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Abstract

We propose a novel approach to trap 2 nm Pt nanocrystals using nanoporous two-dimensional
supramolecular networks for cavity-confined host-guest recognition process. This will be
achieved by taking advantage of two features of supramolecular self-assembly at surfaces.
First, its capability to allow to the formation of complex 2D architectures, more particularly
nanoporous networks, through non-covalent interactions between organic molecular building-
blocks. Second, the ability of the nanopores to selectively host and immobilize a large variety
of guest species. In this paper, for the first time, we will use isotropic honeycomb networks

and anisotropic linear porous supramolecular networks to host 2nm Pt nanocrystals.
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1- Introduction

Widely studied, metallic nanoparticles (NPs) present a plethora of interesting intrinsic
properties (optical, magnetic, catalytic, electronic...)."” However, a precise control over
their spatial organization on different length scale is essential to steer the particles interactions
to improve the performance of the next generation of materials (i.e., for spintronics,
plasmonics) and devices (i.e., sensors, high density data storages memories,..). In this regards,
both properties and performances may be enhanced by controlling finely the positional order
within a two-dimensional (2D) self-assembly. [*) However, this is still a real challenge for
NPs smaller than 3nm in diameter. Indeed, the driving forces explaining the formation of self-
assemblies of colloidal NPs surrounding by capping molecules, are well known.” """ It consists
in different contributions to the NP-NP interactions including van der Waals (vdW) attractive
forces between the cores and/or the passivating chains, mostly alkyl chains, as well as
osmotic, electrostatic and elastic contributions. On the one hand, the size of the nanocrystals
has to be large enough (typically diameter > 3 nm) to favor vdW interactions. On the other
hand, the balance between capping agent elastic repulsion and attractive vdW forces controls
the interparticle distance. It is important to stress that capping agent-mediated interparticle
interactions are sensitive to factors such as solvent, temperature, bonding strength, coating
thickness. Anyhow the control of the interparticle distance by changing the alkyl chain length
is limited, ! it is therefore difficult to control both long-range organization and interparticle

spacing, especially in the case of 2D assemblies where the effects of substrate can be

predominant. " However, to develop devices based on these assemblies, it is necessary to be



able to adjust these two parameters easily and in particular to control the interactions between
nanoparticles within the periodic networks.

Thus, in order to go further in the integration of nanoparticles in usable systems,
another approach that allows both to control the organization at very long distance and to
modulate the interactions between nano-objects has to be develop, especially for NPs smaller
than 3 nm. Hence, pre-patterning the substrate appears as an efficient way to direct the
organization of 2D-confined NPs and to control both the interparticle distances and the
geometry of the NPs assembly. For example, a fine tuning of molecule-substrate forces based
on complementary H-bonding functionalization of the particle and the substrate could be
usefull to overcome the problem, as it has been demonstrated for Auss nanocrystals (NCs).!'*!
Hence, pre-patterning the substrate appears as an efficient way to direct the organization of
2D-confined NPs and to control both the interparticle distances and the geometry of the NPs
assembly. This pre-patterning can also itself result from the self-assembly of third-party
molecules. For example, the lamellae formed by the self-assembly of linear alkanes or their
derivatives on atomically-flat crystal surfaces can act as rails which drive the alignment of
NPs."*!*l However, in these systems, the interparticle distance (around 2 nm) along the rail
remained very small which could be a critical technological limitation for application as high
density data storage.*>"”]

On the other hand, the progress in supramolecular self-assembly at surfaces allows

towards the formation of more complex nanostructures with controlled topologies. "' I

n
previous work, we developed a functional group (so called ‘clip’) for supramolecular bonding
by interdigitation of the alkyl chains on sp, carbon-based substrates''® (e.g. highly-oriented
pyrolytic graphite (HOPG) and graphene) (Chart 1). We demonstrated that 1,3,5-

tristyrylbenzene substituted in positions 3 and 5 by alkoxy peripheral chains presenting n=6, 8,

