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Photoelectron velocity-map imaging spectroscopy has been used to study the reaction of the an-
ionic gold atom with the HR (R = SCH3, OCH3, OH) molecules. The solvated [Au· · ·HR]− and
inserted [HAuR]− products have been experimentally observed for R = SCH3, whereas only sol-
vated [Au· · ·HR]− products were found for R = OCH3 and OH. This significant difference in the
photoelectron spectra suggests the different reactivity of the Au− toward the CH3SH, CH3OH, and
H2O molecules. Second order Møller–Plesset perturbation theory and coupled-cluster single double
triple excitation calculations have been performed to aid the structural assignment of the spectra and
to explore the reaction mechanism. Activation energies for the isomerizations of the solvated struc-
tures to the inserted ones in the Au−/Au + HR reactions (R = OCH3 and OH) are predicted to be
much higher than those for the Au−/Au + CH3SH reactions, supporting the experimental observa-
tion. Theoretical calculations provide the evidence that the intriguing [HAuSCH3]− product may be
formed by the attachment of the electron onto the neutral HAuSCH3 species or the isomerization
from the anionic [Au· · ·HSCH3]− one. These findings should be helpful for understanding the fea-
ture that the thiols are able to form the staple motifs, whereas CH3OH and H2O are not. © 2013 AIP
Publishing LLC. [http://dx.doi.org/10.1063/1.4813631]

I. INTRODUCTION

The interaction of the thiols with gold surfaces and inter-
faces is of considerable interest, in that thiolate-protected gold
nanoparticles and self-assembled monolayers are relevant for
the design of new materials for molecular electronics and cor-
rosion inhibition, the enhancement of the biocompatibility of
materials, and the modifications of surface properties and het-
erogeneous catalysis.1, 2 One important milestone for the thiol
chemistry is the structural characterization of two kinds of
gold clusters, Au102(p-MBA)44

3 and Au25(SR)18,4–6 in which
the staple RS–Au–SR and RS–Au–SR–Au–SR (R = organic
group) motifs are identified. This stimulates the synthesis of
a number of novel well-defined gold nanoparticles.7–12 Scan-
ning tunneling microscopic study on the adsorption of alka-
nethiols onto the Au (111) surface exhibits that the origin for
driving self-assembly of Au–SR chain backbone is the gold
adatom.7, 13–18

Extensive efforts have been made to explore the forma-
tion mechanism for the staple bonding motifs. Experimen-
tally, the loss of hydrogen has been observed upon the ex-
posure of thiols to very large gold particles (∼4 nm, about
Au2000 size).19 Theoretical investigations have suggested a
most likely pathway of S–H bond rupture of the CH3SH
molecule on the Au atom and Au20,20 on Au4

21 or gold

a)Authors to whom correspondence should be addressed. Electronic
addresses: zctang@dicp.ac.cn, ljiang@dicp.ac.cn, and fanhj@dicp.ac.cn.
Tel.: +86-411-84379365. Fax: +86-411-84675584.

surfaces,22 namely, the co-adsorption of two or three CH3SH
molecules on the gold clusters induce the release of H2

and the formation of the staple motif. Recent photoelec-
tron spectroscopic and theoretical investigation reveals a co-
valent characteristic of the Au–S bond.23 Compared to the
feature of dissociative adsorption of the CH3SH molecule
on the gold nanoparticles and surfaces, the CH3OH and
H2O molecules prefer the molecular adsorption on the clean
surfaces.

Gas-phase study on the interaction of group 11 metal
atoms with solvent molecules (i.e., CH3SH, CH3OH,
H2O) provides a simple model for understanding the
nature of the solvation and the reactivity in the bulk
phase. Recent experiments of infrared photodissociation
spectroscopy gave access to vibrational frequencies and
detailed structural information of [M · H2O]− · Arn (M = Cu,
Ag, Au; n = 1, 2).24 Anion photodetachment-photoelectron
imaging spectra of [Cu · (H2O)1,2]− were reported by
Lineberger and co-workers25 using high resolution photo-
electron imaging system.26, 27 Chi et al.28, 29 have obtained
electron affinities, vibrational frequencies, structural in-
formation of [Ag · (H2O)1,2]− and [Ag · (CH3OH)1,2]−

using photoelectron imaging system. Photoelectron spectra
(PES) of [Au · (H2O)1,2]− have been measured by Zheng
et al.30 Lineberger and co-workers31–34 investigated the
structural dynamics of the [Cu · (H2O)]−, [Cu · (H2O)2]−,
and [Cu · (CD3OD)]− complexes using femtosecond
photodetachment-photoionization technique as well as
high-level ab initio and wave-packet dynamics simula-
tions. Tachikawa35 recently reported an ab initio molecular

