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Experimental studies of the NaRb ground-state potential up to thev”=76 level
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Laser induced fluorescence spectra of & " —X 13" system of2*Naf°Rb and>>Na®’Rb have allowed
vibrational levels of the electronic ground state upvte=76, spanning 99.85% of the potential well to be
observed. The ground-state term values have been fitted to a Dunham polynomial expansion, and also to a
direct modified Lennard-JonébILJ) potential. The analytical MLJ construction allowed us to match previous
measured term values for'<30 with long-range behavior of the potential through the intermediate internu-
clear distance region covered by the present investigation.
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I. INTRODUCTION X3 * state obtainefl12] by the Doppler-free laser polariza-
tion spectroscopy of th&I1—X!%* transition, are avail-
In last decades alkali diatomics have proved to be a focuable for the vibrational levels” [0,30] which cover only
of intensive experimental studies aad initio calculations  579% of the well depth. Moreover, only for the two lowest
of adiabatic potential curves for both excited and groundjiprational levelsv”=0,1, the term values were measured
electronic states. Special attention has been put on the detgt-3] in a wide range of rotational quantum numbels
mination of highly accurate ground-state potential in a widec [0,80] while those for” e[2,6] andv” [ 5,30] were lim-
internuclear separation range and, in particular, on the oppofed by J" e[1,42] [13] and J”=10,12[12], respectively. A
tunity of including larger internuclear distances into consid-rather accurate value of the dissociation enerby
eration to adequately model the photoassociation spectros-5030.75-0.10 cni * for the XS, * state has been recently

copy of cold atomg1] and other laser cooling experiments. getermined14] based on(i) the improved Rydberg-Klein-
Moreover, the accurate ground-state potential is necessary {9ees (RKR) curve for thea®s ™ state URKR(R): (ii) the
a ;

refine the excited-state potentials constructed by thg, .. range Coulomb ener contributiom\ U ~(R) =
“difference-based” method2,3]. d g gy o(R)

, . _ —Cg/R°—Cg/R®—C,,/R¥ with dispersion coefficients
The gr'ound-state potent!al of the NaK dlme_r was StUd'edCG, Cq, andCy, calculated in Ref[15]; (i) the exchange
systematically by the Fourier-transform laser induced ﬂuo'potentiaIAUE(R) approximated by the Smirnov-Chibisov
rescenceFT LIF) spectroscopy of th€'S " — X3 tran- 16] asymptotic formA U (R) = — CR% PR, where param-
sition[4]. The obtained high accuracy term values up to neaLterC was obtained froEn a differenceb ir;itio X'+ and
dissociation limit were analyzed from the perspective of theira32+

long-range behavior to construct the hybKdS * state po-
tential [5]. For the KRb molecule Dunham molecular con-
stants have been recently determif&l from the A'S*

potential [17], i.e., AU(R)=1/4U3(R)
—Ugb(R)]. Then, the complete hybrid potential-energy
curve for theX'>* ground state was construct¢di4] by

— X3 fluorescence for the first 88 vibrational levels of the using (i) the RKR curve forU”.E [0’39]R from Ref. [12]; (i)
X3+ state, and the relevat'> " potential has been con- the long-range  potential Uy"(R)=De+AUc(R)
structed up to internuclear distance of 10.49%9.3% of the T AUE(R); (iii) the difference-based potential for the attrac-

; 1 1y + tive wall of the curve corresponding to intermediate internu-
potential well depth The LIF spectra of thé8IT— X" att P 9

