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Next-generation fluorescent nanodiamond for
biological quantum sensing

Olga Shenderova*!, Nicholas Nunn!, Marco Torelli', and Antonin Marek!

! Adamas Nanotechnologies — United States

Abstract

Nitrogen-vacancy color centers in fluorescent diamond nanoparticles (NDNV) possess a
uniquely coupled optical output related to their spin states, which, in turn, are highly sen-
sitive to external fields and their local environment. This allows NDNV fluorescence to
be selectively modulated through external electromagnetic fields, making diamond parti-
cles well-distinguishable in biological systems where high fluorescence background limits the
use of other fluorophores. This capability is being advanced beyond background-free imag-
ing to quantum sensing of local electromagnetic fields, free radicals, temperature, and pH
with nanoscale resolution. The translational capability of such quantum sensors stems from
improved sensitivity, resolution, and speed with respect to classical methods; however, suc-
cessful implementation requires further fine-tuning of the NDNV material properties. One
of the most impactful features in the design of quantum-grade NDNV is the substitutional
nitrogen content, which needs to be an order of magnitude less than in commercially avail-
able starting particles typically used for production of NDNV for imaging applications. In
parallel, the content of other parasitic paramagnetic impurities in the diamond lattice needs
to be minimized. Finally, engineering of the particle surface states is required to stabilize
the charge state of the NV centers. We discuss recent developments of fluorescent NDNV,
including commercial synthesis of NDNV with low nitrogen content, annealing of particles
at ultra-high temperature, including annealing at high (few GPa) pressure, and atmospheric
plasma-based production of surface termination with negative electron affinity for NV charge
stabilization. The outcome of these efforts is a pathway for production of next-generation
nanodiamond particles adapted for quantum sensing applications as deployable biological
Sensors.

Funding Acknowledgements:

DOE DE-SC0022441
NIGMS 5R01GM143626

NIGMS 1R43GM155656-01

Keywords: fluorescent nanodiamond, nitrogen, vacancy centers, quantum sensing
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Fabrication and opto-physical characterization of
Magnesium-Vacancy color centers in nanodiamonds

Vanna Pugliese*!2, Elena Nieto Herndndez!?, Emilio Corte?, Pietro Apra2, Sviatoslav
Ditalia Tchernij'?, Paolo Olivero'?, and Jacopo Forneris!?

!Department of Physics, University of Torino [Torino| — Italy
2Istituto Nazionale di Fisica Nucleare, Sezione di Torino — Italy

Abstract

Color centers in diamond are promising canditates for quantum technologies. The nitrogen-
vacancy (NV) center is the most extensively studied, owing to its optically addressable spin
state, which has enabled appealing pathways in quantum sensing and information processing.
However, intrinsic limitations, such as broad spectral emission and relatively long radiative
lifetime, can hinder its performance in certain quantum applications, motivating the explo-
ration of new classes of color centers.

In this context, the magnesium-vacancy (MgV) center has recently emerged as a compelling
alternative, featuring intense photoluminescence with a narrow zero phonon line (ZPL) and
a shorter radiative lifetime (1). Additionally, the temperature dependence of MgV emission
has been experimentally demonstrated and its strain sensitivity has been theoretically pre-
dicted (1,2)

In this work we report on the opto-physical characterization of these emitters embedded in
nanodiamonds (20-100 nm), previously surface-treated to reduce external graphitic phases
(3). The MgV centers were fabricated upon 50 keV MgH- ion implantation and subsequent
thermal annealing. A systematic photoluminescence investigation was performed at room
temperature both at ensemble and at single-defect levels, comparing the results with MgV
centers in bulk diamond. Single-emitter analysis revealed that MgV centers in nanodia-
monds maintain radiative lifetimes comparable to their bulk counterparts, while exhibiting
distinct spectral features. The fine structure observed in the ZPL (Fig.) is attributed to
strain-induced effects, suggesting that internal stress in nanodiamonds could modulate the
MgV centers emission.

These findings open new avenues for the exploitation of MgV centers and of their tunability
at the nanoscale, highlighting the potential of strain engineering to control the optical prop-
erties and the spin state of this quantum emitter.

References

e E. Corte, et al. ACS Photonics, 10,1 (2023), 101-110
e A. Pershin, et al. npj Quantum Information, 7,1 (2021),99
e P. Apra, et al. Adv. Funct. Mater., 34, 39 (2024), 2404831
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Keywords: color centers, ion implantation, single photon sources, strain



Scalable synthesis of SiV-doped nanodiamonds via
bottom-up and top-down CVD approaches

Stépan Potocky*!, Timea Meiovail’zZ Zdené¢k Dolezal'?, Katefina Aubrrechtova
Dragounova!?, Katefina Koldfova!, Stépan Stehlik!, Mario Agio®, and Alexander
Kromka®

Hnstitute of Physics of the Czech Academy of Sciences — Czech Republic
2(Czech Technical University in Prague, Faculty of Nuclear Sciences and Physical Engineering — Czech
Republic
3Laboratory of Nano-Optics, University of Siegen — Germany
“Institute of Physics of the Czech Academy of Sciences — Czech Republic

Abstract

Nanodiamonds (NDs) doped with silicon-vacancy (SiV) centers are emerging as versatile
platforms for applications in quantum sensing, bioimaging, and photonics due to their sta-
ble and bright photoluminescence at room temperature. This study presents a comparative
analysis of two complementary chemical vapor deposition based approaches for synthesiz-
ing SiV-doped NDs: a bottom-up (BU) employing porous diamond film growth followed by
Si-doped overgrowth, and a top-down (TD) based on molten salt thermal etching of nanocrys-
talline diamond films. Both approaches result in brittle, porous diamond structures that are
subsequently disintegrated into nanodiamonds using ultrasonic processing. Detailed morpho-
logical, structural, and optical characterizations confirm the successful incorporation of SiV
centers with distinct spatial distributions and photoluminescence characteristics. The BU
method yields core-shell-like NDs with surface-localized SiV centers, while the TD method
yields homogeneousl core-like doped NDs. Furthermore, temperature-resolved photolumi-
nescence measurements reveal linear redshifts and broadening of the SiV zero-phonon line,
demonstrating their potential for nanothermometry applications. These scalable fabrication
routes offer a high-yield alternative to traditional methods, paving the way for the develop-
ment of tailored nanodiamond materials in next-generation sensing technologies.

Keywords: nanodiamonds, silicon, vacancy centers, chemical vapor deposition, molten salt thermal
etching, photoluminescence, nanothermometry
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Controlled HPHT annealing of SiV-doped
nanodiamonds at SOLEIL synchrotron: structural
and optical investigations

Mary De Feudis*!?, Kin On Ho?, Laura Henry*, Vanna Pugliese®, Boris Yavkin®,
Marie-Pierre Adam®, Noemie Pham?, Nicolas Guignot*, Jean-Sébastien Lauret®, Fabien
Bénédic®, Jocelyn Achard®, Philippe Goldner”, Serge Desgreniers®, and Jean-Francois
Roch®

nstitut de Recherche de Chimie Paris, Chimie ParisTech, UMR CNRS 8247, PSL Research University,
75005 Paris, France — PSL Université, Institut de Recherche de Chimie Paris, ChimieParisTech, UMR
CNRS 8247, Paris, France — France
20y Cergy Paris Université, 95031 Cergy-Pontoise, France — CY Cergy Paris Université — France
3Université Paris-Saclay, CNRS, ENS Paris-Saclay, CentraleSupelec, LuMIn, F-91190 Gif-sur-Yvette,
France — Université Paris Saclay, ENS Paris Saclay, Centrale Supélec, CNRS — France
4Synchrotron SOLEIL, L’Orme des Merisiers, Saint-Aubin, 91192 Gif-sur-Yvette, France — Syncrtotron
Soleil — France
5University of Torino and Istituto Nazionale di Fisica Nucleare, sezione di Torino, 10125 Torino, Italy —
Ttaly
6Université Paris-Saclay, CNRS, ENS Paris-Saclay, CentraleSupelec, LuMIn, F-91190 Gif-sur-Yvette,
France — Université Paris Saclau, ENS Paris Saclay, Centrale Supélec, CNRS, France — France
"Institut de Recherche de Chimie Paris, Chimie ParisTech, UMR CNRS 8247, PSL Research University,
75005 Paris, France — PSL Université, Institut de Recherche de Chimie Paris, ChimieParisTech, UMR
CNRS 8247, Paris, France — France
8Laboratoire des Sciences des Procédés et des Matériaux, UPR CNRS 3407, Université Sorbonne Paris
Nord, 93430 Villetaneuse, France — Université Sorbonne Paris Nord, LSPM, CNRS, UPR 3407,
Villetaneuse, France — France
9Laboratoire de physique des solides denses, Department of Physics, University of Ottawa, Ottawa, ON,
K1N 6N5, Canada — Canada

