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CONSPECTUS

he natural arrangement of atoms or nanocrystals either in ~ pa7p
well-defined assemblies or in a disordered fashion induces
changes in their physical properties. For example, diamond and \
graphite show marked differences in their physical properties
though both are composed of carbon atoms. Natural colloidal
crystals have existed on earth for billions of years. Very inter-
estingly, these colloidal crystals are made of a fixed number of ( 0
polyhedral magnetite particles uniform in size. Hence, opals
formed of assemblies of silicate particles in the micrometer size
range exhibit interesting intrinsic optical properties. A colorless
opal is composed of disordered particles, but changes in size segregation within the self-ordered silica particles can lead to distinct
color changes and patterning.

In this Account, we rationalize two simultaneous supracrystal growth processes that occur under saturated conditions, which
form both well-defined 3D superlattices at the air—liquid interface and precipitated 3D assemblies with well-defined shapes. The
growth processes of these colloidal crystals, called super- or supracrystals, markedly change the mechanical properties of these
assemblies and induce the crystallinity segregation of nanocrystals. Therefore, single domain nanocrystals are the primary basis
in the formation of these supracrystals, while multiply twinned particles (MTPs) and polycrystals remain dispersed within the
colloidal suspension. Nanoindentation measurements show a drop in the Young's moduli for interfacial supracrystals in
comparison with the precipitated supracrystals. In addition, the value of the Young's modulus changes markedly with the
supracrystal growth mechanism. Using scanning tunneling microscopy/spectroscopy, we successfully imaged very thick
supracrystals (from 200 nm up to a few micrometers) with remarkable conductance homogeneity and showed electronic
fingerprints of isolated nanocrystals. This discovery of nanocrystal fingerprints within supracrystals could lead to promising
applications in nanotechnology.

Single domain

Introduction

The process of crystal growth leads to the formation of a
crystalline solid made of atoms, molecules, or nanoparticles
that are typically close packed with fixed positions in space
relative to each other. Here we consider crystal growth of
atoms and nanocrystals.

Natural colloidal crystals have existed on earth for bil-
lions years; some are composed of polyhedral magnetite
(Fes0y), crystallites of a few micrometers and uniform in
size; those have been identified recently in the Tagish
Lake.! Very interestingly, these colloidal crystals are made
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of afixed number of polyhedral magnetite particles uniform
in size. In theory, strong magnetic interactions between
nanoparticles are expected to prevent any colloidal crystal
formation for particles, in the hundreds of nanometers
size range. However, these interactions appear to be rather
weak and are attributed to the formation of unusual core—
shell structure composed of two different magnetic domains.
Other colloidal crystals have been observed in nature. Opals
formed of assemblies of silicate particles in the micrometer
size range have been shown to exhibit interesting intrinsic
optical properties. Silica particles forming either disordered
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or ordered aggregates show marked differences in the
optical properties. A colotless opal is made of disordered
particles, whereas when the particles are organized, a spe-
cific reflectivity can be seen. These physical properties are
governed by the particle size and self-assembly type.?
The changes in the opal color are due to size segregation
occurring within the self-ordered silica particles. Those ob-
servations open a new research topic with the emergence
of a rather large number of new intrinsic properties. Such
colloidal crystals are in fact particles in the micrometer scale,
self-assembled in 3D superlattices with well-defined crystal-
line structures as atoms in bulk materials. A rather nice
analogy between what is observed in nature and obtained
in experimentally manufactured materials can be drawn.
Over the last 15 years,> 2 self-assemblies of 3D super-
lattices of inorganic (semiconductors, metals, oxides, etc)
nanopatticles have been produced. These nanocrystal as-
semblies are called supra- or supercrystals. The major differ-
ence between the systems discovered in nature and those
engineered in the laboratory is related to the size of the
nanocrystals involved in both types of assemblies. In nature,
the building blocks are almost 2 orders of magnitude larger
than those produced experimentally. Furthermore, nature is
able to produce supracrystals with a fixed number of parti-
cles; that is not yet possible in the laboratory. These supra-
crystals are soft crystals. Their growth mechanisms are
close to those described a long time ago for solid material.
Supracrystals exhibit crystalline structures similar to those
observed in bulk materials with the formation of face-
centered cubic (fcc), hexagonal compact packing (hcp), and
body-centered cubic (bcc) crystals. Their growth mechanisms
are close to what is already known for solid materials. The
heterogeneous supracrystal growth mechanism induces the
formation of nanocrystal films deposited on a substrate.
Such a growth process involves attractive interactions be-
tween nanocrystals that are stronger than those between
the substrate and the nanocrystals.'® This causes rough
multilayer films to grow on the substrate and has been
assigned as layer-by-layer supracrystals. In such cases, dis-
locations as well as pavements due to cracks appear on the
nanocrystal film. In the homogeneous supracrystal growth
process, nucleation comes from seeds existing in solution
and aggregates of highly ordered nanocrystals character-
ized by well-defined shapes are produced. It has unambigu-
ously been observed that these nanocrystals are ordered at
the mesoscopic scale (over distances larger than a few
micrometers) in not simply an aesthetic arrangement but
the formation of novel materials. Specific, unexpected, and
1966 = ACCOUNTS OF CHEMICAL RESEARCH
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remarkable properties have been found when a number of
physical properties of 3D disordered aggregates of nano-
crystals are compared with those of their fcc supracrystal
counterparts, both structures having been prepared from the
very same nanocrystal batches.'*~'® The major findings are
related to the coherent vibrations of Ag and Co fcc supra-
crystals, a narrower distribution of interaction energies, and
an inhibition of the flipping of the super spins, as well as a
slower approach to magnetic saturation compared with Co
supracrystals in their disordered form.

