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An ab initio study of the mono- and difluorides of krypton
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Department of Chemistry, Pomona College, 645 N. College Avenue, Claremont, California 91711

Robert J. Cave
Department of Chemistry, Harvey Mudd College, Claremont, California 91711

(Received 2 July 1998; accepted 16 September 1998

Results fromab initio calculations at the CCSD) level of theory are presented for krypton
monofluoride(KrF), krypton monofluoride cation (KrP), linear, ground-state krypton difluoride
(KrF,), the triplet state of krypton difluoride, and the krypton—fluorine van der Waals complex
(Kr—F,). These are the first calculations demonstrating that KrF is a bound molecule, in agreement
with experimental observation. When corrected for basis-set superposition error, the calculated
potential displays quantitative agreement with the attractive wall of the experimentally measured
potential curve. Results are also presented for'’KaRd linear Krk; which yield accurate values for

their dissociation energies. The triplet state of Ki$-found to have a minimum energy below that

of separated atoms, and its structure is bent, with a small F—Kr—F bond(@dgleg. The van der
Waals complex, Kr—f, appears to consist of an unperturbednfolecule attached to a krypton
atom in the expected T-shaped structure.1@98 American Institute of Physics.
[S0021-960608)30448-1

I. INTRODUCTION cies has fluorescence and excitation spectra similar to, but
gtill distinguishable from, the clearly identifiable monofluo-

atoms have presented a conceptual challenge to chemistﬂge’ KIF® The fluores_cence and excitation spectra of the
because they violate conventional rules of bonding. Kryptorf"2/09ous xenon species, on the other hand, appear to be
difluoride was among the first of such compounds to beentlrfilsy_/ladlfferent from its corresponding monofluoride,
discovered:2 Several quantum chemical studies on this mol-X€F:~  further, this new xenon species displays very in-
ecule have been publishdd early on, the importance of teresting r.ela;xatmn dynamlég,and can be made to lase
accounting for electron correlation was emphasized in ordefitite readﬂ;_& Hence, it would be useful to understand the
to obtain results consistent with experimént. nature of this interesting molecule.

The noble-gas monohalides are a class of compounds Because the fluorescence of these species appears to be
that are even more interesting than the dihalides due to theffom charge-transfer-like states, it has been suggested that
spectroscopic properties. The excited electronic states, hafiese species are the monofluorides of Kr and Xe perturbed
ing principally charge-transfer character, are much mordY & nearby fluorine atori:'” However, if a fluorine atom is
strongly bound than the ground states to which they radiaclose enough to perturb the monfluoride species signifi-
tively relax. Noble-gas monohalides are now commonly usegantly, it may be close enough to bond directly to it. Indeed,
as the active media in high-powered ultraviolet gas excimethis species with interesting spectroscopic properties may be
lasers. Earlyab initio calculations predicted dissociative @ low-lying electronic state of the difluoride which is stable
ground electronic states for these molecdl@d;however, only at temperatures near 0 K. This may be either the triplet
crossed molecular-beam studies clearly show bound grourgtate of Krk, or the van der Waals complex, KrzFneither
states'?*3 though the binding energies are small. Recentlyof which has clearly been identified experimentally. Either of
published results of high-level calculations on the halides ofhese species may have excited charge-transfer states in its
xenon have yielded ground-state potentials in remarkablglectronic manifold, which could explain the observed spec-
good agreement with experimental orféshese are the first troscopy. The objective of this paper is to begin testing the
such results to be reported for any of the noble-gas monohaealidity of this hypothesis for Krk by determining whether
lides. these species are stable usatginitio techniques.

Experiments on fluorides of krypton and xenon in low- KrF provides an ideal starting point for a study on
temperature matrices suggest that there is another speciegakly-bound species. Until now there has beerabanitio
which is spectroscopically distinct from either the monofluo-calculation showing KrF to be a bound molecule. Further, a
ride or the well known difluoride. The observed krypton spe-potential curve for the ground state of this molecule based on
experimental resulté allows assessment of the quality of the
3 Author to whom correspondence should be addressed. calculation. For certain basis sets, coupled-cluster theory cal-
BCamille and Henry Dreyfus Teacher-Scholar. culations including singles, doubles, and noniterative triples

