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Geometric Structure of X(AuPH3)s™ (X = N, P, As, Sh): T4 or Cy4,?
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The geometric structures of X(AuR}" (X = N, P, As, Sb) compounds have been determined by DFT and
ab-initio methods. In agreement with experiment, N(AgRZHis Tq and As(AuPH),* is C4, with an apical

As atom. Calculated molecular and experimental crystal structure parameters are compared. The structures of
X(AuPH3)s" (X = P, Sb) are predicted. P(AuRM" favors Ty, as confirmed by CC2. The closed-shell
interaction distances of AutAu from Xao. are consistent with the experimental values. The electronic structures
and chemical deformation densities are analyzed.

1. Introduction properties of X(AuPP}4" (X = N, P, As, Sb) systems, using

. . different DFs, extended basis sets, and fully optimized structures.
An apparent attraction between two or more nominally yop

monovalent Au(l) ions in cluster compounds has been known . .
for a long time. Typical Au(l)--Au(l) distances are in the range 2. Computational Details

of 300-360 pm. In some cases, the strengths of the-/Aw The structures were fully optimized by DFT, HF, and MP2

!nt;ahractlons h?vzegkzgelszwe?sured by ’E)IIM? sp:ectroicc&py to bemethods. The calculations were performed using the Amsterdam
In the range o ~/mal, comparable 1o strong hydrogen density functional package (ADF 2004) initially developed by
bonds_. Many Fheorehcal calculatmns_ support _these ’dat_a. Baerends et df and the TURBOMOLE-5.6 package developed
Sr(:hmldbaur %O'ned the name “aurophilic attraction” for this by Ahlrichs et al® Four different exchange-correlation DFs were
P eLl.onmeno.. b h irelv ch h applied: (1) the simple local X exchange potentidft16 (2)

This attraction can gstrong enough to entirely ¢ anggt €the local correlation-corrected version developed by Vosko,
structure of four-coordinate Au(l) complexes. The classical v and Nusair in 1988 with the nonlocal gradient-corrected
tetrahedral structure in these four-coordinate compounds isexchange potential of Becke of 198&nd with the nonlocal
abandoned in favor of a square-pyramidal structure once the g jient_corrected correlation potential of Perdew of 198@&re
radius of the central element is too large to allow for short called VBP; (3) Becke's three-parameter (B3) mixture of
mt_etal—metal b(_)nding in tetrahedra_l symme_ﬁry\NhiIe the nonlocal Hartree Fock exchange and LYP DF exchange-
“gilded ammonium” ion N(AuPR)4' is approximately tetra- correlation, that is, the B3-LYP-hybrfd:2.
hedral in the solid state (R= PhY¥ as well as for molecules ’ ’

(MP2 calculations, R= H),® the valence isoelectronic As-
(AuPH)4* was found to form a tetragonal pyramid both in the
solid staté and in MP2 calculation3.Thus, the aurophilicity
between the Au(l) atoms can be strong enough to override the .
tendency of the central atom to form a tetrahedron. unrelaxgq 'h the molecules.. ]

Pyykko et al5 using the MP2 method earlier studied Relat_|y|s_t|c effec_ts are particularly |mportant for gold and the
X(AuL) s+ (X = N, P, As) and reproduced the experimer¥al auro_phm_c interactions. For DF calculat|o_ns, we used the scalar
structure for N(AuL)* and theCy, structure for As(AuL)*. relgtlwstlc zeroth-order .regu_lar approximation (ZOR%:)”

Ca, was predicted for P(Aul). However, the at-that-time which averages over §p+mrb|t splittings. Spir-orbit effects
applied LANL1DZ procedure comprises large-core pseudopo- '€ €xpected to be unimportant to Au (1) systems.

tentials and rather small basis sets, and the structures were not High-quality triple plus two polarization basis sets STO-
fully optimized. It is now known that the Au closed-shell TZ2P were used for the valence shells of all atoms in DFT
interaction is exaggerated thereby.With the Stuttgaftsmall- calculations. In the ab-initio pseudopotential calculations, the
core pseudorelativistic effective core potentials (ECP) and qualified GTO-TZVP basis sets from Stuttdantere used for
extended 2f polarization basis sets, Pyylkkal. reinvestigated  all atoms. The Stuttgart small-core pseudorelativistic effective
the X(AuL)st (X = N, P) systems in 1998 At the MP2 level, core potentials (ECP) were selected, which is important
P(AuL),* still preferred theC,, structure. concerning Au. The TZVP basis of Au was augmented with

