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Ab initio configuration interaction calculations have been carried out for seven Iow—l§/i‘rfgg

states of the oxygen molecule. Three different types of nonadiabatic couplings have been
considered: spin-orbit, radial, and rotational. The complex scaling method has been employed to
compute rovibrational level locations and predissociation linewidths with a basis of 200 Hermite
polynomials for each of 13 differef electronic states. The calculations correctly predict that the
v=2 level has the narrowest linewidth for th€0, C 3II, state, whilev=4 is narrowest for

180,. Marked variations in the linewidths of the differedtcomponents of th€ state are explained

by the fact that ther* — 3so Rydberg andr— #* valenceﬁl'lg states have different occupations

of the =* orbital, causing opposite orderings of their respecfivéevels. Rotational coupling is
found to be important for highd values of theC state. Thed 1Hg 3so state shows even more
unusual effects by virtue of the fact that there is a sharply avoided crossing between the
corresponding Rydberg diabatic state with a bourd 7* lHg valence state. The calculations find
irregular spacings in thd-state vibrational manifold, wide variations in linewidth for different

v,J levels, and a large change in the rotational constant in successive vibrational levels, all of which
effects have been earlier demonstrated in experimental work. Satellite lines are indicated for both
thev=2 and 3 levels as a result of the interaction with the bohﬂg valence state, whereby
experimental verification exists only far=2. The v=3 state has not yet been successfully
identified due to the broadness of ttieX spectrum in the energy range of interest. The observed
temperature dependence of the linewidths of the two features near the expected location of the
v=2 level can also be understood on the basis of these calculations. Finally, the change in the
predissociation mechanism for thestate from spin-orbit to radial as changes from 0 to 2 which

has been deduced experimentally is also verified in the present theoretical treatment.
[S0021-96067)01303-2

I. INTRODUCTION their MPI ion-current and photoelectron spectra. They re-
ported spin splittings of 84 and 106 crhfor F,-F; and
The C 3II4(3so) and d '114(3ss) Rydberg states of F4-F,, respectively.

the oxygen molecule have attracted great interest in the last On the basis of a resonance enhanced multiphoton ion-
decade because of their unusual spectroscopic propErties. ization (REMPI) spectrum of the @ a A, state between
York et al! identified the first four vibrational levels of the 305 and 350 nm, Johnscet al> were able to identify the

C state by analyzing their electron energy-loss spectruny =0-3 levels of thel *I1(3so) upper state. The rotational
(EELS), while Suret al? characterized the first five vibra- constant for thev’=3 level was determined to be 1.167
tional levels of thed state using2+1) resonance enhanced €M *, notably smaller than that found for the corresponding
multiphoton ionization spectroscoREMPY). In the latter v =3 of theX 210 StatGQqu » and this obser\éa';ion was later
study, a rotational constaB, of 1.68 cnm L was determined. confirmed by Suretal” Van der Zandeet al."™" employed

At about the same time, Set al® also reported optical spec- ranslational spectroscopy to investigate the:0-2 and

tra involving the3H9(3sU) state. They noted that among the 4f—t7hV|térat|to?al %_er\]/els of thGIStatf’ as V\f/ellllasff?ﬁ=0—|2 |
first five vibrational levels onlyy =2 exhibits rotationally ot the & state. The energy locations ot all of these 1evels

. were measured, as well as linewidths for the=4-7,
resolved structure, and also that the corresponding three Squzl—ZS rovibrational levels of thal state. The same

components have significantly different linewidths. Kat-

4 . : author§ also investigated the predissociation of the
sumataet al” also studied th&C v=2 level by analysis of

v=0-2 levels of thed state and concluded that a spin-orbit
coupling mechanism involving the low€r state is predomi-

. . . ) ) antly responsible for the observed=0 line broadening.
30n leave from the Theoretical and Physical Chemistry Institute, Nationa y P 9

Hellenic Research Foundation, 48, Vas Constantinou Avenue, GR-11633 N€Y also determined the 0_0_ and 1-1 energy spacings be-
Athens, Greece. tween these two Rydberg excited states. More recently, Sur
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1124 Li et al.: Predissociation of Rydberg states of O,
et al1° obtained linewidth data for severah@otopomers in  |evels of thed lng(gsg) and thev =0-5,J=1-25 levels
low vibrational levels of theC state. They found that for of the corresponding triplet Rydberg state
160, the v=2 level is the narrowest among the=0-4
species, while in the case dfO, the v=4 linewidth is !l DETAILS OF THE CALCULATIONS
smaller than that ob=2. Since spin-orbit coupling is a key interaction in the
On the theoretical side, van der Zaneleal.” have em-  present discussion, it was decided to carry out the calcula-
pirically deduced the magnitude of the nonadiabatic couplingions with the aid of effective core potentialECP which
matrix element between théHg(35cr) Rydberg and the are specifically derived to compute this type of matrix ele-
bound lHg valence states based on the Fermi golden rulement. The ECP of Christiansest al?* is employed to de-
They adapted the RKR curve of tlxezl'lg O, ground state scribe the oxygen atom, so that only its &1d 2p electrons
as the Rydberg potential curve and adjustedaiiénitio data  need to be considered explicitly in tiaé initio Cl treatment.
of Saxon and LitP~*8 for the correspondinng valence Their (4s4p) AO basis is employed without contraction in
curve, and assumed a distance-independent coupling matriRe present calculations, augmented dyype polarization
element. Van der Zandet al® have determined the coupling and Rydberg-type andp functions. The exponents for the
between the 1 and 1219 valence states based on the d functions have been specifically optimized for this pur-
Landau—2Zener formula by adjusting the coupling to fit thePose, with values of 0.70 and 2.8all six Cartesian compo-
measured transition probability. These authors also carrieBents are retained in each casehe Rydberg exponents are
out calculations for the predissociation of the-0—2 levels taken from the work of Dunning and H&j.The effects of
of thed state. For this purpose the measured spin-orbit split2dding anf glénctlon to the AO basis have been studied in
tings for the three components of tﬁe3Hg(35<r) state were  €arlier work™ The ground state vibrational frequency was

employed, as well as the experimentaC energy spacing. increasg? by 12.5 cnit, for example, bringing it to within
Friedmanet al}2 employed the above potential curves in 11.1 cm * of the measured value. Especially since some re-

coupled differential equations which were integrated numeri]clnement of the computed results is found to be necessary to

cally to compute rotational constants for the-0—4 levels obtain suitable spacings of the various potential curves of

of thed 1Hg state. They also solved coupled scattering equal_nterest in the present study, it was decided that the addition

tions based on an empirical32[g valence state potential of f and higher-order spherical harmonics to the AO basis

curve and adjusted nonadiabatic matrix elements to reprov-vOUId .not justify the greater computational expenses this
duce the observed level positions and linewidths for theWOUId imply.
b Restricted open-shell Hartree—Fock calculations with

