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Atomization energies at 0 K and heats of formation at 0 and 298 K are predicted for XeF3
þ, XeF3

-, XeF5
þ, XeF7

þ,
XeF7

-, and XeF8 from coupled cluster theory (CCSD(T)) calculations with effective core potential correlation-
consistent basis sets for Xe and including correlation of the nearest core electrons. Additional corrections are included
to achieve near chemical accuracy of(1 kcal/mol. Vibrational zero point energies were computed at the MP2 level of
theory. Unlike the other neutral xenon fluorides, XeF8 is predicted to be thermodynamically unstable with respect to
loss of F2 with the reaction calculated to be exothermic by 22.3 kcal/mol at 0 K. XeF7

þ is also predicted to be
thermodynamically unstable with respect to the loss of F2 by 24.1 kcal/mol at 0 K. For XeF3

þ, XeF5
þ, XeF3

-, XeF5
-,

and XeF7
-, the reactions for loss of F2 are endothermic by 14.8, 37.8, 38.2, 59.6, and 31.9 kcal/mol at 0 K,

respectively. The Fþ affinities of Xe, XeF2, XeF4, and XeF6 are predicted to be 165.1, 155.3, 172.7, and 132.5 kcal/mol,
and the corresponding F- affinities are 6.3, 19.9, 59.1, and 75.0 kcal/mol at 0 K, respectively.

Introduction

The first stable noble-gas compounds, the xenon fluorides,
have been known1,2 since the early 1960s beginning with the
work of Bartlett.3 The syntheses of XeF2, XeF4, XeF6, and
XeOF4 were described within a year of the original dis-
covery.4-7 There is a continuing chemistry of xenon, and a
substantial variety of xenon compounds have been synthe-
sized and structurally characterized.8,9 Xenon trifluoride
radicals have recently been observed in a solid argon matrix

on the basis of spectroscopic measurements.10 We have
recently performed extensive CCSD(T)/CBS (complete basis
set) calculations on the rare gas xenon and krypton fluorides
to predict their heats of formation and showed that the heats
of formation need to be remeasured.11,12 We showed that
XeF6 is fluxional because of the presence of a sterically active,
free valence electron pair on Xe and that the structure is
difficult to predict requiring the use of very large basis sets.At
the CCSD(T)/CBS level and using an estimated geometry for
the C3v structure, the C3v and Oh structures of XeF6 have
essentially the same energy, with the Oh structure only 0.19
kcal/mol below the C3v one. However, the C3v structure was
predicted to become slightly lower in energy than theOh one
at the optimized C3v geometry. We have previously reported
on the fluoride affinities of a variety of compounds as the
binding of F- can be considered as a measure of the Lewis
acidity.13 We have also reported on the Fþ affinities, which
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provide a quantitative oxidizing strength scale for oxidative
fluorinators.14

In our recent study of the heats of formation of the iodine
fluorides employing a comparable CCSD(T)/CBS method,
we found that it is very important to include the core electrons
in the treatment of the correlation energy along with the
appropriate weighted core valence basis sets and to extra-
polate these quantities to the CBS limit to get chemical
accuracy ((1 kcal/mol) in the total atomization energies.15

We have extended our work on the xenon fluorides and have
predicted the heats of formation for XeF3

þ, XeF3
-, XeF5

þ,
XeF7

þ, XeF7
-, and XeF8 at the CCSD(T)/CBS level using

the new effective core potential/correlation consistent
basis sets developed by Peterson and co-workers.16 We also
re-evaluated the heats of formation of XeF2, XeF4, XeF5

-,
and XeF6 and have examined the energetics of XeF3 and
XeF5 as well.

Computational Methods

We have been developing a composite approach17 to the
prediction of the thermodynamic properties of molecules
based on molecular orbital theory using coupled cluster
methods at the CCSD(T) level.18-20 The standard aug-cc-
pVnZ, with n=D-Q, basis sets were used for F.21 A small
core relativistic effective core potential (RECP) was used for
Xe,16 which subsumes the (1s2, 2s2, 2p6, 3s2, 3p6, 3d10) orbital
space into the 28-electron core, and a 26 electron space (4s2,
4p6, 5s2, 4d10, and 5p6) with the electrons handled explicitly.
We have previously shown that inclusion of the nearest core
electrons in the valence electron correlation energy calcula-
tions for the iodine fluoride compounds was critical for the
prediction of reliable energetics.15 We included all 26 elec-
trons outside the RECP core in our new xenon fluoride
calculations with the aug-cc-pwCVnZ-PP basis sets15,22 for
D, T, and Q for Xe and aug-cc-pwCVnZ on F.23 We abbre-
viate the combination of aug-cc-pwCVnZ on F and aug-cc-
pwCVnZ-PPonXebasis sets as awCVnZ.CalculationsonXe
where only the 5s2 and 5p6 electrons are active in our valence
correlation treatment are abbreviated by the shorthand nota-
tion of aVnZ to denote the combination of the aug-cc-pVnZ
basis set on F and the aug-cc-pVnZ-PP basis set on Xe.16,21

Only the spherical component subset (e.g., 5-term d func-
tions, 7-term f functions, etc.) of the Cartesian polarization
functions were used.

For the open shell calculations, we used the R/UCCSD(T)
(restricted method for the starting Hartree-Fock wave
function and then relaxed the spin restriction in the coupled
cluster portion of the calculation) approach.24-26 Our CBS
estimates use a mixed exponential/Gaussian function of
the form27

EðnÞ ¼ ECBS þBe-ðn-1Þ þCe-ðn-1Þ2 ð1Þ

with n = 2 (awCVDZ), 3 (awCVTZ), 4 (awCVQZ) giving
ECBS(DTQ)CV. The atomic spin-orbit correction for F is
ΔESO(F) = 0.39 kcal/mol.28 Another relativistic correction
to the atomization energy accounts for molecular scalar
relativistic effects, ΔESR, due to the F atoms. ΔESR was
evaluated from the expectation values for the two dominant
terms in the Breit-Pauli Hamiltonian (the mass-velocity and
one-electron Darwin (MVD) corrections)29 from configura-
tion interaction singles and doubles (CISD) calculations with
a VTZ basis set at the CCSD(T)/aVTZ geometry. We have
shown that any “double counting” of the relativistic effect on
Xe when applying a MVD correction to an energy, which
already includesmost of the relativistic effects via the RECP,
is small.11,15

