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1. Experimental Methods 

 

1.1. Flow Reactor Experiments.  

The plasma-activated reactions of CO2 and ethane were carried out in an atmospheric-

pressure steady-state flow reactor, as described previously.1 A schematic of the U-tube reactor 

equipped with an external furnace is shown in Figure S1. A grounded K-type thermocouple rod 

(TC, 1 mm diameter) was inserted through the center of the tube and served as the ground 

electrode. An 8 cm-long tantalum coil was wrapped around the quartz tube and connected to the 

plasma generator, resulting in a 2.7 mm discharge gap (1.5 mm air gap and 1.2 mm quartz tube 

wall). The outlet flow was analyzed online by gas chromatography (GC, Agilent, 7890B).  

The DBD plasma was powered by connecting the external power electrode to an AC 

plasma generator (Nanjing Suman Plasma Technology Co., Ltd, CTP-2000K). The current was 

adjusted in order to attain the resonant frequency for the system. During reactions, the plasma 

power was controlled by maintaining a frequency of 9 kHz and varying the input voltage at 6.5 kV 

(8.0 W), 7.3 kV (10.4 W), 8.1 kV (13.8 W), and 10.0 kV (17.9 W). The QV Lissajous method was 

used to calculate the plasma power.2 Plasma measurements were taken by electrically isolating the 

TC from electrical ground. The TC electrode was grounded across a 10 nF capacitor in order to 

measure the electric charge during the reaction. A two-channel digital oscilloscope (Tektronix, 

TDS-210) was employed to monitor the frequency and voltage input from the power supply as 

well as the voltage across the capacitor. 

For all experiments, a total flow rate of 15.8 mL min-1 consisting of 5 mL min-1 He, 0.8 

mL min-1 Ar, and variable CO2 and ethane flow rates was fed to the reactor using mass flow 

controllers (MFCs, Brooks Instruments). He was included in order to obtain a more uniform 

plasma.3,4 Because the reaction leads to gas expansion, Ar was included as an internal volume 

standard to ensure the accuracy of GC calibrations. The plasma reactions took place over 7 h, with 

a stable product output achieved after about 200 min of the reaction.  

The U-tube reactor used for steady-state flow reactor experiments consisted of MPM 214 

semiconductor-grade fused quartz.  The inner diameter of the quartz tube was 4 mm and the outer 

diameter was 6.35 mm. The U-tube reactor was surrounded by an external furnace in order to 



maintain the temperature at 473 K, where the controller was connected to the grounded TC in a 

negative feedback loop. The TC was used to directly measure the temperature within the plasma 

region (or in direct contact with the catalyst bed for experiments using catalyst packing). The use 

of the external furnace ensured that the gas temperature remained constant for different plasma 

powers, since the Joule heating by plasma varies with input powers, and a temperature of 473 K 

was well above the maximum temperature detected. The reactor outlet flow was heated to 393 K 

in order to avoid condensation and was analyzed online by gas chromatography equipped with 

PoraPLOT Q and Mol Sieve columns and a gas isolation valve. Hydrocarbon and oxygenate 

products were analyzed with a flame ionization detector (FID), and CO, CO2, H2O, and Ar were 

detected using a thermal conductivity detector (TCD).   

Averages from the seventh to tenth GC injections (230 to 340 min) were used for steady-

state data analysis. Reactant conversion, 𝑋", was calculated using the feed flow rate of reactant i, 

𝐹",%&, and the outlet flow rate of the reactant, 𝐹",'(), as: 

 

𝑋" =
𝐹","+ − 𝐹",-./

𝐹","+
× 100% 

 

The selectivity or product distribution 𝑆5 for a product j is given by: 

 

𝑆5 =
𝐹5,-./
∑𝐹5,-./

× 100% 

                                                                                         

where Σ𝐹5,'()	is the total flow rate of all carbonaceous species from a product j.   

RhCo3/MCM-41 catalysts were prepared according to the incipient wetness impregnation 

procedure described by Xie et al.5 Rh(NO3)3 • xH2O, Co(NO3)2 • 6H2O, and MCM-41 were 

purchased from Sigma-Aldrich. Catalysts were dried at 80 °C overnight and then calcined at 290 

°C for 2 h with a heating ramp rate of 0.8 °C min-1. A catalyst loading of 100 mg was used, and 

the catalyst bed length in the U-tube reactor was 3.5 cm. All plasma-catalyst experiments were 

conducted at 473 K with the external furnace, as described above. 

Results from flow reactor studies were used to obtain activation barrier measurements. 

Following the methods of Kim et al.6 for plasma-assisted CH4 dry reforming, the activation 

(S1) 

(S2) 



barriers, Ea, for CO2 and C2H6 conversion in the flow reactor were evaluated by correlating the 

reaction rate with the specific energy input, SEI: 

 
𝑑𝐴
𝑑𝑡 = 𝑏 ∙ 𝑒?

@A
B@C 

𝑆𝐸𝐼 =
𝑃
𝐹 

 

where dA/dt is the rate of consumption of reactant A, P is the plasma power, F is the total flow rate, 

and b contains pre-exponential constants. Through this modified Arrhenius equation, the 

exponential term is determined by the residence time of the total feed gas, as given by the total 

feed gas flow rate over the reaction volume, and the electron density, as given by the plasma power 

over the reaction volume. Essentially, the bulk reaction temperature term, RT, in the Arrhenius 

equation is replaced by the SEI, a parameter defined by both the plasma power and total feed gas 

flow rate. Linearization of Equation S3 enables estimation of Ea based on measuring the reaction 

rate with respect to plasma power at a constant flow rate: 

 

ln I
𝑑𝐴
𝑑𝑡J = −𝐸K𝐹

1
𝑃 + 𝑏 

 

1.2. FTIR Batch Reactor Experiments  

In situ spectroscopic measurements were carried out in a custom high vacuum batch 

reactor, as described previously.1 The chamber was modified with two custom-designed high 

voltage electrical feedthroughs (MDC Vacuum Products) and insulated parallel-plate copper 

electrodes of 7.6 mm diameter covered by a 1.5 mm thick quartz plate. The electrodes were 

mounted on single-axis motion manipulators in horizontal alignment and electrically connected to 

the plasma generator and ground, respectively.  The plasma power was measured as described 

above using the QV Lissajous method.  

