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Nanodiamonds & NV Centers

> From diamond... to nanodiamond !

Exceptional characteristics

* Physical properties
* Biocompatible : internalizable in cells
* Optical properties (color centers)
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Nanodiamonds & NV Centers

> From diamond... to nanodiamond ! > What’s a NV center ?

m=+1 dark

€.

m =-1 dark

m_=0  bright

Exceptional characteristics

(9 Stable red fluorescence under green Iight\
excitation (no photobleaching)

- Used for bioimaging

- Used for quantum sensing (pH,
temperature, magnetic fields, nuclear

K and electron spins) /

* Physical properties
* Biocompatible : internalizable in cells
* Optical properties (color centers)
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Amplification of the fluorescence by plasmonic effect

Limitation :

NV fluorescence ! '
signal often too
weak !
Bare ND
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Amplification of the fluorescence by plasmonic effect

Limitation : STRATEGY

Development of
N.V fluorescence Q ’ LSPR enhancement ND@Au
signal often too '

nanocomposites
weak !

Bare ND ND@Au

- Localized Surface Plasmon Resonance (LSPR)

520

Electric field

4 )

o Collective oscillation of free
electrons in response to light

o Enhancement of electromagnetic
fields at the nanoparticle surface

N J

absarbance

Electron cloud

400 500 600 700 800
wavelength (nm)

- Boosting fluorescence up to 100-fold through LSPR enhancement
- Development of next-gen sensors and bioimaging tools

Journée inter-UFR Chimie-Physique - 3®™e édition - 12/12/2025



Why surface functionalization is essential ?

Challenges

9 %

COOH

Csp3= Low density of Aggregation
chemically inert surface groups
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Surface functionalization : 1%t strategy

Challenges Strategy 1

Surface functionalization

\

Provide chemical versatility

R /OH 0 : LJ
ND J< .
Iy

COOH
Introduce anchoring sites for Au HS
Csp3= Low density of Aggregation deposition J I \ SH /
chemically inert surface groups Cysteamine grafting
EDC/NHS H,N-(CH,),-SH
ND-COOH > ND-CO-NHS > ND-CO-NH-(CH,),-SH
EtOH EtOH
—> Functionalization H_ ':'H:’“t v e "D*'Vh
with cysteamine (thiol 3;
groups) E “'/M_&Aﬂ_.mm Characterization with
—> Activation of oxidized 2 | o, ND-ox XPS, PM-IRRAS, Zeta
£ | ozasas potential...
NDs carboxyl ALY RPopw

H T T T T T T
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Surface functionalization : 2"9 strategy

Strategy 2

Challenges
4 N

Surface functionalization

Provide chemical versatility and ]
. ) . .. \. ND@SiO, /

Csp3= Low density of Aggregation ensure colloidal stability 2
chemically inert surface groups Control ND-Au spacing to avoid Silica coating
quenching of the fluorescence

{=-24mV
pH 7
b Crgos =53 mM
NUZCNIENGN g
> Formation of tunable O’Slo NH;
silica shell (SiO;) around > / A\
NDs with a sol-gel process APTES
— Condensation of silane O\ O~
Si
precursors with hydroxyl o7 % OCHs
roups at the surface N
group < hg o Si—OCHg
TEOS OCH3
MPTMS

Shell thickness e =11.8 + 2.4 nm
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Scheme of my project

Development of different nanocomposites

J J

ND@Au ND@SI0,@Au

With various shell morphologies

\J J

Smooth Hollow shell Spiky
(uniform plasmonic field) (tunability of distance) (localized “hot spots”)

4

Evaluation of optical and quantum properties
(ODMR, fluorescence spectroscopy tests)
Applications
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Introduction
7 Nanodiamonds (NDs) with
nitrogen-vacancy (NV) centers are LSPR
! Coupling NDs to gold via localized
i & bocompatble qunium  Siategy e pasion eonance enhanosmant
——
» Challenge: their fluorescence is (Li:ﬂi;m:'":’;:l‘::f’
» intrinsically  weak, reducing .
performance In  bioimaging and 9
o° sensing

Bare ND ND@AU

Surface functionalization

> Provide chemical versatity ol ND-Au spacing to avold

>
. > e e e g St s .
Stategyntt |7 S ey _Strategy n2

' bioapphications { '
¢ @ Establishing robust functionalization routes to prepare NO for ' '
: gration i i hell archi for bi 4 ! ]
i sensing ! ]
' \_ Nogsio,
grafting Silica coating ——
: 3 + Control ND-gold spacing to avoid " Sornd
Intoduce tiol &4 90008 10 TG Rctvation of ozt Nos camo fluorescenos quenching oot shea. shel 90
e sty oo O S by fnadle s sht (50

h P
PROUPE W EDCANIA reacion easier functionalzation

,*" Coupling mechanism

Pathway

1. Condensation rvaction

2. Shell growth

Thank you for your attention!

Absorption Spectroscopy (PM-ARRAS)

NOcyst

g Eneey )

Average shell thickness Average shell thickness.
c o N s xpSdata =
(%) (%) (a0 (%) Increase in N content confirms cysteamine grafie
Noox 877 121 <02 o  ClearS2p signal detecied only aler lunclicnaization « TEM confims controlied siica * Partctas organize into
- evidence of tiol groupe coating, wih thickness adjusted rconnected networ
NDeyst 861 120 10 06 PMIRRAS data consistent wih sucoessiul grafting by varying silane concentration instnad of remaming indh
> Cystoamine grafting provides surface thiols as anchoring sites for future Au > enables control of ND. a chemically
N do 4 versatile platform

i N Next steps ~N
Functionalization = key step toward * Gold seed deposition & shell growth
Succsesfil surtace itegrating NDS inlo plasmonic \

functionalization of NDs » .
e L J ®) 2

\
two sirategies .4
A ‘Smooth shell Spiky
cysteamine grating and Development of robust (uniform piasmonic fieid) {tunability of distance) (localized "hot spots”)
silica coating functionalized platforms
/ \ = Evaluation of optical properties (NV emission enhancement) /
- - a—— »
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