For aurophilic interaction systems, where dispersion interac- two f-type polarization functionso¢ = 0.2, 1.19)
tion plays an important role, it was thought that DF methods  The ligands L of the experimentally studied X(Aut)X =
are not applicable. However, there is now much evidence thatN, P, As, Sb) compounds are typically triphenylphosphine
a careful choice of the DF gives reasonable bond lengths andP(GsHs)s. For computational simplification, it was here replaced
bond energies of Au(l) cluster systedisTherefore, we have by PHs. This substitution has been found to have little influence
here investigated the equilibrium structures and electronic on the X-Au and Au-P bond lengthd® Models of X(AuP-
Phg)4™ (in Tq or C4,, X = N, P, As, Sb) used in our study are
* Corresponding author. E-mail: sgwang@sijtu.edu.cn. displayed in Figure 1.
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In order to reduce the calculational expenses, the inner core
shells were froze® namely, [18] for N, [1s?-2pf] for P, [1S-
3d' for As, [1s2-4d19) for Sh, and [13-4f14] for Au. The atomic
core orbitals were calculated by the Dirac method and then kept
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Figure 1. (a) Tq and (b)C,, structures of X(AuPR)s" (X = N, P, As, Sb).

TABLE 1: Main Geometric Parameters of X(AuL) 41, X = TABLE 2: Main Geometric Parameters of XAu,t (X = N,
N(Tg) and As(Cs,) (Bond LengthsR in pm, and Bond Angles P, As, Sb) at Xxx/TZ2P Level (Bond LengthsR in pm, and
6 in Degrees) Bond Angles@ in Degrees)
system method Ray-au  Rau-x  Rau—p  Bau—x-au system sym. Ray---au Rau—X Opu—X—Au
N(AuPHz)," HF 336.4 206.0 235.7 109.5 NAug" Ta 318.8 195.3 109.5
MP2 322.7 197.6 225.1 109.5 Cay 266.0 206.0 79.9
Xa 329.0 2019 224.0 109.5 PAu* Tq 357.0 218.8 109.5
VBP 3334 204.2 2247 109.5 Ca 273.1 2314 72.3
B3LYP 333.0 204.4  229.0 109.5 AsAugt Ta 382.0 234.4 109.5
HF? 336.5 206.0 235.2 109.5 Ca 273.0 246.8 67.2
MP22 3234 198.1 2271 109.5 SbAu"™ Tq 408.0 250.2 109.5
expP 328.6 201.6 Ca 271.0 261.0 62.7
As(AuPHy),t  HF 316.5 255.6 244.6 76.5
MP2 278.1 248.4  230.8 68.1 TABLE 3: Main Geometric Parameters of X(AuPH3)," (X
Xa 290.0 2544 2300 69.5 =N, P, As, Sb) at Xa/TZ2P Level (Bond LengthsR in pm,
VBP 2935 2553 229.9 69.6 and Bond Angles@ in Degrees)
B3LYP  301.0 253.3 236.0
HES 306.1 258.6 726 system sym. Rag-as Rau—X Ray—P  6Oa—X—-Au
MP2 296.1  260.9 69.1 N(AUPHg)s* Ty 329.0 2019 2240 109.5
expt 290.0 250.0 70.7 Cu 283.0 203.4 221.0 88.4
. ) expt  328.6 201.6
aHF and MP2 structural values with large basis set from ref 10. P(AUPH);* Ta 375.0 2296 2277 109.5
b Experimental data from refs 3 and 4 for N(AuRRhF- crystalst HF Ca 283.4 238.5 225.9 72.9
and MP2 structural values with small basis set from ref Bxperi- As(AUPH)s*  Tq 398.0 243.9 2250 109.5
mental data from ref 3 for As(AuPBltBF,~ crystals. Ca, 290.0 254.4 230.0 69.5
expP  290.0 250.0 70.7
3. Results and Discussions SbAUPH)" Ty 423.0  259.2  228.0 109.5
Ca 288.0 268.4 227.0 65.1

3.1. Structures. 3.1.1. Structures of N(AUPH™ (Tq) and a Experimental crystal data from refs 3 and®£xperimental crystal
As(AuPH)s™ (Ca,). The Ty structure for N(AuL)" 3 4and the data from ref 4.

Cy, structure for As(AuL)™ have been obtained experimentally.

