
    Congrès 2018, Toulon  
11, 12 & 13 septembre 
Nanomatériaux: Nanochimie, synthèse et assemblage  

Nanoparticle, assembly, magnetism, collective properties 

 

How to enhance the magnetic properties of Fe3O4 nanoparticles?  

 Synthesis and assembly strategies 

Benoit P. Pichon,1,2 Sylvie Bégin-Colin,1 Walid Baaziz,1 Xiaojie Liu,1 Yu Liu,1 Mathias Dolci,1 

Kevin Sartori1 

1. Université de Strasbourg, CNRS, Institut de Physique et Chimie des Matériaux de Strasbourg, 
UMR 7504, F-67034 Strasbourg, France 

2. Institut Universitaire de France, 1 rue Descartes, 75231 Paris Cedex 05  
 

 
Nanoparticles represent a true alternative to build high performance technological devices. At the 

nanoscale, the physical properties can be modulated significantly as a function of size and shape, and 

also by taking into account collective properties of nanoparticle arrays. In the field of nanoparticles, 

core-shell nanoparticles combining exchange –coupled magnetic materials with enhanced magnetic 

anisotropy became very attractive because they offer the possibility to circumvent one of the most 

striking limitations at the nanoscale: low magnetic stability against temperature resulting from size 

reduction. High magnetic anisotropy of nanoparticles is mandatory for further development of new 

rare-earth free applications such as mass storage media or sensors. We focus here on the 

fundamental understanding of bimagnetic nanoparticles combining a ferromagnetic Fe3-dO4 core and 

an antiferromagnetic CoO shell which result in enhanced magnetic anisotropy with respect to Fe3O4 

nanoparticles. This material is discussed as maters of nanoparticles synthesis and assembling which 

rule intrinsic and collective properties, respectively. Advantages and limitations of these systems will 

be presented as well as, briefly, alternatives. 
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Our study concerns the dynamics of nucleation in the processes of metal ion reduction, 

in particular the double role of the sodium citrate as the reducer and the stabilizer in the 

Turkevich method of nanoparticles hot synthesis. For that purpose, we used the 

techniques of the gamma and pulse radiolysis. We chose to study the reduction of the 

silver ions because they are monovalent and their reduction requires one single step. 

The standard potential of the initial reduction step of ions in atoms (E ° (Ag+ / Ag ° = - 1.8 

VNHE) is very negative, and should require a strong reducing agent. 

 According to our results on the yields and kinetics obtained using gamma and pulse 

radiolysis, the Ag+ reduction is not due to the first electronic transfer from the citrate. 

However, Ag2
+ is reduced by the second electron transfer from its oxidized radical (Cit-

(H)●). The reduction potential of the second electron transfer is thus calibrated as E₀  

