
The Single-Particle Soot Photometer (SP2; Droplet Measurement Technologies) is a particle-
resolved measurement of refractory black carbon (rBC).   A schematic of the SP2 is shown 
below (Schwarz et al., 2010).  Refractory black carbon is produced from the incomplete 
combustion of fossil fuel and biofuels, including biomass burning (e.g., wildfires and controlled 
burns).  It is related to light absorbing carbon that therefore it is important to quantify the mass 
loading of rBC. 
 
The SP2 measures soot mass on a single particle basis as a function of particle size by laser-
induced incandescence.  An airstream of individual particles orthogonally intersects the central 
portion of a continuous wave 1064 nm laser.  These illuminated particles will scattering light 
and, if absorbing, will heat up to the point of incandescence enabling the detectable BC mass 
with diameters ranging between about 80 – ~600 nm.  The resulting incandescence is measured 
via two-color photometry and particle scattering is measured via a low- and high-gain channels.  
The size scattering channel can measure non-absorbing aerosol diameters in the range of 180 nm 
– 600 nm. 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
The SP2 measures both scattering and incandescence from individual particles containing rBC 
that are illuminated with a 1064 nm (near-IR) laser beam.  The incandescence intensity is 
proportional to the amount of rBC mass.  Calibration of the incandescence intensity is provided 
using size selected Fullerene soot.  
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Wrobel, P. Davidovits, J. Olfert, M. K. Dubey, C. Mazzoleni, and D. W. Fahey, (2010) The 
Detection Efficiency of the Single Particle Soot Photometer, Aerosol Sci. and Tech., 44:612–628. 
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FIG. 1. Schematic of the flame-generated soot generation and detection scheme with the filter sampler, single particle soot photometer (SP2), scanning mobility
particle sizer (SMPS), condensation particle counter (CPC), Couette centrifugal particle mass analyzer (CPMA), and differential mobility analyzer (DMA).

2. SP2 INSTRUMENT AND PROCEDURES

2.1. Single Particle Soot Photometer (SP2) Apparatus
The SP2 consists of an intense intra-cavity laser, a flow con-

trol system to confine sample aerosol to the center 1/4 of the laser
beam, four optical detectors focused on the intersection of the
sample aerosol with the laser beam, and electronic resources
necessary to store the response of the detectors to individual
particles crossing the laser beam (Figure 2).

A solid-state pump laser (808 nm, Unique-Mode AG, Jena,
Germany) is fiber-optically coupled to a Nd:YAG crystal that
is coated on one side with a reflective coating at 1064 nm.
The coating defines one side of the laser cavity, while a high-
reflectivity mirror defines the other side. The laser is tuned such
that it is in a TEM 0,0 mode, i.e., with a Gaussian intensity
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FIG. 2. Schematic of the Single Particle Soot Photometer (SP2) following
Schwarz et al. (2006). The sample aerosol is confined with filtered sheath flow
to the center 1/4 of the laser beam, and then drawn out of the laser cavity through
the exhaust line. Although drawn in the page for simplicity, the sample line and
exhaust lines extend perpendicular to the detection axes (i.e., vertically into and
out of the page).

profile. A pinhole aperture (I.D. 2.3 mm) is placed in the cavity
to constrain the spatial mode of the laser and reduce pump light
leakage into the cavity. Some laser radiation (at 1064 nm) leaks
through the mirror. This light is filtered to remove contributions
from the pump laser and detected with a “leakage” photodetec-
tor, providing a convenient relative measure of laser intensity.
Since the amount of leakage depends on the (unknown) quality
of the mirror, the photodetector signal cannot be used to de-
rive an absolute measure of the laser intensity within the cavity.
With independent calibration, however, the signal can be used
as a relative measure of intensity (as in Section 2.3). Note that
although the laser cavity is defined by high-reflectivity mirrors,
the cavity finesse, Q, is limited by the Nd:YAG crystal itself to
a low value (on order ∼100). Thus the laser beam is expected to
be insensitive to the small perturbation caused by the presence
of a small particle in its path. This insensitivity has been con-
firmed through inspection of the leakage light when particles
traversed the laser.

Sample aerosol is continuously introduced to the laser cavity
through a capillary (typically 0.43 mm ID). The input aerosol
stream is confined to the center ∼ 1/4 of the laser (which has a
∼1.1 mm 95% intensity width), so individual particles travers-
ing the beam experience peak intensities of ∼70–100% of the
intensity at its center. The measurement of the width of the
aerosol jet was made with PSL particles in the diameter range of
200–600 nm. It is possible that diffusion may increase the width
of the jet for small particles ("200 nm), thereby reducing the
efficiency of their detection by the SP2. Here this mechanism
is not addressed. The aerosol interacts with the laser at a pres-
sure that is typically within 20 hPa of ambient (i.e., sea-level
pressure, 1013 hPa) in this study.

The aerosol flow into the SP2 is measured with a laminar
flow element; the pressure difference across the element is pro-
portional to the volume flow through the element. The laminar
flow element was calibrated several times over the course of
the intercomparison with a Gilian flow standard (Gilibrator 2,
Sensidyne, Clearwater, FL, USA). In general, the sample flow
remained constant as long as the upstream plenum pressure was
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