The batch reactor was equipped with a Thermo Nicolet Nexus 470 spectrometer and a 

mercury cadmium telluride (MCT-A) detector. Reactants were prepared by dosing 600.0 Torr He, 

75.0 Torr CO2, and 75.0 Torr C2H6 into the vacuum chamber, for a total pressure of 750.0 Torr. 

The high He dilution ratio was required in order to enable sufficiently high plasma power without 

(S3) 

(S4) 

(S5) 



inducing arcing to the metallic chamber walls and in order to improve the spectrometer signal-to-

noise ratio, while enabling operation at atmospheric pressure in order to match more closely the 

conditions of the flow reactor. The plasma was operated at 9.5 kV and 8.5 kHz for 3 h.  FTIR 

spectra of the gas phase were recorded as a function of time with one spectrum collected every 30 

s. Experiments using 13CO2 isotope gas (13CO2, Sigma-Aldrich 99 atom% 13C, <3 atom% 18O) 

were carried out as described previously.7   

 

  



 

 

Figure S1.  U-tube flow reactor setup with external furnace heating. Gases were flowed into the 

quartz reactor and the product stream was analyzed using gas chromatography. The plasma power 

was monitored by generating a QV Lissajous figure with the voltage input from the plasma 

generator and the voltage across an external capacitor connected between the ground electrode and 

electrical ground.    

  



2. Experimental Results 

2.1. Plasma Flow Reactor Studies.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure S2.  (a–c) Plasma power effects for 1:1 CO2 to C2H6 feed gas ratio at ambient pressure and 

473 K. (d–f) Feed gas ratio effects at 6.5 kV at ambient pressure and 473 K. Selectivity of CO, 

total hydrocarbons, and total oxygenates (top row), selectivity of oxygenate products (middle row), 

and selectivity of hydrocarbon products (bottom row) are shown. ‘C3 Oxys’ include 1-propanol, 

2-propanol, and propanal; ‘Acids’ include acetic acid and propanoic acid. ‘C2s’ include acetylene 

and ethylene; ‘C3s’, ‘C4s’, and ‘C5s’ include higher-order hydrocarbons. Values are averaged over 

four GC injections measured at steady state. 

  



 

Figure S3.  Plasma power effects for different CO2 to C2H6 feed gas ratios under ambient pressure 

and 473 K. Selectivity of CO, hydrocarbons, and oxygenates for (a) 1:2, (b) 1:1, and (c) 2:1 CO2 

to C2H6 feed gas ratios. Selectivity of oxygenate products for (d) 1:2, (e) 1:1, and (f) 2:1 CO2 to 

C2H6 feed gas ratios. “C3 Oxys” include 1-propanol, 2-propanol, and propanal; ‘Acids’ include 

acetic acid and propanoic acid. Selectivity of hydrocarbon products for (g) 1:2, (h) 1:1, and (i) 2:1 

CO2 to C2H6 feed gas ratios. ‘C2s’ include acetylene and ethylene; ‘C3s’, ‘C4s’, and ‘C5s’ include 

higher-order hydrocarbons. Values are averaged over four GC injections measured at steady state. 

  



Table S1.  Conversion, carbon and oxygen balance, and overall selectivities and yields for varied 

plasma powers and feed gas ratios. Selectivities are calculated as a fraction of total carbonaceous 

species produced according to Equation S2. Yields are calculated with respect to ethane 

conversion. Values are averaged over four injections measured at steady state. 

 

Feed Gas Ratio Voltage XCO2 XC2H6 
Carbon 
Balance 

Oxygen 
Balance 

CO 
Selectivity 

Tot. Oxy 
Selectivity 

Tot. HC 
Selectivity 

Tot. Oxy 
Yield 

Tot. HC 
Yield 

1 CO2 : 2 C2H6 6.5 kV 0.9% 2.9% 100.0% 100.0% 5.4% 9.4% 85.2% 0.3% 2.5% 

 7.3 kV 1.9% 6.6% 99.9% 100.3% 16.7% 6.3% 77.0% 0.4% 4.9% 

 8.1 kV 3.9% 9.4% 99.3% 98.9% 18.0% 5.9% 76.1% 0.6% 7.2% 

 10.0 kV 6.0% 17.1% 99.4% 99.7% 22.0% 5.1% 72.8% 0.9% 12.5% 

1 CO2 : 1 C2H6 6.5 kV 1.6% 5.5% 99.3% 99.6% 20.2% 9.9% 69.9% 0.5% 3.8% 

 7.3 kV 2.0% 8.0% 100.1% 100.2% 28.6% 7.8% 63.6% 0.6% 5.1% 

 8.1 kV 3.0% 12.4% 99.6% 100.4% 30.8% 7.1% 62.2% 0.9% 7.7% 

 10.0 kV 6.2% 20.4% 98.9% 99.5% 34.0% 6.1% 60.0% 1.2% 12.2% 

2 CO2 : 1 C2H6 6.5 kV 0.6% 5.3% 100.5% 100.8% 41.6% 11.3% 47.1% 0.6% 2.5% 

 7.3 kV 2.8% 11.9% 99.4% 99.6% 43,8% 7.9% 48.3% 0.9% 5.8% 

 8.1 kV 3.5% 16.6% 99.6% 100.0% 45.9% 6.8% 47.3% 1.1% 7.8% 

 10.0 kV 6.7% 27.9% 98.6% 99.5% 50.0% 6.1% 43.9% 1.7% 12.2% 

4 CO2 : 1 C2H6 6.5 kV 2.7% 13.1% 96.6% 98.6% 53.1% 12.0% 34.9% 1.6% 4.6% 

9 CO2 : 1 C2H6 6.5 kV 1.8% 13.9% 98.8% 99.7% 67.5% 10.9% 21.6% 1.5% 3.0% 

 

  



Table S2.  Conversion, carbon and oxygen balance, and overall selectivities and yields for varied 

plasma powers and feed gas ratios. Selectivities are calculated as a fraction of total carbonaceous 

species produced according to Equation S2. Yields are calculated with respect to ethane 

conversion. Values are averaged over four injections measured at steady state. 

 

Feed Gas Ratio Voltage HCHO MeOH EtOH 1-PrOH 2-PrOH Propanal Acetic 
Acid 

Propanoic 
Acid 

Other 
Oxy 

1 CO2 : 2 C2H6 6.5 kV 3.0% 0.2% 1.5% 0.9% 1.4% 0.6% 0.3% 0.1% 1.3% 

 7.3 kV 1.7% 0.1% 0.9% 0.5% 1.1% 0.5% 0.4% 0.2% 0.9% 

 8.1 kV 1.5% 0.1% 0.7% 0.5% 1.2% 0.4% 0.5% 0.2% 0.8% 

 10.0 kV 1.1% 0.1% 0.5% 0.3% 1.3% 0.2% 0.5% 0.3% 0.7% 

1 CO2 : 1 C2H6 6.5 kV 3.5% 0.3% 1.5% 0.8% 1.1% 0.7% 0.5% 0.2% 1.3% 

 7.3 kV 2.5% 0.3% 1.0% 0.5% 1.0% 0.6% 0.6% 0.3% 1.0% 

 8.1 kV 2.0% 0.3% 0.9% 0.5% 1.0% 0.6% 0.7% 0.3% 0.8% 

 10.0 kV 1.5% 0.2% 0.6% 0.4% 1.0% 0.5% 0.8% 0.4% 0.7% 

2 CO2 : 1 C2H6 6.5 kV 4.6% 0.6% 1.8% 0.7% 0.8% 0.8% 0.5% 0.2% 1.3% 

 7.3 kV 2.7% 0.2% 1.0% 0.5% 0.7% 0.7% 0.7% 0.3% 1.1% 

 8.1 kV 2.1% 0.2% 0.7% 0.4% 0.7% 0.6% 0.7% 0.4% 1.0% 

 10.0 kV 1.6% 0.2% 0.6% 0.4% 0.7% 0.5% 0.8% 0.5% 0.8% 

4 CO2 : 1 C2H6 6.5 kV 5.1% 0.4% 1.7% 0.8% 0.6% 1.0% 0.6% 0.3% 1.2% 

9 CO2 : 1 C2H6 6.5 kV 4.8% 0.2% 1.4% 0.7% 0.5% 0.9% 0.5% 0.3% 1.6% 

 

 

 

  



Table S3.  Selectivities of hydrocarbon products for varied plasma powers and feed gas ratios. 

