Q_\l [P Chemical Physics

What is the ground electronic state of KO?
Edmond P. F. Lee, Pavel Soldan, and Timothy G. Wright

Citation: J. Chem. Phys. 117, 8241 (2002); doi: 10.1063/1.1511179
View online: http://dx.doi.org/10.1063/1.1511179

View Table of Contents: http://jcp.aip.org/resource/1/JCPSA6/v117/i18
Published by the American Institute of Physics.

Additional information on J. Chem. Phys.

Journal Homepage: http://jcp.aip.org/

Journal Information: http://jcp.aip.org/about/about_the journal
Top downloads: http://jcp.aip.org/features/most_downloaded
Information for Authors: http://jcp.aip.org/authors

ADVERTISEMENT

Explore AIP’s new
open-access journal

AIP

Article-level metrics
now available

Join the conversation!
Submit Now Rate & comment on articles

Downloaded 01 Mar 2012 to 158.132.161.9. Redistribution subject to AIP license or copyright; see http://jcp.aip.org/about/rights_and_permissions


http://jcp.aip.org/?ver=pdfcov
http://aipadvances.aip.org?ver=pdfcov
http://jcp.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=Edmond P. F. Lee&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://jcp.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=Pavel Sold�n&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://jcp.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=Timothy G. Wright&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://jcp.aip.org/?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.1511179?ver=pdfcov
http://jcp.aip.org/resource/1/JCPSA6/v117/i18?ver=pdfcov
http://www.aip.org/?ver=pdfcov
http://jcp.aip.org/?ver=pdfcov
http://jcp.aip.org/about/about_the_journal?ver=pdfcov
http://jcp.aip.org/features/most_downloaded?ver=pdfcov
http://jcp.aip.org/authors?ver=pdfcov

JOURNAL OF CHEMICAL PHYSICS VOLUME 117, NUMBER 18 8 NOVEMBER 2002
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High-level, restricted coupled cluster with singles, doubles, and perturbative triples calculations are
performed to determine the ground electronic state of KO. In the absence of spin—orbit coupling, we
find that the ground state is?& * state, with 211 state lying just over 200 cnt higher in energy.
We ascertain that basis set extension, higher-order correlation energy, mass-velocity, and Darwin
relativistic terms do not change this ordering. We then calculate the low-Klirngtates when
spin—orbit coupling is turned on. TRE ;,, state undergoes an avoided crossing withffig, state,

and we therefore designate the ground stat&XfsThis state is essentialfZ ;,, at shortR, but

essentially’I1,,, at longR; there is a correspondiniy; state with the opposite behavior. These states
have significantly different shapes and so spectroscopy from the adiabatic states. Finally, we
calculate the dissociation ener@,, of KO as 66-1 kcalmol'! and deriveAH¢(KO, 0 K) as
13.6-1 kcalmol't. © 2002 American Institute of Physic§DOI: 10.1063/1.1511179

I. INTRODUCTION of an electron spin resonan@®SR spectrum was consistent
with its being?Il. Allison et al!® calculated the ground state
The alkali-metal monoxides continue to attract interesfof KO to be?IT (with the2S, " state lying 830 cm® above
both theoretically and spectroscopically. In part, this comegsing configuration interactionCl) calculations and a
from their important roles in atmosphefié,combustior’®  gouples basis set, with polarization functions on the oxygen
and energy®’ chemistry. Recently, we have performed aatom. Later, however, Langhoét al., again employing the
number of studies on these species, with reports on the thegynfiguration interaction with single and double excitations

. . . 9
mOangf‘H)“Cs and spectroscopy of ngl and ',t"éNa_O_' and  (cISD) method, using very large basis sets and concltfded
NaQO",”*" the photoionization of Na®; and in addition the that the ground state of KO was in faés*. In 1991,

spectroscopy and thermodynamics of RbO, CsO, and Fr

and_lfuelr catlon_é. | fint " like oth . ansistent—fieId (CASSCH and CASSCH multireference
molecjzgs &eecrlee?sae[ecr?asno g i;ntr?;ess rﬁfﬁeltre gf tﬁé S?(;Iues d%onfiguration interactiofMRCI) calculations’® which indi-
' 9 y Y 9 cated that at the CASSCEF level of theory, the ground state of

state. For LiO(Refs. 14 and 1band NaO(Ref. 16, the .
. . L KO was determined to béll, but that at the CASSCF
electronic ground state has been establishet Bswhile it +MRCI level, it was?S *—a fact that they confirmed in a

has been shown to * for RbO (Ref. 17 and CsO(Ref.
- ( ) X careful series of calculations in 199Ref. 24 (as well as in

