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 This talk explores a new path forward toward the goal of probing single-molecule 

processes via scanning tunneling microscopy (STM) and tip-enhanced Raman 

spectroscopy (TERS). The combination of STM imaging and optical spectroscopy will 

be discussed as a promising approach to raise both the spatial and spectral resolution of 

molecules to an unprecedented level. I will focus in on three recent advances in 

UHV-TERS which unravels the intricacies of adsorbate-adsorbate/ adsorbate−substrate 

interactions. At room temperature, the strong adsorbate-substrate interaction between 

the meso-tetrakis-(3,5-ditertiarybutylphenyl)-porphyrin (H2TBPP) and the underlying 

Cu(111) substrate leads to the formation of the bowl up/down conformations. Through 

simultaneous TERS and STM analysis on the neighboring conformational isomers, we 

have observed ~15 cm-1 spectral shift in one of the porphyrin-ring Raman modes and 

analyzed the origin of this shift using DFT calculations.1 Then we reveal insights into 

the influence of intermolecular interactions on the vibrational spectra of a 

N-N'-bis(2,6-diisopropylphenyl)-perylene-3,4:9,10-bis(dicarboximide) (PDI) 

self-assembled monolayer adsorbed on single-crystal Ag substrates. In particular, we 

have revealed the lifting of a vibrational degeneracy of a mode of PDI on Ag(111) and 

Ag(100) surfaces, with the most strongly perturbed mode being that associated with the 

largest vibrational amplitude on the periphery of the molecule.2 This last topic 

illuminates a new two-dimensional molecular superstructure of subphthalocyanine 

(SubPc) was discovered to consist of two 

distinct molecular binding configurations, 

both of which interact relatively weakly 

with the underlying metallic substrate as 

revealed by high-signal-to-noise 

enhanced Raman spectra. Our results 

demonstrate the necessity of advanced 

Raman techniques such as TERS when 

precisely probing molecule-molecule and 

molecule-substrate interactions.3 
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