(CO2+DCA/ Cit-(H)●)< E₀
( Ag2

+/Ag2) = -1.2 VNHE. The Turkevich synthesis mechanism is 

discussed. 
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Among various nanostructured devices, nanoscale capacitors have attracted great interest 
for the semiconductor industry that adopts the "3D Power scaling” method for a reduction in 
energy consumption. Current methods for reliable and comparable capacitance 
measurements at the nanoscale remain challenging. However, a non-destructive 
quantitative characterization tool, the SMM, has been developed to characterize 
nanodevices at microwave frequencies with nanometer resolution. 
Briefly, the SMM consists of an AFM combined with a vector network analyser (VNA), which 
sent a signal (GHz range) via a transmission line to the conductive AFM tip. The tip irradiates 
the signal over a local region on the sample and comparing the incident and back-reflected 
signals, the S11 reflection parameter is extracted by the VNA and acquired simultaneously 
with the topographical image.  
For quantitative measurements a fundamental step is the “calibration” of the transmission 
line, whose aim is to convert S11 into capacitance values of the sample under study. 
Recently, SMM calibration procedures have been proposed [1] [2]. One of them [1] requires 
nanocapacitors consisted by size-controlled gold pads on silica layers. The theoretical 
capacitance values are calculated from the topography. The advantage of the method relies 
on the information obtained from S11 measured on 3 nanocapacitors which allows to correct 
the capacitance values of the others considered unknown. Here we present the results 
obtained when random selection (1000 draws) is made for these 3 references among 48. 
First results show that the corrected capacitance values for reference capacitors agree with 
the theoretical values within ± 4 %. 
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Figure 1. (a) Sketch of the capacitance calibration sample. It consists of a three-layer stacked 
sample of doped silicon, silicon oxide, and gold pads acting as small capacitors. (b) 3D view 
of AFM topography of the calibration sample with SiO2 step heights of 58 nm, 114 nm, 
162 nm, and 209 nm. (c) Capacitances deduced from measurements vs. calculated 
capacitance values obtained for a draw (ranging from 0.1 fF to 8.0 fF). The bottom right inset 
shows the capacitance image obtained after calibration. 
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Just as it is possible to fill carbon nanotubes with fullerene molecules (so called ‘peapods’), 
by analogy 1:1 complexes of fullerenes with cycloparaphenylenes (CPPs)1 have been 
reported, highlighting a high size selectivity of the [10]CPP to the specific fullerene C60.2  
The objective of the current work is two-fold, namely to explore different binding modes for 
CPPs owed to non-covalent aromatic interactions, and to manage charge-transfer processes 
within the self-assembled architecture (Figure 1). Towards these goals we expand the scope 
of encapsulating fullerene cages by CPPs by introducing the dumbbell-shaped 
bisazafullerene (C59N)2 species as an N-doped fullerene analogue of C60, where a carbon 
atom is replaced by nitrogen.3 Its extended length allows the capture of not one but two 
[10]CPP molecules, whose interaction can be explored via a combination of DFT calculations, 
NMR measurements and UV-Vis spectra. 

Successfully developing the fullerene encapsulation process to include different 
encapsulated species and multiple CPPs opens the way to different molecular machine 
architectures, and provides a potential templating route to CPP polymerisation. 

 

 

 

 

Figure 1 : The [10]CPP(C59N)2[10]CPP complex, addressing fundamental questions in supramolecular chemistry of 
carbon materials. 
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           Lanthanide-based upconverting nanoparticles (UCNP) show the fascinating property of 

converting biologically benign low energy Near-Infrared (NIR) photons into high energy visible light 

with narrow emission bands[1]. Currently, biological applications focus on the use of sub-10 nm nano-

objects promoting fast renal excretion. However, as the surface to volume ratio and surface 

quenching are increasing with size reduction, it is still a challenge to produce sub-10 nm hexagonal 

NaREF4 (RE=Rare-Earth) which keep their brightness.  

Typical solvothermal synthesis of such UCNPs can be decomposed into 3 main steps: at first 

ligand exchange from Rare-Earth precursors (chloride) to oleates, then precipitation with sodium and 

fluoride, and finally high temperature annealing to achieve growth and phase transition from kinetic 

cubic phase to thermodynamic hexagonal phase which appear sequentially[2] (hexagonal phase giving 

higher upconversion efficiency than the cubic one). 

In this talk, the improvement of the two latter key steps with our own composition Na(Yb-Gd)F4:Tm 

will be highlighted:  

(1) Firstly, the influence of the mixing of sodium and fluoride[3] on the final growth will be briefly 

discussed.  

(2) Then, the use of microwave heating for size reduction and time shortening will be 

commented. 

