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Organic thiols are known to interact strongly with gold nano-
clusters, forming a passivating monolayer that stabilizes these
nanostructures against their growth (monolayer-protected gold
clusters, Au-MPC}. The physical and chemical properties of the
thiols forming this monolayer dictate the solubility of Au-MPCs
in a particular solvent and their interactions with solutes. Indeed,
the passivating monolayer provides a pseudo-phase different from
the bulk solvent in which molecules (or ions) may be hosted.
Similarly to lipid membranes, water-soluble Au-MPCs featuring a
monolayer made of thiols comprising a hydrophobic portion and a
polar headgroup are able to host hydrophobic molecules with the
important difference that the thiols are anchored on the surface of
the gold nanocluster while membrane lipids are not. The packing
of the thiols may be very tight, as demonstrated by phase transitions
from an ordered gel to a partly disordered liquid crystal phase
observed in the presence of a monolayer of Au-MPCs upon
increasing the temperatufe.

The size of the gold core affects many properties of Au-MPCs.
These may be related to the core itself (i.e., optical properties) or
to the monolayet:3 However, a study of how the size of Au-MPCs
affects the interaction of organic solutes with the monolayer has
never been reported. In view of the use of functional Au-MPCs as
nanozymes(i.e., catalysts with enzyme-like properties) and, hence,
of their ability to bind and subsequently modify a substrate, this
appears to be a relevant issue. This communication specifically
addresses this point.

ESR spectroscopy has been shown by us to be an excellent too
to monitor the partition of lipophilic nitroxides between the
monolayer of water-soluble nanoparticles (MPC-C8-TEG) and bulk
water® The monolayer of these nanoparticles was made by thiol
comprising a short alkyl chain close to the Au surface and a
triethylene glycol monomethyl ether unit. The results obtained with
para-substituted benzyl hydroxyalkyl nitroxides have clearly dem-
onstrated the inclusion of the nitroxide probes in the more
hydrophobic environment of the monolayer. This is associated with
large spectral changes of the hyperfine splitting constaagis)
anda(2Hg), due to the less polar environment experienced by the
guest molecules when solubilized in the monolayer. The reduction
of a(N) is due to the larger weight in lower polar environment of
the monolayer of the nitroxide mesomeric forms in which the
unpaired electron is localized on the oxygen rather than on the
nitrogen atonf. The ease by which ESR spectroscopy is able to
differentiate paramagnetic species experiencing different micro-
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scopic environments in solution prompted us to investigate the effect
of the core size on the capacity of the monolayer to “bind” a organic
radical probe.

Gold nanoparticles protected by a monolayer of thidls
(HS-C8-TEG) of different size were prepared following reported
procedures. Homogeneous-phase synthesis was used to prepare
nanoparticles of 1.6 and 3.4 nm average core dianidter.larger
nanoparticles having an average core diameter of 5.3 nm, we
followed the two-step procedure described by BfuBte composi-
tion of these water-soluble MPCs was determined by TEM and
thermogravimetric analysis (TGA) (see Supporting Informatfon).

The radical we have used in this study is gaga-pentylbenzyl
hydroxyalkyl nitroxides2 that, because of the aliphatic chain,
presents a large affinity for the organic monolayer. The nitroxides
were generated directly inside an ESR tube by oxidizing the parent
aminé® (1 mM) with Oxone (1 mM3!in the presence of a variable
amount of MPC-C8-TEG having different average Au core sizes
ranging from 1.6 to 5.3 nm. In all cases, the spectr& afere

Icharacterized by the presence of additional signals, beside those

due to the free species, which were attributed to the radical
embedded in the MPC monolayer (see Figure 1). Inspection of Table
1 shows that the values of bo#fN) and a(2Hg) decrease when
the aminoxyl is located in the less polar environment of the
monolayer, remaining approximately constant by increasing the
diameter of the Au core. This indicates that the polarity of the
environment surrounding the nitroxide function is similar in all

100G
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Figure 1. ESR spectrum o2 recorded in the presence of 1.6 nm diameter
MPC-C8-TEG (53.8 mg/mL) (top) and its computer simulation (bottom).
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Table 1. MPC Composition, ESR Spectral Parameters for 2 in present data account for the solubility found in apolar solvents of

Water and in the MPC Monolayer at 298 K, and Partition nanoparticles made of thidl” Actually, smaller particles are more

Equilibrium (Keq) Constants . L
soluble than the larger ones because their hydrocarbon portion is

size aN) o a2hy) HS-CBTEG® K more accessible for solvation by apolar molecules.
: (om) © © gactor (6 wiv) ™M In conclusion, we have determined, for the first time, that the
Té"’ater 11323 13-375 22-883;3 M2 10804 core size of metallic nanoparticles impart to the protective organic
34 15.70 9.00 20057 22.1(22.1) 72.8.0 monolayer different solvating properties. In partlculglr, b){ using ESR
53 15.62 8.87 2.0057 14.0 (14.0) 344 .5 spectroscopy, we were able to measure the partition isotherms of

an organic probe between an aqueous solution and the monolayer

@In the monolayer, determined by TGA and TEM (ref 9); calculated of water-soluble Au-MPC of different sizes. We thus confirm that
values are in parenthesésT = 298 K; errors refer to twice the standard  ggRr spectroscopy is a simple and powerful tool to investigate the
deviation. binding properties of nanoparticles that are difficult to obtain by
® other techniques.
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sl v Supporting Information Available: TEM and TGA analysis of
the Au-MPCs used, some representative ESR spect® détailed
radical ratios determined from the ESR spectra. This material is
available free of charge via the Internet at http://pubs.acs.org.
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