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Relativistic core-potential calculations have been carried outQomstates resulting from the
interaction of X& (5p°6s, °P, 'P) with ground-state Kr atoms as well as for the systerfi Ar
(3p°4s, °P, 'P) with ground-state Ne, using different basis sets and configuration interaction
procedures. The present calculations on ArNe, employing larger sets of Rydberg functions than
those of the previous calculations, yield totally repulsive potentials for the excited states of ArNe.
Similar calculations on XeKr obtain shallow mininB00—860 cm?) in the potential energy curves

of the excited states at large internuclear distari6ek-7.8 bohr. Dipole transition moments have
been calculated and strong radiative transitions are predicted from excited states to the ground state.
The 1(1) state, correlating with the metastabiR, state of Xe is found to have a small but nonzero
dipole transition moment at short and intermediate nuclear distances leading to a radiative lifetime
for thev =0 level of this state of 21.@ks. © 2002 American Institute of Physics.
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I. INTRODUCTION ization functions and exponents of the diffuse functions.
Good potentials for the ground states of the RgRgstems

The excited states of diatomic rare-gas molecules ar@ave been reported and one could focus on the excited-state
important for their role as radiation sources in the vacuuntequirement$?*?
ultraviolet(VUV) region, including excimer lasets? While Appropriateab initio methods to calculate potential en-
most experimental and theoretical work has been devoted tergy curves for the electronic states of these molecules make
homonuclear systems, the heteronuclear systems have algge of relativistic core potentials and such calculations have
attracted interest following the observation of very efficienthbeen reported for heteronuclear systems such as ¥rAr,
energy transfer processes in admixtures of rare gesds, ArNe* XeHe and XeAt' and more recently ArHe and
and this opens new possibilities for the efficient pumping ofHeNe!® The calculations on ArHe showed that for such sys-
these systemsThe advent of experimental studies of ther- tems it is necessary to employ at least a double-zeta Rydberg
mal energy collisions between excited and ground-state rargyasis on the heavier atom in order to calculate the potential
gas atomi® offers a challenge to theoreticians to provide energy curves free from spurious “bumps” and minima. The
interpretations of the resulting experimental data. Accuratgyrevious work on ArNe by the present authérsmployed a
potential energy curves are required for the interacting pairgingle Rydberg and a single Rydberg function on Ar with
of atoms over a large range of interatomic distances. Howthe same exponent, which had been optimized with respect
ever, despite the conceptual simplicity of their electronicyy the atomic Ar excitation energy. While this approach re-
structure, accurate determinations of the interaction potengyited in good agreement at the dissociation limits for the
tials for the heteronuclear dimers are scarce due to computgtomic excitation energies and also for transition moments, it
tional difficulties involved. The precise determination of they a5 found to lead to erroneous results at short and interme-
shallow minima generally found in these systems requirjiate internuclear distances for the*ArHe systent® For
large configuration interactiofCI) expansions and adequate thjs reason, it became necessary to re-calculate the potentials
basis sets, especially in the Rydberg part. Often, minim3or the A (3p®4s)+Ne interaction in the present work,
which have been proposed in experimental work are nofnq to correct the previously reported potentials.
found in the calculations, as for example in the excited states  The Xe* (5p®6s) + Kr system, which is the main object

of Kr—Ar,*® while errors of =300 cm * in the calculated of the present work, has been studied by spectroscopic
potential wells are not unexpect&dcurthermore, it is essen- methods:—3716-22hile potential energy curves have been
tial to include spin—orbit coupling in order to calculate the -5icylated by model Hamiltonian method€* Work based
electronic states correctly. The ground-state potential has difs, absorption spectra of Xe-rare gas mixtures showed the
ferent requirements from the excited states in terms of polarayistence of a quasi-bound XeKr excimer, near 1469.61 A,
with a well depth of 120 or 166 ciht at an internuclear
dElectronic mail: ithe@eie.gr distance of 4.78 or 4.36 A, depending on the potential pa-
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rameters adoptédand elsewhere, another estinfaté the  to Q states of G(3), 07(2), 21), 1(3) symmetry in the full
well depths as 153 cnt for the excited state near the first linear double group and of totél,, symmetryA;, A,, By,
resonanance line of Xe | and 333 chfor the state near the andB,.101415

