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a b s t r a c t

The inter- and intramolecular aurophilic [ClAuPH3]2, [S(AuPH3)2] and [AuPH3]4
2+ interactions were studied

using ab initio post-Hartree–Fock and DFT methodologies. The post-Hartree–Fock methods provide
results closer to the experimental data than DFT-based methods. It is possible to highlight the results
obtained by the SCS-MP2 and CCSD(T) methods. In the classic [ClAuPH3]2 dimer, the aurophilic interac-
tion is driven by the induction and dispersion terms. When DFT is used, the best results of geometry and
interaction energy are obtained with the PW91 level. We find -D3 Grimme correction, M06HF, M06L,
M06 M062X, M052X, CAM-B3LYP and LC-xPBE provided results of similar accuracy as MP2.

� 2015 Elsevier B.V. All rights reserved.
1. Introduction

It is well established that the attractive interactions between
cations with d8, d10 and s2 configurations at both the intra- and
intermolecular levels lead to the formation of dimers, oligomers,
chains, sheets, clusters and nanoparticles [1–8]. This phenomenon
is known as metallophilic attraction, and in the particular case of
gold, as ‘aurophilic attraction’ [9–15]. These closed-shell interac-
tions are estimated to be energetically similar to hydrogen bonds
(20–50 kJ mol�1) in the case of gold(I) and to be weaker for other
metals, such as silver(I), copper(I), thallium(I), mercury(II) and
platinum(II) [16–19]. In the case of gold, the aurophilic Au–Au
interaction has been determined experimentally via solid state
X-ray diffraction [1–8] and NMR measurements [20,21]. From a
theoretical point of view, the aurophilic attraction has been under-
stood as the contribution of two terms to the equilibrium distance:
dispersion and ionic [13]. The relativistic effects contribute 27% to
the intermolecular interaction energy [12]. It should be noted that
ÓGrady and Kaltsoyannis reproduced the results at the MP2 level
but noticed that the higher levels such as CCSD(T) and CCSD, when
going from silver to gold, the mettaphilic attraction energy suf-
fered a decrease [13]. Moreover, they showed that argentophilic
is stronger the aurophilic.

Other reasons for interest in these interactions are due to differ-
ent characteristics of gold such as the electronic structure of gold
nanoparticles, gold nanoparticle–ligand interactions, the coordina-
tion chemistry of gold, gold clusters, and gold-catalyzed organic
transformations [22–30]. Moreover, a significant number of studies
have discussed the aurophilic interactions coexisting with
H-bonding, M–p or p–p attractions, all of which can participate
in generating extended, supramolecular structures and nanochem-
istry [31–35]. The experimental results in many works are
explained with theoretical models described at the density
functional theory (DFT) level due to the size of the system.

At the theoretical level, the mechanism behind the aurophilic
interaction (in general metallophilic) is the dispersion-type (van
der Waals) contribution, with additional allowance for virtual
charge-transfer terms [13,36–38]. The dispersion interaction is
recovered in the electronic correlation. However, it has been stated
that all dispersion is correlation but all correlation is not dispersion
[15]. Furthermore, not all the localized orbitals involved are purely
metal orbitals. A rough first idea of the nature of these interactions
can be obtained by comparing calculations carried out at the
Hartree–Fock (HF) and post-Hartree–Fock levels of theory, such
as second-order Moller–Plesset (MP2) for simplified model sys-
tems [39,40]. Although it is known that the MP2 approximation
exaggerates such attractive interactions, it gives a good indication
of their existence. A more precise post-Hertee–Fock level is
CCSD(T), although recently calculations with the spin-compo-
nent-scaled (SCS) MP2 method have produced results comparable
to CCSD(T) at a lower computational cost [41–43]. Thus, SCS-MP2
is considered as a accurate and efficient tool for incorporating
electronic correlation to the study of large systems.
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Table 1
Main geometric parameters of the [AuCl(PH3)] monomer model studied. Distances in
pm and angles in degrees.

