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Abstract It is crucial to characterize optical properties of nanomaterials for application and development of
nanotechnology. Specifically, instead of averaging the observation across a large number of particles, measuring the
spectra of a single nanoparticle has recently gained considerable attention, which can accurately and quantitatively analyze
itself and its surrounding environment. Among various near-field and far-field approaches, the spatial modulation
spectroscopy (SMS) technique can be employed to determine the extinction cross-section spectra using a high signal-to-
noise ratio. In this paper, we introduce the modulation scheme, approach development, applications, and the latest
research progress of SMS technique, and discuss its prospect for the future application.
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Fig. 1 Schematic of field propagation direction and detection

area of a Gaussian beam incident on a single nanoparticle
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Fig. 4 Schematic of experimental setup for modulating beam position””. Beam modulation is realized by changing angle at back focal

plane by using a Glavo mirror; inset shows that modulation can also be achieved by an acousto-optic deflector (AOD)
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micrograph (TEM) image of a nanoantenna
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SMS technique combined with incoherent imaging system™. (a) Schematic of SMS technology combined with incoherent

imaging; (b), (¢c) comparison of stability effects of extinction cross section with and without defocus feedback
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Comparison of polarized light spectra in different directions for asymmetric particles. (a) Absorption cross section spectra

(approximately equal to extinction) of a single elliptic gold nanoparticle™; (b) extinction cross section spectra of a single gold nanorod™"
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