Others analogies between nature and engineered mate-
rials concerning the crystal growth mechanism and also the
ordering of atoms in the final materials can be made. We
know that the ordering of atoms in bulk material critically
changes the properties of the matter in nature. One of the
most striking examples of such effect is the marked change
inthe physical properties of diamond and graphite, although
they are both composed of carbon atoms. At the nanoscale,
the influence of the crystalline structure, also called nano-
crystallinity, on the chemical and physical properties of
nanocrystals remains an open and controversial question.'”
This is mainly due to technical challenges in producing
nanocrystals of chosen nanocrystallinity. However, despite
the difficulties in synthesizing well-structured nanocrystals,
various studies on their physical properties have been
carried out over the past few years, one of the most devel-
oped research areas nowadays dealing with the influence of
the nanocrystallinity on the acoustic vibrational properties
of the nanocrystals. The fundamental radial breathing mode
(I = 0), which can be observed by low-frequency Raman
scattering (LFRS), requires nanocrystals with a very low
size distribution. A second and somewhat less restrictive
approach in terms of size distribution deals with dynamic
pump—probe experiments. Built on those two systems, two
models were developed from which it is expected that the
breathing mode remains mostly unchanged regardless of
the nanocrystallinity.'®'® This was recently confirmed
experimentally.?® However, it is to be noted those results
arein opposition with those reported by Tang et al.*' for 10 nm
Ag nanocrystals for which the frequency of the breathing
mode was dependent on the nanocrystallinity. The quad-
rupolar vibrational mode (I = 2) of nanocrystals, which can
easily be detected through their LFRS spectra, is split in 2-fold
degenerate E; modes and 3-fold degenerate T, modes for
single domain nanocrystals. In contrast, multiply twinned
particles (MTPs) and polycrystals exhibit only one band due
to light scattering induced by their quadrupolar vibrational
modes.?*>** Some controversies have emerged regarding
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FIGURE 1. Description of the set up with up and down side views of the colloidal solution after 7 days.

the mechanical properties of nanocrystals and the differencies
that might originate from their nanocrystallinity. Tang et al.?!
suggested an increase of the Young modulus, deduced from
the changes in the fundamental breathing mode for 10 nm Ag
nanocrystals. The study of the compressibility of 10 nm Agand
30 nm Au nanoparticles confirms a significantly higher stiff-
ness than the corresponding bulk phase, such behavior being
attributed to the presence of twinned defects.>* The influence
of the nanocrystallinity on the chemical properties of nano-
crystals has not been reported, yet. Nevertheless, supersatura-
tion of lattice vacancies caused by the atomic diffusivity (the
nano-Kirkendall effect) has been described; the formation of
hollow Ag,Se nanoparticles with single domain 10 nm Ag
nanocrystals has been observed, whereas perfect Ag,Se solid
is obtained with MTP nanocrystals.?> These divergences in the
results can be easily explained by the very high difficulty in
producing separately either single domain nancrystals or
polycrystalline nanoparticles. This clearly shows a need to
develop new approaches to select nanocrystallinity.

