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Michel Orrit's scientific field is the interaction of light with organic molecules 
in liquids and solids. In 1979, he studied surface excitons in molecular 
crystals with Ph. Kottis in Bordeaux (France). During a post-doctoral stay in 
Göttingen in 1985-1986 with H. Kuhn and D. Möbius, he worked on 
Langmuir-Blodgett films doped with dyes. Back in Bordeaux, together with 
J. Bernard, he strove to detect signals from smaller and smaller samples, 
first using persistent spectral hole-burning to investigate the dynamics of 
dye molecules at low-temperature in ultrathin two-dimensional systems. 

They observed the first fluorescence-based signal from single pentacene 
molecules in 1990 by fluorescence excitation, a method which was quickly adopted by several groups 
world-wide, and was extended to room temperature in 1993. Since then, Orrit's group, first in 
Bordeaux then from 2001 in Leiden, have applied single-molecule spectroscopy to molecular 
photophysics, solid-state dynamics, and nonlinear optics. His current interests include the chemical-
physical properties of a broad variety of nano-scale objects, including organic (bio)molecules, 
semiconductor nanocrystals, metal nanoparticles, as well as their applications as probes of structure 
and dynamics of soft condensed matter at nanometer scales. Recent highlights of his group’s work 
are studies of single molecules using plasmonic sensing and fluorescence enhancement in the near 
field of gold nanoparticles, single-molecule studies of electrochemical redox reactions in dyes and 
proteins, and the pursuit of non-fluorescence-based, label-free and tether-free optical signals of single 
nanoparticles. A particularly powerful method is photothermal microscopy, which can image the 
optical absorption of individual conjugated polymers, chiral nanoparticles, in particular nano-magnetic 
ones. Photothermal heating of an individual gold nanoparticle immersed in a liquid gives rise to 
instabilities and transient signals from vapor nanobubbles. 

Abstract:  Seeing Individual Molecules and Nanoparticles 

Various optical methods provide signals from single molecules and single nanoparticles: fluorescence 
or photoluminescence, dark-field or bright-field scattering, absorption through photothermal contrast 
or nonlinear susceptibilities, refractive effects leading to shifts of plasmon resonances, or plasmon-
enhanced optical signals from weak emitters. For more than 30 years, fluorescence has been the 
workhorse of single-molecule optics. It provides insight into single chemical events, such as the 
turnovers of single redox proteins. Enhanced by resonant local fields around plasmonic gold 
nanoparticles, fluorescence reveals very weak emitters with quantum yields as low as 0.0001. Anti-
Stokes photoluminescence of gold nanoparticles, enhanced by a plasmon resonance, provides their 
absolute temperature in a simple and direct way. In recent years, other optical techniques have 
reached single-molecule sensitivity. Photothermal microscopy can be made sensitive enough to detect 
single photostable molecules or even such photosensitive ones as single organic conjugated polymers. 
The differential absorption of circularly polarized light provides quantitative circular dichroism data of 
single absorbing chiral nanoparticles, in particular magnetic nanoparticles under applied static 
magnetic fields. Plasmonic gold nanoparticles are sensitive to refractive index changes in their 
environment. Non-absorbing protein molecules can thus be detected individually through their optical 
polarizability only, without need for fluorescent or absorbing labels. The binding and unbinding of 
single protein molecules from a solution cause sudden absorption steps, opening micro-analytical 
applications and in-situ sensing. Similar experiments have now been done on-the-fly on single 
unlabeled and untethered, freely diffusing protein molecules. 