Geometries were optimized at the CCSD(T) level with the
aVDZ and aVTZ basis sets where only the valence electrons
are correlated with the aug-cc-pVnZ-PP basis set and RECP
on Xe and the aVnZ basis set on F.15,16,21 For the awCVnZ
calculations, the geometries obtainedwith the aVDZbasis set
were used in single point awCVDZ calculations and those
with the aVTZ basis set in single point awCVTZ and
awCVQZcalculations. ForXeF3

þ andXeF3
-, the zero point

energies (ΔEZPE) were calculated at the CCSD(T)/aVTZ
level, for XeF3 at the CCSD(T)/aVDZ level, and for the
remaining molecules at the MP2/aVTZ//MP2/aVTZ level.
ForXeF3

þ, theΔEZPE at theMP2/aVTZ level was calculated
to be 3.96 kcal/mol, 0.1 kcal/mol higher than the CCSD(T)/
aVTZ value. Thus, the ΔEZPE at the MP2/aVTZ level pro-
vides good estimate of the ZPE.
By combining our computed

P
D0 values given by the

following expression

X
D0 ¼ ΔEelecðCBSÞ-ΔEZPE þΔESR þΔESO ð2Þ

with the known30 heats of formation at 0 K for the elements,
ΔHf

0(Xe) = 0 kcal/mol and ΔHf
0(F) = 18.47 ( 0.07 kcal/

mol,we canderiveΔHf
0 values for themolecules under study.

Heats of formation at 298 K were obtained by following the
procedures outlined byCurtiss et al.31 The calculated heats of
formation at T = 298K for the ionic species were obtained
with the ion convention (stationary electron convention).30,32
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All CCSD(T) calculations were performed with either
the MOLPRO-200233 program system on a single pro-
cessor of an SGI Origin computer or the DMC at the
Alabama Supercomputer Center or with NWChem34 and
MOLPRO on the massively parallel HP Linux cluster in the
Molecular Science Computing Facility in the William R.
Wiley Environmental Molecular Sciences Laboratory. The
MP2 calculations were done with the Gaussian program
system.35

Results and Discussion

The calculated geometries are summarized in Figure 1
where they are compared to experiment.36-39 The calculated
frequencies are given in Table 1 where they are compared
with the available experimental values. The frequencies were
obtained at the MP2/aVTZ level as were the IR intensities.
Raman intensities were obtained at the density functional
theory level with the B3LYP exchange-correlation func-
tional40 and the aVTZ basis set. The frequencies are reported
to aid in the experimental detection of unknown molecules.
The total energies used in this study are given in Supporting
Information (Tables SM-1 and SM-2).

Geometries. We have previously predicted that the
bond length in XeFþ at the CCSD(T)/aVTZ level11 is
about 0.01 Å too long as compared to experiment,41 so we
expect our calculated CCSD(T)/aVTZ values to be long
as compared to experiment by a comparable amount. The
MP2/aVTZ value for r(XeFþ) is calculated to be 0.005 Å
too short compared to the experimental value.
The structure of XeF3

þ is T-shaped with C2v symmetry
and is derived from a trigonal bipyramid with 2 lone pairs
occupying the equatorial positions with a Xe in the þ4
oxidation state. The calculated geometry is in good
agreement with the experimental one from the crystal
structure.42 The calculated Xe-Fe distance is about 0.03
Å too short as compared to experiment, and the Xe-Fa

distance is calculated to be 0.011 Å too long as compared
to average experimental value.42 The Xe-Fa distance is
slightly longer, and the Xe-Fe distance is slightly shorter
than r(XeFþ).11

The neutral radical XeF3 has a T-shaped structure with
C2v symmetry. The two identical Xe-F bond lengths are
calculated to be 1.974 Å at the CCSD(T)/aVTZ level,
slightly shorter by 0.019 Å than r(XeF) inXeF2 of 1.993 Å

Figure 1. CalculatedCCSD(T)/aVTZand experimental geometry para-
meters, the latter in parentheses, of the xenon fluoridemolecules and their
ions (bond lengths in angstroms and bond angles in degrees). The
calculated structures forXeFþ, XeF2,XeF4,XeF5

-, andXeF6were taken
fromref 11. Experimental geometries:XeFþ (ref 41),XeF2 (ref 36),XeF3

þ

(ref 42), XeF4 (ref 37), XeF5
þ (ref 43), XeF5

- (ref 38), XeF6 (C3v) (ref 39),
and XeF7

- (C2v, C3v) (ref 46).
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at the same level.11 For XeF2, we also reoptimized the
structure at the CCSD(T)/awCVTZ level, including the
core electrons in the correlation treatment, and predict
r(XeF) = 1.980 Å, so the core-valence correction short-
ens the Xe-F bond by 0.013 Å. The long r(XeF) distance
of 2.322 Å in XeF3 is calculated to be 0.330 Å longer than
the equivalent distance in XeF2. The lower level MP2 and
DFT values are also in good agreement with our CCSD-
(T)/aVTZgeometry parameters.10At theDFT level,10 the
dissociation energy of the third Xe-F bond is predicted
to be in the range of 8-20 kcal/mol. At the CCSD(T)/
CBSCV electronic energy level, XeF3 is bound by only
0.3 kcal/mol with respect to XeF2 þ F. When the addi-
tional corrections are included (excluding the second
order spin orbit correction for XeF2), we predict that
XeF3 is actually unbound with respect to XeF2 and F by
1.7 kcal/mol of which 0.5 kcal/mol is due to the difference

Table 1. Calculated MP2/aVTZ Frequencies in cm-1 and Infrared and Raman
Intensities at the DFT-B3LYP Levela

MP2 B3LYP

molecule symmetry frequency expt.