second resonanance line of Xéak 1295.59 A%, Analysis of The calculations have been carried out with the aid
laser induced fluorescen@elF) spectra involving transitions of a relativistic effective core potentialRECP version of
from the ground state to the state$(6P,) and 1éP,) of  the MRDCI programs, using the contracted CI implemen-
Xe*Kr indicated a double well potential for the*Ostate  tatiorf®~3°which involves a two-step procedure. In the first
(with depths of 624 and 101 cmatr, of 3.09 and 5.1 A stepA-S electronic states are determined in conventional Cl
and a very shallow well for the 1 statg2 cm *at 5.24 A.*°  calculations in which all the electronic integrals are calcu-
Emission spectroscopy work of solid Kr bombarded withlated with the aid of RECPs, whereby the self-consistent
3p, Xe atoms® has reported emission at 7.95 eV corre-field-molecular orbital(SCF-MO basis is computed in a
sponding to the XeKr IP,) exciplex with a binding energy treatment which includes only the scalar relativistic terms in
of 138+50 cm ! atr,=3.20=0.05 A. Luminescence stud- addition to the conventional nonrelativistic Hamiltonian. The
ies of the XeKr exciplex in liquid and in solid krypton ob- resultingA-S states are employed in the second step to form
tained a lifetime of 52 3 ns in the liquid and 583 nsin the  the full Hamiltonian matrix including the spin—orbit interac-
solid which were assigned to the *R;) exciplex'’ How-  tion. Diagonalization is then carried out for each total sym-
ever, it is more likely that the reported data should be asmetry to determine eigenvalues and eigenfunctions. In the
signed to the 0(°P,) exciplex®® Model potential calcula- present work, the latter are in turn employed for the compu-
tions predict deeper minima for the exciplex states, rangingation of dipole transition moments between electronic states.
from 1000-1200 cm' [for the 0 (°P,), 1(°P,), and  These calculations are carried out for different values of the
0" (®P,) state$ and around 300 cit [for the 2€P,) and  internuclear distanc®, varying from 4.0 to 20.0 bohr for

1(®Py) state**~**while simulations of absorption spectra xeKr and from 3.5 to 20.0 bohr for ArNe and also fBr
employing Morse potentials with parameters obtained from= 100 bohr.

the above calculations found 170 cfrto be a more suitable Relativistic core potentials are employed for both (Ke

value for the well-depth of the £P,) state’” Thus itis a | M, and N shells* and Kr(K, L, and M shell3.3? For each
rather confusing situation, considering that the emissioryiom the Gaussian basis sets for the valence 2i2lvere
spectra of XeKr overlap with those of the homonucleargygmented with two sets af and one set of f polarization
dimer, Xg and the fact that the excited states correspondingynctions with exponents 0.31, 0.15, and 0.5, respectively,
to a particular limit are closely lying and also lead to over-for Xe and 0.5, 0.3, and 0.12, respectively, for Kr. The nec-
lapping emission spectfa’?? Similarly for the next higher essary diffuse functions were also included, thse@xpo-
states, correlating with excited Xeground-state Kr limits, nents 0.09, 0.055, 0.021three p (exponents 0.07, 0.036,
besides the estimated well depth of 333 ¢nmentioned 0.013, and oned (exponent 0.058in the Xe basis set and
above? Tsuchizawaet al'® have reported minima of 1445 0 s (exponents 0.1, 0.0%nd twop (exponents 0.07, 0.04
and 54 cm* for the 1(1251) and the 0 (*P,) states, respec- i the Kr basis set. Several sets of calculations were carried
tively, while Mao et al™ propose the opposite assignments. ot employing different diffuse and/or polarization functions
Thus despite the aforementioned computational problems, g,q c| procedures in order to establish convergence of the
very careful theoretical study on these systems could sheghcyjated potentials, at least in the qualitative features. The
some light on these issues. above basis set, with the valence Gaussian functions in-

