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Calibration series Organic components Sulfate components Other components Particle size range Particle RH
Sulfate/Organic1 1:1 adipic and succinic 

acid mixture, 0-100 wt%
Ammonium sulfate, 
0-100 wt%

Da<1 μm, polydisperse <20%

Sulfate/Nitrate/Organic1 1:1 adipic and succinic 
acid mixture, 0-75 wt%

Ammonium sulfate, 
19-78 wt%

Ammonium nitrate, 
6-22%

Da<1 μm, polydisperse <20%

Acidic Sulfate/Organic1 1:1 adipic and succinic 
acid mixture, 50 wt%

Ammonium sulfate, 
25 wt%

Sulfuric acid, 
25 wt%

Da<1 μm, polydisperse <20%

Sulfate/Organic2 1:1 sucrose and adipic 
acid mixture, 0-100 wt%

Ammonium sulfate, 
0-100 wt%

Da<2 μm, polydisperse <40%

Sulfate/Organic2/K+
(Biomass burning 
surrogates)

1:1 sucrose and adipic 
acid mixture, 0-99 wt%

Ammonium sulfate, 
0-99 wt%

Potassium chloride, 
~1 wt%

Da<2 μm, polydisperse <40%

Table S1. Calibration solutions used for PALMS sulfate/organic mass calibration



Figure S1. (a) Schematic of the aerosol virtual impactor (VI) used for ATom campaigns.  (b) Laboratory characterization using dry ammonium sulfate 
particles measured by the LAS particle spectrometer at two different total-to-minor flow ratios (dotted lines, left axis).  50% maximum enhancement 
(solid lines, right axis) was observed at approximately Da(50%)=2.0-2.5 μm.  Volume-equivalent diameters were converted to aerodynamic diameters 
using a density of 1.75 g cm-3.  Computational fluid dynamics simulations of particle trajectories in the collection region, colored by velocity, for Da = 1.0 
(c), 2.0 (d), and 3.0 (e) μm, injected with equidistant radial spacing across the inlet tube.  Simulated Da(50%) is approximately 2.0 μm, where half of the 
particles are transmitted to the PALMS instrument and the other half impact the top of the receiving outlet cone.
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Aged biomass burning with 
secondary sulfate and lead

Biomass burning 
within a smoke plume

Sulfate-rich mixture with organics and MSA Organic-rich mixture with nitrogen

Pure elemental carbon Elemental carbon coated with 
organics, sulfate, and nitrogen
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Iron-rich mineral dust Calcium-rich mineral dust with 
secondary organics and nitrogen

Meteoric material in 
sulfuric acid

Meteoric material with secondary 
organics and halogens

Alkali metals with lead Alkali metals with higher organics, 
sulfate, nitrate, and lead

Mineral Dust

Meteoric

Alkali Salt



Heavy fuel combustion particle 
rich in vanadium

Heavy fuel combustion particle with 
secondary organics and halogens

Figure S2. Representative positive spectra of individual particles.  Two different spectra are given for each of 8 composition classes. For all 
but the sulfate/organic/nitrate class, the left column shows relatively pure examples that represent composition near particles sources.  
Spectra in the right column show the effects of secondary accumulation on aged particles.  Organic mass fractions (MF) are calculated from 
laboratory calibrations of organic and sulfate signals.
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Figure S3. Optical and aerodynamic diameter measurements for additional PALMS particle types from the SEAC4RS campaign.  Ammonium sulfate and 
organic-rich curves are duplicated from Fig 5.  Aerodynamic diameters (a) are converted to volume-equivalent diameters (b) using densities and shape 
factors described in the text.  c) Common literature values for sea salt and mineral dust densities (g cm-3) and shape factors (in parentheses, 
respectively) yield curves that are inconsistent with other particle types.  Sea salt particles heated to 300°C for 3.3 sec are consistent with prescribed 
density and shape factor of 1.8 g cm-3 and 1.08, confirming that particles had undergone efflorescence.  Note that a density of 2.1 g cm-3 and shape 
factor 1.25, which is a theoretical value for a perfect cubes under vacuum conditions (Dahneke, 1973a,b), gives identical results to the 1.8/1.08 line.  
This density is consistent with the 1.8 g cm-3 value observed by Shinozuka et al. (2004) and suggests that, in absence of non-volatile organic material, 
about 30% of heated sea salt particle mass is water.  This residual water mass is somewhat higher than the 15-20% estimated contribution from 
magnesium hydrates, which would correspond to a particle density of 2.0 g cm-3 (Lewis and Schwarz 2004 and therein).
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