3 — 3,14 10 H H
;:hifgginvth e0S :mztz?/tizitio f;rsfgt:; . ;2:]3:2'?:\;;(; glst(r)]z)'?:'grmtms AO basis have been carried out for €% 5 O, ground
. . . ~€Mitate at each of a large series of internuclear distances be-

golden rule with trial potential curves and an emp|r|cal,[V\/(,:‘em:1_82 and 9.00a,, and the resulting MOs form the
r-mdeper_\d_e_nt nonad|abat|_c coupling cons_tant. In our Iaborat')ne-electron basis in a subsequent multireference single- and
g(;;y ab '”L,“O Cl calculéaglons Weri carried ogtdfog the double-excitation  configuration interaction(MRD-CI)

o(350), "114(4s0), and”ll4(o— 7*) states and diabatic o rmers-23for the excited® 11 electronic states of inter-
potential curves and-dependent nonadiabatic matrix ele- oq iy the present work. The number of reference configura-
ments were constructéd By applying the complex scaling  {jons employed for théll, calculations is 25, and the con-
method®~* to these theoretical results it was possible tOfjgration selection is based on results for the lowest three
compute level posgons and linewidths for the=0-4 vi- (55 of this symmetry. For thel1, states 60 reference con-
brational states o€ “Il4, and these results were found to be fig rations have been chosen, and in this case the first four
in reasonably good agreement with the observed data.  (qots are considered in the selection process. Employing a

Up to the present, however, there has been little theoretigeshold of T=0.2 uE,, leads to secular equations of ca.
cal work dealing with the dramatic changes in the linewidthsgg 000 on the average for each multiplicity. Some tests were
between differenf) components of a give® °Il; rovibra-  made with lower selection threshold, but it was found that
tional level, such as fos =2, for example. There also have the |arger secular equations which result do not have a sig-
Eeen neab initio calculations of the spin-orbit splitting of the nificant effect on the locations of the computed vibrational
H%(3SU) Rydberg state and its interaction with the nearby|evels, indicating that a suitable degree of convergence has
d “II, state of Q. Furthermore, no theoretical investigation heen achieved in the present CI treatment. A direct CI pro-
has concerned itself with the effects of the interaction becedure recently implemented in our laboratryvas em-
tween rotational and electronic angular momentum on thesgloyed to obtain the desired eigenvalues and eigenvectors.
line positions and widths. In the present study we present amhe computation of the Hamiltonian matrix elements them-
ab initio treatment of the various ', potential curves, —selves is done with the help of the Table Cl algorithm de-
as well as the spin-orbit, radial, and rotational coupling mascribed elsewher¥. The standard MRD-CI perturbative
trix elements between them. These data are obtained wittechniques are then applied to account for the effects of un-
highly correlated multireference configuration interactionselected singly and doubly excited configurations on the en-
(MRD-CI) wave functions and are subsequently employed irergy eigenvalues, and the multireference analogue of the
the framework of the complex scaling technique to obtain theDavidson correctiott? is also employed to estimate the
energy locations and linewidths of the=0-7,J=1-25 contribution of more highly excited configuratior(gsti-
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mated full-Cl energy valuésAs in an earlier study of the  tion. For a givenJ value each electronic function is multi-
0O, 3Hg states, the calculations are formally carried out inplied with 200 Hermite polynomials. After coupling with the
D,, symmetry, although the MOs themselves do transfornrotational functions of a gived, 13 species oft symmetry
according to the irreducible representations of the Eull, and 13 of— result for each vibrational function. Two secular
point group. equations of 208 13=2600 order result which are exactly
The threes‘Hg adiabatic states obtained in the CI calcu- the same and thus only a single diagonalization is required to
lations are mixtures of the #,—3so,1my—4sco, and obtain the desired rovibronic energy eigenvalues. In the
3o04— 1wy diabatic states. At each internuclear distance gresent calculations no states with# 1 are included, which
unitary transformation of the adiabatic wave functions is ef-appears to be a suitable approximation for the application at
fected by diagonalizing the?+ y? quadrupole moment prop- hand. Hence, there is no splitting between the twaota-
erty. A similar procedure was carried out for the correspondiional components in any case, including the respective 0
ing singlet states. This technique works quite well becausand O electronic states corresponding to the same configu-
the diabatic states in question can be distinguished quite easation, and equal rovibronic Hamiltonian matrices arise as a
ily on the basis of this propery. In the case of théfl'[g result.
states, it was necessary to carry out an additional transforma- The various diabatic potential energy curves and off-
tion of the two valence states resulting from the 3~ 17 diagonal electronic Hamiltonian matrix elements, including
and lmr,— 30, excitations, respectively, by assuming thatthe spin-orbit results, are first fitted to polynomials before
the off-diagonal Hamiltonian matrix element in the diabaticcomputing the rovibronic Hamiltonian matrix numericaify.
representation is the same at all internuclear distances.  More details of this phase of the calculations may be found
The same set ofdiabatig transformations was applied in our earlier study of the ©°I1,, 3 states>?°The com-
to the adiabatic spin-orbit matrix formed on the basis of sixplex scaling technique is then applied to this matrix in order
of the above’“ll'lg states. It was found that matrix elements to compute the energy locations and linewidths of the reso-
between Rydberg and valentk, diabatic states are of neg- nance states of interest. As found in the earlier stidie
ligible magnitude &1.0x10 °E,) in each case, as one use of a relatively large basis of Hermite polynomials for
should expect for such a relatively light system, thus verify-each electronic state is very important for obtaining numeri-
ing the adequacy of the transformation employed and supeally stable complex eigenvalues. For the re'® scaling it
porting its transferability from the.-s to the () space. A was found that both the real and imaginary parts of the com-
matrix representation of the electronic Hamiltonian includingplex energy eigenvalue were very nearly constant for a fairly
the spin-orbit operator is then formed in the diabatic basis tdarge range of centered around® so that resonance states
obtain theQ)=0%,1,2 components of th%l'[g \-s states. It could be unambiguously identified in all cases. In order to
was invariably found that the order of the three spin compo-obtain the best possible agreement with experimental results
nents for the valencél'lg state is inverted relative to that of for the 3'1Hg(35<7) rovibrational linewidth data, it was nec-
the two Rydberg species, namely(0)<Q(1)<Q(2) for  essary to alter the potential curves of the nea?Ei;[g va-
Rydberg and the opposite for valence. This finding is criticallence states. The bourﬁﬂg valence state potential curve
for understanding the large distinction in the observed linewas first shifted upward by 1100 ¢ so that the difference
widths of the three spin components of tHéy(3ss) Ryd-  between its asymptotic energyX+'D) and the computed
berg state. In addition theJ-S (heterogeneous location of theC 31'[g v=0 state agrees with the corre-
S-uncoupling perturbation has been computed according tasponding measured value. This curve was then moved to a
the formuld® smaller internuclear distance by 0.03§ in order that the
(A,S,3,0,0| - (2uR?) " 1I"S7|A, S, S+ 1,0+ 1p") griginally cqmputed location of the crossing with the Ryd-
erg potential curve be unchanged. The corresponﬂn’f@

=(v|—(2uR?) " Yv )[S(S+1)— (S +1)]*2 valence state was also displaced to smdRaralues, but by
12 only 0.008a,. No energy shift was found to be desirable for
X[E+1D) - Q=D @) this state, however, and all other potential curves and cou-
The selection rules which must be obeyed are pling elements were taken without change from deinitio

N ClI calculations. This level of accuracy for the relative spac-
AJ=0, AP=0, AQ==*1, AS=0, AA=0, ings of the computed potential energy curves is quite typical
and for MRD-CI calculations with the present type of AO basis.