system, recorded by the FT interferometer, have been rélear distance, i.ely (R)=US*R(R)+2AU"(R); (iv) the
cently applied to observe the first 47 vibrational levels of ther@Pulsive wall extrapolated above th€=30 level of the
3% Li ground statg7]. The obtained term values were re- RKR potential by an exponenti&li°P(R) =Ae™"R. The ab-
duced to Dunham molecular constaf8$as well as directly ~solute accuracy of the derived hybrid potential in e
to a numerical inverted perturbation appro@t®A) potential ~ >30 region is apparently limited by the accuracyuff'(R)
curve[9]. The FT LIFA'S [ —X!3 ; spectra were used to and UYP(R) functions since their error is expected to in-
measure the term values of all three,Réotopomers, which crease afk decreases. Therefore, the authors of R&#]
allowed involving ground-state levels up #8=113, cover- have concluded that further experimental studies for higher
ing 99.8% of the ground-state potential wgll0]. The v”>30 values are required to refine the NaRhES *-state
isotope-substituted data set was applied to a Dunham-typgotential curve in the intermediate energy region.
analysis as well as to a direct fit to the analytical “modified The usual way of extending the range of ground-state vi-
Lennard-Jones(MLJ) potential curve 11]. brational levelsy” observed in emission for alkali dimers is
As distinct from the above species, direct experimentalo use, instead of thB—X, either theA—X or C—X sys-
information on the ground state of the NaRb molecule is stilitem. In the present study we made use of the opportunity to
rather limited. Indeed, highly accurate term values of theexcite the high vibrational levels of th€'3* electronic
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process different sets of experimental and theoretical data,
we have adopted as the most appropriate direct potential fit
analysis based on the MLJ potential, which has been recently
developed 11] and successfully exploited for an extremely
accurate Rpground-state potential study0].

The paper is structured as follows. Section Il describes
experimental details aimed in obtaining transition frequen-
cies, as well as raw data processing yielding the NaRb
ground-state term valudg >, covering vibrational levels up

tov"=76, or 99.85% of the potential well depth. Section IlI
contains a description of a conventional Dunham-type analy-
sis of the above )b, values, as well as of their direct it to

MLJ potential followed by concluding remarks in Sec. IV.

(3p)Na+{58)Rb

(3s)Na+(Sp)Rb
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10+

Energy (10 *cm™)

6 (35)Na+58)Rb

x's" Il. EXPERIMENT

24
] \ A. Experimental details

0 T M T T T T T 1

3 4 5 & 1 8 NaRb molecules were formed from a 4:1 mixture of natu-
R(A) ral Rb (containing 72% of°Rb and 28% of®’Rb) and Na
_ ] ] metals in an alkali-resistant glass thermal cell at the tempera-
FIG. 1. Potential-energy curvd®] for the low-lying singlet ture ca. 550 K. LIF was excited by an Aaser (Spectra
states of NaRb and LIF excitation and observation scheme. Physics 171operating in a single-mode regime at 514.5 nm
wavelength. LIF has been dispersed at right angles by a
double monochromator with 1200 lines/mm gratings and 5 A
/mm inverse dispersion in first diffraction order, providing at
reasonable slits 0.2-A spectral resolution. Fluorescence pro-
gressions have been detected up to 680 nm by a FEU-79
photomultiplier operating in a photon counting regime. Si-
multaneously detected Ar and Ne discharge lines have been
used as frequency standards. The average inaccuracy of the
LIF line positions was estimated as ca. 0.1 ¢m

state in a direcC!S "« X3 * transition and to exploit the
subsequent visible emission. As follows from tak initio
potential curve$2] depicted in Fig. 1, there is enough reason
to predict thatC'> * — X! * fluorescence can be excited by
visible Ar-laser lines and it should stretch up to sufficiently
highv” levels of thex!S * state due to considerable shifting
between the respective potentidgsmilarly the case of the
NaK molecules, see Rd#]). In the early paper on the NaRb
LIF studies[18] it was reported that the Arlaser 514.5-nm
line induced fluorescence spectrum was observed up to
14000 cm'* (710 nm. This spectrum was latgf.3] recog-
nized as the transitions ending on highlevels of thex'3, * As is well establishef2,18], the 514.5-nm Af-laser line
state. The simplicity of the excitation scheme and the conveexcitesDI1«— X3 * transition in the NaRb moleculeP(

nient visible range of LIF encouraged us to undertake furthe®, andR transitions ending o’ €[0,6] have been identi-
investigations of theC— X emission in order to reach as fied), followed by intensiveD [T — X3 * LIF terminating at
many as possible”>30 rovibronic levels and, thus, to fill ca. 580 nm and covering’ €[ 0,34] region[2]. However it

the gap between the accurate lavf experimental data is possible to observe under the same excitation rather inten-
[12,13 and calculated long-range ddtb4]. To consistently  sive LIF progressions, see Fig. 2, not connected withDhe

et PRI ITIITI
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B. Analysis of the C'%*— X3 * progressions