Abstract

Diamonds and nanodiamonds (NDs) containing quantum color centers, such as nitrogen-
vacancy (NV) centers, have been widely studied in recent years for their promising applica-
tions across various fields, including cryptography and telecommunications, medical sciences,
and sensing. In the context of sensing, recent studies on color centers such as silicon-vacancy
(SiV) and germanium-vacancy (GeV) centers have shown great potential for measuring phys-
ical quantities like magnetic fields, temperature, and strain. This is due to their intense
zero-phonon line (ZPL) optical signal, about 80% of their total luminescence, which is char-
acteristic of group-IV color centers (G4V) (1). In our recent papers, we demonstrated that
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as-grown CVD NDs containing SiV and GeV centers, featuring luminescent ZPLs and ex-
cellent photostability at room temperature, can function effectively as nanosensors of high
stress and pressure conditions (up to 180 GPa) (2, 3). To advance our research, in this work
we investigate the optical properties of SiV centers in as-grown NDs at cryogenic temper-
atures. For SiV centers, which have spin 1/2, the fine structure should become accessible
through the Jahn-Teller effect, which lifts the degeneracy at cryogenic temperatures (< 20
K). However, experiments on our as-grown NDs reveal significant spectral broadening even
at 9 K, caused by lattice strain, which prevents access to the optically addressable electronic
spin states of the SiV center (see Fig.). To overcome this limitation, we propose an original
post-treatment involving high-pressure and high-temperature (HPHT) annealing using the
Paris—Edinburgh press. In fact, the gradual increase of temperature and pressure allows for
control over the undesired diamond-to-graphite phase transition. HPHT annealing experi-
ments were conducted at the PSICHE beamline of Synchrotron SOLEIL (4), where X-ray
diffraction and tomography analyses enabled precise monitoring of P,T parameters and made
it possible for the first time to access single fine-structure transitions of the in such SiV-NDs
(see Fig.).

Figure. PL spectra of SiV-NDs before (orange line) and after (blue line) the HPHT annealing
treatment registered at 9 K.

Keywords: HPHT annealing, SiV, doped nanodiamonds, SOLEIL synchrotron investigations



Advanced characterizations of nanodiamonds by
synchrotron-based techniques

Arsene Chemin*!

Unstitut Lumiére Matiere [Villeurbanne] — Université Claude Bernard Lyon 1, CNRS : UMR5306 —
France

Abstract

Easy generation of solvated electrons from solar illumination represents a significant ad-

vancement for green chemistry and environmental applications. Diamond materials have
been proposed as promising emitters of solvated electronsl. Visible-light excitation could
enable solar-driven CO or N reduction reactions in aqueous media.2,3 Recent developments
in electrode design have shown increased activity even under visible light.4 However, sub-
bandgap excitation remains challenging. Our recent studies have demonstrated that while
sub-bandgap surface states can be excited in air, leading to charge separation and trapping,5
this does not necessarily translate to photocurrent generation in electrolytes.6 Therefore, a
thorough investigation of the excitation pathways at the interface is required to engineer new
materials.
In this work, we explore the strategy of functionalizing nanodiamonds with transition metal
dyes to facilitate visible-light excitation of solvated electrons. Using soft X-ray spectroscopy
techniques, we discuss the role of surface modifications on nanodiamond surface states and
charge transfers at the interface between the nanodiamond and the electrolyte. These results
open new perspectives for solar-driven emission of solvated electrons in aqueous phases using
nanodiamonds.

(1) F. Buchner, T. Kirschbaum, A. Venerosy, H. Girard, J.-C. Arnault, B. Kiendl, A. Krueger,
K. Larsson, A. Bande, T. Petit, C. Merschjann, Nanoscale 2022, 14, 17188-17195.

(2) P. Knittel, F. Buchner, E. Hadzifejzovic, C. Giese, P. Quellmalz, R. Seidel, T. Petit,
B. Iliev, T. J. S. Schubert, C. E. Nebel, J. S. Foord, ChemCatChem 2020, 12, 5548.

(3) D. Zhu, L. Zhang, R. E. Ruther, R. J. Hamers, Nat. Mater. 2013, 12, 836.

(4) Yoshikawa, T., Kaga, A., Ichikawa, K., Hayashi, K., Matsumoto, T., Izumi, R., ... &
Asakawa, H. 2025, Electrochimica Acta, 146058.

(5) Chemin, A., Levine, I., Rusu, M., Vaujour, R., Knittel, P., Reinke, P., ... & Petit,
T. 2023. Small Methods, 7(11), 2300423.

(6) Chemin, A., Godeffroy, L., Rusu, M., Drisch, M., Finze, M., Knittel, P., ... & Petit, T,
preprint, 2025 (10.26434/chemrxiv-2025-47r{0)
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Keywords: Diamonds, Surface, Interface, X, ray absorption spectroscopy, X, ray Photoemission
Spectroscopy, Photoexcitation, Charge Transfers



Extreme surface chemistry of isolated nanodiamonds
probed by synchrotron X-ray photoemission

Hugues Girard*!, Marie Finas!, Lorris Saoudi!, Florent Ducrozet!, Marc Briant!, Olivier
Sublemontier!, Aleksandar Milosavljevic?, Christophe Nicolas?, and Jean-Charles
Arnault!

Université Paris-Saclay, CEA, CNRS, NIMBE, 91191 Gif sur Yvette, France — CEA NIMBE — France
2Synchrotron SOLEIL — Centre National de la Recherche Scientifique, Centre National de la Recherche
Scientifique : UR1 — France

Abstract

Nanodiamonds (ND) are currently under active investigation for their valuable and com-

binable properties in the fields of energy, quantum applications and nanomedicinel-3. ND
inherits its semiconducting behavior from bulk diamond. The surface chemistry strongly
governs the physicochemical properties of ND: band structure, interaction with solvents in
colloids, photoluminescence of hosted color centers. To shine a light on these different prop-
erties of ND, especially the photoreactivity of ND suspended in water under illumination, an
investigation of their extreme surface chemistry is required to appreciate the real interface
formed with water molecules when ND are in colloidal suspension.
At the PLEIADE beamline (SOLEIL synchrotron), a jet of isolated (or slightly aggregated)
nanoparticles is produced from an aqueous colloid through a nebulizer and an aerodynamic
lens4. The jet of nanoparticles intersects the synchrotron photon beam and emitted photo-
electrons are then analyzed in energy. The energy of the incident photons can be adjusted
to probe the extreme surface of the nanoparticles (a few tenth of nm for diamond) by X-ray
photoelectron spectroscopy (XPS). The present study compares the extreme surface chem-
istry for isolated hydrogenated and oxidized milled nanodiamonds (MND) suspended in jets.
The combination of synchrotron XPS data with conventional XPS results allowed us to build
band diagrams for both milled nanodiamonds. A negative electron affinity (NEA) is obtained
for H-MND whereas the affinity turned to positive for Ox-MND. As a comparison, hydro-
genated DND were analyzed in the same experimental conditions.

References
(1) H. Wang and Y. Cui, Carbon Energy, 2019, 1, 13—18.
(2) Y. Wu and T. Weil, Adv. Sci., 2022, 9, 1-19.

(3) K. P. Loh et al., Adv. Mater., 2018, 30, 1-21.
(4) 0. Sublemontier et al., J. Phys. Chem. Lett., 2014, 5(19), 3399-3403.

Keywords: nanodiamonds, XPS, surface chemistry
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Fluorination: a smart approach to designing
high-value sp® carbon-based nanomaterials-diamane
and ultrapure nanodiamonds

Marc Dubois*!, Killian Henry?, Nicolas Batisse?®, Brigitte Vigolo?, Valery Nesvizhevsky*,
and Sam Chen’®

Université Clermont Auvergne — Université Clermont Auvergne, CNRS, Institut de Chimie de
Clermont-Ferrand, F-63000 Clermont-Ferrand, France — France
Institut Jean Lamour — CNRS, Institut Jean Lamour (CNRS — Université de Lorraine) — France
3Université Clermont Auvergne — Institut de Chimie de Clermont-Ferrand — France
nstitut Laue-Langevin — Institut Laue-Langevin (ILL), Grenoble, France — France
5University of Newcastle — Australia

Abstract

Most studies on fluorinated (nano)carbons focus on gas/solid treatment of sp2 hybridized
materials (graphite, graphene, nanotubes, fullerenes). The aim is to functionalize the bulk
or surface for applications in energy storage, lubrication, band gap engineering, hydropho-
bicity, or composites. Carbon materials with sp3 hybridization are less explored for gas/solid
fluorination. The low reactivity of diamond carbons with elemental fluorine is valuable for
high-value applications. Fluorinating detonation nanodiamonds (NDs, 4-5 nm) removes the
sp2 carbon shell and hydrogenated impurities (COH, COOH, CH). Chlorination of metallic
impurities gives ultrapure NDs, ideal as neutron reflectors. Fluorine enhances stability in
air, shifting decomposition temperature by 2000C. Fluorine also delays diamond-to-graphite
conversion, similar to diamane, a bilayer of diamond carbons. Diamane is metastable at ambi-
ent temperature and pressure without stabilization by heteroelements (Cl, H, F) or hydroxyl
groups (-OH). Fluorine is essential for preparing diamane, including exfoliation of fluorinated
graphite (C2F)n, which consists in stacked fluorinated diamane. Fluorine-stabilized diamane
are promising in optical and photonic applications like lenses, coatings, and waveguides. Dia-
mane, like diamond, is an excellent insulator with high dielectric strength. Its hardness and
stability under extreme conditions offer advantages over other materials. Fluorine-stabilized
sp3 hybridized materials present a promising synthesis route, as controlled defluorination
may induce partial graphitization. This allows preparation of ultrapure nanodiamonds with
a perfect sp2 carbon shell, functionalized for heterogeneous catalysis under harsh conditions
(e.g., high-temperature HF reactions). The core-shell structure, with a stable diamond core
and functionalized sp2 carbon shell, enables well-controlled catalytic sites with enhanced
stability.

