experime
ata through the approach described above.
Next, we tried to apply the WKB nodes method (5) to derive

he bound state potential function from the continuum. T
ethod gave the vibrational numberingvx 5 9, but its accu

acy was too low to consider this result unambiguous, e
ially since part of the experimental continuum is difficult
bserve because it is buried beneath the strong bound–
3Pg (vx, N 5 11) 3 b3Pu spectrum.
The origin of the inconsistency between the simulation

he line intensities and the continuum can be found by an
ng all factors that can influence the observations. The
ositions in the continuum can only be affected appreciab
otentials; namely, the bound 33Pg state potential in the ca
onsidered here. The line intensities can be affected b
ollowing factors: (i) the potential function; (ii) a possib
trong variation of the transition moment operatorM(R); and
iii) nonadiabatic perturbations of theb3Pu levels. Strong
onadiabatic perturbations of theb3Pu levels can be exclude
ere based on the results of the line intensity simulation fo
Li2 33Sg

1 (v 5 10, N 5 10)3 b3Pu transition in (9), a case
here all available experimental data were in good agree
ith each other. If strong variation of theM(R) function with
appreciably influenced the line intensities, then the ag
ent between the observed and simulated line intensitie

erved with thevx 5 7 numbering would have to be cons
red accidental. It is highly unlikely that the same accide
oincidence would take place for transitions from other vi
ional levelsv Þ vx. We have now checked this possibility
arrying out new experimental investigations.

FIG. 2. Experimental7Li2 33Pg (v 5 vx, N 5 11)3 a3Su
1 bound-free

ontinuum and corresponding initial simulation based upon the vibra
umberingvx 5 9.
Copyright © 1999 by
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Intensities for the first seven lines of theLi2 3 Pg (vx 6 1,
5 11) 3 b3Pu spectra have now been measured by

ame experimental method as in (2). The new continuum,7Li2
3Pg (vx 1 1, N 5 11) 3 a3Su

1, was also measured a
sed in the analysis. Simulations of the new spectra show

he situation remains the same; all line intensities are re
uced with rather good accuracy ifvx 5 7 is assumed, but th
ssumption does not allow us to reproduce the continua
tead, the continua are reproduced rather well ifvx 5 9 is
ssumed, but this assumption is inconsistent with the ex
ental line spectra. The only conclusion that can be ma

hat the RKR potential function of the 33Pg state, constructe
s described above, is at least somewhat in error for
ibrational numbering.
A schematic diagram of the Li2 potential energy curve
hich are relevant to the current discussion is given in Fi

t can be seen from the figure that line intensities, arising f
ransitions into the lowest rovibrational levels of theb3Pu

tate, are determined primarily by the left (short-range) lim
he 33Pg state potential energy curve. These lines form
hort wavelength end of the bound–bound 33Pg 3 b3Pu

and which is most accurately observed and analyzed i
xperiment. On the other hand, the short wavelength end
ound-free 33Pg 3 a3Su

1 continuum, which is most clear
bserved in the experiment, is determined primarily by
ight (long-range) limb of the 33Pg potential. Therefore, w
an conclude that the true potential function should be
pproximately like the one obtained by assumingvx 5 7 at
mall internuclear separations, and like the one obtained

x 5 9 at large separations.
Although the Dunham representation for the ro-vibratio

erms through a set ofYij constants is widely applied, it is al
ell known that this approach is not unique (12, 13). A

runcated Dunham series is a good representation for
alues located near the bottom of a potential well, or per
n another limited region of energies far from the dissocia

FIG. 3. Potential energy curves of the Li2 molecule (see text for details
ositions of the ro-vibrational levelsb3Pu (v 5 19, N 5 10) (excitation
indow level), 33Pg (v 5 vx 5 8, N 5 11), and thewavefunction of the

atter state are shown.

al
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TABLE 1

150 IVANOV ET AL.
imit. The wider the range of vibrational quantum levelsv to be
escribed, the more spectroscopic constants must be use

imited number of rovibrational levels that could be obser
n (2), using the three known7Li2 window levels, precluded th
tting of more than the five spectroscopic constantsTe, Y10,

20, Y01, andY11 to the observed term values. However, i
lear that while this limited set of constants may reproduce
bserved level positions in the range ofv 5 (vx 2 1) 2 (vx

3), it is not sufficient to accurately represent levels dow
he bottom of the potential well. Consequently, the 33Pg RKR
otential function obtained as described above is unab
eproduce the bound–bound and bound-free spectra, w
epend in detail on the lower portions of the potential cu
o successfully simulate these spectra, a more complete
pectroscopic constants is needed.
The following fitting procedure has been used to find a m

omplete set of spectroscopic constants.