I

(IR) frequency

I

(Raman)

XeFþ (C¥v)
b σþ 680.2 621 8.3 696.7 11.6

XeF3
þ (C2v)

c a1 653.2 618 19.6 651.1 15.3

a1 608.4 582 0.5 597.3 30.1

a1 224.2 13.9 186.3 0.4

b1 207.7 11.5 220.7 0.0

b2 681.4 640 150.2 665.8 0.1

b2 326.3 358 6.0 308.0 2.3

XeF3 (C2v)
d a1 530.4/577.3 523 0.0 523.5 40.7

a1 216.8/201.8 15.8 247.8 20.2

a1 29.4/187.3 0.0 202.2 3.5

b1 217.6/207.0 14.3 226.7 0.0

b2 578.8/631.7 568 246.4 571.7 0.7

b2 9.5/87.5 0.0 86.6 6.0

XeF3
- (Cs) a0 512.1 228.1 432.8 2.1

a0 457.4 99.8 393.4 25.3

a0 233.5 10.2 249.1 6.7

a0 220.4 113.6 238.2 6.9

a0 89.6 65.8 87.7 1.9

a0 0 202.3 20.9 176.2 0.0

XeF5
þ (C4v)

e a1 714.3 679 29.2 671.9 18.6

a1 655.7 625 0.9 627.7 30.5

a1 338.5 355 35.6 297.8 1.0

b1 288.4 300 0.0 274.9 2.6

b2 648.2 610 0.0 614.6 17.5

b2 218.8 261 0.0 189.3 0.1

e 723.9 652 168.6 695.2 0.4

e 377.3 410 10.4 346.6 3.2

e 209.7 218 3.3 203.9 0.3

XeF5 (C4v) a1 559.3 0.0 558.3 94.6

a1 293.9 34.5 287.2 7.4

b1 216.3 0.0 221.5 5.9

b2 523.7 0.0 520.2 26.8

b2 168.7 0.0 167.3 0.0

b2 6.3 0.0 242.8 15.4

e 604.2 261.9 593.0 0.8

e 159.1 1.8 164.3 0.0

e 4.9 0.0 87.8 10.5

XeF7
þ (D5h) a1

0 634.7 0.0 646.6 16.5

a1
0 560.9 0.0 587.8 49.7

e1
0 600.7 63.2 628.5 0.0

e1
0 418.9 60.2 409.1 0.0

e1
0 252.6 1.1 243.4 0.0

e2
0 568.0 0.0 574.7 2.2

e2
0 498.8 0.0 503.1 10.2

a2
0 0 699.0 93.8 718.8 0.0

a2
0 0 338.5 24.6 327.5 0.0

e1
0 0 302.4 0.0 291.1 6.9

e2
0 0 87.0 0.0 53.7 0.0

XeF7
- (C2v)

f a1 535.5 4.5 530.4 60.6

a1 524.9 395.0 497.5 5.7

a1 446.3 3.8 432.9 20.2

a1 331.4 0.2 321.2 2.0

a1 264.3 1.6 254.4 0.2

a1 204.3 0.0 203.1 2.7

b1 532.3 315.9 505.9 2.8

b1 315.9 0.0 313.9 2.0

b1 238.3 1.9 225.4 0.4

b1 202.1 0.5 182.1 1.2

b2 539.4 373.0 505.8 0.0

b2 437.4 6.9 418.7 12.6

b2 292.9 0.9 288.6 2.2

b2 249.7 1.5 237.7 0.1

b2 23.9 0.2 13.4 0.2

a2 449.2 0.0 442.0 26.3

a2 267.6 0.0 260.1 0.6

a2 30.9i 0.0 16.6 0.4

Table 1. Continued

MP2 B3LYP

molecule symmetry frequency expt.

I

(IR) frequency

I

(Raman)

XeF7
- (C3v)

f a1 535.7 56.9 530.1 59.6

a1 531.1 351.7 500.2 4.9

a1 437.5 9.8 418.9 12.1

a1 279.2 1.5 272.0 1.6

a1 248.0 0.2 242.2 0.8

a2 231.5 0.0 225.9 0.0

e 531.8 675.4 503.7 5.1

e 447.8 4.6 437.1 46.7

e 319.7 0.1 313.7 4.2

e 263.9 2.1 254.1 1.4

e 227.1 2.6 208.4 3.2

e 25.2i 0.1 29.6i 0.9

XeF7
- (D5h)

f a1
0 536.3 0.0 530.4 63.5

a1
0 457.1 0.0 450.8 34.4

e1
0 529.5 322.1 494.1 0.0

e1
0 294.8 14.7 287.9 0.0

e1
0 156.5 0.2 146.8 0.0

e2
0 433.0 0.0 423.1 21.0

e2
0 389.4 0.0 384.1 15.3

a2
0 0 562.8 213.9 526.9 0.0

a2
0 0 188.2 13.9 139.8 0.0

e1
0 0 197.9 0.0 198.3 6.5

e2
0 0 4.0 0.0 42.8i 0.0

XeF8 (D4d) a1 577.4 0.0 554.3 66.3

a1 423.4 0.0 393.4 3.9

b1 228.2 0.0 205.3 0.0

b2 598.4 116.3 570.6 0.0

b2 411.1 65.8 393.4 0.0

e1 601.8 108.0 573.4 0.0

e1 428.1 78.4 400.0 0.0

e1 356.2 1.2 328.7 0.0

e2 543.8 0.0 512.1 2.9

e2 485.3 0.0 453.3 7.9

e2 126.1 0.0 110.4 0.5

e3 559.0 0.0 528.4 10.6

e3 426.1 0.0 395.8 6.3

aFrequencies for XeF3
þ and XeF3

- calculated at the CCSD(T)/
aVTZ level. The second set of frequencies for XeF3 were calculated at
the CCSD(T)/aVDZ level. bExperimental frequencies: XeFþ: ref 51.
cExperimental frequencies: XeF3

þ: ref 49. dExperimental frequencies:
XeF3: ref 10.

eExperimental frequencies: XeF5
þ: ref 50. fExperimental

frequencies: XeF7
-: ref 47. The experimental values are not given above

because we cannot make direct comparative assignments. The experi-
mental frequencies in cm-1 for the Csþ salt are: 560(IR), 552(R); 521(R);
500(R), 500(IR); 476(R); 450(IR), 445(R); 396(R), 392(IR), 386(R);
340(R), 266(R), 206(R).
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in the ZPE’s favoring theXeF2þFchannel. Thus there is,
at best, only a very weak complex between XeF2 and an F
atom, and the value of 1.7 kcal/mol is slightly outside our
estimated error bars. The CCSD(T) result is consistent
with the previous MP2 calculations,10 which predicted
that XeF3 is unbound with respect to the XeF2 þ F
asymptote.
The expected symmetric T-shaped C2v structure for

XeF3
- is derived from a pseudooctahedron with 3 lone

pairs with Xe in the þ2 oxidation state, an Xe-F in the
plane, and two axial Xe-F groups. However, this sym-
metric structure distorts to a more stable structure with
Cs symmetry, which is 1.3 kcal/mol lower in energy at the
CCSD(T)/awCVnZ (CBS) level (Table 2). The distortion
to Cs symmetry makes one of the nominal Xe-F axial
bond lengths to be the shortest one, with the nominal
Xe-F equatorial bond length being of intermediate
value. This distortion was found by starting from the
optimum MP2 structure, which is distorted.
XeF5