In the present work, multireference configuration inter-¢j,qed in uncontracted form, has been employed to obtain
action calculationsMRDCI) employing relativistic effective 14 results that will be discussed in the present work.

core potentialgRECP have been carried out ofi states In multireference calculations, the choice of reference

: : i 56e 3p 1 ;
resulting from the interaction of Xe(5p®6s, °P, "P) with  g506 s very important because it determines the zeroth-
ground-state Kr atoms as well as for the system Ar o qer description of the states, and the CI spaces are gener-
(3p”4s, °P, °P) with ground-state Ne, using a variety of aoq by allowing single and double excitations with respect
basis sets and configuration interaction procedures. Potentig] .| the reference configurations. The reference spaces em-

energy curves and dipole transition moments have been cgljoveq in the present work, consisting of nine configurations
culated and radiative lifetimes of the excited states have bee‘%r the 1A1 and eight configurations for each of tﬁé\l

determined. B,, °B,, 1B, and®B, calculations, have been determined
by test calculations at different values of the internuclear
distance in each case and they characterize the calculated
The present calculations on XeKr include the ground andvave functions throughout with a contribution of over 90%.
excited electronic states correlating with the limits Xe Exploratory calculations in the present work indicate that it
(5p°6s, 3P, 'P) plus ground-state Kr, and similarily those is desirable to hav@ =0 calculations for the potentials, as
on ArNe include the ground and excited states correlatingvas also found in our previous work on ArHe and HeRe.
with Ar (3p®4s, P, 1P) plus ground-state Ne. I6,, sym-  For this reason and in order to keep the calculations trac-
metry, the resulting states in each case comprise vo  table, the highest energy ®4, 8b,;, 8b, and 3a, virtual
states and one 68\, , B, and'B,, °B;, and®B, symmetry, orbitals were not included in the Cl. This left 22, 12b,,
which correspond to the lowest twi® *, and the lowest 12b, and 4a, MO for the 16-electron Cl calculations. The
33+, I, and®II states, respectively. These states give riseCl spaces include all the configuration functions resulting

Il. CALCULATIONS
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TABLE I. Energy levels of Xe(p® !S,5p%6s 13P) +Kr (2p® 1S) and Ar (3p° 1S,3p%4s 13P) + Ne (2p° 1S)
at 100.0 bohr.

XeKr ArNe
AE? present work AE experimental AEP present work AE experimental

Q states cmt cmt cmt cmt

0" (1 0.0 0.0 0=0) 0.0 0.0 §=0)
0 () 67 065 93138

1(1) 67 065 93139

2(1) 67 068 67 0681=2) 93144 93143.8J=2)
0" (1N 68 126 93750

(1) 68 249 68046 J=1) 93779 93750.6=1)
0 (IN 76 474 76 197 §=0) 94 553 94 553.7J=0)
o™ 77119 95 389

(1) 77023 771863=1) 95 369 95399.9=1)

3Excited states shifted by 1731 cfh
PExcited states shifted by 3409 ¢t
‘Reference 37.