AS =~+1. 2

The three®Il, and four'II, states considered contain 26
multiplets in all. When combined with rotational functions of
a givenJ, it is possible to divide the resulting product wave The CI potential energy curves calculated for the four
functions strictly into two classes according to their respec-ll'[g and three”l‘[g low-lying Rydberg and valence states of
tive parities. The 0 and O functions always differ in this O, are shown in Fig. 1 and the corresponding total energy
property and couple with differemt-doubled components of values are given in Table |. The* —3so, 4sc 3'1119,
the 2 =1,2 states. In forming the rovibrational Hamiltonian Rydberg states have potential minima fovalues less than
matrices it is possible to take full advantage of this separathe X 32& ground state equilibrium distance, reflecting the

lll. DISCUSSION OF RESULTS

A. Potential curves and matrix elements
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E/Ep ‘ - ‘ (E1,) is taken to be independent ofas already discussed in

‘ ! / Sec. Il. The couplings between the other diabatic states are
shown in Table | as a function of internuclear distance. For
this purpose the following labeling scheme has been adopted
for both the 31I; sets of states: o—m* (1),
7*—3so (2), #*—4sc (3), andm—c* (4). Thecou-
pling between the lowest Rydberg and valence stdteg (is
fairly strongly r-dependent for both multiplicities, and is
somewhat larger for the singlet pair. THg; matrix ele-
ments also vary withr, but are only 10%—-20% as large,
reflecting the more diffuse character of thecdMO.

The calculated spin-orbit matrix elements are given in
Table 1l for differentx,y components of the same diabatic
triplet state and for corresponding singlet/triplet states, re-
spectively. As mentioned in Sec. Il, the couplings between
diabatic Rydberg and valence states are found to be less than
! 1.0 10 °E,, in each case, and thus have been neglected in
N the treatment of nuclear motion to be discussed below. Such

) small values are expected for the interactiopofe Rydberg
and valence states, and thus amount to a verification of the
effectiveness of the diabatization procedure employed in the
present work. The spin-orbit couplings in Table Il are seen to
fall in the 0.3—-0.4 10 3E}, range for each pair of functions
at everyr value considered. In other words, they are not
greatly different for Rydberg and valence states. This can be
' y understood on the basis of the fact that in all cases it is the
2.0 203 216 2.9 r/ag same @*) MO which is primarily responsible for the effect.
One important distinction can be seen in Table lla, however,
FIG. 1. Computed diabaFic potential energy curves of variﬁii§ (_solid name|y that the sign of ther— 7* 3Hg matrix element
Ilnes)_ and 'llg (dashed I|_ne_)ssFates of the @ molecule. The estimated <1|SO|1> is opposite to that of the corresponding Rydberg
location of the &Hg state is indicated by a dotted curve. . . . .
(3so) value. This is a typical inversion phenomenon caused
by the fact that them* MO is triply occupied in the

antibonding nature of ther* MO. The triplet—singlet split- o— 7* valence state, whereas it is only singly occupied in
tings are relatively small, especially for thél1 (4so) pair.  the 7" —3so Rydberg state. As mentioned in Sec. I, the
The o— 7* 3Hg potential cuts through th%lng(gsg) (di- 3Hg Q) components have a different order for Rydberg and
abatig counterparts just to the long-distance side of theirvalence states and this is directly related to the above differ-
respective minimdFig. 1). The correspondingll, valence ~ €nce in signs in their respectivey matrix elements.

state lies about 1 eV above tlwe— 7* 31'[9, and so its po-
tential curve cuts through trfelng(ssa) potentials at much
higher energy. It has a pronounced minimum nea
r=2.73 a,, unlike the triplet state. There is another pair of The energy positions and linewidths of the
valencell states in the general area. They arise in the maiw =0-5/J=2-25 levels of theC 3Hg(330) state have been
from a m—o* excitation and thus are strongly repulsive. computed for both thé°0, and®0, isotopomers, and these
The m— o* singlet potential curve has been calculated ex+esults are summarized in Table Ill. The analogous data for
plicitly in this work because it has an important curve cross-the v=0-7/J=1-25 levels of thed 1Hg(330) state are

ing with the c— #* state of the same multiplicity, but the given in Table IV. The energy spacing between the0
corresponding triplet state results are simply estimated itevels of these two states is computed to be 649 trior

Fig. 1, since this state plays no role in the interactions ofl=1 and 643 cm?! for J=25. The corresponding observed
interest. Only the diabatic potentials are shown in the figurdl, value’*® is 699 cmi'%, so the computed values are too
since they do not differ greatly from the untransformed adialow by about 7%. The theoretic&-X Ty, value itself is
batic CI results except in the immediate area of avoideds5 698 cm !, which is in excellent agreement with the mea-
crossings. Similarly, the effects of spin-orbit coupling aresured value of 65 681 cit(1%0,).

neglected at this stage of the calculations, since the corre- Because of the spin-orbit interaction each rotational
sponding matrix elements are relatively small for such a lightevel of theC 3Hg state withJ>1 is split into three compo-
system. The radial nonadiabatic couplings between theents,F;-F;. For v=0, J=2, for example,F; is found
m—o* 'l state and the two Rydberg specidés,{ and to lie 79 cm* below F, andF3 97 cn'* above it(Table
Es,) have simply been assumed to be of vanishing magnill). For v=2 the corresponding values are 74 and
tude, whereas that between the two vaIer’rﬂeg states 98 cm ! for J=2 and 85 and 108 cnt for J=25. These

-0.35-

-0.4

-0.454

lB. Linewidths and energy locations
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TABLE I. Calculated diabatic potential energigg of the3’11'lg states of @ studied, together with the respective nondiagonal enekgjen E;,) as function
of the bond distance (in ag).