þ has C4v symmetry and is derived from an
octahedron with one lone pair and the Xe in the þ6
oxidation state. The calculated r(Xe-Fa) distance is
<0.01 Å longer than the experimental value from the
crystal structure, and the r(Xe-Fe) distance is in good
agreement with the average experimental value;43

r(Xe-Fa) is shorter than the r(Xe-Fe) bond distance.
The bonding in XeF5

þ can be described as two 4e-3c
bonds for the four equatorial fluorines and a covalent
Xe-F for the axial F, consistent with the bond distances.
When compared to the r(Xe-F) distance in XeF4, the
r(Xe-Fe) distances are considerably shorter by 0.102 Å.
The change in oxidation state from þ4 in XeF4 to þ6 in
XeF5

þ, as well as the presence of the positive charge in the
latter, is the major reason for the substantial decrease in
the bond distance.
The neutral radical XeF5 has C4v symmetry and is

predicted to be bound by 1.5 kcal/mol with respect to
XeF4 and an F atom at the CCSD(T)/CBS level including
the additional corrections. The four equivalent XeF dis-
tances are predicted to be 1.935 Å at the CCSD(T)/aVTZ
level, slightly shorter by 0.017 Å than the equivalent
distance in XeF4.

11 The long Xe-F bond is predicted to
be 2.228 Å, shorter by 0.095 Å than the analogous
distance in the XeF3 radical.

We re-evaluated the energy differences between theOh,
C3v, andC2v structures of XeF6 using scaled geometries as
previously described, and find that the relative energies
are very dependent on the quality of basis set as shown
previously11 (Table 2). The total energies used to obtain
the energy differences are given as Supporting Informa-
tion (Table SM-2). At the CCSD(T)/awCVDZ level, the
C3v structure is 7.48 kcal/mol higher in energy than theOh

structure, compared to the previous value for ΔE-
(Oh-C3v) = 9.16 kcal/mol.11 ΔE(Oh-C3v) decreases by
6.16 kcal/mol at the CCSD(T)/awCVTZ level to 1.32
kcal/mol.11 At the CCSD(T)/awCVQZ level, the C3v

structure is only 0.33 kcal/mol higher in energy than the
Oh structure, compared to the previous value for the
(Oh-C3v) energy difference of 0.96 kcal/mol.11 At the
CCSD(T)/CBS level, the C3v structure is lower in energy
by 0.12 kcal/mol as compared to theOh structure.

11 If the
C3v geometry were optimized, the C3v structure would be
evenmore stable than theOh structure as theOh geometry
has been determined more accurately. At the CCSD(T)/
awCVDZ level, theC2v structure is 10.30 kcal/mol higher
in energy than theOh structure. Improvement of the basis
set to the awCVTZ level leads to a decrease of 7.90 to
2.40 kcal/mol above the Oh structure. At the CCSD(T)/
awCVQZ level, the C2v structure is only 1.46 kcal/mol
higher in energy than the Oh structure, and the energy
difference reduces to 1.10 kcal/mol at the CCSD(T)/CBS
(awCVnZ) level.
XeF7

þ has D5h symmetry as expected from the pre-
dicted and experimentally44,45 observed structures for
IF7, which is isoelectronic to XeF7

þ. Given that the Xe
oxidation state is now þ8, r(Xe-Fa) decreases in XeF7

þ

as compared to r(Xe-Fa) in XeF5
þ. The increased steric

crowding in the equatorial plane in XeF7
þ leads to an

increase in the r(Xe-Fe) distance as compared to
r(Xe-Fe) in XeF5

þ. The r(Xe-Fa) distance in XeF7
þ is

substantially shorter than the r(Xe-Fa) distance in
XeF3

þ, consistent with the change in oxidation state from
þIV toþVIII. The bonding in XeF7

þ can be described by
a 4e-3c bond for the two axial atoms and a 10e-6c bond
for the in plane atoms. Thus, the Xe-F axial bond length
should be shorter than the Xe-F equatorial bond length.
XeF7

- is derived from a Xe in theþVI oxidation state.
It would have a D5h geometry like IF7 if the lone pair on

Table 2. Energy Differences in kcal/mol Between the Cs/C2v Structures of XeF3
-, the Oh/C3v and Oh/C2v Structures of XeF6, and the C2v/D5h and C2v/C3v Structures of

XeF7
- a

XeF3
- XeF6 XeF7

-

basis set ΔE(Cs-C2v) ΔE(Oh-C3v) ΔE(Oh-C2v) ΔE(C2v-D5h) ΔE(C2v-C3v)

aVDZ 0.79 9.16 9.40 -0.79 0.12
aVTZ 1.16 2.44 3.42 0.40 0.07
aVQZ 1.28 0.96 1.99 0.55 0.08
CBS (DTQ) 1.35 0.19 1.24 0.62 0.09
awCVDZ 0.79 7.48 10.30 -0.34 0.08
awCVTZ 1.12 1.32 2.40 0.79 0.05
awCVQZ 1.23 0.33 1.46 1.02 0.03
CBS (DTQ)CV 1.29 -0.12 1.10 1.14 0.02

a aVnZ values for XeF6 from ref 11.

(43) Leary, K.; Templeton, D. H.; Zalkin, A.; Bartlett, N. Inorg. Chem.
1973, 12, 1726. The actual values upon which the average Xe-Fe distance is
based are as follows: 1.836 (7), 1.849 (7), 1.841 (7), 1.838 (8), 1.842 (7), 1.845
(8), 1.855 (8), and 1.835 (7) Å.

(44) Marx, R.; Mahjoub, R.; Seppelt, K.; Ibberson, R. M. J. Chem. Phys.
1994, 101, 585.

(45) Adams, W. J.; Thompson, H. B.; Bartell, L. S. J. Chem. Phys. 1970,
53, 4040.
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Xe is not sterically active. If the lone pair is active, three
structures are possible: a pseudo square antiprismwithCs

symmetry, a monocapped trigonal prism with C2v sym-
metry, or a monocapped octahedral structure with C3v

symmetry. The additional ligand may make it more
difficult for the lone pair to be stereoactive, and we would
expect XeF7

- to be similar to XeF6 with the structures
with an active lone pair being of comparable energy to
those with a stereo inactive lone pair. However, determin-
ing the lowest energy structure requires good treatments
of the correlation energy (CCSD(T)) and large basis sets.
We evaluated the energy differences between the C2v,

C3v, and D5h structures of XeF7
- (Table 2) with the

geometries optimized at the CCSD(T)/aVTZ level, and
find that the relative energies are very dependent on the
quality of basis set as shown previously for XeF6.

