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Very recently, there has been strong experimental evidence for sub-nanometer spatial resolution in tip-
enhanced Raman spectroscopy (TERS), which is a combination of Raman spectroscopy and scanning probe 
microscopy. In an experiment in the group of V. Deckert (Jena), an AFM tip, coated with silver nanoparticles 
of about 10-20 nm radius to be plasmonically active, was stepping along the single-stranded DNA with a 

predefined base sequence. As both, the distance of the bases 
(≈ 0.6 nm) and the base sequence is known, the DNA strand 
serves as a nanometer-ruler. Single sharp transitions from 
one nuclear base to the next were observed, strongly 
suggesting a lateral resolution below 1nm.  

The experimental results are very surprising, as they for the 
first time demonstrate unambiguously that with a tip of 10 
nm radius, nanometer or even sub-nanometer resolution of 
individual molecules can be achieved, enabling investigation 
on a single molecule level with high chemical sensitivity. In 
order to address the question on the spatial resolution, two 
effects need to be considered: the electromagnetical, leading 
to field enhancement near the apex of the tip, and the 

chemical, originating from the close vicinity of the silver tip and the sample molecule. In this talk, we will 
present results of our investigation, thereby focusing on the description of the chemical effect by means 
of a full quantum chemical description at different levels of theory. We select one sample molecule (e.g. 
an adenine nuclear base) and scan the position of the tip, modeled as a single silver atom or a small silver 
cluster, and calculate the resulting Raman spectrum as a function of the tip position. Pronounced changes 
in the Raman patterns and the intensities can be found. Our results suggest that the spatial resolution can 
indeed be on the nanometer range or even below. 

Ref: F. Latorre et al. “Spatial resolution of tip-enhanced Raman spectroscopy - DFT assessment of the chemical 
effect.” Nanoscale 8, 10229–10239 (2016). 

E 

D 

C 

B 

A 