Method Basis on Au AuP AuCl PH HPAu (�)

MP2/2f 2f 232.9 244.1 141.7 119.0
MP2/3f2g 3f2g 221.2 223.1 141.4 117.5
CCSD(T) 2f 238.9 243.5 142.3 119.7
CCSD(T) 3f2g 225.3 226.0 142.0 117.8

PBE 2f 226.3 228.9 144.1 118.7
PBE 3f2g 225.1 226.6 144.1 118.9
TPSS 2f 226.9 229.3 142.8 118.5
TPSS 3f2g 225.7 227.2 142.8 118.6
B97D 2f 227.6 230.3 143.6 118.6
B97D 3f2g 226.2 228.1 143.7 118.8
PBE-D3 2f 226.2 228.9 144.1 118.6
PBE-D3 3f2g 224.9 226.6 144.1 118.8
TPSS-D3 2f 226.7 229.3 142.8 118.3
TPSS-D3 3f2g 225.5 227.2 142.8 118.5
B97D-D3 2f 226.8 230.6 143.6 118.3
B97D-D3 3f2g 225.5 228.3 143.6 118.5

M06L 2f 228.9 230.3 142.4 118.6
M06L 3f2g 227.9 229.3 142.4 118.7
M06 2f 231.6 229.8 142.7 118.3
M06 3f2g 230.5 228.9 142.7 118.3
M06HF 2f 216.1 230.3 140.7 116.1
M06HF 3f2g 215.1 229.3 140.8 116.3
M062X 2f 224.8 232.2 141.7 117.5
M062X 3f2g 223.0 231.1 141.8 117.7
M05 2f 232.5 231.6 143.3 118.3
M05 3f2g 231.6 230.5 143.3 118.3
M052X 2f 224.4 230.5 142.0 117.4
M052X 3f2g 223.0 229.6 142.1 117.5
PW91 2f 226.3 229.2 143.9 118.4
PW91 3f2g 225.3 228.1 143.9 118.5
CAM-B3LYP 2f 227.7 229.2 142.3 117.8
CAM-B3LYP 3f2g 226.6 228.3 142.3 117.9
LC-xPBE 2f 224.2 226.1 142.3 117.8
LC-xPBE 3f2g 223.8 225.8 142.1 117.7

[AuCl(PPh3)] Exp. [64] 224.2 228.9
[AuCl(PMe3)] Exp. [65] 223.3 231.0
[AuCl(PEt3)] Exp. [66] 223.9 228.4
[AuCl(PMe2Ph)] Exp. [67] 223.6 231.6

AuP Cl
S

Au Au

P P

AuP Cl
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On the other hand, until recently calculations based on DFT for
the description of metallophilic attractions were not adequate
because the interaction energy near the van der Waals minimum
was unreliable. The main reason for that was related to the fact
that the specific form of the correlation energy (virtual double-
dipole excitations, leading to an R�6 power law) was not properly
described [11,44–46]. This misbehavior of DFT-based methods,
which are not able to reliably describe the predominantly
dispersion-type interaction, can be found from the traditional
hybrids such as B3LYP and most complete as TPSS or PBE [11]. It
is also possible to find methods with similar behavior such as
M05-2X and M06-2X of the Truhlar group [47,48]. This situation
has been changing in recent years due to several attempts to incor-
porate a dispersion term by different means. Grimme’s group has
been one of the first to succeed, including a correction of the DFT
total energy with C6R�6 and higher-order atom-atom type correc-
tions [49,50]. Andrejic and Mata have studied the [ClAuPH3]2 dimer
using PBE with dispersion at the D3 level [51]. They have obtained
results similar to the MP2 level. Other theoretical results at the DFT
level were obtained using the SAPT (symmetry-adapted perturba-
tion theory) method on the Au2, (AuH)2 and (HAuPH3)2 systems
[37]. Finally, the LC-xPBE-XDM method has been implemented
to study interactions in simple aurophilic dimers [XAuPH3]2

(X = H, Cl, Br, I) with the purpose of including dispersion interac-
tions [52].

