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Abstract We have explored the structures and stabilities
of AuXef (n=1-3, Z=—1, 0, +1) cluster series at
CCSD(T) theoretical level. The electron affinities and
ionization potentials are correlated to the HOMO-LUMO
gaps. The role of the interaction was investigated using the
natural bond orbital analysis.

Keywords AuXe? (n = 1-3, Z = —1, 0, +1) clusters -
Geometrical structure and stability - NBO analysis

1 Introduction

It was always considered that chemical compounds
containing rare gas elements could not be formed until
the first rare-gas compound, xenon hexafluo-roplatinate
[Xet(PtFg)"], was reported four decades ago [1]. The
existence of this kind of novel compound with rare gas
elements is of considerable significance to open up the new
fascinating field in the physics and chemistry. Gold is, in
fact generally, regarded as the element whose chemistry is
most affected by relativistic effects [2, 3]. This metal is
nowadays used in several high-technology fields, like
microelectronics and nano-structured material science [4].
It is also very important in catalysis [5-7] and, in this
connection, relevant developments concern the catalytic
exploitation of Au(I) compounds, which display unique
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properties governed by relativistic effects [8]. Much stud-
ied, as the simplest prototypes for the unconventional
reactivity of gold, and in particular of Au(I). Consequently,
they are gradually discovered and well investigated in
experiment and theory. What has attracted our interest is
the Rg-M bonding in the rare gas—noble metal halides,
RgMX (Rg = Ar, Kr, Xe; M = Cu, Ag, Au; and X = F,
CL, Br), recently examined with a high-resolution Fourier
transform microwave spectrometer [9-21]. Recently,
Seidel [22] demonstrated the existence of the [AuXe4]2+
cation in crystal structure of the AuXe, T (SbyF1), com-
pound. The work is very important because it supports the
concept that the rare gas atoms can be directly bonded to
the gold atom. In these species, the presence of chemical
bonds between gold and xenon is in sharp contrast to the
conventional behavior of rare gas and noble metal atoms,
which are considered to be inert from the existing chemical
intuitions. Pyykko suggested that most of the bonding
interaction is covalent in character [23, 24]; the interpre-
tation was questioned by saying that “covalency within the
RgAu™ species appears to be unproven” [25], recent
investigations showed that there is clearly covalent com-
ponent in the bonding of Xe—Au™ [26, 27]. However, few
investigations have been focused on the interactions of the
larger AuXe;" clusters and its neutrals and anions, thus the
theoretical investigations on this kind of systems and
the understanding of their interactions still leave much
room for improvement.

In the present study, the investigations of the AuXeZ
(n=1-3, Z= —1, 0, +1) clusters were performed not
only to understand the structure of the systems under
consideration, but also to give an insight into the nature of
the interaction between Au and Xe atoms. It would be
meaningful and interesting to give a description of struc-
tures and stability of this new class of compounds.
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2 Computational details

The relativistic pseudo-potentials and the corresponding
basis set SDD (6s6p3d1f)/[4s4p3dlf],are used to describe
Xe atom [28]. One set each of diffuse s, p, and d functions
(exponents: 0.03, 0.02, 0.05) was added, the single f
function was replaced by three f primitives (1.375, 0.55,
0.22), and one g function (0.55) was added, to yield an
overall basis set of (7s7p4d3f1g)/[Ss5p4d3flg] size [29].
The interactions in rare gas atoms containing compounds
often require the inclusion of very high angular momentum
functions for accurate description, the present high
momentum basis set is proved to be sufficiently accurate
and necessary to describe the interaction in our previous
works [30, 31].

The 19-valence electron relativistic pseudo-potentials
and the ((857p6d)/[6s5p3d]) basis set of Dolg are
employed for Au atom [32]. Pyykko found that two f-type
polarization functions are desirable for the correct
description of the interaction energy and the inclusion of
an additional g function on Au has a sizable effect on the
computed bond energy and also leads to a significant
shrinking of equilibrium distance, therefore, two f func-
tions (0.20 and 1.19) [33] and one g function (1.1077)
[33] are augmented to describe metallophilic attraction, to
yield an overall basis set of (8s7p6d2f1g)/[6s5p3d2f1g]
size.

