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An ordered raft comprising Au nanoparticles of two distinct sizes with
RB/RA < 0:58. Shown are electron micrographs at low (a) and higher 
(b) magnification. c, The low-angle superlattice electron diffraction pattern obtained from
this bimodal raft structure.

Nanoparticles - spontaneous ordering

C. J. Kiely, J. Fink,M. Brust, D. Bethell,  D. J. Schiffrin, Nature, 1998, 396, 444.

when  monodispersed....
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3D alkanethiolate monolayers

A. Badia, L. Cuccia, L. Demers, F. Morin, B. R. Lennox, J. Am. Chem. Soc., 1997, 119, 2682.
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Figure 11. (a) (Left) TEM image of a face-centered, cubicpacked, array of silver nanoparticles, passivated with a 
dodecanethiolate monolayer, with a truncated octahedral morphology (see inset). (Right) Representation of the 
proposed packing of the particles via interdigitation of the bundled alkyl chains on each face. (b) (Left) TEM image of a 
monolayer of self-assembled silver tetrahedra passivated with dodecanethiolates. The bracketed area most closely 
matches the proposed model. 

3D alkanethiolate monolayers
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Nanoparticles - caracterization

TEM
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NANOPARTICELLE - characterization
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NMR

NANOPARTICELLE - characterization
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UV-Vis

NANOPARTICELLE - characterization
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MPC-C12    - TGA AnalysisAu116(SR)50 (MW= ) 
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Water soluble nanoparticles
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Water soluble nanoparticles
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Homogeneous phase synthesis

HAuCl4 + Polyether-MPCNaBH4HS MeOH/H2O

HS

O

H
N

O
O

O

The hydrocarbon chain ensures
the formation of a compact and 
tidy monolayer near the surface 
of the nanoparticle metal core

The polyether chain, even 
of  short length, ensures

MPCs  solubility in water and
polar solvents

HS

Quantitative conversion of HAuCl4

Diameter of the gold core 1.5 - 4.2 nm

Pengo, P; Polizzi, S.; Battagliarin, M.; Pasquato, L.; Scrimin, P. J. Mater. Chem. 2003, 13, 2471-2478.

Strong influence of the reduction rate

Water soluble nanoparticles
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TEM image of MPCs obtained with a 1/3
gold/thiol molar ratio, NaBH4 added in 10 sec.

TEM image of MPCs obtained with a 3/1 gold/thiol 
molar ratio, adding NaBH4 in 30 minutes
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MPC-C8-TEG Characterization
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Thiolate Ligands for Synthesis of Water-Soluble Gold Clusters

C. J. Ackerson, P. D. Jadzinsky, R. D. Kornberg J. AM. CHEM. SOC. 2005, 127, 6550
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Monolayer packing

F. Stellacci et al. J. AM. CHEM. SOC. 2006, 128, 11135-11149.

UNIVERSITÀ DEGLI STUDI DI TRIESTE – Prof. Lucia Pasquato
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Properties of the Monolayer

k+

k -

Keq = k+/k-

N O H

O

S H
N

OO O
O

S
H
N O

O
O O

S H
N

OO O
O

S

H
N O

O

O OS

HN O

O

O O

N O H
O

Au

S H
N

OO O
O

S
H
N O

O
O O

S H
N

OO O
O

S

H
N O

O

O OS

HN O

O

O O

A u +

EPR Spectroscopy as a tool to investigate the monolayer properties

M. Lucarini, P. Franchi, G. F. Peduli, P. Pengo, P. Scrimin, L. Pasquato, J. Am. Chem. Soc., 2004, 126, 9326.
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O
NHO

O

+

-

the hyperfin coupling constants a(N) and a(2Hb) are larger in polar media

UNIVERSITÀ DEGLI STUDI DI TRIESTE – Prof. Lucia Pasquato
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Properties of the Monolayer

k+ 7.7 109 M-1s-1

k- 1.9 106 s-1

Keq 5.683 M-1

M. Lucarini, P. Franchi, G. F. Peduli, P. Pengo, P. Scrimin, L. Pasquato, J. Am. Chem. Soc., 2004, 126, 9326.

H2O

H2O/MPC-C8-TEG

computer simulation

MPC-C8-TEG, d = 3.4 nm, s 0.7 nm

1÷2 x 10-5 M

N
O

OH

rapid exchange of the probe between the aqueous phase and the monolayer

the nitroxide group is located in a less polar environment shielded from the aqueous solvent

UNIVERSITÀ DEGLI STUDI DI TRIESTE – Prof. Lucia Pasquato
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M. Lucarini, P. Franchi, G. F. Pedulli, C. Gentilini, S. Polizzi, P. Pengo, P. Scrimin, L. Pasquato, J. Am. Chem. Soc. 2005, 127, 16384.

