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RESUME 

Cette étude vise à comprendre la réactivité des gouttelettes individuelles de myrtenal lorsque les particules sont exposées 
à diverses conditions environnementales. Pour ce faire, nous avons utilisé un dispositif innovant qui combine une cellule 
environnementale de lévitation acoustique couplée à un microspectromètre Raman. L'évolution de la composition et la 
morphologie des particules ont été suivies au fil du temps, à mesure que les réactions progressaient. Nos recherches 
montrent que la réactivité du myrténal varie fortement en fonction des conditions environnementales, avec des différences 
marquées entre son comportement en bulk et à l'échelle de la particule individuelle. Notamment, les gouttelettes 
individuelles de myrtenal ont montré une réactivité hétérogène significative avec la vapeur d'eau, et ont subi une réaction 
d’hydratation sous humidité ambiante. L'étude a également identifié une séparation de phase liquide-liquide dans des 
particules contenant initialement du myrtenal lorsqu'elles sont exposées à des niveaux élevés d'humidité relative. Dans 
l'ensemble, cette étude apporte de nouvelles perspectives sur la réactivité chimique du myrtenal en phase condensée 
dans des conditions environnementales variées. Ces résultats améliorent notre compréhension du devenir des produits 
d'oxydation de première génération des terpènes, de leur rôle dans la chimie troposphérique, ainsi que de leurs 
implications pour la qualité de l'air et le changement climatique futur. 

ABSTRACT 

This study aims to understand the reactivity of single droplets containing myrtenal when the particles are exposed to various 
environmental circumstances. To observe their behavior, we employed an innovative setup combining an acoustic 
environmental levitation cell coupled with a Raman microspectrometer. The changes in particle composition and 
morphology were monitored over time as the reactions progressed. Our research demonstrates that Myrtenal's reactivity 
varies greatly depending on environmental conditions, showing marked differences between its behavior at the bulk scale 
and the single-particle scale. Notably, Individual droplets of Myrtenal exhibit significant heterogeneous reactivity towards 
water vapor and undergo a hydration reaction in the presence of ambient humidity. The research also identified liquid-
liquid phase separation in particles initially containing Myrtenal when exposed to elevated levels of relative humidity. 
Overall, this study offers new insights into the chemical reactivity of Myrtenal in condensed phase under diverse 
environmental conditions. These findings enhance our understanding of the fate of first-generation terpene oxidation 
products, their role in tropospheric chemistry, and their implications for air quality and future climate change. 

MOTS-CLÉS : Monoterpène, Produits d'oxydation des terpènes, Aérosols organiques secondaires, Reactivité, 

particule individuelle. / KEYWORDS : Monoterpene, terpene oxidation products, Secondary organic aerosol, Reactivity, 
single particle. 

1. INTRODUCTION

Terpenes are abundantly emitted from vegetation into the troposphere. They react readily with atmospheric 
species, such as H2O, ozone, OH, and NO3 radicals, and with light, resulting in several first-generation terpene 
oxidation products (FGTOP) (Mutzel et al., 2016, Steiner 2020). These products, having a brief existence in 
the atmosphere, are semi-volatile and can produce Secondary Organic Aerosols (SOA) or condense on pre-
existing particles (Mutzel 2016, Lee 2006). It is known that FGTOP undergo oxidation reactions in the gas 
phase (Calogirou 1999). However, reactions of FGTOP in condensed phases are lacking in the literature.  

In this context, we present the research conducted on Myrtenal, a FGTOP generated mainly from the oxidation 
of α-pinene (Mutzel et al., 2016). Studying the atmospheric chemistry of myrtenal is important because of its 
potential environmental and health impacts. While research on biogenic volatile organic compounds (VOCs) 
is increasing, there is still a lack of studies on the atmospheric behavior of Myrtenal in the condensed phase 
or when adsorbed onto surfaces. This paper shows the research carried out on the reactivity of suspended 
Myrtenal droplets with water vapor from the surrounding environment.   

2. MATERIALS AND METHODS

Aerosol particles significantly influence atmospheric processes, with their effects depending on various 
properties. Due to the variability of ambient conditions, fully characterizing all key parameters in nature is 
challenging. To overcome this, studies are conducted in controlled laboratory settings, allowing manipulation 
of temperature, relative humidity, reactive environment, chemical composition, and light irradiance. 
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2.1. Environmental levitation cell coupled to a Raman microspectrometer 
 
In this study, we employed an acoustic levitation cell combined with Raman micro-spectroscopy to trap and 
study the reactivity and morphology of single Myrtenal particles. A commercial ultrasonic levitator (APOS BA 
10, Tec5, Germany) was integrated into adapted compact environmental cell, which features optical access 
points and quartz windows for UV exposure and Raman analysis. The cell also has valves for gas supply and 
a RH and temperature sensor to modify and monitor the internal environment. (Figure 1). Raman spectra were 
collected with a LabRam HR visible spectrometer (Horiba Scientific) equipped with a 50x Olympus objective 
and a He-Ne laser (λ = 632.8 nm, 6 mW), providing a theoretical lateral resolution of 2 µm. A high-speed 
CMOS camera (Basler Ace NIR, 2048 x 2048 pixels) tracked particle morphology and size, capturing images 
with millisecond resolution. Pure Myrtenal was directly injected into the cell using a syringe. Particles within 
the size range of 80 µm to 100 µm were trapped. 
 