from all single and double excitations with respect to thepr* (3p54s, 3P, 1P) levels are in excellent agreement with
reference configurations. The resulting CI spaces consist afie corresponding experimental values.
211 553 configuration functiones? eigenfunctions for the
1A, 346984 for the’A;, 205712 for the'B; and the'B,  ||I. RESULTS AND DISCUSSION
and 350480 configuration functions for thB, and the®B,
calculations. A full-Cl correctioft was applied to the eigen-
values. In Table Il the energies of th@ excited states of XeKr
The present calculations on ArNe also employed relativcalculated in the present work are given in ¢nand with
istic core potentials for ArlK and L shell$ and Ne (K respect to the minimum energy of the ground state. These
shel).®* The atomic orbita({AO) basis set employed for Aris energies are as obtained after the final diagonalization in-
the (1%9p/6s5p) basis of McLean and Chand®r,aug-  cluding the spin—orbit coupling and do not include the shift
mented with one set af functions for polarizatioriexponent by 1731 cm® mentioned above. Thé\-S potentials are
0.736 and threes and onep diffuse functions with expo- given in Fig. 1 while the corresponding potentials are
nents 0.08, 0.04 and 0.015 and 0.0405, respectively. It wagiven in Fig. 2 and finer details for some of these states are
found necessary to employ such a triple-zeta basis for he 4given in Figs. 3 and 4. As shown in Fig. 1, thé3™ and the
function of Ar in order to obtain convergence in the resulting2 1>+ 5po—6s states have Rydberg minima foR
potentials. For Ne the (56p/5s4p) basis of Dunningf was ~ =5.8 bohr, close to the minimum of the ground state of the
augmented with one polarizatiah(exponent 0.8and ones  cation XeKr"*® while the 1°IT and the 1T states show
and onep diffuse (exponents 0.03 and 0.025, respectiyely rather shallow and wide minima at largg close to 8.0
functions. As in the above calculations, the CI strategy wadohr. The correspondin@ potentials, shown in Fig. 2 along
to carry outT=0 calculations, to insure as uniform a de- with the A-S potentials for comparison, have notably shal-
scription over the different internuclear distances as possibldower minima occurring at largeR than the potentials of the
To achieve this, the higheste8, 3b,, and 3b, virtual MO  A-S states. As shown in Fig. 2, the spin—orbit coupling has a
were removed. Again 16-electron CI calculations were carprofound effect on the relative positions of the electronic
ried out employing reference spaces of eight configurationstates. In Fig. 3, enlarged plots of the @), 1(I), 2(1), 1(I1),
for the *A; and seven configurations for each of tie,, and 0" (1) potentials in the region around the energy minima
'B,, 3B, 'B,, and®B, calculations. The CI spaces in- are given. The present results are in qualitative agreement
cluded 177880 configuration functions for tha, calcula-  with the previous model potential calculatiéhg’® (cf. plots
tion, 174 110 for thé'B; and'B,, 288896 for the’A; and  of potentials in Krylovet all) although the well depths and
296 233 configuration functions for tf&; and®B, calcula-  the position of the minima are not identical, as will be dis-
tions. cussed below. Enlarged plots of the @), 1(lll), and
The computed excitation energies at the internuclear disd* (111) potentials in the region around the energy minima are
tance of 100.0 bohr for both XeKr and ArNe are listed ingiven in Fig. 4, while in Fig. 5 the calculated dipole transi-
Table 1, along with the experimental valiéfor the levels of  tion moments for the allowed transitions from the excited
Ar* and Né&, respectively. The theoretical levels have beenstates to the ground state in XeKr are given.
shifted upward by 1731 cit for XeKr and by 3409 cm?! In Table Ill, some data relevant to the minima of the
for ArNe, as the calculations tend to favor the Rydbergexcited state potentials of XeKr are given along with the
states over the ground state, for which there is more corealculated radiative lifetimes for the=0, 1, 2, and 10 levels
relation energy to be accounted for. This is a typical pracof the excited states. The calculated potentials have minima
tice in such calculation¥'® As shown in Table I, the cal- ranging between 598 and 860 chwith r, ranging between
culated splittings of the Xg5p°6s,3P,'P) and the 6.9 and 7.8 bohr. Experimental well depths are generally

A. Results of calculations on XeKr
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TABLE II. Calculated total energi@$cm ™) of excited states of XeKr with respect to the minimum energy of

the ground state.