Keywords: Fluorination, diamane, thermal stability
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Nanodiamond band gap engineering: towards visible
range photo activity

Marie Finas*!, Hugues Girard!, Delphine Neff?, Christophe Colbeau-Justin®, and
Jean-Charles Arnault!

!'Nanosciences et Innovation pour les Matériaux, la Biomédecine et ’Energie, UMR CEA-CNRS 3685 —
CEA, CNRS, Université Paris-Saclay, CEA Saclay 91191 Gif sur Yvette France — France
2LAPA, NIMBE-IRAMAT, CEA, CNRS, Université Paris Saclay, 91191 Gif sur Yvette, France —
NIMBE UMR3685 CEA/CNRS — France
3Tnstitut de Chimie Physique — Université Paris-Saclay, Centre National de la Recherche Scientifique,
Centre National de la Recherche Scientifique : UMRS8000 — France

Abstract

Nanodiamonds are gaining attention as cutting-edge materials for photocatalysis. While
their wide band gap might seem like a limitation, their highly tunable band structure,
strongly governed by their surface chemistry, unlocks possibilities for critical reactions, such
as CO2 reductionl or PFAS degradation2. Initially, photocatalytic activity was demon-
strated under UV light1,2, but recent breakthroughs involving our team revealed their po-
tential under visible light3,4. To push visible light photoactivity further, enhancing light
absorption is key. A promising approach lies in embedding new graphitic energy states into
the band gap, enabling the absorption of lower-energy photons3.

Band gap engineering, involving the introduction of intermediate energy levels, can be
achieved through the formation of sp?-hybridized carbon surface reconstructions. Well-
controlled graphitization of highly crystalline nanodiamond offers the potential to incorpo-
rate sp? carbon on the surface while maintaining the integrity of the diamond crystalline core.

We achieved controlled graphitization of nanodiamonds by annealing at low pressure within
a temperature range of 800-11000C. The resulting nanodiamonds were characterized using
XRD, XPS, and Raman spectroscopy, confirming the formation of sp? /sp? hybrids and reveal-
ing that the sp? content increases with rising temperature. Further analyses using HR-TEM
and multi-wavelength Raman spectroscopy demonstrated that the surface reconstructions
are highly dependent on particle size. Nanodiamonds were sorted prior to graphitization
following a protocol previously developed5. The enhanced visible absorption of graphitized
nanodiamonds was validated through Time Resolved Microwave Conductivity (TRMC) mea-
surements that allow to investigate the dynamics of charge carriers under laser illumination.
Nanodiamonds were illuminated from 290 to 500 nm, enabling the evaluation of the number
and mobility of charge carriers within this wavelength range.

References

1. Zhang L et al. Diam Relat Mater. 2017;78:24-30. d0i:10.1016/j.diamond.2017.07.005
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2. Maza WA et al. Appl Catal B Environ. 2023;325. doi:10.1016/j.apcath.2022.122306
3. Buchner F et al. Nanoscale. Published online 2022:17188-17195. do0i:10.1039/d2nr03919b

4. Marchal C et al. Adv Energy Sustain Res. Published online December 28, 2023.
doi:10.1002/aesr.202300260

5. Finas M et al. Nanoscale Adv. Published online 2024:5375-5387. do0i:10.1039/d4na00487f

Keywords: nanodiamonds, surface chemistry, TRMC
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Gold and Silver Decorated Nanodiamond are
multifunctional nanoparticles for generating solvated
electrons.

Orlanducci Silvia*!

1Dipartimento di Scienze e Tecnologie Chimiche, Universita degli Studi di Roma Tor Vergata [Roma,
Ttalia] = University of Rome Tor Vergata [Rome, Italy] = Université de Rome Tor Vergata [Rome,
Italie] — Italy

Abstract

Gold nanoparticles (AuNPs) and nanodiamonds (NDs) are extraordinary multifunctional
nanomaterials with unique properties and a wide range of potential applications. The team-
work between AuNPs and NDs is related to the ability to control the shape and size of gold
nanoparticles on the surface of nanodiamonds, modulate the colloidal properties, and their
mutual interaction. This hybrid system can exhibit distinct catalytic and sensing activities,
as both components contribute to these capabilities. Recently, it has been demonstrated
that this system can efficiently generate solvated electrons using visible light, paving the
way for numerous catalytic and synthetic applications. Similar findings were observed with
silver-decorated ND particles. This lecture will discuss the synthetic approach for formulat-
ing hybrid nanosystems AuNPs-NDs and AgNPs-ND, as well as their structure, morphology,
and efficiency in generating the solvated electrons.

S. Orlanducci et al, ACS Applied Optical Materials 2024, 2, 6, 1180-1187 DOI: 10.1021/ac-
saom.4c00132

S. Orlanducci, BurJIC- European Journal of Inorganic Chemistry- 2018, 48, 5138-5145 DOI:
10.1002/ejic.201800793

Keywords: gold nanoparticles, silver nanoparticles, Nanodiamonds, solvated electrons.
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Nanodiamond Technologies for High-Temperature
Concentrated Solar Cells

Daniele Trucchi*!, Raffaella Salerno* , Alessandro Bellucci*?, Eleonora Bolli , Riccardo
Polini*3, and Matteo Mastellone?

LConsiglio Nazionale della Ricerche [Roma] — Italy
stituto di Struttura della Materia del Consiglio Nazionale delle Ricerche (ISM-CNR) — Italy
3Universita degli Studi di Roma ”Tor Vergata”, Dip.to di Scienze e Tecnologie Chimiche (STC) — Via
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Abstract

High-temperature solar cells and thermal energy converters are feasible by exploiting
temperature-driven mechanisms, such as thermionic-thermoelectric generation (1), thermionic-
photovoltaic conversion (2, 3), and photon-enhanced thermionic emission (PETE) concept,
which represent novel and promisingly efficient (> 40%) mechanisms for the exploitation of
concentrated sunlight. More advanced PETE converters rely on the concept that engineered
nanodiamond photocathodes can provide an efficient electron emission, obtained by a syn-
ergistic combination of photogeneration and thermionic emission.

Two nanodiamond-based conversion technologies are pursued:

1) fs-laser nanotextured diamond as photoelectronically active material in black diamond
PETE cathodes (4);

2) ultra-thin nanodiamond films grown on silicon absorbers in heterostructured PETE cath-
odes (5).

Results under a high-flux solar simulator are reported and discussed by demonstrating for
the first time the PETE conversion at temperatures from 300 to 525 oC.

(1) D. M. Trucchi et al., ”Solar Thermionic-Thermoelectric Generator (ST2G): Concept,
Materials Engineering, and Prototype Demonstration,” Advanced Energy Materials, vol. 8,
no. 32, 2018, doi: 10.1002/aenm.201802310.

(2) A. Bellucci et al., ”Photovoltaic Anodes for Enhanced Thermionic Energy Conversion,”
ACS Energy Letters, vol. 5, no. 5, pp. 1364-1370, 2020, doi: 10.1021/acsenergylett.0c00022.

(3) A. Bellucci, P. Garcia-Linares, A. Mart{, D. M. Trucchi, and A. Datas, ” A Three-Terminal
Hybrid Thermionic-Photovoltaic Energy Converter,” Advanced Energy Materials, vol. 12,
no. 20, 2022, doi: 10.1002/aenm.202200357.
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(4) D. M. Trucchi et al., ”Concentrated solar energy conversion by black-diamond photon-
enhanced thermionic cathodes,” Submitted to Advanced Energy Materials, 2025.

(5) R.Salerno et al., ”Low electron affinity silicon/nanocrystalline diamond heterostructures
for photon-enhanced thermionic emission”, ACS Applied Energy Materials 7, 3 (2024) 868

873.

Keywords: Solar energy, electron emission, thermionic energy conversion



Laser nanotextured diamond for sunlight conversion

Alessandro Bellucci*!

Ustituto di Struttura della Materia del Consiglio Nazionale delle Ricerche (ISM-CNR) — Italy

Abstract

Diamond is completely solar-blind, and it cannot natively be applied for solar applica-
tions. To overcome this limitation, it has been proposed the use of diamond in thermionic-
based converters, which are solid-state heat engine enabling the absorption of concentrated
sunlight and transform it by the thermal emission and the collection of electrons. The appli-
cation of a defect engineering strategy, that leads to the formation of nanotextured diamond
with surface features below 200 nm, allows using freestanding diamond plates to be used as
both solar receiver and electrons’ emitting layer, i.e., in photon-enhanced thermionic emis-
sion (PETE). Such a strategy is enabled using ultra-short laser treatments, that are the key
enabling technology for achieving this novel and disruptive concept. Additionally, this kind
of structure has been proposed also for the hydrogen production by solar water splitting
(SPEEDHY project, www.speedhy.it) since diamond represents a potential efficient source
of solvated electrons in aqueous environment thanks to its chemical inertness and stability,
and the wide electrochemical window. Finally, the laser technique can be potentially applied
also to dope and functionalize nanodiamonds, for quantum and biomedical applications.