Since their discovery, compounds containing noble-ga
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[CCSOT)] on KrF, with correction for basis-set superposi- 0.02 ey
tion error (BSSB, is seen to give quantitative agreement \ —o—— SHA/WMR (uncorrected) |
with experiment on the attractive wall of the potential. While 0.01 ¢ &— SHA/WMR (corrected) |-
this combination of technique and basis sets does not give \ Experiment (Ref. 20) ]
particularly good agreement with the experimentally re- £ 0 : 1
ported bond length and dissociation energy, the fact that thei’: 0.01 r \ E\Eg\m g
technique results in a bound molecule at all suggests it isg = | \ ]
sufficiently trustworthy to test on other weakly bound spe- & -0.02 r /e/e/o .
cies. Additionally, the krypton monofluoride cation, KrF T M’ ]
and the ground singlet state of Krfare studied, yielding 0.03 [ > ]
results superior to previous calculations. The result of calcu- . ]
lations on the Krk triplet are presented; the geometry of its 004 Do b v Lo 1]
energy minimum is bent, with a small F—Kr—F bond angle 2.5 3 35 4
(71 deg. Finally, the minimum energy geometry of the ' R(A)

Kr—F, van der Waals complex is presented. FIG. 1. CCSDT) potential energy curve of KrF using the SHA/WMR basis-

set combination, with and without BSSE correction, compared with experi-
ment. Experimental curve is from Ref. 20.

II. COMPUTATIONAL DETAILS
lll. RESULTS AND DISCUSSION
All results were obtained usingaussIAN 942! Most cal- A KIF
culations were performed on the Cray C90 at the San Diego™ '
Supercomputer CentéSDSQ; others were performed on a Previous calculations on KrF, performed at the SCF-CI
Silicon Graphics Indigo 2 workstation. level, did not result in a ground-state potential with a
The basis sets chosen for this study are as follows: Fominimum.*1° The studies by Dunning and H&y*! how-
krypton: ever, did reveal a great deal of information about the excited
(i) SHA: An all-electron triple-zeta basis set developed(.:harg('}'tranSfer statles (.Df thig and_ other noble-gas_ monoha-
lides, much of which is still quite valuable. Until very

by Schafer, Huber, and Ahlrictié?> recently** there have been no attempts to apply more mod-
(i) EPC-1: The averaged relativistic effective core poten- Y P bRy

b o ot vt R e T, ETIeS o 11 gerrl e o e o
other€* having only 4 and 4p valence functions; for q P P 9ag

: state potential for KrF which is bound. It is hoped that such

these calculations, the valence shells were uncon- . . - L .

tracted a technique is sufficiently trustworthy to be predictive with
' regard to species which have not been definitively identified

Both of these basis sets were augmented by dwex-  in experiment, unlike KrF.

ponents 0.612 and 0.182 and onef (exponent 0.4f8 polar- Figure 1 shows the calculated potential curves for KrF
ization subshells, and diffuse and p subshells(exponents using the SHA/WMR basis-set combination, both with and
0.063 4 and 0.033 0, respectivily without BSSE correction. The potential curve from

For fluorine: experimert’ is provided also for comparison. While the un-

correctedab initio potential curve gives a bond length and
dissociation energy closer to the experimental values, the
points on the uncorrected curve do not lie near the experi-
mental one. On the other hand, the points on the corrected
curve in the attractive region agree almost exactly with the
experimental curve. This region of the experimental potential
is the portion which has been most reliably measdfethe
quality of the observed agreement between experiment and
calculation in the region where the experimental results are
on their firmest footing suggests that the technique and basis
sets used are giving realistic and trustworthy results. Note
The method chosen for calculation was CGB*’ As  also that correcting for BSSE affects not just the energy, but
has been noted elsewhere in the context of XeiRclusion  also the bond length; the minimum in the calculated potential
of the effect of triples greatly improves the quality of the is pushed further out after correction. This reflects the de-
calculated potential over that of CCSD. Additionally, the cal-crease in BSSE as separation between the atoms increases.
culated energies were usually corrected by subtracting thBecause BSSE clearly has a profound effect on the energy of
BSSE calculated using the counterpoise metiddWhile  weakly bound molecules, and because the structure of previ-
not an exact predictor of BSSE, the counterpoise methodusly unknown and weakly bound molecules are being
ought to give a semiquantitative estimate of its effects, whictsought (triplet KrF, and Kr—F van der Waals complgx
is necessary to avoid results artificially biased toward dissosubtraction of BSSE from the minimum energy geometry of
ciation energies that are too large. such species is necessary to make sure they are truly bound.