Finally microwave heating profile enhancement to cycling temperature[4] will be detailed, to reach 

homogeneous sub-3nm sizes. 
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Materials with a high and tunable refractive index are attractive for nanophotonic 
applications. In this contribution, we propose a straightforward fabrication technique of 
high-refractive index surfaces based on self-assembled nanostructured block copolymer thin 
films. The selective and customizable metal incorporation within the poly(2vinylpyrridine) 
domains of poly(styrene)-block-poly(2vinylpyrridine) (PS-b-P2VP) copolymer thin films of 
different morphology gives access to nanoplasmonics surfaces of controlled structure. In 
particular, the incorporation of gold in out-of-plane PS-b-P2VP copolymer lamellae produces 
azimuthally isotropic plasmonic nanostructures of defined geometries. The nanostructures 
were analyzed using microscopy and small-angle X-ray scattering techniques. Variable-angle 
spectroscopic ellipsometry was used to relate the geometrical parameters of the metallic 
features and the resulting refractive index of the patterned surfaces. In particular, 
nanostructured gold patterns with a high degree of homogeneity and a gold content as low 
as 16 vol% reaches a refractive index value of more than 3 in the visible domain. Our study 
thus demonstrates a new route for the preparation of high refractive index surfaces with a 
low metal content for optical applications.  

 

 



Fluctuations in a NESS: is there a universal behavior ?
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The fluctuation-Dissipation Theorem is a cardinal tool of Statistical Physics. This rela-
tion yields to the Equipartition Principle, thanks to which we can link the fluctuations
of an observable with the temperature of the system. All of this is nevertheless granted
at equilibrium. Our purpose is to test what happens out of this safe region.

In our experiment, shown in Fig. 1, we study a system in a Non equilibrium Steady
State (NESS): a silicon micro-cantilever subject to a heat flux due to a laser heating.
We measure the thermal noise driven deflexion and torsion and quantify the amplitude of
the fluctuations with an effective temperature T eff , extending the equipartition principle:

1
2
kBT

eff = 1
2
k〈x2〉

with kB Boltzman’s constant, k the stiffness and 〈x2〉 the mean square deformation. Out
of equilibrium, an excess of fluctuations is usually expected, as found out for example
by Conti et al. in a similar system1 (Fig. 1). Following Geitner et al.2 we find on the
contrary a strong deficit of thermal noise of the cantilever with respect to the average
temperature T avg of the system ! Further experiments and theoretical progress are thus
necessary to clarify these contracticting behaviors.

[1] L. Conti, et al. , J. Stat. Mech. P12003 (2013).

[2] M. Geitner, et al. Physical Review E 95, 032138 (2017).

T0
T0+∆T

2

FIG. 1. Schematic drawing of the elastic body consisting in a rod with one extreme fixed and the other loaded by a mass
and free to move. A pair of thermometers sensed the temperatures T1 and T2 of the rod extremes (a): for the latter case a
contact-less thermopile was used. The temperature T1 of the rod top end was stabilized actively; when the heat source shown
on the left of the bottom mass was switched on, a thermal di↵erence was set across the body. The thermal profile along the
rod in the steady state is shown in a color code (increasing temperature from blue to red). The central (b) and right (c) figure
parts show the deformation of the body respectively in the transverse and longitudinal mode. The shape of the elastic body at
rest is shown as dashed line for comparison. The end mass vibrations were measured by a capacitive readout formed by facing
the bottom surface of the mass to a fixed and electrically insulated electrode, shown as a rectangle in the picture parts b and c.

The Equipartition of energy is arguably the chief principle relating microscopic motions to macroscopic observables,
such as temperature, density and volume[1]. For equilibrium systems with negligible quantum e↵ects, the principle
states that every quadratic degree of freedom within the Hamiltonian possesses on average an energy kBT/2 , with
kB the Boltzmann constant and T the absolute temperature.