11 The
lowest energy structure of XeF7

- is predicted to be ofC2v

symmetry, with theC3v structure lying only 0.02 kcal/mol
higher in energy at the CCSD(T)/awCVnZ (CBS) level.
At the CCSD(T)/awCVDZ level, the D5h structure is
actually predicted to be lower in energy than the C2v

structure by 0.34 kcal/mol. Only with an increase in the
quality of the basis set does the C2v structure become
lower in energy, and at the CCSD(T)/awCVTZ level, the
D5h structure is predicted to be higher in energy by
0.79 kcal/mol. At the CCSD(T)/awCVnZ (CBS) level,
the C2v structure is lower in energy than the D5h structure
by 1.14 kcal/mol. (At the only level which we could
compute the pseudo square antiprism with Cs symmetry
geometry and frequencies (MP2/awCVDZ), the structure
is very close to a D5h geometry (minor deviations in the
—Fa-Xe-Fa and —Fe-Xe-Fe from the ideal values of
180� and 72� and small differences for the bond distances.)
We were only able to calculate the vibrational frequencies
at theMP2/aVTZ level. At this level or at the B3LYP level,
the lowest energy vibrational mode is approximately zero
or is a small imaginary frequency for all three structures.
This is consistent with a highly fluxional molecule.
Seppelt and co-workers46 reported a crystal structure

for CsþXeF7
-with the XeF7

- having C3v symmetry. Our
calculated CCSD(T)/aVTZ geometry parameters are in
reasonable agreement with the values from the crystal
structure. The axial (capping) Xe-F bond distance is
predicted to be shorter than the crystal structure value by
0.06 Å. The three Xe-F bonds in the capped-triangle are
predicted to be longer by 0.07 Å. The three Xe-F bonds
in the triangle furthest from the cap are essentially the
same as the experimental value. The differences in the
axial Xe-F and capped-triangle Xe-Fdistances between
theory and experiment are consistent with an interaction
of the capping F with the Csþ cation pulling it away from
the Xe and enabling the capped-triangle Xe-F bonds to
shorten in the crystal. The crystal structure of NO2

þwith
Xe2F13

- has been reported,46 and the XeF7
- moiety

within the Xe2F13
- anion has C2v symmetry. This struc-

ture of XeF7
-, which closely interacts with an XeF6, is

quite different and is probably not a good experimental
model for the isolatedC2v structure ofXeF7

-. Christe and
co-workers47 have published the vibrational spectra of

XeF7
- complexes with Csþ and NF4

þ and find several
common Raman and IR bands, suggesting that the lone
pair is sterically active andXeF7

- having eitherC3v orC2v

symmetry. In D5h symmetry, the Raman and IR bands
should be mutually exclusive. However, the calculated
vibrational spectra (see below) did not allow for a dis-
tinction between the C3v and the C2v structures. This is
consistent with XeF7

- being highly fluxional as the C2v,
C3v, andD5h structures are all within less than 2 kcal/mol
of each other.
The experimental structure for IF8

-,48 which is isoelec-
tronic to XeF8, is of D4d symmetry (square antiprism),
so we optimized XeF8 in the same type of structure with
D4d symmetry. The Xe-F bond distance in XeF8 is
0.044 Å longer than the Xe-F bond distances in XeF6

(Oh) at the CCSD(T)/aVTZ level.11 Upon oxidative addi-
tion of F2 to XeF2, there are sequential decreases in
the r(XeF) bond distances of XeF4 and XeF6 (Oh)
of 0.039 and 0.010 Å at the CCSD(T)/aVTZ level, respec-
tively.11 In XeF8, the —FXeF bond angle between neigh-
boring fluorine atomswithin one hemisphere is calculated
to be 73.0�, and the —FXeF bond angle between fluorine
atoms of separate square planes is calculated to be 78.0� at
the CCSD(T)/aVTZ level.

Vibrational Frequencies. The calculated frequencies
(Table 1) can be compared with experiment for XeF3

þ,49

XeF3,
10 XeF5

þ,50 and XeF7
- 47 in the solid state. For

XeFþ, theMP2/aVTZ value forωe is 35 cm
-1 higher than

the value at the CCSD(T)/aVQZ level11 and 59 cm-1

higher than the experimental value for XeFþSb2F11
-.51

For XeF3
þ, the three Xe-F stretching frequencies calcu-

lated at theMP2 level are 26 to 40 cm-1 higher and the b2
FXeF bending mode is 32 cm-1 lower than the experi-
mental values, consistent with previous results. ForXeF3,
the calculated CCSD(T) symmetric and antisymmetric
Xe-F stretching modes of the XeF2 moiety are 54 and 64
cm-1, respectively, higher than the experimental Ar ma-
trix values.10 For XeF2, the symmetric and antisymmetric
stretches are predicted to be σg

þ = 515.3 cm-1 and σu
þ=

566.8 cm-1 at the CCSD(T)/aVDZ level respectively; the
corresponding symmetric and antisymmetric Xe-F
stretching modes of the XeF2 moiety in XeF3 are blue-
shifted by ∼66 cm-1, which is consistent with the experi-
mental results10 where a blue-shift of∼20 cm-1 is observed
in a solid Ar matrix and provides further indication of a
weak complex of XeF2 with F. For XeF5

þ, the calculated
a1 and b2 stretching modes are 30 to 40 cm-1 higher, the e
stretching mode is 72 cm-1 higher, and all of the bending
modes are lower than the experimental values.37

For XeF7
-, the vibrational frequencies calculated for

theC2v,C3v, andD5h geometries can be comparedwith the
experimental solid state frequencies. The observed spec-
tra do not follow the rule of mutual exclusion for infra-
red (IR) and Raman (R) bands which one would expect
for a point group with a center of symmetry, such
as D5h.

47 Therefore, the D5h structure can be ruled
out. The differences between the calculated C2v and C3v

(46) Ellern, A.; Mahjoub, A.-R.; Seppelt, K.Angew. Chem., Int. Ed. Engl.
1996, 35, 1123.

(47) Christe, K. O.; Wilson, W. W. Inorg. Chem. 1982, 21, 4113.

(48) Mahjoub, A. R.; Seppelt, K. Angew. Chem., Int. Ed. Engl. 1991, 30,
876.