Keq 104.0 M-1

Keq 77.6 M-1

Keq 34.4 M-1

Monolayer packing

UNIVERSITÀ DEGLI STUDI DI TRIESTE – Prof. Lucia Pasquato
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Monolayer packing

NP T (K) aN (G) a2H (G) Keq (M-1)

- 300 16.25 10.14

- 340 16.22 9.80

NP-1 300 15.20 8.50 131

NP-1 340 15.35 8.46 20

NP-2 300 14.50a

15.18

8.45a

8.58

NP-2 340 15.15 8.50 320

NP-3 300 15.15 8.40 133

NP-3 340 15.40 8.48 26

NP-4 300 14.40a

15.23

8.38a

8.30

NP-4 330 14.58a

15.33

8.40a

8.33

NP-4 340 15.32 8.40 98

NP-5 300 15.25 8.35 550

NP-6b 298 15.70 9.00 77

Table 1. Spectroscopic parameters for the radical probe and partition
equilibrium (Keq) constants.

M. Lucarini, P. Posocco, L. Pasquato et al. manuscript in preparation 2020.
UNIVERSITÀ DEGLI STUDI DI TRIESTE – Prof. Lucia Pasquato
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Monolayer packing

M. Lucarini, P. Posocco, L. Pasquato et al. manuscript in preparation 2020.
UNIVERSITÀ DEGLI STUDI DI TRIESTE – Prof. Lucia Pasquato
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Monolayer packing

M. Lucarini, P. Posocco, L. Pasquato et al. manuscript in preparation 2020.

a) b)

Figure S2. a) Binding of the radical probe (in red) within NP6. Solvent is omitted for clarity, oxygen atoms are
in red and nitrogen atoms in blue, all the others atoms of the ligand are in green.
b) Radial distribution function (RDF) of nitrogen atom of the radical probe (solid line, left axis) and thiolate of 6 (dotted line, right axis)
reported from the gold surface.

UNIVERSITÀ DEGLI STUDI DI TRIESTE – Prof. Lucia Pasquato
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Monolayer packing

M. Lucarini, P. Posocco, L. Pasquato et al. manuscript submitted.

NP1 NP3

UNIVERSITÀ DEGLI STUDI DI TRIESTE – Prof. Lucia Pasquato

end group:  ammonium ion solfonate

normalized water distribution at 1.2 nm from the gold surface
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Monolayer packing

M. Lucarini, P. Posocco, L. Pasquato et al. manuscript in preparation 2020.

Figure 5. a) EPR spectra of the radical probe recorded in the presence of NP4 (13.3 mg/0.1mL) at 300 K (top), 330 K (middle) and 340 K (bottom).
Stars refer to the three different radical species (see text). In red are reported the corresponding theoretical simulations; b) Binding of the radical
probe (in red) within NP4. Solvent is omitted for clarity. c) Radial distribution function (RDF) of nitrogen atom of the radical probe in the monolayer of
NP2 (solid line, left axis) and ligand 2 (dotted line, right axis) reported from the gold surface. Insert: same RDFs as in panel c), but predicted at 340 K.

UNIVERSITÀ DEGLI STUDI DI TRIESTE – Prof. Lucia Pasquato
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Nanoparticles - functionalization

Au Au

Functionalized MPCs

Ligand exchange

Functionalized thiol

Hostetler, M. J.; Green, S. J.; Murray, R. W. J. Am. Chem. Soc., 1996, 118, 4212 - 4213.

synthesis using a mixture of thiols
thiols should survive under the reaction conditions
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Synthesis of the monolayer with a blend of thiols
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Nanoparticles - functionalization
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Au Au Au

Covalent Modification 

Templeton, A. C.; Hostetler, M. J.; Warmoth, E. K.; Chen, S.; Hartshorn, C. M.; Krishnamurthy, V. M.; Forbes, M. D. E.;
Murray, R. W. J. Am. Chem. Soc. 1998, 120, 4845-4849.

Nanoparticles - functionalization
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Mixed Self-Assembled Monolayers
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Ordered Domains on NPs

Jackson, A. M et al Nat. Mat., 2004, 3, 330; Jackson, A. M. et al J. Am. Chem. Soc., 2006

topographical power spectral density (PSD)

MPA

Octanethiol
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Nature Commun. 2012
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equal length unequal length

AuNP 7.0 nm in diameter



UNIVERSITÀ DEGLI STUDI DI TRIESTE – Prof. Lucia Pasquato

surfaces with varying degrees of curvature, different length C4:C6, 
same end group.

Entropy-Mediated Patterning of Surfactant-Coated Nanoparticles and Surfaces

morphologies of mixed-monolayers

same length same length
different tail group
bulkiness

4:6                    4:7                     4:13
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mixed-monolayer properties
tuning the surface chemistry

Centrone, A. et al PNAS, 2008, 105, 9886.
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Figure 5 Schematic drawing of a generic protein (top) and a rippled 
nanoparticle (bottom).The pink and blue contour line on top of the 
nanoparticle shows the hydrophobic and the hydrophilic regions of the 
particle,respectively.The same colour scheme is used to show the outside 
shell of the chosen protein.It is evident (as the drawing is approximately to 
scale) how,despite the enormous conformational freedom that the proteins 
have,there will always be regions of attraction and regions of repulsion when 

mixed-monolayer properties

A. M. Jackson, J. W. Myerson, F. Stellacci, Nat. Mater. 2004, 3, 330-336.
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protein nonspecific absorption
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The Nano Lotus Leaf Effect


