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Author response – Reviewer #1 

Reviewer comments 

This is an interesting paper highlighting the capabilities of a new simulation chamber in 

Cambridge. A variety of online measurement techniques were used to characterise the gas and 

particles formed during limonene ozonolysis. Of particular interest are the online reactive 

oxygen species measurements, showing potential difference in the times scale for ROS 

formation. I do have a number of concerns that need to be clarified before publication in ACP. 

We thank the reviewer for these constructive comments and address them point-by-

point below. 

General comments 

Experimental 

Firstly there is too little experimental detail given in this paper. The authors direct the reader 

to other papers for basic details on the mass spectrometers. For instance the flow rate and mass 

analyser (and indeed the mass resolution) used for EESI is not given. Since this is a unique 

instrument, the reader should be given much more extensive details of the instrumentation 

and its capabilities without needing to read another paper alongside this one. There are lots of 

cases where the reader is directed to a paper that has been submitted and so I cannot judge the 

links inferred. 

We have described the unique capabilities and operating conditions of the EESI-MS 

instrument in substantially more detail and subdivided the Chamber Instrumentation 

section to improve clarity. The submitted paper (Gallimore et al., 2017) is now 

published and cited in relevant parts of this manuscript. 

The new section 2.2.1 (p8 line 10–p9 line 19) now reads:  

“2.2.1 Extractive Electrospray Ionisation Mass Spectrometry 

Extractive Electrospray Ionisation Mass Spectrometery (EESI-MS) is an online 

particle analysis technique and the design and optimisation of our EESI source is 

described in Gallimore and Kalberer (2013). It contains a commercial electrospray 

probe (Thermo Scientific HESI-II) with a custom-built aerosol injector and manifold. 

The primary electrospray was operated at a voltage of –3.0 kV and a N2 sheath flow 

rate of 0.8 L min-1. A water−methanol 1:1 mixture (Optima LC-MS grade solvents; 

Fisher Scientific) containing 0.05% formic acid (90%, Breckland Scientific) was infused 

into the ESI probe at 10 µL min-1. Chamber air was delivered into the source at 1 L 

min-1. Collision and extraction of the SOA particles by primary electrospray droplets 

occurs in an off-axis configuration with respect to the MS inlet, to minimise source 

contamination and memory effects through particle deposition. The EESI source was 

coupled to an ion-trap mass spectrometer (Thermo Scientific LTQ Velos). Spectra 

were acquired in the negative ionisation mode over the range m/z 50-500, with a mass 

resolution ~ 2000 (full width at half maximum, FWHM) at m/z 400. 
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Gallimore and Kalberer (2013) demonstrated that the relative EESI-MS ion intensity 

correlated with the mass concentration of tartaric acid particles delivered into the 

source, suggesting that the entire particle bulk is extracted for analysis. More recently, 

Gallimore et al., (2017) showed that the kinetics of particle-phase reactions could be 

monitored; loss rates derived from EESI-MS measurements compared well with other 

studies, and spectra were compared to Liquid Chromatography (LC) MS to confirm 

that the EESI-MS assignments were present in the aerosol rather than formed as 

artefacts in the ion source.” 

The following sub-headings have been added, and the OPROSI section expanded: 

P9, line 26: “2.2.2. Proton Transfer Reaction Mass Spectrometry” 

P10, line 9: “2.2.3 Online Particle-bound Reactive Oxygen Species Instrument” 

P10, lines 13–25: “The continuous sample inflow (5 L min-1) passes through a PM2.5 

cyclone (URG-2000-30E-5-2.5-S) and charcoal denuder prior to entering into a 

particle-into-liquid sampler (PILS). Particles are collected into a 1 mL min-1 spray 

containing horseradish peroxidase (HRP) (TypeVI, 1 unit mL-1 in 10% phosphate 

buffer solution (PBS), Sigma Aldrich) which reacts with ROS present in the particles. 