The equilibrium state is an idealization. A simple nonequilibrium situation is produced by temperature di↵erences[2,
3]. For fluid systems it has been both argued theoretically[4–6] and demonstrated experimentally that spatio-temporal
fluctuations grow markedly for the lowest wave numbers[7–11]. Nonequilibrium statistical mechanics[12] and nonequi-
librium molecular dynamics techniques[13] have led to similar conclusions, with a growth of the correlations as the
signature of the departure from equilibrium. In Extended Thermodynamics[14], either local thermal equilibrium is
assumed, or the temperature is defined via an extended flux-dependent entropy[15]. In disordered systems, the notion
of time-scale-dependent e↵ective temperatures is often used[16]. Solids are seldom investigated in this context, per-
haps because their microscopic degrees of freedom are generally assumed to satisfy local equilibrium. A more florid
enterprise is constituted by research in small and low-dimensional systems[17–23].

We report an experimental study of the mean energy of harmonic oscillators in and out of equilibrium. The harmonic
oscillator is ubiquitous and is applied to the most diverse situations in both classical and quantum physics[24]. In
the low losses approximation, the response of a system is often written in terms of normal modes, each considered
as an independent harmonic damped oscillator. Our oscillators are low-frequency acoustic modes of vibration of a
macroscopic aluminum piece[25]. The nonequilibrium steady states (NESS) are due to sustained thermal di↵erences
across the piece.

The piece consisted of a 0.1 m long rod with one end clamped and the other one loaded by a freely moving 0.2 kg
mass; Figure 1 shows schematically the deformation of the piece corresponding to the first transverse and longitudinal
modes (our two oscillators), which resonated respectively at about 324 Hz and 1420 Hz. With a capacitive readout
we measured vibrations of the end-mass: the readout output signal was acquired continuously and its Power Spectral
Density (PSD) was computed and averaged over contiguous periods. Figure 2 shows a typical average PSD around
the resonance of the longitudinal mode fitted by a Lorentzian curve plus a constant, accounting for the electronic
noise.

In the case of the longitudinal mode, the output signal can be converted into longitudinal vibrations of the mass.
The area of the fitting curve becomes an estimate of the mean square vibration

⌦
xl(t)

2
↵

of the oscillator, where the
angular brackets denote a time average. At thermodynamic equilibrium with low losses, in the absence of external
noises the law of equipartition dictates that:

⌦
xl(t)

2
↵

=
kB T

ml !2
l

(1)

where ml is the mass of the longitudinal mode that resonates at !l. Thus, thanks to equipartition, the thermodynamic
temperature can be inferred from the energy stored in the mode. In general, i.e. even in NESS, we call e↵ective
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Figure 1: (Left) Effective temperature T eff of a system under a heat flow as a function of
the difference of temperature ∆T at its extremities. All temperatures are normalized to the
average temperature T avg. (Upper right) Conti’s setup1. (Lower right) Our experiment2.
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Monocristalline	materials	are	desirable	for	many	optoelectronic	applicaVons,	from	solar	cells	
to	 light-emiang	 diodes.	 In	 metals,	 grain	 boundaries	 cause	 electrons	 sca>ering,	 which	
reduces	 the	conducVvity;	 in	semiconductors,	 they	effecVvely	decrease	carriers	 lifeVme	and	
mobility,	 leading	 to	non	 radiaVve	 recombinaVons,	 and	 thus	 reduce	performance.	Only	 few	
materials	 can	be	 grown	as	monocrystalline,	 at	 the	price	of	 expensive	 and	Vme	 consuming	
processes.	
Nanostructuring	has	proven	effecVve	in	enhancing	light-ma>er	interacVon	in	opto-electronic	
devices,	via	opVcal	 resonances.	This	also	has	the	advantage	to	use	 less	material,	 to	reduce	
bulk	recombinaVons	and	to	employe	alternaVve	geometries	for	the	device	architecture.	
However,	by	nanostructuring	monocristalline	materials,	much	of	 the	expensive	materials	 is	
wasted	in	the	pa>erning	process,	making	this	approach	inefficient.	
Up	to	date,	there	is	no	bo>om-up	technology	available	to	obtain	monocristalline	materials	
pa@erned	 at	 the	 nanoscale.	 Here,	 we	 demonstrate	 a	 new	 approach	 that	 meets	 this	
challenge.	 This	 is	 based	 on	 the	 self-assembly	 and	 welding	 of	 individual	 silver	 nanocube	
subunits,	resulVng	in	a	conVnuos	monocrystalline	material.	
First,	 we	 show	 that	 by	 capillary	 forces	 we	 can	 assemble	 silver	 nanocubes	 on	 an	 arbitrary	
nanoscale	pa>ern,	where	the	individual	nanocubes	are	in	a	face	to	face	configuraVon.	
Next,	we	epitaxially	weld	the	individual	nanocube	subunits	at	room	temperature	to	produce	
conVnuos	and	conducVng	lines.	We	provide	HR-TEM	measurements	at	the	interface	to	show	
the	monocrystallinity	 of	 the	 assembled	 and	welded	 cubes.	We	 also	 present	 electrical	 and	
op:cal	measurements	 to	 show	 that	nanostructures	obtained	with	 this	 process	outperform	
those	made	by	thermal	evaporaVon.	

