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Quantum chemical calculations at DFT (BP86, B3LYP, BHLYP), MP2, CCSD, and CCSD(T) levels have been
carried out on various fluoro complexes of gold in oxidation states +V through +VII to evaluate the previously
claimed existence of AuF. The calculations indicate clearly that elimination of F, from AuF; is a strongly exothermic
reaction with a low activation barrier. This is inconsistent with the reported stability of AuF; up to room temperature.
A reported experimental vibrational frequency at 734 cm~! for AuF; could not be verified computationally. It is
concluded that the reported observation of AuF; was probably erroneous. As the calculations indicate also an
extremely large electron affinity and little stability for AuFg, Au¥ remains the highest well-established gold oxidation
state.

1. Introduction obtained only relatively recently, is related to the relativistic
destabilization of the lowett| relative to the highertlll
oxidation state in the presence of electronegative lig&hds.
For similar reasons, ongoing speculations about mercury or
element 112 in oxidation staté-lV concentrate on the
tetrafluorides or on closely related species with very elec-
tronegative ligand$>1°

Could gold be oxidized even beyond tHe/ oxidation
state? Almost 20 years ago, the isolation of Aukas
claimed, on the basis of the reaction of solid Aukith
atomic fluorine in a vacuum (cf. eq 1), followed by
condensation of the reaction products at liquid-nitrogen
temperature, and measurement of their IR and molecular
weight date?®?! AuF; was described as a volatile substance
that is stable at room temperature but decomposes at 100
°C. However, these claims have never been substantiated or
refuted by other groups, although the observed ready

Pushing the known oxidation states for a main group
element or transition metal to the highest possible values is
often achieved by utilizing fluorine or oxygen ligands
because of their small size and high electronegativity. The
highest oxidation states for the late transition elements are
known for their fluorides (e.g. in the case of §fFRhF;, or
PtR;3# claims for high oxidation states in compounds with
less electronegative ligands often do not stand up to closer
scrutinity of the bonding situation, as in a recent case of a
Pd"' complex with supposedly six silyl ligands). In the
case of gold, the highest oxidation state that is experimentally
known beyond doubt is Aliin the form of various salts of
the [AuRg] ! anion? and as [AuF]..2%!! Indeed, the pro-
nounced instability of the monofluoride AuF, which has been
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decomposition of [KrFj[AuFg]~ into AuFs and K, may be
viewed as a strong indication of the instability of AL#
Even the known 5d hexafluorides range only up to platinum
and do not encompass gold. It is not clear why the maximum
oxidation state should be higher for Au than for Pt. A
theoretical study on AufF (q=0, 1, 2, 3) species identified
the Auks~ anion as the preferred minimum with respect to
molecular charge.?® AuFs has been estimated to have an
enormous adiabatic electron affinity of about 98).5
eV.2%725 This sheds some doubt on the existence of gold
oxidation states beyontlVV and on the feasibility of the route
describd by eq 1. Nevertheless, Atig-sometimes mentioned
in the literature as established Wuspecieg$

AuF(s) + F(g)— AuF4(g)

2AUF,(g) — AuF,(g) + AuF4(s) 1)

Here we approach the question of the existence of
oxidation states Al and AW" by state-of-the-art quantum-
chemical calculations.

2. Computational Methods

Calculations have been performed at various levels of density
functional theory (DFT) and at ab initio levels up to CCSD(T).
For the HF, MP2, and DFT calculations, we used the Gausstan03

program and the analytical gradient methods implemented therein.

The gradient-corrected BP8&°functional, the hybrid functionals
B3LYP?7 (based on the work of Beck&)with 20% HF exchange
admixture, and the “half-and-half” hybrid functioAaf with 50%

HF exchange (in the following abbreviated BHLYP) were used.

(CCSD), as well as with inclusion of perturbative triple excitations
[CCSD(T) level] were carried out with the MOLPRO 200%2.6
program package. All species have been fully optimized at a given
computational level, except for some transition states, where
coupled-cluster single-point energies were computed at various
DFT-optimized structures.