This is combined with a 1mL min-1 aqueous 2’7’-dichlorofluorescein (DCFH) solution 

(10µM, 10% PBS, Sigma Aldrich), which is oxidised to a fluorescent product (DCF) by 

the ROS-HRP solution. After a 10 minute reaction time at 40 oC the concentration of 

DCF is quantified via fluorescence spectroscopy. The fluorescence response is 

calibrated with H2O2 and quantitative ROS concentrations are reported as “[H2O2] 

equivalents”. The assay also responds to organic peroxides. It is likely sensitive to HOx 

radicals and ions such as superoxide but we are unable to obtain suitable standards to 

test this directly.” 

More general discussion of EESI-MS (previously p7 lines 4-9) has been moved from 

the Methods section to the Introduction (p4 line 14–p5 line 1): “EESI retains the key 

advantage of “soft” electrospray ionisation MS techniques, namely that quasi-

molecular ions are produced from aerosol analytes with minimal fragmentation. 

Individual molecular species can be identified and relative intensity changes monitored 

over time as a measure of concentration changes with particles (Gallimore et al., 

2017).” 

Again, since this is the first chamber paper I need more details. The chamber is apparently 

collapsible but I couldn't work out if this was what was happening or was a dilution flow being 

used? What was the final volume of the chamber and does that impact wall losses? There are 

lots of details of the lamps and then the NOx chemistry, but then I assume these are not 

actually used in the one experiment that is shown? There seems to be a disconnect- is this a 

chamber characterisation paper (which is limited) or a SOA characterisation paper? Most of 

the chamber characterisation is in the SI. 

We have added clarification regarding chamber sampling, which does not use a 

dilution flow (p7 lines 25–28): “Typically a maximum of 1.5 m3 air was removed 

during a batch experiment, and guide rails on the chamber frame allow the bag to 
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inflate and deflate at ambient pressure. Up to ~60 % of the chamber volume could be 

sampled using this system if required.” 

We have added an addition sentence to section 2.4 (p12 lines 23–24): “The potential 

impact of changes in chamber volume during sampling (maximum ~30 %) on wall loss 

rates was not considered.” 

We performed a thorough set of characterisation measurements, including on the light 

sources and resulting NOx photo-stationary state, before embarking on SOA 

experiments. We felt it was important to benchmark the chamber so that future studies 

are informed by these measurements and the reader can compare CASC to other 

chambers. The SOA discussion which follows, although performed with the lights off, 

illustrates the instrumental and scientific capabilities of the chamber and uses 

characterisation measurements such as particle wall loss rates. 

We have added the following clarification (p14 lines 18-19): “Ozonolysis was 

performed under dark conditions without the addition of NOx.” 

Diffusion versus ozone uptake 

Firstly more details are needed about the model. Is partitioning based solely on equilibrium 

partitioning and if so how were the vapour pressures of the products determined? How was the 

reaction rate coefficient of ozone with the products determined? I would have thought a C10 

species with only 4 oxygens would be a semi-volatile species and so its profile could be impacted 

by its gas phase reactivity as well, with subsequent re-volatilisation. However, I cannot tell 

from the data presented how the model deals with this. 

We have added additional details to this section which more fully describe partitioning 

and diffusion in the model. For the simulations presented in the discussion 

manuscript, we assumed the C10H16O4 product was non-volatile. In response to the 

reviewer’s question we calculated a partitioning coefficient and included a gas-phase 

loss for this species. Based on later comments about potential products of this reaction 

we have included such a product (C9H14O5) in the model which can be compared to 

m/z 201. 

The revised and extended section reads (p12 line 26–p14 line 2): “Illustrative model 

simulations were performed using the Pretty Good Aerosol Model (PG-AM). PG-AM 

is described in detail in Griffiths et al., (2009) and Gallimore et al., (2017). The model 

treats the following processes in a kinetic framework: chemical reaction in both the gas 

and particle phases, gas-particle exchange via uptake and evaporation, and diffusion 

within the particle. Fluxes between the gas and particle phases depend on the aerosol 

surface area as well as each species’ accommodation coefficient (α, dimensionless) and 

partitioning coefficient (K, M atm-1). Diffusion is parameterised according to Griffiths 

