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The geometries of AFGE molecules, which may have either an Oy, or a Cs, geometry, have been studied by means
of the electron localization function. Our results show that when the molecule has a Cs, geometry, there is a
valence-shell monosynaptic V(A) basin corresponding to the presence of a lone pair in the valence shell of the
central atom A. The population of this basin is, however, extensively delocalized so that the electron density has
a core-valence basin character, which is consistent with an earlier suggestion of a weakly active lone pair that
gives a Cj, distorted octahedral molecule rather than the valence-shell electron-pair repulsion predicted pentagonal-
pyramid geometry. In contrast, the molecules with O, geometry do not have a monosynaptic valence-shell basin,
but they have a larger core. These results provide confirmation of a previous suggestion that in AXsE (X = Cl, Br,
[) molecules with the O, geometry the ligands X are sufficiently closely packed around the central atom A so as
to leave no space in the valence shell for the lone pair E, which remains part of the core. Among the corresponding
fluorides, only BrFs~ has the O, geometry, while the others have the Cs, geometry because there is sufficient
space in the valence shell to accommodate the lone pair, the presence of which distorts the Oy, geometry to Cs,.
The energies of the O, and Cs, geometries have been shown to be very similar so the observed geometries are
a consequence of a very fine balance between ligand-ligand repulsions and the energy gained by the expansion
of the two nonbonding electrons into the valence shell.

Introduction molecules, such as {Fand TeF, have a pentagonal-
bipyramidal Ds,) geometry with longer equatorial than axial
bonds. Moreover, the only known AK, molecules, IE?~ 2

and Xek~,% have a pentagonal-bipyramidal arrangement of
seven electron pairs, with the lone pairs in the axial positions
giving a planar pentagonal geometry. So, it is reasonable to

| . Il oredicted by th ficl h assume that A3 molecules would also have a pentagonal-
gular prism Cz,) are all predicted by the particles-on-a-sphere bipyramidal arrangement of seven electron pairs, with the

model depending on the force law assumed for the mteractlonIone pair in an axial position giving a pentagonal-pyramidal

between the particles. (2) Seven particles cannot be arrangec‘in olecule (Figure 1). However, many molecules of this type
on a sphere so as to all be equivalent and at equal distanceﬁ1C|uding the fons Sn- Pb)(e‘;— ShX® BiXe3, SeX?

from the center. In fact, all known main group AX and TeX?", where X= ClI, Br, or |, have a regular octahedral
structurez When X=F, CIR# and Brk~ ® also have regular

The geometry of molecules with seven electron pairs in
the valence shell of a central atom cannot be predicted with
certainty by the valence-shell electron-pair repulsion (VSEPR)
model for two reasons: (1) A pentagonal bipyramidsg),

a monocapped octahedro@s(), and a monocapped trian-
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F, Fl/ Fs structure of XeFkis only 0.19 kcal below th&s, structure
Fs/, | aF2 F2< / at the CCSD(T)/CBS level using an approximate geometry
”*'-.AL F A, ” for the Cg, structure. They predicted that with an optimized
/. .\ 4 / \ Fy geometry theCs, structure would probably become slightly
Fs F3 F¢ F; lower in energy than theD, one. Clearly, the energy

Figure 1. Pentagonal-bipyramiddls, (left) arrangement an@s, distorted difference between th®, andCz, structures is determined
(right) arrangement of a AfE molecule. by some very subtle effects that require larger computational
_ _ ) resources than are currently accessible. Not surprisingly,
XeFs®"12 haveCs, distorted “octahedral” geometries (Figure  yor s 4 fluxional molecule, but it seems reasonable to
1). However, no AXE molecules have the pentagonal- g, nose that the,, structures of the crystalline AE ionic
pyramidal structure. compounds are stabilized by anieeation interactions.