0021-9606/2013/139(3)/034315/7/$30.00 © 2013 AIP Publishing LLC139, 034315-1
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dynamics (AIMD) study on the electron detachment dynam-
ics of [Cu · (H2O)n]− (n = 1–3) and found that the structural
change of [Cu · H2O]− involves three reaction channels. In
these anionic [M· · ·HR]− (M = Au, Ag, Cu; R = OCH3,
OH) complexes, the charge is mainly localized on the anionic
metal atoms. These investigations have been mainly focused
on the determination of the geometrical structures and
thermochemical information. However, much less work has
been done on the understanding of the activation mechanism
of O–H bond of CH3OH and H2O by the metal atoms. So far,
the understanding of such difference in the reactivity of the
gold atom toward the CH3SH, CH3OH, and H2O molecules
at the molecular level remains open.

In this work, we report a study of the reaction of
the anionic gold atom with the HR (R = SCH3, OCH3,
OH) molecules using a combined approach of photoelec-
tron velocity-map imaging spectroscopy and quantum chem-
ical calculations. The solvated [Au· · ·HR]− and inserted
[HAuR]− products have been experimentally observed for R
= SCH3, whereas only solvated [Au· · ·HR]− products have
been found for R = OCH3 and OH. The second order Møller–
Plesset perturbation (MP2) theory and coupled-cluster single
double triple (CCSD (T)) calculations have been performed
to elucidate the reaction mechanism of the anionic gold atom
with the HR (R = SCH3, OCH3, OH) molecules.

II. EXPERIMENTAL AND COMPUTATIONAL METHODS

The experiments were performed using a laser ablation
source and photoelectron velocity-map imaging system. The
instrument has been described elsewhere.36 Briefly, the sec-
ond harmonic of Nd:YAG laser (532 nm, 10 Hz) was fo-
cused on the rotating gold target (99.9%) in the presence of
a supersonic beam of helium (99.999%) carrier gas with 5%
methanethiol (or bubbled water and methanol). The formed
anions of interest were steered to a McLaren-Wiley time-
of-flight, mass selected, and interacted with a laser beam of
355 nm or 266 nm from a Nd:YAG laser for the photode-
tachment. It was not necessary to subtract the background
in the present experiments, because the background elec-
trons were negligible. The resulting photoelectrons were ex-
tracted by a velocity map imaging photoelectron spectrom-
eter and recorded by a charge-coupled device camera. Each
image was accumulated with 10 000–50 000 laser shots at
10 Hz repetition rate. The final raw image stood for the
projection of the photoelectron density in the 3D labora-
tory frame onto the 2D imaging detector. The original 3D
distribution was reconstructed using the Basis Set Expan-
sion (BASEX) inverse Abel transform method, and the pho-
toelectron spectrum was acquired by integrating the cen-
tral slice of the 3D distribution.37 The photoelectron kinetic
energy spectra were calibrated by the known spectrum of
Au−. The PES were plotted against electron binding energy
eBE = hν − eKE, where hν is the photon energy. The
typical energy resolution was about 30 meV full width at
half maximum (FWHM) at electron kinetic energy (eKE)
of 1 eV.

All theoretical calculations were carried out using the
GAUSSIAN 09 package.38 The basis set of aug-cc-pVTZ-

pp39–41 with the small core pseudopotentials was used for the
gold atom, and aug-cc-pVTZ42 for other atoms. The structures
for the anionic and neutral complexes were optimized at the
MP2 level.43 Transition state (TS) geometries connecting the
stable structures were searched at the same level and checked
by calculating the intrinsic reaction coordinates (IRCs). Vi-
bration analysis was employed to check it out whether the op-
timized structures were the true local minima or not. All the
energies of the MP2 optimized structures were reevaluated at
the coupled cluster CCSD (T)44, 45 level. The excitation ener-
gies were obtained by equation-of-motion coupled cluster cal-
culations with singles and doubles (EOM-CCSD)46 calcula-
tions. The adiabatic detachment energies (ADE) was defined
as the energy of the origin transition between the ground state
of the anion and the ground state of the neutral, which also
represents the electron affinity of neutral species. The vertical
detachment energy (VDE) was defined as the energy differ-
ence between the ground state of the anion and the ground
state of the neutral at the anion geometry.