et al., (2009); the particle is treated as a series of nested shells, with the rate of 

transport of each species between shells determined by its diffusion coefficient (D, cm2 

s-1). The differential equations governing reaction and diffusion are integrated forwards 

in time using Mathematica (v11, Wolfram). 
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In this study, reaction of unsaturated C10H16O4 with ozone was simulated for a single 

particle of characteristic radius reff = 3Vt/St = 84 nm based on the measured total 

particle volume (Vt) and surface area (St). C10H16O4 was assumed to be 7-hydroxy 

limononic acid for vapour pressure calculations and formation of a corresponding 

carbonyl oxidation product, C9H14O5, was represented in the model mechanism 

(Figure S3). The vapour pressures of C10H16O4 and C9H14O5 were estimated at ~2.8 × 

10-5 Pa and ~2.2 × 10-6 Pa using the online model EVAPORATION (Compernolle et 

al., 2011) which performed well in our tests for a species with known vapour pressure, 

pinic acid. The resulting partitioning coefficients calculated from these vapour 

pressures, K ~ 2 × 1010 M atm-1 and ~ 2 × 1011 M atm-1 means that both species are 

almost entirely condensed (< 99 %) under the experimental conditions. 

The accommodation coefficient for organic species was fixed at αorg = 0.1. Ozone 

partitioning (KO3 = 0.1 M atm-1) (Morris et al., 2002) and accommodation (αO3 = 10-3) 

(Gallimore et al., 2017) were fixed based on the literature for oleic acid particles. The 

particle phase bimolecular rate constant for ozonolysis (��
��) and the ozone and organic 

diffusion coefficients (DO3 and Dorg) were varied as described in the results. A fixed 

gas-phase rate constant for exo double bond ozonolysis, ��
�� = 7 × 10-18 cm3 molecule-1 s-

1 (Zhang et al., 2006) was also included. However, gas-phase loss was not competitive 

with particle phase oxidation due to this relatively small rate constant and the low 

vapour pressure of C10H16O4. The carbonyl product C9H14O5 was formed with a yield 

of 0.4, based on the branching of exo-C=C ozonolysis products for β-pinene (Jenkin, 

2004). We did not attempt to account for the fate of the other reaction branch 

featuring a C10 Criegee intermediate due to the wide range of possible Criegee 

intermediate products in the condensed phase including peroxides, carbonyls and 

secondary ozonides (Lee et al., 2012; Maksymiuk et al., 2009).” 

 The “submitted” paper (Gallimore et al., 2017), which includes a full model 

description and characterisation also is now published and referred to here. 

Clearly m/z 199 shows a different profile than the other species shown. However, this is not 

the only ion shown with a double bond. m/z 185 is most likely limonic acid (C9H13O4). This 

also has an intact double bond but clearly does not show the same effect. Have you looked for 

any other species with an intact double bond? Can you predict what the product of m/z 199 

might be and look for the trend in that? I realise it may be complicated by isobaric species. 

We agree that m/z 185 and other ions may be unsaturated, and add the following 

discussion (p20 line 28–p21 line 2): “We note here that other potentially unsaturated 

ions such as m/z 185 do not exhibit a decrease at longer times. Limonic acid is one 

likely assignment but Walser et al., (2008) have proposed saturated alternatives. It may 

be that the stable m/z 185 signal at longer times is a combination of loss of limonic acid 

and compensating production of other isobaric species, but we are unfortunately 

unable to investigate this further here.” 

We show a number of time series with a similar time dependence over a wide m/z 

range in Figure 7 which may plausibly be unsaturated. We do not wish to speculate on 

their specific structures without supporting evidence but add the following sentence 
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(Line p27 lines 3–5): “An alternative explanation is that, like m/z 199, at least a partial 

contribution to the signals may be unsaturated and therefore oxidised over time.” 

