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EXPERIMENTAL SECTION

MXenes, a thriving family of 2D materials, particularly Ti3C2Tx,
has demonstrated an outstanding performance in many
applications including energy storage, sensing and electronics.

Characterization

Synthesis
Ti3AlC2

CONCLUSIONS

Ti3C2Tx

Motivation

HF, H2O (DI), LiCl

Recently, Ti3C2Tx, was shown to exhibit intense surface
plasmon (SP) excitations, underlining their potential for
photonic and plasmonic applications as well.

25oC, selective etching for 24 hr

2. We showed that the energy and spatial
distribution of the transversal mode and the IBT
are invariant across the sheets.

.
Washing with HCl then water
Sonicating under argon flow

However, the specific modes of those SPs and their spatial
variation over Ti3C2Tx nanosheets, were not yet discovered.

Objective

Methods

Investigating the spatial and energy distribution of SPs
sustained by mono- and multi-layered Ti3C2Tx nanosheets.

• XRD spectra showing the shift in
the (002) characteristic peak.

Scanning transmission electron microscopy (STEM) combined with
ultra-high resolution electron energy loss spectroscopy (EELS).

• Core-loss EELS revealing the
typical elemental edges for Ti3C2Tx.

3. In contrast, the energy and spatial distribution
of the longitudinal modes strongly depends
on the morphological aspects of the
nanosheets, and thus allowing for tunable SP
energies.

RESULTS
SPs’ Geometerical Dependence & Independent Polarizability

STEM-EEL Spectroscopy & Mapping of Specific SP Modes

• Red-dashed rectangle shows a 2nd monolayer formed on the larger one.
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• ZLP-subtracted EEL spectra and maps of the interband transition (IBT) and several multipolar SP modes.
• The colored marks on the STEM-ADF micrograph
denote the most intense excitation positions for the
longitudinal modes.

• (8-10) show maps of the distinct dipole, quadrupole and breathing modes
supported by the small nanosheet.
Highlights: 1. Geometrical-dependence of the longitudinal SP modes. 2.
A visual proof that Ti3C2Tx layers act as independent polarizable sheets.

4. We, also, sowed that multi-layered Ti3C2Tx
behaves like a stack of isolated sheets, precisely
exposing the true 2D nature of Ti3C2Tx and the
fundamental
difference
from
“classical”
plasmonic metals.
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In-situ Heating STEM-EELS (up to 900 oC)
5. Ultimately, we have revealed that annealing
above 500 oC has induced a desorption of
surface-terminated fluorine, multiplying the Ne of
Ti3C2Tx , and allowing for tunable sizedependent longitudinal as well as sizeindependent transversal SP modes.

Ring

Breathing

(~ 7.5 nm thick)

Central modes

Ti3C2Tx nanosheet

Edge modes

Monolayers

Si3N4 membrane

1. We visualized the inherent IBT in addition to a
variety of transversal and longitudinal SP modes
(ranging from visible to MIR) supported by the
Ti3C2Tx nanosheets.
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• (1-5) show maps of the size-dependent dipole, quadrupole,
hexapole, breathing and ring longitudinal modes.

A monotonic blue-shift in both longitudinal
and transversal SPs as a result of the
increased free electron density (Ne) induced
by the fluorine desorption at temperatures

above 500 oC, as indicated by the waning F-K peaks in core-loss EELS.
• (6-7) visualize the size-independent transversal mode as
Noteworthy, the IBT remained unchanged throughout the heating process.
well as the IBT.

6. Our results show that Ti3C2Tx holds a great
potential for the development of MXenebased sensing and photonic applications
such as biological sensors, broadband
photodetectors and plasmonic waveguides.
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