The basis set superposition error (BSSE) is corrected by
using counterpoise procedure of Boys and Bernardi [34].
The calculations were performed with the Gaussian 03W
program [35].

To understand the nature of the interactions, the natural
bond orbital (NBO) analysis was used [36, 37]. It provides
a simple description of the chemical bond based on orbital
interaction concepts. The NBO’s are a set of localized
orbits that fulfill the requirements of orthonormality and
maximum occupancy on the grounds of the calculated
MO’s after diagonalizing the corresponding electron den-
sity matrices. The ab initio wavefunctions transformed to
the NBO form are in good agreement with the Lewis model
of electronic structure concepts. The transformation to
NBO produces both highly occupied and near to empty
localized orbits. Consequently, they can be classified as
lone pairs (LP), bonding (BD) (corresponding to the Lewis
structure). The orbits with smaller occupations are con-
sidered as antibonding LP*, BD*, Rydberg (RY), which
can be used to describe effects of charge transfer. The
energetic stabilization due to a — b donor—acceptor
interactions can be estimated by second order perturbation
theory. In this work, the NBO analysis was performed with
the NBO program as implemented in Gaussian 03W pro-
gram [35].
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3 Results and discussion
3.1 Structure

The optimized equilibrium distances, dipole moments,
natural population for titled clusters calculated at CCSD(T)
theoretical level are given in Table 1. For AuXe™, the
present bond length, 262.8 pm, is in good agreement with
Belpassi’s result of 260.9 pm [26] and Breckenridge’s
results of 259.8 pm [27]. For n = 2, a linear geometry is
optimized for the cation while the bent structures with C,,
symmetry were located for the anion and neutral. Forn = 3,
all three-dimensional initial geometries, after the geometry
optimization end up planar structures with C,, symmetry
for cation and tetrahedron with C3, symmetry for anion and
neutral. We noticed that, for n = 1 system, the equilibrium
Au-Xe distance order is cation < neutral < anion. The
distances greatly decrease upon the electron removal. For
n = 2, upon the electron removal, the distances decrease
while the bond angle ®x._au_x. increase. The anions have
loose structures compared to its neutrals and cations.

The Au atom is found to be located inside the Xe atoms,
and all the Xe atoms are in the equivalent position except
for the AuXe; ™, and the Xe atoms in AuXe; ' are denoted
as Xep, Xepor-® and Xepor@, in other systems they are
denoted as Xe; (i = ©-Q).

3.2 Stability

The dissociation energies, fragmentation energy, ionization
potential (IP), electron affinity (EA), energy gap between
Highest Occupied Molecular Orbital (HOMO) and Lowest
Unoccupied Molecular Orbital (LUMO) is considered to be
important parameters in terms of the chemical stability of
clusters. The dissociation energies are referenced to the
separated-atom limit consisting of ground-state Xe atom(s)
and Au” (Z= -1, 0, 1) ground states. The calculated
results at CCSD(T) theoretical level were collected in
Table 2.