Scalar relativistic effects for gold and platinum were included
by a quasirelativistic energy-adjusted, small-core pseudopotential
(effective-core potential, ECPY. The corresponding (8s6p5d)/
[7s3p4d] valence basis set was augmented by two f-type polarization
functions. The diffuse functiona( = 0.2) maximizes the static
polarizability, and the compact f function (= 1.0) improves the
description of the primary covalent bonding to the métal.
Calculations for the present systems without these two f functions
led to ca. 2 pm larger bond lengths (data not shown). The fluorine
atom was described by an all-electron (9s5plspld)/[4s2plspld]-
Dunning-DZ+P?® basis set.

Basis-set superposition errors (BSSE) were evaluated by coun-
terpoise (CP#37 corrections at optimized structures. Zero-point
vibrational energy (ZPE) corrections were computed at DFT and
ab initio levels up to MP2. Spinorbit (SO) coupling was neglected.
On the basis of our own experience for mercury fluori@esd
the results of other groups for gold compleXe§0O effects are
expected to influence reaction energies involving only closed-shell
species negligibly. In the case of the open-shell Awie cannot
exclude completely some influence of SO effects but, as they come
mainly from the 5d shell, they should not yet be too dramatic either.

3. Results and Discussion

Structures of Autv, Au™', and Au™" Fluorides.
Structural data for various species are compared in Tables 1
and 2, and some structures are shown in Figures. For

This selection of functionals was chosen on purpose, as ourd® Au*Y, we have considered monomeric AyFAuUF]~,
experience with similar high-oxidation-state species taught us thatthe dimer [Auk],, and the trimer [AuE]s. Before going into

the thermochemistry of the redox reactions of such complexes

depends crucially on the amount of the exact-exchange admixture.

Coupled-cluster calculations with single and double substitutions
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the comparison between theory and experiment for individual
molecules, it is appropriate to note that comparison of our
B3LYP results with relativistic Au ECP provide generally
about 4-5 pm shorter bond lengths than comparative
calculations with a nonrelativistic ECP (last column in Table
1).
Our calculations for the AuFmonomer indicate a square
pyramidal C,,) minimum (Table 1, Figure 1a), which may
scramble its fluorine atoms easily via a trigonal bipyramidal
transition state at 9.5 kJ mal (B3LYP level). We note in
passing that BP86 calculations gave a slight puckering of
the fluorine ligands in the basal plane of the square-pyramidal
minimum structure, with only a marginal stabilization of 3.4
kJ mol? relative to theC,, structure (see Supporting
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Table 1. Optimized Minimum Structures of AwF[AuFs] 1, AuFs, and AuF 2

Riedel and Kaupp

species HF MP2 CCsD CCSD(T) BP86 BHLYP B3LYP nrel. B3LYP¢

AuFs (Ca,)
Au—Fax 180.5 188.8 186.7 189.0 192.2 183.7 188.2 193.9
Au—Feq 185.8 193.0 190.5 192.3 193.5(193.9) 188.4 192.1 196.2
O (Fax—Au—Feg) 92.3 92.7 92.5 92.7 85.4 (106.7) 92.9 94.0 93.5
T, diagnostic 0.0209 0.0213

[AuFe] * (On)

Au—F 187.1 194.3 191.6 193.2 195.8 189.9 193.9 198.1
T, diagnostic 0.0186 0.0188

AUFG (Dgh)
Au—Fay 182.1 184.1 192.5 189.9
Au—Feq 186.0 194.7 193.3 191.1
O (Fax—Au—Feg 90.0 90.0 90.0 90.0
O (Feg—Au—Feq) 90.6 (89.4) 90.7 (89.3) 89.6 (90.4) 90.5 (89.5)
T, diagnostic

AuF7 (Dsh)
Au—Fax 186.1 1955 191.3 194.4 195.3 189.2 1934 197.2
Au—Feq 188.9 196.4 194.1 197.3 196-396.7 191.2 194.7 199.6
T, diagnostic 0.0184 0.0189

aDistances in pm; angles in degrees. Differ@atdiagnostics reflect the slight differences in the CCSD and CCSD(T) structUB&86 structures
exhibit lower symmetry for AuFand AuF; because of puckering in the basal plane (cf. tex@alculations with a nonrelativistic ECP on gold.