Following the reviewer’s suggestion, we have investigated possible products of m/z 

199 ozonolysis and find the most likely particle-phase product to have m/z 201. We 

have added discussion (p20 lines 11–15): “Assuming C10H16O4 to be 7-hydroxy-

limononic acid, a major ozonolysis product would be a carbonyl with formula C9H14O5 

(m/z 201, Figure S3). The m/z 201 time series in Error! Reference source not 

found.(b) increases slowly during the period after 50 minutes when m/z 199 is 

depleted, consistent with this hypothesis. We explore this proposed reaction further 

using the PG-AM model below.” 

This proposed reaction is illustrated in the supporting information (Figure S3). 

Additional discussion is provided in the PG-AM section (p21 lines 21–23): “Formation 

of the predicted carbonyl product of C10H16O4 ozonolysis, C9H14O5, was also simulated 

and the resulting reactant and product time series were compared to m/z 199 and 201 

respectively in Error! Reference source not found.(b).” 

This continues (p22 lines 1–4): “There is good correspondence between the model 

and measurements for both C10H16O4 (m/z 199) and C9H14O5 (m/z 201). This is 

consistent with the hypothesis that 7-hydroxy limononic acid and its carbonyl 

oxidation product make the dominant contribution to the measured m/z 199 and 201 

signals.” 

A product time series has been added to an updated Figure 5(b), and the caption has 

been updated accordingly (p19 lines 5–6): “The dotted lines are a PG-AM simulations 

for the heterogeneous reaction of C10H16O4 with ozone to form C9H14O5, assuming 

semisolid SOA.” 

Given this additional discussion we have subdivided the molecular composition section 

(3.1) into PTR-MS and EESI-MS measurements from CASC (3.1.1, p15 line 7) and 

PG-AM modelling (3.1.2). 

ROS quantification 

I have a concern here about the method used to correct the data. Was the ROS and/or the 

SOA mass corrected for particle loss? On reading its seems like you use the ROS measured in 

the chamber and divide this by the loss corrected particle mass (I have assumed this is what 

you have done). If this is the case, I disagree with his approach. The ROS you have measured 

is based on what is actually in the chamber when you measure. The amount of SOA mass is 

much lower than the corrected number. Thus you are normalising to particle mass that is not 

present. If you used the actual measured particle mass the trend would look very different, 

increasing at longer reaction times. This needs to be clarified and the approach justified. 

Apologies for the confusion. Both the particle mass (SMPS) and particle-bound ROS 

signal (OPROSI) were loss corrected using the same procedure. Before correction, 

both raw signals decrease at longer times due to wall losses. We have added the 

following clarification (p23 lines 4–5): “The raw ROS concentration data were wall 
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loss corrected using the same procedure as for the particle mass, and the corrected 

data are presented in Error! Reference source not found..” 

Specific points 

In general the text is well written and easy to follow. 

Page 1: not sure you need “new” in the title 

Since this is the first characterisation and demonstration of CASC, we would like to 

keep “new” in the title. 

Page 3, line 3: Give estimate of limonene emission 

The sentence now reads (p3 lines 3–4): “Limonene is one of the most abundant 

BVOCs in the troposphere, with an estimated biogenic emission rate of 11 Tg yr-1 

(Guenther et al., 2012).” 

Page 3: There is very little given here about previous studies of limonene. I would expect some 

more background. 

We have included some extra background on the chemistry of limonene SOA. The 

revised background reads (p3 line 13–p4 line 3): “Limonene contains two reactive C=C 

double bonds which results in multiple generations of oxidation products (Bateman et 

al., 2009; Kundu et al., 2012; Walser et al., 2008) containing a range of functional 

groups including carboxylic acids, carbonyls, peroxides and alcohols. Previous studies 

have mainly focused on the reaction of limonene with ozone (Kundu et al., 2012; 

Zhang et al., 2006), with relatively few OH-aging experiments reported, particularly 

with respect to chemical characterisation (Zhao et al., 2015). Ozone is a major sink for 

limonene under a range of atmospheric conditions (Atkinson and Arey, 2003) and will 

dominate in indoor scenarios which may be most relevant for the health effects of 

limonene SOA (Waring, 2016). The endo C=C of limonene is more susceptible to 

ozonolysis by a factor of 10-50 (Zhang et al., 2006) and some of the first-generation 

ring opening products are condensable (Error! Reference source not found.). 

