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Heterodyne laser correlation Spectroscopy: An interferometric method for 
measuring nanoparticle velocity

Abstract:

In a flowing solution of motorized nanoparticles, propelled objects undergo both directed 
flow and random diffusion, and equations for forced diffusion can be used to describe this sit-
uation. Dynamic laser light scattering (DLS or photon correlation spectroscopy) is a well-es-
tablished technique for measuring particle size over the size range from few nanometers 
to few micrometers and a technique of choice for studying the dynamics of solutions and in 
particular diffusive processes due to Brownian motion. However, the average drift velocity 
of particles, in a directed flow is inaccessible in a standard homodyne DLS experiments. The 
study of ballistic motions or forced diffusion requires advanced heterodyne DLS experiments. 
In such experiments a reference beam, which is a small fraction of the intensity of the inci-
dent laser light, is mixed with the light scattered from the sample, allowing measurement of 
dynamical structure factors characterized by both real (diffusion) and complex (ballistic ve-
locity) processes. Important. The heterodyne intensity-intensity correlation function, g(2)(q), 
is an oscillating function of the time lag with a velocity-dependent frequency that requires 
complex analyses and comparison with theoretical models. Such recent optical setup and 
method recently enabled us to study complex motions of active nanoparticles.
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