®[1, potentiald

r Ea(val) E,, (Ryd) Ea3 (Ryd) E4(val) Ei Eis Ezs
1.820 —1.144 261 —1.368 697 —1.297 809 0.008 770 0.001 714 0.018 493
1.860 —1.193 771 —1.392 013 —1.320 857 0.007 541 0.001 786 0.018 529
1.900 —1.237 295 —1.410 179 —1.338 854 0.006 727 0.001 713 0.018 535
1.940 —1.275 501 —1.423 917 —1.352 511 0.006 189 0.001 551 0.018 522
1.980 —1.308 987 —1.433 876 —1.362 465 0.005 817 0.001 346 0.018 497
2.020 —1.338 286 —1.440 635 —1.369 280 0.005 528 0.001 130 0.018 469
2.040 —1.351 517 —1.442 975 —1.371 667 0.005 396 0.001 027 0.018 455
2.060 —1.363 876 —1.444 702 —1.373 452 0.005 265 0.000 930 0.018 441
2.080 —1.375 415 —1.445 869 —1.374 685 0.005 132 0.000 840 0.018 430
2.100 —1.386 182 —1.446 527 —1.375 415 0.004 992 0.000 759 0.018 420
2.120 —1.396 221 —1.446 722 —1.375 688 0.004 846 0.000 688 0.018 412
2.140 —1.405 576 —1.446 497 —1.375 546 0.004 691 0.000 627 0.018 407
2.160 —1.414 287 —1.445 894 —1.375 027 0.004 527 0.000 576 0.018 405
2.180 —1.422 397 —1.444 948 —1.374 167 0.004 356 0.000 535 0.018 405
2.200 —1.429 923 —1.443 694 —1.372 998 0.004 179 0.000 504 0.018 408
2.220 —1.436 916 —1.442 163 —1.371 551 0.003 997 0.000 481 0.018 414
2.240 —1.443 400 —1.440 383 —1.369 852 0.003 812 0.000 461 0.018 423
2.260 —1.449 406 —1.438 379 —1.367 927 0.003 628 0.000 458 0.018 435
2.280 —1.454 958 —1.436 175 —1.365 798 0.003 446 0.000 456 0.018 450
2.300 —1.460 084 —1.433 791 —1.363 485 0.003 270 0.000 458 0.018 467
2.320 —1.464 807 —1.431 249 —1.361 006 0.003 103 0.000 462 0.018 487
2.340 —1.469 149 —1.428 556 —1.358 377 0.002 946 0.000 469 0.018 509
2.360 —1.473 131 —1.425 733 —1.355 613 0.002 803 0.000 475 0.018 534
2.380 —1.476 773 —1.422 793 —1.352 727 0.002 675 0.000 480 0.018 560
2.400 —1.480 095 —1.419 744 —1.349 730 0.002 565 0.000 484 0.018 588
2.420 —1.483 115 —1.416 597 —1.346 631 0.002 473 0.000 483 0.018 618
2.460 —1.488 318 —1.410 033 —1.340 164 0.002 348 0.000 470 0.018 680
2.500 —1.492 517 —1.403 144 —1.333 382 0.002 294 0.000 437 0.018 746
2.540 —1.495 842 —1.395 956 —1.326 332 0.002 294 0.000 385 0.018 814
2.580 —1.498 422 —1.388 480 —1.319 043 0.002 309 0.000 319 0.018 883
2.620 —1.500 394 —1.380 719 —1.311 566 0.002 283 0.000 254 0.018 951
2.640 —1.501 195 —1.376 730 —1.307 761 0.002 228 0.000 228 0.018 985
2.700 —1.503 095 —1.364 321 —1.296 144 0.001 742 0.000 223 0.019 086
2.750 —1.557 475 —1.354 511 —1.286 490 0.001 600 0.000 190 0.019 173
2.800 —1.580 756 —1.344 394 —1.276 860 0.001 500 0.000 160 0.019 268
1, potentials®
1.82 —1.120 564 —1.364 561 —1.298 796 0.010 992 0.002 803 0.019 489
1.86 —1.165 644 —1.387 658 —1.320 326 0.010 076 0.002 469 0.019 418
1.90 —1.205 599 —1.405 701 —1.337 741 0.009 229 0.002 167 0.019 361
1.94 —1.240 903 —1.419 430 —1.351 400 0.008 448 0.001 897 0.019 315
1.98 —1.271 996 —1.429 491 —1.361 672 0.007 728 0.001 656 0.019 280
2.02 —1.299 283 —1.436 450 —1.368 928 0.007 066 0.001 442 0.019 256
2.04 —1.311 616 —1.438 921 —1.371 541 0.006 755 0.001 344 0.019 247
2.06 —1.323 136 —1.440 793 —1.373 538 0.006 458 0.001 253 0.019 241
2.08 —1.333 882 —1.442 118 —1.374 962 0.006 174 0.001 167 0.019 236
2.10 —1.343 897 —1.442 941 —1.375 856 0.005 902 0.001 086 0.019 234
2.12 —1.353 217 —1.443 306 —1.376 263 0.005 643 0.001 011 0.019 234
2.14 —1.361 881 —1.443 253 —1.376 222 0.005 395 0.000 941 0.019 235
2.16 —1.369 922 —1.442 817 —1.375 773 0.005 159 0.000 875 0.019 239
2.18 —1.377 376 —1.442 033 —1.374 953 0.004 933 0.000 814 0.019 244
2.20 —1.384 273 —1.440 932 —1.373 797 0.004 718 0.000 758 0.019 250
2.22 —1.390 646 —1.439 541 —1.372 839 0.004 514 0.000 705 0.019 259
2.24 —1.396 523 —1.437 886 —1.370 610 0.004 319 0.000 657 0.019 268
2.26 —1.401 932 —1.435 992 —1.368 641 0.004 135 0.000 613 0.019 280
2.28 —1.406 901 —1.433 879 —1.366 458 0.003 959 0.000 572 0.019 292
2.30 —1.411 455 —1.431 567 —1.364 087 0.003 793 0.000 534 0.019 306
2.32 —1.415 618 —1.429 075 —1.361 552 0.003 635 0.000 500 0.019 321
2.34 —1.419 415 —1.426 417 —1.358 874 0.003 486 0.000 469 0.019 337
2.36 —1.422 866 —1.423 610 —1.356 071 0.003 345 0.000 441 0.019 354
2.38 —1.425 994 —1.420 666 —1.353 161 0.003 212 0.000 415 0.019 372
2.40 —1.428 819 —1.417 597 —1.350 158 0.003 086 0.000 392 0.019 391
2.42 —1.431 359 —1.414 415 —1.347 075 0.002 968 0.000 372 0.019 411
2.46 —1.435 659 —1.407 752 —1.340 709 0.002 752 0.000 338 0.019 452
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TABLE I. (Continued)