The fully optimized structures of the molecular ions from HF, pm). So we think that ¥ is the most suitable method for
MP2, and DF methods are compared with experimental valuesinvestigating these closed-shell systems. On the other hand, MP2
of the respective counterion crystals in Table 1. Pyykkal. is insufficient for these systems, as concluded already by
had studie@’® N(AuL)4* (Tq) at the HF and MP2 levels. HF  O'Grady et aP® and Pyykkoet al3°
gives Au--Au distances still too long by about 8 pm when using 3.1.2. Structures of XAt and X(AuPH),* (X = N, P, As,
a qualified basis set. With augmented basis sets, MP2 under-sp).1t has been found that the classical tetrahedral structure in
estimated the distance by 6 pm. We verified these results. Thethese four-coordinate compounds is abandoned in favor of a
Xa local density functional applied here reproduced the-Au  square-pyramidal structure, once the radius of the central
*Au and Au-X bond lengths and AtuX—Au bond angles at  element is too large to allow for short tetrahedral metaktal
best, within a picometer. When nonlocal exchange and correla-phonding® According to the VSEPR modeTy should here be
tion correction were added, the AtAu distance increased by  more stable thai€,,. But actually,Cs, becomes more stable
4 pm (VBP). B3-LYP also significantly overestimated the bond thanT, for heavier X.
lengths by 5 pm. In order to explain the transformation froffy to Cy,, the

As mentioned, Pyykkcet al. had originally studied As-  optimized structures and relative energies for both symmetries
(AuPHg)4™ (C4,) with small basis sets at the HF and MP2 levels. of naked XAu"™ (X = N, P, As, Sh), and with phosphine
When the basis set is enlarged, HF gives even longer-Au ligands, X(AuL)", were determined by the ®method. The
distances, large by about 27 pm, and with the correlation structural parameters are given in Tables 2 and 3, and the
corrections by MP2, the AerAu distance is underestimated corresponding energies are given in Table 4.
by about 12 pm. The & local density functional again For the naked XAy clusters, the energy is throughout lower
reproduced the structural parameters quite well. And again, whenfor C4,, andCy, is strongly favored ovefy. For X =P, As, Sb
nonlocal exchange and correlation corrections are added, theandTy symmetry, the Aet-Au distances become expanded until
Au---Au distance increased by more than 5 pm (VBP). B3- the aurophilic interaction breaks down completely Tithere
LYP also significantly overestimated the AtAu distance (11 is no longer any aurophilic interaction. Ti&, — T4 energy
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TABLE 4: Relative Energies, AE = E(C4,) — E(Ty) (E in
kJ/mol) of XAu 4" and X(AuPH3)," (X = N, P, As, Sh)

Fang and Wang

TABLE 6: Bond Energy E (in kJ/mol) Decomposition of
N(AuPH3),t and As(AuPH3)," with C,4, and T4 Symmetries