	



    Congrès 2018, Toulon  
11, 12 & 13 septembre 
Session Nanophysics and nanochemistry on surfaces  

Keywords: Aluminium Nitride, MBE, Au monolayer, NC-AFM 

 

Stabilization of Au Monatomic-High Islands on the (2×2)-Nad Reconstructed 

Surface of Wurtzite AlN(0001) 

Benoit Eydoux1,2, Bulent Baris1, Hassan Khoussa1,3, Olivier Guillermet1,2           

Gauthier1, Xavier Bouju1 and David Martrou1 

(1)                                                          , CEMES-CNRS, UPR 8011, 
Nanosciences Group, 29 rue Jeanne Marvig, F-31055 Toulouse, France 
(2)                        , UPS, 118 route de Narbonne, F-31062 Toulouse, France  
(3)                                     1 Ahmed Ben Bella, 31100 Oran, Algeria 

 
Most metals grow in the form of three-dimensional (3D) clusters at the early stages of 

their deposition on insulating substrates [1]. This situation generally results from the 

unfavourable surface and interface free energies balance involved in the formation of two-

dimensional (2D) islands. Obtaining 2D metal islands on insulating substrate is thus a 

challenge. We succeed to obtain 2D metal islands of one mono-atomic high on the surface of 

the wide band gap semiconductor aluminium nitride (AlN, 6.2 eV). 

RHEED spectra and low temperature NC-AFM images demonstrate that Au grows on the 

AlN(0001) (2×2)-Nad reconstructed surface as large (>100 nm) monolayer islands that form 

moiré patterns [1]. These experimental data allow us to build atomic models that are used as 

input for first-principles DFT calculations. These calculations show that the hexagonal Au 

adlayer interacts locally with the substrate via the acceptor and donor sites existing on the 

(2×2)-Nad reconstructed surface [2]. These interactions lead to local distortions of the 

hexagonal layer. Au adsorption is accompanied (i) by a global vertical charge transfer from 

the AlN substrate, that fulfills the electrostatic stability criterion for a polar surface, and (ii) 

by lateral charge transfers mediated by the reaction of Au with the acceptor and the donor 

sites of the polar substrate.  
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This contribution focuses on the study of the mechanical behavior of individual cerium 
dioxide, or ceria (CeO2), nanocubes about 20 to 50 nm in size and synthetized at ORNL, USA. 
In situ mechanical tests were performed in the compression mode using a Hysitron PI95 
picoindenter fitted in a Cs-corrected FEI Titan Environmental Transmission Electron 
Microscope (ETEM installed at CLYM, Lyon) operating under vacuum or with a partial 
pressure of gas. With the ETEM, the oxygen vacancy content of ceria can be controlled by 
using an oxidizing atmosphere to compensate the departure of oxygen from the lattice 
during a prolonged exposure to the electron beam [1]. Electron Energy Loss Spectroscopy 
(EELS) was first used to calibrate the irradiation-induced substoechiometry in the range CeO2 
– Ce2O3 (or CeOx, x decreasing from 2 to 1.5) as a function of the electron dose. Accordingly, 
the Young modulus was measured as a function of the substoechiometry with the help of 
Digital Image Correlation on the same nanocube tested under different environments 
(vacuum or O2). 
To better characterize the effect of the reduction process (valence change Ce4+ into Ce3+ 
from cerium dioxide to the sesquioxide form) on the mechanical properties, we performed 
DFT+U simulations on bulk systems with various CeOx compositions. The crystallographic 
phases stabilized by these calculations and Young moduli are in agreement with the 
literature [2] and with our experimental diffraction and mechanical results.  
 