III. RESULTS AND DISCUSSION

A. Experimental results

Fig. 1 shows the 266 nm photoelectron velocity-map im-
ages and corresponding PES of the species from the Au−

+ HR reactions (R = OH, OCH3, SCH3) and the comparison

FIG. 1. Photoelectron velocity images (left columns) and photoelectron
spectra (right columns) of (a) Au−, (b) Au− + H2O, (c) Au− + CH3OH,
(d) Au− + CH3SH at 266 nm (4.661 eV), where X stands for the ground
state of solvated [Au· · ·HR]−, X′ for the ground state of inserted [HAuR]−,
A for the excited state of solvated [Au· · ·HR]−, and A′, B′ for the first and
second excited states of inserted [HAuR]−. Each photoelectron velocity im-
age consists of raw image (left part) and the reconstructed image (right part)
after inverse Abel transformation. The double arrow indicates the directions
of the laser polarization.
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with the bare Au− anion. The bands in the photoelectron spec-
trum represent the electron binding energies of photodetach-
ment transitions from the ground state of the anionic cluster
to the ground or excited states of corresponding neutral clus-
ter. For the Au− anion (Fig. 1(a)), two sharp bands (X and A)
are observed, which correspond to the ground (2S1/2) and ex-
cited (2D5/2) states, respectively. Analogously, two bands (X
and A) present in the Au−+ HR reactions (R = OH, OCH3,
SCH3) (Figs. 1(b)–1(d)), blue shifting by about 0.5 eV rela-
tive to the Au− anion. Thus, the X and A bands in each reac-
tion should be due to the ground and excited states of the sol-
vated [Au· · ·HR]− products, respectively. Interestingly, two
extra bands (X′ and B′) are observed in the Au− + CH3SH
reaction, but not in the Au− + H2O and Au− + CH3OH re-
actions, exhibiting the significant difference in the PES spec-
tra. The observation of the X′ and B′ bands suggests the co-
existence of different isomers in the Au− + CH3SH reaction,
implying the different reactivity of the Au− anion toward the
CH3SH, CH3OH, and H2O molecules.

The 355 nm photoelectron velocity-map images and cor-
responding photoelectron spectra of the products from the
Au− + HR reactions (R = OH, OCH3, SCH3) are shown in
Fig. 2, indicating the details of the resolved vibrational struc-
tures. The Franck–Condon simulations were carried out us-
ing the PESCAL program47 to extract the values for the ADEs
and vibrational frequencies, as well as the vibrational tem-
perature of the anions. The geometries were optimized and
vibrational frequencies of the anionic and neutral states were
calculated at MP2 level. The potentials of neutral and anionic
species were modeled as Morse oscillators. The FWHM was
set at 35 meV. The simulated vibrational temperature of the
anion was obtained at 255 K. The simulation provides the
relative intensities of mainly individual vibronic transitions,

FIG. 2. Photoelectron velocity images (left columns) and photoelectron
spectra (right columns) of (a) Au− + H2O, (b) Au− + CH3OH, and (c) Au−
+ CH3SH at 355 nm (3.496 eV). Black curve stands for the experimental
data, blue curves for Franck–Condon (FC) simulated results, and red sticks
for simulated vibronic transitions.

TABLE I. Calculated and experimental adiabatic detachment energies
(ADEs) and vertical detachment energies (VDEs) (eV) for the [Au· · ·HR]−
and [HAuR]− species (R = SCH3, OCH3, OH).

ADE VDE VDE (excited state)

Species Expa Cal Expa Cal Expa Cal

[Au· · ·HSCH3]− · · · 2.596 2.729(33) 2.808 4.055(10) 4.229
[HAuSCH3]− 3.158(26) 3.145 3.207(25) 3.148 4.055(10) 4.120

4.419(4) 4.641b

[Au· · ·HOCH3]− · · · 2.748 2.815(32) 2.803 4.033(11) 4.406
[HAuOCH3]− · · · 3.406 · · · 3.453 · · · 4.025

· · · 4.590b

[Au· · ·HOH]− · · · 2.731 2.782(32) 2.783 3.996(11) 4.282
[HAuOH]− · · · 3.510 · · · 3.820 · · · 4.200

· · · 4.696b

aNumbers in the parentheses are experimental uncertainties in the last digit.
bThe calculated value of the second excited state.

which are displayed as red sticks in Fig. 2. The ADEs of
band X in these three Au− + HR reactions cannot be deter-
mined because of no vibrational resolution. The ADE of band
X′ in the Au− + CH3SH reaction is determined at 3.158 eV.
The vibrational frequencies for the X band and X′ bands are
determined at 2194 ± 97 and 323 ± 21 cm−1, respectively
(Table I).