10, 12, or 14 carbon atoms (TSB3,5-C,) can form a series of isotropic nanoporous
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honeycomb networks were the cavity diameter and cavity-cavity distances can be tuned by
playing with the alkyl chain length.!"*"") Moreover, the ability of these 2D structures to trap
disk-shapes molecules has been demonstrated.”” Moreover, the topology of the 2D porous
network can be changed by replacing the above star shape molecules bearing 3 clips, with
molecules bearing 2 clips like the first generation conjugated dendrimer (G1-DSB-C,)
consisting of a distyrylbenzene core, stilbene dendrons, and alkoxy terminal chains (Cn),
which forms anisotropic nanoporous networks. !'*2'

Here, we propose a novel approach based on nanoporous 2D supramolecular networks
for cavity-confined host-guest recognition process. This will be achieved by taking advantage
of two features of supramolecular self-assembly at surfaces. First, its capability to allow to the
formation of complex 2D architectures, more particularly nanoporous networks, through non-
covalent interactions between organic molecular building-blocks (tectons). Second, the ability
of the nanopores to selectively host and immobilize a large variety of guest species.”>*” In
this paper, for the first time, we will use isotropic honeycomb networks and anisotropic linear
porous supramolecular networks to host 2nm Pt nanocrystals. More precisely, in a first stage,
the supramolecular templates are built at liquid /solid interface by supramolecular self-
assembly on highly oriented pyrolytic graphite (HOPG) and characterized by scanning
tunneling microscopy (STM). Then, in a second stage, the nanoparticles are deposited by
solvent evaporation on the patterned substrates. We will demonstrate by High Resolution

scanning electron microscopy (HRSEM) that the nanopatterning of the substrate by porous

networks controls the organization (distance and geometry) of 2nm metallic NCs.

2- Results and Discussions
To demonstrate the host—guest concept for directed assembly of NCs, a series of

porous templates have been investigated. They consist of anisotropic and isotropic networks
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obtained from tectons G1-DSB-Cy4 and TSB3,5-Cy, (Chart 1), respectively. To address the
limitation on interparticles distances reported above, according to our previous results >/ the
tectons G1-DSB-C4 with the longer alkoxy peripheral C14 chains was chosen in order to
increase the spacing between the pores (4.4 nm) and thus the interparticle distances.
Experimental STM image (Figure 1A;) of G1-DSB-Cy4 supramolecular assembly confirms
the formation of an anisotropic linear porous network ' this corresponds to the so called
‘regular’ configuration. The lattice parameters extracted from Figure 1A; are reported and
superimposed on the molecular scheme (Figure 1A;). Beyond this regular arrangement,
Figure 1B; show that self-assembly is subjected to the formation of defects. In particular, a
shift along the molecular lamellae can occur, resulting in a variant in clipping geometry in
addition to the low-high interdigitation present in the regular pattern. This second
arrangement named ‘gauche’ corresponds to the high-low interdigitation (i.e., an inversion of
the clips). It is less common but visible on Figure 1B; and B, where it induces stacking faults.
This predominance of the regular configuration can be interpreted by a better stacking
stabilization. Such packing faults can appear either as a junction between two neighboring
mismatched domains grown independently, or as the defective growth of a domain following
the accidental misplacement of an initial 1-DSB-C 4 molecule in a gauche configuration.!*!!
Regarding the isotropic network, the TSB-3,5-C;; tecton has been chosen because it
can form a honeycomb network the pore diameter of which (1.9 nm) is commensurate with
the size of the NCs (2 nm).!"”) However, it has been reported that the tecton TSB-3,5-C,
could self-assemble along various schemes depending on concentration and temperature.!'”!
At room temperature, below the critical concentration Cc=10'3 mol.L'l, a honeycomb

structure is formed (Figure 1C; and 1C;). Above Cc, a dense organization is observed (linear

organization « ) together with a second linear organization (linear organization (3, Figure