J'=63, v"=63

a FIG. 2. Pieces of theC—X fluorescence

spectrum induced by absorption of the*Alaser

5145 nm line. (@ C3*(v',J =42)

—XIZH(v"=1J"=43) in 2Na®Rb; (b)

6687 6690 6693 6696 6699 6702 C12+(v/,J,:26)<—X12+(U":4,J"=25) in

Wavelength (A) 23N385Rb and 012 +(U "= 63)<— X12 + (v”
=1J"=62) in 2°Na®'Rb.

J'=42
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TABLE I  CIZ"(v',J)-X1"(v",J") transitions induced by the 5145 nm
(19429.826 c*) Ar*-laser line. TS0'=T%\+ 1., are the respectiv€’S * term values. Parameters
AT,y =T =T account for an uncertainty in the fluorescence series orijifi,' denoting the cor-
rected term valueATC!)" and AT)) values were obtained within the Dunham type and direct MLJ
potential fits, respectively. The numbers in parentheses are equal to two standard deviations. All energies are
incm 1.

Isotopomer " J” NE TR v” range ATDHR ATV

ZNaRb 1 12 13 19600.11 [21,7Q 0.12(+0.04) 0.10¢-0.05)

ZNaRb 4 25 26 19947.63  [26,76 —0.01(+0.04)  —0.01(x0.02)

ZNaRb 1 43 42 19720.75 [15,71] 0.19(+0.09) 0.21¢-0.11)

ZNaRb 3 61 60 20056.69  [27,71] 0.48(+0.25) 0.35¢-0.22)

ZNaRb 1 62 63 19858.11  [24,71] 0.37(+0.30) 0.18¢-0.16)

—X system[2]. These progressions, possessing maximuntaused by the uncertainty of the laser frequency within the

intensity in the red spectral range, can be attributed to th@eneration contour; this uncertainty is the same for all lines

C— X system originating from higl’>30 levels. Such as- belonging to the same progression.

sumption is proved by tentative evaluation of the respective

Franck-Condon factors using the difference-baabdnitio Ill. ANALYSIS OF TERM VALUES

C!S* potential[2]. Experimental justification is as follows. . ) .

First, no singlet red LIF progressions have been observed,lTQe total data set included in the current analysis of the

only the doublet-type series which correspond to Yhe3, X 2" state tern_1 values was constructed of three parts. The

transitions. Additionally, we have undertaken a Stark-effect{I"St jpart contains the present measured 302 term values

based test which showed that applying an external electri€,»y assigned to botf*Na®Rb and **Na’'Rb isotopomers

field up to 5000 V/cm did not cause any changes in the regorresponding te” €[24,76¢]; J” €[12,64] levels(see Table

LIF spectra. If it were theD'II state, due to the Stark- |). The second part contains 44 highly accur@téh a line

inducede/f mixing in the I state, see Ref§2,19], the position uncertaintyr",5~0.003 cmi ) experimental term

triplet LIF spectra would be observed instead of the doublevalues forv” e[5,30]; J"=10,12 levels of>*Na®®Rb given

spectra. The above considerations allowed us to conclud@ Table | of Ref.[12]. The third part contains eight”

that LIF progressions observed in the red spectral range up te[0,3]; J”"=10,12 term values restored using the relevant