®[1, potentiald

r Ey(val) E,, (Ryd) Ea3 (Ryd) E44(val) Ejp Eis Eas

2.50 —1.439 029 —1.400 746 —1.334 125 0.002 563 0.000 312 0.019 497
2.54 —1.441 593 —1.393 456 —1.327 856 0.002 398 0.000 293 0.019 544
2.58 —1.443 460 —1.385 935 —1.320 410 0.002 255 0.000 280 0.019 592
2.62 —1.444 729 —1.378 225 —1.313 273 —1.333 213 0.002 132 0.000 272 0.019 642
2.64 —1.445 168 —1.374 312 —1.309 625 —1.341 143 0.002 078 0.000 270 0.019 667
2.70 —1.445 819 —1.362 397 —1.298 305 —1.363 557 0.001 943 0.000 268 0.019 744
2.75 —1.445 731 —1.352 328 —1.288 366 —1.380 745 0.001 857 0.000 271 0.019 808
2.80 —1.445 199 —1.342 196 —1.277 896 —1.396 672 0.001 794 0.000 278 0.019 872
2.85 —1.444 327 —1.411 422

2.90 —1.443 199 —1.425 071

2.95 —1.441 891 —1.437 695

3.00 —1.440 463 —1.449 363

3.05 —1.438 965 —1.460 141

3.10 —1.437 439 —1.470 092

3.15 —1.435 918 —1.479 275

3.20 —1.434 429 —1.487 745

3.25 —1.432 991 —1.495 552

3.35 —1.430 323 —1.509 372

3.45 —1.427 987 —1.521 084

3.55 —1.426 003 —1.530 991

3.65 —1.424 358 —1.539 354

3.80 —1.422 455 —1.549 477

4.00 —1.420 731

4.20 —1.419 610

4.40 —1.418 807

4.60 —1.418 144

4.80 —1.417 540

5.00 —1.416 980

5.20 —1.416 486

5.40 —1.416 087

5.60 —1.415 801

6.00 —1.415 550

6.50 —1.415 531

7.00 —1.415 366

7.50 —1.414 961

8.00 —1.414 632

8.50 —1.414 610

9.00 —1.414 600

% ,4,=E,,=0; E3,=0.0030E,, for all distances. See text.

results compare favorably with the obserued 2 splittings  somewhat worséTable Ill), but it should be noted that thus
of 84 and 108 cm?® (Ref. 4 and 72 and 106 cnt,® so the  far there are still relatively large uncertainties in the experi-
ECP methoff provides a suitably accurate description of themental results themselvé3.
spin-orbit interaction. The salient features of the observed linewidth Gdta
The calculated vibrational spacings are generally smallefor the3'1Hg(3s<r) states of @ are also well described in our
than the measured data, with an average discrepancy of 4@alculations. For example, only the=2 level of the
for both theC 3I1, andd 'I1, states(Tables Ill and I\j.  *°0, C ®II, state is rotationally resolved of the first five
Errors of this magnitude can be ascribed primarily to defi-vibrational species. Our calculations predict that the2
ciencies in the AO basis employed in the present calculalevel of the F; component of théHg(SScr) state has the
tions. Nevertheless, the observed irregularities in the experRarrowest linewidth among the=0-4 levels(Table III).
mental level positions are well described in the presenfThe computed values change from 8.8 to 3.1 ¢rwhenJ
calculations. For example, among the first four measured vivaries from 2 to 25, which is at least consistent with the
brational levels of thel 1Hg(350') state(Table IV), the 2-1  measured values given by Seiral° of 6 cm ! and by van
energy difference is the smallest and the 3-2 counterpart théer Zandeet al® of 11 cmi*. Suret all® in their REMPI
largest, and this highly unusual pattern is also found in thexperiment have found that the=2 level gets broader as
corresponding computed level separations. For thehey scan from 285.8 to 288.3 nm, however. Within a span of
C 3Hg(350') state, the agreement between our computed vi200 cm ! their spectrum goes from rotationally resolved
brational spacings and the corresponding observed data limes of 6 cnmi ! width in theF3; component to an unresolved
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TABLE II. Calculated spin-orbit matrix elementi: E;,) between differenk,y components of thé’lﬂg states of @ as function of the bond distance
(in ap).

r 1310|1310, 23Mg[2°%M, 3°,4/3°%M, 11|13, 214|211, 31,|3°11,
1.82 —0.000 382 0.000 428 0.000 434 0.000 371 0.000 419 0.000 425
1.86 —0.000 384 0.000 429 0.000 434 0.000 373 0.000 419 0.000 424
1.90 —0.000 385 0.000 428 0.000 434 0.000 375 0.000 418 0.000 424
1.94 —0.000 386 0.000 428 0.000 433 0.000 376 0.000 417 0.000 423
1.98 —0.000 387 0.000 427 0.000 432 0.000 376 0.000 416 0.000 421
2.02 —0.000 387 0.000 426 0.000 431 0.000 377 0.000 415 0.000 420
2.04 —0.000 387 0.000 425 0.000 430 0.000 377 0.000 414 0.000 419
2.06 —0.000 387 0.000 424 0.000 429 0.000 377 0.000 413 0.000 418
2.08 —0.000 388 0.000 423 0.000 427 0.000 377 0.000 412 0.000 417
2.10 —0.000 387 0.000 422 0.000 427 0.000 377 0.000 412 0.000 416
2.14 —0.000 387 0.000 421 0.000 425 0.000 377 0.000 410 0.000 414
2.16 —0.000 387 0.000 420 0.000 424 0.000 377 0.000 409 0.000 413
2.18 —0.000 387 0.000 419 0.000 423 0.000 377 0.000 408 0.000 411
2.20 —0.000 387 0.000 418 0.000 421 0.000 377 0.000 406 0.000 410
222 —0.000 387 0.000 417 0.000 420 0.000 377 0.000 405 0.000 409
2.24 —0.000 387 0.000 416 0.000 419 0.000 377 0.000 404 0.000 408
2.26 —0.000 386 0.000 414 0.000 418 0.000 376 0.000 403 0.000 407
2.28 —0.000 386 0.000 413 0.000 417 0.000 376 0.000 401 0.000 405
2.30 —0.000 386 0.000 412 0.000 415 0.000 376 0.000 400 0.000 404
2.32 —0.000 386 0.000 410 0.000 414 0.000 376 0.000 399 0.000 402
2.34 —0.000 385 0.000 409 0.000 412 0.000 376 0.000 397 0.000 401
2.36 —0.000 385 0.000 407 0.000 411 0.000 375 0.000 396 0.000 399
2.38 —0.000 385 0.000 406 0.000 409 0.000 375 0.000 394 0.000 398
2.40 —0.000 384 0.000 404 0.000 408 0.000 375 0.000 393 0.000 396
2.42 —0.000 384 0.000 403 0.000 406 0.000 374 0.000 391 0.000 394
2.46 —0.000 383 0.000 399 0.000 403 0.000 374 0.000 388 0.000 391
2.50 —0.000 382 0.000 396 0.000 399 0.000 372 0.000 384 0.000 387
2.54 —0.000 380 0.000 392 0.000 395 0.000 372 0.000 381 0.000 384
2.58 —0.000 379 0.000 389 0.000 392 0.000 370 0.000 377 0.000 380
2.62 —0.000 378 0.000 385 0.000 387 0.000 370 0.000 374 0.000 376
2.64 —0.000 377 0.000 383 0.000 385 0.000 369 0.000 372 0.000 374
2.70 —0.000 375 0.000 376 0.000 379 0.000 368 0.000 366 0.000 368
2.75 —0.000 374 0.000 371 0.000 374 0.000 367 0.000 360 0.000 362
2.80 —0.000 372 0.000 365 0.000 368 0.000 365 0.000 355 0.000 357
rotational envelope in the correspondiRg state. functions and hence in their corresponding linewidths.