B. Theoretical results

In order to assign the PES spectra, theoretical calcula-
tions were carried out at the MP2 and CCSD (T) levels. Com-
parison of the theoretical and experimental vibrational fre-
quencies, VDEs and ADEs are summarized in Table I. Opti-
mized structures are depicted in Fig. 3. Considering that both
the X and X′ bands are simultaneously observed in the Au−

+ CH3SH reaction, the discussion will start with this reaction.
The inserted [HAuSCH3]− structure (isomer II) is cal-

culated to be the most stable isomer (Fig. 3). The solvated
[Au· · ·HSCH3]− structure (isomer I) lies 1.117 eV higher in
energy than the isomer II. The VDEs of the ground state
and the excited state of the [Au· · ·HSCH3]− structure are
predicted to be 2.808 and 4.229 eV, respectively, which are
consistent with the experimental values of the X and A
bands (2.729 and 4.055 eV) (Table I). Note that the A′ band
(4.120 eV) of the [HAuSCH3]− species overlaps with the
A band of the [Au· · ·HSCH3]− species (Fig. 1). The the-
oretical ADE and VDEs for [HAuSCH3]− agree with the
experimental values. The calculated S–H and Au–S
stretching frequencies (2331 and 321 cm−1) in the
[Au· · ·HSCH3]−/[HAuSCH3]− isomer are in accord with the
experimental values (2194 ± 97 and 323 ± 21 cm−1), re-
spectively. Therefore, the X and X′ bands are assigned to the
solvated [Au· · ·HSCH3]− and inserted [HAuSCH3]− isomers,
respectively.

For the Au− + CH3OH and Au− + H2O reactions,
the solvated structures (isomers III and V) are predicted to
be the lowest-lying isomers, which are slightly more stable
than the inserted structures (isomers IV and VI) (Fig. 3).
It can be found from Table I that the calculated VDEs of
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FIG. 3. Optimized structures of low-lying isomers for anionic and neutral
species from the Au− + HR (R = OH, OCH3, SCH3) reactions. Relative
energies (in eV) are given in the parentheses with respect to the ground state
of the anion.

[Au· · ·HOCH3]− and [Au· · ·HOH]− agree with the experi-
mental values. The C–O–H bending vibration frequency in
the Au· · ·HOCH3 complex is calculated to be 1084 cm−1 and
the H2O bending vibration frequency in the Au· · ·HOH com-
plex to be 1616 cm−1, respectively, which are in accord with
the experimental values of 1080 ± 79 and 1557 ± 85 cm−1.

C. Discussions

The reaction profiles for the Au−/Au + HR reactions (R
= SCH3, OCH3, OH) are shown in Figs. 4–6. The calcu-

FIG. 4. The reaction profile for Au−/Au + CH3SH. Energies (in eV) are
given in the parentheses.

FIG. 5. The reaction profile for Au−/Au + CH3OH. Energies (in eV) are
given in the parentheses.

lated binding energy for the interaction of Au− with CH3SH
is 0.488 eV (Fig. 4), which is 0.116 and 0.064 eV smaller than
that with CH3OH and H2O (Figs. 5 and 6), respectively. This
order is consistent with the experimental trend of blue shift-
ing of band X ([Au· · ·HSCH3]−: 0.288 eV, [Au· · ·HOH]−:
0.423 eV, [Au· · ·HOCH3]−: 0.440 eV) relative to the bare
Au− atom.

As indicated in Fig. 4, the formation of the solvated
[Au· · ·HSCH3]− species from the Au− + CH3SH reaction
is exothermic by 0.488 eV. The isomerization of the solvated
[Au· · ·HSCH3]− structure to the inserted [HAuSCH3]− struc-
ture is exothermic by 1.116 eV with the activation energy of
1.301 eV. Then, the total reaction energy for the formation of
the inserted [HAuSCH3]− from the Au− + CH3SH reaction
is exothermic by 1.604 eV. In contrast, the formation of neu-
tral HAuSCH3 from the Au + CH3SH reaction is exothermic

FIG. 6. The reaction profile for Au−/Au + H2O. Energies (in eV) are given
in the parentheses.