Selectivities are calculated as a fraction of total carbonaceous species produced according to 

Equation S2. Values are averaged over four injections measured at steady state. 

 

Feed Gas Ratio Voltage CH4 C2 C3 C4 C5+ 

1 CO2 : 2 C2H6 6.5 kV 13.2% 39.5% 14.7% 14.5% 3.4% 

 7.3 kV 13.7% 30.2% 14.4% 14.1% 4.6% 

 8.1 kV 14.7% 27.1% 14.4% 14.5% 5.4% 

 10.0 kV 15.6% 22.6% 14.1% 13.7% 6.8% 

1 CO2 : 1 C2H6 6.5 kV 11.1% 30.9% 12.8% 11.8% 3.3% 

 7.3 kV 11.5% 23.8% 12.4% 11.8% 4.2% 

 8.1 kV 12.3% 21.4% 12.3% 11.4% 4.8% 

 10.0 kV 13.0% 17.8% 12.0% 11.2% 5.9% 

2 CO2 : 1 C2H6 6.5 kV 7.3% 21.3% 9.0% 7.2% 2.2% 

 7.3 kV 9.0% 17.4% 9.9% 8.5% 3.6% 

 8.1 kV 10.0% 16.3% 9.6% 7.8% 3.7% 

 10.0 kV 10.0% 12.1% 9.2% 7.7% 4.8% 

4 CO2 : 1 C2H6 6.5 kV 4.3% 14.7% 7.8% 6.4% 1.7% 

9 CO2 : 1 C2H6 6.5 kV 2.9% 8.2% 5.7% 3.6% 1.2% 

 

  



2.2. Effects of RhCo3/MCM-41 Catalyst.  

RhCo3/MCM-41 was recently shown to be an effective heterogeneous hydroformylation 

catalyst, converting ethylene and synthesis gas to C3 oxygenates (propanol and propanal) at 473 

K.5 Since C2H4 and CO were detected in the CO2 + C2H6 plasma reaction and significant amounts 

of H2 likely were produced as well,8,9 the RhCo3/MCM-41 catalyst was considered to be a potential 

candidate to enhance the production of C3 oxygenates. The effects of the catalyst on the plasma 

reaction were evaluated using two different plasma-catalyst configurations: the catalyst was placed 

inside the plasma zone (in-plasma catalysis, IPC) as well as downstream of the plasma zone (post-

plasma catalysis, PPC). Evidently, IPC and PPC configurations should facilitate interactions of the 

catalyst bed with shorter-lived and longer-lived plasma-activated species, respectively. The IPC 

configuration also can modify both the catalyst properties due to direct plasma irradiation as well 

as the plasma electrical properties due to packing catalyst materials in the plasma.10 

Figure S4 shows the effects of the RhCo3/MCM-41 catalyst compared with plasma only 

experiments. For these experiments, CO2 and C2H6 were fed in a 2:1 ratio and the voltage was 

maintained at 10.0 kV. As shown in Figure S4a, the oxygenate selectivity was enhanced for both 

IPC and PPC configurations between about 50 to 200 min of the experiment. The total oxygenate 

fraction for the PPC and IPC reactions reached up to 7.0% and 7.6%, respectively, within the first 

100 min of the reaction, while the oxygenate fraction for the plasma only reaction remained stable 

at about 6%. At longer time on stream, the oxygenate selectivity for both PPC and IPC reactions 

stabilized at a value slightly higher than that of the plasma only experiment.   

Figure S4b shows a depletion in C2H2 production for the PPC and IPC studies in the first 

200 min of the experiments, with no C2H2 production for the first 50 and 100 min for PPC and IPC 

experiments, respectively, which corresponded to the timescale of increased oxygenate production. 

Interestingly, however, the amount of C2H4 remained relatively constant among the plasma only, 

PPC, and IPC experiments over this timescale (Figure S5a), suggesting that the hydroformylation 

reaction, which should consume C2H4 to make C3 oxygenates, was not enhanced in the presence 

of the RhCo3/MCM-41 catalyst. This is further supported by the similar C3 oxygenate yields for 

catalyst and plasma only experiments shown in Figure S4a. Instead, the catalyst appeared to 

promote a competing reaction pathway that favored oxygenate formation as opposed to the 

ethane/ethylene dehydrogenation pathway to acetylene that occurred in the absence of the catalyst. 

In particular, the IPC configuration mainly enhanced formaldehyde production (Figure S5b) and 



the PPC configuration enhanced acid production (Figure S5c), illustrating that the placement of 

the catalyst with respect to the plasma region can alter the reaction mechanism and overall product 

distribution. Similar trends were also observed for a 1:2 CO2 to C2H6 feed gas ratio, as shown in 

Figure S6. In Figure S7, a similar phenomenon is also demonstrated at a different plasma voltage 

(7.3 kV). Comparison to a blank MCM-41 experiment enabled decoupling of the effects of the 

RhCo3 catalytic activity and surface area of the packing material, where a change in product 

selectivity was not observed with the blank MCM-41 packing. These results highlight the 

importance of dynamic changes that can occur during plasma catalysis reactions, where the effects 

of the catalyst can change over the course of the reaction and may depend upon the timescale of 

the reaction. 

  



 

Figure S4.  RhCo3/MCM-41 catalyst effects for a 2:1 CO2 to C2H6 feed gas ratio at 10.0 kV for 

experiments with plasma only/no catalyst, post-plasma catalysis, and in-plasma catalysis.  (a) 

Selectivity of total oxygenates and C3 oxygenates (1-propanol, 2-propanol, and propanal) 

following time on stream.  (b) C2H2 selectivity following time on stream. 

  



 

 

Figure S5.  RhCo3/MCM-41 catalyst effects for a 2:1 CO2 to C2H6 feed gas ratio at 10.0 kV. 

Selectivity of (a) C2H4, (b) CH2O, and (c) acids following time on stream. 