Rbohy  0*(ly  0*(lN) 2(1) 0 (I) (D) 1) 131) 131
4.0 105486 141282 135192 104610 141276 104616 135809 141912
4.25 89715 119606 113389 88971 119600 88982 114051 120283
45 79818 104555 98187 79144 104548 79162 98874 105246
4.75 73793 94195 87638 73144 94187 73172 88358 94908
5.0 70280 87152 80365 69627 87139 69670 81120 87883
5.25 68335 82451 75382 67665 82428 67728 76170 83182
5.5 67331 79402 71992 66631 79360 66718 72815 80108
5.75 66841 77514 69710 66111 77435 66223 70570 78161
6.0 66607 76417 68191 65857 76284 65986 69094 76978
6.25 66503 75828 67192 65731 75629 65862 68146 76289
6.5 66453 75545 66540 65667 75275 65782 67557 75907
6.75 66441 75431 66124 65634 75094 65718 67203 75703
7.0 66440 75397 65860 65614 75003 65665 66997 75596
7.25 66459 75409 65701 65604 74961 65626 66881 75544
7.5 66481 75439 65610 65604 74949 65605 66822 75526
7.75 66523 75485 65575 65616 74959 65606 66802 75531
8.0 66570 75541 65569 65638 74987 65620 66808 75555
8.25 66620 75596 65589 65670 75021 65648 66831 75588
8.5 66678 75657 65625 65706 75064 65685 66866 75629
8.75 66732 75714 65667 65743 75105 65723 66903 75669
9.0 66782 75763 65714 65778 75144 65761 66941 75709
9.5 66865 75850 65792 65837 75216 65825 67007 75777
10.0 66916 75903 65846 65876 75261 65868 67050 75821
10.5 66958 75946 65891 65909 75300 65904 67086 75857
11.0 66995 75985 65932 65942 75337 65939 67121 75892
115 67032 76022 65972 65976 75373 65975 67156 75928
12.0 67064 76055 66007 66008 75406 66008 67189 75960
12.5 67092 76084 66037 66036 75435 66036 67217 75989
13.0 67115 76107 66060 66057 75458 66058 67239 76011
14.0 67155 76146 66100 66095 75497 66096 67278 76050
15.0 67186 76177 66132 66126 75530 66127 67309 76082
16.0 67209 76201 66155 66148 75554 66150 67333 76106
17.0 67223 76217 66169 66163 75570 66165 67347 76120
18.0 67232 76225 66179 66174 75577 66175 67357 76129
19.0 67240 76233 66186 66182 75584 66183 67364 76136
20.0 67245 76238 66191 66187 75589 66188 67369 76141
100.0 67264 76257 66206 66203 75612 66203 67387 76161

#Unshifted energies.

Petsalakis et al.

smaller than the theoretical values, with a variation in theproposed® for XeKr in the solid phase, corresponding to
proposed . as well, as mentioned above in the Introduction.emission at 7.95 eV, while other observations of the 1(l)

For the 1(1) stat¢also denoted £P,)] the well-depth value
of 138+50 cm ! at anr value of 6.05—6.24 bohr has been

Energy (a.u.)

XeKr
,I’l=l;l:';':;':.;'=.:l
,nén—-—-—-——n——"‘_"_—'_'—'—.
T T T T
12 14 16 18
R (bohr)

FIG. 1. Potential energy curves for thleS states of XeKr.

—X 07(l) transition also place it at 153—-156 Afri.e., a
transition energy of 8.1-7.95 @VThe present calculations
obtain a higher value for the vertical transition energy of this
state(8.3 eV) at the calculated minimumR= 7.6 bohr). The
dipole transition moment for the 1@} X 0" (1) (cf. Fig. 5
shows a maximum at 6.0 bohr and lower values in the region
of the minimum. As a result the computed radiative lifetime
for this state is 21.Qus for v =0, decreasing to 0.@s for

v =10 (cf. Table Ill). Thus the present calculations are not in
agreement with the results of previous model calculations of
the radiative lifetime® in which the experimental potential
was used for the region near the minimum and according to
which the lifetime of the () state is under 100 ns and in-
creases with vibrational quantum number. However, a plot of
the transition probability obtained using thel 1-&X0™ (1)
dipole transition moments of the present wdfg. 5), as
given in Fig. 6, is very similar to the plot of the radiation
width in the previous model calculatioASshowing a steep
maximum at 6.0 bohr, at which internuclear distance the
transition energy is 8.04 eV, well within the range of ob-
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FIG. 4. Potential energy curves of the @), 1(lll), and 0" (lll) states of

FIG. 2. Potential energy curves fof) states of X& (5p°6s®°P) Xe* Kr

+Kr(2p®ts).

