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Scanning electron microscopy (SEM) and Auger spectroscopy (AES) are important techniques to
characterize the surface morphology and composition of materials. However, their applications for
observation and characterization of liquids or aqueous samples is limited due to very short mean
free path of low energy electrons in a condense phase or dense gases. Therefore, such experiments
are currently conducted at synchrotron radiation facilities using sophisticated differentially
pumped instrumentation [1, 2, 3]. Few years ago we proposed to use 2D materials as electron
transparent membranes which separate high vacuum environment of the electron spectrometer
from a liquid sample [4, 5]. Recently, we developed a new graphene liquid cell platform based on
multichannel capillary array (MCA) [6]. An electrochemical version of the graphene liquid cell
has been fabricated via coating the back side of the MCA with Pt counter electrode using atomic
layer deposition (ALD).

In this presentation, we report on SEM and AES characterization of liquid water inside micro-
channels capped by double-layer graphene (Fig. 1a). Figure 1b shows Ok and CkiL Auger
spectra from water filled and empty channels measured through the graphene membrane.
Comparing the sets of these differential AES spectra, we were able to estimate the effective
thickness of the graphene membrane as well as probing depth in liquid water (Fig.1c). While AES
probes very few water layers beneath graphene, energy dispersive spectroscopy (EDS) provides
the measureable spectra (Fig. 2a) and the corresponding chemical maps (Fig. 2b), up to two
microns deep in to the water. As an example of in situ electrochemical studies, Fig. 3 demonstrates
Cu electrodeposition on graphene working electrode from CuSO4 aqueous solution. During anodic
polarization, Cu nano-crystals grow on the back side of the graphene, while at the reverse bias they
were stripped away. In summary, we developed a new environmental sample platform for
scanning electron microscopy and spectroscopy measurements in liquids and gases. The platform
is based on a multichannel array capped with a bilayer graphene which can be filled with a wide
variety of liquids. The applicability of SEM, AES, EDS have been demonstrated using pure water
and a model electrochemical reaction. The cell enables the characterization of materials relevant
to energy, catalysis and biomedical applications [7].
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Figure 1. Auger spectra of water under double layer graphene
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Figure 2. EDS characterization of water in micro-channels
4um

Figure 3. In-situ observation of electrochemical reaction in agueous solution.
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