680 nm originated from th€'S " state. G,, B,, D,, andH, molecular constants of th&Na®*Rb
Figure 2 presents fragments of #8é3 *— X' * fluores-  jsotopomer given in Table | of Ref13]; it is assumed that

cence progressions in the range of high ground-stateal-  the uncertainty of these data®,, does not exceed

ues. To assign the transitions in this spectrum, it was necegy o3 cnyl. Y

sary to go to smallero”<30 region where accurate - ajogether 354 term values of the NaRBS * state were
spectroscopic constants of tféNa®Rb ground state from treated simultaneously by the combined-isotopomer
Refs.[13,14 are applicable. This was the most difficult part weighted least-squard®VLS) fit

of the experiment due to smaller intensities of @e-X
transitions in the low"” region and the partial overlapping 1 N [ expt_ealc) 2
with D—X transitions. As a result, we have registered and o =min > ( ot v )
assigned fiveC'Y " — X3 fluorescence progressions pre- N—=M Jr
sented in Table | which were excited by different modes of
the 514.5 nm line. For small (J<27) the progressions as- whereN is the total number of the experimental energies,
signment was based on Dunham molecular consfdmt ~ andM is the number of the fitting parameters obtained below
while for largeJ, as well as for the”*Na®’Rb isotopomer, a by both Dunham-type and direct potential fit analysis.
numerical solution of the radial Schtimger equation was
exploited with the RKR potential constructed by molecular A. Dunham-type fit
constants from Ref.14].
The measure®@'S " (v';J")— XS *(v";J") progression

1/2

: (€

expt
O-U HJH

Term values for the isotope-substituted NaRb molecule
can be represented as a linear combinaf]

wave numbers/Z*Py have been transformed into the corre-

sponding term values of the ground state T35, =T¢, % . . ) Rbua

— ,expt | f th 12+ expt h Tvrryr: E Yl,mxl,m+(1_8a) 2 5I,mXI,m
ve_'y . Term values of the uppet stateT 75, (where (,mZ(0,0) (1,m=(0,0)

v’ values remained unknowihave been obtained by adding 2

the laser frequency, e, t0 the energy of the initial absorb-

ing ground state, leading 5= T2+ Vjaser- The uncer-  Of the basis functionX{’,,

tainty of the term values thus obtained is determined by the N ol s "
line position accuracy and the additional systematic error Xim=pa (0"+127[J"(I"+1)]",
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TABLE Il. Dunham parameter§n cm™ 1) for the XS * state of 2.5 a
the 2°Na®®Rb isotopomer, obtained from a simultaneougijt2) to 20 vl ﬁ'ﬁ -
the total set of the experimental term values corresponding to both 1 o Tmm_.l.mu :
2Na®®Rb and 2°Na®’Rb isotopomers. The numbers in parentheses 15 v v .
are equal to two standard deviations. Five additional fitting param- 1.0 ."
eters corresponding to origin uncertainties in the pre€entX LIF 05_' .
series are given in Table I. The value ofg¥s calculated. ] L. O

on-_—o;,‘homﬂcﬂ-—:%%mw

Yo.0 —0.0225 0.5
Yio 106.844973 £7.3x1073) L L AN UL S S
Yo —0.3769493 (£2.7x10°9) 30 35 4 45 5 55 60 65 70 75
Yso —1.325357%10° % (+4.5x10%) -
Y0 6.158493% 10°°  (*4.1x107°)
Y50 —4.706985K 10 ¢ (*£2.2x10°9) S o5 T:}" v b
Y60 1.825626% 107  (+7.5x10°%) 1 o . °
a —4.444882510°°  (+1.6x10°9) B D 00T o teu g et et 0000 ey aupete,—
Ys0 6.487378410 11 (+1.9x10 1Y = 05-
Yoo —5.229338K 10718 (+1.3x10° 1) u'_ e
Y100 1.786637K 107 (+£3.8x10 19 S 30 35 40 45 50 55 60 65 70 75
Yo1 7.01132%10° %2 (+4.7x10°%)
Y11 —2.82382% 10 % (+3.8x107°) 20-
Yo1 1.558186<10°%  (£6.2x10°9) c
Y1 —5.705886<10° %7  (=4.2x107)
Y1 3.065820<10°%  (+1.5x1079) 151 fv'l':’.- r DDEFEU ftbu
Y51 —7.84554% 10710 (+2.8x10 19 0 u]
Yor 9.30511K 1072 (+2.7x10°19 104 & %
Yoa 4254381071 (+1.0x10 1) - %
Yo,? ~1.210710°7  (=4.0x10°1) 5+ f %
Y0 ~950x10°°  (£2.4x10°1Y 1 P "oy
Y5 1.78<10°1°  (£1.9x10°19 o4o®r
Ya2 —1.92¢107"  (+1.1x107Y) 30 35 40 45 50 55 60 65 70 75
Yao 5.3x10 13 (+£2.1x10 19 V'
Ys. —4.6x1071° (+1.3x10 16
Yoz? 2.08x10 13 (+1.0x10 15 FIG. 3. Differences between calculat&ff); and experimental
No. of data 354 ToP! term values for®Na®®Rb X'S ¥ (v”>30,"=25). (@) Tom"
Total no. of parameters 31 are calculated by Dunham constants from Table I ﬁﬁa" by the
No. of fitting parameters 27 present RKR;(b) TMEJ are calculated by the present direct MLJ
;f 1.18 potential fit analysis(c) T p J,, are calculated by the preceding hy-