There is a significant amount of experimental and theoretical
studies containing interactions with centres of gold complexes
and clusters reported in the literature [53]. Of these, there are
two systems that represent intramolecular gold-gold interactions
and the covalent bond with aurophilic attraction: A-frame
[S(AuPH3)2] and [AuPH3]4

2+, respectively. The first complex has
been studied with different post-Hartree–Fock methods (MP2,
MP3, MP4, CCSD, and CCSD(T)) and DFT geometry of the system
[54–56]. The importance of electronic correlation of the Au–Au dis-
tance on level dispersion and ionic terms has been shown. The sec-
ond system, [AuPH3]4

2+, is the smallest possible polyhedral gold
cluster [57–59]. This cluster adopts full tetrahedral symmetry. This
cluster is the precursor of nanometer-size larger systems. It has
been demonstrated that the covalent Au–Au bond in the [AuPH3]4

2+

cluster is accentuated by aurophilic interaction [57–59].
The purpose of this study is to quantify the effect of dispersion

at the DFT level and compare it with post-Hartree–Fock methods
(MP2, SCS-MP2 and CCSD(T)). To demonstrate such an objective
we used the classic three simplest models to study the effect of
the inter- and intramolecular aurophilic attraction: [ClAuPH3]2,
[S(AuPH3)2] and [AuPH3]4

2+. This will clarify which of the DFT meth-
ods are best suited to study gold nanoparticles and clusters.
Au

Au

P

P P          P

Fig. 1. Intermolecular interaction models of [AuCl(PH3)]2, [S(AuPH3)2] and
[AuPH3]4

2+.
2. Computational details

First we fully optimized the geometry of the [ClAuPH3] mono-
mer at the different theory levels (see Table 1). Then, we used this
geometry to study the Au–Au intermolecular interactions in the
[ClAuPH3]2 dimer (see Fig. 1) with C2 symmetry (with a 90� dihe-
dral angle) [12]. The [S(AuPH3)2] (C2v) and [AuPH3]4

2+ (C3v) models
describe the intramolecular Au–Au interaction and the gold bonds
in a small cluster, respectively.

The calculations were done using Turbomole version 6.5 [60]
and Gaussian 09 [61]. For Au atoms we used the scalar relativistic
Stuttgart pseudopotentials (PP): 19 valence-electron (VE) for Au
[62]. The calculations have been performed using two different
basis sets. For the smaller set (VDZP), two f-type (2f) polarization
functions were added to Au (af = 0.20, 1.19) [12], while the second
basis set for Au, used as a model for a larger basis sets (AVTZ), was
augmented with (3f2g) functions (af = 1.41, 0.40, 0.15; ag = 1.20,
0.40) [36]. The reason for using two basis sets is to compare the
effect of the size of the base on the dispersion. It has already been
shown that is necessary to use functions with diffusion and
polarization to describe correctly the aurophilic interaction



Table 3
Finite field calculations of electric properties of
[ClAuPH3] monomer at the MP2 level. All
values in a.u.

Properties [ClAuPH3]a

l 3.16377
a 70.52364
a|| 103.53210
a\ 53.9825
h 2.7327
IP1 0.3751

a Gold atom with ‘‘2f’’ base set.
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[12–15]. The augmented correlation-consistent valence-triple-zeta
(aug-cc-pVTZ) basis sets were used for S, P, Cl and H.

