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Abstract

Plasmons are collective electron density oscillations that strongly determine the
optical properties of metals. So far, most plasmon research has focused on bulk metals. But
with the advent of metallic two-dimensional (2D) materials, it has become possible co confine

plasmons—and focus light energy—into the extreme, monolayer limit.

Here, we use conductive TisC,Tx MXene monolayers to investigate how extremely
confined plasmons behave in conductive 2D films. We use momentum-resolved electron
energy-loss spectroscopy (EELS) in the scanning transmission electron microscope (STEM) to
investigate the dispersion of plasmons at the nanoscale. We resolve two surface plasmon
modes in monolayers and demonstrate a plasmon confinement ratio of ~ 310 times.
Furthermore, we study the plasmon dispersion properties in the out-of-plane direction
through cross-sectional samples fabricated by focused ion beam (FIB). With this, we show the
occurrence of directional guiding of plasmon modes, correlated with carrier mobility
measurements. The dispersion properties of conductive 2D materials such as MXenes provide
guidance for optical property tuning. We also use helium ion microscopy (HIM) for resist-free

nanopatterning and show control over the plasmon properties.
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