a/alue and uncertainty are taken from Table 1lI of Rgf3].

whereY| m are the required Dunham coefficie&| while
5 m are the modified in Ref.20] Born-Oppenheime(BO)
and JWKB breakdown parametef21-23. The reduced
mass ratio parameters for th&Na®’Rb pattern arep,
= \ 23850/ m2ang7ry ANd & ,= Mssgp/Ms7g,,  While p,
=g,=1 for the most abundart®Na®°Rb isotopomeru is
the reduced molecular mass akblis the respective atomic

mass of the Rb isotope.

The Dunham paramete¥s ,, of the 2*Na®Rb isotopomer

brid potential[14].

presented in Table | were added to the fitting procedure to
remove systematic errors caused by an uncertainty of the
present experimental series origin, i85, . In the frame-
work of the Dunham-type analysis a correctness of the term
values assignment given above was additionally tested by a
trial-and-error method, i.e. the isotopic assignment and/or ro-
tational numbering were consequently variated for eadR

pair of the particular LIF progression. The sharp global mini-
mum of the functiona(1) was observed with the assignment
given in Table I. BO breakdown effects have not been ob-

presented in Table Il were obtained by the weighted lineaserved since no parameté?b was found to be required to
LS fitting procedurg1) accompanied by experimental deter- approximate the present combined-isotopomer data within

mination of the optimum power degreek,fx, Mnay for
each vibrational and rotational expansion in E2). During
the fit the lowest centrifugal distortion constartS8DC9

their experimental uncertainties. The resulting molecular
constants presented in Table Il reproduce the high accuracy
data[12,13 correspondlng ta)”=10,12 levels with rms

Yo2, Y12, andY, 3 were held fixed at the values obtained =0.002 cm? while the present experimental term values

from highly accuratev” €[0,6]; J"<[0,80] term energies

Dunh

see Table Ill in Ref[13]. Five adjustable parameteks

are reproduced with rss0.1 cm L. TheYqqvalue in Table
Il was evaluated by the Dunham relatip8).
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TABLE IIl. MLJ potential (4) parameters for thX'3,* state of