Keywords: ultra, short laser treatments, nanotexturing, electron emission.
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Optimizing Nanodiamond Colloidal Suspensions: The
Role of Surface Chemistry and Sonication Processes

Lorris Saoudi!, Florent Ducrozet!, Hugues Girard*!, and Jean-Charles Arnault!

I'Nanosciences et Innovation pour les Matériaux, la Biomédecine et ’Energie (NIMBE) — CEA, CNRS,
Université Paris-Saclay — France

Abstract

In various applications, ranging from biomedicine to photocatalysis, nanodiamonds (NDs)

have to be utilized in the form of aqueous colloidal suspensions to fully benefit from their
extensive surface area. To achieve these colloidal suspensions, NDs must undergo ultrasound
treatment, which serves to disaggregate the particles and stabilize them through their sur-
face charge. However, the sonication process is complex and frequently overlooked in the
literature, while it introduces sonochemical reactions that can significantly impact the fi-
nal suspension in terms of concentration and composition. In this context, this study aims
to investigate how the surface chemistry and characteristics of nanodiamonds influence the
properties of the resulting colloid after a sonication process.
The first part of the study focuses on the proportion of nanoparticles that can be stabilized
in colloidal suspension and how their surface chemistry influences this process. We evidence
that, unlike other NDs, hydrogenated milled nanodiamonds (H-MND) exhibit an unusual
behavior after successive sonication steps. Specifically, their concentration continues to in-
crease after three sonication steps before decreasing to lower concentrations, following a more
typical pattern. The mechanisms governing this particular resuspension behavior of H-MND
in water are discussed, taking into account complementary characterizations of the colloids,
including IR spectroscopy and Cryo-TEM (4).

Secondly, we show that sonication can generate nitrite and nitrate ions from dissolved N2
(3). Sonicating water with oxidized detonation nanodiamonds (Ox-DND) increases nitrite
production with higher concentrations, up to 15 ymol/L in a 4 wt% solution, compared to 1
pumol /L without Ox-DND. Surprisingly, H-DND do not show such an increase, raising ques-
tions about their interaction with the radicals formed during sonication. Our results also
show that the formation of these species can be avoided in suspension by sonicating under
a controlled atmosphere with no significant perturbation of ND colloidal stability or surface
chemistry.

References
(1) Saoudi, Carbon, 2023
(2) Stehlik, Carbon Trends, 2024

(3) Ducrozet, J. Phys. Chem. C, 2023
(4) Saoudi, PhD, Paris Saclay University (2023)
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Spatially resolved temperature sensing in working
electrochemical devices by nanodiamond quantum
sensors

Li Quan*!

'The Chinese University of Hong Kong — Hong Kong SAR China

Abstract

Temperature plays a crucial role in the operation of electrochemical devices, serving as
both an indicator of device efficiency and stability. However, the complex material archi-
tecture within the device, coupled with local variations in electrochemical activity, leads to
a time-dependent and spatially varying temperature at the nanoscale. Information on the
spatially resolved temperature evolution is challenging due to the lack of non-invasive and
accurate nano-thermometry methods that meet the requirements for sensitivity, spatial res-
olution, and temporal resolution within the reactive chemical environment of a functional
device. In this presentation, I will discuss our recent progress in developing nanodiamond
based thermometry to monitor the spatially resolved temperature evolution in operational
electrochemical devices, including miniaturized battery cells and electrolyzers. We show
that the local temperature within the working device, especially at the reaction interface, is
considerably higher than the spatially averaged temperature measured from outside of the
device using conventional methods. Spatial temperature variation has been found in con-
junction with the respective electrochemical processes, disclosing the site sensitive chemical
reactivity and its dynamics. Challenges in realizing the spatially resolved temperature sens-
ing with adequate sensitivity and temporal resolution in these working devices will also be
discussed in terms of the sensor quality and the device interface. This work is carried out
in collaboration with Renbao Liu, Wenghang Leung, Rugiang Dou, Zan Li, Hui Wang, Yao
Gao, Ying Wang, and Chunyi Zhi. The authors acknowledge funding support from RGC
CRF C4004-23G.

Keywords: nanodiamond, temperature sensing, electrochemical devices
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Thermal mapping of heterogeneous materials using
NV centers in highly doped nanodiamonds.

Melissa Techer*!, Boubacar Gandega!, Marie-Pierre Adam!, Mathieu Aurousseau?, Loic
Toraille?, Kelly Wu?*, Mark Hui*, Huan-Cheng Chang?®, Denis Rochais?, and
Jean-Francois Roch!
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4 Academia Sinica — Taiwan

Abstract

Heterogeneous materials like carbon/carbon (C/C) composites consist of multiple micro-
scopic constituents, whose temperature-dependent properties are often poorly characterized.
This lack of precise data poses a challenge to numerical modeling, which relies on accurate
micro-scale inputs to predict how individual parameters affect the overall thermal behav-
ior of the material. Due to the small size of these constituents, conventional measurement
techniques are inadequate. Until now only photoreflectance microscopy has provided the
spatial resolution needed to accurately assess the thermal properties of a carbon fiber with
a material volume of few cubic microns. However, photoreflectance does not determine the
absolute temperature of the sample. Moreover, standard implementations rely on scanning
a probe beam to record the change of the refractive index induced at the sample surface by
a focused heating laser. This point-by-point analysis results in a long data acquisition time
(typically a few hours).

To overcome these limitations, we have developed a thermal measurement bench using nan-
odiamonds highly doped with NV centers as thermal sensors. Due to the temperature de-
pendence of its spin ground states, the NV center is a promising nanoscale thermal probe.
This non-invasive method provide a direct measurement of the sample temperature while
maintaining the high spatial resolution of the photoreflectance method.

We have optimized the deposition of the nanodiamonds to achieve a uniform and dense cov-
erage of the sample surface. The temperature map on the sample surface is obtained by
adapting NV widefield magnetic imaging which offers a multiplex advantage over scanning
measurements. This significantly reduces the acquisition time (10 minutes for a field of view
of 100 microns large). Initial measurements show a linear shift of the optically detected
spin resonance frequency with increasing temperature, validating the use of NV centers as
nanoscale thermal probes. Preliminary results were obtained on a test sample made of ni-
trocellulose fibers. These results pave the way for improved thermal imaging microscopy,
especially for materials under extreme conditions.
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Sensing with NV- nanodiamonds : a spin active
molecule and a metallic effect case

Bastien Anezo*'2, Izidor Benedicic?, Gosar Ziga®?, Tanuma Yuri?, Denis Aré¢on®?, and
Ewels Chris!

nstitut des Matériaux de Nantes Jean Rouxel — Centre National de la Recherche Scientifique, Nantes
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3Faculty of Mathematics and Physics [Ljubljana] — Slovenia

Abstract

Negatively charged Nitrogen-Vacancy (NV) defects in diamond are a notable platform

to study spin and magnetic related properties of any system. In this study we explore the
potential of these centres in nanodiamonds (ND) for high-resolution spin sensing and temper-
ature dependent measurement at the nanoscale. The size of nanodiamonds are an advantage
to ensure that the read-out probe (NV) is always in close vicinity to any desired material
on the diamond surface. Here we demonstrate the pros and cons of ND usage through the
following two cases.
The spin active molecule azafullerene (C59N) stands out from other fullerenes, especially
when encapsulated in cycloparaphenylene (CPP) (1). The created supramolecular complex
(10)CPPQC5H9N shows desirable spin coherence times (T1, T2) and spin lifetime at room
temperature (2), as well as having significantly higher yields than comparable fullerene-like
molecules (desired for scalability) (3).We simulate the interaction between (10)CPPQC59N
and NV using density functional theory (DFT). Addressing the stability and coupling be-
tween the vacancy and the separated molecules allows us to identify band bending behaviour
and induced charge doping effects, leading to a surface termination discussion. Experimen-
tally using ND photoluminescence we link our calculations with optical detected magnetic
resonance (ODMR), Rabi oscillations and T1 relaxometry performed on ND mixed with
azafullerene samples.

Utilising a cryostat in this NV experimental set-up we are also able to study the temperature
dependence of NV properties (ODMR, Rabi, T1). Taking as reference ND on insulator we
discuss the practicality of NV in ND to detect a metallic effect, namely Johnson noise, on
Au surfaces. This allows us to draw important conclusions concerning sample preparation,
particle agglomeration and ND size effects.

References:
(1) A. Stergiou et al., Ang. Chimie Int. Ed. 58 (49), 17745 (2019).
(2) Y. Tanuma et al., Nanoscale, 13, 19946-19955, (2021).