[1] M. Bugnet et al., Nano Letters 17 (2017) 7652. 
[2] J.L.F. Da Silva, PRB 76 (2007) 193108. 
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This work reports on a joint experimental/theoretical hybrid approach in order to provide 
information on the orientation of deposited small organic molecules within self-assembled 

monolayers (SAMs)1 onto a gold surface. Among various -conjugated molecules, we have 
focused our attention on the extensively studied push-pull chromophores2 that have found 
their slot in many optoelectronic applications3. The latter are strongly dependent on the 
molecule orientation on the surface.  

We have evidenced from an elegant Surface Enhanced Raman Spectroscopy 
(SERS)4/Density Functional Theory (DFT) joint study the possibility to probe the arrangement 
of deposited thin films of push-pull chromophores. According to this approach, we have also 
shown that depending on the experimental conditions, i.e., the solvent nature or the coating 
methods, noticeable differences can be highlighted by SERS allowing to select the right 
conditions to tune the surface properties. In addition, by this mean it appears easy to 
analyse the presence or not of some defects, in terms of arrangement and/or morphology, 
and correlate the obtained properties to those imperfections. Based on the study we have 
evidenced different points: (i)the push-pull chromophores are standing perpendicularly 
rather than flat on the surface, (ii)the solvent impacts strongly on the structure of the 
chromophores promoting, in the case of dichloromethane solvent, the quinoid form, and 
finally (iii)drop casting favours the formation of aggregates unlike in SAMs. We are confident 
that the strategy is valuable and worth pursuing because this unique combination of 
SERS/DFT methods makes this approach very interesting and complementary among the 
various surface analysis techniques. 

 
1. A. Ulman, An introduction to ultrathin organic films (Academic Press: Boston, 1991). 
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In the blooming field of on-surface synthesis, molecular building blocks are designed to self-
assemble and covalently couple directly on a well-defined surface, thus allowing the 
exploration of unusual reaction pathways and the production of specific compounds in mild 
conditions. Up to now, most of the single-layered surface covalent organic frameworks 
(SCOFs) have been prepared by Ullmann dehalogenation reactions of brominated aromatic 
compounds or trimerization of diboronic acids. Here we present our results concerning the 
creation of functionalized organic nanoribbons on the Ag(110) surface by mean of an 
oxidative coupling unprecedented in the literature1. Interestingly, length of the resulting 
nanoribbons could be efficiently controlled by mean of the temperature deposition whereas 
the anisotropic substrate could act as an efficient template fostering the alignment of the 
nanoribbons, up to the full monolayer regime. [1] 
 

 
Figure 1. Nanoribbon formation and their evolution upon further annealing  
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[1] Kalashnyk N, Mouhat K, Oh J, Jung J, Xie Y, Giovanelli L, Salomon E, Angot T, Dumur F, 
Gigmes D, Clair S, On-surface synthesis of aligned functional nanoribbons monitored by 
vibrational spectroscopy. Nature Communications 2017, 8, 14735. 
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The work presented here concerns the treatment of a cancerous tumor affecting the organ 
of the liver, this tumor was treated with magnetic nanoparticles of iron oxide (Fe3O4).          
By applying a high frequency alternating magnetic field, a local heating of the tumor cell is 
obtained, hyperthermia is performed at a very high temperature, especially in the range of 
[42-46 ℃]. The main interest of this study is to analyze the effect of nanoparticle distribution 
on the hyperthermia effect. Parameters such as maximum temperature, necrotic fraction 
rate, time to steady state were calculated numerically for different nanoparticles arrays in 
the tumoral cells. The conclusion is that a higher concentration of nanoparticles is more 
effective in the treatment of hyperthermia.  
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Most metals grow in the form of three-dimensional (3D) clusters at the early stages of 