3.2.1 Dissociation energy

For AuXe™t, the present result, 1.1040 eV, is greater than
0.910 eV reported in 1995 by Pyykko [23] and smaller than
that of Belpassi’s result of 1.327 eV reported in 2008, the
stability error may be resulted by the difference of the
methods (relativistic pseudo-potentials and full 4-compo-
nent Dirac—Coulomb Hamiltonian) and basis sets [26]. For
AuXe™ anion, the present results picture an enhanced sta-
bility (0.1240 eV) than Pyykkd’s results of 0.073 eV at
MP2 level and 0.048 eV at CCSD(T) level [23]. The
CCSD(T) dissociation energy of 0.0290 eV indicates that
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eT;LE}?brliuihZigtI; t::elszw Size Structure Natural population analysis
(R/pm, O/degree), dipole n=1
moments (D), natural .
population analysis calculated Anion Rauxe = 368.7 —0.99644(Au) —0.00356(Xe)
at CCSD(T) level Neutral Rau-xe = 313.8 —0.01875(Au) 0.01875(Xe)
Cation Rau_xe = 262.8 0.85163(Au) 0.14837(Xe)
n=2
Anion (Cs,) Rauxe = 369.0 —0.99455(Au) —0.00273(Xe)
Oxe-Au-xe = 70.7
Neutral (C5,) Rauxe = 322.5 —0.02906(Au) 0.001454(Xe)
Oxe Auxe = 85.2
Cation (D.p) Rauxe = 262.2 0.59791(Au) 0.201050(Xe)
®Xe—Au—Xe = 180.0
n=23
Anion (Cj,) (Tetrahedron) Rauxe = 369.5 —0.98659(Au) —0.00447(Xe)
Rxe xe = 424.1
Oxe-Au-xe = 70.8
Neutral (Cs,) (Tetrahedron) Rauxe = 327.1 —0.03766(Au) 0.01255(Xe)
Rxe_xe = 430.6
Oxe Auxe = 82.3
Cation (C,,) (Planar) RAu-Xe(top) = 283.7 0.60588(Au) 0.09106(Xeop)

R Au-xe(oty = 265.5
Rxebon-—xewoy = 502.7
Rxebory-xe(top) = 467.1
Oxe(bot-Au-Xe(bor) = 142.4

0.15153(Xepor)

0.15153(Xepor)

Table 2 The calculated dissociation energy, HOMO-LUMO gap, ionization potential and electron affinity at CCSD(T) level (energy in eV)

Anion Neutral Cation Ionization potential Electron affinity
D, Gap D, Gap D, Gap

Au (n = 0) 5.6768 8.9857 13.3801 9.1767 —2.1609

n=1 0.1240 4.1127 0.0290 8.1142 1.1040 11.8587 7.9047 —2.1779

n=2 0.2754 4.0344 0.0978 7.8015 2.2600 13.1559 6.5139 —2.2128

n=73 0.4492 3.9884 0.1151 7.5816 2.8762 12.1366 6.3539 —2.2520

the neutral system is only very weakly bound at the cor-
related level.

For AuXe, ", we arrive the bond length of 262.2 pm and
the dissociation energy of 2.260 eV, which are in excellent
line with the reported value of 266.0 pm and 2.250 eV,
respectively [23]. The present vibrational frequencies of
AuXe," are 43.3 (m,), 119.1 (0g), and 259.9 (o) cm ™!
match Pyykko’s results of 35(m,), 120 (o) and 182 cm™!
(6w) [23], whereas for the anion and neutral, the bent
structure with C,, symmetry were found, and the stabilities
are greatly reduced.

In most electronic spherically symmetric systems, the
geometry with high symmetry is preferred; for AuXe;™, the
present results show that the planar Ds;, geometry with a

relative energy of 0.74 meV, while the planar C,, structure
with dissociation energy of 2.8762 eV is located.

In cluster physics, the dissociation energy (D.(n)), and
the fragmentation energy (F.(n) = D.n)-D.(n—1)) are
sensitive quantities that reflect the relative stability of the
investigated clusters. More and more Au-Xe “bond”
formed with the increase of the cluster size n and it results
the increase of dissociation energies, which means that
these clusters can continuously gain energy during the
growth process. The F(2) and F,(3) are 0.1514, 0.1738
for the anion, 0.0688, 0.0173 for the neutral, 1.1560,
0.6162 eV for the cation, respectively. The Au is found to
be located inside the Xe atoms, thus the Au—Xe “bonds”
increase monotonically as the size of n increase while the
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Xe—Xe “bond” does not have the same behavior; it results
in the monotonically increase of dissociation energies and
irregular variable trend of the fragmentation energies.

3.2.2 Energy gap, ionization potential and electron affinity

The HOMO-LUMO energy gaps of the Au™ (13.3801 eV)
and Xe (13.6370 eV), are comparable, while those of its
anion (Au~) and neutral (Au) systems are greatly
decreased. From Table 2, we can see that the energy gaps
decrease monotonically as cluster size n increase for the
anion and neutral systems. For the cation systems, the
calculated gap of the larger cluster (AuXes') is
12.5580 eV, and from Table 2, we can see that the gaps of
n =20, 2 and 4 are larger than that of n = 1 and 3; fur-
thermore, for the odd-number clusters, the energy gaps
increase with cluster size, while they decrease for the even-
number clusters, it is expected that the energy gaps con-
verge with the increase of the cluster size n.