(49) McKee, D. E.; Adams, C. J.; Bartlett, N. Inorg. Chem. 1973, 12, 1722.
(50) Christe, K. O.; Curtis, E. C.; Wilson, R. D. J. Inorg. Nucl. Chem.

1976, 28, 159.
(51) Sladky, F. O.; Bulliner, P. A.; Bartlett, N. J. Chem. Soc. A 1969, 2179.
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spectra are small, and both give a fair fit with the observed
spectra.34 Therefore, it is not possible to distinguish
between these two point groups based on the experimen-
tal vibrational spectra.

Heats of Formation. The energetic components for
predicting the total molecular dissociation energies are
given in Table 3. The scalar relativistic corrections are all

negative, except for KrF7
- (þ0.20 kcal/mol), and not

large with values that range from -0.07 to -1.82 kcal/
mol (the limits are for XeFþ and XeF8, respectively). We
estimate that the error bars for the calculated heats of
formation are (1.0 kcal/mol considering errors in the
energy extrapolation, frequencies, and other electronic
energy components for most compounds. An estimate of
the potential for significant multireference character in
the wave function can be obtained from the T1 diag-
nostic52 for the CCSD calculation. The values for the
T1 diagnostics are calculated at the CCSD(T)/aVQZ level
and given as Supporting Information (Table SM-4).
The T1 diagnostics are <0.03 showing that the wave
function is dominated by a single configuration.
The calculated heats of formation at 0 and 298 K are

presented in Table 4. We have also recalculated the heats
of formation of the neutral XeFx compounds (x=2, 4, 6)
as well as XeF- and XeF5

- based on the CBS extrapola-
tion of the awCVnZ (n = D, T, Q) electronic energies.
Our new value for the heat of formation of XeF- is
essentially the same as our previous value.11 Our new
value for the heat of formation of XeF2 is 1.3 kcal/mol
more stable than our previously reported value of -23.3
kcal/mol at 0 K,11 and is now in excellent agreement with
the reported experimental value of-25.3 kcal/mol at 0K,
differing by only 0.7 kcal/mol. Our new calculated value
for XeF4 is more stable by 2.5 kcal/mol than our pre-
viously calculated value of -42.5 kcal/mol at 0 K,11 but
still differs by 5.2 kcal/mol from the most positive re-
ported experimental value of-50.2 kcal/mol at 0 K. This
experimental value was obtained from classical thermo-
dynamic equilibriummeasurements (XeþF2TXeF2,Xe
þ 2F2 T XeF4, Xe þ 3F2 T XeF6) at elevated tem-
peratures in combination with predicted entropies.53

Table 3. CCSD(T) Atomization and Reaction Energies in kcal/mola

molecule CBSb ΔEZPE
c ΔESR

d ΔESO
e P

D0(0K) f

XeFþ þ e- f Xe þ F 3 -237.39 0.92 -0.07 -0.39(2.09) -236.68
XeF- fXe þ F 3 þ e- 85.45 0.18 -0.19 -0.39 84.69
XeF2 f Xe þ 2F 3 63.79 2.16 -0.32 -0.78(0.97) 61.50
XeF3

þ þ e- f Xe þ 3F 3 -179.45 3.86 -0.49 -1.17 -184.96
XeF3 f Xe þ 3F 3 64.07 2.70 -0.43 -1.17 59.77
XeF3

- (Cs) f Xe þ 3F 3 þ e- 164.04 2.45 -0.58 -1.17 159.84
XeF4 f Xe þ 4F 3 125.63 4.59 -0.63 -1.56 118.85
XeF5

þ þ e- f Xe þ 5F 3 -99.44 7.84 -0.96 -1.95 -110.19
XeF5 f Xe þ 5F 3 127.97 4.72 -0.91 -1.95 120.38
XeF5

- f Xe þ 5F þ e- 265.15 5.84 -1.01 -1.95 256.35
XeF6 (Oh) f Xe þ 6F 3 182.33 6.88 -1.27 -2.34 171.85
XeF7

þ þ e- f Xe þ 7F 3 -82.27 10.99 -1.37 -2.73 -97.36
XeF7

- (C2v) f Xe þ 7F 3 þ e- 333.65 8.37 -1.68 -2.73 321.04
XeF8 f Xe þ 8F 3 204.72 13.28 -1.82 -3.12 186.50
KrF3

- f Kr þ 3F 3 þ e- 121.62 2.54 -0.25 -1.17 117.66g

KrF5
- f Kr þ 5F 3þ e- 154.69 5.48 -0.16 -1.95 147.10g

KrF7
- f Kr þ 7F 3þ e- 169.35 8.06 0.20 -2.73 156.87g

aThe radical energies were calculated with the R/UCCSD(T) method. bExtrapolated by using eq 1 with the awCVDZ, awCVTZ, and awCVQZbasis
sets except forKrwhere the aVDZ, aVTZ, and aVQZbasis sets (aug-cc-pVnZ-PPonKr and aug-cc-pVnZonF)were used. cThe zero point energies were
taken as 0.5, the sumof the appropriate calculated harmonic frequencies. See text. dThe scalar relativistic correction is based on aCISD(FC)/VTZMVD
calculation and is expressed relative to theCISD result without theMVDcorrection, i.e., including the existing relativistic effects onXe resulting from the
use of a relativistic effective core potential. eCorrection due to the incorrect treatment of the atomic asymptotes as an average of spin multiplets. Values
are based on C. Moore’s Tables, ref 28. fThe theoretical value of ΔD0 (0 K) was computed with the CBS estimates. gPD0 (0 K) includes a ΔECV

correction of-0.24,-0.93, and-1.89 kcal/mol for KrF3
-, KrF5

-, and KrF7
-, respectively, obtained with the wCVTZ (F) and wCVTZ-PP (Kr) basis

sets at the optimized CCSD(T) geometries.