served values. In view of the difficulties in determining astate at 6.9 bohr. It is possible that the experimental
precise value for the, of this state and with only a single deduction¥’ might change if the potentials and transition
experimental deduction, it is difficult to draw further conclu- moments of the present work are employed in the analysis of
sions. the spectra. Finally, recent experimental work involving
Most of the available spectroscopic work involves theemission near 147 nm report that it is not possible to distin-
excited states observed near the first resonance line bf Xeguish between emission from(Il) and from the 0 (Il)
i.e., 07 (I1) and 111). Generally shallow wells are proposed: States:?” These authors favor a well depth of 170 Cirat
Depending on the potential parameters empléyeell 8.3 bohr for 1Il). The calculated,, AEy, and D, of the
depths of 120 cm' at 9.03 bohr or 160 cit at 8.2 bohr are  present work for these statésf. Table Ill) are in reasonably
estimated on the basis of the absorption specaother ~ good agreement with experiment.
estimate of the minimal dissociation energy for these states is For the higher states of XeKr computed in the present
153 cmi'! at a transition energy of 67892 ¢h® For the  work, 0~ (1), 1(I11), and 0" (1ll ) there are no previous theo-
1(1l) state Pibekt al'® propose a well depth of 52.2 ¢that ~ retical calculations. A bound excited state near the second
5.24 A (9.90 bohy, while for the 0 (Il) state they propose a resonance line of Xe with well depth of 333 cm* at a
double well potential with an inner minimum of 624 chnat  transition energy of 77 185.1 cim has been proposed in an
3.09 A (5.8 bohy and an outer minimum of 101 cthat 9.6 ~ early absorption spectroscopy stddiore recent experi-
bohr'® Model Hamiltonian calculations obtained 440 ¢cin  mental estimate§ of the interatomic potentials of the(lil)
atr,=8.20 bohr for Ul) and a single minimum of 920 cm  and 0' (Ill) states yield a dissociation energy of 1445¢m
at r,=6.71 bohr for 0 (11).2324 Similarily, in the present for the 1(ll) state at 5.7 bohr and 54 crhfor the 0*(Ill)
work, there is no evidence for a double well potential forstate at 6.9 bohr, for transition energies 75899.5 and
0" (Il), with a single minimum of 585 cii found for this 77 293.0 cmi*, respectively. Subsequent wéfkeversed the

67800 4 |
1 0,7 4 O ipmnn,,
67500 | s ...::-..._.7.-._.*.,.¥H
1 0.6 s
67200 ! —_ L
1 so0s4 FF /'/J
66900 8 Wrs 7
FE | 8 0.4 ./ ./. /. .
£ 66600 £ .//_/ 407
2 ] 2034 S
E 66300 2 () _/ XeKr transitions to the X 0%(1) ground state
w ] . E 0,2 4 /
66000 - I T a _/' N
] 8 01 A
65700 - el kY 101)
) 0,0 4 e eae ittt
65400 T T T T T T T T 1 . 1~ 1+ 1 ' fr v T r 1T + T *+ 1
6 8 10 12 14 4 6 8 10 12 14 16 18 20
R (bohr) R (bohr)
FIG. 3. Potential energy curves of the @), 1(1), 2(1), 1(I1), and 0 (II) FIG. 5. Calculated transition moments between the excited and the ground
states of X&Kr. state of XeKr.
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TABLE IIl. Calculated molecular constants of excited states of XeKr.

le Be we AE? D. Ev=0P Trad
State bohr cm? cm? cm? cm? cm? (v=0,1,2,10)
0 () 7.38 0.022 40.27 67 288 599 67 344
(1) 7.60 0.021 40.63 67 326 598 67 347 218, 6.2us,
29 us, 0.6us
2(1) 7.94 0.019 35.21 67 300 637 67 315
0" (1N 6.91 0.025 45.73 67822 824 68 182 3.4 ns, 3.7 ns,
43 ns,3.5ns
1) 7.80 0.019 31.81 68528 585 68 547 12.5 ns, 4.9 ns,
39ns, 3.7 ns
0 (I 7.51 0.021 15.27 76 678 663 76 694
o+ (I) 7.03 0.024 22.98 76 888 860 77147 4.2 ns, 5.0 ns,
5.7 ns, 3.7 ns
(1) 7.67 0.021 33.14 77253 635 77271 10.4 ns, 4.8 ns,
3.8ns,35ns