The present calculations find that in the entire range  Recently linewidths of the =5 level of theC 3Hg have
from J=2 to 25 forv =2, the linewidth ofF, is larger by a  been observetf and it was found that their values decrease
factor of 2 than that oF;. The key to understanding this by a factor of 2 in going from th&, to the F; component.
phenomenon is found in the relative signs of the Rydberdgrhe present calculations agree with this findifgble IlI),
and valence spin-orbit coupling matrix elements. Since thavith linewidths of 16.2, 15.6, and 8.1 c¢rh having been
Rydberg 3Hg(350') state has only a singler* electron computed for theF,, F,, andF3; components, respectively,
whereas ther— 7* valence state has three, it is easy to seef thev =5, J=2 level, for example. These results are simi-
that this sign must be different in the two cases, as found imar in magnitude to those calculated for=2 (Table III).
the ab initio calculations(Table 1l). As a result, the order of There is a general tendency for the linewidths to decrease
the F1-F3; components is opposite for the valence statewith J in both cases.

(Q2=0" lies highest than for the Rydberg state€)=0" For the 180, isotopomer, the calculations find that the
lies lowes}. Consequently, near the crossing of thes¢®  linewidths of theC statev=4 rotational levels are some-
Rydberg ando— 7* valencesl'[g diabatic potential curves times smaller than those of=2 for the samel,() values
obtained without spin-orbit coupling, tHe=0" (F, com-  (Table lIl). For low J they are much smaller foo=4,
ponenj of the C state is pushed downward relative to whereas they become comparable in magnitudeJfef0;

QO =1, while forQ=2 (F5 componentthe opposite occurs. the value for the=; component is lower fopo =4 for such
The crossing point of the corresponding diabatic potentiahigh J values, whereas the opposite holds Far(Table Il1).
curves obtained with spin-orbit coupling thus occurs at aExperimentally’® an average value of 30 cmh has been
longer internuclear distance for tlg, component than for reported forv=4 for *¥0,, compared with 40 cm' in
F3, thus producing decidedly different mixtures of valencev=2, in at least qualitative agreement with our calculated
and Rydberg states in their respective spin-perturbed waveesults.
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TABLE lIl. Calculated and experimental energy positidhg (in cm )2 and linewidthsT", ; (in cm™ 1) of the spin-split components, ,F,, andF, for the
v=0-50=2-25 levels of theC 31'19(35(7) state of'®0,. The entries given in a second rdim italics) for v=2 and 4, respectively, correspond to the

T',, of the *¥0, isotopomer.

Theoretical
J=2 =10 J=20 =25
v Fy F, = = F, Fi Fy F, Fi = F, Fi Expt.
TuJ
0 -79 0 97 -80 0 97 -84 0 100 —-86 0 101 0
1 -82 1873 103 -83 1873 104 -87 1871 105 —-90 1870 109 1978
2 —74°¢ 1835 o9& —-76 1830 99 —-82 1816 103 -85 1803 108 1872
3 —-80 1732 105 -80 1732 107 -87 1735 108 -91 1736 110 1825
4 -77 1700 92 —-78 1697 97 -84 1683 101 —-87 1675 103 1768
5 —74 1731 86 -77 1729 98 -83 1722 101 -88 1717 103
FUJ
0 48.0 50.5 55.4 48.9 52.0 57.2 52.0 56.0 62.2 53.5 59.0 66.2 b =
1 213 210 219 212 213 220 206 212 224 204 214 228 32609
2 17.1 13.1 8.8 15.0 10.2 7.6 9.3 7.6 49 6.2 3.0 3.1 b 1a¢
34.2 31.0 22.0 31.3 26.0 20.2 23.0 20.0 16.0 18.5 16.5 13.0 b 40
3 125 120 125 124 117 125 118 118 124 114 116 123 b 90
4 21.0 26.5 32.8 22.8 28.6 35.3 28.8 34.9 43.9 33.0 40.0 48.0 b 60
6.4 9.6 14.8 7.6 13.2 16.5 12.0 17.0 22.0 15.0 20.0 26.5 b 30
5 16.2 15.6 8.1 14.3 13.6 7.0 9.1 9.5 4.4 6.1 7.0 2.6 ) e

#The calculated energy positions féf(v) andF3(v) are given relative to the correspondifig(v) which in turn is given relative t&,(v —1). F,(0) is set
to zero.

PReference 10.

°Experimental results foF,; andF, are —72 and 106 cm® (Ref. 3 and —84 and 108 cm?! (Ref. 4), respectively.

‘Reference 8.

®Experimental results for thE;, F,, andF, components are 3.2, 2.6, and 1.8 cmrespectively(Ref. 11).

Van der Zandeet al.” observed that the linewidth of the for these constants by using the simple formula
v=4 level of thed 'I14(3sc) state of*®0, becomes nar-
rower asJ increases. Our calculations again describe this
trend quite well (Table V), with the J=1 value
(52.8 cm'1) being about twice as large as that b 25.
The corresponding measured results are 30 and I8 cm whereE(v,J) is the calculated energy for a given rovibra-
respectively. The same authbrsbserved in their transla- tional state. The results are shown in Table V for a number
tional spectroscopy experiments that for the 6 level in-  of v,J levels.
tensity is missing in the energy region corresponding to the  The results fow=0 and 1 are almost completely inde-
lower J rotational lines of thed 1Hg(3SU) and the line- pendent ofJ, as is normally the case. The corresponding
widths are smaller than the apparatus resolution. A plausiblénewidths (Table V) are found to be relatively small
explanation is that these rotational levels are quite stable t61—2 cm 1), consistent with the fact that a rotational analy-
predissociation. Our calculationd@able 1V) find that the sis has been successfully mad&@he v=0 B values are
v=6 level of the’®0, d state has a very small linewidth 0.02 cnm* smaller than measurédyhich is consistent with
(especially compared to those oF=5 and 7 and that it a tendency to overestimate the equilibrium bond lengths of
increases withJ, in good agreement with the observed the O, states in the present treatment. A simi|2%o) error is
trends. found for theX 32; ground state as well, for example. The