2
(3) D. Pinto et al., Nature Communications, 11, 6405, (2020).
(4) Full publication list available from www.ewels.info
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Time-Resolved Thermal Sensing using Nanodiamond
Cathodoluminescence Spectroscopy
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Abstract

As electronic devices become smaller, measuring their core properties with an adequate

spatial resolution becomes increasingly more challenging. Particularly, local defects can
create "hot spots” due to joule heating during operation, which can negatively affect de-
vice performance(1). Measuring device temperature and gradient under operation with an
adequate spatial resolution would allow for better understanding of the mechanisms that
currently limit device performance.
Our study seeks to achieve this goal by studying the cathodoluminescence (CL) properties
of Nitrogen-doped nanodiamonds (ND). CL provides much larger spatial resolution that the
commonly used PL thermal probes, since electrons have much shorter wavelength than pho-
tons. According to our simulations we can reach a spatial resolution of 13 nm, corresponding
to the width of the electron penetration volume in nanodiamond.

Nitrogen doping leads to the formation of NVO centres, which have a CL emission peak
at a wavelength of 575 nm(2). We have already demonstrated the potential of the NVO CL
peak in nanodiamond as thermal probe(3). By measuring peak width using a Voigt profile,
we are able to calculate the ND temperature in the 200 to room temperature range, with a
spatial resolution of potentially up to 1 K.

Recently, we have been able to measure the heating originating from a pLED circuit us-
ing the CL emission of ND dispersed on top of the sample. We have been able to measure
the relationship between dissipated power and temperature, in both forward and reversed
bias.

References

(1) Avram Bar-Cohen and Peng Wang. Microgravity Science and Technology 21.1 (Aug.
2009), Pg. 351-359.
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Synthesis and surface functionalization of CVD
nanodiamond containing SiV color centers for
quantum sensor applications
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Abstract

The synthesis and functionalization of quantum nanodiamonds (NDs) is a key step to-
ward technological innovation in biomedicine, cryptography, and sensing (1, 2). While the
synthesis of diamond nanoparticles already poses a significant challenge due to the need for
precise control over their size and purity, the effective incorporation of specific defects with
well-defined quantum properties is no less demanding. Among these, the so-called silicon-
vacancy (SiV) color centers present an additional difficulty, as they are typically introduced
using solid-state sources (most often via post-synthesis implantation). However, they also
hold great promise due to their unique properties: high photoluminescence (PL) of the zero-
phonon line (ZPL), excellent photostability, reduced sensitivity to external electric fields,
and an optically addressable electronic spin state (3). During the last years, we developed a
consolidated protocol to synthetise high-quality NDs by microwave plasma Chemical Vapor
Deposition (CVD) technique with Si impurity incorporation starting from a solid source and
efficiently generating SiV color centers (4). This work presents a study of the physicochem-
ical properties of the particle surfaces, along with a statistical analysis of particle size and
species obtained via the CVD process. The NDs were characterized using various techniques,
including zeta potential measurements, dynamic light scattering, and scanning electron mi-
croscopy (SEM). For the first time, experiments on the manipulation of surface terminations
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have been conducted, yielding promising results regarding their influence on the PL of the
SiV ZPL. These characterizations were performed using X-ray photoelectron spectroscopy
(XPS), Raman spectroscopy, and PL spectroscopy. This study paves the way for biochemical
applications requiring surface functionalization, as well as for a deeper understanding and
control of the neutral charge state SiV.

References

(1) W. Liu, et al., Nano Lett. 22, 7 (2022).
(2) B. Vindolet, et al., Phys. Rev. B 106, 214109 (2022).

(3) G. Bayer, et al.,, Commun. Phys. 6, 300 (2023).
(4) M. De Feudis, et al., Adv. Mater. Interfaces 7, 1901408 (2019).

Keywords: Synthesis, surface functionalization, CVD nanodiamond, SiV color centers



Characterization of diamond electrodes with
H-terminated N-doped nanolayers on B-doped films
for CO2 reduction by electrochemical impedance
spectroscopy
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Abstract

The increasing atmospheric concentration of carbon dioxide (CO) is a primary driver of

global climate change, necessitating the development of efficient CO conversion technologies
(1). However, the electrochemical CO reduction reaction (CORR) requires a high applied
overpotential due to the high thermodynamic stability of CO and is often accompanied by
the competing hydrogen evolution reaction (HER), which reduces product selectivity. Di-
amond electrodes are promising for CORR as their high overpotential for HER suppresses
hydrogen generation (2). Yet, selectively producing CO remains challenging, especially with
diamond electrodes alone, due to the complex multi-electron/proton nature of CORR and
the proximity of redox potentials for different pathways.
Hamers et al. demonstrated that electrons emitted from hydrogen-terminated diamond with
negative electron affinity (NEA) under deep UV (DUV) light can selectively reduce CO to
CO in aqueous media (3,4). However, diamond’s wide bandgap (_75.5 €V) necessitates DUV
light, which is impractical for green chemistry applications. To address this, we developed
a visible-light-responsive diamond-based photocatalyst. Boron-doped p-type diamond films
were synthesized on detonation nanodiamond (DND) seed layers via chemical vapor deposi-
tion (5). Nitrogen atoms from DNDs were incorporated into the near-surface region, forming
a heavily nitrogen-doped layer (> 102! atoms/cm?) with optically active states enabling sub-
bandgap absorption. These states facilitate visible-light-induced electron emission from the
NEA surface, driving CO-to-CO conversion in water (6).

In the study, to discuss the potential of such electrodes, we present the results of electrochem-
ical impedance spectroscopy and the correlation between the resulting electrical properties

of the electrodes and their CO-to-CO reduction performance obtained through multiple re-
gression analysis.

1. S. Jin et al., Angew. Chem., 133 (2021) 20795.

2. S. Yu et al., Carbon, 175 (2021) 440.
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5. T. Yoshikawa et al., Electrochim. Acta, 525 (2025) 146085
6. T. Yoshikawa et al., Carbon, 218 (2024) 118689.

Keywords: CO reduction reaction, negative electron affinity, nitrogen doped diamond, nanodia-
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Engineering Nanodiamonds for Enhanced EPR
Imaging: Influence of Size, Surface Chemistry, and
Paramagnetic Properties
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Abstract

Electron paramagnetic resonance (EPR) spectroscopy is a powerful sensitive technique
for the detection of unpaired electron spins, with a wide range of applications. It enables
the specific detection and quantification of radical species and can produce high-contrast,
background-free images. However, the use of EPR for labeling and imaging is often limited
by the poor stability of organic radicals from conventional probes, which can compromise
the reliability and versatility of the technique. In this context, nanodiamonds (NDs) offer
a promising alternative, thanks to their intrinsic paramagnetic centers and unique physic-
ochemical properties, which may broaden the scope of EPR-based biomedical applications.
Here, we report a preliminary demonstration of a practical spectroscopy and imaging appli-
cation using nanosized diamond particles (< 18 nm) for electron paramagnetic resonance
imaging (EPRI). We compare nanodiamonds produced by two commonly used synthesis
methods, high-pressure high-temperature (HPHT) and detonation, highlighting their dis-
tinct physicochemical characteristics. Additionally, we examine how variations in particle
size and surface treatment influence their EPR performance. Finally, we present experimen-
tal evidence defining the optimal conditions for achieving high-resolution imaging (spatial
resolution R < 1 mm) and enhanced EPR sensitivity, thereby underscoring the potential of
nanodiamonds as robust contrast agents in EPR applications.
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Surface-Modified Nanodiamonds for Enhanced
Photocatalytic Hydrogen Generation

Yasmine Bouaouni!, Jean-Charles Arnault!, and Hugues Girard*!
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Paris Saclay — France

Abstract

Among nanoscale semiconductors, nanodiamonds (NDs) have only recently begun to
be seriously considered for photocatalytic reactions. This is due to the confusion with
monocrystalline diamond which exhibits a wide bandgap (5.5 V) and requires deep UV
illumination (230 nm) to trigger its photoreactivity. At the nanometric scale, NDs possess
native defects and chemical impurities like nitrogen, which introduce electronic states into
the bandgap. These defects reduce the light energy required to initiate charge separation.
This phenomenon has been confirmed by several studies, including one conducted by our
team, which combined experimental results and Density Functional Theory (DFT) calcu-
lations (1, 2). Moreover, unlike other semiconductors, the electronic structure of NDs can
be significantly modified (by several eV) by altering its surface chemistry (e.g., oxidized,
hydrogenated, aminated). This allows for optimal adjustment of band alignments (3).

In this context, our study focuses on the photocatalytic production of hydrogen from water
splitting using nanodiamonds. Using our custom-built photocatalysis setup, we demonstrate
that NDs can act as efficient photocatalysts even under solar illumination, with performances
comparable to TiO (4). However, our results reveal that the surface chemistry and intrinsic
properties of NDs play a key role in H2 production, which will be discussed. As with other
semiconductor photocatalysts, it is required to enhance visible light absorption and limit
charge carrier recombination to optimize photocatalytic performances. This can be achieved
by combining NDs with other materials (metallic nanoparticles, other photocatalysts). The
second part of our study presents strategies that can be applied specifically to nanodiamonds.

Overall, this study highlights the potential of nanodiamonds as a versatile and efficient
material for solar-driven photocatalytic H2 production, paving the way for innovative appli-
cations in renewable energy technologies.

(1) F. Buchner, Nanoscale. 2022, 14, 17188.

(2) T. Yoshikawa, Carbon 2024, 218, 118689.