NaRb obtained from a direct fit to total bulk of the experimental
ol : ! term values corresponding to boffiNa®®Rb and*Na®’Rb isoto-
}  polynomial cubic spline | pomers. The numbers in parentheses are equal to two standard de-
! expansion i interpolation : viations. Five additional fitting parameters corresponding to the
27 i ' ! origin uncertainties in the prese@— X LIF series are given in
2 g § = Table I.
4] f 5
= ; 5 ; D, (cm™ 1) 5030.75° (+0.10)2
ol § 5 Re (A) 3.64421 -1.1x10°3)
§ | i Bo ~6.312091  (4.4x10°%)
8- * experimental range | “dark”range | B 9.665262 (-7.1x10°%
R , i . L B 12.70902 ¢1.2¢10°3)
02 00 02 04 06 08 10 B3 65.58015 (=2.3x1079)
z B —15.30441 (-4.3x10 %)
FIG. 4. Smooth polynomial plus cubic spline approximation of 8s —643.6652 (-3.1x10?)
the exponent parametg(z) for the MLJ potential4) of the NaRb B¢ 2488.876 (-0.30)
ground state. B7 —10772.84 (0.78)
The Birge-Spone(BS) extrapolation of the lasAG(v”) Pe _ng§264§8 gg';g
vaIuesG(v”)22:231W|,o(v”+ 1/2)' together with extrapola- R; A) 11.0 | .
tion of the B(v”)=E:Z%XY|’1(v”+ 1/2)' function to a disso- p,_ 0.638804
ciation limit predicts the last bound levely=79 and the b, —0.986641
dissociation energp.=5032+2 cm . These estimates are bs —1.525996
rather close to their more accurate counterpaffs81 and  No. of data 354
D.=5030.75-0.1 cm ! obtained by the hybrid potential Total No. of parameters 21
[14], as well as td,=5030+2 cm ! value obtained by the No. of fitting parameters 16
BS extrapolation of the a’S" state molecular o 1.27

constantg§13|.
The resultingG(v”) andB(v"”) expansions were further alue and uncertainty are borrowed from Rgif4].

applied to a conventional first-order RKR potential construc-

tion [24] up to the last observed vibrational lewgl=76. A

nonphysical benda “turning over”) had appeared in the _grkr hyb . .
inner wall of the RKR curve fop”=55 levels. This means T,ny term values, thd@,,;, ones systematically deviate from

that the obtained vibrational and rotational constants are ndfe experimental data far”>35, the difference reaching its

self-consistent for upper vibrational levels due to strong corMaximum a"=58. AFEIEQe same time, the pronounced sys-

relation between the rotational and CDC parameters. Théematic errors of thel ;. values corresponding to highest
bend problem was solved by the exponential extrapolatiowibrational terms still remain, see Fig(e3. The situation

Uin(R)=G(v"=54)x e PR-R("=59) \vhere parameted could probably be improved by employing an iterative self-
was obtained by matching smoothly the slope of the RKREONSiStent procedul@5-27 based on constrained Dunham-
potential at the left-turning poirR_(v" =54). The corrected fit with the improved CDC values calculated by the initial

left-turning points for the upper levels were then found by aRKR potential[28]. However, such procedure seems to be
solution of the equatioty;,(RS"'") =G(v"=55), while the not feasible due to limited accuracy and volume of present
in — = ’

associated right-tuming points were determined a&xperlmental data related to high rotational levels.
RY""(v)=RM(v") +AR(v"). The required AR(v")

= R+(_U")_ R*(U”)_ values were estimate_d us_ing the RKR B. Direct modified Lennard-Jones potential fit
f(v") integrals, which are dependent on vibrational constants )
only [24]. Recently the DPF analysis has provglD,11] to be a

The derived RKR potential as well as the existing hybrigmore compact and more physically justified method to ap-
potential[14] were used to evaluate the term valu ISI; prqugte hlgh ylbrat|onal and rotatlpnal term value_s of
hyb . . . ol adiabatic diatomic states corresponding to different isoto-
andT,; by a numerical solution oiéhe radial Scifoger o mers than the conventional Dunham fit accompanied by
equation, see below. The obtain®{;; values agree better the relevant RKR potential construction. In the framework of
with both preceding[12,13 (rmszxr=0.007 cm?!) and the DPF approach the required adiabatic potentifi$R)
present (rmgxgr=0.3 cm ') experimental data than their are obtained by the weighted nonlinear least-squares

T:bi counterparts (rmg,=0.018 and 6.4 cmt, respec- (WNLS) fitting procedure(1), where the calculated rovi-
tively). The quality of Dunham, RKR, and hybrid approachesbronic term valuesT%f,ETj,,J,, are the eigenvalues of the

is illustrated by Figs. &) and 3c). In contrast toTZ'?,,“J',‘,h and uncoupled radial Schdinger equatior(in atomic units:
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TABLE IV. Experimental term valued®*P! of the 2°Naf’Rb quasibound levels and their theoretical
counterpartsT®@'° obtained from the present MLJ potentii@é‘s'C were evaluated by the Bohr-Sommerfeld
rule [33], while TE3'® with the respective widthE S3'° were estimated using the “stabilization” methf@2].