The Au–Au intermolecular interaction energy was obtained
using each of the following post-Hartree–Fock methods: MP2,
SCS-MP2 and CCSD(T), and the DFT functionals PBE, TPSS, B97;
where Grimme dispersion correction was used for those function-
als for which it is available, and its use is indicated by appending
‘‘DFT-D3’’ to the acronym of the density functional [49,50,63].
Moreover, M06L, M06, M06HF, M062X, M05, M052X, PW91,
CAM-B3LYP and LC-xPBE were used [47,48]. We have used the
functional described above because they are the most common
used in the study of the aurophilic interactions. The counterpoise
correction for the basis-set superposition error (BSSE) was used
for the calculated interaction energies.
Table 4
Intramolecular Au–Au distance (pm) by the [S(AuPH3)2] model. Basis set on gold is 2f.

System Method Au–Au S–Au Au–P AuSAu (�)

[S(AuPH3)2] MP2 290.2 228.6 227.5 78.8
SCS-MP2 296.6 229.8 226.4 80.3
CCSD(T) 299.5 232.0 232.1 80.4

PBE 321.6 230.3 226.3 88.8
TPSS 310.4 230.9 226.9 88.5
B97D 330.4 231.7 227.5 90.9
PBE-D3 326.6 230.4 226.1 90.3
TPSS-D3 326.4 230.9 226.5 89.9
B97D-D3 336.0 232.1 226.5 92.7

M06L 306.8 231.8 233.0 82.8
M06 316.7 231.9 235.9 86.1
M06HF 332.5 229.2 218.5 93.0
M062X 333.7 231.8 228.6 92.1
3. Results and discussion

Table 1–5 summarizes the main geometric parameters and
interaction energies obtained for the model systems at the differ-
ent levels of theory of the calculations. In this section we will dis-
cuss the geometries and interaction energies for each system under
study.

[ClAuPH3]2. The geometry of the monomer was fully optimized
at several levels. A C3v point symmetry was used. The optimized
geometries are given in Table 1. For the post-Hartree–Fock (MP2
and CCSD(T)) calculations it was possible to see changes of the geo-
metric parameters depending on which of the two bases was used
for gold; in particular, the Au–P and Au–Cl were shortened. These
Table 2
Intermolecular distance Au–Au (pm) and interaction energy, V(Re), in kJ/mol for the
[AuClPH3]2 model with counterpoise (CP) correction. Two basis sets on gold (2f and
3f2g).

System Method 2f 3f2g

Au–Au V(Re) Au–Au V(Re)

[AuClPH3]2 MP2 320.5 �24.9 304.4 �33.6
SCS-MP2 334.9 �16.9 323.1 �20.8
CCSD(T) 335.9 �15.4 327.9 �19.9

PBE 345.8 �7.88 347.4 �7.51
TPSS 348.5 �3.92 348.3 �4.09
B97D 428.8 �1.25 436.4 �1.12
PBE-D3 334.6 �27.9 334.2 �27.9
TPSS-D3 329.9 �32.9 329.9 �34.2
B97D-D3 331.8 �34.8 332.0 �35.1

M06L 318.5 �24.6 319.9 �23.4
M06 312.8 �27.9 314.9 �27.0
M06HF 317.8 �23.8 320.2 �22.8
M062X 326.5 �25.1 328.3 �24.1
M05 346.0 �11.0 348.1 �10.8
M052X 315.9 �26.1 317.5 �24.4
PW91 322.6 �14.9 325.2 �14.1
CAM-B3LYP 339.5 �7.30 343.6 �6.68
LC-xPBE 316.5 �22.4 316.8 �21.9

MP2 [12] 320.8 �24.7
MP2 [14] 317.0 �25.5
MP2 [13] 326.0 �20.9
LMP2 [13] 333.0 �16.5
CCSD(T) [14] 336.0 �15.4
MP2 [36] 300.0 �37.0
LMP2 [36] 303.0 �34.8

BP86 [44] 319.0 �7.87
BP86 [14] 326.0 �5.50
LC-xPPE [52] 316.8 �23.4

[AuCl(PPh3)]2 Exp. [64] 344.0
[AuCl(PMe3)]2 Exp. [65] 333.8
[AuCl(PEt3)]2 Exp. [66] 361.5

