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Abstract: In recent decades, nanodiamonds (NDs) have earned increasing interest in a wide variety
of research fields, thanks to their excellent mechanical, chemical, and optical properties, together
with the possibility of easily tuning their surface chemistry for the desired purpose. According
to the application context, it is essential to acquire an extensive understanding of their interaction
with water in terms of hydrophilicity, environmental adsorption, stability in solution, and impact
on electrical properties. In this paper, we report on a systematic study of the effects of reducing
and oxidizing thermal processes on ND surface water adsorption. Both detonation and milled NDs
were analyzed by combining different techniques. Temperature-dependent infrared spectroscopy
was employed to study ND surface chemistry and water adsorption, while dynamic light scattering
allowed the evaluation of their behavior in solution. The influence of water adsorption on their
electrical properties was also investigated and correlated with structural and optical information
obtained via Raman/photoluminescence spectroscopy. In general, higher oxygen-containing surfaces
exhibited higher hydrophilicity, better stability in solution, and higher electrical conduction, although
for the latter the surface graphitic contribution was also crucial. Our results provide in-depth
information on the hydrophilicity of NDs in relation to their surface chemical and physical properties,
by also evaluating the impacts on their aggregation and electrical conductance.

Keywords: nanodiamonds; surface chemistry; hydrophilicity; IR spectroscopy; Raman spectroscopy;
nanoparticle aggregation

1. Introduction

Nanodiamonds (NDs) are attracting ever-increasing interest for their appealing physi-
cal, chemical, and optical properties for a broad range of technological applications. The
most widely employed techniques for their synthesis are represented by the detonation
of explosive carbon-based compounds (e.g., trinitrotoluene and hexogen) [1], laser abla-
tion [2], milling of high-pressure high-temperature (HPHT) diamond microcrystals [3], and
chemical vapor deposition (CVD) [4]. Initially, due to the extreme hardness and the low
friction coefficient of diamond, NDs were mainly employed in tribology [5]. Over time,
they turned out to be interesting for a much wider variety of applications, particularly in
the context of nanocomposites, sensing, quantum emitters, and energy storage and con-
version [6]. Moreover, their low toxicity, biocompatibility, and the possibility of tailoring
their surface chemistry make NDs good candidates for biomedical applications—such as
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