In the octahedral molecules, it appears that the geometry The Cs, distortion is usually described as a pseudo-Jahn
is determined only by ligandligand repulsions and that the  tg|ier stabilizatiof®18 from theOn symmetry. Indeed, only
two nonbonding electrons have no influence on the geometry.ipe Cs, arrangement allows an interaction by symmetry
These electrons have been described as a sterically inactivgetween the frontier orbitals, whereas this overlap is forbid-
lone pair. It has been suggestéthat they do not, in fact,  gen in thed, symmetry. Consequently, it has been suggested
form a lone pair in the valence shell of A but rather a that theC,, stabilization is due to the increase in the frontier
spherical outer shell of the core. In the atomic orbital qrpital spliting. However, because the previous high-level
approximation, these electrons would be described as 0C-ca|culationd?5 have shown that electron correlation and
cupying ans orbital and therefore ha.vmg no mfluepce on relativistic effects have an influence on the symmetry of the
the geometry. Because the nonbonding electrons il€he  ground state, the electronic structure of these molecules is
molecules have a smaller influence on the geometry than ciearly more complex than the understanding given by the
they have in a molecule with a pentagonal-pyramidal qyajitative molecular orbital model, which cannot be ex-
geometry, they have been described as a weakly active longyected to provide a rationalization of the structures o§&X
pair. It has been suggest&ttherefore, that they could be  qolecules.
described as a partial lone pair with the nonbonding electrons 114 purpose of the work described in this paper was not

partly in the valence shell and partly in the core. IN®¢ 4 attempt to repeat previous work on & molecules or to
molecules AXE, X = Cl, Br, or |, the large halogen'ligands  :ome 1o a conclusion on the relative stability@§/On but
may be regarded as close-packed around the central atomgiher 1o provide a further understanding of the geometries
giving the octahedral geometry, leaving no space in the o these molecules, in particular to see if the description of
valence shell for the nonbonding electrons, which remain in 4 On and Ca, geometries of these molecules given by the
an outer spherical shell of the core. Among the corresponding o gified VSEPR model, as described by Seppelt ézaid
fluorides, only Brks~ has an octahedral geometry, but 88F  y Gijlespie and Robinsot;4is confirmed by the topologi-
TeR™", IFs", and Xek haveCs, geometries. Because these 5| analysis of the electron localization function (ELE?
molecules have larger central atoms, it has been sug-y particular, we have obtained further information on the
geste@'3!“that the small fluorine ligands do not take up all atre of the “weak” lone pair postulated to explain @
of the available space in the valence shell, leaving space forgeometry in the VSEPR description of these molecules.
at least some of the nonbonding electrons.

A very thorough and extensive ab initio study of XeF Computational Methods
alj]d other AE molecules has been dong by Kaupp éFaI Calculations have been performed at the hybrid Hartresck
Dixon et al!? have also recently made high-level ab initio (HF) density functional theory (DFT) B3LYP levéP2 and the
calculations for Xek: They found that the energy difference  rejativistic HF (RHF) method with thGaussian 0Zoftware? The
between th@®y andCs, structures is very small and depends  standard all-electron basis set 6-313(2df) was employed for the
strongly on the balance between electron correlation, relativ- atoms S, Cl, Ar, As, F, Se, Br, and Kr, while the 6-311G* basis
ity, and basis set effects. Both of these groups found that set was used for the | atom and the DGD2¥# basis set for the
the O, structure has a very slightly lower energy than the Xe, Sb, and Te atoms. To allow for relativistic effects, the small-