(3) D. Miliaieva, Nanoscale Adv. 2023, 5, 4402-4414.
(4) C. Marchal et al., Adv. Energy Sustain. Res. 2024, 5, 1-8.

Keywords: Photocatalysis, surface chemistry, colloids
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Optical Communication via Rabi Oscillations in NV
Center Ensembles

Ziad Abi Akar*! and Christophe Couteau*!
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France

Abstract

Optical communication systems are crucial for the future of secure, high-speed data

transmission, and recent advancements in quantum technologies show promising potential in
revolutionizing this field. This project focuses on using nitrogen-vacancy (NV) centers
in diamond as a medium for optical communication, with the ultimate goal of develop-
ing quantum communication schemes. The work explores the use of microwave-induced
Rabi oscillations to control the quantum states of an NV center ensemble within a dia-
mond sample, utilizing Optically Detected Magnetic Resonance (ODMR) for precise
measurement and modulation.
The initial step in this research is to demonstrate basic message transmission by exploiting
the drop in photoluminescence (PL) of NV centers induced by Rabi oscillations. In
this system, bit encoding is achieved by ON-OFF Keying (OOK) modulation. This
binary encoding scheme allows for the transmission of information in a quantum context,
where the photoluminescence response of the NV centers serves as the key indicator for data
transmission.

Through this approach, we aim to establish a proof of concept for using NV center en-
sembles in diamond as a foundation for optical communication systems. The precision and
reliability of the ODMR technique, combined with the inherent advantages of quantum states
in NV centers, provide an innovative platform for achieving robust and secure communica-
tion channels. While the current focus is on encoding and detecting basic messages, the
long-term objective of this research is to extend these findings toward the development of
quantum communication systems. By leveraging the quantum properties of NV centers,
the project seeks to contribute to the broader goal of implementing secure, quantum-based
optical communication networks, where the reliability and security of data transmission are
enhanced by the fundamental principles of quantum mechanics.

This work not only pushes the boundaries of quantum communication but also paves the
way for practical applications in quantum networks, which could become pivotal in securing
the future of optical communication technologies.

Keywords: Color centers, optical communication
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NANO-DIAMOND FILMS FORMATION FROM
ENERGETIC SPECIES

Alon Hoffman*!
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Abstract

Nano-diamond (ND) films are deposited by energetic using the direct-current glow-

discharge CVD from a methane/hydrogen mixture. The growth occurs on top of a pref-
erentially oriented graphitic precursor with basal planes perpendicular to the surface. These
films consist of an agglomerate of diamond particles (size 3-5 nm) with amorphous grain
boundaries. The hydrogen concentration in the graphitic precursor is only a few percent,
however it increases to _"15-20 at.% in the film.
ND films were explored by complementary methods. The hydrogen content and its role in ND
film formation were assessed. The experimental methods used comprise NEXAFS to prove
the short range coordination of the carbon films and indirectly their phase composition. The
surface and grain boundary phase composition were investigated by a combination of EELS
measured as a function of incident electron energy and hydrogen etching experiments. By
TEM the micro-structural evolution and their visualization were achieved. The density evo-
lution of the films was determined by XRR. The hydrogen content and its distribution in the
films was studied by SIMS and ERD. The hydrogen bonding was investigated by HREELS.
Most likely hydrogen is bonded within the amorphous grain boundaries and saturates the
ND particles. The surface of the films is amorphous in nature.

ND film and growth from energetic species is explained as a sub-surface process in terms of
a four step cyclic process:

(1) Formation of a dense, hydrogenated sp2 carbon coordinated oriented layer.

(2) Precipitation of sp3 C clusters in this graphitic phase.

(3) Growth of ND particles up to 75 nm in size by energetic species bombardment of
the diamond / hydrogenated carbon - interface. It involves preferential displacement of sp2
carbon coordinated carbon atoms leaving sp3 coordinated carbon atoms intact, leading to
expansion of the diamond phase.

(4) Frustration of growth of diamond particles.

(5) Growth of the film formed of an agglomerate of ND particles by a cyclic process which
involves process 2-4.

Keywords: nanodiamond film, microstructure
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Bottom-up production of nanodiamonds using MW
microplasma

Swaminathan Prasanna*!, Abdoulaye Siby , Joel Jeevan , Arvind Bhakta , Armelle
Michau , and Khaled Hassouni

Laboratoire des Sciences de Procédés et Matériaux (LSPM), CNRS-UPR 3407 — université Paris 13 —
France

Abstract

In this study, the formation and properties of carbon nanostructures obtained from a

low-pressure-low temperature microplasma operated with Ar/H2/CH4 gas precursors were
investigated. The study reveals gas phase nucleation of nanodiamonds among other phases of
carbon such as graphite and amorphous carbon. The use of plasma nucleated nanodiamonds
looks promising in terms of simplicity
and cost-effectiveness, and works towards a bottom-up approach of producing high-quality
nanodiamonds.
Raman spectroscopy revealed that the signature of the nanostructures produced was insen-
sitive to the nature of the substrate. The main conclusion of the study is that nucleating
of nanodiamonds is sustained by high densities of H-atoms at moderate gas temperatures
and optimum concentrations of hydrocarbon radicals and molecules. High densities of hy-
drocarbons push the equilibrium towards sp2 and amorphous nanostructures even under
high H-atom densities. The conditions where maximum nanodiamonds are found are also
the conditions where minimum of amorphous sp2 structures including transpolyacetylene
and soot. The chemistry of hydrocarbons are complex and the resulting nucleation path-
ways are dominated by the abundance of dominant carbon radicals that are formed in the
plasma. From OES of the C2 and CH radicals and correlating with the results from Raman
analysis indicates that C2 and CH may have an important role in the nucleation of nanodia-
monds.Possibility of doping the nanodiamonds with N was tested by adding small amounts
of N20. We will discuss the applications of these nanodiamonds for growing NCD films as
well as larger nanodiamonds in an conventional MW reactor used for CVD growth.

Keywords: nanodiamonds, Bottom, up synthesis, Plasma
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IMPROVED GAS PHASE NUCLEATION OF
NANODIAMONDS WITH ARGON ADDITION

Joel Jeevan*!, Abdoulaye Siby?, Armelle Michau , Michael Redolfi*, Khaled Hassouni?,
and Swaminathan Prasanna’®

'L aboratoire des Sciences des Procédés et des Matériaux — Institut Galilée, Centre National de la
Recherche Scientifique, Université Sorbonne Paris nord — France
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3Université Sorbonne Paris Nord — LSPM, CNRS — UPR 3407, Université Paris 13 - Villetaneuse,
France — France
“Laboratoire des Sciences de Procédés et Matériaux (LSPM), CNRS-UPR 3407 — université Paris 13 —
France
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Scientifique — Institut Galilée, Université Paris 13, 99 avenue Jean-baptiste Clément, F-93430
Villetaneuse, France

Abstract

Nanodiamond was synthesized using Ar/H2/CH4 microwave microplasma torch. Mi-
crowave power, pressure, H2/CH4 ratio were fixed by varying Ar concentration. Plasma
was characterized using optical emission spectroscopy (OES) and pico-second two absorp-
tion laser induced fluorescence (ps-TALIF)(1) for parameters such as Tg around 1500 K and
nH(1) in range of 1016 - 1017 cm-3. Nanodiamond of highest sp3 fraction were nucleated
at 100 mbar pressure with 90 Watt injected MW power, and gas composition of 96 sccm
H2, 4 sccm CH4 and 20 sccm Ar. A direct correlation between intensity of C2 Swann band
emission to sp3 fraction (Fig 1) was observed, indicating the potential role of C2 dimer in ND
nucleation. The importance of C2 in ND nucleation has been observed by other researchers
as well (1). The nH is increased with increasing Ar in the plasma. It is known that, nH have
strong influence in sp3 fraction because it is associated with hydrogen abstraction reaction
resulting in formation of CH3. radicals(1). Even though we advocate the role of C2 dimer as
a building block in ND nucleation phenomena, it is obvious that other sp3 nucleation routes
through CH3. due to high nH along with other sp2 growth pathways may also co-exist.

Keywords: Nucleation, Plasma chemistry, Nanodiamond, Molecular growth, Plasma diagnostics
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Etching of Nanodiamond Seeds during Early CVD
Growth: Size-Dependent Modeling and Implications
for Ultrathin Diamond Film Engineering

Raffaella Salerno*!?, Alessandro Bellucci!, Eleonora Bolli!, Matteo Mastellone®,
Veronica Valentini!, Daniele Trucchi!, Massimo Tomellini?, and Riccardo Polini?