[AuCl(PMe2Ph)]2 Exp. [67] 323.0

M05 320.4 232.6 236.2 87.0
M052X 330.1 230.4 227.7 91.5
PW91 317.5 230.8 229.9 86.9
CAM-B3LYP 330.5 230.2 230.7 91.8
LC-xPBE 318.7 228.4 228.2 88.5

MP2 [55] 291.4 228.2 227.3 79.4
CCSD(T) [55] 303.0 231.3 232.1 81.8
MP2 [45] 291.1 228.2 227.3 79.3
MP4 [45] 292.1 230.6 230.3 78.6
CCSD(T) [45] 303.0 231.3 232.1 81.6
Xalpha [45] 299.0 226.2 222.0 82.9
VWN [45] 298.0 225.5 221.0 82.7
PB [45] 305.0 229.3 225.0 83.5
PW91 [45] 306.0 228.0 226.0 84.2
MP2 [56] 291.4 79.4
CCSD(T) [56] 301.8 82.8
PBE [56] 321.0 89.4
B3LYP [56] 337.0 95.2

[S(AuPPh3)2] Exp. [71] 301.8 215.9 213.5 88.7
values approach the experimental values [64–67] for the ‘‘3f2g’’
base. However, geometric parameters at the DFT level did not vary
when we changed the basis set on gold.

The [ClAuPH3]2 dimer system has been widely studied by vari-
ous groups during the past 25 years [12–14,39,40,44,51,52,68]. In
order to compare and systemize the aurophilic intermolecular
interaction, we have included the reported results in Table 2,
where we summarize the interaction energies and Au–Au dis-
tances. For comparison we also included data from experimental
structures. At the MP2, SCS-MP2 and CCSD(T) levels, results
reported in this study are at the same level reported in the litera-
ture for both the interaction energy and the geometry. When we
move from a 2f to a 3f2g basis for gold, the Au–Au interaction
energy increases, while the Au–Au distance decreases. This is a
clear effect of the aurophilic interaction. We are in the basis set
limit. This coincides with the results obtained by Pyykkö and Zal-
eski-Ejgierd [69]. The only novelty in these results is the
SCS-MP2 method, which generates results of similar accuracy to



Table 5
Intramolecular Au–Au distance (pm) by the [AuPH3]4

2+ model. Basis set on gold is 2f.

System Method Au–
Au

P–Au P–H Au–Au–Au
(�)

[AuPH3]4
2+ MP2 268.9 229.8 138.1 60

SCS-MP2 272.1 231.9 138.2 60
CCSD(T) 272.8 232.1 141.7 60

PBE 277.8 232.4 140.5 60
TPSS 275.6 233.6 139.1 60
B97D 281.6 233.6 139.7 60
PBE-D3 278.1 231.9 140.5 60
TPSS-D3 276.0 232.7 139.1 60
B97D-D3 285.1 231.9 139.6 60

M06L 278.9 239.3 141.8 60
M06 283.4 240.8 142.4 60
M06HF 275.4 225.8 140.6 60
M062X 284.4 236.5 141.5 60
M05 287.9 241.4 143.0 60
M052X 280.9 234.1 141.8 60
PW91 277.1 235.6 143.4 60
CAM-B3LYP 278.4 237.1 142.0 60
LC-xPBE 275.3 235.0 142.1 60

MP2 [57] 271.8 246.0 143.0
TPSS [59] 276.3 234.2
LC-xPBE [59] 275.7 232.3
CAM-B3LYP
[59]

278.7 234.7

[AuP(tBu)3]4
2+(BF4

- )2 Exp. [72] 271.4 230.5 59.7–60.4
[AuP(Mes)3]4

2+(BF4
- )2 Exp. [73] 273.4 235.5 59.7–60.4

tBu = tert-butyl.
Mes = mesityl.
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Fig. 2. Long-range limit in the [AuCl(PH3)]2 dimer at the post-Hartree–Fock and
DFT levels.
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CCSD(T), but at a lower computational expense. For small systems
like AuH–Au2, they have already been described by Pyykkö et al.
[43].