Table 2. Experimental and Computed Structure Parameters for §Auf Do Symmetry

[AuFs]2 crystal structure electron diffractiof MP2® MP2 BP86 B3LYP BHLYP
Au—F1, Au—F4 189.1(6), 190.1(5) 188.9(9) 196.5 193.8 194.4 192.5 188.7
Au—F2, Au—F3 210.3(5), 203.1(5) 203.0(7) 207.7 203.9 207.7 206.0 202.4
Au—F5, Au-F6 185.4(6), 187.5(6) 182.2(8) 192.5 190.0 190.4 188.4 184.6
F2-Au—F3 78.4(2) 80.1(5) 79.0 81.4 78.8 78.0 77.4
F1-Au—F4 178.5(3) 181.0(11) 179.3 179.1 178.3 178.7 178.9
F5—Au—F6 87.0(3) 92.3(17) 96.2 88.2 89.2 88.8 88.4

aDistances in pm; angles in degreéfKef 10.¢Ref 11.

Figure 1. B3LYP-optimized structures for ground and excited states of
AuFs: (a) singlet ground state, (b) lowest-triplet excited state, and (c) lowest-
quintet excited state. All three states exhibit @inima on their potential
energy surfaces (cf. text).

Even in a gas-phase electron diffraction experiment at a
nozzle temperature of ca. 22%C, the dimer was the
predominant species, and only a small amount of trimer with
presumedDs;, structure was presetitThe computed structure
parameters for the dimer agree well with the available X-ray
and electron-diffraction measurements (see Table 2, Figure
2a). Similar to earlier comparisons of coupled-cluster and
DFT optimizations for mercury(lV) complexes, the shorter
bond lengths obtained with the larger HF exchange admixture
at the BHLYP level appear to be more reliable. Our B3LYP
optimized structure of the trimer shows a slight bending of

Information for Cartesian coordinates at various levels). As the Au—F—Au bridges, leading only t&€;, symmetry (see

expected, the [Auff~ anion exhibits an octahedraDy)
minimum with an Au-F distance of 193.9 pm at the B3LYP

Figure 2b).
In addition to the ground-state singlet of Ayikve have

level, see Table 1. Experimentally determined distances inalso optimized the lowest triplet and quintet states. At the
the solid state are somewhat shorter, between 185 and 19B3LYP level, their optimized structures are 5 kJ rmaind

pm (with deviations from those of an ideal octahedron
because of interactions with the countercatidftgj26.3%41
AuFs is experimentally produced by thermal decomposi-
tion of [KrF] T[AuFs]— or [O] "[AuFg] —.4243 Seppelt et at?
showed that it prefers to crystallize as the [Alaflimer O,
symmetry) with two bridging fluorine atoms (see Figure 2a).
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173 kJ mot?, respectively, above the singlet ground-state
minimum. Figure 1b shows that excitation to the low-lying
triplet breaks essentially the axial A+ bond. This indicates
already a lability of the monomeric fluoride. In the higher-
lying quintet state (Figure 1c), all bonds are expanded. A
B3LYP optimization for triplet [Auk], gave a minimum
113.6 kJ mot! above the singlet minimum (Figure 2b),
consistent with the enhanced stability of the singlet ground
state by dimerization.

Turning to oxidation state-VI, we have looked at the
lowest-lying electronic states of the open-shell Aafelecule
(db configuration). Both the low-spin doublddg, symmetry)
and the high-spin sexte®f) are minima on their respective
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computational levels used, the two axial Ak bonds are
shorter than the five equatorial ones by3 pm, consistent
with some crowding in the equatorial plane (see below). No
stable triplet or quintet minima could be located. B3LYP
single-point calculations for the triplet and quintet states at
the singlet ground-state structure provided excitation energies
of 55 kJ mott and 127 kJ mol%, respectively.