Hstituto di Struttura della Materia — Consiglio Nazionale delle Ricerche, U.O.S. Montelibretti, Via
Salaria km 29.300, 00015 Monterotondo, Italia — Italy
2Dipartimento di Scienze e Tecnologie Chimiche, Universita degli Studi di Roma Tor Vergata, Via della
Ricerca Scientifica 1, 00133 Roma, Italia — Italy

Abstract

Detonation nanodiamonds (DNDs) serve as indispensable seeding agents in the fabrica-

tion of ultrathin (<100 nm) nanocrystalline diamond films. However, their stability under
typical microwave chemical vapor deposition (MWCVD) plasma environments remains a
limiting factor in achieving continuous ultrathin diamond coatings (1).
This study (2) offers a kinetic investigation and theoretical modeling of the etching of DND
seeds during the initial stages of MWCVD diamond growth. Employing SEM to monitor
surface seed density over time under controlled plasma conditions, we experimentally quan-
tify the progressive disappearance of DND particles on Si (100) substrates. The phenomenon
is analyzed through a size-dependent etching model, based on the Young—Laplace equation,
taking into account the increase of the chemical potential of carbon atoms in DND particles
and the consequent reduction of the activation energy for the reaction with atomic hydro-
gen. The model explains the experimental seed disappearance kinetics by proposing that
nanodiamond particles smaller than a ”critical radius”, r*, are etched away, whereas those
larger than r#* can survive and grow.

Building on this understanding, the size-dependent stability of DND seeds has been har-
nessed to control the growth of nanocrystalline diamond films with thicknesses > 40 nm
on Si (100) substrates, tailored for application as cathodes in photon-enhanced thermionic
emission (PETE) devices (3). Thinner films offer superior electron emission performance due
to the lower resistance of the diamond film compared to thicker samples. The influence of
grain boundaries on cathode performance was further investigated with Raman spectroscopy
and Kelvin Probe Force Microscopy measurements indicating that an 80 nm-thick diamond
film yields the highest emission current density, attributed to its favorable grain boundary
distribution.

(1) M. Tomellini and R. Polini, Diam. Relat. Mater. 2023, 133, 109700.

(2) R. Salerno et al., ACS Omega 2023, 8, 25496.
(3) R. Salerno et al., ACS Appl. Energy Mater. 2024, 7, 868.
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12C enriched Fluorescent Nanodiamonds for
biomedical quantum sensing applications

Masazumi Fujiwara*!

1Okayama University — Japan

Abstract

Fluorescent nanodiamonds (FNDs) containing nitrogen-vacancy (NV) centers are emerg-
ing as robust quantum sensors for biological applications, enabling nanoscale detection of
temperature and magnetic fields with high biocompatibility and photostability. I will talk
about our recent progress in developing quantum-grade FNDs through isotopic (12C) en-
richment and reduction of substitutional nitrogen impurities. The resulting FNDs, with NV
concentrations of 0.6-1.3 ppm, exhibit greatly improved spin properties-achieving T up to
1.6 ms and T up to 5.4 us-while maintaining bright fluorescence (1). These enhancements
allow ODMR, detection with significantly reduced microwave power and enable thermal echo
temperature measurements with a sensitivity of 0.28 K/sqrt(Hz). I will also talk about ap-
plications of FND quantum sensors to biological thermometry and on-chip bioassay (2, 3).
(1) K. Oshimi et al., ACS Nano 18, 35202 (2024).

(2) M. Fujiwara et al., Sci. Adv. 6, eaba9636 (2020).
(3) K. Oshimi et al., Lab Chip 22, 2519 (2022).

Keywords: NV, quantum sensing

*Speaker

sciencesconf.org:ndworkshop2025:644236



Measuring axonal transport using neurotropic
fluorescent nanodiamonds

Baptiste Grimaud*!, Fletcher Fletcher?, Brigitte Potier!, Régis Daniel®, Arfaan
Rampersaud , William Buchmann?®, and Francois Treussart*!
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de la Recherche Scientifique, Ecole Normale Supérieure Paris-Saclay, Centre National de la Recherche
Scientifique : UMR9024 / FRE2036, Centre National de la Recherche Scientifique : FRE2036 — France

2Columbus NanoWorks, Inc., Columbus, OH 43212 — United States
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d’]5'3vry—Val—d’Essonne7 Institut de Chimie - CNRS Chimie, Université Paris-Saclay, Centre National de
la Recherche Scientifique, CY Cergy Paris Université — France

Abstract

Defects in axonal transport at the molecular level are observed in neurodegenerative
diseases, but their roles in the development of the pathology are unknown. We developed a
method to measure axonal transport based on the endocytosis of optically active nanocrystals
into neurons, followed by recording of their movement using fast video-microscopy. We first
established the approach in primary neuron culture, using fluorescent nanodiamonds (FNDs)
(1) and then extended it in vivo to the brain of a zebrafish larvae making use in that case of
second harmonic generation from nonlinear nanocrystal (2). In both cases, we demonstrated
that our method is sensitive enough to detect endolysosomal transport deficits induced by
a small change in concentration of transport-related molecules (1,2). However, the method
suffers from a low yield of internalization of the nanoparticles.

In order to enhance their endocytosis, we covalently grafted neurotropic peptides (RVG29)
onto pegylated FNDs. We characterized the formation of the FND-PEG-RVG29 conjugate
by infrared spectrometry and mass spectrometry (MALDI TOF), and evaluated its affinity
for its target using a surface plasmon resonance biosensor. Preliminary results confirm the
formation of a covalent bond.

While continuing to analyze the FND-PEG-RVG29 conjugates, we have measured the gain
in internalization efficiency compared to bare FNDs. In both neuron-like cell line (N2a)
and primary hippocampal mouse neuron cultures, the functionalized FNDs exhibited a 2-
to 3-fold increase in the fraction of particles having a directed motion compare to bare
FNDs, suggesting a same fold increase in their uptake. We are now evaluating if the uptake
enhancement remains valid in more complex models, including in vitro stem-cell derived
human neurons and in vivo zebrafish larva. Altogether, this system could enable precise
measurements of axonal transport in relevant models of neurodegenerative diseases.

Keywords: fluorescent nanodiamonds, neurotropic peptide, mass spectrometry, axonal transport
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Nanodiamond Conjugates for Tracking
Disease-Linked RN A-Binding Proteins

Marie-Odile David*!, Hui Pei!, Samia Ramdani', Imen Abid-Walla!, and Ahmed
Bouhss!

Structure et activité des biomolécules normales et pathologiques — Université d’Evry—Val—d’Essonne,
Institut National de la Santé et de la Recherche Médicale, Université Paris-Saclay — France

Abstract

Neurodegenerative diseases, such as ALS and FTLD, are characterized by the progres-
sive degeneration of neurons, leading to irreversible motor and cognitive impairments. These
disorders remain largely incurable, with complex molecular mechanisms still under inves-
tigation. Among the proteins implicated in these diseases, the RNA-binding protein FUS
has gained attention due to its propensity to aggregate and its involvement in patholog-
ical cellular processes. To better understand FUS behavior over time in living cells, this
project explores the use of fluorescent nanodiamonds (fNDs) as permanent, non-toxic, and
photostable labels for bioimaging. The objective is to chemically link FUS to fNDs in a way
that preserves its biological activity and allows for long-term intracellular tracking. Several
strategies for constructing and characterizing the fND-FUS complex were developed, focus-
ing on stability, specificity, and efficient cellular delivery. Preliminary experiments validated
the potential of this approach, laying the groundwork for future studies on the dynamic
behavior of FUS in neurodegeneration.

Keywords: Neurodegenerative diseases, RNA, binding proteins, Fluorescent nanodiamonds (fND),
Chemical conjugation, bioimaging
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Fluorescent Nanodiamond-based delivery systems for
mitochondrial targeting of bioactive molecules

Dorna Akbarzadeh!?, Juan-Carlos Calderén De La Rosa?, Marie-Odile David®, Francois

Treussart*, Nazanine Modjtahedi®, and Giorgia Urbinati*!?
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Abstract

Metabolic plasticity and mitochondrial function play central roles in tumorigenesis and

cancer cells’ responses to anti-cancer therapies, making mitochondria a critical target for
pharmacological intervention (1-2). If they accumulate in the mitochondria in effective
doses, bioactive molecules that modulate mitochondrial activity could offer the prospect of
new therapies (3-4). These molecules can be vectorized into mitochondria using nanovectors,
to improve their bioavailability and reduce off-target effects (5). In this context, nanometric
size delivery systems have gained significant interest due to their ability to enhance bioavail-
ability of therapeutic agents by means of targeting specific cells or subcellular compartments
(6).
Our team has focused its attention on the design and application of fluorescent nanodia-
monds (FND) as carriers for bioactive molecules. The FNDs have emerged as promising
nanocarriers due to their excellent biocompatibility, intrinsic fluorescence, and chemically
versatile surfaces, which enable the loading of bioactive molecules and their delivery to sub-
cellular compartments (7).

The aim of this work is to functionalize FND with a mitochondrion-targeting
moiety in order to deliver to this organelle therapeutic molecules.

In this study, FNDs were coated with two different PEG-chains carrying different func-
tional groups. The azide moiety was used to conjugate the mitochondrion-targeting peptide
SS20 wia copper-free click chemistry; the amines groups were used to complex the bioactive
peptide N27 wvia electrostatic interactions (Figure 1). The N27, identified as a promising
inhibitor of the AIF/CHCHD4 mitochondrial import pathway, has been chosen for the proof
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of concept (8).

This mitochondrion-targeting FNDs have been formulated. Their physicochemical char-
acterisations as well as their cellular and subcellular localisation have been investigated and
will be presented.