Sur et al? have measured the=0-3 levels of the linewidth of thev=1 state is larger than far=0, and the
1Hg(35(r) state, and for thev=0 level a linewidth of v=1 experimental rotational constant is smaller by
2 cm ! has been observed. Our calculated values range frof.10 cm *. The increased instability in=1 is an indication
1.3to 1.5 cm ! between thdd=1 and 25Table IV), ingood  of greater mixing with the neighborintﬂg bound valence
agreement with the measured result. A rotational analysis hagate, which in turn leads to a smaller rotational constant by
been performed for the=0, 1, 3, and 4 levels of the virtue of the longer equilibrium distance of the latter diabatic
state’® and wide variations in the corresponding rotationalstate(Fig. 1). The present calculated results also show a de-
constants have been reported. Because of nonadiabatic migrease in going fromv=0 to v=1, but only by
ing between the Rydberg and bound valehﬂ% states, the 0.03-0.04 crn! (Table V). It was found that shifting the
computed spacings between successive rotational levels avalence state potential curve up or down by 50 ¢énhas
often quite irregular in this spectral region, particularly for very little effect on the computed results. If the origitgah-
v=2 and 3. To demonstrate this we have computed valueshifted ab initio potential curve is employed, however, so

B,;=[E(v,J+1)—E(v,J)]/2(J+1), 3
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TABLE IV. Calculated and experimental energy positiofis; (in cm 1) and linewidthsT,; (in cm ') of the v=0-70=1-25 levels of the
d 1Hg(350') state of'0,. The entries given in a second rdwm italics) for eachv correspond to th&,; of the %0, isotopomer.

FUJ TvJ
Theoretical ExperimentdRefs. 7 and Theor. Expt.
v J=1 10 15 20 25 J=1 10 15 20 25 J=1) (Ref. 9
0 13 1.3 1.3 14 15 2.0 0 0
1.2 12 1.2 1.3 14
1 6.4 6.1 6.1 6.1 6.4 )a 1791 1857
6.4 5.8 5.8 5.8 5.9
2 12.0 26.0 38.0 46.8 )b 3481 ~3640
{31.0 20.0 10.0 3)%°
3 11.0 3.6 2.6 o 5410 5575
{8.0 15.5 121.p°
4 12.0 10.0 7.8 5.4 3.6 10 10 <10 <10 <10 7089
52.8 49.0 46 39.0 32 30 30 30 20 <15
5 116 115 113 114 106 70 8769
109 111 113 115 118 80
6 34.6 37.6 40 46.2 52.0 <30 10471
4.2 5.0 6.4 8.6 12.0 <30 <30 <30 <30 <30
7 6.2 5.0 4.0 2.8 2.2 <40 12090
45.0 42.0 38.5 34.0 28.0 <40

@Rotationally resolvable up td=12 (Ref. 9.

PRotationally unresolvabléRef. 9.

‘Corresponding satellite resonance; see text for details.
YRotationally resolvable up td=11 (Ref. 9.

that the valence state is 1100 clower than in the present Rydberg character, which in turn leads to an increase in tran-
treatmentTable 1l), a relatively large decrease is observed,sition probability between levels of the and X %, O,
producing a value of 1.56 cnt. This result may indicate ground state. Fod=1, the calculate®, ; value of the low-
that the dissociation energy of the bound valence state is toenergyv =2 feature is thus consistent with the fact that at
small by roughly 1000 cm' in the CI calculations, i.e., that low temperatures it has much higher intensity. Whiers
more than a constant shift of the valence state potential iicreased theB,; value of the higher-energy feature in-
required to match the experimental data. creases, so that at=10 it is already larger than that of the
Two distinct spectral features have been observed in thiower-energy state. Consequently, at higher temperatures the
neighborhood of the expected location of thev=2 level®  higher-energy transition gains in intensity so that it eventu-
separated by about 85 crh The corresponding spectral ally becomes stronger than that at lower energy. These re-
lines are too broad to allow for a rotational analysis. At lowsults thus mesh quite well with the observed temperature
temperatures the lower-energy feature has a more compa@dependence in this region of tlieX spectrum.
rotational structure and higher intensity than that of higher A rotationally resolved spectral feature has been
energy. As the temperature is increased, the higher-energipserved which is located 71 954.80 cm above the en-
feature gains in intensity, however. The present calculationgrgy of thev =0 level of theX °X ;" ground state of°0,. Its
find two resonant vibrational states located in #tye2 area,
in agreement With these observations. The e.nergy SeparatiorRBLE V. Calculated and experimental rotational consta in
between t_hemlls 130-150 crhfor J=1-25. It is found that cm1) of thep —0—40=1-15 Ievpels of thel*TTg(3s0) state Oflﬁgff T(he
both the linewidth andB, ; values for each of these features entries given in a second roin italics) for v=2 and 3 correspond to
vary strongly withJ. For example, fordJ=1 the calculated satellite resonancesee text
linewidth of the low-energy feature is 12.0 ¢ while for

J=20itis 46.8 cm? (Table IV). Corresponding values for Calculated

the higher-energy feature are 31 chfor J=1,20cm for v J=1 J=5 J=10 J=15  ExperimentalRef. 9
— =1 — s ;

J= 1Q, and 3_.6 cm* for J=20. Thes_e fmdm_gs are also quite 1.66 1.66 1.66 166 168

consistent with the above observations. First of all, the com, 163 163 1.63 1.62 1.58

puted line broadening is qualitatively in agreement with thez 1.28 1.22 1.07 0.95

fact that neither of the observed spectral features could be 119 1.23 1.37 1.48

rotationally resolved. The variation of theB,; value with 3 é-gg ;’-gf g-g‘i‘ g-gg L1

J clearly reflects changes in the ratios of Rydberg/valence 156 156 156 156 189

1Hg states in the rovibrational wave functions in this energy
region (Fig. 1, Table V. A larger B,; value means more

J. Chem. Phys., Vol. 106, No. 3, 15 January 1997

Downloaded-08-Dec-2008-t0-194.177.215.121.-Redistribution-subject-to-AlP-license-or-copyright;=see-http://jcp.aip.org/jcp/copyright.jsp