The calculated ionization potential of Au, 9.1767 eV, is
in agreement with the experimental value of 9.225 eV [38].
The IPs decrease while EAs increase with the cluster size.
The geometry structure modifies its geometry upon elec-
tron addition or removal in its quest to delocalize the
density and Table 1 assist in seeing the structural differ-
ence. For n =3 systems, the structure (neutral) is
tetrahedron (C3,) and upon charge addition it is slightly
distorted from this configuration, it becomes planar C,,
structure when an electron is removed. The structure
undergoes a shift with the same symmetry upon electron

attachment, while it undergoes vast change upon electron
removal. The bent (n = 2) and tridimensional (n = 3)
structure can delocalize excess electron density to a higher
extent as a result of their geometry arrangements than the
linear (n = 2) and planar (n = 3) structure. The ground
states are Sdm, 5d'%s" and 5d'%6s> for Au™, Au and Au~,
respectively. In the cation system, the 5d shell and in the
neutral and anion systems the 6s electron shells interact
with the Xe atoms, it results the geometry shift in the anion
systems and vast change in the cation systems compared to
its neutral state. The present systems have decreased
energy gaps upon electron attachment and increased gap
upon electron removal. The clusters have an improved
capacity to donate electron as a result of their decreased
HOMO-LUMO energy gaps.

3.3 NBO analysis
3.3.1 Anion systems

For the anion systems, the main contribution is
the LP(Au) - RY*(Xe) donor-acceptor interactions, for
AuXe ™, the LP of Au interact with different RY* orbits of
Xe atom and the second order energies are 4.86, 3.43,
3.42, 3.25 kcal/mol, respectively. The natural population
analysis in Table 1 clearly shows that more charge
transfer occurred for larger anion systems, even so, there
is only 0.0045 charge transferred from Au to each Xe
atom for AuXe; , the excess electron is kept with in the
Au atom.

Table 3 The natural atomic orbital occupancies (the electron change value larger than 0.01) and natural electron configuration calculated at

CCSD(T) theoretical level

Size Natural atomic orbital occupancies Natural electron configuration

n=1

Anion Au 6529054'0-00 Xe 55‘2‘005]76'00
Neutral(o) Au 65°9954%%° Xe 5s1‘005p3'00
Neutral() Au 65001975 Xe 5pQ.98408 Au 65°9254500 Xe 551005298
Cation Au 65017451 Xe Sples149 Au 65™17547967,001 Xe 5519258464001
n=>2

Anion Au 6s'9954'0-00 Xe 552005600
Neutral(cr) Au 65098640 Au 65%9954%007,001 Xe 55!005p3-00
Neutral(f§) Au 65203641 Au 6500454500 Xe 551005298
Cation Au 650485775 d;i90347 Xe 551:96895),1.8154 Au 659495400 Xe 551975p%81
n=3

Anion Au 65198423 Au 65'985410-00 Xe 552005500
Neutral(or) Au 6508064 Au 65%9854%007,001 Xe 55!005p3-00
Neutral(f) Au 6500474 Au 659554500 Xe 55!005p>9°
Cation Au 6503556001787 pS'OISSOS d;ig_ﬁ‘}zzs Au 65740542:956,0027,0.02

198512 1.92045
Xeop 58 o 5p.

1.9736251.88321< 1.98385
Xepy 5519736 5p! 88321519838

Xemp 5S1.995p5.92
Xebo[ 5S1,975pS,866d0.0l
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3.3.2 Neutral systems

According to the second order energies AE“® for the
most significant NBO donor—acceptor interaction analysis
collected in Table 4, the most important contribution to
the stabilization energy of the neutral systems is the
LP(Au) - RY*(Xe) interactions. As can be seen from
Table 4, the beta orbit donor—acceptor interaction contribu-
tions, are more than two times larger than that of alpha orbits.
It can be seen (Table 3) that there is more charge transfer
from Xe atom to Au atom of beta orbits than that of alpha
orbits. We noticed that the donor—acceptor interaction of
alpha and beta orbits decreased fromn = 1 ton = 3. Natural
atomic orbital occupancies indicate that the average charges
transferred from Xe atom to the Au 6s orbits are 0.01975,
0.01821 and 0.01583 for n = 1, 2, and 3, respectively; and it
result the decrease of the donor-acceptor interactions.