 This article is copyrighted as indicated in the article. Reuse of AIP content is subject to the terms at: http://scitation.aip.org/termsconditions. Downloaded to  IP:

159.226.159.158 On: Sun, 12 Jan 2014 02:43:19



034315-5 Qin et al. J. Chem. Phys. 139, 034315 (2013)

FIG. 7. Qualitative bonding description for the interactions of Au− s orbital
and H–S σ antibonding orbital.

by 0.707 eV. The activation barrier for the isomerization of
the isomer III′ to the isomer II′ is 1.008 eV, which is slightly
lower than that of the isomer I to the isomer II.

One reaction pathway for the formation of [HAuSCH3]−

is that the inserted neutral HAuSCH3 is first generated from
the reaction of neutral gold atom with CH3SH in the source
region and then the anionic [HAuSCH3]− species is formed
by attaching electron onto the neutral HAuSCH3 one. Note
that the ADE of the neutral insertion product HAuSCH3

(3.145 eV) is higher than that of the neutral solvation product
(2.596 eV). Considering that the isomer with a higher vertical
electron affinity (VEA) could be readily observed,48 the for-
mation of the [HAuSCH3]− species from the attachment of
the electron onto the neutral HAuSCH3 species is thus possi-
ble. Another pathway for the formation of the [HAuSCH3]−

species is that the [Au· · ·HSCH3]− species is directly gen-
erated from the Au− + CH3SH reaction and then isomer-
izes to the inserted structure. Since the activation energies for
the isomerizations (∼1 eV) in the Au−/Au + CH3SH reac-
tions are readily overcome in the supersonic molecular beam,
these two pathways should be responsible for the formation
of [HAuSCH3]−.

In contrast to the reaction energies for the formation
of the inserted [HAuSCH3]−/HAuSCH3 products from the
Au−/Au + CH3SH reactions (−1.604/−0.707 eV), these for
the [HAuOCH3]−/HAuOCH3 and [HAuOH]−/HAuOH
species are calculated to be −0.567/+0.591 and

−0.507/+0.755 eV, respectively. The activation energy
for the isomerization of the anionic solvated structure to the
inserted one in the Au− + CH3OH reaction is 2.545 eV
(Fig. 5) and that in the Au + CH3OH reaction is 2.037 eV,
which both are much higher than those in the Au−/Au
+ CH3SH reactions (1.301 and 1.008 eV). Higher activation
energies for the isomerizations have also been found in the
Au−/Au + H2O reactions (2.679 and 2.032 eV) (Fig. 6).
Thus, both kinetic and thermodynamic data suggest that
the formation of the inserted [HAuOCH3]− and [HAuOH]−

products is unfavorable in finite time (one experimental cycle:
millisecond), consistent with their absence in the present
experiments.

The interaction between the anionic Au− atom and the
HR molecules can be characterized as metal hydrogen bond
where Au donate its 6s electrons to the S–H/O–H σ ∗ or-
bital of the ligand,49 as shown in Fig. 7. Unlike the con-
ventional hydrogen bond in which the electrostatics is the
dominant contribution to the interaction energy, the polariza-
tion is the most important for metal hydrogen bond. There-
fore, it is not surprising that the Au−· · ·CH3SH interaction
is stronger than the Au−· · ·CH3OH and Au−· · ·H2O interac-
tions, because S–H bond is easier to be polarized than O–H
bond. Natural population analysis (NPA)50 also supports the
larger charge transfer in the Au−· · ·CH3SH system (0.28 e)
than that in Au−· · ·H2O and Au−· · ·CH3OH (less than 0.1 e).
As the results, in Au−· · ·CH3SH, the S–H bond length is
quite long (1.506 Å, compared to 1.336 Å free CH3SH) and
Au–H bond length is pretty short (1.828 Å, compared to
>2 Å in Au−· · ·H2O and Au−· · ·CH3OH). The detailed ge-
ometric parameters can be found in Fig. S2 of the supple-
mentary material.51 The calculated Mayer bond order also
shows that the Au−· · ·CH3SH interaction is stronger than
the Au−· · ·CH3OH and Au−· · ·H2O interactions (Table SI
of the supplementary material).51 The Au· · ·CH3SH interac-
tion is also stronger than the Au· · ·CH3OH and Au· · ·H2O
interactions, which causes shortening of the Au–H bond
length (2.058 Å, compared to >2.4 Å in Au· · ·H2O and
Au· · ·CH3OH). However, the charge transfer in the neutral
system is much less than that in the anionic one. So, the
S–H bond length is nearly identical to that of free CH3SH

TABLE II. Calculated NPA charge for solvated and inserted complexes in the Au− + HR (R = OH, OCH3,
SCH3) reactions at the CCSD (T) level.

