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Water under confinement exhibits phase dynamics, vibrational, and dielectric properties that 
differ significantly from bulk water [1], yet at the nanoscale and in the single layer limit, it 

remains challenging to characterize experimentally. In this work, we investigate a monolayer 
of water intercalated between muscovite mica and 2-dimentional (2D) materials [2], 
specifically transition metal dichalcogenides (TMDC), which are excellent hosts for excitonic 

physics. Through tracking the optical response of excitons that are sensitive probes of its 
surrounding dielectric environment [3], we are able to measure the effective dielectric 

constant of 2D water from 4K to 295K. Moreover, when a water monolayer is introduced to 
the TMD-mica interface, there exhibits two characteristic screening strength at cryogenic 

temperatures and elevated temperatures, hinting at a phase transition like crossover. We 
further compliment this result with conventional Raman, as well as tip enhanced Raman 
spectroscopy to probe the hydrogen-bonding networks of confined water monolayer across 

the temperature range. This study fingerprints the highly coveted experimental 
characterization of nano-water in the true 2D limit, offering insights into its rich phase and 

structural properties under confinement.  
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Figure 1: (a) Colormap of differential reflectivity first derivative with the first excited Rydberg state (1s) 

normalized to its position at 4K on a WSe2|mica device before the introduction of water (left), and 

after (right). The non-monotonic change of 1s and 2s spacing across temperature when a proximal 

monolayer of water is induced indicates at least two distinct dielectric regimes of confined water at 

the interface. (b) Raman spectra of the Mica|H2O|WSe2 device at 4K.  