  



 

 

Figure S6.  RhCo3/MCM-41 catalyst effects for a 1:2 CO2 to C2H6 feed gas ratio at 10.0 kV. (a) 

Selectivity of total oxygenates and C3 oxygenates (1-propanol, 2-propanol, and propanal) 

following time on stream.  (b) C2H2 selectivity following time on stream. 

  



 
 

Figure S7.  RhCo3/MCM-41 catalyst effects for a 2:1 CO2 to C2H6 feed gas ratio at 7.3 kV in 

comparison with plasma only and MCM-41 experiments. (a) Selectivity of total oxygenates and 

C3 oxygenates (1-propanol, 2-propanol, and propanal) following time on stream.  (b) C2H2 

selectivity following time on stream. 
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3. Computational Methods 

The numerical simulations were executed using the 0D plasma chemical kinetics solver 

ZDPlasKin.11 This solver calculated the number densities ni of the different species i as a function 

of time, by solving the corresponding continuity equations: 

 

𝑑𝑛"
𝑑𝑡 = NO𝑎",5Q − 𝑎",5R S	𝑟5

5UAV

5WX

 

 

where aPi,j and aRi,j are the stoichiometric coefficients of species i in reaction j for the products and 

reactants, respectively. The reaction rate rj of reaction j was calculated from the number densities 

ni of the reactants and the corresponding stoichiometric coefficients aRi,j: 

 

𝑟5 = 𝑘5Z 𝑛"
K[,\
]

"
 

 

where kj is the rate coefficient of reaction j. The rate coefficients were taken from literature or, in 

the case of electron impact reactions, were calculated from the electron impact cross sections and 

the electron energy distribution function through BOLSIG+,12 a numerical solver for the steady-

state Boltzmann equation for electrons. 

To simulate the DBD plasma, the 0D DBD model developed by van ‘t Veer et al.13,14 was 

used, which was developed specifically for use in combination with the ZDPlasKin solver. In this 

model, the DBD reactor is treated as a plug flow reactor, meaning that the species densities only 

change in the axial direction and are constant along the radial dimension. Since each point along 

the axial dimension matches with a certain residence time, the model is solved as a function of 

time, i.e., without real spatial dimensions, hence the 0D model. However, because this time 

dependence is translated into a spatial dependence (along the axial direction) in the plug flow 

reactor, by means of the gas velocity, this model is also called a “quasi-1D model”. Because a 

DBD plasma in CO2/C2H6 mixtures is filamentary, the gas molecules experience these filaments 

when traveling through the DBD reactor. The model simulates these filaments or microdischarges 

in the DBD plasma by applying periodic triangular pulses in power density. These pulses are thus 

characterized by a high power density and are followed by longer periods with a lower (and 

(S6) 

(S7) 



constant) power density, referred to as the afterglows. As such, the experimentally measured 

plasma power is divided over the different pulses and afterglows. For a more detailed description 

of the model, we refer to van ‘t Veer et al.13,14 

The model parameters, such as the plasma power, gas temperature, applied frequency, 

reactor volume, and total gas flow rate, were taken to be the same as in the flow reactor 

experiments. Simulations were performed for a 1:1 CO2 to C2H6 feed gas ratio at atmospheric 

pressure. Although experiments were performed in mixtures of CO2/C2H6/He, the model only 

considered CO2 and C2H6. He is an inert gas and is not expected to participate in the chemical 

reactions. He could only contribute by Penning ionization (i.e., reactions of metastable excited He 

atoms or dimers, causing ionization of CO2 or C2H6, or other molecules) and charge transfer (i.e., 

reaction of He+ or He2+ ions, again causing ionization), but this would not significantly affect the 

results since ion chemistry is typically of lower importance in DBD plasma. Therefore, our model 

of CO2/C2H6 plasma can provide a good picture of the underlying chemistry. 

Table S4 specifies the list of species included in the model. The chemistry set used for the 

plasma chemical kinetics modeling was compiled from reactions used in earlier modeling 

studies15–18 and further extended with various neutral-neutral, ion-ion, ion-neutral, and electron-

ion reactions. In addition, some electron impact cross sections and reaction rate coefficients were 

revised. Table S5 shows the electron impact reactions for which the cross sections have been 

revised. Based on the work of Morillo-Candas et al.,19 the cross sections of CO2 electron impact 

dissociation from Polak and Slovetsky20 were used, instead of the Phelps cross sections21 that were 

used in earlier modeling studies.15–18 The cross sections for electron impact dissociation of C2H6 

and C3H8 derived theoretically by Janev and Reiter22 were found to systematically overestimate 

the destruction of these species. It is important to note that much of the data required to calculate 

these cross sections, including the threshold energies of the different dissociation channels, were 

unavailable and as such Janev and Reiter had to rely on estimates.22 However, we obtained a 

relatively good agreement with the experimental results when using the cross section for electronic 

excitation of C2H6, C2H4, C3H8, and C3H6 from the LXCat database23–25 and assuming the 

corresponding excited states dissociate according to the branching ratios reported in Table S5. 

These branching ratios were chosen so that the relative importance of the different dissociation 

channels at high electron energies was similar to the asymptotic branching ratios estimated by 

Janev and Reiter,22 while also taking into account that the excited states can only dissociate via 



dissociation channels with a reaction enthalpy that is lower than the excitation threshold. Table S6 

lists the reactions used to expand the chemistry set with respect to previous modeling studies,15–18 

as well as the reactions for which different rate coefficients were used. 

As the exact microdischarge duration and number of microdischarge pulses per half cycle 

of the applied power are not known, values similar to those reported in literature for a CO2 plasma 

were used as an approximation.26 The microdischarge duration was set to 15.6 ns and the number 

of microdischarges per half cycle was varied from 200 to 447. The number of microdischarges 

was assumed to increase linearly with plasma power, as higher plasma powers have been reported 

to result in more microdischarges per half cycle.26 Furthermore, a so-called power distribution 

factor (between the high-power microdischarge pulses and the low-power afterglows in between 

them) of 0.3 was assumed, which lies in the range of 0.1-1 recommended by van ‘t Veer et al.13 

The microdischarge volume was estimated to be 0.047 mm3, assuming a cylindrical shape with a 

length equal to the air gap between the electrodes (1.5 mm) and a filament diameter of 0.2 mm, 

based on Bogaerts et al.27  Using these parameters, the minimum and maximum power densities, 

as well as the effective period over which the molecules are exposed to pulses, were calculated by 

the model (Table S7). 

  



Table S4.  List of the species included in the model. 

