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Nanolamellar & 2D Materials

32

2D MXenes: Synthesis and Characterization

Context

MAX, MAB, and MXene material family features We develop sustainable and eco-friendly routes to synthesize 2D MXenes with varied transition metals, and precisely
nanolamellar structures with unique anisotropic control surface chemistry to achieve targeted functional groups and properties.

physical properties

Control elemental composition and surface
chemistry to design dedicated physicochemical
properties for targeted applications

sity (arb. units)

T
{
= \
5 J
] b
4
= TN -
== ;
"\
1
i i
[ 1
1
1
[N
i.\'\_ —H 0O b
\ & 5
\ (o |
. p na
T v o]
[ =
P ha
1 w
.
1 ) |
. ~
1 o
H
ts)

sity (arb. units

0.1

DFT Ti,C,0,
all Ti sites

XLD inten
XLD inten

0.0

Ti;C, T, Ti;C,Cl,

|
|
|
|
| |
> | |
E | | experiment Ti Keedge experi Ti K-edge
. . . LluJ 0.1 F I I 4960 49:70 49:30 45;90 50.00 4960 49|70 49|ao 4glgn 50'00 '
Lamellar metal dichalcogenides as 2D materials = . _ ! ew L Eem e .
. . . S o2k r MK A LH A | Tigy ., td,, 132412
for next generation microelectronics £ : Wavevector 2
T .. : Z A, Ti,C,Cl, | £
> | = (176.0) T .
: | sl | ; - a2 Tuats/
o0 -04} | & (227.0) ©®11.2)  a, I = lout (Px+Py) i P/
1 1 ' 2| E A A (647.2) > "
Objectives T Wt R
.05 | 2 MD | 4 - —
18 20 22 24 26 28 0 2 U O A S G N I Q Chyx,~a,  Cp,
_ Lattice parameter ¢ (R) : dezz'gkﬁi ]H|‘H ______ HH ________ “HA1 , T Cl (py+py)/2 :,‘!; "L:H # cip,
o Develop MAX phases & related MXenes with new Ve [T R - JANAS
chemistries and controlled surface terminations — | 1007200 300 400 0 600 700 %0 | S
Towards the synthesis of highly ordered vdW multilayered MXenes Understanding the phonon properties of halogen- A combined experimental and theoretical approach to
|nvestiga’[e structural and anisotropic physica| with halogen terminations terminated MXenes: first experimental insight elucidate the anisotropy of MXenes with different terminations
H. Pazniak et al. Open Ceramics (2024) M. Riabov et al. 2D materials and applications (2025) T. Ouisse et al. Physical review B (2025)

properties using advanced characterization
techniques in lab- and large-scale facilities, which

are further coupled with density-functional theory
(DFT) calculations We combine in situ, operando, and synchrotron-based characterization techniques to elucidate thin-film growth

mechanisms and to probe the intrinsic electronic structure of lamellar materials.

Synthesize lamellar metal sulfides ultra-thin films
& dedicated heterostructures for microelectronics
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Skills and competences
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Energy (eV)
Energy (eV)

Materials synthesis: single crystal growth and
chemical exfoliation, atomic / molecular layer
deposition (ALD / MLD)
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Advanced structural & physical characterization: oGt | e
: : ! g - - reactfon e In situ extended X-ray absorption during Wave Vector k (A-1)
Complementary In situ and OperandO studies  Ees ALD/MLD growth of TiS, ultrathin films Experimental observation of the electronic structure of nanolamellar Zr;SnC, single crystal
durlng SyntheSIS or nOt’ USIng lab' & |arge-SCale N Number of cycles N+1 P. Abi Younes et al. Chemistry of Materials (2022) measured by ARPES with the DFT predictions
it ' 1atl ALD/MLD tor built f face-sensiti A.-K. Yadav et al. Nanoscale (2024) . . .
facilities (I.e. synchrotron radiation) Dt 107 Surace sensitve . ADi Younss ot al 3. wac. Sol. Tashaol. A (2023) T. Ouisse et al. Physical review B (2023)
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Wide & Ultra-Wide Bandgap Semiconducting Oxides

Context Epitaxial ZnO Nanowires: Growth & Properties
ontex
o ZnO & Ga,0, and related materials We develop the spontaneous & selective area growth of ZnO nanowires by chemical bath deposition to thoroughly
: : control their morphology & physical properties for piezoelectric & photocatalytic devices.
o Remarkable structural and physical properties,
opening the way for next generation devices | P oo | | o - |
_ ,;»,_]m’mrmr_wfjmm s I ! 2 oo /\ N I Intentional doping with: Lab-scale,
o Understand the fundamental mechanisms related ! ! I\ NS | synchrotron,
: : : : : | l g ooy o 1 - AlLGaCl DFT calculations
to their nucleation, epitaxial growth, doping, and | | P L Vs | syetroron \
alloying to control their morphology & properties : : RN P AER A
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. . Chemical bath deposition Controllable crystal polarity Hydrogen-related defects Intentional doping processes
O b I eCt I VeS V. Consonni et al., ACS Nano (2014) V. Consonni et al. Nano Energy (2021) E. Sarigiannidou et al. Physical Review Materials (2023) M. Manrique et al. Small Structures (2025)
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deposition techniques, including CBD, ALD & PLI- ‘ o
MOCVD 101 2m0 e
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: : : Substrate 1/ SN 0.0
Elucidate the physicochemical processes for the
nUCIGation, epitaXiaI g I’OW'[h, dOpI ng’ and al IOyl ng Modeling the nanowire growth Thermodynamic simulations Towards green chemistry Special emphasis on piezoelectric devices
C. Lausecker et al. The Journal of Physical Chemistry C (2019) A. Baillard et al. Nanomaterials (2025) J. Villafuerte et al. Nano Energy (2023)

by combining with thermodynamic computations

Explore & control their physical properties: defects,
doping, alloying, interface / surface

Slelylolp s el O EERERR U R ILPERRICRRNEENTERS  \We develop the chemical bath deposition of Ga,0, nanomaterials and the epitaxial growth of Ga,O, thin films by ALD

heterostructures:_ piezo_electric, power electronic & PLI-MOCVD to thoroughly control their morphology & physical properties for power electronics & optoelectronics.
and optoelectronics devices

Assess raw materials criticality & process impact

Vaporizer

Skills and competences

Growth modelling, doping, alloying
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Thermodynamic simulations, green chemistry - - - _ i 1" 3
Structure-p_roperty relationship: polarity, interface / e 7 N . — LB [
Surface, epltaxy Ga(OH)z / Ga(OH), dominant Ga(lll) species * | v ‘ reactor chamber \i\ 0w 4029(‘,;50 S )

Ga(OH),* Photon energy (V) Deposition Temperature (°C)

Techniques: sol-gel process, CBD, SILAR, ALD /
ALE, PLI-MOCVD, and morphological / structural /
chemical / optical characterization

Chemical bath deposition of Ga,0O5; nanomaterials ALD of epitaxial k-Ga,O4 thin films on sapphire PLI-MOCVD of epitaxial B-Ga,O4 thin films on sapphire
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G. Hector et al. Inorganic Chemistry (2020) & (2023) A. Séguret et al. Chemistry of Materials (2025) M. Velasco-Enriquez et al. ACS Materials Au (2025)
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