Here we describe a new method to grow supracrystals that
induces both segregation in crystallinity of nanocrystals and
spedific physical properties: Au nanocrystals dispersed in to-
luene are kept in supersaturation regime.?® Simultaneously,
flocculation at the air—toluene interface with formation of a
film and precipitation of well-defined aggregates take place.
The interfacial film and precipitate are both composed of Au
nanocrystals ordered in compact fcc structure with similar
interparticle distances. Such simultaneous supracrystal growth
processes induce nanocrystallinity segregation with supracrys-
tals of single domain nanocrystals.?” Mechanical properties®®
related to supracrystals differing either by their crystal growth
mechanisms or the crystalline structure of the nanopatrticles of
which they are made have emerged.

Results and Discussion

Two Simultaneous Supracrystal Growth Mechanisms
Dodecanethiol-coated Au nanocrystals, having average sizes
of 5, 6, 7, and 8 nm (hereby called Aus, Aug, Au,, and Aug,

26,29

respectively) and characterized by a very low size distribution
(<7%) are dispersed in toluene ([Au] = 10> M) and kept in a
beaker in a saturated toluene atmosphere. The nanocrystals
consist of a mixture of single domain nanocrystals, MTPs with
decahedral and icosahedral shapes, and polycrystals. These
properties will be referred to as nanocrystallinity. After 7 days,
flocculation of the nanocrystals occurred at the air—toluene
interface resulting in the formation of a bright thin interfacial
film (Figure 1). Meanwhile, precipitation of Au nanocrystals
is also observed in the vessel. As the aggregation of nano-
crystals in the form of either a film or a precipitate pro-
gresses, the Au nanocrystal concentration in suspension
decreases, as can be seen from a lowering of the color
intensity of the suspension.

These results are similar for all Au nanocrystal sizes
described herein, unless otherwise stated. The interfacial
film was withdrawn using a tungsten ring and deposited on a
substrate (HOPG or silicon wafer) and covers large surfaces
of the substrate (Figure 2a). For any building block size, high-
resolution SEM pictures (Figure 2b) exhibit the formation of a
well-ordered Au nanocrystal film with very large uniform
orientation areas indicating a long coherence length (several
micrometers) in the nanocrystal assembly. Terraces with
linear steps of various heights (from one to several nano-
crystals thicknesses) induced by screw dislocations are ob-
served. For a given concentration of Au nanocrystal stock
solution, the thickness of the formed interfacial film remains
unchanged, regardless of the nanocrystal size. SAXRD pat-
tern (inset Figure 2a) shows a fcc lattice except for Aus where
a mixed fcc/bec structure is observed. This indexation re-
veals that a common crystallographic axis ([111]) of the
supracrystals is normal to the substrate. The average inter-
particle distance, 3, calculated from the dy 1, spacing (6=2.3 nm),
is slightly larger than the length of the dodecanethiol mole-
cule in an alltrans configuration (1.8 nm). This clearly
indicates that a layer-by-layer (heterogeneous) growth
process occurs at the toluene—air interface behaving as
a “substrate”.
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FIGURE 2. (a) SEM image of the interfacial film. Inset: grazing incidence small angle X-ray diffraction of the interfacial film. High resolution SEM images
of selected areas on the film showing (b) large domain and with (c) sparse screw dislocations.

FIGURE 3. (a) SEM image of the Aus precipitate, (b) Grazing incidence small angle X-ray diffraction of the precipitate, and () high-resolution SEM of a

precipitate supracrystal surface.

The precipitate collected at the bottom of the beaker and
deposited onto a substrate is composed of individual aggre-
gates of well-defined shapes with an average size ranging
between 1 and 10 um (Figure 3a). Some of the structures
appear to be rather flat with well-defined edges whereas
others display a 5-fold symmetry shape. The SAXRD pattern
(Figure 3b) displaying continuous rings indicates no prefer-
ential orientation. Each line of the different profiles is in-
dexed using a fcc structure. It is to be noted that a similar
homogeneous nucleation for large Au nanocrystals has
been observed in various solvents.”'*3° The interparticle
distance remains unchanged compared with that obtained
with the interfacial film. Note that the size of the precipitated
supracrystals is larger for Aus nanocrystals than the other
assemblies (Aug to Aug).

Note that, for any nanocrystal size, the interfacial and
precipitated supracrystals as characterized by interparticle
distances, determined from SAXRD patterns, are similar
(Table 1).