Subsequent oxidation of the remaining double bond may therefore occur in either the 

gas or condensed phases depending on the properties of the initial products and the 

aerosol loading. 

The ability of limonene to form multifunctional products via successive oxidation steps 

results in high aerosol yields relative to other terpenes (Hoffmann et al., 1997; Zhang 

et al., 2006). Aside from ozonolysis, other condensed-phase reactions further modify 

the composition of limonene SOA. Kundu et al., (2012) report the reactive uptake of 

carbonyls to form oligomeric products, while the formation of light-absorbing “brown 

carbon” via uptake and reaction of ammonia and amines appears to be particularly 

efficient for limonene SOA compared to other precursors (Bones et al., 2010; Updyke 

et al., 2012).” 

 Page 4, line 1: Change to “was studied” 

This has been changed (p4 line 9). 
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Page 4, line 3: FEP given before explained 

We have changed “FEP” to “Teflon” (p4 line 11).  

Page 5, Fig 2: Collapsible spelt wrong. Im assuming there is no dilution here. What is the 

mechanism that allows the chamber to collapse? 

The spelling has been corrected (Figure 2). The modified experimental section 

discussed above now describes the guide rails which allow the bag to inflate and deflate 

without dilution (p7 lines 25–28). 

Page 6, line 5: How clean is the zero air? Any peaks in PTR-MS above detection limit? 

We have modified the following sentence (p7 lines 2–4): “The chamber is filled with 

air from a zero air generator (KA-MT2, Parker Hannifin, UK) which uses a molecular 

sieve, an activated charcoal bed and filters to remove water, VOCs and particulates 

respectively.” See response to the comment below for contaminant quantification via 

PTR-MS. 

Page 6, line 9: Im surprised you don't see any OVOC from the water. How often is it 

changed? 

The water is changed every week at minimum, as now detailed (p7 line 7): “…which is 

replaced at least each week.” 

On revisiting the detailed PTR-MS data we could observe OVOC introduction – 

apologies for this earlier error. We have amended the discussion accordingly (p7 lines 

8–10): “We monitored changes in particle and VOC concentrations during water 

introduction and found particle formation to be negligible, but observed up to ~10 ppb 

acetone and lesser quantities (< 2 ppb) of C1-C2 aldehydes and acids.” 

Page 7: As described above there is far too little experimental detail included here, especially 

for the ROS and EESI-MS. How many OVOC standards have you investigated to ensure 

there is no in-source dimers formed or in-source fragmentation? Ive looked at the Gallimore 

and Kalberer paper, but there is very limited information on using the signal as a pseudo-

quantification. Do you think the changing mix of organics will lead to any matrix effects? 

As discussed in the general section, we have created sub-sections and included 

substantially more experimental detail for EESI-MS (p8 line 11–p9 line 19) and 

OPROSI (p10 lines 10–28). 

The EESI-MS section cites the now-published Gallimore et al., (2017) and emphasises 

that our EESI-MS spectra compare well with LC-MS (suggesting ions correspond to 

aerosol analytes rather than in-source artefacts) and can be used for kinetic 

experiments (suggesting that relative quantification is not significantly influenced by 

evolving SOA composition). 

Page 8, lines 3-4: Need spaces between units 

We have introduced spaces (p10 lines 1–2). 
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Page 8, line 11: change to “can be associated” 

This has been changed (p10 line 10). 

Page 8, line 21: I assume this should be “Stainless steel’. Was a filter used in the PTR-MS 

sample line?  

We have corrected this to “Stainless steel” (p11 line 2). The PTR-MS sample line was 

not filtered. 

Page 10, line 1: a-pinene is a rather volatile species to use to account for wall losses. Please 

justify its use here. 

We have deleted reference to α-pinene wall losses in this section. 

Page 10, line 16: This section lacks details rather than relying on a different paper. 

As discussed in the general comments above we have revised and extended this section 

extensively (p12 line 26–p14 line 2). 