3.3.3 Cation systems

The NBO results show that there is one Au—Xe bond in
each cation system. Each NBO bond (g,5) can be written
in terms of two directed valence hybrids, hy and hp, on
the bonded centers A and B, respectively; that is, oap =
cahy + cghg. The coefficients ¢4 and cp vary smoothly
from the covalent (¢4, = cp) to ionic limit (c4 > cg). The
bonding orbital can be expressed as

O xe=0.9616 hy, +0.2744 h,, =1
O puxe. = 094230, +0.3347h,, (n=2)
Opuxe,,  =0.9572hy +0.2894h,, (n=3).

Table 4 Second order energies AE® (Kcal/mol) for the most significant NBO donor-acceptor interactions (larger than 2.0 kcal/mol for anion
and neutral systems, larger than 4.0 kcal/mol for cation systems) calculated at CCSD(T) theoretical level

Donor — Acceptor

Neutral

n=1 LP(Au) - RY*(Xe) 3.86 LP(Xe) — LP*(Au) 7.83

n=2 LP(Au) - RY*(Xeq) 3.44 LP(Xew) — LP*(Au) 7.70
LP(Au) - RY*(Xeg) 3.44 LP(Xep) — LP*(Au) 7.70

n=3 LP(Au) - RY*(Xeq) 3.35 LP(Xes) — LP*(Au) 7.06
LP(Au) - RY*(Xeg) 3.35 LP(Xe@) — LP*(Au) 7.06
LP(Au) - RY*(Xeg) 3.35 LP(Xe@) — LP*(Au) 7.06

Anion

n=1 LP(Au) - RY*(Xe) 4.86 3.25 342 343 (14.96)

n=2 LP(Au) - RY*(Xeq) 3.37 2.37 2.13 (7.87)
LP(Au) - RY*(Xeg) 3.37 2.37 2.13 (7.87)

n=3 LP(Au) - RY*(Xeq) 4.69 2.60 2.80 2.68 12.77)
LP(Au) - RY*(Xeg) 4.69 2.30 2.90 2.68 (12.57)
LP(Au) - RY*(Xeg) 4.69 2.30 2.90 2.68 (12.57)

Cation

n=1 LP(Au) - RY*(Xe) 4.42 (4.42)

n=2 BD*(Au-Xep) — RY*(Au) 14.17 12.99 4.13 (31.29)
BD*(Au-Xep) — RY*(Xeg) 7.31 5.12 4.23 (16.66)
LP(Xe®) — RY*(Au) 22.49 19.86 7.23 4.95 (54.53)
LP(Xes) — RY*(Xew) 9.79 4.56 (14.35)
LP(Xes) — BD*(Au—Xeg) 118.12 (118.12)
LP(Xes) » RY*(Xew) 7.38 4.29 (11.67)

n=23 BD*(Au-Xepo.2) — RY*(Au) 12.18 13.44 6.02 5.26 (36.90)
BD*(Au-Xepo.@) & RY*(Xe por@) 7.27 6.11 5.50 4.71 (23.59)
LP(Xep) — BD*(Au-Xe por-o) 37.28 (37.28)
LP(Xe«p) — RY*(Au) 5.90 5.16 5.00 4.14 (20.20)
LP(Xepor.) — BD*(Au-Xe poro) 70.19 (70.19)
LP(Xepor.e) — RY*(Au) 13.05 11.19 9.61 (33.85)
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Considering that the bonding strength is proportion to
the electron donation, based on the NBO analysis, we can
concluded that the AuT™—Xe bond is a polar dative bond,
closer to the covalent than the ionic limit.