Apart from the pentagonal bipyramid, the VSEPR model
favors two further coordination polyhedra for heptacoordi-
nation?* namely, the monocapped trigonal pris@y,) and
the monocapped octahedrd®sf). The monocapped trigonal
prism AuF; (Figure 4b) is calculated to be a transition state
(with an imaginary frequency of 70.3 cr). Optimizations
of the monocapped octahedrals() structure provided a
stationary point with two imaginary frequencies (50.7 and
37.0 cmt, cf. Figure 4c). At the B3LYP level, the optimized
structures for these stationary points are 1€5)(and 17.2
kJ mol (Cs,) above the pentagonal bipyramidal minimum.

In view of the existence of Aufas dimer (see above),
we have also searched for a [Add dimer structure.
However, neither MP2 nor B3LYP optimizations provided
indications for a stable dimer.

Vibrational Frequencies. The presumable identification
of AuF7 was based in particular on vibrational spectroscopy.
A computational evaluation of the spectrum seems to be a
good way to prove or disprove the assignment. Calculated
harmonic vibrational frequencies at different computational
levels are provided as Supporting Information (Tables S2
S4). As these depend nonnegligibly on computational level,

) . . we needed to calibrate the reliability of the frequency
Figure 2. BSLYP-optimized structures for (a) singlet [Adfg (D), (b) calculations. To our knowledge, no IR spectra have been
triplet [AuFs)z (F1-Aul—F2 = 177.6, F3-Au2—F4 = 170.9), and (c) ’

[AUFs]3 (Cs,). reported, but one Raman spectrum has been reported for
[AuF£],.1° B3LYP and MP2 calculations underestimate these
Raman frequencies by ca. 20 chisee Supporting Informa-
tion, Table S5 and Figure S2). BHLYP underestimates the
lower frequencies and overestimates the higher frequencies
substantially. In particular, the highest Raman frequency is
overestimated by 56 cm using BHLYP, while the values
obtained with B3LYP (11 cm') and MP2 (6 cm?) are closer
to the experimental values.
On the basis of this, we rely in the following on the
Figure 3 B3LYP-optimized structures for ground and Iowest-e>_<cited state B3LYP data for AuF. The vibrational frequency of 734
?(fjs\.uFe. (a) doublet ground stat®gn) and (b) lowest-sextet excited state 3 cntt WQS assigned to AUFFn refs 9 and 20 was not fqund
) computationally. The highest computed Al stretching
hypgrsurfaces (cf. Figure 3 for structures). No quartet frequencies at B3LYP level are 634, 592, and 589 tfar
minimum could t_)e located. At the B3LYP Ie\./ell, the ihe pentagonal bipyramidalDg;), monocapped trigonal
optimized sextet lies 369.5 I_(J mélabove th.e opumlzed prismatic C), and monocapped octahedr@ky) stationary
doublet_ground state. Thisisin ggreemept with previous HF points, respectively. The highest frequencies computed for
calculationg® The doublet exhibits a slight Jahieller AUFs (631 cnml), AuFs (633 cnr?), and [AuR], (647 cn?)
compression of the axial Atk bonds by 12 pm and a small  gre also appreciably lower than the 734 émalue. Thus, it
symmetry breaking in the equatorial plane frém, to Don. is unclear at the moment which species has given rise to the
Turning finally to Au™", we were able to locate only one reported band.
minimum on the singlet ground—state_potentiql energy surface Reaction Energies for Concerted and Homolytic Elimi-
of d AuF, the pentagonal bipyramid,) (Figure 4a; as nation. Calculated energies for the elimination reactions

for AuFs above, BP86 calculations lead to a slight puckering AUF, — AUFs + F> and AUk — AuFs + F, are summarized
of the Au—F bonds within the basal plane; see Supporting

Information for detalleq c;oordmates). The lowest vibrational (44) Hoffmann, R.: Beier, B. F.; Muetterties, E. L. Rossi, A. IRorg.
frequency for theDs, minimum is 87 cm* (B3LYP). At all Chem.1977, 16, 511-522.
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Figure 4. B3LYP-optimized structures of stationary points on the Ap&tential energy surface: (a) pentagonal bipyramida})(®inimum, (b) monocapped
trigonal prismatic Cy,) transition state, and (c) monocapped octahedzal) (stationary point with two imaginary frequencies.