 
Elements Molecules Radicals Ions Excited species 

H H2 H H+, H-, H2+, H3+  

C  C, C2 C+, C2+  

O O2, O3 O O+, O-, O2+, O2-, O3-, O4+, O4- O2(E1-E2) 

C, H 

CH4, 

C2H2, C2H4, C2H6, 

C3H6, C3H8, 

C4H8, C4H10 

CH, CH2, CH3, 

C2H, C2H3, C2H5, 

C3H5, C3H7, 

C4H9 

CH+, CH2+, CH2-, CH3+, CH4+, CH5+, 

C2H+, C2H2+, C2H3+, C2H4+, C2H5+, C2H6+ 

 

C, O CO, CO2 C2O 
CO+, CO2+, CO3-, CO4-, 

C2O2+, C2O3+, C2O4+ 

CO(E1-E4), 
CO2(Va-Vd), 
CO2(V1-V21) 

H, O H2O, H2O2 OH, HO2 OH+, OH-, H2O+, H3O+  

C, H, O 

CH2O, HCOOH, 
CH3OH, CH3OOH, 

CH2CO, CH3CHO, 
C2H5OH, C2H5OOH, 

C2H5CHO, C3H7OH 

CHO, CH3O, CH3O2, CH2OH, 
HOCH2O, COOH, HCOO, 

CH3CHOH, CH3CO, C2H5O, 
C2H5O2, C2HO, 

C2H5CO, C3H7O, C3H7O2 

CHO+  

 

  



Table S5.  Overview of the electron impact processes for which the cross sections have been 

revised. For the electron impact dissociation reactions of C2H6, C2H4, C3H8, and C3H6, the cross 

sections for excitation to the indicated electronically excited states were used and the excited states 

were assumed to dissociate according to the indicated branching ratios. 

 
Reaction Ref. 

CO2 + e- " CO + O + e- 20 

CO2 + e- " CO(E1) + O + e- 20 

Reaction Branching Ratio From excited state Ref. 

C2H6 + e- " C2H4 + H2 + e- 0.46 C2H6(E1), C2H6(E2) 23,28 

C2H6 + e- " C2H5 + H + e- 0.24 C2H6(E1), C2H6(E2) 23,28 

C2H6 + e- " C2H2 + 2H2 + e- 0.11 C2H6(E1), C2H6(E2) 23,28 

C2H6 + e- " CH3 + CH3 + e- 0.08 C2H6(E1), C2H6(E2) 23,28 

C2H6 + e- " CH4 + CH2 + e- 0.07 C2H6(E1), C2H6(E2) 23,28 

C2H6 + e- " C2H3 + H2 + H + e- 0.04 C2H6(E1), C2H6(E2) 23,28 

C2H4 + e- " C2H2 + H2 + e- 1.00 C2H4(E1) 23,29 

C2H4 + e- " C2H2 + H2 + e- 0.30 C2H4(E2) 23,29 

C2H4 + e- " C2H3 + H2 + e- 0.40 C2H4(E2) 23,29 

C2H4 + e- " C2H2 + 2H + e- 0.20 C2H4(E2) 23,29 

C2H4 + e- " CH4 + C + e- 0.10 C2H4(E2) 23,29 

C2H4 + e- " C2H + H2 + H + e- 0.40 C2H4(E3) 23,29 

C2H4 + e- " CH3 + CH + e- 0.30 C2H4(E3) 23,29 

C2H4 + e- " 2CH2 + e- 0.30 C2H4(E3) 23,29 

C3H8 + e- " C3H6 + H2 + e- 0.34 C3H8(E1), C3H8(E2) 24 

C3H8 + e- " C2H4 + CH4 + e- 0.30 C3H8(E1), C3H8(E2) 24 

C3H8 + e- " C3H7 + H + e- 0.22 C3H8(E1), C3H8(E2) 24 

C3H8 + e- " C2H5 + CH3 + e- 0.04 C3H8(E1), C3H8(E2) 24 

C3H8 + e- " C2H6 + CH2 + e- 0.03 C3H8(E1), C3H8(E2) 24 

C3H6 + e- " C2H2 + CH4 + e- 0.42 C3H6(E1) 25,30 

C3H6 + e- " C2H2 + CH4 + e- 0.22 C3H6(E2) 25,30 

C3H6 + e- " C3H5 + H + e- 0.25 C3H6(E2) 25,30 

C3H6 + e- " C2H4 + CH2 + e- 0.06 C3H6(E2) 25,30 

C3H6 + e- " C2H3 + CH3 + e- 0.06 C3H6(E2) 25,30 

 



Table S6.  Overview of the neutral-neutral, ion-ion, ion-neutral, and electron-ion reactions that 

were added to the chemistry set or for which different rate coefficients were used compared to 

earlier modeling studies.15–18 For each reaction, we list the corresponding rate coefficients and 

the references from which these were adopted. The units of the rate coefficients are in s-1 and 

cm3 s-1 for first and second order reactions, respectively. In the expressions of the rate constants 

Tg denotes the gas temperature in K, Te denotes the average electron temperature in K, and R 

denotes the ideal gas constant in J mole-1 K-1. 

 
 

Neutral-neutral reactions 

Reaction Rate coefficient Ref. 