When we analyze the results obtained by using DFT, regardless
of the specific methods used, we notice that when going from a 2f
to a 3f2g basis there is virtually no change in the interaction energy
and the Au–Au distance of the dimer. This clearly shows that for
different DFT methods the aurophilic interaction is not sensitive
to changes of basis set used for gold. For the PBE, TPSS and B97D
functionals, only after the dispersion corrections (D3 corrections)
were included, the interaction energy and Au–Au distances were
comparable to those obtained at the MP2 level. These results with
D3 corrections are similar to those obtained in the same dimer by
Mata and Andrejic at the PBE and B3LYP levels [51].

For the second group of DFT functionals, the results obtained
between M06L and LC-xPBE showed strong oscillations, while
for the M06L, M06, M06HF, M062X and M052X functionals the
Au–Au interaction energies were in the same range as the MP2
result with the 2f basis, though the Au–Au equilibrium distances
are shorter compared to MP2. On the other hand, the CAM-B3LYP
and LC-xPBE functionals give a poor description of the interaction
energies. It should be noted that a study by Otero-de-la-Roza gives
a better result for the same dimer [52]. We are able to reproduce
their results with the LC-xPBE functional. The best result is
obtained with the PW91 functional, with which the interaction
energy and the Au–Au equilibrium distance were at the same level
as the results with SCS-MP2 and CCSD(T) methods. These results
are supported by studies where the PW91 functional has been used
to describe weak interactions in other systems with good results
[70].

We are also interested in studying the effect of long-range
behavior in the Au–Au interaction in order to compare the different
methods. As reported by Pyykkö and Mendizabal [68], we have
used the analytical expressions presented in Ref. [68]. We have
included post-Hartree-Fock methods and DFT (PBE, TPSS, and
B97D functionals) with and without dispersion correction (�D3).
The long-range behavior can be compared with the induction
(ind) and the dispersion (disp) terms, which can be used to
understand the predominant bonding mechanism. We have used
Eqs. (1) and (2) to describe the terms involved in the limit of long
distances for the dimer.

V ind ¼ �
al2

R6 þ
1
3
ðaja?Þ

R6 l2
� �

ð1Þ

Vdisp ¼ �
3
4

IP1

R6 a2 � 1
3
aðajj � a?Þ

� �
ð2Þ

Table 3 lists the electronic properties of the [ClAuPH3] mono-
mer with the ‘‘2f’’ basis set. Figs. 2 and 3 show the curves for induc-
tion and dispersion terms from Eqs. (1) and (2) and the different
methods used in the description of Au–Au interaction. In Fig. 2
we have used the results based on the ‘‘2f’’ basis set of the same
methods. At short distances ranging between 300 and 400 pm it
is possible to appreciate the differences in the methods discussed
above. These differences are dominated by the repulsive and elec-
tronic correlation terms interaction. At long distances, the results
can be divided between the post-Hartree–Fock and the DFT meth-
ods. The long-range behavior can be compared to the sum of the
two R�6 induction and dispersion attractive terms estimated with
Eqs. (1) and (2), respectively. This behavior is very similar to that
obtained at the MP2 level in Ref. [68]. It is possible to estimate
the contribution of these two forces at the Au–Au equilibrium dis-
tance of 320.5 pm at the MP2 level. The contribution of the induc-
tion term is 40% and that of the dispersion term is 60%. Both terms
have a similar weight at short range. The DFT methods underesti-
mate the interaction, but they keep the trend of R�6. Fig. 3 shows
the short- and long-range behavior, in which only the post-
Hartree–Fock consider both basis sets on the gold. At long distance,
all methods exhibit equal trend and magnitude.