Table 3. Computed Reaction Energies (kJ mylfor the Elimination Aul+> — AuF, + F, and for the Homolytic Reaction Auk; — AuF, + F

HF MP2 ccsh CCSD(Tp BP86 BHLYP B3LYP nrel. B3LYPH

AuF; — AUFs +F

De —484.8 —52.6 —234.2 —145.2 —104.4 —268.1 —171.2 —244.2

ZPE —5.8 —5.4 —-52 —6.3 —6.4 —4.4

BSSE —-3.5 —30.8 —-3.4 —-2.3 —-5.9 —-3.6

sunt —494.0 —88.7 —113.0 —276.7 —183.6 —252.2
AUF5 - AUF3 +F

De —121.4 124.2 24.2 61.9 101.6 —6.0 49.3 —48.4

ZPE —-8.2 —5.5 —=5.1 —6.7 —5.2 —5.2

BSSE -3.1 —44.6 —-4.9 —2.4 —-3.7 —-8.3

sunt —132.7 74.1 91.7 —-15.0 40.5 —61.9
AuF; — AuFs + F

De —397.6 —10.6 —136.8 —84.5 —101.4 —139.9

ZPE —=5.0 —2.5 —-3.2 —4.9

BSSE —2.7 —12.4 -1.4 -1.9

sunt —397.6 —255 —106.0 —146.7
AuFs— AuFs + F

De —236.0 103.8 134 62.6 213.7 120.7

ZPE —-8.4 —8.7 —-8.0 —-7.8

BSSE —25 —29.4 —-2.8 —4.8

sunt —246.8 65.7 203.0 108.2

aResults including CP and ZPE correctioA®lo CP correction was possible because of the system%&iagle-point calculations at B3LYP-optimized
structuresd Nonrelativistic ECP for Au used.

Table 4. Calculated Activation Barriers (in kJ md) for the
Gas-Phase Elimination of AuF—~ AuFs + F,2
input structure  B3LYP  BHLYP MP2 CCSD CCSD(Tp

B3LYP opt. 24.7 12.9 72.3 27.4 10.0
BHLYP opt. 22.3 40.8 102.1 27.1 5.8

aNo ZPE and CP corrections are included héréhe T; diagnostic of
coupled-cluster calculations at the transition state are 0.031 at B3LYP-
optimized and 0.033 at BHLYP-optimized structures.

in Table 3. Taking the CCSD(T) energy as reference value,

CCSD underestimates and MP2 overestimates the ellmlnatlonFigure 5. (@) Transition state structure (B3LYP) for the elimination AuF

energy. This_ ap_precigble level dependencg of the re_SU|t5—— AUFs + F». (b) Indication of the imaginary normal vibrational mode by
indicates a significant influence of nondynamical correlation, arrows.

as has been discussed previously fof"Hgl®) specieg818

The comparison of HF and CCSD(T) results shows the Available computational resources (and the low symmetry
tremendous importance of electron correlation for the of the CP calculations) did not allow a full counterpoise
description of these elimination reactions. In agreement with procedure at coupled-cluster levels. CP corrections at the HF
our previous systematic calibration of DFT methods for the and DFT levels tend to lower the reaction energies by ca.
thermochemistry of HY complexes, the B3LYP functional ~ 2—6 kJ mol*. CP corrections at MP2 level are 10 times
compares well with the CCSD(T) result, whereas the larger. We expect the coupled-cluster values to be intermedi-
gradient-corrected BP86 provides larger values and theate but closer to the MP2 value. The ZPE corrections are
BHLYP functional has lower values. Also, in analogy with ca. 6 kJ mot®. There is thus no doubt that the elimination
the previous studies on g the agreement between the reaction is exothermic by more than 150 kJ molThis
B3LYP and CCSD(T) results is expected to improve even renders the existence of AgEnlikely under the conditions
further when the larger basis-set dependence of the energieseported, unless the system would exhibit unusually high
at coupled-cluster than at DFT levels is considered. barriers. This does not seem to be the case (see below).