Cs, structure. For example, Dixon et al. found that (g core (28 core electrons) relativistic effective core potential (RECP)
of the Stuttgart/Ktn group was also used for Sh, Te, I, and Xe
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321. with the standard cc-pVTZ-PP basis set. We optimized the
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symmetries because these are the symmetries previously observe@he relationship of the ELF function to pair functions has
experimentally or found by high-level calculations. been demonstratéd,but in contrast to the pair functions,
All of the topological analyses were carried out from a Kehn  ELF, which is defined to have values between 0 and 1, can
Sham wave function with the TopMoD packatfeand the ELF be easily calculated and interpreted.
isosurfaces have been visualized with ¥Melekel software?® Core basins (iZ > 2) are labeled C(A). The valence basins
are situated in the remaining space. Each valence basin that
is connected to only one atomic center is called a mono-
In a topological analysi¥,a partitioning of the molecular  synaptic basin and is labeled V(A). Each basin that is
space is achieved by the theory of dynamical systems. Thisconnected to two atomic centers is called a disynaptic basin
partitioning gives a set of basins localized around the and is labeled V(A,B). These basins closely match the
attractors (maxima) of the vector field of a scalar function. nonbonding (lone-pair) and bonding domains of the VSEPR
In the QTAIM theory??9this scalar function is the electron model! and they may be considered to be a quantitative
density and the basin€2) are associated with each of the expression of these electron-pair domains. The population
atoms in the molecule. Atomic properties such as the atomicof a basinN(Q) can be calculated by integrating the one-

Topological Analysis

volume and the atomic populatioN[]) can then be
calculated by integration over the basin defining an atom.
Another relevant function ig;, the ELF of Becke and
Edgecombé? which can be interpreted in terms of the excess
kinetic energy due to the Pauli repulst®ft or in terms of
the probability of finding opposite-spin electron pait&LF

electron density over the basin volume.

The closure relationship of the basin population operators
enables a statistical analysis of the population to be made
through the definitions of the variance of the basin popula-
tion*? (noted ¢?), which is a diagonal element of the
covariance matriX? The element of the covariance matrix

basins may be interpreted as those regions where there is &etween the populations of two given bas@s and Qg is

high probability of finding pairs of opposite-spin electrons, defined as coa,Qz) = /[ a. /. (T1.F2) dF1 df2 — N(Qa)
namely, the atomic cores and the bonding and nonbondingN(Qg), wheren(F1,F2) is the spinless second-order density.
regions. The ELF topology has been extensively used for The variance is interpreted as the population uncertainty, i.e.,
the analysis of chemical bonding or chemical reactitity? a measurement of the fluctuation for a given basin with all
of the other basins, while the values of the covariance matrix
elements are a measure of the correlation between the
populations of two given basins.
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Results and Discussion

The results of B3LYP (all-electron and RECP) calculations
for both octahedral an@;, symmetries are presented in Table
1 together with the experimentally determined structures. At
the DFT level, aCs, minimum is found for each of SeF,
TeR?", and IR, while AsR®~, SbR®~, SR?", CIFs™, Bris™,
ArFs, and Krks cannot be optimized i€3, symmetry because
in these molecules the B3LYP optimization leads to @e
symmetries in all cases. The difference in energy between
the C3, and O, symmetries was found to be very small, just
as has been found in the previous high-level calculations of
Kaupp et al> and Dixon et at? Our B3LYP geometry
optimizations for Brk~, Sek?, TeR?", and Ik~ are in
reasonable agreement with experiment, although only fair
for XeFs, for which the C;, stationary point was a HF
calculation because we were unable to find a B3LYP
minimum. The optimized AF distances are generally
overestimated in comparison to the experimental values.
However, the RECP optimizations for SBF, TeR?", IFs,
and Xefks led to slightly shorter A-F distances (34 pm)
and a larger angle;~A—F; than the all-electron calcula-
tions and are in better agreement with the experimental
data.

From the VSEPR point of view, an A% molecule is
expected to have a pentagonal-pyramidad, geometry,

(40) Pilme, J.; Silvi, B.; Alikhani, E. AJ. Phys. Chem. 2005 109, 10028.
(41) Savin, A.; Silvi, B.; Colonna, FCan. J. Chem1996 74, 1088.
(42) Silvi, B. Phys. Chem. Chem. Phy2004 6, 256.
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Table 1. B3LYP Calculations: Relative Energies and Structural Parameters fge ARd Xel~ Molecules