3with respect to the ground-state energy abf the excited state, including the shift of 1731 ¢n
bWith respect to the ground-state minimum energy, including the shift of 173%.cm

above assignment, proposing that the lower energy transitiogecondsare obtained for the 0(11), 1(11), 0" (1), and X1
(to the state with the deeper minimiiris the 0°(Il1)-X  states(cf. Table Ill) that correlate with atomic limits which
07(1). The transition energies of the present work, 76 888ave dipole-allowed transitions to the ground state.
and 77 253 cm! for the 0" (I1l) and X]I1), respectively(cf.
Table 1ll), do show that the potential energy curve of the
0" (Ill) state near the minimum lies below that of thglll)
state(cf. also Fig. 4, and are in good agreement with the As mentioned in the Introduction, a previous study has
observed transition energies. Furthermore, the deepebeen devoted to the potential energy curves ofdrstates of
minima calculated are those of th& @I) and 07 (Il) states ~ Ar(3p°® 'S,3p°4s :3P) + Ne(2p°® 1S) in which only a singles
(cf. Table ). There is difficulty in comparing the calculated and a single set ab diffuse functions optimized at the dis-
r values for 1I1) and 0" (Ill) with the experimenta®® 1t  sociation limits with respect to the atomic excitation energies
might be noted that the location of the proposed deep miniwere employed? Those calculations obtained both good ex-
mum at relatively short bond length for the QIl) state?®  citation energies, without the necessity of any shift, and tran-
and also similarily for the 0(11) state!® is close to the po- sition moments at the dissociation limits, a reasonably accu-
sition of the minimum in the potential of the’2 * state(cf.  rate ground-state potential and well depths of about 800
Fig. 1), which along with 23T (mostly) andX '3 * interact cm * at internuclear distances of 7.5-8.5 bohr for the ex-
via spin—orbit coupling to produce the" Gstates. Similarily, cited state potentials. However, a subsequent theoretical
the available experimental, estimate for the 1(l) statdis  study of ArHe and HeN€ has shown that the results ob-
closer to that of the minimum in the3E * state(cf. Fig. 1)  tained with the treatment adopted in the work on ANe
than to the value calculated fofI1 (cf. Table III). were not stable with respect to changes in the Rydberg basis
As might be expected, large dipole transition momentsset and that it is necessary to have a triple-zeta diffuse basis
(cf. Fig. 5 and correspondingly short lifetimga few nano-  in order to obtain converged results.
The results of the present calculations on €hstates of
ArNe are listed in Table IV, while the potential energy
1,4x107 - curves are shown in Fig. 7 and the transition moments to the
] ground state in Fig. 8. As shown in Fig. 7, the potential
] energy curves for both th&-S and the() excited states are
1,0x10" 4 ek calculated to be totally repulsive. While the existence of very
shallow minima (~100 cml) cannot be excluded, the

B. Potential energy curves of ArNe

1,2x10” 4

N 80x106—- 1()-0(1) transition . )
g "7 present calculations do not support the existence of any
S 6o minima of 800 cm® depth indicated in the previous study.
'% | This result underscores the importance of employing a flex-
g 40x10°~ ible basis for the Rydberg orbitals in such calculations. More
. Zoms_‘ generally, the lack of any experimental information on the

R excited states of ArNe makes it quite difficult to describe

004 these systems on a definitive basis.
4 ' (IS I é ' 1|0 ' 1|2 I 1I4 l 1I6 l 1|8 I 2|0

R (bohr) IV. CONCLUSIONS

FIG. 6. Calculated radiative transition probability for the LHIX 0* (1) Relativistic Core'pOte_mial Calcmatior_]s have_ been carried
transition. out on Q states resulting from the interaction of Xe
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TABLE IV. Calculated total energi@scm™) of excited states of ArNe with respect to the minimum energy of
the ground state.