18); this changeover was explained by Allisenhal1° as be- dv of the bhotodetach o
ing due to the competing effects of the quadrupole attractiof? study of the photodetachment process on KO’ This

of O~, which favors théll state, and Pauli repulsion, which latter conclusion was also confirmed in CASSCF calcula-

H K 26,27
favors the?S * state. The changeover point comes at KO,ONS by Serrano-Andee et al™“" In 1993, two of the

: : - 28
and the identity of its ground electronic state has proved t@résent authors were mvoIvlegd in ah initio study of KO;
be a controversial topic. and in line with Allisonet al,™ the ground state of KO was

Early experiments on KO were inconclusive, with Herm calculated® to be?I1. One of the authors was also involved
and Herschbach initially concluding that the ground eleci & photoelectron study of K(Ref. 29 (as well as LiO and
tronic state was®S* on the basis of magnetic deflection NaO). The KO was formed by either the reactior-f\,0 or

experiment® and then concludirfg that the nonobservation the reaction K-Os: The reaction of K-N,O was expected
to yield KO in the23" state on the basis of correlation

a : : argument® and molecular beam magnetic deflection
Electronic mail: E.P.Lee@soton.ac.uk . tgl . .

bElectronic mail: pavel.soldan@durham.ac.uk experiments: as appl_led to the NaN,O reaction—a con-
9FAX: +44 1273 677196. Electronic mail: T.G.Wright@sussex.ac.uk clusion also inferred in Ref. 29 from the intensities of bands

Qanghoff etal. published complete-active-space self-
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in the NaO photoelectron spectrufithis preference for for- contracted (810p6d4f3g2h) basis functions as above, giv-
mation of theA 23" state has been readdressed recéfily. ing a[12s12p6d4f3g2h] basis set. For O, the standard aug-
If the 23" state of KO is formed almost exclusively, then the cc-pV5Z basis set was again employed. These will be
appearance of features assigned to’fHestate in the photo- referred to as basis B below. For these calculations we also
electron spectrum from the KN,O route was taken to im- investigated the effect of the BSSE by performing the full
ply that the?II state is the lower, populated by collisional counterpois€CP) correctiori’ at all points.

deactivatior?® Very recently, Hirot&® has outlined the results In the RCCSIT) procedure, the 4 electrons on O and

of as-yet-unpublished microwave spectroscopic studies ahe 1s2s2p electrons on K were kept frozen. The
the KO molecule, where it was concluded that the groundRCCSOT)/basis A and RCCSQO)/basis B results were used
state is?II, with the S " state lying 200 cm!® higher in  to calculate spectroscopic constants employiegeL .

energy. All of the above present a very confusing picture, but  Subsequently, single-point energy calculations at the
this situation is made all the more nebulous by the aforemerminima of the?S, ™ and?II curves from the RCCSO)/basis
tioned study of Langhoff, Bauschlicher, and Dyall, who per-B calculations were performed using basis C and basis D,
formed a very carefulb initio study?* taking into account which were constructed as follows:

basis set, level of theory, basis set superposition errogais c: this consisted of tHe 2s12p6d4f3g2h] basis set

(BSSB, and relativistic(spin—orbi effects—t+heir conclu-  fom hasis B, to which was added the following tight func-
sion was that the ground state of KO w&s", and ey tions in order to allow core-valence correlation to be de-
could not see any effect that could alter that conclusion. Thig(iped:

is in apparent direct contradiction to the detailed microwave .
experiment<2 which tend to yield very reliable results. Con-  four s: {=351.5625-22.5, ratio=2.5;
sequently, two apparently reliable studies reach opposite con- hreep: {=296.875, 118.75 and 47.5;
clusions, and the conflicting conclusions of the other studies ~ threed: {=147.6225, 54.675 and 20.25;
do not help two f: {=50.0 and 5.4;
It is the purpose of the present work to look into this ~ ©N€g: {=15.0,
matter further by performing state-of-the-aft initio calcu-  giving a[16s15p9d6f4g2h] basis set. For these calcula-
lations and to try and give a definitive answer to the questiortions, no electrons were frozen in the RCQ$Pprocedure.
posed in the title of this paper. A particular point of interest isThe standard aug-cc-pCV5Z basis set was used for O.