[S(AuPH3)2]. The optimized structures for the A-frame molecule
[S(AuPH3)2] are shown in Table 4. We have used this molecule as a
model to describe the intramolecular aurophillic interaction. The
post-Hartree–Fock results based on the Au–Au distance and Au–
S–Au angle are in close agreement with the experimental values
used as Ref. [71] and to other theoretical results that have been
published [54–56]. As seen in Table 4, MP2 overestimates the
Au–Au and Au–S–Au stabilization reflected by the shorter distance
and angle, while SCS-MP2 and CCSD(T) were very close to the
crystal structure.

On the other hand, DFT results show an Au–Au distance and
Au–S–Au angle greater than those obtained with the post-
Hartree–Fock methods as described above. From the results based
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Fig. 3. Long-range limit in the [AuCl(PH3)]2 dimer at the post-Hartree–Fock levels
with the basis on gold.
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on DFT, we can highlight those obtained with M06L, M06, PW91
and LC-xPBE, which provided an Au–Au distance closest to the
experimental value (301.8 pm). The rest of the methods underesti-
mated the reference distance (Au–Au). We also noticed that the
DFT Grimme correction method (D3) was unable to decrease the
Au–Au distance.

[AuPH3]4
2+. The geometry obtained at the MP2 level showed a

Au–Au distance of 268.9 pm, very close to the 271.8 pm reported
by Pyykkö and Runemberg [57]. As seen in Table 5, the difference
occurs because we have fully optimized the geometry, while
Pyykkö only optimized the distance between the Au atoms. How-
ever, the effect on the Au-Au bond is the same. The results at the
SCS-MP2 and CCSD(T) levels are very similar and show a slightly
longer Au–Au distance close to that of the experimental values
[72,73].

All DFT calculations show a longer Au–Au distance compared to
the post-Hartree–Fock. When Grimme correction was included no
significant effect was noticed. The reported values are comparable
to those obtained by Aikens et al. [59] with different DFT methods.
Regardless of the method used, the rest of the geometric parame-
ters such as P-Au, Au-PH and Au-Au-Au angle remained without
significant changes.
4. Conclusions

We have focused the study of inter- and intramolecular auro-
philic interaction by the classical models: [ClAuPH3]2, [S(AuPH3)2]
and [AuPH3]4

2+. As has been shown by various groups and by our-
selves, the post-Hartree–Fock methods provide results in better
agreement with the experimental values compared to DFT-based
methods. Among the former it is possible to highlight the results
obtained by the SCS-MP2 and CCSD(T) methods. At Au–Au equilib-
rium and long distances in the [ClAuPH3]2 dimer, the aurophilic
interaction is driven by the induction and dispersion terms.

With respect to DFT-based methods, they depend on whether
inter- or intramolecular interactions as well as gold cluster bonds
are being studied. Thus, for the [ClAuPH3]2 system the best geom-
etry and interaction energy results are obtained by using the PW91
functional. For �D3 Grimme’s correction, M06HF, M06L, M06
M062X and M052X are in the same range of results as MP2. At
Au–Au equilibrium and long distances, the interaction is driven
by the induction and dispersion terms. In the A-frame [S(AuPH3)2]
it can be seen that better behavior is achieved for the geometric
parameters when the methods are M06L, M06, PW91 and LC-
xPBE, while for [AuPH3]4

2+ cluster the best geometry corresponds
to PBE-D3, TPSS-D3, M06HF, M06L, PW91, CAM-B3LYP, and LC-
xPBE.

In general, we can classify the relative strength of the different
methods such as: MP2 > CCSD(T) � SCS-MP2 in post-Hartree–Fock.
On the other hand, D3 Grimme correction, M06HF, M06L, M06
M062X, M052X, CAM-B3LYP and LC-xPBE provided results of sim-
ilar accuracy at the MP2 level.
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