1D; and 1D,). Their geometrical parameters are summarized in Table 1. The orientation of
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the underlying HOPG lattice has been obtained from the angle formed by mirror-symmetrical

molecular domains, following the method detailed in ref. [19]. Concerning the last one (3 ),

although the location of the aromatic core is accurately determined from STM images, the
position of the alkoxy peripheral chains against the substrate is less clear, as illustrated on
Figure 1D,. These STM images of the molecular template have been acquired at the liquid-
solid interface, which offers a better stability and resolution through the rejection of surface
contaminants that are insoluble in phenyloctane. However, the same organization is obtained
after removal of a volatile solvent such as toluene, although its dry STM imaging is less
convenient (images given in online supplementary material, figure S3 and S4)”.

The platinum nanoparticles were synthesized according to the liquid-liquid phase

20-28] This method allows the synthesis of NCs

transfer method (Supporting Information). !
with various size distributions. We chose to focus on 2 nm Pt nanoparticles for two reasons.
Firstly, this would permit to emphasize the difference between the poor local organization of
free NC assembly and that directed by the supramolecular template. Secondly, the size of the
nanocrystals matches that of the two honeycomb network pores, which is supposed to favor
their trapping. Nevertheless, the results presented here are not specific to the nature of the
metal chosen. We synthesized 2 nm Pt nanocrystals with a polydispersity close to 12%,
(Figure S5 and S6) stabilized by oleylamine stabilizing agent and dispersed in chloroform
(referred to as Pt-C;gNH;).

In order to study the effect of the supramolecular template on the NCs organization,
we compared two preparation procedures with a control sample. To reach this goal, three
solutions were prepared: a 2x10® mol.L™" solution of G1-DSB-C14in phenyloctane (solution
1), a 1x10° mol.L"" solution of TSB-3,5-Cy in phenyloctane (solution 2) - the concentration

was determined to promote the formation of the honeycomb structure - and a 1x10° mol.L™!

solution of Pt-C;sNH, in chloroform (solution 3). To consider the effect of the isotropic
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template, first 10 uL of solution 1 was deposited on a freshly cleaved graphite heated at 60°C
during 10 minutes. After a few hours, the phenyloctane is evaporated and 10 pL of solution 3
is added. Dried, the sample was characterized by HRSEM. To consider the effect of the
anisotropic template, a second sample was prepared in the same way but by replacing solution
1 with solution 2. A control sample was prepared using the solution 3 only (Supporting
Information, figure S7). We consider that all the molecules and nanoparticles are dropped on
the surface with no loss. Contrarily to the control sample (NPs deposited on raw HOPG,
figure S7), where only a local organization barely exists, the nanoparticles present a periodic
arrangement, when using an organized porous template (Figure 2 and Figure 3). EDX
analysis of the sample, after deposition of the nanoparticles solution and evaporation of the
solvent, shows that only carbon and platinum are present on the substrate (See Figure S8).
This confirms that the spherical nano-object deposited on the substrate could only be platinum
nanocrystals. To evidence the patterning effect, 2D digital fast Fourier transform (2D-FFT)
was applied to HRSEM allowing the determination of the experimental lattice parameters and
the analysis of any possible commensurability with the supramolecular template.

For the isotropic template of G1-DSB-C4 molecules, a typical HRSEM image of Pt-
Ci3NH; nanocrystals is shown figure 2A. It reveals a hexagonal organization of the metallic
NPs. A zoom in this image (Figure 2B) and more particularly its FFT (Figure 2C)
emphasizes the presence of a quasi-hexagonal lattice with Aj e, = 4.1 nm, By ¢, = 4.46 nm
and Ci = 4.65 nm. This periodicity matches a model in which every second pore is filled
along the a; direction whereas all the pores are filled on the b; direction of the G1-DSB-C 4
network (Figure 2D). At some specific places of the same sample, an organization close to
the quasi-hexagonal one has been observed and is present on Figure 3A and Figure 3B.
However, four periods are revealed by the FFT (Figure 3C), A o, =4.02 nm, By ¢, = 4.5 nm,

