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Context: Climate change is known to stimulate biotic and abiotic stress of plants and thus increases BVOC atmospheric 
emissions. Unsaturated alcohols and aldehydes in C5, C6 and C9 carbon chains are released into the atmosphere in 
significant quantities. Therefore, more information on the atmospheric fate of these compounds is needed. 
Objectives: The objectives announced in the project were: (i) determination of O3 reaction rate coefficients and mechanisms 

at different temperatures (ii) determination of Secondary Organic Aerosol (SOA) formation potential and nucleation 

thresholds, (iii) determination of NO3 reaction rate coefficients as a function of temperature, (iv) determination of the UV-
spectra of carbonyl compounds and the importance of the photolysis reaction for the atmosphere, (v) determination of OH 
reaction rate coefficients as a function of temperature and pressure, coupled to quantum chemistry calculations. The data 
collected will enrich the kinetic and spectroscopic databases concerning these species and improve models of atmospheric 
chemistry. 

Main results: The main results are concerning ozonolysis and photolysis of aldehydes and alcohols studies. The NO3-initiated 
kinetics have not been determined; instead, Cl-initiated chemistry (kinetics, products and SOA formation) has been proposed 
and investigated. 
Aldehydes studies 

Ozonolysis – Experimental kinetic studies as a function of temperature show a positive dependence in the range of 273 to 353 K. 
In addition, the rate coefficients and the branching ratios for the reaction of Trans-2-pentenal with O3 were calculated using 
the Density Functional Theory (DFT) method over the range of 278 to 350 K. A positive temperature dependence was 
also observed in this theoretical work, in agreement with experimental finding. The final products were mainly multi-functional 
compounds such as bicarbonyl and hydroxycarbonyl. The kinetics seem to be relatively sensitive to the structure of the 
aldehyde: the length of the chain and the branching. The rate constants obtained for aldehydes are approximately 100 times 
lower than those of the homologous alkenes. Indeed, the ozonolysis of unsaturated organic compounds proceeds via an 
electrophilic addition to the olefinic bond to produce a primary ozonide. As the CHO moiety has an electron-withdrawing 
inductive effect, the substitution of hydrogen or an alkyl group by CHO decreases the electronic density on the C = C bond and 
significantly reduces the rate constant of the reaction. The main reaction products have been determined in complementary 
studies involving GSMA and SAGE (IMT Lille - Douai) through a Eurochamp-2020 project in Wuppertal University. These 
mechanistic studies have shown a slight preference towards the formation of the bi-radical Criegee, which does not contain 
the aldehyde function. 

Photolysis – The UV-spectra have been determined for 4 aldehydes in GSMA and in Universidad de Castilla - La Mancha 

(UCLM), showing strong absorption features in the UV range. Based only on these spectroscopic data, photolysis lifetimes 

would be fairly short (a few min). However, photolysis experiments using artificial irradiation (320–460 nm) indicated a 

negligible consumption of the aldehyde.  

Cl-initiated oxidation –The Cl-initiated oxidation of 3 aldehydes has been examined at UCLM. The kinetic, products and the 

Secondary Organic Aerosol formation of the oxidation of two aldehydes Trans-2-pentenal (T2P) and Trans-2-hexenal (T2H) with Cl 

atoms were investigated at atmospheric pressure and room temperature. Major products of the studied reactions were 

identified and quantified using a FTIR spectrometer, showing carbonyl products as major products (propanal, HC(O)OH, etc.). 

Alcohols studies 

Ozonolysis – Experimental and theoretical works were performed to investigate the ozonolysis of unsaturated alcohols. 
The kinetics of ozonolysis are mainly influenced by the substitution degree of the double bond. It increases with the 
number of substituents. This finding is expected since the ozonolysis reaction occurs by electrophilic addition of ozone to 

the double bond. As a result, the reactivity should increase with the number of hydroxyalkyl substituents. It is found that C3-

C5 unsaturated alcohols with a mono-substituted C = C bond are slightly more reactive than their homologous alkenes except 
3-methyl-1-buten-3-ol. In fact, the presence of hydroxyl group exerts an attracting effect which can reduce the electronic
density
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-3-ol. In fact, the presence of a hydroxyl group exerts an attracting effect which can reduce the electronic density of the double 
bond deactivating the ozone addition. However, the reactivity of C4 -C6 di-substituted alcohols is relatively lower than that of 
their homologous alkene. This can be explained by the attraction effect of the hydroxyl group. Regarding the dependence 
of the rate constant with T, a slight positive temperature dependence is observed (Figure 1). 
Cl-initiated oxidation – The kinetics of a series of unsaturated alcohols have been determined, showing the activation effect of 
the chain length on the rate constants values (Figure 2). Evidence indicates the effect of the hydroxyl group, with a deactivating 
effect on the kinetics through negative inductive influence. The atmospheric lifetimes suggest that alkenol reactivity towards 
Cl atoms might become an important competitive process in alkenol sink especially in marine boundary layer and coastal areas. 
In terms of atmospheric implications, our studies show that alcohols are relatively reactive toward ozone with an 
atmospheric lifetime of few hours. Also, the reaction with ozone of both alcohols and aldehydes leads to the formation of 
different carbonyl and hydroxylcarbonyl products. These multifunctional species contribute to the increase of the oxidizing 
capacity of the atmosphere. 
  

 

 
Figure 1 

 

 
 

Figure 2 

 
Figure 1: Arrhenius plot of rate constants for the reaction of O3 with unsaturated alcohols: 1-penten-3-ol (1P3OL), Cis-2- 
penten-1-ol (c-2P1OL), Trans-3-hexen-1-ol (t-3H1OL). 
Figure 2: Rate constants of the reaction of Cl atoms with 2-alken-1-ols (red) and 3-alken-1-ols (blue) versus number of carbon 
atoms (the open circles represent the values of the current study) 

Future of the project: Laboratory studies on the atmospheric reactivity of other oxygenated biogenic organic compounds are in 
progress (Lefe-Chat). It concerns the atmospheric reactivity of primary oxidation products of biogenic volatile organic 
compounds. Also, the three labs (IMT, IPR, GSMA) are preparing an ANR project (implying new partners) to study the 
atmospheric fate of the oxygenated biogenic organic compounds and their implication on ozone budget and aerosol properties. 
This project will be submitted on September 2020. 
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