(i)  HUZ: Huzinaga's(73/7) basis set for fluorir@ with
the outers and p subshells doubly split augmented
with two d polarization subshellgexponents 3.559
and 0.682*° ands andp diffuse subshellgexponents
0.123 and 0.060 1, respectively

(i)  WMR: A basis set of atomic natural orbital&NOs)
developed by Widmark, Malmgqvist, and RG0&°
which includes all orbitals through principle quantum
numbem=>5 except for the § subshell; this basis set
was used as is, without splitting or augmentation.
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TABLE Il. BSSE-corrected CCS() bond lengths and binding energies of

Frryyrrrrr i T T T T T T PP T T T T T T o7

[ KrF™* for various basis sets.
0.02 —o— SHA/WMR
—3— SHA/HUZ Basis set
i —&— ECP-1/HUZ (Kr/F) Ro(A) De(eV)
0.01 —e— ECP-1/WMR ECP-1/HUZ 1.77 1.70
I Experiment SHA/WMR 1.76 1.78
S ol —e ECP-1/WMR 1.75 182
2 L Previous 1.752 1.94
5 I calculation
3 : Experiment Dy=>1.58
5§ -0.01 |
®Reference 7; this is the result of an SCF-CI calculation, without BSSE
[ correction.
-0.02 | PReference 33.
003 | mental and the best calculated potential curves. Sighro
T R et al1* observed similar disagreement in their CG$Pcal-
culations on XeKRusing a relativistic effective core potential
2.5 3 3.5 4 basis set for Xe, and an augmented, correlation-consistent

R (A) basis set for | They suggested that this reflects a failure of
, the coupled-cluster technique to accurately reflect the multi-

FIG. 2. BSSE-corrected CCSD) potential energy curves for KrF, com- fi ti | t f th f tih. Th
pared with experiment, using the following basis-set combinations: SHA/CON Iguril lona nq ure o e wave funcuon. Ihese
HUZ, ECP-1/HUZ, SHAMMR, ECP-LWMR. Experimental curve is from Workers* then applied the multireference-averaged coupled-
Ref. 20. pair functional(MR-ACPF) technique in order to incorporate
some of the charge-transfer states into the ground-state wave
function; this resulted in a 28% increase in the dissociation
energy of XeF over CCS(Q), uncorrected for BSSE. Then,
the effects of spin-orbit coupling, quite large for Xewere
so included in the calculatioff. The resulting potential
inimum, uncorrected for BSSE, agrees very closely with

Figure 2 displays the CCSD) potential curves of KrF,
corrected for BSSE, for four combinations of basis sets. All
result in bound potentials, the first calculated for this mol- |
ecule, though quantitative agreement on the attractive Waﬁ1

gpparently requires the use of the WMR basis set for fluo'experimental values for bond length and dissociation energy,
rine. Agreement is marginally better _for EQP-l/WMR than the latter improved over the CCST) value by about 4304

for S':'g/deR' %S?h()f the ECtP-%_/ basis se(tj 'Z prefelrret(_j ovt(;r It is expected that a treatment which takes into account
use o ue tothe computer ime saved by Neglecting tg, 5 qtipnal charge-transfer character of the ground state of
core electrons of krypton, but it is interesting nonetheless t‘krF, as well as the spin-orbit coupling associated with the

note that the nonrelativistic SHA basis set performs almos%artially positively charged krypton atom, will increase the

gscge[lr al:? thdel relattk:wsucd i.cp'l. bt§13|s set. _TabI(:KI gl\f/e issociation energy and perhaps reduce the disagreement be-
O(T) bond lengths and dissociation energies of Kr Oftween calculated results and experiment. Our calculated di-

the various basis-set comblnatlons, bo.th 'corrected' and unco ole momen(0.014D, with fluorine on the negative enis
rected for BSSE. Note that the dissociation energies are cal:

ated with t 1o th . £ th ted at urely too small, indicating a need to include the mixing of
cu ? cd wi QGSPGC 0 e energies ot the separated atomly,alent and charge-transfer states into the calculation. Be-
Kr(*S) and F°P). (As spin-orbit coupling was not included

: . . cause such mixing is included in the calculations of Dunning
in any of these calculations, no reference is made to th

i states of th red at - ental val &nd Hay* ' their dipole moment for the ground state of KrF
J-states of the separated a optsxperimental values are pro- (0.25D at 3.25 A% s certainly more accurate than ours.
vided for comparison.