C2H4 + O " C2H3 + OH 
1.33 × 10?X` I

𝑇b
298

J
X.fX

𝑒𝑥𝑝 i
−1.56 × 10l

	𝑅𝑇b
n 

31 

C2H4 + O " CHO + CH3 
1.50 × 10?X` I

𝑇b
298

J
X.oo

𝑒𝑥𝑝 i
−1.788 × 10q

	𝑅𝑇b
n 

32 

C2H4 + O " CH3CO + H 
9.11 × 10?Xq I

𝑇b
298

J
?r.ls

𝑒𝑥𝑝 i
−8.192 × 10q

	𝑅𝑇b
n 

33 

C2H4 + O " CH2O + CH2 
8.08 × 10?Xq I

𝑇b
298

J
X.ff

𝑒𝑥𝑝 i
−1.20 × 10l

	𝑅𝑇b
n 

33 

C2H4 + O " CH2CO + H2 3.82 × 10-14 34 

C2H4 + O2 " C2H3 + HO2 
7.01 × 10?XX𝑒𝑥𝑝 i

−2.41 × 10o

	𝑅𝑇b
n 

32 

C2H4 + OH " C2H3 + H2O 
2.29 × 10?Xq I

𝑇b
298

J
`.ul

𝑒𝑥𝑝 i
−9.271 × 10q

	𝑅𝑇b
n 

35 

C2H4 + H " C2H5 
1.25 × 10?XX I

𝑇b
298

J
X.ru

𝑒𝑥𝑝 i
−6.067 × 10q

	𝑅𝑇b
n 

36 

C2H4 " C2H3 + H 
2.0 × 10Xv𝑒𝑥𝑝 i

−4.61 × 10o

	𝑅𝑇b
n 

37 

C2H4 " C2H2 + H2 
9.75 × 10Xq I

𝑇b
298

J
r.ll

𝑒𝑥𝑝 i
−3.72 × 10o

	𝑅𝑇b
n 

32 

CH3 + C2H5 " C3H8 5.60 × 10-11 38 

CH3 + C2H5 " C2H4 + CH4 
1.88 × 10?X` I

𝑇b
298

J
?r.or

 
32 

C2H5 + C2H3 " C2H6 + C2H2 0.37 × (6.50 × 10-11) 39, 

40 

C2H5 + H " C2H6 1.66× 10-10 41 

C2H5 " C2H4 + H 
6.86 × 10X` I

𝑇b
298

J
r.fo

𝑒𝑥𝑝 i
−1.55 × 10o

	𝑅𝑇b
n 

36 

CH3 + C2H3 " C3H5 + H 
2.59 × 10?f I

𝑇b
298

J
?X.`o

𝑒𝑥𝑝 i
−3.21 × 10l

	𝑅𝑇b
n 

42 



CH3 + C2H3 " C3H6 1.20 × 10-10 39 

C2H3 + H " C2H4 2.01 × 10-10 43 

C2H3  " C2H2 + H 
2.0 × 10Xl𝑒𝑥𝑝 i

−1.66 × 10o

	𝑅𝑇b
n 

44 

C2H3 + H " C2H2 + H2 3.32 × 10-11 45 

C2H3 + OH " CH3CHO 5.00 × 10-11 32 

C2H3 + OH " CH3CO + H 
2.92 × 10?XX I

𝑇b
298

J
?X.rX

𝑒𝑥𝑝 i
−1.621 × 10q

	𝑅𝑇b
n 

46 

C2H3 + OH " CH3 + CHO 
2.88 × 10?Xr I

𝑇b
298

J
?X.so

𝑒𝑥𝑝 i
−4.166 × 10q

	𝑅𝑇b
n 

46 

C2H3 + OH " CH2CO + H2 
2.22 × 10?X` I

𝑇b
298

J
?X.o`

𝑒𝑥𝑝 i
−3.018 × 10q

	𝑅𝑇b
n 

46 

C2H2 + H " C2H3 
9.13 × 10?X`𝑒𝑥𝑝 i

−1.01 × 10l

	𝑅𝑇b
n 

45 

C2H2 " C2H + H 
2.63 × 10Xo𝑒𝑥𝑝 i

−5.19 × 10o

	𝑅𝑇b
n 

32 

2CH3 " C2H6 
4.08 × 10?XX I

𝑇b
298

J
?r.lr

 
45 

CH3 + H " CH4 3.50 × 10-10 38 

CH3 + CH3CO " C2H6 + CO 0.38 × (1.43 × 10-10) 47 

CH3 " CH2 + H 
1.90 × 10Xv I

𝑇b
298

J
r.rf

𝑒𝑥𝑝 i
−4.59 × 10o

	𝑅𝑇b
n 

48 

CH4 " CH3 + H 
3.72 × 10Xo𝑒𝑥𝑝 i

−4.34 × 10o

	𝑅𝑇b
n 

32 

C2H6 " 2CH3  
1.54 × 10Xs I

𝑇b
298

J
?X.`l

𝑒𝑥𝑝 i
−3.80 × 10o

	𝑅𝑇b
n 

38 

CH + CH " C2H2 1.99 × 10-10 49 

CH + H2 " CH3 
2.01 × 10?Xr I

𝑇b
298

J
r.Xo

 
50 

C3H8 " C2H5 + CH3 
2.78 × 10Xs I

𝑇b
298

J
?X.sr

𝑒𝑥𝑝 i
−3.71 × 10o

	𝑅𝑇b
n 

51 

C3H7 + H " C3H8 6.00 × 10-11 52 

C3H6 + H " C3H7 
6.64 × 10?X`𝑒𝑥𝑝 i

−1.10 × 10l

	𝑅𝑇b
n 

45 

C3H5 + H " C3H6 
2.64 × 10?Xr I

𝑇b
298

J
r.Xs

𝑒𝑥𝑝 i
5.24 × 10`

	𝑅𝑇b
n 

53 

CH + C2H5 " C3H5 + H 
3.8 × 10?s𝑇b?r.sof𝑒𝑥𝑝 i

−33.5
	𝑇b

n 
54 

2C2H5 " C4H10 1.66 × 10-11 45 

C4H10 " C3H7 + CH3 
2.00 × 10Xv𝑒𝑥𝑝 i

−3.40 × 10o

	𝑅𝑇b
n 

45 

C4H10 " C2H5 + C2H5 
2.00 × 10Xv𝑒𝑥𝑝 i

−3.40 × 10o

	𝑅𝑇b
n 

45 



C2H6 + C4H9 " C4H10 + C2H5 
8.30 × 10?Xq𝑒𝑥𝑝 i

−6.28 × 10l

	𝑅𝑇b
n 

55 

C4H10 + O " C4H9 + OH 
7.06 × 10?X` I

𝑇b
298

J
`.lr

𝑒𝑥𝑝 i
−2.30 × 10l

	𝑅𝑇b
n 

56 

C4H10 + OH " C4H9 + H2O 
1.31 × 10?X` I

𝑇b
298

J
X.uq

𝑒𝑥𝑝 i
−3.151 × 10q

	𝑅𝑇b
n 

57 

C4H10 " C4H9 + H 
1.58 × 10Xv𝑒𝑥𝑝 i

−4.10 × 10o

	𝑅𝑇b
n 

37 

C4H10 + HO2 " C4H9 + H2O2 
1.86 × 10?XX𝑒𝑥𝑝 i

−8.11 × 10l

	𝑅𝑇b
n 

58 

C4H10 + H " C4H9 + H2 
3.05 × 10?X` I

𝑇b
298

J
`.ol

𝑒𝑥𝑝 i
−2.92 × 10l

	𝑅𝑇b
n 

59 