1. Initial values for additional fitting constantsY30 andY21

ere chosen.
2. The other spectroscopic constantsTe, Y10, Y20, Y01, and

11 were fitted from the observed ro-vibrational level positi

Spectroscopic Constan

Note.All constants are in units of cm21 with th
1 The original Dunham coefficients reported i2

Table III of Ref. (2) (thev 5 vx 1 3, N 5 9, andv
coefficients listed here are based on 12 of the
All calculations presented in the current work a
based on the very slightly revised set of consta

2 The theoretical spectroscopic constants in
nately, the latter were incorrect; this can be see
in (2) (Re 5 3.175 Å corresponds toY01 5 0.4
reported in (2)). The new theoretical spectroscop
points of the theoretical potential function given
rovibrational levels, and fitting spectroscopic co
Copyright © 1999 by
The
d

e

o

to
ich
.

t of

e

s

eported in (2) (see Table 4 of the present work) with th
xed values ofY30 andY21.
3. The RKR potential function was constructed from the

et of spectroscopic constants.
4. The experimentally observed continua and line intens
ere simulated using this RKR potential function in the s
anner as described above.
5. Corrections to the initialY30 andY21 values were derive

y comparison of the experimental and calculated line in
ities and the node positions in the continua.

hese steps were repeated iteratively until the computed
xperimental data were in agreement. The convergence
ion was that the change in the spectroscopic constants
ne step to the next was less than the initial errors in t
onstants (derived from the term values only). Taking
ccount that the line intensities are much more strongly i
nced by subtle details of the potentials and other factors w
e have excluded above in our considerations (M(R), non-
diabatic intermixing), their weights in the fitting proced
ere taken to be less than that of the continua node posi
he term value of the rovibrational level (v 5 vx 1 1, N 5

of the Li2 33Pg State

xception ofRe which is in Å.
ere based on 11 of the 13 term values reported in

x 1 1, N 5 4 terms were excluded). The Dunham
term values (onlyv 5 vx 1 1, N 5 4 was excluded).
described as based on the constants of (2) are actually
given here.
Table 1 differ from the ones reported in (2). Unfortu-
om the inconsistency of theRe andY01 values reported
cm21, rather than the valueY01 5 0.538 cm21

constants given here were estimated by smoothing the
(with the Pade–SVD technique, calculating a set of
tants to them.
ts

e e
n () w
5 v
13
nd
nts

the
n fr
77
ic
in2)
ns
Academic Press



4 na
y

this
fi
v e
s or
i rv
o .
4 urv
d r s
o t
i g
a th
d

ut
t ve
7

1
t
u ent
w s are
s
v he

TABLE 2

.
T e
d

b m
(
d in t
e

15133Pg STATE OF Li2
), which is evidently perturbed, was excluded from the a
sis.
We were unable to find a satisfactory solution from

tting procedure using either thevx 5 7 or the vx 5 9
ibrational numbering. The casevx 5 8 was much mor
uccessful. The resulting spectroscopic constants are rep
n Table 1, and the corresponding RKR potential energy cu
btained from this global fit of the7Li2 data, is shown in Fig
, in comparison to other variants. The resulting potential c
oes, in fact, lie close to the one obtained from the smalle
f spectroscopic constants with the assumptionvx 5 7 at shor

nternuclear distances, and close to the one obtained usin
ssumptionvx 5 9 at large separations, in agreement with
iscussion above.
As an independent check of the results, we have comp

he excitation probabilities from the intermediate window le
Li2 b3Pu (v 5 19, N 5 10) into levels7Li2 33Pg (v, N 5

FIG. 4. Potential energy curves for the 33Pg state of the Li2 molecule
heab initio curve (dashed line) is from (2). The potential produced from th
ata analysis of the present work (solid line) is based on the7Li2 data only.

