
Supplement of Atmos. Chem. Phys., 23, 15077–15096, 2023
https://doi.org/10.5194/acp-23-15077-2023-supplement
© Author(s) 2023. CC BY 4.0 License.

Supplement of

Insights into secondary organic aerosol formation from the day- and night-
time oxidation of polycyclic aromatic hydrocarbons and furans in an oxi-
dation flow reactor
Abd El Rahman El Mais et al.

Correspondence to: Alexandre Albinet (alexandre.albinet@gmail.com, alexandre.albinet@ineris.fr)

The copyright of individual parts of the supplement might differ from the article licence.



2 

 

Table of Contents 

Calculation of the injected Furans concentrations ................................................................................................................................ 3 

TABLES ............................................................................................................................................................................................... 4 

Table S1. Radical exposures in the PAM-OFR during both day and nighttime oxidation processes. .............................................. 4 

Table S2. Photon fluxes at 185 nm (I185) and 254 nm (I254) used as inputs to the OFR KinSim model in the case of OH radical. 

They were obtained by varying the model input flux values while keeping an I185 to I254 ratio of 0.0664 (Rowe et al., 2020) until 

the model output O3 concentrations matched with [O3]PAM. ............................................................................................................. 4 

Table S3. Bimolecular rate coefficients of the studied SOA precursors with OH, NO3, and O3 and their UV photo-absorption cross 

sections at/near 185 and 254 nm. ...................................................................................................................................................... 5 

Table S4. Fixed filter loading compensation parameters k(λ) used to manually compensate the AE33 data for each SOA precursor 

with the studied oxidant given the large jumps observed during the spot changes. .......................................................................... 6 

Table S5. Air mass absorption efficiency values used for AE33 data (Drinovec et al., 2015). ........................................................ 7 

Table S6. Slope, intercept, and regression of the linear fit of ln (babs) as a function of ln (λ) over the wavelength range 370 - 590 

nm used to evaluate the absorption Ångström exponent (α). ............................................................................................................ 7 

Table S7. Comparison of Absorption Ångström exponent (α) and Mass Absorption cross section (MAC) obtained for naphthalene 

SOA with literature data. .................................................................................................................................................................. 8 

FIGURES.............................................................................................................................................................................................. 9 

Figure S1. Examples of Q-ACSM measurements showing the stable PAHs and furans SOA generation through day- and nighttime 

oxidation processes during experiments lasting up to 5 hours. ......................................................................................................... 9 

Figure S2. Modeled time series of OH, NO3, and VOC as a function of the total residence time (τ) (KinSim model results). No 

results are shown for Furan and Flu with NO3 radicals due to unstable SOA generation or no SOA formed. ............................... 10 

Figure S3. Example of AE33 automatic compensation and manual compensation on the time evolution of BC concentrations 

measured at different wavelengths for Naph SOA produced with OH radical. .............................................................................. 11 

Figure S4. Comparison of wavelength-dependent absorption optical properties (babs, and MAC) of PAHs and furans SOA generated 

from the day- and nighttime oxidation processes (with OH and NO3 radicals respectively). Results were plotted as a function of λ 

in the range of 370 to 590 nm. No results are shown for Furan and Flu with NO3 radicals due to unstable SOA generation or no 

SOA formed.................................................................................................................................................................................... 12 

Figure S5. Variation of Absorption Ångström exponent (α) of the PAHs SOA generated from the day- and nighttime oxidation 

processes (with OH and NO3 radicals respectively). No results are shown for Flu with NO3 radicals because no SOA were formed.

 ........................................................................................................................................................................................................ 13 

REFERENCES ................................................................................................................................................................................... 14 



3 

 

 

Calculation of the injected furans concentrations 

Furan concentrations were calculated using the syringe pump injection flow rate, temperature (T), analyte molecular weight 

(MM), density (ρ), and total flow inside the PAM-OFR (Eq. (S1)). 

[ ]𝑝𝑝𝑏𝑣 =  
𝜌 × 𝑝𝑢𝑚𝑝 𝑟𝑎𝑡𝑒 × 𝑅 × 𝑇  

𝑀𝑀 × 𝑃 × 𝑇𝑜𝑡𝑎𝑙 𝑓𝑙𝑜𝑤
 

(S1) 
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TABLES 

Table S1. Radical exposures in the PAM-OFR during both day and nighttime oxidation processes. 

SOA precursor 

OH exp (molecules cm-3 s) 
NO3 exp 

(molecules cm-3 s) Experimental 

evaluation 

KinSim 

calculations 

2-MF 8.09 x 1011 1.13 x 1012 1.68 x 1012 

2,5-DMF 4.05 x 1011 7.61 x 1011 5.15 x 1012 

Furan nd1 1.05 x 1010 * 

Naph 3.74 x 1011 2.78 x 1011 2.10 x 1014 

Acy 1.05 x 1012 1.51 x 1012 6.44 x 1013 

Flu 2.19 x 1012 2.57 x 1012 ** 

Phe 1.46 x 1012 1.96 x 1012 2.08 x 1014 

1not determined. 