1232 Inorganic Chemistry, Vol. 45, No. 3, 2006



Has AuF; Been Made?

Table 5. Calculated Adiabatic Electron Affinities (in eV) for Hexafluoride Complexes

EA HF MP2 CCSD CCcsD(T) T BPS6 B3LYP exptl
PtFs  (verticalf 6.50 7.57 7.01 6.68 8.66
PtRs P 8.30 6.43 7.43 6.95 6.78
PtFs (1f functiony! 8.21 6.50 7.48 6.99 0.030 (0.025) 6.02 6.80 7.000.3%
AuFsg (1f function)! 9.92 8.38 9.0 8.57 0.020 (0.034) 7.15 8.13
AuFs 9.85 8.33 8.96 8.47 0.021 (0.034) 7.10 8.06

aT; diagnostics (in parentheses for the anion fAf. ° Ref 4. ¢ Vertical electron affinitiesd Only one, instead of two, polarization f function was used,
with a = 0.993, 1.050 for Pt and Au, respectivéfyThis was done for a better comparison with ref Ref 45.f Single-point calculations at B3LYP-
optimized structures.

We have also studied the successive homolytic splitting eV for AuFs,2% 1.5 eV higher than the value thought to be

of Au—F bonds according to the reactions AufF AuFgs + correct at the time for P# An extremely large electron
F and Auk — AuFs + F (Table 3). While the bond breaking affinity had already been assumed for Aldy Bartlett, using
costs energy for Aug it is actually exothermicfor AuF! simple extrapolation (personal communication cited in ref

How could AuF, then still be a minimum on the potential 24). As the electron affinity is another indicator for the
energy surface? A B3LYP calculation of AyF- F at the stability of the higher oxidation states, we have computed
AuF; structure (with one equatorial fluorine atom removed adiabatic electron affinities for AyFand, for comparison,
to a large distance) gives an energy 161 kJthabove the PtR. Our CCSD(T) result of ca. 7.0 eV for platinum
AuF7; minimum. It is thus only the barrier due to structural hexafluoride agrees well with recent calculations by Schwer-
rearrangement (presumably in the overcrowded basal plane)dtfeger et af and with the most recent experimental védfue
that renders Aufa local minimum on the potential energy (see Table 5; older, still larger values for P#fe considered
surface. This provides another indication of the extreme to be unreliabl®. Given the good agreement, our computed
instability of Au". value of ca. 8.5 eV for Augshould be an accurate prediction.
Transition States for Elimination Reactions.While the While this is about 1 eV lower than Bartlett's estimate, it
computational location of the true transition state for ho- remains an extremely large electron affinity and characterizes
molytic bond dissociation in AuRwvas not successful so far, the hypothetical Aukas one of the most strongly oxidizing
we have obtained transition states and barriers (Table 4) forspecies known.
the concerted F elimination from AuF. Full structure Bonding Comparison of AuRs and AuF-. Figure S3 in
optimization at the coupled-cluster level exceeded the Supporting Information compares the frontier Ketsham
available computational resources in these cases. In additionMOs for AuF, [AuF¢] %, and Auks. Consistent with the high
to full DFT optimizations at theB3LYP and BHLYP levels, oxidation state of the heptafluoride, the highest-occupied
we provide single-point MP2, CCSD, and CCSD(T) energies MOs are essentiallyt-type lone pairs on the axial ligands,
for both the B3LYP- and BHLYP-optimized structures. The with only weak metatligand antibonding character. In AgF
transition state exhibit§,, symmetry, with partial formation  the three highest-occupied MOs derive from theset of
of an F=F bond in the equatorial plane of AufFigure 5a).  octahedral [AuE]* (cf. Figure S3c) and exhibit somewhat
Indeed, the imaginary vibration of the transition state (Figure more pronounceg-antibonding character. The character of
5b) corresponds to the elimination of, Eombined with the  the very low-lying virtual orbitals (Figure S3b) allows us to
movement of two further equatorial fluorine atoms to give understand clearly why this Auspecies prefers to exist as
square-pyramidal Auf(cf. Figure 1a). a dimer (or trimer). The relatively respectable HOMO
While the computed activation barriers (Table 4) depend LUMO gaps of AuF and [AuR]~ explain why they exhibit
somewhat on the input structure and computational level, closed-shell singlet ground states and relatively high excita-
they are generally low at both the DFT and coupled-cluster tion energies.
levels (even lower for the latter). We consider the larger MP2
values unreliable in view of the appreciable nondynamical 4. Conclusions
correlation effects (cfT; diagnostics in footnote to Table