C4H10 + CH3 " C4H9 + CH4 
3.01 × 10?Xo I

𝑇b
298

J
q.vo

𝑒𝑥𝑝 i
−3.03 × 10l

	𝑅𝑇b
n 

59 

C4H9 " C4H8 + H 
1.10 × 10Xq I

𝑇b
298

J
r.`o

𝑒𝑥𝑝 i
−1.49 × 10o

	𝑅𝑇b
n 

36 

C4H9 "C2H4 + C2H5 
3.70 × 10Xq𝑒𝑥𝑝 i

−1.20 × 10o

	𝑅𝑇b
n 

45 

C4H9 "C3H6 + CH3 
1.26 × 10X`𝑒𝑥𝑝 i

−1.13 × 10o

	𝑅𝑇b
n 

60 

C4H9 + O2 " C4H8 + HO2 4.48 × 10-13 61 

C2H4 + C2H5 " C4H8 + H 8.63 × 10-17 62 

C2H3 + C2H5 " C4H8 6.50 × 10-11 39 

C3H5 + CH3 " C4H8 
2.72 × 10?XX I

𝑇b
298

J
?r.q`

𝑒𝑥𝑝 i
5.49 × 10`

	𝑅𝑇b
n 

63 

2C4H9 " C4H10 + C4H8 
6.61 × 10?Xr𝑒𝑥𝑝 i

−5.438 × 10q

	𝑅𝑇b
n 

60 

CH3 + C4H9 " CH4 + C4H8 2.46 × 10-11 64 

2C2H4 " C4H8 
6.96 × 10?Xl𝑒𝑥𝑝 i

−1.50 × 10o

	𝑅𝑇b
n 

65 

C3H6 + CH2 " C4H8 
1.35 × 10?XX I

𝑇b
298

J
?r.Xo

𝑒𝑥𝑝 i
−1.18 × 10X

	𝑅𝑇b
n 

66 

C4H8 + H " C4H9 
7.59 × 10?X` I

𝑇b
298

J
r.oX

𝑒𝑥𝑝 i
−1.10 × 10l

	𝑅𝑇b
n 

36 

C4H8 + H " C2H4 + C2H5 
5.71 × 10?XX𝑒𝑥𝑝 i

−1.64 × 10l

	𝑅𝑇b
n 

67 

C4H8 + H " C3H6 + CH3 
6.53 × 10?XX𝑒𝑥𝑝 i

−9.578 × 10q

	𝑅𝑇b
n 

67 

CHO + H "CH2O 
7.77 × 10?Xl𝑒𝑥𝑝 i

1.90 × 10l

	𝑅𝑇b
n 

68 

CH2OH " CH2O + H 
1.16 × 10Xu I

𝑇b
298

J
?u.XX

𝑒𝑥𝑝 i
−1.84 × 10o

	𝑅𝑇b
n 

69 

CH3O " CH2O + H 
1.69 × 10Xl I

𝑇b
298

J
?r.qf

𝑒𝑥𝑝 i
−1.10 × 10o

	𝑅𝑇b
n 

36 



CH3 + OH "CH3OH 1.00 × 10-10 38 

CH3 + CO " CH3CO 
8.40 × 10?Xq𝑒𝑥𝑝 i

−2.88 × 10l

	𝑅𝑇b
n 

38 

CH2O + O2 " CHO + HO2 
3.40 × 10?XX𝑒𝑥𝑝 i

−1.63 × 10o

	𝑅𝑇b
n 

32 

H + CH3CHO " CH3CO + H2 
6.64 × 10?XX𝑒𝑥𝑝 i

−1.76 × 10l

	𝑅𝑇b
n 

45 

CH3CO + H " CH3CHO 
1.50 × 10?Xr I

𝑇b
298

J
r.Xv

 
46 

C2H5 + O2 " CH3CHO + OH 
1.0 × 10?Xq𝑒𝑥𝑝 i

−2.87 × 10l

	𝑅𝑇b
n 

32 

CH3CHO + H " CO + H2 + CH3 
4.88 × 10?Xq I

𝑇b
298

J
`.uo

𝑒𝑥𝑝 i
−4.041 × 10q

	𝑅𝑇b
n 

70 

CH3CHO + O2 " CH3CO + HO2 
5.0 × 10?XX𝑒𝑥𝑝 i

−1.64 × 10o

	𝑅𝑇b
n 

44 

CH3CHO + C2H3 " C2H4 + CH3CO 
1.35 × 10?Xq𝑒𝑥𝑝 i

−1.54 × 10l

	𝑅𝑇b
n 

71 

CH + H2O " CH2OH 
9.48 × 10?X`𝑒𝑥𝑝 i

3.159 × 10q

	𝑅𝑇b
n 

72 

CH3CO + O2 " CO2 + CH3O 
7.37 × 10?Xl𝑒𝑥𝑝 i

4.506 × 10q

	𝑅𝑇b
n 

73 

CH3O + H " CH3OH 
1.59 × 10?Xr I

𝑇b
298

J
r.`l

𝑒𝑥𝑝 i
2.17 × 10`

	𝑅𝑇b
n 

74 

CH3O + HO2 " CH3OH + O2 4.70 × 10-11 75 

CO + CH3O " CH2O + CHO 3.26 × 10-33 76 

CH3CHO + H" CH4 + CHO 8.80 × 10-14 77 

CHO + H " O + CH2 
6.61 × 10?XX𝑒𝑥𝑝 i

−4.29 × 10o

	𝑅𝑇b
n 

78 

CHO " CO + H 
2.0 × 10o𝑒𝑥𝑝 i

−1.10 × 10o

	𝑅𝑇b
n 

79 

CH3 + CHO " CH3CHO 3.01 × 10-11 32 

CH3 + O2 " CH2O + OH 
2.81 × 10?Xq𝑒𝑥𝑝 i

−4.14 × 10l

	𝑅𝑇b
n 

80, 

81 

CH3 + OH " CH2O + H2 
2.59 × 10?Xq I

𝑇b
298

J
?r.oq

𝑒𝑥𝑝 i
−4.52 × 10l

	𝑅𝑇b
n 

82 

CH3O + CH3CO " CH2O + CH3CHO 1.0 × 10-11 32 

CH3O2 + HO2 " CH2O + H2O + O2 
1.60 × 10?Xo𝑒𝑥𝑝 i

−1.44 × 10l

	𝑅𝑇b
n 

83 

CH3O2 + CH2OH " CH2O + CH3OOH 
4.75 × 10?Xs I

𝑇b
298

J
`.vf

𝑒𝑥𝑝 i
−1.43 × 10l

	𝑅𝑇b
n 

84 

CH3O2 " CH2O + OH 
5.86 × 10Xr I

𝑇b
298

J
`.fs

𝑒𝑥𝑝 i
−1.63 × 10o

	𝑅𝑇b
n 

85 



C3H5 + O2 " CH2O + C2H2 + OH 
3.37 × 10?Xr I

𝑇b
298

J
?`.ur

𝑒𝑥𝑝 i
−1.05 × 10o

	𝑅𝑇b
n 

86 

CH3OH + OH " CH2O + H2O + H 
1.10 × 10?X` I

𝑇b
298

J
X.ll

𝑒𝑥𝑝 i
−4.74 × 10`

	𝑅𝑇b
n 

87 

CH2O + H " CH2OH 
2.41 × 10?Xq I

𝑇b
298

J
?X.lr

𝑒𝑥𝑝 i
−2.17 × 10l

	𝑅𝑇b
n 

69 

CH2O + H " CH3O 
3.99 × 10?XX𝑒𝑥𝑝 i

−1.72 × 10l

	𝑅𝑇b
n 

36 

HCOOH " CO + H2O 
9.12 × 10X`𝑒𝑥𝑝 i