R(bohr)  0*(l)  0*(I) 2(1) 0~ (1) 0~ (Iy 10 1) 311
3.50 101000 112930 111928 100136 112928 100138 112277 113882
3.75 97058 104731 103709 96108 104727 96113 104070 105733
4.00 95145 99817 98762 94115 99803 94125 99134 100838
4.25 94161 96863 95733 93089 96816 93109 96121 97854
4.75 92888 94230 92676 91980 93908 92025 93137 94877
5.00 92563 93921 92162 91737 93448 91782 92662 94387
5.25 92292 93717 91801 91539 93133 91577 92342 94052
5.50 92079 93569 91540 91375 92905 91404 92115 93812
5.75 91902 93448 91331 91231 92723 91251 91936 93622
6.00 91745 93338 91154 91097 92564 91110 91782 93456
6.25 91606 93241 90999 90977 92427 90982 91648 93311
6.50 91472 93143 90852 90858 92294 90856 91519 93171
6.75 91353 93052 90725 90749 92177 90743 91404 93047
7.00 91257 92977 90623 90659 92081 90649 91311 92947
7.25 91181 92911 90544 90581 92003 90571 91233 92869
7.50 91125 92861 90486 90519 91943 90510 91172 92810
7.75 91097 92828 90459 90487 91914 90480 91141 92779
8.00 91080 92806 90444 90465 91895 90460 91121 92760
8.25 91065 92787 90431 90447 91879 90443 91104 92743
8.50 91056 92773 90423 90436 91869 90432 91093 92732
8.75 91048 92763 90415 90427 91861 90424 91084 92723
9.00 91041 92753 90409 90420 91854 90417 91077 92715
9.50 91023 92733 90391 90405 91839 90401 91062 92699
10.0 91001 92712 90370 90389 91820 90384 91044 92681
11.0 90982 92689 90352 90356 91795 90355 91017 92661
12.0 91000 92702 90372 90367 91810 90369 91030 92673
13.0 91005 92710 90375 90373 91815 90375 91036 92677
14.0 91010 92714 90381 90380 91821 90380 91042 92683
15.0 91014 92715 90386 90384 91825 90384 91046 92687
16.0 91017 92716 90389 90384 91827 90385 91047 92691
18.0 91017 92715 90390 90383 91826 90385 91047 92693
20.0 91024 92721 90397 90389 91833 90391 91054 92701

@Unshifted energies.

(5p°6s, °P, 'P) with ground state Kr atoms as well as for 1(1) state. It is rather difficult to make quantitative interpre-
the system Af (3p°4s, 3P, *P) with ground state Ne, using tations for the available experimental data on hetates of
different basis sets and configuration interaction procedurexeKr calculated in the present work because there are con-
The present calculations on XeKr obtain shallow minima forsiderable variations with regard to the location of the minima
the excited states of this system, in generally good qualitaamong different experimental studies.
tive agreement with previous model Hamiltonian calcula-  The present calculations on ArNe obtain totally repulsive
tions. However, the results differ in details such as the deptipotential energy curves, showing that our previously reported
of the minima, the  values and the radiative lifetime of the potentials for this system are erroneous. This result indicates
that great care is required in calculations of these systems,

95000
94500 060 7
1 ArNe Q states 055 M o (i
94000 - * refers to AS states 050 - T
93500 | S ]
j © 0,45 ArNe
.~ 93000 E 0401
T 4 (]
5 92500 * £ 0,35 1
> 92000 0°(ln, 11y g 0,30 (D)
S 51500 2 0251 Ty
(m ] g o020
91000 oty a 0154
90500 o'(I, 141y [s] 0,10 ]
90000 -] 0(1),1(1),2(1) 0051 /L7, 100
000 ° e
89500 T T T T T M T M T T T T 1 T T T T T T M T T T T T T 1
4 6 8 10 12 14 16 18 20 4 6 8 10 12 16 18 20
R (bohr) R (bohr)
FIG. 7. Potential energy curves fof) states of At (3p%4s®®pP) FIG. 8. Calculated transition moments between the excited and the ground
+Ne(2p®1s). state of ArNe.
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