molecule Far, (M), -, () Ae,--s, (deg) AEs D
PRS- oct 205.6 180.0 —2226.5
AsFg®~ oct 213.8 180.0 —2178.8
SbRS3~
all-electron oct 232.3 180.0 —2590.4
RECP oct 229.8 180.0 —2845.6
SFs?~ oct 190.2 180.0 —-1601.7
SeR?™ Cs, 205.1 (203),190.7 (184) 173.8 (172 0.0 —-1721.3
oct 197.8 180.0 1.7 —1719.6
TeRs?™
all-electron Cs, 222.7,206.8 168.8 0.0 —1924.0
oct 215.1 180.0 1.4 —1922.6
RECP oct 212.0 180.0 0.0 —1936.1
Cs, 218.9, 204.6 169.8 2.1 —1934.0
ClFs~ oct 182.6 180.0 —471.6
Bris ~ oct 189.6 (183) 180.0 (1809 —781.5
IFg™
all-electron Cs, 210.1,197.4 164.7 0.0 —-1084.1
oct 204.6 180.0 7.8 —-1076.3
RECP oct 201.5 180.0 0.0 —1196.4
Cs, 205.9 (201)5;196.4 (1869 168.3 (1649 4.8 —-1191.6
ArFe oct 184.2 180.0 7775
KrFe oct 186.8 180.0 319.6
XeFs
all-electron oct 200.4 180.0 0.0 —123.8
Ca, 197.1f183.6 153.0 94.3 —-29.9
RECP oct 195.8 180.0 0.0 —277.3
Cs, 193.8(191)M180.3 (186) 154.8 88.0¢ —189.3
XeFs~
all-electron pp 210.2 72.0
RECP pp 206.7 (201.2) 72.0

aRelative energy in kJ/moP. Binding energy in kJ/mol with respect to the [A 3R]" barrier;n = 0, 1, 2, or 3. Experimental values from ref 6.
d Reference 5¢ Reference 7t RHF optimized geometry B3LYP single point Reference 9. Planar pentagonal geometfyReference 3.

Figure 2. B3LYP localization domains of = (top left; RECPy = 0.60),
XeFs (top right; all-electrony = 0.70), Sek?~ (bottom left; all-electron,
n = 0.60), and Brk~ (bottom right; all-electrony = 0.60). Color code:

magenta, core; red, valence monosynaptic.

In the octahedral structure, the only valence basins that
are observed are the V(F) basin for each fluorine in addition
to the large-core basin C(A) of the central atom. In contrast,
in the C3, symmetry, a supplementary valence-shell mono-
synaptic basin V(A) (nonbonding or lone pair) is localized
between I, F,, and k (Figure 1). The topological structures
calculated using both the RECP and the all-electron basis
sets are quite similar. It is perhaps at first sight surprising
that no disynaptic basins V(A,F) are observed in any of the
molecules that we have studied. This is probably due to the
strong polarity and great length (1:8@30 pm) of the bonds
in these molecule¥.It appears that the disynaptic (bonding)
basin population decreases with increasing bond length, as
shown by the V(A,F) populations of 1.45 and 0.95 electrons
for BF; (Dan) and PRk (Cg,), which have bond lengths of
131 and 159 pm, respectively (B3LYP/6-3t&(2d)), while
their polarities are very similar, as expected from their
electronegativities and as shown by their calculated fluorine
AIM charges of—0.81 and—0.76, respectively.

Table 2 gives the ELF population analysis at the B3LYP

with a lone pair in an axial position as we discussed in the |evel for all of the molecules studied. For T&FE IFs~, and
Introduction (Figure 1). We have found a DFT minimum XeF, in addition to the analysis of the all-electron wave
for the pentagonal-pyramidal geometry, but this is not the function, the RECP population analysis is also presented.
ground state because it has a very high energy with respectColumn 1 gives the core populatiodiC(A)], and column 2

to theO,, structure. Indeed, the BgF, SeR?", IFs, and Xek
molecules inCs, symmetry are respectively 166.1, 135, 63.1, to the configurations [Ne] (10e), [Ar]*8 (28e), and [Kr]
and 86.6 kJ/mol (all-electron) higher in energy than the d'°(46e) and for the RECP core population (18e). For all of

octahedral structures.

