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Pseudopotential ab initio calculations on dimers and tetra-
mers of formula {[((Hs;P),Au]*[AuClL]—}, (n = 1, 2) which
are the products of a ligand distribution of systems
(H3;PAuCl),,, show that the different experimentally ob-
served structures are actually energetically quite compara-
ble.

Many neutral gold(r) complexes of thetype LAuX (L = neutral
donor, X = anionic ligand) undergo facile ligand scrambling:
NMR data on solution equilibria,22 and solid-state structural
data (eg. L = CsHsN, X = halide;3 L = C4HgSe, X = I;4
L = PMeyPh, X = GeClz5 L = Ph,C=NH, X = CI, Brs),
suggest that the energy differences associated with the ligand
exchange according to egn. (1) are very small, but there are no
calculations to support this assumption.

2 LAUX = (LoAu)* + (AuXy)— (@)

It appears that solvation of the species in solution and
aggregation of the components in the crystal play an important
role in determining the equilibria.

When examining the details of the supramolecular chemistry
of representative examples in the solid state, very unexpected
modes of aggregation have been discovereds including non-
standard ion sequences following the pattern [—++—] or
[+——+], instead of [+—+—], for tetramers of the formula
[LAUX], ={[LoAU*TAUXZ] "} 2.

In order to analyse the effects governing the aggregation
modes, both Hartree-Fock (HF) and second-order Mgller—
Plesset (MP2) calculations (Table 1) were performed for di- and
tetra-nuclear species of this type, and the previous (HzP)AuCl
model, using GAUSSIAN 94 and either 11 or 19 vaence-
electron (11- or 19-VE) pseudopotentials.” We have pointed out
earlier the importance of correlation and relativistic effectss-10
for the underlying Au'---Aul interactions.1! The use of a PH3
group to model the structures with higher PR3 groupswas found
to be acceptable,12 although this approach at the semiempirical
level has been criticised.13 At ab initio MP2 level, PMe; gives
the same interaction depth, but larger R.,14 as PH3.

The dihedral angles (P-Au-Au-Cl, CI-Au-Au-Cl or P-Au-
Au-P) were fixed a 90° in the dimers (1),, 2 and linear
tetramers 3, 4, 6 (Fig. 1 and Table 2). The Au, geometry in
cyclic tetramers 5 [(5a),], was assumed to be rectangular with a
parallel arrangement of all PAuP and CIAUCI axes. The Au---Au

Table 1 Optimized monomer properties at the 19-VE MP2 level. Distances
in pm, energiesin Ep, (E, = 4.35975 x 10—18 )

System Au-P/pm Au-Cl/pm P-H/pm Au-P-H/° —E
(HsP)AuCl1 2243 226.3 141.3 117.42 158.47013
56.695612
Au(Phg),*2a  233.0 — 1411 115.39 151.58419
49.817422
AuCl,~ 2b — 228.8 — — 165.21778
63.453852

a 11-VE energies with the optimized 19-VE geometry.

distance, Rinra, established for the dimers was kept constant in
thetetramers. The 19-V E geometries of the monomers 1, 2a and
2b (Table 1) were adopted for the 11-VE calculations.

Fig. 1 The different linear-chain and cyclic tetramers on which the
calculations were performed
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Table2 Calculated ‘intramolecular’ Au---Au distances, Rinira, Of theion pair
[Au(PH3)>*AuCl,—] 2, ‘intermolecular’ distances, Rinter, Of the tetranuclear
species, and the corresponding energy changes relative to molecular

[(HsP)AuCl], dimers. A counterpoise correction is included
(En = 627.5095 kcal mol—1)a
AE/
System Rntra Rinter kca mol—1  Pseudopotential
3R217 — 0 11 VE
[+-1.2 2895 — +9.5 19 VE
2942 — —-09 11 VE
[—++-],3 2942 3131 —66 11 VE
[+——+],4 2942 3067 —54 11 VE
[+-], 5a 3241 — —34 11 VE
[+ — ] 5 3241 3668 —323 11 VE
—+
[+—+-],6 2942 3137 —114 11 VE
alca = 4.184J

The energiesand gold--gold distances obtained for the di- and
tetrameric systems are summarized in Table 2. The former
were calculated starting from the monomeric units (1, 2a, 2b),
complemented by their interaction energies as obtained by
subtracting the value for monomers (dimers) from those of the
dimer (tetramer), including a counterpoise correction.

In al three linear tetramers a short Riyer Au-+-Au contact is
observed. The shortest distance isfound for the [+——+] system
followed by [—++—] and finally [+—+—]. A similar result is
observed experimentaly for the compound [(MePhP),Au*-
Au(GeCl3),~] {sequence [+——+]} which indeed shows the
shortest Au---Au contact between the two anions. This result is
clearly at variance with Coulomb’ slaw. However, focussing on
the natural bond orbital (NBO) populations of the Au atoms, it
is easier to understand the insensitivity of the total energy to the
ionic arrangement. All gold atoms of AuCl,— have charges
between 0.53320 and 0.57567 (0.60541 in the monomeric
AuCl,—, 2b, and 0.56730 in the dimer [+—], 2), and those in
cations between 0.47359 and 0.49471 {0.44263 in the
monomeric Au(PHz)*, 1a, and 0.47359 in the dimer [+—], 2}.
The Mulliken Au populations vary more and are in the ranges
0.26500-0.39708 and —0.02241-0.13594 for anions and cati-
ons, respectively.

It should be mentioned that the R, Values of the dimers
were kept constant in every tetramer, and therefore the
geometries obtained may not be the absolute minima on the
energy surfaces. We have aso not attempted a full-crystal
simulation, and it should finally be noted that a short Au---Au
contact does not necessarily correlate with the lowest energy.
The main point is that all curves in Fig. 2 are evidence for
attractive interactions and that the distancesin Tables 2 and 3
are comparable.

The cyclic tetramer shows a larger R distance probably
due to the steric repulsion between the hydrogen and the
chlorine atoms, which come very close together in the parallel
arrangement of the individual units. Nevertheless this oligomer
hasthe lowest energy as compared to the linear-chain tetramers.
The optimum arrangement for two dipoles [+—] and the
occurrence of one additional Au--Au interaction between
dimers may be the reasons for this preference.

In conclusion, we have found that the molecular and ionic
dimers of the type [(HsP)AuCl], and [(H3P),Au*tAuCl,—] are
closely comparable in energy. This is made plausible by the
close similarity of the gold atom NBO charges in the anion,
cation and neutral monomer.
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Fig. 2 Calculated bond energies for the intermolecular gold---gold contacts
in the linear-chain tetramers using the 11 VE pseudopotentia at MP2
level

Table 3 Rnyya ad R distances of some experimentaly known
compounds

Compound R| ntra/ pm Rinter/ pm
(py)AuCl, type 3 and 530 324.9(3) 341.6(4)
(py)AuBr, type 6, infinite chain3a 330.2(2) 356.3(2)
(py)AUuBr, type 332 324.6(1) 349.6(2)
(py)Aul, type 330 299.0(1) 329.1(1)
[(MexPhP),Aul*[Au(GeCls),] —, type 45 2979 av. 288.1(1)
[(Ph2CNH)Aul*[AuCl,] —, type 5, Z-shaped® 319.44(5) 360.4(1)

The calculations were carried out on DEC Alpha stations at
Helsinki. We thank DAAD for travel scholarships and Dr
Fernando Mendizabal for discussions. P. Pyykkd is Research
Professor of The Academy of Finland.
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