All values are in cm*. Numbers in parentheses are equal to two standard deviali&tare corrected for
the origin shift according to the last column of Table I.

v T Ty T rge
70 59 5038.44 £ 0.24) 5038.62 5038.62 <0.01
712 59 5045.29 (-0.24) 5045.42 5045.41 <0.01
72°P 59 5048.06 5048.61 0.92
69 61 5033.61 £0.26) 5033.67 5033.67 <0.01
70 61 5042.61 £0.28) 5042.70 5042.67 <0.01
71b 61 5048.71 5048.66 <0.01
69 62 5036.12 £0.18) 5036.04 5036.04 <0.01
70 62 5044.58 £0.18) 5044.74 5044.73 <0.01
712 62 5050.14 (-0.16) 5050.28 5050.19 0.08
69 64 5040.75 £0.18) 5040.78 5040.77 <0.01
70 64 5048.70 £0.18) 5048.76 5048.75 <0.01
712 64 5052.84 (-0.24) 5053.06 5052.72 0.71

3 evels are omitted from the MLJ fitting procedure.
b evels correspond to overlapped lines.

d2 7(3"+1) =0JBe(zv)/9z=B(zy)/dz) and the boundary conditions &
—— = +tUR+ ——— —T;’,,J,,> Xony(R)=0. —o, i.e. Be(1)= B, anddBe(1)/dz=0.

2p,dR 2p0R The B.=0.638 value was estimated according fo
) =In[2D4(R)®Cs] [11], where the dispersion coefficiefit;
was taken from Ref[15]. The matching poinRy,=11 A

Herey,.,,» are the adiabatic rovibronic eigenfunctions. Smcewas fixed at near the right-turning point of the last-observed

2385 23\-87Rh i
the reduced masses, of the “Na™Rb and™Na"'Rb isoto- iy asiona) levelv”=76. The equilibrium distancB,, poly-

pomers are very close to each other, the difference in thﬁomial coefficientss,, (me[0.9]), as well as the origins of

respective adiabatic correction to the relevant Born- : . . ) .

Oppenheimer potential can be neglected. Hence, the adi he present five LIF series were considered as adjustable fit-
batic potentials for both isotopomers can be represented by g parameters during the WNL_S fit. The required initial _set
single mass-independent curvB®=U®=U®%. In the of the R, and 3, values was estimated by a transformation

present work the analytical “modified Lennard-Jones” po- of the present RKR potential to its MLJ counterpart. The

tential [11] was applied, D¢=5030.75 grﬁl .va.Iue [14] was fixed during the fit as
considering dissociation energy as a free parameter in the
UnLs(R)=Dd1—(Re/R)"e #d7]2, (4)  MLJ approach has often been found to yieldda value

underestimated by a number of wave numbgk8]. The
where D, is the dissociation energy, is the equilibrium ~ Minimum of the functional1) was searched by a modified
bond length an&(R;p=1)=(R"—RP)/(RP+R?) is the di- Levenberg-Marquardt algorithm combined with a finite-
mensionless generalized variap9]. The powem=6 pre-  difference approximation of the corresponding Jacobian ma-
dicts correct long-range behavior of the NaRb ground-statéix [30]. The resulting MLJ potential given in Table Iil re-
potential U(R)~D.— C4/R® dissociated into two'S state ~ produces lowJ-term values from Refs[12,13 with rms

atoms[15]. =0.004 cm ! while the present experimental term values
In the z region covered by the experimental term valueswith rms=0.1 cmi L.
the exponent parametg#(z) is approximated by the ordi- Since quasibound rovibronic levels seem to be very sen-