Page 11: I was rather surprised after the characterisation section that only 1 experiment was 

included. How representative are the results here of other ozone – limonene experiments? Why 

not show a OH reaction as well? 

The experiment shown following the characterisation section was intended to be 

illustrative of the capabilities of the chamber during SOA experiments, particularly the 

unique EESI-MS and OPROSI instruments. We compare to other studies of limonene 

SOA formation and find good agreement, for example in terms of oxidation products 

identified, but also make new contributions, for example in terms of the time 

dependence and yield of ROS from SOA. 

We presented an ozonolysis experiment for two reasons: Firstly, ozone is a major sink 

for limonene under all conditions, especially indoors. Secondly, previous studies focus 

on ozonolysis, with few OH studies reported, and comparison of results from our new 

chamber with previous studies was an important aspect of this paper. We emphasised 

these points in the introduction discussed above (p3 lines 17–22) and add an additional 

sentence here (p14 lines 5–9): “We focus on ozonolysis in order to compare the results 

from CASC with a range of previous studies which measure SOA chemical 

composition (Bateman et al., 2009; Kundu et al., 2012; Maksymiuk et al., 2009; 

Walser et al., 2008). In addition, from a human health perspective, exposure to 

limonene SOA is most likely to occur indoors, where ozone is the dominant sink of 

limonene.” 

Page 11, line 14: give ± 1σ on diameter 

This now reads (p14 lines 22–23): “…a single mode with diameter ~160 nm and 

standard deviation σ=0.21.” 

Page 12, line 6: You use the term “characteristic” but I don't know what this applies to? It 

sounds like a description of more than one experiment but that is not presented here. 
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We have rephrased this sentence to read (p9 lines 9–10): “Limonene was lost from the 

chamber over a period of 30 minutes, due to reaction with ozone (Error! Reference 

source not found.).” 

Page 12, line 6: insert “the PTR” 

We have corrected this (p15 line 11). 

Page 12, line 14: Which of these structures is most likely based on mechanisms. 

All the possible structures require multiple secondary reactions and we are not in a 

position to assess which if any are most likely. We have added the following discussion 

(p15 line 19–p16 line 2): “Plausible structures require secondary OH-mediated 

fragmentation of the limonene backbone and could include known atmospheric 

consituents such as propanoic acid (Chebbi and Carlier, 1996), hydroxyacetone (Zhou 

et al., 2009) or methyl acetate (Christensen et al., 2000).” 

Page 12, Fig 4: The purple and blue lines are very similar. Can an ozone profile be included 

for comparison. 

Adding an ozone profile to Fig 4 would result in a very crowded plot. We have 

therefore added the profile to Fig 3 (p4 line 1) and updated the caption accordingly (p4 

lines 2–5): “Figure 3: Time series showing evolution of SOA mass (primary y-axis) and 

ozone concentration (secondary y-axis) in the chamber. The measured SOA 

concentration (red curve) was corrected to account for particle deposition to the 

chamber walls (black curve).” 

We have also added discussion of the ozone profile in the context of particle-phase 

ozonolysis (p20 lines 3–5): “In addition to SOA composition changes, oxidation at 

longer times is also indicated by a continuing decrease in ozone after limonene has 

been consumed (Error! Reference source not found.).” 

Page 12, line 8: Limonaldehyde appears to form slightly later that the limonaketone. How do 

these compare to the ROS short profile? 

The reviewer is correct; limononaldehyde peaks at 14 minutes, limonaketone at 11. We 

have noted the limononaldehyde time in the text (p16 line 17). 

The shape of these species resembles ROSshort, which peaks later at 23 minutes (added, 

p26 line 3). Although possibly tracers for short-lived ROS, the OPROSI should not 

respond to gas-phase VOCs due to the charcoal denuder on the instrument’s inlet.  

Page 13, line 12: Can these species be seen in previous studies using PTR-MS. I don't know 

but Im surprised you don't see them at all. 

These peaks were present in the PTR-MS study of Ishizuka et al., (2010). We added a 

note to this effect (p17 lines 1–2): “The same peaks were observed in limonene 

ozonolysis experiments performed by Ishisuka et al., (2010).” 