their deposition on insulating substrates [1]. This situation generally results from the 

unfavourable surface and interface free energies balance involved in the formation of two-

dimensional (2D) islands. Obtaining 2D metal islands on insulating substrate is thus a 

challenge. We succeed to obtain 2D metal islands of one mono-atomic high on the surface of 

the wide band gap semiconductor aluminium nitride (AlN, 6.2 eV). 

RHEED spectra and low temperature NC-AFM images demonstrate that Au grows on the 

AlN(0001) (2×2)-Nad reconstructed surface as large (>100 nm) monolayer islands that form 

moiré patterns [1]. These experimental data allow us to build atomic models that are used as 

input for first-principles DFT calculations. These calculations show that the hexagonal Au 

adlayer interacts locally with the substrate via the acceptor and donor sites existing on the 

(2×2)-Nad reconstructed surface [2]. These interactions lead to local distortions of the 

hexagonal layer. Au adsorption is accompanied (i) by a global vertical charge transfer from 

the AlN substrate, that fulfills the electrostatic stability criterion for a polar surface, and (ii) 

by lateral charge transfers mediated by the reaction of Au with the acceptor and the donor 

sites of the polar substrate.  
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Flat metallic islands on an insulating substrate can be used as electrons reservoir to 

contact a molecule or a graphene nanoribbon in a planar geometry for molecular 
applications. The challenge is then to stabilize the charge on a metallic nanocrystal for a time 
long enough to perform in-plane operations. Here, we report on the controlled charging in 
UHV environment of 2D Au nanocrystals deposited on a SiO2 insulating substrate. We image 
the platelets in the nc-AFM mode [1] and characterize their charge state by Kelvin Probe 
Force Microscopy (KPFM) [2,3]. Our results demonstrate that the charge can be controlled 
by electron field emission to or from the tip of a nc-AFM by monitoring ∆f(V) spectroscopy 
curves. The procedure works for both polarities, electrons being emitted by the tip or the 
substrate. As shown by an analytical model and complementary numerical simulations, the 
rise of the island's potential upon charging leads to a constant charging current and tip-
island electric field [4]. Our measurements suggest that this method can be used to set the 
island's potential with a single-electron precision. The procedure is robust and opens the 
way to original experiments, such as establishing a bias at the extremities of a molecule 
connected between two islands or exploring locally the charge leaking mechanisms across an 
insulating layer.  
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Abstract 

Gold has long been considered to be chemically inactive and particularly without any catalytic 
activity. It was used mainly for coinage, jewelry, and other arts.  

However, in 1987, Haruta and Hutchings published, each on his side, articles that revealed an 
unsuspected catalysis activity of supported gold in CO oxidation [1] and ethyne hydrochlorination 
reactions [2]. Very quickly, the catalytic activity of gold was related to the size of its particles. Indeed, 
it is now established that gold has a catalytic activity if the particle size is less than 5 nm. 

This paper focuses on the different results obtained for gold as a supported metal for the 
catalysis of organic molecule oxidation reactions and organic molecules coupling reactions. We will 
particularly present the influence of different parameters (particle size, method of preparation, 
nature of the support, addition of a second metal, ..) on the catalytic performances (activity, 
selectivity, stability) in cyclohexene oxidation [3, 4]   and propargylamine synthesis via a one pot 
three-component coupling of amines, alkynes and a methylene source [5]. 
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