References:

1. Hanahan D, et al., doi: 10.1016/j.cell.2011.02.013
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Nanodiamond Scintillator: A Novel Approach to

Profiling EUV and Soft X-ray Beams for
Photolithography

Mark Yuen Yung Hui*!, Pei-Jie Wu?, Teng-I Yang?®, and Huan-Cheng Chang?

"nstitute of Atomic and Molecular Sciences, Academia Sinica, Taipei 106, Taiwan — Taiwan
Institute of Atomic and Molecular Sciences, Academia Sinica, Taipei 106, Taiwan — Taiwan
3Taiwan Instrument Research Institute, National Applied Research Laboratories, Hsinchu City 300092,
Taiwan — Taiwan

Abstract

Extreme ultraviolet (EUV) radiation with wavelengths of 10-121 nm has been applied
in photolithography to fabricate nanoelectronic chips. This study uncovers the practical po-
tential of fluorescent nanodiamonds (FNDs) coatings on optical image sensors for detecting
extreme ultraviolet (EUV) and soft X-ray (SXR) radiation. We applied electrospray depo-
sition to produce a uniform carbon-based scintillator thin film on indium tin oxide (ITO)
coated substrates, with typical film thickness of "1 um. Red fluorescence was observed
from neutral nitrogen-vacancy centers of the FND film, when exposed to the synchrotron
radiation beam (80-1400 eV). The FND fluorescence was further collected by a fiber optic
plate (FOP) to a visible light camera for imaging and beam diagnostics. Compared with a
f/1 lens-coupled system, the fiber-coupled device was about eight times more sensitive. This
research underscores the promising application of FND coatings by electrospray deposition as
a cost-effective and versatile strategy for viewing, sensing and imaging EUV /SXR radiation,
which can significantly advance the field of next generation nanoelectronics.

Keywords: nanodiamonds, color centers, imaging, sensing
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Surface tuning of nanodiamonds: investigating the
impact of surface modifications for applications in
radiosensitization

Sofia Sturari*!?, Nour-Hanne Amine!?, Ilaria Andreana®, Pietro Apra?, Silvia Arpicco?,
Valeria Bincoletto?, Stefano Boetti®*, Adam Britel’:?, Maria Paula Cabral Campello®S,

Elisabetta Alessandra Durisi'?, Simona Giordanengo?, Edgar Mendes®%7, Lorenzo

Mino®, Diango Manuel Montalvan Olivares!?, Valeria Monti'?, Teresa Pinheiro®7,

Chiara Riganti*, Giulia Tomagra?, Anna Vignati'2, Beatrice Zurletti®, and Federico
Picollo!?

1Physics Department, University of Torino — Italy
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8Chemistry Department, University of Torino — Italy

Abstract

Enhancing cancer cell radiosensitivity is essential for improving radiotherapy efficacy
without increasing radiation dose. Radiosensitizers, which amplify ionizing radiation effects
on tumor cells, offer a promising strategy to achieve this goal. However, identifying agents
that combine high effectiveness with biocompatibility remains challenging. Nanodiamonds
(ND) represent a viable solution due to their excellent biocompatibility and the possibility
of tailoring their surface to enhance reactive oxygen species (ROS) production under irradi-
ation. This effect can be achieved by promoting the formation of hydrogen terminations or
decorating the surface with gold nanoparticles. Moreover, functionalization with hyaluronic
acid (HA) improves ND dispersibility in aqueous media and enables targeting of tumor cells
overexpressing HA receptors, such as pancreatic adenocarcinoma cells.

In this study, we investigated the applicability of ND as radiosensitizers by evaluating their
effect on hydroxyl radical (¢OH) generation in aqueous solution induced by 7-photons (15
MV) or electrons (10 MeV) delivered with the Elekta SL 18 MV linear accelerator of the
University of Torino Physics Department and the National Institute of Nuclear Physics of
Torino. To assess the impact of different surface treatments, we compared hydrogenated
(NDH), gold-functionalized (Au-ND), and hyaluronan-coated (HA-ND) ND with unmodi-
fied ND. Terephthalic acid was employed as fluorogenic probe to detect e OH species, based
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on its hydroxylation reaction yielding fluorescent 2-hydroxyterephthalic acid, allowing indi-
rect eOH quantification via fluorescence spectroscopy. Additionally, clonogenic assays on
radio-resistant pancreatic cancer cells were performed following co-treatment with ND and
radiation to assess possible biological effects.

Our results show that NDH, HA-NDH, and Au-ND increase «OH generation and induce
greater reductions in cell survival. These findings suggest a correlation between ROS en-
hancement and radiosensitization, thus highlighting the potential of ND in therapeutic ap-
plications.

Keywords: Nanodiamonds, Radiosensitizers, Surface functionalization, Radicals production, Ra-
dioresistant cancer cells treatment



Precision Engineering of Immunocellular States via
Intracellular Fever with Nanodiamond Composites

Yingke Wu*!, Kaiqi Wu!, Kazem Ebadi-Jalal?, Toszka Bohn?, and Tanja Weil®

'Max Planck Institute for Polymer Research — Germany
2University Medical Center of the Johannes Gutenberg University Mainz — Germany

Abstract

Temperature plays a vital role in cellular function, affecting numerous processes such as
enzymatic activity, signal transduction, and immune responses. However, explicitly correlat-
ing intracellular temperature with cellular function is challenging, due to the lack of avail-
ability of precisely manipulating and monitoring the nanoscale local temperatures. Herein,
a photostable photothermal croconium dye (CR) was designed and synthesized to work
as a light-controlled intracellular heater, then the CR was conjugated with nanodiamonds
containing nitrogen-vacancy (NV) centers, working as nanothermometer, to develop a novel
nanodiamond composite(FNDNG-CR-PEG). It enables real-time manipulation and monitor-
ing of intracellular temperatures within macrophages. The relationship between intracellular
fever and macrophage polarization was studied using immunofluorescence microscopy and
flow cytometry for the first time. Furthermore, the amount of local free radical species
induced by local temperature change was monitored by integrating the T1 relaxometry of
nanodiamonds. The transcriptomics was further carried out to understand the intracellular
fever influence on phenotype at the genome level. This nanodiamond composite provide a
powerful platform for exploring the interplay between intracellular thermal regulation, redox
signaling, and immune cell behavior. This study not only advances the understanding of
intracellular thermal dynamics but also suggests new approaches for enhancing the efficacy
of photothermal therapies and modulating immune responses at the nanoscale.

Keywords: Nanodiamond, temperature sensing, temperature manipulation, macrophage polariza-
tion
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Hybrid Nanozyme Systems based on Gold-Decorated
Nanodiamonds for Advanced Electrochemical
Sensing and SERS substrate.

Orlanducci Silvia*!
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Abstract

Nanozymes, which are nanomaterials exhibiting enzyme-like catalytic properties, have
garnered significant interest in the realm of electrochemical sensing due to their remarkable
stability, reusability, efficiency under extreme conditions, and cost-effectiveness compared
to natural enzymes. Gold nanoparticles (AuNPs) have shown exceptional peroxidase-like
activity, making them particularly appealing for sensing applications. However, traditional
methods for synthesizing gold nanoparticles come with several drawbacks, including the use
of reducing and stabilizing agents that can negatively impact the material’s catalytic perfor-
mance. Therefore, developing innovative synthesis strategies is crucial for enhancing catalytic
efficiency and improving sensor performance. In this study, we investigate the potential of
gold-decorated nanodiamonds as a novel platform for electrochemical sensors, biosensors, and
surface-enhanced Raman spectroscopy (SERS). By decorating nanodiamonds with AuNPs,
we create a hybrid system that exhibits enhanced catalytic properties, as demonstrated by
UV-vis spectrophotometry, and a significative effect as SERS substrate using near infrared
laser source. This AuNP-ND hybrid demonstrates significant peroxidase-like activity while
benefiting from increased operational stability. To adapt this system for electrochemical
applications, we incorporated the hybrid materials onto the surface of graphite working
electrodes within screen-printed electrodes on PET substrates. Electrochemical characteri-
zation revealed a strong symnergistic effect, resulting in enhanced electron transfer, improved
sensitivity, and robust performance under operational conditions. This study positions nan-
odiamonds as a valuable new support for nanozyme-based electrochemical sensors, paving
the way for innovative, enzyme-free detection strategies in both environmental and biomed-
ical contexts.

M. Zandieh, J. Liu. Advanced Materials, 2024, vol. 36, pp. 2211041, doi:10.1002/adma.202211041.

e J. Lou-Franco, B. Das, C. Elliott, C. Cao. Nanomicro Lett, 2021, vol. 13, n.10,
d0i:10.1007/s40820-020-00532-z. S. Orlanducci, et al. ACS Applied Optical Materials, 2024,
vol. 2, pp. 1180-1187, doi:10.1021/acsaom.4c00132.

e G. Reina, et al. Physica Status Solidi (C) Current Topics in Solid State Physics, 206,
vol. 13, pp. 972-978, doi:10.1002/pssc.201600111.

e S. Orlanducci. Eur J Inorg Chem, 2018, vol. 48, pp. 5138-5145, doi:10.1002/ejic.201800793.

Keywords: gold nanoparticles, Nanodiamonds, Nanozymes, electrochemical sensor, SERS
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