Table 4. Calculated Heats of Formation (kcal/mol)a

ΔHf (DTQ)CV ΔHf (DTQ)

molecule theory (0 K)
theory
(298 K)

theory
(0 K)

theory
(298 K)

XeFþ (C¥v) 255.1 254.7 255.8b 255.4b

253.2 ( 3.7c

XeF- (C¥v) -66.2 -66.7 -66.3b -66.8b

XeF2 (D¥h) -24.6 -25.6 -23.3b -23.9b

-25.3,d-28.0 ( 0.5e

XeF3
þ (C2v) 240.4 239.3 240.1 238.9

XeF3 (C2v) -4.4 -4.6 -4.7 -5.0
XeF3

- (Cs) -104.4 -104.9 -104.7 -105.2
XeF4 (D4h) -45.0 -46.0 -42.5b -43.5b

-50.2, d-57.7 ( 2e

XeF5
þ (C4v) 202.5 200.5 204.2 202.2

XeF5 (C4v) -28.0 -28.4 -27.5 -27.9
XeF5

- (D5h) -164.0 -166.3 -160.6b -162.9b

XeF6 (Oh) -61.0 -63.4 -55.9b -58.3b

-68.1, d-(90-3
þ8)e

XeF7
þ (D5h) 226.7 223.9 228.7 225.9

XeF7
- (C2v) -191.7 -193.3 -192.4 -194.6

XeF8 (D4d) -38.7 -42.4 -37.3 -40.9
KrF3

- (Cs) -62.0 -62.5
KrF5

- (D5h) -53.8 -55.0
KrF7

- (D5h) -27.6 -27.7

aExperimental values are given in italics. ΔHf (DTQ)CV is based on
CBS extrapolation of the awCVDZ, awCVTZ, and awCVQZ energies
using eq 1, and forΔHf (DTQ), the extrapolation uses the aVDZ, aVTZ,
and aVQZenergies (aug-cc-pVnZ-PPonKr andXe and aug-cc-pVnZon
F). bRef 11. cCalculated from the collision induced dissociation energy
for XeFþ f Xeþ þ F (1.95 ( 0.16 eV = 45.0 ( 3.7 kcal/mol) with the
heat of formation of Xeþ (279.72 kcal/mol) and the heat of formation
of F.11,30,58 dRef 53. eRe 54.

(52) Lee, T. J.; Taylor, P. R. Int. J. Quantum Chem. Symp. 1989, 23, 199.
(53) Weinstock, B.; Weaver, E. E.; Knop, C. P. Inorg. Chem. 1966, 5,
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The heats of formation of XeF2, XeF4, and XeF6 have
also been obtained from photoionization (PI) experi-
ments,54 based on extrapolated appearance potential
measurements for reactions such as XeF2 þ hν f Xeþ

þ F- þ F and XeF2 þ hνfXeFþ þ F-. The PI value of
-57.7 ( 2 kcal/mol is substantially more negative than
our value and appears to have a large error. The effect of
extrapolating the CV correction for ΔHf(XeF6) gives an
effect of 5.1 kcal/mol at 0 K, further stabilizing XeF6 as
compared to the single basis set CV value; our best
calculated value still differs by 7.1 kcal/mol from the
equilibrium experimental value of -68.1 kcal/mol at 0
K. The error in the PI value is much larger than for XeF4.
Because of the difficulty in obtaining the structure for
XeF6, we estimate the error in the heat of formation could
be as large as (2.0 kcal/mol. Clearly the PI values54 are
far too negative, overstabilizing the XeFx compounds.
Our calculated values suggest that there are issues with
the equilibrium thermodynamic values of XeF4 and
XeF6,

53 and we note that it is difficult to obtain high
accuracy experimental thermodynamic data for such
reactive species. Our new value for the heat of formation
of XeF5

- is predicted to be more stable by 3.4 kcal/mol at
0 K than our previous value.11

Fþ and F-Affinities. The calculated heats of formation
at 0 K allow us to calculate the Fþ (FPA) and F- (FA)
affinities of the corresponding neutrals at 0 K (Figure 2),
given as -ΔH for the following respective reactions:

XeFx þFþ f XeFxþ 1
þ ð3Þ

XeFx þF- f XeFxþ 1
- ð4Þ

The actual enthalpies without the change in sign are
reported in Figure 2. The Fþ affinity of XeF2 is calculated
to be 155.3 kcal/mol (6.73 eV), and the previously re-
ported local density functional theory (DFT) value of
152.4 kcal/mol differs by only 3 kcal/mol.14 The local
DFT calculations were done with numerical basis sets55

and the von Barth and Hedin fit56 of the exchange-
correlation energy of the uniform electron gas. The Fþ

affinity of XeF4 is the highest calculated for the neutral
molecules and is predicted to be 172.7 kcal/mol (7.49 eV),
differing by 14 kcal/mol from the previously reported
local DFT value of 158.9 kcal/mol.14 Our present value
for the FPA(Xe) of 165.1 kcal/mol (7.16 eV) is in excellent
agreement with the previously reported CCSD(T)/CBS
(aVnZ) value of 163.6 kcal/mol (7.09 eV)11 and the local
DFT value of 164.8 kcal/mol (7.15 eV).14 The Fþ affinity
of XeF6 is calculated to be the lowest of the neutrals at
132.5 kcal/mol (5.75 eV), consistent with the largest steric
interactions. Our more accurately calculated value differs
by 16 kcal/mol from the previously reported local DFT
value of 116.7 kcal/mol.14 Our present value for the FPA
of XeF6 is 33 kcal/mol less than that of Xe. These values
are consistent with the trend predicted with lower level
local DFT calculations14 for the FPAs ofXe, XeF2,XeF4,
andXeF6, where the FPA of the fluorides are predicted to
be below that of the atom. As shown in Figure 2, the Fþ

affinities increase with increasing oxidation state of
xenon, except for XeF5

þ. The unexpectedly low value
for XeF5

þmight be explained by its energetically favored
pseudo-octahedral structure.
The fluoride affinities increase from Xe to XeF6

as the formal oxidation state of the Xe becomes more
positive (Figure 2). The effective oxidation state of the
Xe is more important than any steric crowding in the
molecule.

Sequential Addition of F2. The various reactions pos-
sible for the Xe compounds are also summarized in
Figure 2. We focus on the sequential addition of F2 to
the neutral, cationic, and anionic xenon fluorides. For the
neutrals, the exothermicity of the addition of F2 decreases
as more F2’s are added to Xe. Whereas the sequential
additions of F2 toXe,XeF2, andXeF4 are exothermic, the
addition of F2 to XeF6 is an endothermic process. Thus,
XeF8 is thermodynamically unstable with respect to loss
of F2, but this F2 elimination must have a significant
activation energy barrier because XeF8 is predicted to be
vibrationally stable with no imaginary frequency. The
decreasing heats of reaction for the sequential addition
of F2 to Xe, XeF2, XeF4, and XeF6 are consistent with
the increasing steric crowding of the F atoms around
the central Xe atom. The current values of 24.6, 20.4, and
16.1 kcal/mol at 0 K, respectively, for sequential addition
of F2 to Xe, XeF2, and XeF4, are in good agreement
with our previously reported values of 23.3, 19.2, and
13.4 kcal/mol.11