Figure 2 displays the localization domains 0§1KCs,),
BrFs~ (On), SeR? (Cs,), and Xek (Ca,).

gives the core population excedscalculated with respect

the Cs, structures, the core excesss very small or generally
slightly negative [0.15 for Tef#, —0.23 for IR~, —0.12
for XeFs (RECP), and-0.43 for Sek? (all-electron)] and

Inorganic Chemistry, Vol. 45, No. 16, 2006 6201
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Table 2. ELF Population Analysis of AFE Molecules at the B3LYP Level

molecule

N[C(A)] A2 N[V(A)] a?V(A)] QF-F(A)P QELF(Fy),P oFHF(Fa)P
PR3- oct 13.65 3.65 1.35 —-0.72
AsFs3~ oct 31.21 3.2 1.79 —0.80
SbhRs3~
all-electron oct 48.50 2.50 2.50 —-0.91
RECP oct 20.39 2.39 2.61 —-0.93
SR~ oct 14.09 4.09 1.91 —0.65
Sek?~ Cs, 27.57 —0.4%2 3.26 2.14 3.17 —0.96,—-0.76
oct 31.80 3.89 2.20 —-0.70
TeR?2™
all-electron Cs, 46.68 0.68 2.53 1.89 2.79 —0.85,—-0.74
oct 49.34 3.32 2.66 —-0.77
RECP Cs, 18.15 0.1% 2.73 1.97 3.11 —-0.91,-0.79
oct 21.0 3.00 3.00 -0.83
ClFs~ oct 14.50 4.5 2.50 —0.58
BrFs~ oct 32.26 4.28 2.74 —-0.62
IFg™
all-electron Cs, 46.15 0.18 3.06 2.11 3.79 —0.90,-0.70
oct 49.71 3.7A 3.29 -0.71
RECP (2% 17.77 -0.23 3.04 2.14 4.19 —0.92,—-0.80
oct 20.98 2.98 4.02 -0.83
ArFg oct 15.79 5.79 2.21 —-0.37
KrFg oct 33.76 5.76 2.24 -0.37
XeFs
all-electron Cs, 46.15 0.18 3.81 1.91 4.04 —0.81,—-0.54
oct 51.03 4.03 2.97 —0.49
RECP Cs, 17.88 -0.12 3.33 1.98 4.79 —0.86,—0.74
oct 21.82 3.82 4.18 —0.69
XeFs~
all-electron 45.64 —0.36 3.18 1.32 2.00 —0.60
RECP 17.53 —0.47 3.03 1.35 2.41 —0.56

aThe core population excessis calculated with respect to the following configurations: (1) [Ne] (10 e), (2) [Rr{@8 e), (3) [Kr]d'® (46 e), (4) RECP
core population (18 ef A charge:qF-F(A) = Z(A) — N[C(A)] — N[V(A)]. Fluorine charge: ¢f-F(F) = Z(F) — N[C(F)] — N[V(Fi)].