From these data, it can be inferred that two simultaneous
supracrystal growth mechanisms take place at thermo-
dynamic equilibrium with a layer-by-layer (heterogeneous)
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supracrystal growth at the air—toluene interface and in
solution (homogeneous).

Regarding the analogy between what is observed in
nature and what is obtained for experimentally manufac-
tured materials in confined media, such as the conditions
that are found naturally in some underground pools in
central Texas (U.S.A), aragonite crystals form and float
at the air—water interface, mimicking a nearly flat perfect
substrate property.3! Figure 4 clearly show a “quasi’-perfect
flat surface produced by interfacial crystal growth processes
either in underground pools or in the laboratory. Figure 4a
shows the SEM image of bulk aragonite crystal composed of
atoms, whereas Figure 4b is an SEM image of interfacial
supracrystals made of Au nanocrystals.

Stiffness of Supracrystals Differing by Their Growth
Mechanisms?2. The physical properties of those 3D struc-
tures depending on their growth mechanism were investi-
gated by nanoindentation measurements using an AFM tip.
Two models (Oliver and Pharr and plate) were used to
determine the Young's moduli of the supracrystals. The
values deduced from these two models slightly differ, but
they are in the same order of magnitude. Furthermore, the
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TABLE 1. Nanocrystal Characteristics for Each Supracrystal

Aus Aug Auy Aug
mean diameter (nm) 5.2 6.1 7.0 7.8
polydispersity (%) 7 6 6 8
interparticle distance (nm) interface 23+04 23+04 2.1+04 20+03
precipitate 2.1+0.1 24+04 26+04 25+03

changes in the behavior for interfacial and precipitated
supracrystals remain similar. For Aus interfacial supracrys-
tals, the Young's moduli, according the two models used, are
estimated to be 1.1 and 0.24 GPa, respectively. Conversely,
the Young's modulus for Aus precipitated supracrystals is
estimated to 5 GPa. Hence, the Aus supracrystals produced
in solution via an homogeneous growth process are char-
acterized by a Young's modulus with a value 5 times larger
than those produced at the air—toluene interface by a
heterogeneous growth process. Independent sets of experi-
ments were carried out several times on several samples;
the observations described above proved to be highly
reproducible. Note that the average distance between nano-
crystals remains unchanged, regardless of the supracrystal
growth process (Table 1). A size segregation process be-
tween nanocrystals occurring at the interface and the pre-
cipitate can be ruled out since similar size distribution values
were recorded from the nanocrystals originating from either
the interface or the precipitate.

The origin of the observed discrepancies in the Young's
modulus values needs to be addressed. They can arguably
be attributed to the origin of the supracrystal growth process.
In order to confirm such a hypothesis, the Aus precipitated
supracrystals were extracted from the bottom of the beaker
and dissolved in hexane. An optically clear solution of Au
nanocrystals was obtained. Then, a substrate was deposited
at the bottom of the cell, and the solvent was allowed
to slowly evaporate. As expected from previous experi-
ments,'? a layer-by-layer supracrystal film was formed.
The average Young's moduli corresponding to the layer-
by-layer supracrystals, deduced from the two models, are
1.1 and 0.55 GPa. These values are in complete agreement
with the data obtained with Aus interfacial supracrystals,
also grown via a layer-by-layer mechanism (heterogeneous).
Hence, the Young's moduli of Aus supracrystals produced by
evaporation of nanocrystals initially grown in solution (1.1
and 0.55 GPa) are similar to those measured at the air—
toluene interface (1.1 GPa and 0.24 GPa). They show a 5-fold
decrease compared with the corresponding Aus precipitated
supracrystals produced by using the same batch of Aus
nanocrystals. Hence, the average Young's modulus markedly
changes with the process involved in the production of

200 nm

FIGURE 4. (a) SEM image of aragonite crystals produced underground
pools (ref 31). (b) Titled SEM image of interfacial supracrystals of 6 nm Au
nanocrystals.

supracrystals, indicating that the supracrystal growth mecha-
nism is a Key parameter in the stiffness of the final product.
Rationalizing those results remains challenging since the
average distance between nanocrystals is unchanged for
interfacial and precipitated supracrystals. One can argue that
some solvent molecules are trapped in the lattice interstices of
the interfacial films while these interstitial solvent molecules
are absent in the precipitated supracrystals. It should be
mentioned that the presence of cracks and dislocations also
indicate that solvent molecules are associated with the inter-
facial supracrystals before they are deposited on the substrate.

