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1 Supplementary Information 

1.1 OPDA and DHA Reaction Time 

The reaction kinetics of the condensation reaction between OPDA and DHA to form DFQ was determined. DHA 

and OPDA were mixed in a vial at concentrations used in the OOPAAI and every 5 min an aliquot was measured 

with the same setup that was used for all offline measurements. Campbell et al., 2019 (Campbell et al., 2019) and 5 

Vislisel et al., 2007 (Vislisel et al., 2007) assumed pseudo first-order kinetics for this reaction and estimated that 

using conditions of the OOPAAI, the reaction should be completed within minutes. However, the experiments 

conducted in this study (Figure S1) showed that the reaction is much slower and that it takes about 10min for  50% 

DHA to react. This agrees with the kinetics described in Deutsch and Weeks 1965 (Deutsch and Weeks, 1965). In 

the actual design of the OOPAAI a short reaction time was chosen (around 3 min) to minimize potential artefact 10 

that could occurs due to the lower pH of the DHA-OPDA condensation reaction (see main text).  

 
Figure S1 Formation kinetics of DFQ from the condensation reaction of DHA with OPDA.  
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1.2 Absorbance AA and Filter Extract 15 

For offline measurements of OP with AA, the AA decay is mostly quantified with UV absorbance measurements 

and not via fluorescence detection (Fang et al., 2015; Perrone et al., 2019; Zhang et al., 2021). We performed some 

preliminary tests to evaluate if absorption measurement would also be a suitable analysis strategy for an online 

AA instrument. The potentially biggest issue for an absorbance-based online instrument would be a strong 

absorbance of aerosol components absorbing at the same or similar wavelength as AA causing high background 20 

levels and poor detection limits. 

To test the absorbance of ambient aerosol components, an extract from a filter collected during the Atmospheric 

Pollution and Human Health campaign (APHH) (Shi et al., 2019) was diluted to four concentrations that 

correspond to realistic outdoor air pollution levels up to 30 µg/m3. Filter extracts were then reacted with AA and 

the absorbance of AA and filter extracts was measured at 265 nm using a 1 m liquid waveguide capillary cells 25 

(LWCC, WPI) through which the extracts were pumped continuously. Unfortunately, the shoulder of the 

absorbance of aerosol components contributes substantially to the overall absorbance at 265 nm as can be seen in 

Figure S2. As the absorption properties of the aerosol could vary substantially over time, an absorbance 

measurement would not be a straight forward strategy to quantify the AA reactivity with an online instrument.  

For offline measurements (i.e. filter extracts), the AA consumption is usually observed over time, and therefore 30 

self-absorbance is not a problem because only the relative change in the absorbance at 265nm are measured. For 

a true online instrument, however, measuring AA absorbance at different time points would not be feasible and 

therefore quantifying the AA reactivity using absorbance was not further considered in this study. 

A dual channel online instrument might potentially be an option to implement AA absorbance where one channel 

would measure continuously the aerosol absorbance and the second channel would measure the sum of the aerosol 35 

absorbance and of AA.  
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1.3 Figure S2 Absorbance of AA (black line) and ambient filter extract (blue lines) with different particle 
concentrations. The black line shows the absorbance of pure AA, and all the blue lines are the 
absorbance of filter extract without AA.The Appropriate Buffer for the AA Assay. 40 

In many assays quantifying ROS or OP in aerosols, phosphate buffer is used (Gao et al., 2017; Pietrogrande et al., 

2019; Wragg et al., 2016). Because AA reacts efficiently with metals, phosphate might severely affect OP 

quantification, because it may chelate metals, influencing their redox chemistry. Figure S3 illustrates the effect of 

phosphate buffer and HEPES buffer on soluble Fe3+ speciation over a pH range of 2-9 modeled with the chemical 

equilibrium model Visual MINTEQ. In Figure S3A the speciation of Fe3+ is shown when the solution is buffered 45 

with HEPES where most of the iron is present as (Fe(OH)2
+) at pH7. On the contrary, when the system is buffered 

with phosphate, a substantial fraction of Fe3+ is present as iron phosphate (FeHPO4
2+) under acidic and neutral pH 

conditions (Figure S3B, light green line), which might significantly affect the redox chemistry of Fe3+. In the 

model, only species that are important for the reaction and present at a sufficient concentration are displayed. 

Depending on the chosen buffer, the metal speciation can be very different. Other metals might form other 50 

complexes, but HEPES is considered to be a buffer that generally does not form strong metal complexes (Shipman, 

1969; Yoshimura et al., 1992). These findings indicate that phosphate buffer is not a suitable buffer to quantify 

metal-initiated OP because of the chelation of phosphate with metals.  
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 55 
Figure S3 Modeling Fe3+ speciation with different buffers using Visual MINTEQ. (A) HEPES buffer does not chelate 
metals and at pH 7 iron is almost entirely present as Fe(OH)2+. When iron is buffered with phosphate (B), a substantial 
fraction of the total Fe3+ at pH 7 is present as iron phosphate (FeHPO42+).   
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1.4 DFQ Spectrum 60 

In Figure S4 a spectrum of 200 µM DHA with 20 mM OPDA is shown. The spectrum was taken with the QePro 

spectrometer as described in the main text. The main peak at 430 nm is the fluorescence peak of DFQ and the 

small peak at 365 nm is scatter light from the LED. DFQ gets photolyzed over time to a product, which we have 

not characterized and which is absorbing at around 500 nm where the shoulder of a second small peak can be seen. 

Note that this is a relative spectrum measured with the settings used in this experiment, and that the absolute peak 65 

shape could slightly change depending on the exact spectrometer type and settings. 

 
Figure S4 DFQ Spectrum. The small peak at 365 nm is the scattering of the LED, and the large peak at 430 nm is the 
emission of the DFQ. The shoulder at around 500 nm is due to an unidentified decomposition product of DFQ.  

 70 
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