The average Xe-F bond dissociation energies (BDEs)
inXeF2, XeF4, andXeF6 decrease slightly with increasing
oxidation state of Xe from 30.7 to 29.7 to 28.6 kcal/mol at
0 K, respectively, in good agreement with the previously
reported values.11 The average Xe-F bond energy of

Figure 2. Heats of formation and reaction enthalpies for the addition of
anFþorF- ion and for the additionofF2 at 0K toXeand its fluorides.All
values in kcal/mol. Values in italics are heats of formation at 0 K. Vertical
arrows correspond to the addition of F2 to XeFx to formXeFxþ2 in terms
of the cation, neutral, and anion. Horizontal arrows to the left correspond
to Fþ affinity of XeFx to formXeFxþ1

þ species. Horizontal arrows to the
right correspond to the F- affinity of XeFx to formXeFxþ1

- species. The
heats of formation of Fþ and F- are 420.2 and -59.96 kcal/mol,
respectively.30 For all species, the DTQCV values of Table 4 were used.

(54) Berkowitz, J.; Chupka, W. A.; Guyon, P. M.; Holloway, J. H.;
Spohr, R. J. Phys. Chem. 1971, 75, 1461.

(55) Delley, B. J. Chem. Phys. 1990, 92, 508.
(56) von Barth, U.; Hedin, L. Physica C 1972, 5, 1629.
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XeF8 is calculated to be 23.3 kcal/mol. Therefore, the
average bond energies decrease by 7.4 kcal/mol (∼32%of
the average bond energy for XeF8) from XeF2 to XeF8.
The heats of formation of XeF5 and XeF3 provide us

with more insights into the bonding in XeF4 and XeF6.
The loss of the first F atom from XeF6 to form XeF5 is
endothermic by 51.5 kcal/mol at 0 K and the loss of F
from XeF5 to form XeF4 is endothermic by 1.5 kcal/mol,
so most of the energy is lost in breaking the first Xe-F
bond in XeF6. We can calculate the first BDE in XeF4 at
0 K as 59.1 kcal/mol. This is actually larger than the
energy difference between XeF4 and XeF2 þ 2F of
57.4 kcal/mol as XeF3 is predicted to be unbound with
respect to XeF2 þ F by 1.7 kcal/mol. The Xe-F BDE of
XeF has been determined in a spectroscopic experiment
to be 3.0 kcal/mol.57,58 Use of this value gives a first BDE
in XeF2 of 58.6 kcal/mol at 0 K. Thus, the first Xe-F
BDE increases from XeF6 to XeF4 by 7.6 kcal/mol and
decreases slightly from XeF4 to XeF2 by 0.5 kcal/mol.
Essentially all of the bond energy for the first two bonds is
in the first Xe-F bond in XeF2, XeF4, and XeF6.
Addition of F2 to XeFþ and XeF3

þ is exothermic, and
the exothermicity increases from XeF3

þ to XeF5
þ. The

increase in exothermicity from XeF3
þ to XeF5

þ is con-
sistent with the structural change from the less favorable
trigonal bipyramid structure inXeF3

þ to the energetically
favored octahedron in XeF5

þ. Again, the last addition of
F2 to XeF5

þ is predicted to be endothermic, so steric
crowding becomes important in XeF7

þ; again, XeF7
þ is

predicted to be a vibrationally stable structure.
Just as found for the cations, addition of F2 to XeF-

and XeF3
- is exothermic and the exothermicity increases

from formation of XeF3
- to that of XeF5

-. In contrast to
the cations, the addition of F2 to XeF5

- remains an
exothermic process, but the exothermicity is about one-
half of that of the addition of F2 to XeF3

-. The addition
of F2 to the anions is overall substantially more exother-
mic than the addition of F2 to the cations. This is expected
because for the same oxidation state cations are stronger
oxidizers than the anions and, therefore, are more diffi-
cult to oxidize. The decrease in exothermicity on going
from XeF5

- to XeF7
- can again be attributed to inc-

reased steric crowding.
Krypton Fluorides.We have previously reported values

for the analogous krypton fluorides.12 We summarize
these results together with a few new, additional heats
of formation in Figure 3. As discussed previously, the
sequential addition of F2 to the Kr fluorides starting with
Kr is an endothermic process and the endothermicity
increases with increasing fluorination. Addition of F2 to
KrFþ and KrF3

þ are also endothermic processes, but the
endothermicity is essentially the same. Sequential addi-
tion of F2 to the anions is also an endothermic process
starting with KrF-, and the reaction endothermicity
increases with increasing number of fluorines. As ex-
pected from the Xe anion results, the reactions are less
endothermic than for the neutral fluorides.

Conclusions

We have predicted the heats of formation for XeF3
þ,

XeF3, XeF3
-, XeF5

þ, XeF5, XeF7
þ, XeF7

-, and XeF8 at
the CCSD(T)/CBS level plus additional corrections. Unlike
the previously studied XeF2, XeF4, and XeF6, XeF8 is
predicted to be thermodynamically unstable with respect to
loss of F2, and the reaction is calculated to be exothermic by
22.3kcal/mol at 0K.For the cations,XeF7

þ is predicted tobe
thermodynamically unstable by 24.1 kcal/mol with respect to
loss of F2 to formXeF5

þ. XeF3
þ and XeF5

þ are predicted to
be thermodynamically stable by 14.8 and 37.8 kcal/mol with
respect to loss of F2 to form XeFþ and XeF3

þ, respectively.
The Fþ affinities of Xe, XeF2, XeF4, and XeF6 are predicted
to be 165.1, 155.3, 172.7, and 132.5 kcal/mol, respectively, at
0 K, making XeF5

þ the weakest oxidizer within this series of
cations. The F- affinities of Xe, XeF2, XeF4, and XeF6 are
predicted to be 6.3, 19.9, 59.1, and75.0kcal/mol, respectively,
at 0 K. Thus, the Lewis acidity of the neutral xenon fluorides
increases with increasing oxidation state ofXe and increasing
number of fluorine ligands. Because of the high maximum
coordination number of Xe toward fluorine, the steric
influences are relatively minor.
Our results also provide evidence that, for XeF6 and

XeF7-, the structures with a sterically active free valence
electron pair on Xe are favored over those with an inactive
pair, although the energy differences are small, only about 2
kcal/mol. Thus, these highly coordinated xenon fluorides are
expected to be very fluxional molecules which is consistent
with the experimental structural and spectroscopic observa-
tions.
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