Caexp= 4.68 nm and D, ¢, = 5.22 nm. The three first values, Aj cxp, B2exp and Co exp, are close
7



t0 A exp, Biexp and Ci exp and are thus interpreted by the same organization. Yet, D, ¢y, cannot
be explained with the ideal model proposed on Figure 2D. Nonetheless, the value D, ¢, may
be related to gauche configurations (Figure 1B), as represented on Figure 3B, which shows
that the theoretical value D, fits well with the experimental one D,.,,. Hence, these results
implies that the NCs organization is directed by the molecular patterns of organic molecules
deposited on HOPG. Indeed, not only the perfect organization of the supramolecular template
(Figure 1A), but also the defects (Figure 1B) can be reproduced by the 2D assembly of
metallic NCs. Thus, the present results show a directed assembly of metallic NCs induced by
a supramolecular template. On Figure 2D and 3D, the Pt-C;3NH, nanocrystals are supposedly
positioned on the pores of the template. Yet, establishing the real position of the nanocrystals
compared to the G1-DSB-Cy4 network is still delicate, even with HRSEM and STM. In the
case of gold NCs on lamellar templates completely covering HOPG,!"! it has been speculated
that NCs interact with the aromatic core of the molecules and were then localized on it. Here,
both G1-DSB-Cj4 molecules and the substrate are accessible to the NCs and present an
aromatic character. Thus, we cannot determine the correct position of the nanocrystals
compared to the supramolecular template.

Concerning the anisotropic template, using exactly the same protocol, a sample was obtained
by substituting G1-DSB-Cy4 with TSB-3,5-Cy;. The corresponding HRSEM image is
presented on Figure 4A. Once zoomed (Figure 4B) and thanks to a FFT (Figure 4C), a
surprising regularity is observed which may indicate that nanocrystals are aligned on an
oblique lattice with A3, = 5.2 nm, B3 ¢,y = 5.8 nm and I'3 o, = 82°. The concentration of the
solution of TSB-3,5-C; is adjusted so as to form honeycomb lattices when the sample is dried.
However, we observe no clear correlation between the oblique lattice of the nanoparticles and
the honeycomb lattices of the TSB-3,5-C;,. Nonetheless, in practice, during the deposition of

the TSB-3,5-C;; solution and the evaporation of phenyloctane, the local concentration of the
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TSB-3,5-Cj2 molecules is not the same on all the substrate. These hypothesis, which are
supported by experimental results obtained on a dried sample (see Supporting Information
Figure S3), allow us to consider other possible organizations observed for TSB-3,5-C;
molecules self-assembled on graphite. As already mentioned, a correlation may exist between
experimental results and the linear organization B. In contrast with what observed with G1-
DSB-Cy4 molecules, here the NPs can be tentatively placed according to the direction of the
vector 2a,+0.5b; and -a,+b,, as shown on Figure 4D. Contrarily to the previous experiments,
there are no pores on the linear organization f to welcome the NCs. According to the
observation done before on the relative position of the Pt NCs with the G1-DSB-Ci4
molecules, we might then think that the presence of an aromatic core is a necessary and
sufficient condition to get a direct assembly of metallic NCs. However, due to the unknown
position of the alkoxy peripheral chains on the linear organization B, we cannot exclude a
possible interaction between them and the stabilizing agent that influence the direct assembly.
As a matter of fact, if the alkoxy chains are effectively oriented out of the plane of the
template, we can imagine that they may interact with the oleylamine physisorbed on the Pt
NCs surface.
3- Conclusion