nonbonding electrons remain in the core. The electrons that
are not transferred to the fluorine ligands, and which would
conventionally be regarded as nonbonding electrons, remain
in the core in thed, molecules or are shared between the
core and the valence shell of A in tii, molecules but are
principally in the valence shell because the core excess is
quite small.
To understand the distribution of the populations, it is
necessary to consider the variangequantity of the V(A)
population, which is given in Table 2. This variance appears
Figure 3. Split of the localization domains of the XgRolecule in the large (close to 2) in eaclys, case, which signifies strong
Cs) symmetry (B3LYP, all-electron). Before the V(XeY(F) domain  charge fluctuations into the valence V(A) and V(F) basins
separation (lefty = 0.36) and just after this separation (right= 0.45). . .
Color code: magenta, core; orange, valence monosynaptic. but also between the core and valence domains. In particular,
the covariance matrix element between the C(A) and V(A)
the valence shell basin V(A) has a population between 2.53 basin populations is negatively large {0.80), indicating
and 3.81 electrons. In addition, further information can be a large density fluctuation between C(A) and V(A). For
obtained by the hierarchical separation of the localization example, the covariance matrix element-e3.83 between
domains. Figure 3 displays the localization domains forgxeF V(Se) and C(Se) basins of SF is much larger than the
for two ELF values (all-electron). value found for other related molecules such as;QliRere
We see that the corevalence separation occurs well the covariance element between V(CI) and C(Cl) basins is
before the separation of the V(A) and V(F) domains, showing only —0.21. This extensive delocalization between the V(A)
that the core electrons are much more localized than the V(F)population and the core population of the #&Fsystems
and V(A) domains, which is consistent with the stability of suggests an ambivalent cerealence character for the
the d? configuration of the core in XeF valence density. That the V(A) population cannot be clearly
For theO, molecules, there is no monosynaptic basin and separated from the core population is consistent with the idea
the core excess charge is correspondingly much larger,that it is less effective than a full lone pair; in other words,
ranging from 2.5 to 5.79 electrons. BecauseG@henolecules it is only partially active.
have no V(A) basin, the electrons that are in the V(A) basin  An ELF analysis of I in the high-energ{s, pentagonal-
in the C3, molecules are found in the core of th®, bipyramidal symmetry was carried out to make a comparison
molecules, in agreement with the earlier suggestion that thewith the ELF analysis of th&®, and Cs, molecules. The
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Table 3. B3LYP Calculations: Calculated Structural Parameters ofGheMolecules with Respect to the Fluorine Numbering Given in Figure 1

distances (pm) angle (deg)
Fi—F Fo—Fe Fs—Fa Fi—A—F> Fo—A—Fs Fa—A—F4

molecule Cs,) (long—long) (long—short) (short-short) (long—long) (long—short) (short-short) vol.(AP
SeR?~ 303.4 277.9 261.7 95.4 88.8 86.7 82.2
TeR?™

all-electron 340.8 296.6 277.9 99.9 87.3 84.4 122.7

RECP 332.9 293.5 276.0 98.9 87.6 84.8 76.0
IFg~

all-electron 331.3 275.6 263.0 104.1 85.1 83.5 120.8

RECP 316.9 276.4 264.5 100.6 86.7 84.6 70.0
XeFs

all-electron 331.0 240.5 239.4 114.2 78.2 81.4 131.2

RECP 323.6 238.9 235.5 113.0 79.3 81.6 84.9

a Atomic volume (au) of the central atom from an AIM analysis.

energy of this structure is high, presumably because of the

strong repulsions between the five ligands in the equatorial

plane. In theCs, symmetry, the population analysis shows

one single monosynaptic basin on one side of the pentagonal

plane of the fluorine ligands with a population of V&

2.25 and a weak variana#[V(A)] = 1.13. These results

and the rather small covariance matrix element between C(I)

and V(l) indicate a well-localized corevalence population

and a fully active lone pair from the VSEPR point of Figure 4. Localization domains of the XeF molecule (B3LYP, all-

view 1314 electron optimizedy = 0.74). Color code: magenta, core; red, valence
Table 3 shows the geometrical parameters and the atomic¢m°nesynaptic.

volumes of the central atom obtained by an AIM analysis

for eachCs, structure. The greater length of the-& bonds

surrounding the V(A) basin and the increasedd—F angles

(Dsp), in agreement with experimeffThe calculated bond
length was found to be 206.7 pm (Table 1) compared with
: . . the high-level calculation of Dixon et &.(203.4 pm) and
are consistent with the repulsions exerted by the electronsthe observed length of 201.2 pnBoth the calculated and

in this basin with the surrounding ligands. It is interesting
that the other three bonds decrease in length so that thegssg?/rﬁgn?;n&:e?r?sth; ?hrs Ig;ei[%g:%z Eze&(;?;lﬁ;ﬁtiid and
average bond length remains almost the same as that in the P g g

corresponding molecule witd, symmetry. The extent of consistent with the presence of two lone pairs rather than
the deformation fromOy, to C, increases. from BIE to just one. The results of the ELF analysis (Table 2) are very
SeRz-, from Sef? to TeRZ Land from TeB- to XeF, similar for the all-electron and RECP calculations. The ELF