4). However, the level dependence is much less pronounced Tht'sl ql;)antumt—.cher?lial studythgs ts)hollvgothat the experi-
than in previous calculations for the transition states of the mental observation of Aufreported abou years ago 1S

related eliminations of Hg complexes, HgX— HgX, + highly impropable. The previogsly.reported, so far unrepro-
X, (X = F, Cl). TheT; diagnostics at the CCSD level of the duced experimental characterization of gas-phase; AyF
L - 1 .
corresponding transition states were around 6@&6 for an IR pand at 734 3 cm was not conﬂrm_ed I_ay_our_
elimination from HgF or HgClL. 8 The values provided here calculations. The computed, strongly exothermic elimination
are thus probably more reliable than what is available for of F, with a low activation barrier is not consistent with the
those mercury(lV) systems. Together with the exothermic reported stability of Aufup to room temperature, and even
reaction energies (Table 3), this suggests clearly that a _ e o _
stability of AuF up to room temperature, as has been (45) Korobov, M. V.; Kuznetsov, S. V.; Sidorov, L. N.; Shipachev, V. A
y p p ) Mit'’kin, V. N. Int. J. Mass Spectrom. lon ProcessE339 87, 13—

claimed??%21is highly unlikely. 27. _ _ _ _ o _

Electron Affinities of Hexafluorides. Previous Cl cal- ~ (46) Ehlers, A W.; Bohme, M., Dapprich, S.; Gobbi, A.; Hollwarth, A.;

- : . > Jonas, V.; Kohler, K. F.; Stegmann, R.; Veldkamp, A.; Frenking, G.
culations predicted an extremely high electron affinity of 9.56 Chem. Phys. Lettl993 208 111-114.
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the existence at liquid-nitrogen temperature is doubtful.  Supporting Information Available: BP86-optimized minimum
Moreover, even the homolytic dissociation of one equatorial structures for Auk and AuF; (Table S1), harmonic vibrational
Au—F bond is exothermic and has a barrier only from frequency analysis (Table S34), comparison of computed and
structural rearrangement. If at all, such a high-energy speciesexperimental Raman frequencies and intensities for ff(fable
will only be accessible in more sophisticated matrix-isolation 85)+,V\</:Ia\1/r”te5|an coordinates (in A) of optimized structures  for
or mass-spectrometry experiments. In view of the extremely AU" "' complexes (Table S658), BP86-optimized structures
high electron affinity of AuE, this AW/ species is also for the singlet ground states of Ay&nd AuF; (Figure S1), Raman

. . ' . . frequencies for [Auf], at the B3LYP, BHLYP, and MP2 levels
unlikely to exist at most experimentally viable conditions. compared with experimental results (Figure S2), KeBham
Oxidation statetV thus remains the highest oxidation state '

. molecular orbitals of Auf(Ds), AuFs (Dap), and [AuRg]~ (Or)
for the group 11 element gold that is known beyond doubt. at the B3LYP level (Figure S3). This material is available free of

Acknowledgment. We are grateful to M. Straka and R.  charge via the Internet at http://pubs.acs.org.
Reviakine for comments and technical assistance and to A.
Patrakov for the translation of Russian literature. 1C051944Y

1234 Inorganic Chemistry, Vol. 45, No. 3, 2006