To summarize, these studied demonstrates validate the host-guest concept for directed
assemblies of metallic NPs smaller than 3 nm in diameter, which usually barely self-organize.
This is testified by the differences observed in NP organization between the control sample
(without molecular patterns) and the samples modified with supramolecular templates. More
particular, the effect of the supramolecular template was clearly highlighted by the imprint of
the templates defects on the nanocrystals organization. The control of the interparticles

distances and the geometry of the network of NPs lead to imagine different use of this system



especially for high-density magnetic recording by using highly magnetic NCs as CoPt

nanoalloys with similar size.*
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Chart 1: Molecular structure of the functional group « clip » (top) and the two derivatives used in
this work G1-DSB-C, (left) and TSB3,5-C, (right).
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Figure 1. (1) STM images (23x23 nm?) of (A and B) G1-DSB-C 4 molecules self-assembled
on linear network (I=12 pA, V=-680 mV, C=1.0x10* mol.L™") and TSB-3,5-C;, molecules
self-assembled on (C) honeycomb and (D) B compact network (I=20 pA, V=-888 mV,
C=4.0x10” mol.L™"). On the B image, defects are observed and induce a translation along the
a; direction represented by the black dot lines. For all images, lattices parameters had been
determined experimentally and used to determine (2) a representation of the (A and B) G1-
DSB-Cy4 molecules and the (C and D) TSB-3,5-C;, molecules’ self-assembly on graphite
(a1=2.1 nm, b;=4.35 nm, a,=70°; a,=b,=4.18 nm, a,=60° and a;=2.4 nm, b3=5.17 nm, az=75°).
All these experiences were done at room temperature, at liquid-solid interface, using
phenyloctane as solvent and graphite were used as substrate.
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Figure 2. (A) HRSEM image (384x474 nm?) of Pt-C3sNH; nanoparticles deposited on the
G1-DSB-C4 supramolecular template formed on the substrate; (B) zoom on a specified area
(white square, 115x115 nm?) with an organization characterized by the (C) associated FFT;
(D) Representation of the G1-DSB-Ci4 molecules self-assembled on graphite, oriented

following the method detailed in ref. [19] and the suggested nanoparticle distribution inside
this molecular matrix (A1=4.2 nm, B1=4.35 nm and C1=4.65 nm).
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Flgure 3. (A) HRSEM image (388x474 nm?) of Pt Ci3NH; nanopartlcles dep0s1ted on the
G1-DSB-Cy4 supramolecular template formed on the substrate; (B) zoom on a specified area
(white square, 115x115 nm?) with an organization characterized by the (C) associated FFT;
(D) representation of the G1-DSB-Cy4 molecules’ considering a column shift (cf. Figure 1)
self-assembly on graphite and the influence of this on nanoparticles’ organization (A,=4.2 nm,
B,=4.35 nm, C,=4.65 nm and D,=5.23 nm).
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Flgure 4. (A) HRSEM image (474x474 nm2) of Pt- C]gNHz nanopartlcles deposited on the
TSB-3,5-C;, supramolecular template formed on the graphite; (B) zoom on a specified area
(white square, 115x115 nm?) with an organization characterized by the (C) associated FFT;
(D) representation of the TSB-3,5-C;; molecules’ self-assembly on graphite oriented
following the method detailed in ref. [19] and the suggested nanoparticle distribution inside
this molecular matrix (A3=5.12 nm, B3=6.00 nm and ['s=80°).

Table 1. Lattice parameters of the honeycomb structure and the linear organization
observed for the TSB-3,5-C;, molecules self-assembled on graphite.

Lattice Honeycomb  Linear

parameters network organization
B

a® 418 nm"? 2.4 nm

b ? 418 nm"? 5.17 nm

r® 60° 75°

9 The subscript i is equal to 2 (respectively 3) for the honeycomb network (respectively the
linear organization B);  these values was taken from reference 17.
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Self-assembly and STM experiments.