(Tables 1 and 3), that is, in each case with the increasingmpo'c’gy (Figure 4) displays two nonbopding basins V(Xe),

size of the central atom as shown by the atomic volumes one above anq one below the equat'or!al plane.

obtained by an AIM analysis (Table 3) The population of each V(Xe) basin is greater than 2, as
L . . ' . for the single V(Xe) basin in Xef and the variance and

With increasing size of the central atom, there is more . - . . .

space in the valence shell for the nonbonding electrons 1o covariance indicate large fluctuations involving the valence

expand into and decreased repulsion between the IigandsbaSInS V.(F.) and V(Xe)._ The core population excess has a
X . . . .~small deficit so the core is close to the [Kdonfiguration,

causing the bonds surrounding the lone pair to increase in

. . and the valence basins are primarily due to thésFs
length and the angles they make with the lone pair and th.e electrons, as for Xef-Clearly, the type of distortion observed

angles they make with each other to increase. Overall, |tin the Cs, AFE molecules is not possible for AE,

appears that in the AE molecules there is a very fine S .
. : . : . molecules. The only possibility for a molecule of this type
balance between liganrdigand repulsion, which would give ; S
to have two equivalent lone pairs is to have a pentagonal-

the O, geometry, and the tendency of the nonbonding . . ! .
; bipyramidal arrangement of seven electron pairs with the
electrons to expand from the core into the valence shell, C : o X
two lone pairs in the axial positions, which are the less

thereby minimizing their energy, or, in other words, to move . ..

. . . crowded axial positions.
from a small highly localized s orbital to a larger and less
localized sp hybrid orbital. Conclusions

Finally, we have made an ELF analysis of the XeF
molecule, which has the VSEPR-predicted planar pentagonal
geometry in order to compare it with Xef- The calculated
geometry of XeE 21243was found to be planar pentagonal

Our work has provided clear evidence that in ¢&F
molecules with &3, geometry there is a monosynaptic basin
V(A) in the valence shell of the central atom A that is
responsible for the deformation of the molecule fr@mto

(43) Fleurat-Lessard, P.; Durupthy, O.; Volatronhem. Phys. Let2002 Ca §ymmetry' The lone pair in the. VSEI_DR mo_del is the
363 505. equivalent of the ELF V(A) basin. This basin has a
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population of more than two electrons but has large fluctua- decrease its energy by expanding from the tight core to the

tions with the valence V(F) basins, that is, with the fluorine less dense valence shell while at the same time distorting

valence electrons, and also with the core, so these electronshe octahedral geometry. It appears thatBEXnolecules with

have an ambivalent corevalence character. This conclusion larger ligands such as Cl always ha@g geometry deter-

is consistent with the earlier proposal that the VSEPR lone mined by ligand-ligand repulsion in which the two non-

pair is only a partial lone pair with some of its electron bonding electrons remain as an outer shell of the core. Our

density in the valence shell and some in the core. topological analysis of the ELF provides a qualitative
Our study shows that the geometry of thesEBfnolecules rationalization of theO, and Cs, structures of AEE

is determined by a very fine balance between the energymolecules, which is consistent with the VSEPR model as

associated with ligandligand repulsion and that associated modified by Seppelt et &l.and by Gillespie and Robin-
with the expansion of the nonbonding electrons from the core ggn13.14

into the valence shell. In molecules in which the central atom
is small enough, six fluorine ligands are essentially close-  Acknowledgment. The authors gratefully thank one of

packed around the central atom so that there is no spacehe reviewers for his constructive comments on the effective
available in the valence shell for the lone pair. For larger core potential calculations.

central atoms, the fluorine ligands are not quite close-packed
so that there is some space for the nonbonding density tolC052182+
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