Charge population

Complex NPA (Au) NPA (S) NPA (O) NPA (H)a

[Au· · ·HSCH3]−1/0 − 0.719 (−0.034)b − 0.264 (0.004) 0.102 (0.032)
[HAuSCH3]−1/0 0.085 (0.118) − 0.486 (−0.298) − 0.438 (−0.357)
[Au· · ·HOCH3]−1/0 − 0.912 (0.012) − 0.846 (−0.760) 0.486 (0.447)
[HAuOCH3]−1/0 0.226 (0.227) − 0.985 (−0.255) − 0.418 (−0.310)
[Au· · ·HOH]−1/0 − 0.939 (0.012) − 1.001 (−0.924) 0.491 (0.452)
[HAuOH]−1/0 0.228 (0.712) − 1.217 (−0.982) − 0.423 (−0.188)
[Au· · ·SHCH3] ( − 0.158) (0.066) (0.117)
[Au· · ·OHCH3] ( − 0.028) ( − 0.784) (0.476)
[Au· · ·OH2] ( − 0.018) ( − 0.940) (0.479)

aThe NPA (H) denotes the charge of hydrogen atom interacting with Au.
bNumbers in the parentheses denote the data for neutral species.
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molecule. Additionally, the S–H bond energy is quite small
compared to the bond energy of O–H bond. Two factors
above-mentioned together result in the activation of S–H bond
with much less activation energy, consistent with experimen-
tal observation of the inserted [HAuSCH3] isomer (Table II).

Previous theoretical investigations predicted that the
RS–Au–SR staple motif were formed from the co-adsorption
of two CH3SH molecules on metal atom.20 Based on the
above analysis of the reaction energies and activation
barriers for the Au−/Au + CH3SH reactions, a plausible
stepwise pathway for the formation of the staple motifs
(Au−/Au + HSCH3 → [Au· · ·HSCH3]−/Au· · ·HSCH3

→ [HAuSCH3]−/HAuSCH3, [HAuSCH3]−/HAuSCH3

+ HSCH3 → [CH3SAuSCH3]−/CH3SAuSCH3 + H2) is
proposed. In fact, the [HAuSCH3]− intermediate and the
[CH3SAuSCH3]− products simultaneously present in the
Au− + CH3SH reaction (Fig. S1 of the supplementary
material),51 supporting this formation mechanism.

IV. CONCLUSIONS

In summary, the reaction of the anionic gold atom with
the HR (R = SCH3, OCH3, OH) molecules has been studied
using photoelectron velocity-map imaging spectroscopy and
quantum chemical calculation. Overall agreement between
the experimental and calculated photoelectron spectra as well
as the vertical detachment energies allows for structural as-
signment to be established. The solvated [Au· · ·HR]− and in-
serted [HAuR]− products have been experimentally observed
for R = SCH3, whereas only solvated [Au· · ·HR]− products
have been found for R = OCH3 and OH, implying the sig-
nificant difference in the reactivity of the Au− anion toward
the CH3SH, CH3OH, and H2O molecules. MP2 and CCSD
(T) calculations predict that activation energies for the iso-
merizations of the solvated structures to the inserted ones in
the Au−/Au+ HR reactions (R = OCH3 and OH) are much
higher than those in the Au−/Au + CH3SH reactions, support-
ing the experimental observation. The metal hydrogen bond
interaction in the Au−LHR systems reveals that the activa-
tion of the CH3SH molecule is dependent on the polariza-
tion and weak bond energy of the S–H bond. The intriguing
[HAuSCH3]− product may be formed by the attachment of
the electron onto the neutral HAuSCH3 species or the iso-
merization from the anionic [Au· · ·HSCH3]− species. These
findings should be helpful for understanding the feature that
the thiols are able to form the staple motifs, whereas CH3OH
and H2O are not.
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