For n =1, hy, and hy, can be described as linear
combination of the natural atomic orbitals on its center as
follows:

hxe = 0.303(5s) + 0.9506(5p)
haw = 0.9649(65) — 0.2163(7p,) + 0.1277(5d.2).

From Table 3, we can see that the orbital occupancies of
5p.(Xe) and 6s(Au), 1.85149 and 0.17451, show that about
0.175 charge transfer from 5p.(Xe) to 6s(Au) for AuXe™.
For AuXe, ", the bond between Au and Xe resulting from
the overlap of an sd (mainly d») hybrid on Au and sp(mainly
p.) hybrid on Xeg atom; it can be seen from the occupancies
of the orbits given in Table 3, 6s0485775a’112‘9°347 for Au and
55190895, 18154 £ Xe . For AuXe; ™, the NBO coefficients
show that the 5s, 5py, 5p, (mainly 5p,) orbits of Xeyo.@ atom
and the 6s, 7p,, 5d,. 2 orbits of Au participate in the bond
and the natural atomic orbital occupancies collected in
Table 3 also sustain it.

For AuXe™, the main interaction is LP(Au) — RY*(Xe)
except for the Xe—Au* bond mentioned above. The inter-
actions become more complicated upon the Xe atom
addition. For AuXe,", the most important source of stabil-
ization is the LP(Xes) — BD*(Au—Xeyp) donor—acceptor
interactions and other contributions mainly come from the
LP(Xes) — RY*(Au) and BD*(Au-Xep) - RY*(Au), it
indicates that charge transfers between the lone pairs of Xeq,
and the anti-bonding orbits, Rydberg orbits of Au are
important.

For AuXe;", the most contribution comes from the
interaction between the lone pair of Xey,.o and the anti-
bonding orbit of Au—Xep..@. One can see from the donor—
acceptor interactions collected in Table 4 that charge
transfer from both Xey, and Xepo.@ to the Au—Xepoio
bonding unit. The natural atomic orbital occupancies and
natural electron configuration of AuXes;' collected in
Table 3, also show charge transferred from 5p_ orbit of Xe qp
and 5p, orbit of Xepo.@. Within the Au-Xepo. bonding
unit, the donor—acceptor interaction of anti-bonding orbit
and Rydberg orbits of Au and Xey.o are also very impor-
tant contributions to the stabilization energy of the system.
The Xepo.e and Xepo.@ are in the equivalent position
and have the same natural atomic orbital occupancies
55973025 883215198385 " which indicate that there is 0.12
charge transferred from 5p, orbit to Au—Xepo.e bonding
unit for Xeyq..@, Whereas to Au 6s orbit from Xey..@ when
the Au—Xepor.@ bond come into being.

The weak LP(Xe) — LP*(Au) and LP(Au) — RY*(Xe)
donor—acceptor interactions play an important role in the

@ Springer

contribution to the stabilization energy for the neutral and
anion system, respectively, and there is almost no charge
transfer occurred. The neutrals are van der Waals com-
plexes and the anions are a little more strongly bound.
While there are strong interactions for the cation systems,
the donor—acceptor interactions become more complicated
and more charge transfer occurred, the charge transfer from
Xe to Au might serve as a characteristic parameter of the
interactions. The main future of the interaction is a charge
accumulation in the middle of the region between the Au
and Xe nuclei.

4 Conclusion

We investigated the AuXef n=13,7Z=-1, 0, +1)
cluster series by quantum calculations at CCSD(T) theo-
retical level with extended basis sets, providing the reliable
structure, stabilities and the nature of the interactions. The
geometry structure modifies its geometry upon electron
addition or removal, the anion have similar structures with
same symmetry as its neutrals, whereas there are vast
changes for the cation series. The stabilities increase with
the cluster size for all systems; the cations have stronger
stabilities than neutrals and anions.

The natural bond orbital analysis, atomic orbital
occupancies, natural population and donor—acceptor inter-
actions analysis clear show that:

1. There is one Au—Xe bond in each cation system. The
main mode of density transfer is from a filled 5p orbit
of the Xe into the 65 of Au atom.

