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Is the information provided in the report confidential and should not be made available on the 

ACTRIS website?  

 No, the information can be made public. 

 Yes, the information should not be made public and access should be restricted 
to the TNA Team, the ATMO-ACCESS access providers, the reviewers concerned 
and the ATMO-ACCESS Strategic TNA Board. 
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1. Short executive summary (can be made available to reviewers and EU experts) 

Piperitone (C10H16O) is one of the main emitted biogenic volatile organic compounds (BVOCs) from Sitka 

spruce (Picea Sitchensis), a common species across North America and Europe. BVOCs, due to their 

atmospheric reactivity, are known as precursors of secondary organic aerosol (SOA) that affects the air 

quality and climate. Yet, the atmospheric impact of piperitone due to reactions and subsequent SOA 

formation remains unexplored. In this context, the scientific objectives of PROXI (atmospheric fate and 

impact of Piperitone: Reactivity, OXIdation products and SOA formation) were to determine rate coefficients 

for the gas phase reaction of piperitone with atmospheric oxidants and UV photolysis, and investigate 

products formed and potential SOA formation. A series of experiments have been conducted in the Irish 

Atmospheric Simulation Chamber (IASC). A time-of-flight chemical ionisation mass spectrometer (ToF-CIMS) 

has been used to follow the decay of piperitone and the formation of oxidation products, while SOA 

formation has been tracked using a scanning mobility particle sizer (SMPS). We showed that piperitone is 

highly reactive with OH radicals, but only reacts slowly with O3. The rate coefficients are estimated to be 

kOH-piperitone = 7.6 × 10-11 cm3 molecule-1 s-1 and kO3-piperitone = 9.8 × 10-19 cm3 molecule-1 s-1. We also estimated 

the photolysis rate coefficient of piperitone Jpiperitone = 9.3 × 10-6 s-1, meaning that photolysis is not a likely loss 

process for piperitone in the atmosphere. These new rate coefficients are now available for the atmospheric 

science community. Future work will be dedicated to the identification of gas phase products. 
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2. User group  

Complete the table with details of the user group members who actually accessed the Facility. Duplicate 

the table below for each member of the user group. 

Information on the User group members 

Member # 1 

First and last name Julien Kammer 

Gender  Female         Male         Prefer not to say 

Nationality  

Profile   Undergraduate     

 Postgraduate 

 Expert scientist 

 Engineer, Technician 

 Other 

Field of activity 
 

ENV-ATMO - Earth and environmental sciences/Atmospheric 
domain 

 
ENV-HYDRO - Earth and environmental sciences/Hydrosphere 
domain 

 ENV-LITHO - Earth and environmental sciences/Lithosphere 

 ENV-ECOBIO - Earth and environmental sciences/Eco-biosphere 

 PHY - Physics astronomy, astrophysics and mathematics 

 CHEM - Chemistry and material sciences 

 BIO-MED - Biological, medical sciences and biotechnology 

 ENG-TECH - Engineering and technology 

 EGY - Energy 

 ART - Humanities and arts 

 ISC - Information science and communication 

 SOC - Social sciences 

Are you a new user?  Yes 

 No 

Institution name (employer) Aix Marseille University 

Institution legal status 

(employer) 

 Public research (including international research organizations and 
private research organization controlled by a public authority) 

 University and higher education 

 Public authority 

 Small Medium Enterprise (SME) 



 

 This work has received funding from the European Union’s Horizon 2020 research and innovation programme through 

the ATMO-ACCESS Integrating Activity under grant agreement No 101008004 

 

 Other industrial and/or profit private organization 

 Other 

Address  (employer) 
3 place Victor Hugo - Case 29 - 13331 
Marseille cedex 3 

Country France 

Email address julien.kammer@unv-amu.fr  

Access start date 
(physical access) 

13/11/2022 Access end date 26/11/2022 

 

 

3. Scientific objectives  

Atmospheric aerosols influence climate directly through the absorption and scattering of solar radiation, and 

also indirectly, by affecting the formation and properties of clouds1. One of the major uncertainties in climate 

prediction is the role of Secondary Organic Aerosol (SOA), which is primarily produced through the 

atmospheric oxidation of biogenic volatile organic compounds (BVOCs) by reaction with OH radicals, O3 and 

NO3 radicals2,3. Many of the oxidation products have lower vapour pressures than their precursors and may 

readily partition into the particle phase. A recent collaboration between Julien Kammer and the host research 

team on BVOC emissions from Sitka spruce (Picea Sitchensis) found that piperitone (C10H16O, Figure 1) is one 

of the dominant compounds emitted (article in preparation). Sitka spruce is a very common species across 

North America, and currently the most commonly planted tree species in Ireland. As a result, piperitone may 

affect the atmospheric composition in the vicinity of Sitka spruce forests. But to date, its atmospheric 

reactivity and potential for SOA formation remains unexplored. 

