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Introduction. 
[image: ]Photoemission yield spectroscopy (PYS) provides a direct measurement of the occupied electronic states in a material.1 This surface characterisation technique is commonly used to study band edge positions and defect energy levels in an ultra high vacuum environment.  Environmental photoemission yield spectroscopy (EPYS) extends these capabilities to low vacuum pressures, enabling real time characterisation of surface states in reactive gaseous environments (Figure 1a). Figure 1a) Schematic showing EPYS characterization of single-layer graphene. b) Photoemission yield spectra of graphene before and after chemical doping by NMP. 



Results.
[bookmark: _GoBack]Here, we have investigated surface-adsorbate interactions–     including the chemical doping of graphene–as well has the electron amplification process that occurs in a gas.2,3,4 Figure 1b shows a shift in the photoemission threshold energy of graphene in the presence of NMP due to electron charge transfer. The results provide powerful insight into chemical doping of 2D materials. High sensitivity is able to be achieved by gas cascade amplification of the photocurrent. Gas cascade amplification plays an important role in both environmental scanning electron microscopy and EPYS. We further show that the EPYS system can be used to measure gas cascade amplification efficiency and identity ethanol as a superior imaging gas.4

Conclusion.
The work presented here identifies EPYS as an important tool for measuring the occupied electronic states of surfaces including 2D materials and understanding the electron amplification process critical to widely used characterization techniques.  
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