 
Figure 1. Environmental levitation cell coupled to Raman micro-spectroscopy at LASIRE Laboratory. 

  

2.2. Reaction of Myrtenal with water 
 
Levitated Myrtenal particles were exposed to different levels of relative humidity (RH = 80%, 50%, and <10%). 
Humidity inside the cell was monitored using a humidity sensor SENSIRION® STH85. Water vapor was 
generated and controlled by a RH Controller (Serv’instrumentation) giving a relative humidity accuracy of 
±0.9%.  
 

3. RESULTS AND DISCUSSION 
 

3.1. Study of pure Myrtenal 
 
The Raman spectrum of pure myrtenal in bulk was collected by using a 633 nm excitation laser to be use as 
a reference throughout this study. The collected spectrum is in agreement with the Raman spectrum reported 
in the literature (Yu et al., 1995). Figure 2 shows the Raman spectrum of myrtenal, which is characterized by 
two strong bands at 1676 and 1620 cm-1 attributed respectively to the C=O and the C=C stretching modes. 
The stretching mode of the aldehydic hydrogen appears at 2821 cm-1, while the others CH3, CH2 and CH 
stretching modes are centered between 2870 and 3050 cm-1. The pick at 2721 cm-1 corresponds to the first 
overtone of the 1385 cm-1 aldehydic C-H bending peak. The bands in the region 1420 and 1470 cm-1 are 
attributed to the bending mode of CH3 and CH2 groups. 
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Figure 2. Raman spectra of pure myrtenal in bulk collected with a 633-nm excitation laser in the 200-3250 

cm-1 spectral region. 

3.2. Study of single droplets containing Myrtenal 
 
Droplets were levitated at a constant RH of 50%, and the composition was monitored by collecting Raman 
spectra every 30 minutes. As shown in Figure 3, the initial spectrum at t=0 minutes indicates the droplet 
contains only myrtenal. After 1.5 hours, two new peaks at 1570 cm-1 and 1650 cm-1 appear. This suggests that 
a reaction between myrtenal and water vapor takes place. 

 
Figure 3. Raman spectra of a levitated myrtenal droplet exposed to 50% for 0, 1.5, 23 and 28h. 

 
The reaction between aldehydes and water typically forms a hydrate (geminal diol), often requiring an acid or 
base catalyst, which was absent in our experiment. Figure 4 illustrates the hypothesized hydration reaction of 
myrtenal that could yield its diol derivative, although this has not yet been observed in bulk. 

 
Figure 4. Hydration reaction of myrtenal in bulk. 

 
To verify if hydration reaction of myrtenal occurs in bulk, we have prepared a water solution of myrtenal, using 
ethanol as a co-solvent due to the insolubility of myrtenal in water.  Raman spectra of the mixture were 
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collected during several days but no product was detected. The solution was then acidified by introducing a 
small amount of a hydrochloric acid solution. However, no reaction was detected after 10 days (Figure 5). 

 
Figure 5. Raman spectra of the mixture Myrtenal, ETOH, water and HCl in bulk after 0 and 10 days. 

 
This work demonstrates that levitated droplets containing myrtenal react with water vapor. This heterogeneous 
reaction occurs only at the single-particle scale. This is the first report of myrtenal hydration without a chemical 
catalyst. It indicates that the droplet surface plays an important role activating the heterogeneous reaction 
between liquid myrtenal and water vapor.  

 
The Raman spectrum of the myrtenal diol derivative is unknown, but synthesizing it in bulk is challenging due 
to myrtenal's insolubility in water. The new bands at 1650 cm⁻¹ and 1571 cm⁻¹ may correspond respectively 
to the C=C stretching mode of the cycle and the C-H bending mode of the carbon with two OH groups. 
 

4. CONCLUSIONS 
 
In conclusion, our findings demonstrate that myrtenal reacts with water vapor at the single-particle scale, and 
the reaction rate is influenced by the degree of humidity in the environment. The surface area of the droplets 
enhances reactivity and probably facilitates product formation. These results are important in the context of 
atmospheric chemistry, as they provide valuable information on the formation of secondary organic aerosols 
and the complex physicochemical transformations that take place in aged atmospheric particles. 
Understanding these processes is crucial to better predict the behavior and impact of aerosols on air quality 
and climate. 
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