 

Figure 1 : Chemical structure of piperitone (C10H16O) 

In this context, the scientific objectives of PROXI (atmospheric fate and impact of Piperitone: Reactivity, 

OXIdation products and SOA formation) were: 

- 1. To determine rate coefficients for the gas phase reaction of piperitone with OH radicals and O3. 

- 2. To identify gas phase organic products. 

- 3. To propose reaction mechanisms for the formation of the oxidation products. 

- 4. To assess the SOA formation potential of piperitone under different reaction conditions. 

 

mailto:julien.kammer@unv-amu.fr
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4. Reasons for choosing the Facility  

The IASC facility has been selected for two main reasons. Firstly, it is equipped with a FIGAERO ToF-CIMS, 

which enables online characterization of gas phase organic composition and provide valuable insights into 

SOA formation mechanisms. Secondly, the host research group is very well known for its simulation chamber 

studies on SOA formation and also has considerable expertise regarding the atmospheric chemistry of 

oxygenated VOCs like those involved in this study. In addition, Julien Kammer and the host research team 

have previously collaborated to determine Sitka Spruce BVOC emissions. This expedited the experimental 

investigations and also provided an opportunity to build on this collaboration between French and Irish 

researchers within the atmospheric community. 

5. Activities during the TNA (research, training, events, ...) 

Remote and physical access has been combined over 20 working days (10 days remote access, 10 days 

physical access). During the Remote Access period, straightforward but essential tasks were completed by 

staff at the host facility, such as calibration, sample preparation, wall loss estimations, etc. During the physical 

access, a series of research experiments were conducted. Simultaneously, the host team provided training 

on IASC facility (use of the atmospheric simulation chamber and associated instruments). During the stay, 

Julien KAMMER also presented a scientific seminar to the host team members to share scientific knowledge. 

Regular meetings also took place before, during and after the physical access to plan the experiments, discuss 

on the progress and share results and findings. 

6. Method and set-up of research 

Methods 

A series of experiments were conducted in the Irish Atmospheric Simulation Chamber (IASC). An Aerodyne 

time-of-flight chemical ionisation mass spectrometer (ToF-CIMS) operated using C6H6
+ as the reagent ion has 

been used to follow the decay of piperitone and the formation of oxidation products, as it is well suited for 

this type of experiments4,5. Rate coefficients for reaction with OH and O3 were determined using the relative 

rate method, where the rate of decay of piperitone was compared to that of a known reference compound.  

For OH experiments, 1,3,5-trimethylbenzene and isoprene were used as reference compounds. For O3 

experiments, methylvinylyketone and isoprene were used as reference compounds. Aerosol formation and 

evolution was monitored using a scanning mobility particle sizer (SMPS, TSI), while NOx and O3 were 

measured continuously by automated gas analysers (Teledyne). 

For OH experiments, OH was generated by injecting H2O2 into the chamber, and photolyzing using UVA and 

UVB lamps. For OH oxidation experiments, O3 was generated using an ozone generator, based on O2 

dissociation using a corona discharge. O2 was provided by a cylinder of pure O2 (BOC Ltd, Ireland). Photolysis 

experiments were performed by simply injecting piperitone and reference compounds, and switching on all 

the UVA and UVB lamps of the IASC. For UV photolysis and O3 experiments, an excess of cyclohexane was 

introduced in the chamber as an OH scavenger. 

Description of experiments  

The physical access started on November 14th 2022, and ended November 25th 2022. Unfortunately, some 

technical issues occurred at the very beginning. These issues were addressed during the first 2 days of the 

physical access, combining the expertise of the host team and Julien Kammer. Once the issues were fixed, 

oxidation experiments commenced. Despite this lag, we successfully achieved the initial objectives. The 

experiments performed each day are listed below. 
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14/11/2022 – Chamber cleaning (new air filters had been installed) and fixing issues on the ToF-CIMS  

15/11/2022 – Finalized experimental set up with different tests to inject samples (could not be done earlier 

due to last minute replacement of air filters). Fixing issues on the ToF-CIMS. 

