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Anonymous Referee #1 

 

New particle formations (NPF) connected to RO2 radical chemistry from the OH oxidation of the 

monoterpenes are discussed extensively in recent studies especially after the findings of the autooxidation 

reactions. The isoprene was found to suppress new particle formation events in forested areas. And this is 

firstly explained by the suppression of the OH due to the addition of isoprene to the reaction system of 

monoterpene. Nevertheless, the OH concentration was found to be sustained or even enhanced within the 

isoprene oxidations. So other explanations for the isoprene suppression effects on the NPF are required. 

As indicated by McFiggans et al., Nature, 2019 isoprene can actually suppress the SOA yield through 

scavenging of both the OH and the Monoterpenes derived RO2. In this study the authors followed the 

arguments on that direction and delivered molecular explanations of the isoprene suppression effects on 

the NPF based on chamber (CLOUD) experiments and direct measurement of the RO2-HOMs through a 

nitrate CIMS. I think this paper is in general well written and fit the scope of ACP. It is definitely worth to 

be published in ACP. 

 

I have the following comments for the authors to consider before publication. 

 

1. It is important for the authors to have a better estimation (e.g. probably through a box model) of the OH 

and HO2 concentrations in the chamber. As pointed out by the authors, the addition of isoprene will 

change OH, HO2 and produce isoprene-RO2. It is important to answer whether the suppression of NPF by 

isoprene is due to the enhanced HO2 or additionally produced RO2. The H-shift of isoprene-RO2 also 

produce significant amount of HO2. 

 

 

The referee raises the question whether the suppression of NPF is caused by enhanced HO2 or additionally 

produced RO2. We can address this question directly with our data, without the need to rely on a model, as 

HO2 termination has a different effect on the HOM distribution than RO2 termination.   

 

If HO2 termination dominates, dimer formation (both C15 and C20) is unfavorable, while monomers 

formation is expected to be the only significant channel (C5 and C10). When we add isoprene to our α-

pinene/ozone mixture, we see that C20 dimers decrease. This by itself could be caused by, either an HO2 or 

an RO2(isoprene) increase (see Figure S3); however, we also see a significant increase in C15 dimers, 

which rules out a HO2 dominated termination regime, as HO2 would terminate RO2(αp) to C10 monomers 

and RO2(isoprene) to C5 monomers. C15 dimers can only be formed by reactions between RO2(αp) and 

RO2(ip), which in turn only occurs in significant proportions, when HO2 termination does not dominate. 

So we can conclude that the suppression of NPF is indeed caused by RO2 and not HO2. 

 

The referee points out that the H-shift of isoprene-RO2 can produce significant amounts of HO2. Crounse 

et al. (2011) studied the ratio of HO2 producing isomerization reactions of isoprene-RO2 to HO2 

consuming ISOPOOH formation. They found that at 295 K both channels are approximately of same 

magnitude (𝑘𝑖𝑠𝑜𝑚 𝑘𝐼𝑆𝑂2+𝐻𝑂2⁄  = 1.18 ± 0.18). This temperature corresponds roughly to the 298 K used in 



our study. The importance of the isomerization channel (and thus HO2 production) increases drastically at 

higher temperatures (𝑘𝑖𝑠𝑜𝑚 𝑘𝐼𝑆𝑂2+𝐻𝑂2⁄  = 10.7 ± 1.1 at 318 K), but for the temperatures in our study (278 

K and 298 K), we would not expect HO2 to dominate. This agrees with our data, where we also see a RO2 

dominated termination regime, as shown above. 

 

We agree however with the referee’s statement that a better estimation of the OH and HO2 concentrations 

in the CLOUD chamber is important. As the best approach is always a direct measurement of those 

molecules, we are working to include this capability for upcoming campaigns to our experimental setup.  

 

 

 

 

2. The figure 2 show the scheme of the isoprene impact on the C20 dimer clearly. Nevertheless, it is not 

clear that what is the branching ratio of the H-shift of isoprene-RO2 proceed to C5H9O7,8,9 and the H-

shift yield HAPLDs. In the observations (Figure S1), the observed C5H9O8,9 is presented. Have you also 

observed C5H9O3,5,7? I understand that the PTR3 can also detect RO2-HOMs. Do the authors also 

analyzed the RO2-HOMs from the PTR3 signal? 

 

 

Below we provide a modified version of Fig S1, which includes additional traces from the CI-APITOF 

(panel b). We see that the dominant isoprene-RO2s are C5H9H7,8,9. We find smaller contributions from 

C5H9O4,5, but could not directly measure C5H9O3 in the CI-APITOF.  

 

The PTR3 can in principle measure RO2 radicals, as well as HPALDs, however only when NH4
+
 is used as 

reagent ion system. This was not the case for our experiments, as it would have reduced the sensitivity for 

precursor compounds. The H3O
+
 mode is too hard for these molecules to survive ionization without 

fragmentation.  