nary polynomial expansioZ™_,8,z". To extrapolate the sitive to the behavior of the rotationless potentigi(R) near
B(z) function to the “dark” interval between the region cov- dissociation limit, the experimental term values belonging
ered by experimental data and the dissociation limit, the orto the 23Naf’Rb isotopomer and lying aboveD,
dinary cubic spline,BE(z)=Eﬁ=obn(z—1)n was adopted, =5030.75 cm? (except the last vibrational levels which are
see Fig. 4. Respective coefficientyy=p.., b;=0, b,  strongly predissociatedvere also incorporated into the MLJ
=[3(Bm—bo)— Bu(zu—1)1/(zu—1)?, and bg=[ B, — 2b,(zy potential fit. To confirm the reliability of the derived poten-
—1)]/3(zy—1)? are determined by matching smoothly the tial, the resonance energies and widths of the last quasibound
B(z) polynomial expansion at the meeting poi=(Ry levelsv”=71 and 72 were predicted and compared with the
—R)/(Ry+Re) (Bm=Be(zm) = B(zZw); Bu available experimental results, see Table IV.
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C. Computational details IV, with the exception of the last quasibound levels lying

For all bound and quasibound rovibronic levels under€2r the top of the centrifugal distortion barrier.

consideration the radial equati¢8) was solved numerically
by a finite differencéFD) method[31]. The rovibronic wave IV. CONCLUDING REMARKS

functions, as well as adiabatic and centrifugal distortion o analytical MLJ construction allowed us to match gen-
potentials were tabulated & equa_lly §pazce(quzlntervalb tly the previous highly accurate experimental term values
=Ri—Ri_y, wh.|le th? second dgnvatlvel /dR" was re- vailable for the bottom of the potential with its long-range
placed by the five-point central difference at each tabulate@lgayior through the intermediaté region completely cov-
position. A solution of the derivetl simultaneous FD equa- 5 qq by present measurements. In spite of the moderate ac-

tions was then reduced to the eigenvalues search of the régl ey of the current measurements the derived adiabatic
symmetric five-bands matrid@0]. To improve the accuracy MLJ potential for the NaRbBX'S " ground state in the”

of derived eigenvalues, the FD eque_\tions were solved fO%SS region, appears to be more accurate than the preceding
two stepsizesh;, h,=2h;, and the eigenvalues were ex-

b - " hybrid potential 14]. However, highly accurate experimental
trapolated toh—0 assumingh™ dependence of the discreti- oy yajyes for the extended range of rotational levels would

- — | | lc_ cal . S .
zation error, i.e.T ,;,=Ti%+ 6%, where 5°*°=[T{>°  pe desirable for significant improvement of the ground-state
—Tﬁi"C]IIS. Satisfactory convergenc&'°<o®*P) of the  potential.

integration was achieved with, =0.001 A for the internu-
clear distanceRe[2.4Ry] A , where the right boundary

point Ry was variated in the intervay <[15,25 A. Both The authors are indebted to Professor William C. Stwalley
resonance energies and widths of the quasibound levels wefg numerous fruitful discussions. Professor Robert J. LeRoy
calculated by a stabilization meth¢82] from the change in  ig especially thanked for a critical reading of the manuscript
the TS, )7(Ry) function as theRy value increases. The and helpful suggestions. The Moscow team acknowledges
simple Bohr-Sommerfeld quantization ryf&3| was also ap- the financial support of the Russian Foundation of Basic Re-
plied to evaluate both bound and quasibound term values. Asearch under Grant No. 00-03-32978. The Riga team ac-
was expected, the semiclassical estimates were remarkabiyiowledges the financial support of the Latvian Science
close(within 0.02 cni'* value corresponding to the second- Council under Grant No. 01.0264. Both groups acknowledge
order JWKB correction given by the Dunham parameterthe NATO Science Program Cooperative Linkage Grant No.
|Yo,d=0.023 cm'!) to their quantum counterparts, see Table977428.
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