16/11/2022 – Piperitone + O3 relative rate experiment 

17/11/2022 – Piperitone + O3 relative rate experiment 

18/11/2022 – Piperitone UV photolysis  

21/11/2022 – Piperitone UV photolysis  

22/11/2022 – Piperitone + OH relative rate experiment 

23/11/2022 – Piperitone + OH relative rate experiment 

24/11/2022 – Piperitone + OH relative rate experiment 

25/11/2022 – Piperitone + OH relative rate experiment 

In addition, a range of necessary tests were also performed as part of the 10-day remote access period. 

These included, wall deposition of piperitone and reference compounds, blank experiments and calibration 

of the ToF-CIMS for piperitone.  

7. Preliminary project results and conclusions 

Before the experiments, the rate coefficients for reaction of piperitone with OH radicals and O3 were 

estimated using a structure activity relationship (SAR), that is well documented6–8. Rate coefficient estimates 

from the SAR methodology are kOH-piperitone = 9.5 × 10-11 cm3 molecule-1 s-1 and kO3-piperitone = 2 × 10-16 cm3 

molecule-1 s-1 for the reaction of piperitone with OH radicals and O3, respectively. 

The kinetic rate experiments ran successfully during the TNA access. A typical time series of piperitone during 

an oxidation experiment is shown in Figure 2. 

Figure 2 : Typical example of piperitone time series during an oxidation experiment with OH radicals. The red 
bar represents the time when OH radical production was initiated in the chamber.  
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Immediately after OH radical production, the piperitone signal measured by the ToF-CIMS decayed due to its 

reaction with OH radicals, as expected (Figure 2). From these experiments, we compared the decay of the 

piperitone signal to that of a selected reference compound and determined the rate coefficients for reaction 

with OH radicals and O3. We also determined the first order photolysis rate for piperitone in the chamber. 

The corresponding values are listed below: 

kOH-piperitone = 7.6 × 10-11 cm3 molecule-1 s-1 

kO3-piperitone = 9.8 × 10-19 cm3 molecule-1 s-1 

Jpiperitone = 9.3 × 10-6 s-1 

The uncertainties associated with these rate coefficients are still to be characterized but will be typically on 

the order of 10 %. Comparing with SAR estimates, the rate coefficient for reaction with OH radicals is in the 

same order of magnitude, only 20 % lower. However, the rate coefficient with O3 obtained from the 

experiment is 2 orders of magnitude lower than the estimation. The SAR methodology thus maybe not 

suitable for estimating the O3 reactivity of conjugated ketones such as piperitone. From these results and 

based on typical atmospheric conditions, we can then conclude that the atmospheric fate of piperitone will 

be mainly driven by OH radicals, as the UV photolysis rate and the reactivity with O3 are quite slow. 

SOA formation was observed during almost all experiments, but only low formation rates were observed for 

the UV photolysis and O3 experiments. Note than some impurities in the chamber (originated from the 

compressed air used to flush the chamber) may have contributed to the initiation of particle formation, 

explaining why SOA formation has been observed for all experiments, even if reactivity with O3 is very slow. 

Only OH oxidation experiments led to strong particle formation, which seems logical considering the 

reactivity of piperitone with the different oxidants. We can thus conclude that piperitone is an efficient SOA 

precursor only from its reaction with OH radicals. 

8. Outcomes and future studies 

The future months will be dedicated to the quantification of the uncertainties associated with the rate 

coefficients. Then, the focus will be placed on the identification of the products formed from the oxidation 

of piperitone in gas phase. The aim will be to identify the main products formed in the gas phase, and 

potentially unique tracers for OH radicals or O3 oxidation. Then, we will be able to propose for the first time 

the chemical mechanism corresponding to oxidation of piperitone in the atmosphere. 

9. Plans for publications  

(in peer-reviewed journals, conference proceedings, etc. acknowledging the support by ATMO-ACCESS). 

Details, including the DOI, need to be provided as soon as available. 

Rate coefficients calculated during this project will be added to existing ACTRIS database (database of 

atmospheric Simulation Chamber studies, and Library of Advanced Data Products). These results will thus be 

accessible by all the community. A paper will then be published with all the results (rate coefficients, product 

identification, chemical mechanism) in an international peer review journal, such as Atmospheric Chemistry 

and Physics, Atmospheric Environment or Journal of Physical Chemistry: Atmosphere. Results will also be 

presented at conferences: an abstract has been submitted to the European Geoscience Union 2023 

conference, and one will be probably submitted to the Gordon Research Conference and Biogenic 

Hydrocarbons and the Atmosphere 2024. 
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