how does the interaction between &, , spin—orbit com-  gagis p: this consisted of tHa.2s12p6d] functions from the

ponent and thés. ], spin—orbit state affect the picture? Fi- [12s12p6d4f3g2h] K basis set in basis C, but augmented
nally, we further investigate the effects of relativity, as well \yith the following even-tempered functions:

as basis set extension and core-valence correlation energy. ) )
five f: {=5.488-0.089286, ratie-2.8;

four g: {=2.43-0.09, ratic=3.0;
threeh: {=1.225, 0.35 and 0.1;
First, we generated potential energy curves for the low- twoi: {=0.8 and 0.2,

est?S " and?Il states using the Feller misc. CVQZ bas;g Selgiving a[12s12p6d5f4g3h2i] basis set. The standard aug-
for K from the Gaussian basis set order fot@BSOBP, cc-pV6Z basis set was used for O.

which in its original form hass and p functions from Par- In additi lculated th loci d Darwi
tridge, with core and polarization functions from Feller, and n ad ition, we ca culalte. the mass-ve OC'Fy and barwin
has the contracted form (889p6d4f2g)/[ 10s9p6d4f2g]. contributions to the relativistic energy employing basis E at

In the present work, the contractpds2p] functions of that :he tH:rtrzejl—FO?KHI:t? Ievizl. Th||_|s co nsisted dolilthk’)a EnCOET
basis set were taken and augmented with racted (2416p) functions from Huzinaga and Klobukowski

as used in basis B for K, together with the six uncontracted

Il. COMPUTATIONAL DETAILS

nines: {=9.0-0.00589824, ratie 2.5; functions, giving a (2416p6d) K basis set. We took the
tenp: £=19.0-0.00498073, ratie 2.5; uncontracted (18Bp5d) standard functions from the aug-cc-
six d: £=7.5-0.05227, ratie=2.7; pV5Z basis set for O. More details of the procedure used will
four f: {=2.0—0.1016, ratie=2.7; be presented below.

threeg: {=1.485-0.2037, ratie=2.7; The next stage of the calculations was to calculate the
two h: {=0.8 and 0.2963, spin—orbit interaction. This was done by taking RCGED

giving a[13s12p6d4f3g2h] basis set. For O, the standard basis B energies for thll and?3* states and employing

aug-cc-pV5Z basis set was employed. These will be referrethe state-interacting methdchore details beloy

to as basis A below. This was used with the RCCBD

procedureé as implemented imoLPRO.3> We performed a ||| RESULTS AND DISCUSSION

scan over short and lorig, but were restricted in the long- A

region by the emergence of multireference behavior, as the"

ionic-covalent avoided crossifitf® starts to occur. In Fig. 1 are shown the RCCSD)/basis A curves. As
A second set of calculations also employed themay be seen, th& ™ curve is calculated to lie the lowest in

RCCSOT) procedure, but this time employed the §28p) energy. It has a minimum &,=2.170 A and a calculated

basis set from Huzinaga and Klobukowskiyhich was con-  0-1 separation of 422.1 cm. For comparison, the results

tracted to[3s2p]. This was augmented with the same un-using RCCSDT)/basis B areR,=2.170 A and 0-1 separa-

No spin—orbit coupling
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FIG. 1. Potential energy curves for tR&* and 2I1
curves calculated at the RCCS8D/basis A level of
theory.

674.45

-674.50

-674.55

'67460 T T T T T
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tion of 422.0 cm™. The results are in good agreement with 1. Relativistic
H 24 H _ .. .
Bauschlicheret al** who obtained a value dR.=2.187 A In order to calculate the effect of relativity, calculations