Nanocrystallinity Segregation®’. As reported above, it is
possible to distinguish monodomain nanocrystals and poly-
crystals through their acoustic vibrations since a splitting
of the quadrupolar modes in 2-fold degenerate E; modes
and 3-fold degenerate T,z modes occurs for single domain
nanoctrystals. In contrast, only one band is observed in
the case of MTPs and polycrystals due to light scattering
induced by their quadrupolar vibrational modes.3? Stokes/
anti-Stokes low-frequency Raman scattering (LFRS) spectra
were recorded on the Aus interfacial (Figure 2a) and pre-
cipitated (Figure 3a) supracrystals and those produced by
evaporation of the remaining solution (Figure 4d) in equilib-
rium between the interfacial and precipitated supracrystals
(Figure 1). The LFRS spectra of the Aus interfacial film
(Figure 5a) and precipitated supracrystals (Figure 5¢) exhibit
two distinct Raman bands peaks in the 135-210 GHz
region. Such splitting of quadrupolar modes is unambigu-
ously attributed to single domain nanocrystals. In contrast, a
larger band is observed in the spectrum of nanocrystals
remaining in suspension (Figure 5b). This multicomponent
band is attributed to the mutual contributions of single
1965-1972
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FIGURE 5. Anti-Stokes/Stokes low-frequency Raman spectra (lexc= 561 nm) of interfacial (a) and precipitated (c) supracrystals (blue and green curves,
respectively) and supracrystals (b) produced by evaporation of the colloidal solution (red curve) of Aus nanocrystals. Conical dark field images of Aus
nanocrystals (d, e, f) obtained from interfacial (d), precipitated (f), or the remaining colloidal solution in equilibrium with the two supracrystals (e).

domain and polycrystalline nanocrystals. This indicates that
supracrystals (interfacial and precipitated) are composed of
single domain nanocrystals whereas MTPs and polycrystals
remain in solution.

The dark field TEM images obtained on Aus interfacial
film and precipitated supracrystals after they have been
extracted from the vessel and suspended separately in
hexane and deposited on a TEM grid confirms this claim.
Those results are depicted in Figure 5d.f, respectively; a
homogeneous contrast on these pictures indicates that the
nanocrystals are single domain. The same experiment was
carried out with a drop of the solution in equilibrium with
interfacial and precipitated supracrystals, the resulting TEM
dark field image is presented in Figure 5e. The inhomogeneous
contrast (compared with Figure 5d,f) is attributed to the pre-
sence of a mix of nanocrystals having either MTP or polycrystal
structure. From LFRS and dark field TEM images, it is concluded
that the simultaneous supracrystal growth process at the air—
toluene interface and in solution induces the nanocrystallinity
selection. This process is obvious for Aus nanocrystals.
Built on these observations, it can be concluded that Aus
supracrystals (interfacial and precipitated) are composed
of single domain Aus nanocrystals whereas those origi-
nating from the remaining solution are composed of MTPs
and polycrystals. This clearly shows that the simultaneous
Aus supracrystal growth processes permit the nanocrys-
tallinity selection. When the nanocrystal size is increased,
the nanocrystallinity selection is continuously less pro-
nounced and tends to completely disappear in the case of
Auy and Aug nanocrystals.

Transport Properties®>3“, We succeeded in imaging the
surface of the Auy interfacial and precipitated supracrystals
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FIGURE 6. STM/STS of interfacial and precipitated supracrystals on
HOPG. (a) typical 100 x 100 nm? topographic STM image of the
interfacial supracrystal with tunnelling current set-point at 130 pA and
bias voltage at 2.3 V. (b) log(l) vs log(V) spectrum taken at the position
indicated in panel a (black cross). (¢) log(l) vs log(V) spectrum taken at the
position indicated in panel d (red cross). (d) Typical 100 x 100 nm?
topographic STM image of the precipitated supracrystal with tunnelling
current set-point at 200 pA and bias voltage at 5.0 V. (e) Differential
conductance map at 0.3 V of the STM image presented in panel a.