Scanning tunneling microscopy (STM) images were acquired at room temperature with a
homemade digital system. The self-assembly of the molecules was observed in situ at the
liquid-solid interface. The fast-scan axis was kept perpendicular to the sample slope. All
images were obtained in the height mode, i.e. with real-time current regulation. Images
acquired simultaneously in both fast scan directions were systematically recorded and
compared. The drift of the instrument was then corrected on these images by combining two

successive images with downward and upward slow-scan directions, using specially

1



developed image cross-correlation software called Imago. The solvent was 1-phenyloctane
(98%, Aldrich), which avoids the coadsorption often observed with linear alkanes. The
substrate was HOPG (SPI, grade 2, 1x1x0.2 cm’) and the tip was mechanically formed from a
250 pm Pt/Ir wire (Ptgolro, Goodfellow). The freshly-cleaved sample and tip quality was
systematically checked by the STM observation of HOPG atomic network prior to molecular
deposition. The self-assembled monolayers were formed by adding a droplet (ca. 5 puL) of the
studied solution (TSB-3,5-C;; or G1-DSB-C;4 molecules) on the substrate, immediately after
observation of HOPG atomic network. Then, the self-assembled monolayers were observed
by immersing the STM tip in the droplet.

The different main networks observed for the TSB-3,5-C;,

As mentioned on the article, the TSB-3,5-C,, self-assemble on graphite and according to the
concentration, three organizations are mainly observed: for a concentration superior to 107
mol.L™", a linear compact structure o is observed (Figure S1A) while a honeycomb structure
is preferentially formed for a concentration inferior to 5.10° mol.L" (Figure S$1C).>*
Moreover, a second linear compact structure (linear organization ) may coexist with the two
other networks (Figure S1B).") The modification of the molecular arrangement is dependant
of the concentration and also the stabilization of the molecules adsorbed: the most stable
system is the one where adsorption energy by surface unit is the smallest possible."!
According to the concentration, the number of molecules adsorbed on surface won’t be equal
and different geometries are less energetically costly. It drives then to observe different
behaviours of the alkoxy peripheral chains and more specifically their adsorption on graphite.
As shown on Figure S1C,, the peripheral chains are positioned parallel to the graphite’s
surface. However, when the density becomes greater, the peripheral chains may be oriented

towards the liquid as presented on Figure S1A, (some chains are not fully represented)."

Concerning the linear organization 3, we cannot yet identified if all the chains are adsorbed or
2



not on the graphite. Besides, to put forward this phenomenon, the relative density was
calculated using the lattice parameters reminded on Table S1, where the reference was the

honeycomb structure (Figure S2). As expected, the linear organization o and [ are denser

1.38 times and 1.25 times respectively than the porous network.

\\.‘éék N \\ \\\\V“ 0\ \?@;“A
Figure S1. (1) STM images (15x15 nm®) of TSB-3,5-C}, molecules self-assembled on (A) a
compact network, (B) B compact network and (C) honeycomb (I=20 pA, V=-888 mV,
C=4.0x10" mol.L™"). For all images, lattices parameters had been determined experimentally
and used to determine (2) a representation of the TSB-3,5-C;, molecules’ self-assembly on

graphene

Table S1. Lattice parameters of the honeycomb structure, the linear organization 3 and the
linear organization o observed for the TSB-3,5-C;, molecules self-assembled on graphite.

Lattice Linear organization Linear organization Honeycomb network
parameters a

a? 2.25nm" 2.4nm 4.18 nm®

b ¥ 4.94 nm" 5.17 nm 4.18 nm”

ne 70°" 75° 60°"

9 The subscript i is equal to 1, 2 or 3 and refer respectively to the linear organization a, the
linear organization B and the honeycomb network; ” these values were taken fromt*,
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Figure S2. Graph comparing the molecular relative density of the three main networks
observed for the TSB-3,5-C;,. The density of the porous network is here the reference and
then equal to 1.

It is important to notify that a self-assembly can be observed by STM on a dried sample.
Indeed, a sample was prepared to confirm that the self-assembly is still present once dried.
For that, 10 puL of a solution of TSB-3,5-Cy; at 10° mol.L™" are dissolved on phenyloctane and
once the solvent is evaporated, the sample is characterized by STM. Despite the difficulties to
have a good resolution due to the absence of an insulating solvent, the observation of a
honeycomb structures remains possible (Figure S3A). Plus, on different areas, a linear
organization was discernible (Figure S3B). The formation of a linear compact is consistent
with a high molecular density and then a higher concentration of TSB-3,5-C, on the graphite
surface. Regarding the concentration of the solution, a porous network should be
preferentially formed. Yet, during the deposition of the solution on the substrate, the diffusion
of the solution is not fast enough to get a local homogeneous concentration on the entire
surface. This phenomenon drives then to have different local concentration and can justify the

self-assembly of the TSB-3,5-C;, molecules into a compact organization.



honeycomb network (60x60 nm?* I=98 pA, V=-350 mV) and (B) a compact network (35%35
nm?, I=20 pA, V=-990 mV). Here the characterization was done on a dried sample.