1132 Li et al.: Predissociation of Rydberg states of O,

rotational constant has been measured to be 1.15" @nd Finally, we have investigated the effects of rotational
has been assigned as the 3 level of thed 1, state. By ~ couplings G-uncoupling® on the linewidths of the
subtracting theC-X Ty, value and thed-C energy separa- 3Hg (3so) states. It was found that in the lodvcase the
tion from this energy, one arrives at a 3-@state energy €ffects of rotational-electronic coupling are negligible, but
difference of 5575 cm®. The present calculations find two for highJ the effects of this interaction become apparent. For
vibrational resonances in this energy region. The one agxample, for ther=2,J=1 level of theC *[Iy(3s0) state,
higher energy has a relatively narrow linewidth and liesthe computed linewidths are nearly the same with or without
5410 cm * above thed v=0 level (Table IV). It seems including the S-uncoupling, but forJ=20 the computed
clear that this state should be assigned to the observeth-Fs linewidths are 10.4, 7.0, and 4.0 chif the rota-
v=3 level at 5575 cm?, so there is an underestimation in tional coupling is neglected, whereas values of 9.4, 7.5, and
the present calculations of 165 cfor 3%. As shown in 4.8 cn * are obtained when it is includg@able IV).
Table V theB,; value for this state varies sharply with
reaching a maximum at=10 of 1.04 cm . This value is
still 0.11 cmi? smaller than that reported experimentally,
but it is considerably smaller than those reported ferO An ab initio CI treatment for thé'll'lg manifold of ex-
and 1 and thus fits in with the observed pattern quite wellcited states has been employed to study the effect of
The discrepancy is probably caused in the main by inaccuRydberg-valence mixing on the properties of the associated
racies in the long-distance portion of the valeﬁfbg state, rovibrational states. A diabatic transformation succeeds in
as already mentioned. providing a clear separation into Rydberg and valence elec-
The calculated energy separation betweernsth& level  tronic states and helps to simplify the analysis of the com-
and the lower-energy resonance is about 170con aver-  puted results. Three types of electronic couplings are consid-
age for differentd values. ForJ=1 the two rovibrational ered: spin-orbit, radial, and rotational. The rovibrational
states have about the sarBg; value (Table V), but asJ basis consists of 200 Hermite polynomials for each of
increases, that of the lower-energy state decreases shard@() electronic states. The complex scaling technique is
(0.86 cm t atJ=10 and 0.76 cm* atJ=15). As discussed then employed to obtain rovibrational energies and line-
above for thev =2 level, a smalB,; value is indicative of widths, with special emphasis on the results for méﬂg
relatively little Rydberg character in the rovibrational wave and C 3Hg 3so states. To obtain the best agreement with
function, and hence a small Franck—Condon factor for tranavailable experimental data, particularly for the linewidth re-
sitions from X 325. This state of affairs explains at least sults, it is desirable to shift thﬂa’Hg bound valence state’s
partially why thus far no low-energy feature near the3  potential curve upward by 1100 ¢ so that the observed
level has been observed experimentally. energy separation between theé v=0 level and the
Moving on to thev=4 level, it is found that itsB,; D + 1D atomic asymptote is reproduced, but also to displace
value no longer varies witl. At 1.56 cm !, the computed it toward smallerr values by 0.038a, so that its crossing
value is again about 2% smaller than measuiieble V). It point with thed 1Hg potential curve is unchanged. A smaller
is comparable to that observed for=1, but still notably displacement is also applied to tﬁHg valence energy but
smaller than fow =0, so some mixing between the Rydberg all other potential curves and coupling elements are taken
and bound vaIencHTg diabatic states is still indicated. The directly from theab initio Cl calculations.
d v=4 level is located above the dissociation limit of the The present treatment is able to account for a large num-
valence 1Hg state, so perturbations from it come mainly ber of trends in the measured linewidths, energy locations,
from its inner limb. and rotational constants of th&,d 3'1Hg vibrational levels.
The competition between radial and spin-orbit effects orBoth thed-C and C-X energy splittings are also well de-
the predissociation of thev=0-2 Ilevels of the scribed in the calculations. Of the lowe&t 3Hg levels
d MI,(3so) state has been studied by van der Zaetlal®  v=2 has the narrowest linewidth fdfO, and v=4 for
using translational spectroscopy. They concluded that th&O,, in agreement with the experimental findings. The
v=0 level is predissociated via a spin-orbit interaction withF;  component is found to have about twice the linewidth
the 3Hg(3s<r) state, whereas the=2 level decays via a as that ofF;, also as observed, and it is shown that the
homogeneous mechanism involving the bo&ﬁq, valence explanation lies in the differen#* occupation numbers in
state(see Fig. 1L Thev =1 state represents an intermediatethe Rydbergr* — 3so and valencer— 7* states. The spin-
case in this respect. The present calculations find the predisrbit splittings among the three triplet components are ob-
sociation linewidths caused by the homogeneous interactiotained accurately through the use of effective core potentials.
to be 104, 1.0, and 9.6 cm?, respectively, for thee=0,  Rotational coupling is found to have noticeable effects for
1, and 2 levels{=1), i.e., by setting the spin-orbit interac- high-J values of theC v =2 state. Moreover, the=5 line-
tion between the31'[g(35(r) and 11'19(350) states to zero. width is found to be comparable to thatwf 2 and there is
When both the homogeneous and spin-orbit interaction ara general tendency for the instability to decrease With
included, the computed linewidths change to 1.3, 6.4, and The most interesting effects are found for tdéHg
12.0 cm! (Table IV, J=1). Hence, our calculations are state, however. They are predominantly caused by its inter-
qualitatively in accord with the observations made by vanaction with the3Hg valence state at low and with the
der Zandeet al® bound 11'[g valence state at higher energy. The irregular

IV. CONCLUSION
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tures are computed which have a larger contribution from the \(q/éé]s; van der Zande, W. Koot, and J. Los, J. Chem. PBfs.4597
valence'll, than for ther* —3so Rydberg diabatic state. 95 sy R s Friedman, and P. J. Miler, 3. Chem. Pieys 1705(1993).
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composition. Only thewv=2 satellite feature has been ob- zR- S. Friedman and A. Dalgarno, J. Chem. Pt9(3.7606(1989.

served, and so it seems clear that the corresponding .~ 3 T:rr'g“;g;a”Md v BTQZ:LOAJ'gg;&s%&gﬂli& sars
feature is too broad to be resolved in the experiments carried(l'ggd o ' Y ' ’

out to date. It is shown that there is a strong correlationsy_ Lj M. Honigmann, G. Hirsch, and R. J. Buenker, Chem. Phys. Lett.
between the magnitudes of the linewidths and rotational con- 212, 185(1993.

stants of thed-state rovibrational levels. The observed varia—ljg- l'z- gaxon ang 2- t?uy j ggem- :ZE?;; g;lgiigl)g?-

H H _ . P. Saxon an . Ly, J. em. .

gons in theB values of thev=0, 1, 3,_and 4 I(_evels of the 18R, p. Saxon and B, Liu, J. Ghem. Phy&, 876(1980.

' state are reproduced a]most quantitatively in the calcular,, Honigmann, R. J. Buenker, G. Hirsch, and S. Gtitw J. Phys. E25,
tions. A large decrease is found for both=2 andv=3 389 (1992.

relative to the more typical value expected for a pure Ryd<#°Y. Li, M. Honigmann, K. Bhanuprakash, G. Hirsch, R. J. Buenker, M. A.
berg state. The =2 portion of the spectrum could not be , Dillon, and M. Kimura, J. Chem. PhyS6, 8314(1992.
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