FIG. 5. Relative excitation probabilities for the7Li2 33Pg (v, N 5 11)4
3Pu (v 5 19, N 5 10) transition, simulated with the initial potential fro
2) (white bars) and with the potential of the present work based on the7Li2

ata (black bars). Arrows indicate transitions that were actually observed
xperiment.
Copyright © 1999 by
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1), corresponding to the experimental conditions of (2), for
wo cases: (i) using the 33Pg state potential curve from (2), (ii)
sing the 33Pg state potential curve obtained in the pres
ork from the7Li2 data as described above. These result
hown in Fig. 5. In Ref. (2), only the vibrational levelsvx 2 1,

x, vx 1 1, andvx 1 3 could be observed; excitation of t

Experimental 6Li2 Rovibrational Term Val-
ues (in cm21) and Term Values Calculated
from the 33Pg Potential Obtained in the
Present Work

TABLE 3
Final Li2 33Pg Potential Curve

U(R) (in cm21) and RKR Turn-
ing Points (in Å) Obtained in the
Present Work Using all Available
7Li2 and 6Li2 Data

he
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152 IVANOV ET AL.
evel vx 1 2 from b3Pu (v 5 19, N 5 10) is apparently to
eak for observation. This result is consistent with the si

ated excitation probabilities based on the 33Pg state potentia
btained from the7Li2 data in the present work, but incons

ent with the simulation based on the earlier potential repo
n (2).

All the measured continua and discrete spectra intensitie
eproduced fairly well with this new potential. We have
ided not to present their graphical comparisons because
o not differ visually from the analogous figures below for
nal potential determined from all the experimental data
luding the6Li2 term values obtained after the analysis p
ented above was performed).

FIG. 6. Final Li2 33Pg RKR potential determined in this work using
Li2 and6Li2 data (solid line), the7Li2 data only (points), andab initio curve
dashed line) from (2).

FIG. 7. Experimental7Li2 33Pg (v 5 vx, N 5 11)3 a3Su
1 bound-free

ontinuum and corresponding simulation based on the 33Pg state potentia
btained in the present work from all7Li2 and6Li2 data using the assignme

x 5 8. The relative efficiency of the detection system as a functio
avelength (including polarization effects (17)) has been incorporated into t
imulated spectrum for comparison to the raw experimental data.
Copyright © 1999 by
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As a verification of the data analysis technique descr
bove, including the revision of the vibrational number

rom that given in (2), we have carried out additional expe
ental measurements on the6Li2 isotopomer. We have us

he window levelA1Su
1 (v9 5 9, J9 5 20) ; b3Pu (v9 5 15,

9 5 19) (6) to measure four6Li2 term values which are liste
n Table 2. The isotope shift provides an absolute determ
ion of the vibrational numbering and confirms the valuevx 5

obtained in the analysis described above.
When calculating the isotopically shifted term values,

ave taken into account the fact that for rotational quan
umbers nearN 5 20, the spectroscopic constantY02, ne-
lected above, gives a significant contribution; 21 cm21.
he value of theY02 constant was estimated using the w
nown relation (see, e.g., (14))

Y02 5 24Y01
3 /Y10

2 [1]

rom the constants determined above. The predicted term

v54,N518 in Table 2 differs from the experimental o
trongly, so we can suggest that it is perturbed; this sugge
as independently confirmed by fitting a truncated set of
ve constants from all7Li2 and6Li2 experimental term value

f

FIG. 8. Experimental Li2 33Pg (v, N) 3 b3Pu line intensities (vertica
ines) and relative intensities calculated using the 33Pg state potential obtaine
n the present work from all7Li2 and6Li2 data using the assignmentvx 5 8
circles). In all cases, the observed transitions involve only theF1 ( J 5 N 1
) components of the upper and lower states. The experimental spectr
een corrected for the relative efficiency of the detection system (incl
olarization effects (17)) as a function of wavelength.
Academic Press
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15333Pg STATE OF Li2
he level (v 5 4, N 5 18) has been excluded from t
ollowing analysis.