(f) Differential conductance map at 2 V of the STM image presented in
panel 6d. (g) Averaged differential conductance vs V curve (blue line)
corresponding to STM image presented in panel a to a single nano-
crystal of the interfacial supracrystal (black line). (h) Averaged differen-
tial conductance vs V curve (black line) corresponding to the STM image
presented in panel d and to one single nanocrystal of the precipitated
supracrystal (red line).

by STM at 5 K. Contrary to what is expected, these thick
supracrystals are conductive enough to nanocrystals in
hexagonal lattice (Figures 6a,c). The supracrystals are highly
stable for all thicknesses (200 nm to 5 mm) during imaging
with bias voltages up to 9 V. Such a high voltage suggests



that the potential drop between the STM tip and the first
nanocrystal layer of such supracrystals is not equal to
the applied voltage but is instead markedly reduced due to
the highly resistive nature of the films. In a standard STM
experiment with a tip in front of a simple metallic surface, at
9V, the junction would be in strong field-emission regime,
and the field-emitted electrons would certainly severely
damage the sample. Here, the nanocrystals are coated with
dodecanthiol molecules, which play the role of a dielectric
barrier. Then the nanocrystals in the supracrystal act as
voltage dividers. Hence the current passes across the supra-
crystalline network via tunneling effects between nanocryst-
als. Such process confers a very high resistivity to the
supracrystals®>>3° and a large voltage drop across the layers
is observed. Then, the voltage drop between the STM tip and
the first nanocrystal layer of the supracrystal is much lower
than the applied voltage, in particular in the case of the
precipitated supracrystals. Of course, the voltage drop
through the film increases when the number of hanocrystal
layers increases, explaining why imaging of the very thick
precipitated supracrystals necessitates higher voltages com-
pared with the thinner supracrystal (interfacial). Local spec-
troscopic measurements were also carried out in order to
gain some insight on the transport mechanism involved. All
the experiments were carried out several times. The average
conductance curve, I(V), shows a clear power law depen-
dence (V) « (V — V4)* characteristic of collective Coulomb
blockade regime;3” ¢ is independent of the thickness (from
200 nm to few micrometers) and is around 3. The fact that
the scaling exponents are comparable for interfacial and
precipitated supracrystals seems to indicate that similar
transport mechanism takes place for supracrystals having
around 40 and 700 nanocrystal layers. This confirms that a
key parameter in the transport mechanism is the number of
nanocrystal layers as has been demonstrated for 2D lateral
transport.® Preliminary results indicate that thinner supra-
crystal films exhibit a ¢ factor of 1.3. Nevertheless the
threshold voltage, V+, increases with the supracrystal thick-
ness; therefore the Vr value is larger in the case of precipi-
tated supracrystals compared with interfacial supracrystals.
The di/dV curves measured above a given NC exhibit a
slight additional modulation superimposed to the collective
(V — V9)*~! conductance background that mimics the Cou-
lomb staircase structure normally associated with Coulomb
blockade by an individual nanocrystal.®® Apart from this
slight Coulomb oscillation, the conductance background is
very homogeneous all over the surface as shown at 0.3 V
(Figure 6g) and 3 V (Figure 6h) for interfacial and precipitated
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supracrystals, respectively. This is attributed to the high
ordering of nanocrystals in the supracrystals and to the low
nanocrystal size distribution. All these results may suggest
that nanocrystals within supracrystals are electrically weakly
coupled, thus inducing a collective Coulomb gap with only
few nanocrystals participating in the conductivity mechanism
of thick supracrystals, the others acting as dielectric media.
Hence, the similar electronic behavior between these supra-
crystals (interfacial and precipitate) may indicate identical
transport mechanisms. This has to be darified in future
investigations and could be important for future applications.

Conclusions

Similarly to calcite crystallization processes that can occur at
the water/air interface, naturally formed in some undet-
ground pools,®' two simultaneous growth processes are
shown to produce supracrystals from Au nanocrystal colloi-
dal solution. These growth mechanisms, at the equilibrium,
permit production of highly homogeneous supracrystals with
very few defects. Two supracrystal mechanisms (heterogeneous
and homogeneous) are described. Furthermore unexpected
physical propetties are observed; for a given Au nanocrystal
size, the cooresponding supracrystal mechanical properties
markedly depend on the supracrystal growth mechanism.
Nanocrystallinity selection with formation of supracrystals of
single domain nanocrystals is achieved, while MTPs and poly-
arystals are naturally discarded and left in suspension. The
selective production of a population of single domain nano-
arystals and MTPs by soft chemical processes is highly challeng-
ing. Here, a new synthetic route is described to this end. Finally,
it is shown for the first time that very thick supracrystals can be
imaged by STM, and the conductance, highly homogeneous,
still keeps the electronic fingerprints of isolated NC. Note that
there was similar behavior in electronic transport properties of
supracrystals markedly differing by their stiffnesses.
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