Considering the hiah level of th t which th | Using this value for the dipole moment and the spin-orbit
_ ~onsidering the high level of theory at which the calcu- ., iy of the K (2P) ion (0.67 eV,3! a crude estimate is
lation is performed, and the care with which it is applied,

o i ) obtained for the spin-orbit coupling in the ground state of
there is still considerable disagreement between the eXPeNz = on the order of-0.01 eV32 The fact that this estimate is

of the same order as our calculated dissociation energy sug-
TABLE I. CCSD(T) bond lengths and binding energies of KrF for various gests a calculation including both mixing of covalent and

basis sets, with and without BSSE correction. charge-transfer states and a careful treatment of spin-orbit
effects could bring theoretical results significantly closer to
Basis set BSSE corrected Uncorrected experiment in the region of the minimum. We intend to per-
(Kr/F) R«(A) D(eV) Re(A) D(eV) form such a calculation in the near future by application of a
SHAHUZ 3.47 000626  3.26 o049y Multireference technique.
ECP-1/HUZ 3.42 0.006 78 3.260 0.014 01
SHA/WMR 3.27 0.011 30 3.07 002703 B.-KF*
ECP-I/WMR 3.27 0.011 81 3.08 0.024 78 Table Il gives the BSSE-corrected CC8D bond
Experiment 2.875 0.030 £ . .. . . .
lengths and dissociation energies of Krfor various basis-
3Reference 20. set combinations, as well as the literature values for these
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TABLE Ill. BSSE-corrected CCSO) bond lengths and binding energies of

KrF, for various basis sets. 0.02 I I T T
Basis set 0.01 L —o6— SHA/WMR (corrected) ]
N —&— ECP-1/HUZ (uncorrected) ]
(Kr/F) Re(A) D.(eV) r \ ,3\ Experiment ]
SHA/HUZ 1.92 0.470 = 0 : g
ECP-1/HUZ 1.91 0.524 L - 8 g =
SHA/WMR 1.90 0.575 2_>5 -0.01 r T e ]
ECP-1/WMR 1.89 0.771 2 L \ ]
Previous 1.907 0.39" Ho 002k 1
calculation 1.91¢ L ]
H IC
Experiment 1.8769 1.01 0.03 © :
®Reference 3; this is the result of an SCF-CI calculation, without BSSE F 3
correction. 004 e s e
PReference 6. The calculated bond length quoted here from Ref. 6 is th 2.5 3 3.5 4
result of a CCSDT) calculation using a different basis set, without BSSE R (A)
correction; the authors point out that their CCSD bond length, 1.887 6 A, is
closer to the experimental bond length than that of COSD FIG. 3. Uncorrected CCSD) potential energy curve for KrF using the
‘Reference 34. ECP-1/HUZ basis-set combination, compared with experiment and the

BSSE-corrected CCSD) potential energy curve using SHA/WMR. Experi-
mental curve is from Ref. 20.

guantities. The separated atom limit to which the dissociation
energies are referenced corresponds to a ground-state kryp-
ton cation[Kr*(?P)] and a fluorine atom in its ground state In a single resonance structure, the Kr and F atoms in the
[F(®P)]. The dissociation energy from previous calculationsKrF™ cation are held together by a covalent bond, while the
originates from SCF-CI calculations, without accounting forF~ is bound to KrF by Coulomb attraction. The Kr—F bond
BSSE’ The results presented here are of significantly highetength one would expect from this model would be some-
quality, and thus may supplant the currently accepted valuahere between that for KiF and, approximately, that for
until a more definitive experimental measurement is made oKr*F~, one of the excited charge-transfer states of KrF. The
this species. As such, the largest BSSE-corrected dissoci&F* bond length calculated above is 1.75 A, and the most
tion energy calculated in this work, 1.82 d€using ECP-1/ recent estimate of the equilibrium separation for Bhél/2)
WMR), may be taken as a more accurate estimate of theharge transfer state of KrF, based on spectroscopic data, is
dissociation energy for this ion. 2.335 A% The experimentally observed Kr—F bond length
in KrF,, 1.876 9 A® falls between these two values, as this
model predicts. Further, the Mullikan atomic charges calcu-
C. Singlet KrF , (ground state ) lated using the ECP-1/WMR basis-set combination are