2. The LP of the non-bonded Xe atom(s) — the anti-
bonding orbit of the Au-Xe bonding unit donor-
acceptor interaction, and the LP(Xe) — RY*(Au)
interaction dominate the interactions of cation systems.
There is significant charge transfer occurred between
the Xe atom(s) and the Au—Xe bonding unit. The
charge transferred from Xe to Au may serves as a
characteristic parameter of the interaction.

3. The LP(Xe) — LP*(Au) donor—acceptor interactions
dominate in the neutral systems and charge transferred
from Xe atom to Au atom. For the anion systems, the
LP(Au) - RY*(Xe) come in to play and charge
transferred from Au~ to Xe atom. The charge transfer
can be negligible for both systems.

References

1. Bartlett N (1962) Proc Chem Soc 1962:218
2. Pyykko P (1988) Chem Rev 88:563. doi:10.1021/cr00085a006


http://dx.doi.org/10.1021/cr00085a006

Theor Chem Acc (2009) 123:469-475

475

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. Schwarz H (2003) Angew Chem Int Ed 42:4442. doi:

10.1002/anie.200300572

. Leonard RM, Bhuvanesh NSP, Schaak RE (2005) J] Am Chem

Soc 127:7326. doi:10.1021/ja051481v

. Hashmi ASK, Hutchings GJ (2006) Angew Chem Int Ed 45:7896.

doi:10.1002/anie.200602454

. Jiménez-Nunez E, Echavarren AM (2007) Chem Commun

(Camb) 2007:333. doi:10.1039/b612008c

. Hamilton GL, Kang EJ, Mba M, Toste FD (2007) Science

317:496. doi:10.1126/science.1145229

. Gorin DJ, Toste FD (2007) Nature 446:395. doi:10.1038/

nature05592

. Evans CJ, Gerry MCL (2000) J Chem Phys 112:1321. doi:

10.1063/1.480684

Evans CJ, Gerry MCL (2000) J Chem Phys 112:9363. doi:10.
1063/1.481557

Evans CJ, Lesarri A, Gerry MCL (2000) J Am Chem Soc
122:6100. doi:10.1021/ja0008741

Evans CJ, Rubino DS, Gerry MCL (2000) Phys Chem Chem Phys
2:3943. doi:10.1039/b0043520

Reynard LM, Evans CJ, Gerry MCL (2001) J Mol Spectrosc
206:33. doi:10.1006/jmsp.2000.8286

Walker NR, Reynard LM, Gerry MCL (2002) J Mol Struct
612:109. doi:10.1016/S0022-2860(02)00081-9

Cooke SA, Gerry MCL (2004) J Am Chem Soc 126:17000. doi:
10.1021/ja044955j

Cooke SA, Gerry MCL (2004) Phys Chem Chem Phys 6:3248.
doi:10.1039/b404953p

Thomas JM, Walker NR, Cooke SA, Gerry MCL (2004) J Am
Chem Soc 126:1235. doi:10.1021/ja0304300

Michaud JM, Cooke SA, Gerry MCL (2004) Inorg Chem
43:3871. doi:10.1021/ic040009s

Michaud JM, Gerry MCL (2006) J Am Chem Soc 128:7613. doi:
10.1021/ja060745q

Ghanty TK (2005) J Chem Phys 123:074323. doi:10.1063/
1.2000254

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Ghanty TK (2006) J Chem Phys 124:124304. doi:10.1063/
1.2173991

Seidel S, Seppelt K (2000) Science 290:117. doi:10.1126/science.
290.5489.117

Pyykké P (1995) J Am Chem Soc 117:2067. doi:10.1021/
ja00112a021

Schroder D, Schwarz H, Hrusak J, Pyykko P (1998) Inorg Chem
37:624. doi:10.1021/ic970986m

Read JP, Buckingham AD (1997) J Am Chem Soc 119:9010. doi:
10.1021/ja970868y

Belpassi L, Infante I, Tarantelli F, Visscher L (2008) J Am Chem
Soc 130:1048. doi:10.1021/ja0772647

Breckenridge WH, Ayles VL, Wright TG (2008) J Phys Chem A
112:4209. doi:10.1021/jp711886a