A

Figure S4. STM images at solid/air interfaces of TSB-3,5-C;, molecule self-assembled on
HOPG substrates after drying of the solution (A) 200x200 nm® I=20 pA, V=-1V. The
honeycomb structure is clearly visible at high magnification (B) 100x100 nm?* I=20 pA, V=-
V.

Synthesis of Pt-C,sNH, nanoparticles.

Initially developed by Brust er al.,'® this synthesis was already used on the laboratory to form
monometallic nanoparticles (Pt/* and Pd™®'") and bimetallic nanoparticles (CoPt!"'™"*! and
PdPt!"*!'¥)). First, the precursor, PtCls>, is formed via a complexation reaction between
hydrochloric acid and platinum(IV) chloride on water under stirring during one hour. At the

same time, a solution of tetrakis(decyl)ammonium bromide (TDAB) dissolved on 40 mL of
5



toluene by ultrasonic bath is prepared. Afterwards, the transfer of the precursor on the latter
solution is ensured by a vigorous stirring during two hours. The organic phase is then isolated
and 1.5 mL of oleylamine is added to it. An aqueous solution of NaBHy4 (5 mmol in 12.5 mL
of water), which was under stirring during 20 minutes, is soon after slowly added to the
precursor’s solution under agitation for 24 hours (Figure S5). Lastly, the organic phase is
extracted to evaporate the toluene and to wash the nanoparticles with ethanol in combination
with centrifugation. A good solvent - CHCl; is chosen here but toluene or an alkane may be

used too — is then added to solubilize Pt-C;sNH; nanoparticles.

Formation of precursor Extraction via TDAB Addition of Alkylamine Reduction by NaBH

4 (g
HCl
» Toluene 3 Toluene Toluene Solvent:
PtCl, PtCl, o ( P{CI(TDA), CyNH, PL-C,NH. Alkane
- PtCl (TDA ' 2
Water Water «TDA), Water CHCI

Figure S5. Scheme of the liquid-liquid phase transfer synthesis’ protocol.

Characterization of Pt-C3sNH, nanoparticles

To determine the size and polydispersity of the nanoparticles we perform a characterization
by Transmission Electronic Microscopy (TEM, JEOL 1011). A TEM copper grid, covered by
a thin film of amorphous carbon, is placed on a filter paper and 10 puL of the solution is
deposited on the grid. Few images with a magnification at 80000 are taken (Figure S6A) and

the size distribution is determined (Figure S6B) with two softwares: ImagelJ and Excel.
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Figure S6. (A) TEM image and (B) size distribution of Pt-C;sNH; nanoparticles.[M]

Once the nanoparticles are synthesized and characterized, a control sample is prepared as
described on the article: on a freshly cleaved graphite, 10 uL of the Pt-C1sNH, at 10° mol.L™
is dropped on the substrate. Once dried, the sample is characterized by High Resolution
Scanning Electronic Microscopy (HRSEM) via a Hitachi SU-70 Microscope. A typical
HRSEM image is shown on Figure S7A where there is no obvious organization (Figure S7B)

and illustrated by the Fast Fourier Transform (FFT) on Figure S7C.

15,0k 2. 211 K200k SE(U) 2 o4 5

Figure S7. (A) HRSEM image of the control sample; (B) zoom on an area (white square)
where the organization is characterized by (C) the FFT.['"4
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Figure S8. (A) Low magnification SEM image of the control sample; (B) EDX analysis of
zone 1 (marked with a +)
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