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We have used a combination of surface science techniques to study the electronic properties and
defects in germanane, a chemically functionalized two dimensional (2D) material. With the advent of
graphene there has been a focus on 2D materials due to their unique properties, and the ability to further
manipulate them both chemically and mechanically. Similar to graphene and MoS;, germanane is a 2D
material with a direct band gap that can be manipulated by terminating with different ligands, making it
an exciting candidate for optoelectronic applications. Germanane is synthesized by deintercalating CaGe-
in an acid to result in a particular termination [1]. We applied depth-resolved cathodoluminescence
spectroscopy (DRCLS)[2] to measure the electronic transitions including the band gap in hydrogen
terminated germanane (GeH), methyl-terminated germanane (GeCHjs), dimethylether terminated
germanane (GeCH,OCHg), and allyl-terminated germanane (GeCH,CH=CHy). Using surface
photovoltage spectroscopy (SPS) and DRCLS we have directly observed defects in “bulk” germanane.

A key feature of germanane is that terminating the germanium lattice with different ligands can
affect the size of the direct band gap. The combination of the effects due to ligand size and
electronegativity. The electronegativity of the ligand is believed to determine the extent of electron
density withdrawal from the germanium scaffold, which weakens Ge-Ge bonding and reduces the band
gap. Large ligand size can introduce strain and as a result also reduce the band gap energy. We used
DRCLS to examine this relationship. The electronegativity of each ligand decreases from —CH,OCH3 > -
H > -CH3; > -CH,CH=CH,. DRCLS finds the band gap energies increase from CH,OCHj; (1.47 eV) > -
CH,CH=CH; (1.50 eV) > -H (1.52 eV) > -CHj3 (1.62 eV). These values follow the trend in
electronegativity with the exception of the allyl termination, which can be explained using strain as it is
the largest ligand.
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three weeks. This can be tentatively attributed to the removal of
residual Cal, from interlayer spacing of the GeCHjs layers. This
demonstrates that defects can be identified and eliminated. through
systematic chemical processing. This work supported by NSF
MRSEC under award number DMR-1420451.

Figure 1: 1 Week deintercalated
GeCHgs (a) shows a prominent 1.02 eV
peak. GeCHg that has been
deintercalated for 3 weeks shows the
absence of the 1.02 eV peak
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