Nicklass A, Dolg M, Stoll H, Preuss H (1995) J Chem Phys
102:8942. doi:10.1063/1.468948

Schréder D, Harvey JN, Aschi M, Schwarz H (1998) J Chem
Phys 108:8446. doi:10.1063/1.476272

Xinying L, Yongfang Z et al (2005) J Mol Struct THEOCHEM
755:215. doi:10.1016/j.theochem.2005.08.013

Xinying L, Yongfang Z et al (2006) Int J Quantum Chem
106:1086. doi: 10.1002/qua.20871

Andrae D, Haeussermann U, Dolg M, Stoll H, Preuss H (1990)
Theor Chim Acta 77:123. doi:10.1007/BF01114537

Pyykkd P, Runeberg N, Mendizabal F (1997) Chem Eur J 3:1451.
doi: 10.1002/chem.1997003091 1

Boys SF, Bernardi F (1970) Mol Phys 19:553. doi:10.1080/
00268977000101561

Frisch MJ, Trucks GW et al (2003) Gaussian 03 W. Gaussian,
Inc., Pittsburgh, PA

Reed AE, Weinhold F (1983) J Chem Phys 78:4066. doi:10.1063/
1.445134

Foster JP, Weinhold F (1980) J Am Chem Soc 102:7211. doi:
10.1021/ja00544a007

Handbook of chemistry and physics, 70th edn (1989) CRC Press,
Boca Raton

@ Springer


http://dx.doi.org/10.1002/anie.200300572
http://dx.doi.org/10.1021/ja051481v
http://dx.doi.org/10.1002/anie.200602454
http://dx.doi.org/10.1039/b612008c
http://dx.doi.org/10.1126/science.1145229
http://dx.doi.org/10.1038/nature05592
http://dx.doi.org/10.1038/nature05592
http://dx.doi.org/10.1063/1.480684
http://dx.doi.org/10.1063/1.481557
http://dx.doi.org/10.1063/1.481557
http://dx.doi.org/10.1021/ja000874l
http://dx.doi.org/10.1039/b004352o
http://dx.doi.org/10.1006/jmsp.2000.8286
http://dx.doi.org/10.1016/S0022-2860(02)00081-9
http://dx.doi.org/10.1021/ja044955j
http://dx.doi.org/10.1039/b404953p
http://dx.doi.org/10.1021/ja0304300
http://dx.doi.org/10.1021/ic040009s
http://dx.doi.org/10.1021/ja060745q
http://dx.doi.org/10.1063/1.2000254
http://dx.doi.org/10.1063/1.2000254
http://dx.doi.org/10.1063/1.2173991
http://dx.doi.org/10.1063/1.2173991
http://dx.doi.org/10.1126/science.290.5489.117
http://dx.doi.org/10.1126/science.290.5489.117
http://dx.doi.org/10.1021/ja00112a021
http://dx.doi.org/10.1021/ja00112a021
http://dx.doi.org/10.1021/ic970986m
http://dx.doi.org/10.1021/ja970868y
http://dx.doi.org/10.1021/ja0772647
http://dx.doi.org/10.1021/jp711886a
http://dx.doi.org/10.1063/1.468948
http://dx.doi.org/10.1063/1.476272
http://dx.doi.org/10.1016/j.theochem.2005.08.013
http://dx.doi.org/10.1002/qua.20871
http://dx.doi.org/10.1007/BF01114537
http://dx.doi.org/10.1002/chem.19970030911
http://dx.doi.org/10.1080/00268977000101561
http://dx.doi.org/10.1080/00268977000101561
http://dx.doi.org/10.1063/1.445134
http://dx.doi.org/10.1063/1.445134
http://dx.doi.org/10.1021/ja00544a007

	Structure and stability of AuXenZ (n = 1-3, Z = &minus;1, 0, +1) clusters
	Abstract
	Introduction
	Computational details
	Results and discussion
	Structure
	Stability
	Dissociation energy
	Energy gap, ionization potential and electron affinity

	NBO analysis
	Anion systems
	Neutral systems
	Cation systems


	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


