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While adverse health effects of particulate matter exposure are a generally accepted
concern, locating and tracking these nanometer sized particles is not straightforward.
Measurements in polluted air such as absorption photometry and laser induced incandescence
(LII) [1,2] have so far been used to determine particle concentrations; alternatively labeling
methods [3,4] have been applied in epidemiological and toxicology research such as the
technetium-99-m radionuclide marker.
In our work we have developed two novel contrast mechanisms that allow direct, label-free
optical imaging to detect carbon nanoparticles in fluids and cells (Figure 1).[5,6] The first
technique is non-incandescence related white-light generation by illumination with
femtosecond pulsed near-infrared light (150 fs, 80 MHz) of dry and suspended carbon black
particles (CB), a widely used model compound for soot.[5] Four different, strongly absorbing
CB species with diameters ranging from 13 to 500 nm
have been scrutinized, all showing similar detection
possibilities. Consequently, the described white-light
emission allows optical detection and unequivocal
localization of CB particles in fluids and in cellular
environments. The experiments are performed on a
typical multiphoton laser-scanning microscopy
platform, a system commonly available in research
laboratories. In the second technique,[6] carbon
nanoparticulates are detected using photothermal
pump-probe microscopy, which directly probes the
strong light absorption. Two different laser pulses with
a repetition frequency of 80 MHz and 7 ps duration
were employed. Pump pulses fixed at 1064 nm and
probe pulses (blue) of 800 nm up to 950 nm were
tested. The method is evaluated on the detection of
Fig. 1 Optical imaging of CB
carbonaceous particles in cells and human urine, and
nanoparticles (arrow heads) in human
the versatility is shown by microfluidic analysis of CBlung fibroblasts .
spiked urine samples.
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