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I. Introduction

Nanoparticles (NPs) have become a subject of magearch due to their new optical, electronic
and/or magnetic properties which may be contrdiigdrarying the NP size or shape. Functionalizingséh
NPs with adequate organic capping layers furtheviges chemical specificity to the clusters, thasdming
highly interesting for biological applications (edyug delivery within the body). In particular, |JoNPs
have received great attention because bulk galaeis and, most surprisingly, several experimeatently
reported on the ferromagnetic nature of these Al NpR2]. There exist, however, conflicting results
regarding the conditions required for achieving hsumagnetic clusters; whereas the first experiments
required sulfur based capping ligands (alkane-ghicubsequent theoretical and experimental waok# o
the existence of a permanent magnetism in bareajosders [3]. In this work, we address precisély tole
that an alkane-thiol capping layer plays on thacstiral, electronic and magnetic properties of ARsNby
means ofb initio Density Functional Theory (DFT) based calculations

Il. Theoretical

We have modeled Au clusters of different sizegiragnfrom just 1 up to 38 gold atoms. The largest
cluster considered, Ay has an octahedral shape preserving the bulkrfangement. We considered short
alkane-thiols of just two C atoms (SHz) and systematically varied the thiol coveragedach of the Au
clusters. The highest coverage considered here 2 rihiols, which amounts to a 3:4 ratio betweea th
number of gold surface atoms (32 in the bare aluated the number of thiols. Starting from diffetraritial
trial configurations comprising adsorption at bedgtes, “staple” motifs [4], and ...-S-Au-S-Awhain like
structures, we explored their stability via MoleuDynamics (MD) runs.

All calculations have been performed with the DREBdd SIESTA code [5] under the Local Density
Approximation (LDA). The electronic and magnetioperties of the clusters were studied by inspeaiion
the Mulliken charges, the atom projected Densit$iaites (PDOS) together with any net magnetic mésnen
after Local Spin Density (LSD) calculations.

I11. Results

Atomic Structure

Our calculations confirmed the ability of the Au B adsorb a large number of thiols. Figure 1
shows several relaxed structures for thgg&luster and for different thiol coverages. In gahethe relaxed
geometries contain mixtures of the three adsorptiodels considered, making it difficult to extractinique
and simple picture for the structure of thiol caghpéPs. As the coverage is increased, the recotistnuaf
the gold NP becomes more prominent. Indeed, we béem found that the stability of the cluster may
strongly depend on the level of restructuring th&es place for the Au core atoms.

Electronic Structure

Figure 2 shows the evolution of the DOS for thegAtluster and for different thiol coverages. We
include the projections on the gold and sulfur &@® well as on the organic ligandsH€). As the coverage
increases, the peaks are smeared and bands aredfomplying that electrons become delocalized. The
evolution of the Mulliken charges reveals thathia aibsence of thiols, there is a charge transden the core
region to the surface atoms, thus leaving the ifoeter) regions in the NP positively (negativetyiarged.
The addition of thiols, however, cancels this ckamgnsfer so that the core region becomes pragedss
neutral while the surface atoms reverse their hatge (see figure 3).

M agnetic properties

We have not found any evidence for ferromagnetisrany of the large clusters studied; the spin
polarization vanished in all cases. Even for chissteith an odd number of electrons, the exchangevsas
of just a few meV and hence, the spin polarizabename negligible after using a finite temperatarthe
Fermi occupation function. Whereas thesfuluster showed a slight paramagnetic behavior i@l
adsorption tends to remove any peaks close to ¢nmiHevel thus reducing the number of d-holes.nro
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these results, it is clear that thiol capping dnes help the development of any spin polarizatiorthe
cluster.
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Figures:

Fig. 1. Sketch of the relaxed Agiclusters for different thiol coverages: 2, 4, 6, 14 and 20.
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Fig. 2 PDOS corresponding to the Awluster covered by 1, 6, 12 and 24 thiols. Lefgdie and right
panels correspond to the projections on the galchst sulfur atoms and thiols, respectively.
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Fig. 3 Sketch of the charge distribution for NPs witlbBnd 24 thiols. Each NPs is split into three ragio
core, surface and alkane-thiols. At nth = 1 (leftle atoms are positively charge and the surfanegatively
charged. For nth = 5 (middle), the surface becameesral while core atoms still hold some positive
charge. Finally, for nth = 24 (right), all the cbarntransfer occurs from the surface to the thiols.
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