 

We do see a C5H8O3 trace in the CI-APITOF (panel b, dark green dotted line), which could potentially 

originate from HPALDs. However, as only three oxygens are present in HPALDS, the ionization 

efficiency for these molecules with NO3
-
 reagent ions is already drastically below unity and thus a proper 

quantification remains challenging. (The given concentrations in panel b assume ionization efficiency of 

unity, so for low-oxygen molecules the given traces are a stark underrepresentation of actual 

concentrations. This is the reason why we have only given traces for molecules with five or more oxygens 

in the submitted manuscript).  

 

So we cannot give an estimate for HPALDs as well as the branching ratio between HPALD and 

C5H9O7,8,9. However, we would like to point out that this does not affect the conclusions of our 

manuscript. 

 

 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Anonymous Referee #2 

 

This paper investigates the molecular mechanisms for the suppression of new particle formation from 

monoterpenes by isoprene. The authors found that isoprene significantly suppresses the nucleation and the 

growth of the smallest particles from α- pinene oxidation, and showed that this suppression is mainly a 

result of interference of isoprene oxidation on the production of α-pinene HOM dimers, which are the 

major ELVOCs driving particle nucleation and early growth. This paper is nicely written and provide 

important molecular constraints on new particle formation in isoprene-rich regions. 

 

I recommend the publication of the paper in ACP after the authors address a few minor comments detailed 

below. 

 

L101-102: The recent study by Berndt et al. (ES&T, 2018) that was cited in this paper reported the 

interactions between isoprene- and α-pinene-derived peroxy radicals in α-pinene/isoprene mixed systems. 

More recently, the Nature paper by McFiggans et al. (2019) that was also cited in the paper clearly 

showed that the concurrent isoprene oxidation largely scavenges α-pinene HOM dimers, in addition to 

scavenging OH radicals, leading to reduced SOA formation from α-pinene/isoprene mixtures. 

Therefore, the statement “the interaction of isoprene and monoterpene oxidation chemistry remains 

unclear” needs to be rephrased. 

 

The statement was rephrased. It now reads:  

 

“Recently, the interaction of isoprene and monoterpene oxidation chemistry was studied and it was found 

that isoprene derived RO2 molecules can reduce the formation of monoterpene-derived dimers (Berndt et 

al., 2018; McFiggans et al., 2019). However, the effect of this interaction on nucleation and early growth 

of particles under atmospherically relevant conditions remains unclear so far.” 
 

L270-280: A discussion of the relevant findings in McFiggans et al. (2019) should be 

included in this paragraph. 

 

We have included the following discussion to the revised manuscript: 

 

“McFiggans et al. (2019) showed that the same RO2· mechanism that we describe here is also responsible 

for reduced SOA formation, together with an additional OH· scavenging effect. The oxidation chemistry 

in McFiggans et al. (2019) was dominated (> 90 %) by OH· for both monoterpenes and isoprene. In our 

experimental conditions, monoterpene oxidation was dominated by ozone, which is more common in the 

atmosphere, and we demonstrate the importance of the RO2· mechanism directly in these conditions. 

Additionally, while the precursor concentrations in McFiggans et al. (2019) were much higher than typical 

atmospheric levels, the precursor levels in the current study resemble the atmosphere more closely. This is 

especially important as HOM formation is not a linear process and can thus not be scaled down to 

atmospheric levels in a straightforward manner.  

All extrapolations of chamber experiments to atmospheric conditions must be treated with care; for 

example, it has been shown that isoprene OH· scavenging is stronger in common chamber conditions than 

in ambient conditions, where OH· recycling (e.g. by HPALD photolysis) counters the OH· consumption 

by isoprene (Taraborrelli et al., 2012).  

McFiggans et al. (2019) also show that OH· scavenging by isoprene is important for reduced SOA 

formation. We also find a reduction in OH· levels due to isoprene addition in the CLOUD chamber. 

However, this is not the reason for the suppression of nucleation and early growth rates in our 



experiments. Quite to the contrary, the dominant effect of increased OH· in our experiments is to increase 

RO2(ip) due to the fast reaction between isoprene and OH·, OH· thus suppresses C20 dimers and 

nucleation rates in our chemical system. Thus, while increased OH· levels restore SOA formation partially 

in the coupled monoterpene/isoprene system, as shown by McFiggans et al. (2019), they suppress 

nucleation in our experiments. This further highlights the important differences between SOA formation 

with preexisting seed particles on the one hand and the nucleation of new particles on the other hand. SOA 

mass production and nucleation are not the same thing. SOA formation with preexisting particles can 

include molecules possessing comparatively high saturation vapor pressures; however, due to the Kelvin 

effect (Tröstl et al., 2016), nucleation depends critically on molecules with extremely low saturation vapor 

pressure. Most of the C20 and C15, many of the C10 and some of the C5 products can form SOA mass, 

whereas nucleation under atmospheric conditions is driven largely by the C20 dimers. Even replacing C20 

with C15 dimers suppresses nucleation, as shown in this study.” 

 

 

L295: “α-pinene isoprene system” –> “α-pinene/isoprene system”. 

Done 
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