In addition, we recorded resolved6Li2 33Pg (v 5 6, N 5
0)3 b3Pu bound–bound fluorescence line intensities.
The new6Li 2 data have been combined with the previ

Li 2 data in one last global fit to produce a best se
pectroscopic constants (listed in Table 1 as the “
pectroscopic constants”). The final RKR potential curv
isted in Table 3 and plotted in Fig. 6 along with theab initio
urve from (2) and the potential obtained from the7Li 2 data
nly. The fitting procedure was improved by two additio
teps.

Li2 33Pg Rovibrational Level Term Values (in cm
and Compared with t

Note.The experimental measurement error is;0.01
Copyright © 1999 by
s
f
l

is

l

1. The constantY02 was incorporated by using Eq. [1] wi
he Y01 andY10 values determined in the previous step of
rocedure.
2. The electronic transition dipole moments functionM(R)

f the 33Pg 3 b3Pu and 33Pg 3 a3Su
1 transitions wer

stimated in the linear approximationM(R) 5 1 1 m1R and
sed in calculations of the bound–bound line and bound
ontinuum intensities. Them1 coefficients were obtained b
he fits of the overall line and continuum intensities and
ected several times during computations. The final value

1 ' 0.2 (Å)21 for the 33Pg 3 b3Pu transition andm1 '
0.167 (Å)21 for the 33Pg 3 a3Su

1 transition.

) Calculated with Different Potential Functions
Experimental Values

1.
21

he

cm2
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The Li2 3 Pg (vx, N 5 11) 3 a Su continuum, simu
ated using this resulting potential and transition dipole

ent, is compared to the experimental one in Fig. 7.
omparison of the simulated and experimental line intens
f the 33Pg (v, N) 3 b3Pu spectra for both7Li2 and 6Li2

sotopomers is shown in Fig. 8. The profile of the continuu
eproduced very well. The accuracy of the line intensity s
lations, compared to the initial casevx 5 7, is of the sam
uality for the first six lines and is much better for those at

ong wavelength end of the band. The remaining discrepa
n the line intensities can be explained by the factors menti
bove which were neglected in this analysis. An analo
esult was also obtained for the7Li2 33Pg (vx 1 1, N 5
1) 3 a3Su

1 continuum.
In summary, we conclude that the7Li2 33Pg vibrational

umbering (vx 5 7) previously reported in (2) should be
orrected tovx 5 8, and that the final spectroscopic consta
eported in Table 1 of the present work give the best repre
ation of all available7Li2 and6Li2 experimental data. We no
hat the inclusion of bound-free continua node positions
ound–bound spectra line intensities in a global fit with
easured term values, as described here, can lead to sign

mprovements in spectroscopic constants and RKR pote
btained from limited data sets.

3. DISCUSSION

As seen in Figs. 4 and 6, the Li2 33Pg potential curve
btained in the current work as described above agrees
mong the alternatives presented, with the theoreticalab initio
otential function of (2). This agreement is also reflected in
pectroscopic constants of Table 1 and in the comparison
xperimental and calculated ro-vibrational term values of
le 4 (where one should take note of the vibrational ass
ents).
Notice that the rovibrational term values calculated from

nal RKR potential (Table 4) demonstrate small, but regu
iscrepancies (of different sign for the two isotopomers) f

he observed values, even though the input spectroscopic
tants of the RKR procedure reproduce the experimental
alues very well. The origin of this discrepancy is obviou
he first-order WKB approximation used in the RKR pro
ure. Figure 9 presents a comparison of the theoretical p

ial of the 33Pg state and its RKR reconstruction, demonst
ng this error. [The latter was obtained by first fitting a se
pectroscopic constants (Table 1) to the eigenvalues o
xact theoretical potential, and then using these consta
btain the RKR curve.] Our test computation has shown

his error can result in an;0.2% mean-squared error in t
3Pg 3 b3Pu relative line intensities (over the range o
erved) and in an;0.05% mean-squared error in the 33Pg3
3Su

1 continuum node positions (over the observed rang
he continuum). Such an error is sufficiently small that the
o need to revise the results of the present paper. How
Copyright © 1999 by
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ore precise results for the potential function can be obta
y using the bound state IPA (Inverse Perturbation Appro
rocedure (15). The third-order RKR procedure of (16) re-
uires knowledge of 33Pg ro-vibrational term values of th

wo isotopomers in approximately the same region of ene
nd, hence, cannot be used here.
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