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The functional properties of materials are increasingly controlled and tuned through defects whose 
engineering takes place quite literally at the atomic level. In particular, it is believed that even at the 
single atom level the structure and chemistry of these defects can affect the nature, frequency and 
dispersion of phonons in materials, thus potentially affecting essential physical phenomena such as 
superconductivity, thermal transport or even structural phase transitions. However, conventional 
vibrational (optical) spectroscopy techniques typically only provide insights on bulk systems, where 
information is averaged over much larger length scales. 
 
Recent methodological developments have shown how electron energy loss spectroscopy (EELS) in the 
scanning transmission electron microscope (STEM) can be used to study the dispersion of phonons at 
the nm-scale, by carefully adjusting optical parameters to balance spatial and momentum resolution 
[1,2]. A related technical approach was also recently used to achieve atomic resolution in phonon 
spectroscopy. By displacing the EELS collection aperture away from the optic axis of the instrument to 
angles similar to those used for Z-contrast image detectors, the contribution of electrons that have 
undergone dipole scattering as well as elastic scattering is minimised and this optical geometry favours 
instead the highly localised impact transitions in the recorded vibrational spectrum [3]. 
 
This has now been extended to observe how a single substitutional Si impurity in graphene induces a 
characteristic, localized modification of the vibrational response. Extensive ab initio calculations reveal 
the measured spectroscopic signature arises from defect-induced pseudo-localized phonon modes, 
whose energies can be directly matched to experiments. This truly realizes the promise of vibrational 
spectroscopy in the electron microscope by demonstrating single atom sensitivity and spatial resolution, 
with wide-reaching implications across the fields of physics, chemistry and materials science [4]. 
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