10 
 

Page 13, line 26: Do you think that dimers are present based on the masses observed? I would 

think even if both double bonds are oxidised you would still see species up to C18, say from 

reaction of the stabilised Criegee intermediate with other products. 

We agree that dimers could form even following the oxidation of both C=C, and we see 

evidence of oligomerisation reactions which are now mentioned (p17 lines 14–17): 

“m/z 245 (C11H18O6), one of the most abundant products from Kundu et al., (2012) is 

observed here and is along with other C11-C15 products is indicative of oligomerisation, 

specifically via the reactive uptake of gas-phase carbonyls to the particle phase.” 

We have added a sentence discussing possible stabilised CI oligomers (p17 lines 20–

22): “Reactions of stabilised Criegee intermediates with initial products could 

plausibly produce other high molecular weight species. However, these are not 

observed here and it is likely that…” 

Page 14, line 12: can you estimate the elemental composition of these ions? 

We now discuss m/z 201 (C9H14O5) as a likely oxidation product of m/z 199 (p20 lines 

11–15, response to general comment above) and have added an estimated composition 

for m/z 215 (C10H16O5, p18 line 6). 

Page 15, line 19: I got a bit confused as to how small carbonyls were related? Do you mean 

heterogeneous or in-particle chemistry of two smaller OVOC is forming a C10 compound 

rather than the first stages of limonene oxidation? 

That is correct. We have added the following clarification (p19 line 20–p20 line 1): 

“Secondary formation routes may include reaction of small carbonyls with initial C<10 

oxidation products in the particle phase, as discussed for m/z 245 above…” 

Page 19, line 2: I don't like the use of the word decomposed – suggests some chemistry. Perhaps 

use “split”. 

We have used “split” as suggested (p6 line 7). 

Page 20, fig 7: Can you predict possible elemental formulae for the small ions? How efficient 

is gas phase removal of OVOC products in the ROS injection system? 

For the major products discussed above our assignments are based on previous 

literature reports. Since the small ions discussed here (m/z 107 and 153) have not been 

previously proposed as products we are reluctant to speculate. P26 line 29–p27 line 1 

now reads: “All of these ions could contain enough oxygen atoms to possess ROS-

active functional groups, although we do not obtain definitive molecular formulae with 

low resolution EESI-MS and a lack of previous assignment in the literature.” 

We emphasise that major products are assigned based on previous literature (p17 line 

11): “We base potential assignments on previous literature.” 

We employ a charcoal denuder to remove VOCs from the gas phase before ROS 

analysis. The denuder removes ozone to below detection limit levels and while we have 
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not tested organic standards, such denuders are routinely used in aerosol sampling to 

remove VOCs (Grover et al., 2005; Salvador and Chou, 2014). 

Page 23, line 9: I don't understand what is meant by “collected in an offline manner”. Needs 

some more details. 

We have clarified this point (p29 lines 10–12): “We note that the oleic acid aerosol 

samples were collected onto filters, stored at room temperature for different lengths of 

time and extracted into solution for offline analysis, which decoupled ROSshort 

production and loss.” 

SI 

Table legends need to be above the tables. 

The table legends have been moved. 

Page 3, Table S1: can you add what kind of lamps are in the other chambers for comaprsion. 

The light sources for each chamber have been added (p3, Table S1). 

Page 5, line 7: Were the particles dried or not for the wall loss experiments? 

We have deleted “optionally” (p5, line 7) and added the following sentence (p5 lines 

9–10): “No significant dependence on chamber RH was found for the range tested (0-

70 %).” 

Page 6, line 13: How does this yield compare to previous studies? 

We have added the following comparison (p6 lines 13–16): “Aerosol yields are 

dependent on a number of parameters including aerosol mass loading and oxidation 

conditions, as well as chamber-specific factors. Our yields are consistent with previous 

studies at similar mass loadings, which occupy a broad range from ~30-90 % (Chen and 

Hopke, 2010; Leungsakul et al., 2005; Youssefi and Waring, 2014; Zhang et al., 

2006).” 
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