*Unstable furan injection inducing an unstable SOA generation.  

**No SOA formed. 

Table S2. Photon fluxes at 185 nm (I185) and 254 nm (I254) used as inputs to the OFR KinSim model in the case of OH 

radical. They were obtained by varying the model input flux values while keeping an I185 to I254 ratio of 0.0664 (Rowe 

et al., 2020) until the model output O3 concentrations matched with [O3]PAM. 

SOA precursor 
[O3]PAM 

(ppm)  

I185  

(photons cm−2 s−1) 

I254  

(photons cm−2 s−1) 

2-MF 15 8.2 x 1013 1.23 x 1015 

2,5-DMF 12 7.18 x 1013 1.08 x 1015 

Furan 7 3.38 x 1013 5.09 x 1014 

Naph 3 1.41 x 1013 2.12 x 1014 

Acy 4 2.03 x 1013 3.06 x 1014 

Flu 11 5.88 x 1013 8.86 x 1014 

Phe 10 4.85 x 1013 7.30 x 1014 
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Table S3. Bimolecular rate coefficients of the studied SOA precursors with OH, NO3, and O3 and their UV photo-

absorption cross sections at/near 185 and 254 nm. 

SOA precursor 

Bimolecular rate coefficients (cm3 molecule-1 s-1) 
Photo-absorption cross sections (σi)  

(cm2 molecule-1) 

kOH kNO
3
  kO

3
 λ = 185 nm λ = 254 nm 

2-MF 7.00 x 10-11 a 2.57 x 10-11 b 8.50 x 10-17 c 8.36 x 10-18 ∆j 3.79 x 10-19 ∆j 

2,5-DMF 1.16 x 10-10 a 5.78 x 10-11 b 4.20 x 10-16 d 8.36 x 10-18 * 3.79 x 10-19 * 

Furan 3.83 x 10-11 a 1.30 x 10-12 d 2.42 x 10-18 d 1.18 x 10-17 ∆k 2.59 x 10-19 ∆k 

Naph 2.30 x 10-11 a 4.60 x 10-17 e < 2.00 x 10-19 e 2.67 x 10-17 ∆l 1.09 x 10-17 ∆m 

Acy 1.09 x 10-10 a 5.45 x 10-12 f 5.50 x 10-16 f 7.92 x 10-17 n 2.74 x 10-17 n 

Flu 1.31 x 10-11 a 1.52 x 10-14 g < 2.00 x 10-19 h 7.89 x 10-17 n 2.57 x 10-17 n 

Phe 2.40 x 10-11 a 1.20 x 10-13 i 4.00 x 10-19 i 2.44 x 10-17 ∆l 3.06 x 10-17 ∆l 

a(Database for the Kinetics of the Gas-Phase Atmospheric Reactions of Organic Compounds). b(Kind et al., 1996). c(Li et al., 

2018). d(Jiang et al., 2020). e(Keyte et al., 2013). f(Atkinson and Aschmann, 1988). g(Ding et al., 2020). h(Kwok et al., 1997). 

i(Kwok et al., 1994). 

∆(The MPI-Mainz UV/VIS Spectral Atlas of Gaseous Molecules of Atmospheric Interest). j(Giuliani et al., 2003). 

k(Christianson et al., 2021). l(Kitagawa, 1968). m(Grosch et al., 2015). n(Theoretical spectral database of PAHs).  

*No information available in the literature. Assumed equal to the ones of 2-MF. 
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Table S4. Fixed filter loading compensation parameters k(λ) used to manually compensate the AE33 data for each SOA 

precursor with the studied oxidant given the large jumps observed during the spot changes. 

  Wavelength (nm) 

  370 470 520 590 

SOA Precursor Reactivity k (λ) 

Naph 
OH 0.00350 0.00570 0.02129 0.03687 

NO3 0.00496 0.00665 0.02961 0.06053 

Acy 
OH 0.00444 0.00578 0.00034 0.01140 

NO3 0.00376 0.00054 0.02944 0.07180 

Flu 
OH 0.00234 0.00610 0.03821 0.08846 

NO3 * * * * 

Phe 
OH 0.00492 0.01600 0.05480 0.12789 

NO3 ** ** ** ** 

* No data are shown for Flu with NO3 radicals because no SOA were formed. 

**No jumps observed during the spot changes so no manual compensation was done. The same was obtained with furan SOA 

under both OH and NO3 reactivities. 