+0.957 for krypton and-0.478 for fluorine, close to what

. Ta_ble_ i show_s the BSSE-cor_rected bond lengths anQ/vould be expected according to the resonance structures.
dissociation energies for the KyFsinglet ground state, as
well as experimental measurements, and the computational
results of others for comparison. The dissociation energieb. Triplet KrF ,
are referenced to a separated-atom limit consisting of a
ground-state krypton atorfiKr(!S)] and two ground-state
fluorine atomg F(?P)]. Note that the results presented here

In the determination of the Kgrtriplet state structure,
CPU time became a limiting factor with regard to how the
! : . calculations were performed. Even with the smallest basis-
are the first to account for BSSE in this molecule. Further, combination, ECP-1/HUZ, computation of a single-point

g?:;ﬁclisa:\ti?) ?]Iyer?gre pz;:v:?r uilég:gl:zze?hsﬂfglggr%n ;?;bﬁzeenergy required more than three hours on the Cray C90; any
gy & 9 P f the larger basis sets would use still more ungainly

to those previously calculated, and the dissociation energies

. : . mounts of CPU time. Fortunately, a comparison of results
are a substantial fraction of the experimentally measure? : . : :
value rom the KrF calculations shows that this particular basis-set

combination, when left uncorrected for BSSE, coincides rea-

KIF; and the other noble-gas difluorides serve as ex'sonably closely with the attractive wall of the experimental

amples of nonadditivity of bond energies. Assuming the
bond energy c.)f a single Kr—F bond in Kyfs ].USt half the KrF potential is compared with both experiment and with the
total d'ssosi"g‘é'."” energy of the .molecule, this bond CNeT98 SSE-corrected SHAWMR potential. It appears that neglect

E:?a?lgi E\r?er’ 'ifr&?rgotgzg 15;;‘;5‘ SA I;ﬁﬁ;:iﬁg gﬁ d:zso-of BSSE nearly cancels the error associated with using a less

bserved wﬁyn consid. ing th .Kr F bond Ienpthsyin Krl:(:omplete fluorine basis set. Because BSSE decreases with

observe € ering the #_r—r bond fengins r increasing bond length, these errors may not cancel at inter-
and Krk. A simple way to understand this disparity is to - - i
. o . . nuclear distances greater than those shown in Fig. 3. How

consider a model for bonding in Kgkvhich applies the con- ver will be shown. the minimum triolet structure h

cept of resonanc®. The familiar Lewis structure for Krf ever, as € shown, the u plet stiucture has a
can be redrawn 'n.terms of WO resonance structures: Kr—F bond length not unlike that calculated for KrF, and this
whn | W uctures: implies that the most important region for the triplet is one

(F-KnN"F —F (Kr—-F) ™. where such cancellation is nearly exact. For this reason, and

potential. This is shown in Fig. 3, where this uncorrected
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TABLE IV. Uncorrected CCSDT) structures and energies for Krfriplet  ticonfigurational character of the wave function would be

and K-k, van der Waals complex. critical to its ground-state structure. Application of multiref-
Kr—F FF Binding erence te.chnlql.Jes to th|s proplgm will be applied in the near
Bond length F—Kr—F  Separation energy future to investigate this possibility.
R) Bond angle R) (eV)
Triplet KrF, 3.269 71 deg 3797 002807 E.Kr—F; van der Waals complex
Kr—F, van der 3.668 22.2 deg 1.442 1.396 8

As in the case of triplet Krf, the ECP-1/HUZ basis-set
combination was used to study the Kr-#an der Waals
®These binding energies are referenced to the energy of the separatggmplex. Results are summarized in Table IV. The structure
ground-state atoms, Kf) and two FP). corresponding to the minimum in energy, uncorrected for
BSSE, is the expected T-shaped complex, where the distance

between the two fluorines is 1.442 A, and the distance from

in the interest of saving CPU time, the ECP-1/HUZ basis-sefne krypton atom to the midpoint between the two fluorines
combination without BSSE correction was used to determings 3 500 A. The Kr—F bond length for this complex is 3.668