and a harmonic frequency ef=422 cm * using the modi- \yere performed as follows: First, we calculated the mass-
fied coupled pair functioMCPF) approach. Similarly, from yelocity plus Darwin relativistic contributions at the HF
the RCCSIT)/basis A curve for théll stateR,=2.323 A |evel. For these calculations we used basis E uncontracted.
and the 0-1 separation was 387.9 Cmwhile from the e calculated the mass-velocity and Darwin contributions
RCCSOT)/basis B curveR.=2.323 A and the 0-1 separa- for K* and O using the full molecular basis set. We then
tion was 388.4 ci: These compare with the valuesRf  calculated these relativistic terms for the KO molecule in
=2.338 A andw=390 cm ! from the MCPF calculations in - each of theé’IT and®S* states, and hence could estimate the
Ref. 24. TheT, values were 241.5 cht using basis A and  |owering of the potential energy curves owing to these two
243.1 cm! using basis B. The best value from Ref. 24 wascontributions.
229 cm ! at the CCSIT) level. Of course, these results are We find that the’ll state increases in energy by 39.5
under the approximation of no spin—orbit coupling. That theem™! and the?S, * state increases in energy by 25.0 ¢inso
results from basis A and basis B are so similar indicates thahat the?I1-2S* separation increases by15 cm *. Thus
the importance of the gtcontraction is small, since basis A these effects are relatively small and will certainly not lead to
has a contractedAfunction (based on the neutral K wave a reversal of the ordering of the states—a conclusion also
function), whereas basis B does not. reached in Ref. 24.

We also calculated BSSE-corrected curves at the
RCCSOT)/basis B level, where each point was correcteds core-valence correlation
using the full CP correctio®. Analysis of these BSSE-
corrected potentials led to the following results. For the
state,R,=2.325 A and the 0-1 separation was calculated a
387.3 cm}; for the 23" state,R,=2.172 A and the 0-1

As noted above, we constructed basis C so that it con-
tained tight functions to describe the core-valence correla-
?ion. The result of full RCCSO) calculations was that the
separation was calculated as 421.0 ¢nThus the effect of §H+state was ‘."‘t E_e separa_no_n of 254 cri compare_d to the_
the BSSE is to lead to a very slight increase in Byevalue > .state, Wh'Ch. IS very S'T“"ar to th? values optamed using

basis A and basis B. We find that this separation reduces to

nd very small change in the sh f th rve: wi n; , S .
and very small c ange the s ape o the curve © COM539 cm't when the CP correction is applied. We conclude
clude that the basis sets we are using are large and flexib . ) . .
at core-valence interactions will not change the ordering.

enough that the BSSE is not affecting the shape or position
of the curves. It does, however, have an effect on the calcu-
lated T, value between the two states: From the BSSE-3: Further basis set extension and BSSE

corrected curves, we obtainTa value of 230.5 cm?, which Using the very large basis D and freezing the ©ahd

is 13 cm * lower than the uncorrected curves. It is, however,K 1s2s2p electrons, we find that thd, value at the
small enough to conclude that the BSSE will not be able ttRCCSOT) level is 253 cm?, which is very close to that
lead to a reversal in the ordering of the curves. The BSSkbtained at the RCCSD, full)/basis C level and is only
difference is entirely due to K, owing to the difference in changed by ca+10 cmi ! compared to the RCCSD)/basis
bond lengths between the two states: The calculated BSSEA and RCCST)/basis B methods. Given this close agree-
were 40 cm* for O™ in both states, 55 cit for K™ in the  ment and also the agreement with the values obtained in Ref.
21 state, and 69 cimt for K™ in the>> ™ state. 24, we conclude that the ordering of thH and?3 " states
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-0.200

-0.202

-0.204 -
FIG. 2. Potential energy curves calculated at the
RCCSOT)/basis B level of theory for thé&S ™ and?I1
states and thé) states that arise from spin orbit cou-

pling: thex%, A%, andAg states. Note particularly the

E(CP)/E,
S
N
S

avoided crossing between the% and A% states—see
text for more details. The full counterpoise correction
has been applied in a point-by-point manner.

-0.208 -

-0.210 A

-0.212 T T T T T
2.0 21 22 23 24 25 2.6

will be unaltered by further increasing the basis set—indeedanalyze all of these curves by making useLefeL,*® and

if anything the separation will increase slightly. Again, asthe results are given in Table I. We summarize some of the
with basis B, we find that the BSSE is again almost entirelymain features for these states in the following paragraphs.
due to K" because of the difference in bond lengths. We Looking first at theX} state, theR, value is almost un-
calculate the following BSSE's: K(77 cm Y)and O (16  affected by the avoided crossing, which is as expected from
cm ™) for the®IT state and K (95 cm ) and O" (14cmY)  the shape of the curves in Fig. 2. The-0 vibrational level

for the 22*. Thus the correction for the BSSE leads to ajs found to be at 194.5 cit above the minimum, which
decrease in the calculatdq by 16 cm %, giving a value of

237 oL which i | he BSSE d val places it almost isoenergetic with the minimum of thé
for an o YRen s very close to the -corrected valuesgiaie They=0 level lies just below the shelf, with the

