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Figure S1 Particle size distributions, n = 1200 each, of the laboratory and ambient air particles measured using the optical sizing unit of the 

SPMS: (a) Diesel soot particles; (b) Wood ash particles; (c) Tar ball particles; and (d) Ambient air particles. 

 

Figure S2 Pulse energies of 1022 laser pulses from the Er:YAG laser. The observed high fluctuation is attributed to the random nature of 5 
particle events inducing thermal lensing effects in the laser resonator; the average pulse energy was determined to be 160 mJ. 
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Figure S3 (a) Wood ash particles (n = 500 each) exhibit a very different PAH profile in the LD-REMPI ionization than diesel soot particles, 

and they show the softwood combustion marker retene (m/z = 234), a thermal degradation product of resin acids. There are also some signals 

from higher-mass molecules, possibly from oxidized PAHs and other combustion products with aromatic rings, which can be ionized in the 10 
LD-REMPI scheme.  However, in direct comparison, there are almost no differences between the CO2 laser and the Er:YAG laser for LD. 

(b) The single-particle signal intensity of PAHs again shows a few more particles with strong PAH signals for the CO2 laser.  The hit rate 

for PAHs was low, with only 2 % (4 %) of the optically detected particles showing a PAH spectrum when the CO2 laser (Er:YAG laser) was 

used due to the nature of the sample, which contains  many burnt ash particles and fewer OC/soot particles containing PAHs (Dall'Osto et 

al., 2016; Healy et al., 2015). 15 

 

Figure S4 In our case of sprayed wood tar as a proxy for organic aerosols from wood combustion, the sum PAH spectra (n = 500 each) show 

almost exclusively alkylated phenanthrenes, in contrast to a more sophisticated tar ball model that we analyzed in a previous study using the 
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same LD-REMPI technique (Li et al., 2019). However, they appear to be an appropriate and easier to generate model to study LD for the 

highly relevant organic aerosols from wood combustion, as they have comparable physical properties such as high viscosity, low volatility, 20 
and a brown color with high absorption in the UV-VIS due to their PAH content (Jacobson, 2012; Brege et al., 2021; Li et al., 2019). While 

there are no qualitative differences in the mass spectra between the two lasers used for LD, the Er:YAG laser produced intense PAH spectra 

more often for this particle type. This can be explained by the strong absorption of the solvent methanol at the 3 µm wavelength of the 

Er:YAG laser. In addition, it was difficult to determine the hit rate in these experiments, because there was a small background of the PAH 

signature from particle evaporation effects in the inlet, even when no particle was hit. A particle hit was defined when the sum of the peak 25 
areas exceeded 30 mV ∙ ns, based on the distribution of signal intensities per laser shot. This results in a hit rate of 54 % (49 %) for the CO2 

laser (Er:YAG laser). 

 

Figure S5 HYSPLIT backward trajectories for 24 h run time (left) for the ambient air experiments with the LD-REMPI approach and with 

6 h run time for the subsequent experiments with the combined LD-REMPI/LDI approach (right), both ending at the measurement location.  30 
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Figure S6 (a) Sum PAH mass spectra from ambient air particles (n = 500 each) measured in the LD-REMPI ionization approach. In direct 

comparison, the mass spectral signatures are similar between the CO2 laser and the Er:YAG laser for LD. The Er:YAG produces slightly 

higher signal intensities for parent PAH, especially for m/z = 178, as discussed in Section 3.3. (b) The single-particle signal intensities of 

PAHs are also comparable for both lasers.  35 
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Figure S7 For wood ash particles, the combined method yields comparable results for (a) the CO2 laser and (b) the Er:YAG laser applied 

for LD. Due to the nature of these particles, the single-step LDI method also produces clear PAH signatures, but with a lower sensitivity 40 
(compare the Y-axes on the right), n = 500 each. 
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Figure S8 Results of the ART-2a cluster analyses, each including 500 PAH mass spectra from the respective ionization scheme. The 

combined LD-REMPI/LDI scheme yields comparable cluster centers and numbers of particles in each cluster for (a) using the CO2 laser 

and (b) using the Er:YAG laser for the LD step. (c) The single-step LDI scheme yields fewer clusters due to its higher fragmentation and 

lower sensitivity. The most abundant clusters are dominated by unidentified fragment signals. Only 39 out of 500 particles show clear PAH 50 
signatures for LDI. 
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