the KrF, triplet-state structure. However, a BSSE calculationg and the F—Kr—F bond angle is 22.2 deg. The total uncor-
was performed at the minimum energy configuration in ordefected binding energy of the van der Waals complex is cal-
to ensure that the corrected binding energy of the moleculgy|ated to be 1.396 8 eV. The reference for this energy is, as
was still suff|c.|ent to hold 5}” of the atoms together. in all other cases presented here, the energy of the separated
The resulting structure is unexpected; results are SUMMaoms in their ground states, one(k8) atom and two &P)
rized in Table IV. The F—Kr—F bond angle is quite small, atatoms(as opposed to Kr and,J.
71 deg, and the Kr—F bond lengths are 3.269 A, on the order The F—F bond length calculated abov&442 A is
of the(unqorrectebjcal_cule_lted bond length of KrF using this jgentical to the uncorrected CC8D bond length for the
same basis-set combinatic®260 A). The F—F separation in round state of f calculated using this basis s&iUZ).
this structure is 3.797 A. The uncorrected binding energy ogrom this, we can deduce that the bonding ix i not
the triplet at the minimum is 0.028 06 eV; subtracting thegreatly affected by the presence of the krypton. The un-
BSSE for this geometry gives an energy 0.009 O; eV belo"_Y:orrected CCSIN) dissociation energy for JF resulting
that of separated ground-state atoms. These binding energiggm this calculation is 1.381 7 eM(Experimental values
are referenced to the energies of the separated atoms, opg F,: R.=1.4193A,D,=1.66 eV.}” Subtracting the
Kr(*S) atom and two £P) atoms. Note that the latter triplet ccsp(T) dissociation energy of From that of the van der
binding energy Is not the b'”d'ng_ energy Of the BSSE-\aals complex yields the uncorrected binding energy of F
corrected minimum; as stated earlier, correcting for BSSkq, Kr, 0.015 1 eV; correcting for BSSE betweepdhd Kr at
changes the geometry of the minimum. Such a study, were this geometry results in a binding energy of 0.005 8 eV.
to be performed, would reveal a slightly larger binding en- |y comparing the results of the calculations on the van
ergy and somewhat longer Kr—F bond lengths. Howeverger waals complex to those on the triplet state, it is clear that
note that the corrected energy of the uncorrected minimum ige singlet potential surface lies at a lower energy than the
significantly larger that the BSSE-corrected dissociation engripjet surface at all points. This is mainly due to the magni-
ergy of KrF using the same basis sets. This implies that thg,qe of the dissociation energy of, Fn its ground state. At
energy of the triplet minimum is lower than that of separatedhe geometry of the triplet state, a singlet calculation gives a
KrF and F; hence, the triplet state of Krks truly bound.  tota) uncorrected binding energy of 1.239 5 eV, which is a
Note also, given what was learned from the study of KrFo1a1 of 0.142 2 eV above the uncorrecteg—Rr binding
that the actual Kr—F bond lengths are expected to be shorte(jgnergy of the van der Waals complex. Thus, singletKrF
and the total binding energy of the molecule is expected tnjs particular configuration would likely dissociate to Kr
be greater. . . . and k. The relative total energies of the singlet and triplet
The structure of this molecule is sufficiently unusual to ptentials, however, imply that the triplet may readily cross
need some attempt at interpretation. The two fluorinesy, the singlet surface, particularly in the presence of the

though not separated by a proper bond length, are nonethgignly charged krypton nucleus, with its significant spin-
less close enough to interact. Interestingly, almost all of they it coupling.

spin density resides on the fluorine atoms, and the dipole
moment of the triplet is quite smal0.072 3D). It is possible
that the krypton is serving to stabilize the lowest triplet statelv' CONCLUSION
of F,. No experimental evidence exists suggesting that the Results ofab initio calculations on KrF, Krf, ground-
lowest triplet of i is bound, and CCSQ) calculations on state linear Krk, triplet KrF,, and the Kr—E van der Waals
this state using the HUZ basis set failed to find a minimum incomplex have been presented. Among these are the first cal-
the diatomic potential out to a separation of 5.50 A. Henceculations showing KrF to be a bound molecule, in agreement
the evidence supports such an interpretation. with experiment. The results for KiFand linear Krk bond

On the other hand, it is possible that, in the actual tripleength agree with previous calculation, but the BSSE-
KrF, species, an electronic configuration corresponding taorrected dissociation energies presented here are of a higher
the krypton atom in its lowest triplet state interacting with quality. The minimum in the triplet-state potential surface
singlet F, contributes significantly. In such a case, the mul-corresponds to a bent structure for the molecule, with a very

Waals complex
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