NAus" PAW* AsAug" SbAu"™ Ca Ty Af
AE —29.09 —54.14 —143.65 —147.58 N(AUPHz)4"
Epauf 22151.14 21988.95 162.19
N(AUPHs);"  P(AUPH)s"  As(AUPH)."  Sb(AuPH)s* Eeie? —7620.03 —7399.84 —220.19
_ _ Este” 14531.12 14589.11 —57.99
AF 06.15 123 4365 c2 Tt Eort’ —22240.61 —22364.75 124.14
TABLE 5: Mulliken Populations and Charges of XAu," and Erof® —7709.50 —7775.65 66.15
X(AuPH3).t (X =N, P, As, Sh) As(AuPH;),*
Epau? 20714.69 20941.51 —226.82
system sym. Aubs Au6p Au5d Au5Qas Qx  Qpw = 799279 712236 10043
NAus* Ty 0.83 0.13 —0.47 0.02 0.49-0.96 Estef 13491.91 13819.15 —327.24
Csy 083 0.22 —0.44 0.03 0.36—-0.44 Eort —20972.65 —21256.27 283.62
PAu* Ts 099 0.10 —0.41 0.01 0.31-0.23 Ewof —7480.75 —7437.10 —43.65
Csy 094 0.23 —0.41 0.02 0.23 0.09 . - - . -
AsAugt Ts 092 0.09 —0.34 0.01 0.32-0.28 2 Epauic Pauli repulsion® Eqie electrostatic attractiort.Eser steric
C, 089 021 —0.38 0.02 0.26-0.04 interaction is the sum dEpauiandEeie ¢ Eoy: Orbital relaxation energy.
SbhAu* Ty 0.93 0.08 —0.29 0.00 0.29-0.14 ¢Eq: total bond energy. A: respective energy differences between
Cs, 089 0.21 —0.36 0.02 0.24 0.04 Cay and Ty structures.
N(AuPHy),* Ts 1.04 0.33 —0.63 0.03 0.23-1.20 0.32 . . _ e
C., 0.93 043 —0.62 0.04 0.22-1.08 0.30 TABLE 7: “Aurophilic Interaction Energies” AE = E(Cy,)
P(AUPH);* Ty 110 0.33 —0.52 0.02 0.08-054 031  — E(Td (in kJ/mol) of XAu 4" and X(AuPHg)," (X =N, P,
C. 103 045 —052 003 0.02-024 029  AS, Sb) and Au--Au Distance ChangesAR--au =
As(AUPH):* T¢  1.10 0.31 —0.50 0.02 0.07-052 0.31  Rau-au(Ca) — Ray--au(Ta) (in pm)
o 5 3 0% 3% 01 0503 03
u 4 d . . —0. . . —0. .
Ciy 101 041 —0.49 0.02 0.05-0.33 0.29 ARayopu - —52.8 —83.9 —109.0 —137.0
AE —29.09 —54.14 —143.65 —147.58
differences {-54.14,—143.65, and-147.58 kJ/mol) are esti- N(AUPHs)s+ P(AUPH)s" AsS(AUPHE)st Sbh(AuPH).*
S . . i
mates for t+he auroph_lllc interaction energies of RAWRSAU,T, ARay---Au —46.0 —91.6 —108.0 —135.0
and SbAuy", respectively. They are 14—36 kJ/mol per A AE 66.15 0.53 —43.65 —-52.71

-Au. It seems that the aurophilic interaction energy increases
when the Au atoms are bound to a less-electronegative atom

For the clusters with phosphines, tiigis lower in energy
for N(AuPHg) 4, while Cy, is definitely lower for As(AuPH) 4"
and Sb(AuPH)s". For As(AuPH)4™ and Sb(AuPH)4, the Au
--Au distances go beyond the range of aurophilic attraction for
Tq structures. The aurophilic attraction energies from @ag
— T4 energy differences are #13 kJ/mol per Aer-Au
interaction.

The interesting case is P(AuRH", where theCy, — Ty Xo-
energy difference is only 1.23 kJ/mol. Vibrational frequencies
of P(AuPH)4" have been determined for bothandC,,. Both
constitute stable structures without imaginary frequencies.

Pyykkoet al. had predicted P(AuR)4™ to preferC,,.5>°No

are reported in Table 5. The effective Mulliken charges on the

gold atoms of naked XAt vary betweent-1/4 and+1/2. There

are 1/4 to 1/2 holes in the Aubd shell, 0.8 to 1.0 electrons in
Au6s, and 0.1 to 0.2 ones in Au6p. Concerning the phosphine-
ligated X(AuPH)," systems, the Piisoft base transfers about
0.3 electronic charges onto the Xfuclusters. They increase
the Au 6s and 6p populations by about 0.1 to 0.2 e, and reduce
the 5d hole by 0.1e. Then the Au atoms carry negligibly small
(positive) effective charges. Small effective charges on Au seem
to enhance the Au(l)-Au(l) attractidi The Mulliken population
analysis shows very similar charges for both symmetries. Only
in the ligated clusters, there is a little more Au6p and a little
less Aubs forC,, symmetry.

experimental structures have been reported so far. In order to 3.3. Bond Energy Decomposition and Aurophilic Attrac-

confirm this result, we have performed post-HF structure
optimizations of P(AuPg)," with TURBOMOLE-5.6, using
the higher quality basis sets TZVP, with 2f added on Au
(exponents 1.19, 0.2). The energies are lowefTiopy 84 kJ/
mol and 101 kJ/mol, at the MP2 and CC2/(MP2 structure) levels,
respectively. Our MP2 results of P(AuBg" differ from
Pyykkds, who possibly applied an earlier program version. We
clearly predict P(AuPB)4" to have aTy ground state. The
phosphine ligands are essential for bott=XP and X= N
preferring Tq. Concerning As and Sb, th€,, symmetry is
favored both with and without phosphines.

The effect of the phosphine ligands on the-Xu bond
lengths is a slight elongation by 11 pm f&y symmetry. When
the structure iC4,, the ligands increase the Aé\u distance
by 8 pm and the SbAu distance by 17 pm. Th€,, Au—X—

Au angles are also increased, by 2. The phosphine effects
may be due to both electronic and steric effects.

