
Measuring electrochemical reactions on single nanoparticles: combining 
optical and electrochemical nanoscopy 

 
Katherine A. (Kallie) Willets 
Department of Chemistry 

Temple University 
Philadelphia, PA 19103 

 
Measuring electrochemical reactions on single plasmonic nanoparticle electrodes allows 
for the dual roles of plasmon excitation and structural heterogeneity to be uncovered 
with nanoscale precision.  Typically single nanoparticle electrochemistry experiments 
are performed by using either optically-active redox probes, which show changes in 
their spectral signatures upon oxidation and reduction, thereby providing an optical 
signature of redox chemistry,1-2 or by scanning electrochemical microscopy (SECM), 
which uses a scanning electrochemical probe to measure currents associated with local 
redox events.3  To achieve sub-micron spatial resolution with SECM, nanoscale 
electrodes are required, which are extremely fragile and difficult to approach to within 
tens of nanometers of the substrate surface without the risk of significant damage.  
Moreover, because the measured current is a function of both the distance of the 
electrode from the nanoparticle surface as well as the reactivity of the nanoparticle, 
decoupling these two effects independently is a significant experimental challenge. 
 
This talk will discuss a new SECM 
design integrated with an optical 
microscope.3  A phase mask is 
introduced in the emission path, 
which converts traditional diffraction-
limited emission into a double lobed 
pattern that rotates as a function of 
the distance of the emitter from the 
focal plane of the microscope.  Initial 
demonstrations of the technique are 
performed on a model system using 
an optically-active redox probe, while 
later demonstrations use fluorescent 
nanodiamonds as surface markers, 
allowing observation of non-optically 
active electrochemical reactions. 
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