=1 level lying above it, and this feature is demonstrated in

. . . . the calculated anomalous vibrational separations, which are

B. Inclusion of spin—orbit coupling 296.6, 281.4, 316.8, and 315.8 Ch starting from the 0-1
For the first time, the spin—orbit interaction at each pointSeparation. The separations are smaller than those fixthe

in the potential and the interaction between the low-lyiag State, as expected, since the avoided crossing leads to a flat-
states is calculated—this is in contrast to Ref. 24, where théening out of theX} state potential compared to tH& *
spin—orbit coupling of O was used in a first-order model at state. The 0-1 value is somewhat smaller than that reported
a single point. In Fig. 2 are shown curves calculated for thén a matrix isolation study, where 384 ¢rhwas obtained®
’Il and?X" states and the effect of including spin—orbit | ooking at theA} state, theR, value is smaller than that
coupling employing the Breit-Pauli operator as implementecht the 2[] state, as expected from Fig. 2: in addition, the
in MoLPRO.® I the latter calculations, CASSCF calculations zero-point vibrational energiPVE) of 301.7 cni* and the
are carried out with basis fincontractef with the oxygen -1 separation of 559.9 ¢i are very much higher than that
1s and K 1s, 2s, and 2 electrons treated as core; the of the 2] state, as expected from Fig. 2. Of interest is that
RCCSOT)/basis B BSSE-corrected energies were used aghe R, value issmallerthan theR, value, contrary to the
the diagonal elements of the spin—orbit matrix. usual situation—the reason for this is the steepening of the
If we look atR=2.1A, the?Il states splits into two |ongR region, which leads to the=0 vibrational wave
components, witf)=1/2 and 3/2. The()=1/2 lies above  fynction being more localized to shd® the opposite of the
the 21 state and is denote@l3, and theQ)=3/2 lies below normal situation.

and is denoted\3; the 23" state becomes anoth€r=1/2 The A2 state is essentially unaltered by the presence of
state, denoted 2. There is now an avoided crossing betweenthe avoided crossing, witR, and 0-1 separation values al-

the X% andA} states, but thé\2 state remains parallel to the MOSt identical to those of thil state.
2I1 curve, but lying below. The interesting feature here is
that although theX; state is essentially thézf/z state at  TABLE I. Spectroscopic constants for the lowsktstates of KO.

short R, after the avoided crossing, it becomes #g,, = _ =
component of théll state and develops a shelf, as the resulte  Re () Ry (A)  ZPVE(cm™)  0-1 separatioricm™?)

of the avoidance. Tha3 state, which is essentially tifél X3 2170 2.261 194.5 296.6
component of théll state at shorR, becomes thés ;, state Ad 2.325 2.330 195.3 387.2
as the result of the avoided crossing; the avoidance also leadg 2.277 2.275 301.4 559.9

to a steepening of the potential at longderlt is possible to
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C. T, value for KO then at longemR as a result of the avoided crossing with a
covalent statdvide supra. (Note that we have ignored the
spin—orbit splitting in the O{P) in the above. In fact the
lowest spin—orbit state P, with the®P; lying 158 cm !

From the above, we can estimate our best valueTfor
for the 2[1—23" separation in the absence of spin—orbit
coupling. From the RCCSD)/basis D results, the value of : L .
253 cm ' is lowered to 237 cm' after correction for the abg\ie, with the OfP,)-O(°Po) splitting being 227
BSSE. The mass-velocity and Darwin terms combine to rais&"" —the largest splitting is still O?IV 0.6 keal mol, which
the separation by-15 cm %, and the core-valence effect is to Scarcely affects the above numbéfs.
raise it by~10 cm *. Thus aT, value of 250-25 cm ! is
our best.value, where Fhe error is an est.imate based upon the FURTHER DISCUSSION
change in the separation upon application of the CP correc-
tion and basis set extension and further core-valence effects. The conclusion in the present work that " state is

Once spin—orbit coupling has been included, thernTthe the lowest electronic state of KO is in agreement with the
values obtained fromeveL becomeA3«—X3 (178 cmit) pre;j/jous detaliled study :y iaUSCthh(?T:\LM The rt1WOh

1 1 1 studies complement each other and reinforce each other’s
andAz—Xz (434 cm™). conclusions. Also in agreement with that work, but now after
a far more detailed study, neither relativistic effegtelud-