3.2. Mulliken Populations and Charges of XAy and
X(AuPH3)4t. A Mulliken population analysis does not yield
reliable absolute values. Still, the relative trends are usually in

tion vs Au---Au Distance. In order to better understand the
aurophilic interactions, we have chosen N(AwpH and As-
(AuPHg)4t as two extreme examples for a more detailed
investigation. The bond energy break-down is presented in
Table 6.

The A—B bond formation process can be split into two steps.
At first, the promolecular state (A B) is introduced, in which
fragments A and B are superposed at moleculaBAoositions,
but the fragment orbitals are unchanged. TheBAinteraction
energy at this step is called steric enerBy: It consists of
the attractive electrostatic overlap interactidfy,, and the
kinetic energy increase of uncoupled electrons due to the
Pauli principle (Pauli repulsion)gpayi At the second step,
the promolecular state is relaxed to the final molecular
state. In this step, the occupied and virtual orbitals of A and
B are mixed: electronic population is transferred from the
occupied orbitals of one fragment to the virtual orbitals of
the same (polarization) and the other fragments (charge
transfer).

In both compounds, the electrostatic energies are more

agreement with those of other approaches. Mulliken chargesstabilizing for the more-compa&,, structures (by—220 kJ/
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Figure 2. Energy vs Au--Au distance changes froify to C,, structures of XAu" and X(AuPH),*.

Figure 3. Electronic difference densitxp (in e/A3%) of (a) NAu 4+, and (b) AsAus*, both inCs,, in the Aw, plane (N, As above the plane!). Solid
and dashed contour lines: increased and decreased electron density in the molecule.

a b
Figure 4. Electronic difference densitgsp (in e/A3) of (a) N(AuPHy)4*, Ty Structure, in an Au-Au plane, N and the other 2 Au above, and (b)
As(AuPH),t, Cy, structure, in the Agplane, As above. Solid and dashed contour lines: increased and decreased electron density in the molecule.

mol for the N derivative, by-100 for the As one). The largest As). As(AuPH)," adopts aC,, structure, and N(AuPls™
difference comes from the Pauli repulsion. It favdgsfor the adopts aly structure. P(AuPk)4t forms the delicate intermedi-
N derivative (by 162 kJ/mol), buE,, for the As one (by—227 ate case.

kd/mol). This trend is attenuated only somewhat by orbital  The energy differences between tlig and Cy4, structures
relaxation, which favorgy (by 124 kJ/mol for N, by 284 for are displayed versus the difference of-Alu separations in
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TABLE 8: Deviations (“Estimated Errors”) A of Calculated agreement with experimental crystal values (Table 8). Without

Molecular Aurophilic Distances Ray...au (in pm) from = the phosphine ligands, that is, Xfuand X= N, P, As, and

_I%xpenénintil %:}'/steillqgr?:phlc Estimates of N(AuPH),™ (in Sb, aCy, structure would always be preferred. The Ausd shell
o) and As(AuPHg),” (in Ca) is not completely closed and may contribute in addition to Au6s

method and Auép to the weak covalent metahetal bonding that is
HF?* HF® HF MPZ MP2 MP2 Xa VBP B3LYP also indicated by interference densities of up to 0.053e/A
AR, F31 38 +17 -10 426 -9 0 +8 +15 between the interacting Au atoms.
ARyl 731 38 17 415 426 49 0 48 +15 Acknowledgment. We acknowledge the financial support
aHF and MP2 structural values with big basis set from ref AF by the National Nature Science Foundation of China (No.
and MP2 structural values (ref 5) with small basis set. 20373041).
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3.4. Chemical Difference DensitiesThe electronic charge Engl. 198§ 100, 1602.

density distribution is a useful physical quantity that provides (3) Zeller, E.; Beruda, H.; Kolb, A.; Bissinger, P.; Riede, J.; Schmid-
valuable information about the nature of bonding and nonbond- baur, H.Nature 1991 352 141.
ing interactions. Relevant features come out in a better visible 277(‘;)435'0"0kh°t°"' Yu. L.; Struchkov, Yu. Tl. Organomet. Chen1984
way, when the atomi.c ground-state densities are §ubtracted from™ "(5) i, 3.; Pyykkq P. Inorg. Chem.1993 32, 2630.
the molecular densityAp = pmol — Zpaom. We display the (6) Pyykka P.; Runeberg, N.; Mendizabal, Enem—Eur. J.1997, 3,
difference densities (at & level) of NAw*, AsAus", and 1 5(17-) Pyyidka P.: Mendizabl, FChem—Eur. 31867 3, 1458

s e : . ) —Eur. J.1997 3, .
As(AUPH)s" in C4y, and of N(AUPH)4"™ in Tq structures in (8) Pyykkq P.; Mendizabal, Flnorg. Chem.1998 37, 3018.
Figures 3 and 4 as typical examples. (9) Andrae, D.; Haussermann, U.; Dolg, M.; Stoll, H.; PreussTHeor.