7 

 

Table S5. Air mass absorption efficiency values used for AE33 data (Drinovec et al., 2015). 

Channel 1 2 3 4 5 6 7 

Wavelength (nm) 370 470 520 590 660 880 950 

σair (m2 g-1) 18.47 14.54 13.14 11.58 10.35 7.77 7.19 

Table S6. Slope, intercept, and regression of the linear fit of ln (babs) as a function of ln (λ) over the wavelength range 

370 - 590 nm used to evaluate the absorption Ångström exponent (α). 

 Slope Intercept R2 

OH radical 

Naph -5.4329 -87.9898 0.9570 

Acy -8.3516 -132.1933 0.9939 

Flu -6.0803 -99.4019 0.9803 

Phe -6.9225 -112.1611 0.9951 

NO3 radical 

Naph -5.5670 -89.6167 0.9665 

Acy -6.7757 -107.7455 0.9698 

Flu - - - 

Phe -7.0470 -115.1764 0.9910 
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Table S7. Comparison of Absorption Ångström exponent (α) and Mass Absorption cross section (MAC) obtained for 

naphthalene SOA with literature data. 

Experimental conditions Methodology 
λ range 

(nm) 
α 

MAC, 400-405 

nm (m² g-1) 
References 

OH, OFR, without NOx, RH = 41% 

7λ AE33 370 - 590 

5.43 ± 0.15 0.22 

 

0.22 

This study 

NO3, OFR, without NOx, RH = 43% 5.57 ± 0.12 

OH, smog chamber, low NOx,  

RH = 0 - 89 % UV-Vis measurements of SOA 

filter extracts 
280 - 680 5.5 – 7.6 

0.15-0.26 

(Klodt et al., 2023) 
OH, smog chamber, high NOx,  

RH = 0 - 94 % 
0.2-0.35 

OH, OFR, NOx, RH = 39% 

HPLC equipped with a 

photodiode array detector and 

electrospray ionization HR-MS 

315 - 650 - 0.22-0.38 (He et al., 2022) 

OH, OFR, low NOx, RH = 38% HPLC equipped with a 

photodiode array detector and 

electrospray ionization HR-MS 

300 - 450 

8.87 0.12 
(Siemens et al., 

2022) 
OH, OFR, high NOx, RH = 38% 7.59 0.19 

OH, smog chamber, H2O2,  

RH = 12 - 15% UV-Vis measurements of SOA 

filter extracts 
300 - 550 

6.46 ± 0.25 0.35 

(Xie et al., 2017) 
OH, smog chamber, high NOx,  

RH = 10 - 19% 
4.92 ± 0.23 0.78 

OH, smog chamber, high NOx, dry 
UV-Vis measurements of SOA 

filter extracts 
400 - 630 6.2 0.12 (Lee et al., 2014) 

OH, OFR, without NOx,  

RH = 30 - 40% 

UV-Vis measurements of SOA 

filter extracts and cavity ring-

down photoacoustic 

spectrometry 

300 - 500 5.2 - 6.6 0.02 – 0.09 (Lambe et al., 2013) 

OH, smog chamber, high NOx, 

seed, RH < 5% 

3λ photoacoustic soot 

spectrometer (PASS-3) 
405 - 781 >3.53 0.81 ± 0.32 (Metcalf et al., 2013) 

OH, smog chamber, without NOx, 

RH < 2% UV-Vis measurements of SOA 

filter extracts 
400 - 630 

6.2 0.07 
(Updyke et al., 

2012) OH, smog chamber, with NOx,  

RH < 2% 
6.7 0.22 
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FIGURES 

 

Figure S1. Examples of Q-ACSM measurements showing the stable PAHs and furans SOA generation through day- 

and nighttime oxidation processes during experiments lasting up to 5 hours. 
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Figure S2. Modeled time series of OH, NO3, and VOC as a function of the total residence time (τ) (KinSim model 

results). No results are shown for Furan and Flu with NO3 radicals due to unstable SOA generation or no SOA formed. 
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Figure S3. Example of AE33 automatic compensation and manual compensation on the time evolution of BC 

concentrations measured at different wavelengths for Naph SOA produced with OH radical.  
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Figure S4. Comparison of wavelength-dependent absorption optical properties (babs, and MAC) of PAHs and furans 

SOA generated from the day- and nighttime oxidation processes (with OH and NO3 radicals respectively). Results were 

plotted as a function of λ in the range of 370 to 590 nm. No results are shown for Furan and Flu with NO3 radicals due 

to unstable SOA generation or no SOA formed. 
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Figure S5. Variation of Absorption Ångström exponent (α) of the PAHs SOA generated from the day- and nighttime 

oxidation processes (with OH and NO3 radicals respectively). No results are shown for Flu with NO3 radicals because 

no SOA were formed.  
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