D. Heat of formation ing spin—orbi} nor basis set extension are going to change
this ordering—our largest basis s@tasis D consisted of
397 basis functions, in contrast to the “big basis set” of 225
functions, used in Ref. 24. In addition, we find that the effect
of the triple excitations, in all cases examined herein, is to
KO(X3)—K*™+0~ (1) lead to anincreasein the T, value for the ?[1-?%7
separation—a conclusion also made in Ref. 24, but only as

1 1 the result of a single-point calculation. The conclusions of
(121.6 kcalmol ) and O (25.3 kcalmol”) from the  he earlierab initio studied® and of Ref. 28 are incorrect in

JANAF Table:;‘fl We employ the RCCSQ)/basis DIl onejuding that théll state is lower in energy, probably as a
RCCSOT)/basis B energetics, as we have shown that theegit of too small a basis set and too low a level of theory.
effects onR, of the spin—orbit coupling are nlegI|g|_bIe._We The magnitude of our BSSE is similar to that of the “big
obtain AH for reaction(1) as 132.1 kcalmol', which is  pqjs set” of Ref. 24, even though our basis set is larger: This
simply the change in the electronic energy modified by theg yrohanly because of the larger number of polarization and
ZPVE Ofl KO. This converts into a\H; value of 13.6 s functions used herein. The differential BSSE between
kcalmol ™~ for KO. The error on this value, from the results e glectronic states is, however, similar to that of Ref. 24
given above, is very much less than 1 kcal rrioin partic-  (note that the BSSE was only calculated at the MCPF level
lar, we note that the corresponding RCCSD energetics yiel that work.

a AH value only 0.2 kcal mol* lower. We cite a final value
of AH{(KO)=13.6+1 kcalmol'l. This value is a large
improvement on the estimated JANAF value of 170

It is a straightforward matter to derive a heat of forma-
tion & 0 K for KO from the calculated energetics for the
reaction

and employing the well-establishédH(0 K) values for K"

The important conclusion from the present work is that
the spectroscopy of the low-lying states of KO is affected by
1 the spin—orbit coupling that leads to an avoided crossing
kcal mol™~. _ . between thés, state and théll,;, component. It is thus

It is also straightforward to calculate the dissociation j,qre correct to label the states in terms of th@ivalues
energy of KO by employment of the ionization energy aiher than the standard Russell-Saunders term symbols. We
of K (4.340066-0.000 01 eV), the electron affinity of o 1yde, therefore, that the ground electronic state of KO is

O (1461 eV}, and the calculated energetics of L .
reaction(1). This yields values oD .=66.3 kcal mng and theX; state, which is essentialf 1, at shorR, but’I1y, at

Do=65.7kcalmoll, and we cite Dy(KO)=66 longR: in between, the character is mixed. For thkstate

+1 kcalmol'L. These values are in almost perfect agreethe situation is essentially reversed.

ment with the Cl value oD.=66.0 kcal mol' obtained in This mixed character of th¥3 state could explain the

Ref. 22. Experimentally, values of the dissociation energy otonclusions of the microwave study:As noted above,

KO have been reported as #6 kcalmol'* (Ref. 43 and  Hirota and co-workers concluded that the ground state was

66+ 3 kcal mol * (Ref. 44, also recommended in Ref)48 21, with the?S * state lying~200 cm ! higher. However, it

more recent valfe is 62+1 kcalmol'?, which seems was noted in that work that the fit of the rotational structure

slightly on the low side. for the 2> " state was far from satisfactory. We hypothesize
It is worth noting that in the absence of spin—orbit cou-that the mixed nature of th¥3 state and its interaction with

. 2 + .
pling, the *37 state correlates to the excited 3 the A} state lead to perturbation of the rotational levels. The

3 . .
+O( Z) asymptote, V\gth the’ll state Cr?”ﬁlftmg to the perturbation of &I1 state by &3 state is well understood
ground state K{S) + O(°P) asymptote, which lies-13 000 and is explained in detail in Ref. 48. However, the situation

—1 1 i ; 6
cm " (37 keal mol™) higher in energyf” The presence of the is a little more complicated than that treated therein, owing

avoided crossing means that ttessentially ionig X3 state  to the presence of the avoided crossing. In addition 2fiie
will dissociate to the grOUnd-State atomic prOdUCtS, |n|t|a”ystate is expected to be close to a Hund’s C(@Gmlt in the
as a result of the first avoided crossing with thkstate, and  absence of spin—orbit coupling, and thE* state is, of
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