Figure 3 displays about+0.03 e/&8 maximum density Chim. Acta(Berlin) 1990 77, 123. _
increase between the Au atoms in XAYC,,). Similar values (10) Pyykkg P.; Tamm, T.Organometallics1998 17, 4842.
. . . (11) Wang, S. G.; Schwarz, W. H. B. Am. Chem. SoQ004 126,

occur for As(AuPH)4* (Cy,), see Figure 4b. We may take this 12g6.
as an indication of weak Au6sp valence orbital interference of  (12) Te Velde, G.; Bickelhaupt, F. M.; Baerends, E. J.; Guerra, C. F.;

covalent type. The chemical difference density of N(AIQHH Van Gisbergen, S. J. A.; Snijders, J. G.; ZieglerJTComput. Chen2001,

. ; o 22, 931.
(Ta) in Figure 4a also shows positive values between the Au (13) Ahlrichs, R.; Von Arnim, MMethods and Techniques in Compu-
atoms, up to about-0.05 e/A3 tational Chemistry METECC-95; Clementi, E., Corongiu, G., Eds.;

The present standard DF approaches cannot account forSTEF: Cﬁgliafi- Italyr'] 1995; Chapter 13, p 509.
electron correlation between non-overlapping fragments, that 83 22;3;,3'R‘j\itﬁ;h@i'lé%ilss%eisa
is, the long-range van der Waals attraction is missed. On the (16) Schwarz, KPhys. Re. B 1972 5, 2466.
other hand, common DFs reasonably account for the correlation (17) Vosko, S. H.; Wilk, L.; Nusair, MCan. J. Phys198Q 58, 1200.

of overlapping fragments and reproduce standard covalent gg; Eg%‘ee\;vAj Dé'hC:eRmé PBh3l’318%8§ 4887' 420%47-
interactions. It seems that an overlap interference density (o) Stepher’]sy'p_'ﬁ/[jev|i'n, F. J.: Chabalowski, C. F.: Frisch, ML J.

increase of 1/20 to 1/40 e?fat overlapping densities of 0.2 to  Phys. Chem1994 98, 11623.

0.5 e/R is already sufficient to obtain reasonable electron g%g ?r):c\l;gl'dél (D;-?-B%2$$dzhéﬂﬁggosgfb36‘;8}1-)/51992 99, 84
correlation energies. Then it would not simply be by accident (23) Lensch, é.; j’ones, P d.; éhéldrick, G.M.Naturforséh.lész

than DFs yield reasonable aurophilic interaction energies. 37h, 944.
(24) Van Lenthe, E.; Ehlers, A. E.; Baerends, E1.Xhem. Physl999

4. Conclusions 110, 8943. )
(25) Van Lenthe, E.; Baerends, E. J.; Snijders, JJGChem. Phys.

In the present work, complexes of some central atom and 1994 101, 9783.

Auligands, X(AUPH):" (X = N, P, As, Sb), have been studied 4 (29 /aq fenthe, £; Snijders, J. G.; Baerends, £.XChem. Phys.

by means of some ab-initio (HF and post-HF) and DF methods.  (27) van Lenthe, Elnt. J. Quantum Cheni996 57, 281.

Our calculations reproduce the experimentalstructure of (28) Heverlen, O. D.; Rech, N.J. Phys. Chem1993 97, 4970.
N(AuPH3)4+ and Cy, structure of AS(AUPIg)f. Tq for P(Au- 68(()29) O’Grady, E.; Kaltsoyannis, N°hys. Chem. Chem. Phy2004 6,
PH)4* andCy, for Sb(AuPH)4* are predicted. The presentiX (30) Riedel, S.; PyykkoP.; Mata, R. A.; Wemner, H.-Chem. Phys.

geometric parameters for the molecules are in reasonableLett. 2005 405 148.