−2.52 × 10o

	𝑅𝑇b
n 

88 

CH2OH + HO2 " HCOOH + H2O 
1.18 × 10?XX I

𝑇b
298

J
r.X`

𝑒𝑥𝑝 i
−1.9 × 10q

	𝑅𝑇b
n 

89 

CH3CHOH + O " HCOOH + CH3 
3.90 × 10?Xr I

𝑇b
298

J
r.Xs

𝑒𝑥𝑝 i
−4.07
	𝑅𝑇b

n 
90 

CH3O2 + CH2OH " HCOOH + CH3OH 
2.34 × 10?Xu I

𝑇b
298

J
`.ul

𝑒𝑥𝑝 i
1.49 × 10l

	𝑅𝑇b
n 

84 

CO + H2O " HCOOH 
5.11 × 10?Xo I

𝑇b
298

J
q.Xr

𝑒𝑥𝑝 i
−2.43 × 10o

	𝑅𝑇b
n 

91 

CH2O + OH " HCOOH + H 2.01 × 10-13 92 

HCOOH " CO2 + H2 
4.46 × 10Xq𝑒𝑥𝑝 i

−2.86 × 10o

	𝑅𝑇b
n 

93 

HCOOH + OH " H2O + HCOO 
2.26 × 10?Xl𝑒𝑥𝑝 i

−6.535 × 10q

	𝑅𝑇b
n 

94 

HCOOH + OH " COOH + H2O 
9.85 × 10?Xq𝑒𝑥𝑝 i

−8.614 × 10q

	𝑅𝑇b
n 

94 

CO + H2O2 " COOH + OH 
9.60 × 10?Xl I

𝑇b
298

J
`.rf

𝑒𝑥𝑝 i
−2.28 × 10l

	𝑅𝑇b
n 

95 

CO + OH " COOH 
9.34 × 10?Xq I

𝑇b
298

J
?q.o

𝑒𝑥𝑝 i
−5.478 × 10q

	𝑅𝑇b
n 

96 

COOH + O2 " CO2 + HO2 2.09 × 10-12 97 

COOH " CO + OH 
29.85 I

𝑇b
298

J
r.Xq

𝑒𝑥𝑝 i
−1.53 × 10o

	𝑅𝑇b
n 

98 

COOH " CO2 + H 
1.25 × 10` I

𝑇b
298

J
r.lX

𝑒𝑥𝑝 i
−1.48 × 10o

	𝑅𝑇b
n 

98 

COOH + O " CO2 + OH  1.44 × 10-11 99 

COOH + OH " CO2 + H2O 1.03 × 10-11 100 

HCOO " CO + OH 
1.21 × 10Xl I

𝑇b
298

J
r.oq

𝑒𝑥𝑝 i
−1.42 × 10o

	𝑅𝑇b
n 

101 

HCOO " CO2 + H 
1.0 × 10Xq I

𝑇b
298

J
r.qX

𝑒𝑥𝑝 i
−1.38 × 10o

	𝑅𝑇b
n 

101 

CH3O2 + CH2OH "CH3O + HOCH2O 
1.67 × 10?Xq I

𝑇b
298

J
r.sf

𝑒𝑥𝑝 i
1.04 × 10l

	𝑅𝑇b
n 

84 

CH2O + OH " HOCH2O 
1.13 × 10?Xq I

𝑇b
298

J
X.vq

𝑒𝑥𝑝 i
−1.79 × 10l

	𝑅𝑇b
n 

102 



HOCH2O " HCOOH + H 
1.0 × 10Xl𝑒𝑥𝑝 i

−6.24 × 10l

	𝑅𝑇b
n 

103 

O2 + HOCH2O " HCOOH + HO2 3.50 × 10-14 104 

CH2CO + CH2 " C2H4 + CO 2.09 × 10-10 105 

CH2CO + H " CH3CO 
2.66 × 10?XX𝑒𝑥𝑝 i

−6.279 × 10q

	𝑅𝑇b
n 

106 

CH2CO + OH  " CH2O + CHO 4.65 × 10-11 107 

CH2CO + CH3 " CO + C2H5 
9.54 × 10?Xl I

𝑇b
298

J
`.`f

𝑒𝑥𝑝 i
−4.45 × 10l

	𝑅𝑇b
n 

108 

CH2CO + CH2 " CH3 + C2HO 1.0 × 10-17 109 

CH2CO + O " C2HO + OH 
3.11 × 10?Xr𝑒𝑥𝑝 i

−6.98 × 10l

	𝑅𝑇b
n 

110 

CH2CO + CH3 " CH4 + C2HO 
5.94 × 10?Xl I

𝑇b
298

J
q.qs

𝑒𝑥𝑝 i
−4.40 × 10l

	𝑅𝑇b
n 

108 

2CH3CO " CH3CHO + CH2CO 1.49 × 10-11 111 

CH3 + CH3CO " CH4 + CH2CO 1.01 × 10-11 111 

CH3CHO "CH2CO + H2 
3.0 × 10Xl𝑒𝑥𝑝 i

−3.51 × 10o

	𝑅𝑇b
n 

112 

CH3CO " CH2CO + H 
6.54 × 10?l I

𝑇b
298

J
?l.ql

𝑒𝑥𝑝 i
−1.94 × 10o

	𝑅𝑇b
n 

113 

OH + C2HO " CH2CO + O 
1.76 × 10?Xq I

𝑇b
298

J
X.ff

𝑒𝑥𝑝 i
−4.72 × 10l

	𝑅𝑇b
n 

110 

C2H5O + H " C2H5OH 
8.32 × 10?XX I

𝑇b
298

J
r.sf

𝑒𝑥𝑝 i
−54.04
	𝑅𝑇b

n 
114 

CH3 + CH2OH " C2H5OH 2.01 × 10-11 115 

C2H5 + OH " C2H5OH 1.28 × 10-10 116 

C2H5O + C2H6 " C2H5OH + C2H5 
4.0 × 10?Xq𝑒𝑥𝑝 i

−2.968 × 10l

	𝑅𝑇b
n 

Rate Coefficient taken from: 

 CH3O + C2H6 " CH3OH + C2H5 

32 

C2H5O + CHO " C2H5OH + CO 1.50 × 10-10 

Rate Coefficient taken from: 

CH3O + CHO " CH3OH + CO 

32 

C2H5O  " CH2O + CH3 
1.0 × 10Xo𝑒𝑥𝑝 i

−9.06 × 10l

	𝑅𝑇b
n 

117 

C2H5OH + H " C2H5 + H2O 
9.80 × 10?Xq𝑒𝑥𝑝 i

−1.45 × 10l

	𝑅𝑇b
n 

118 

C2H5OH + OH " C2H5O + H2O 
1.67 × 10?Xl I

𝑇b
298

J
q.Xo

𝑒𝑥𝑝 i
2.380 × 10q

	𝑅𝑇b
n 

119 

C2H5OH  " C2H4 + H2O 
6.91 × 10Xv I

𝑇b
298

J
?q.vs

𝑒𝑥𝑝 i
−2.96 × 10o

	𝑅𝑇b
n 

120 



C2H5OH  " CH3 + CH2OH 
7.91 × 10`l I

𝑇b
298

J
?Xr.of

𝑒𝑥𝑝 i
−4.22 × 10o

	𝑅𝑇b
n 

120 

C2H5OH  " C2H5 + OH 
1.34 × 10Xu I

𝑇b
298

J
?`.Xv

𝑒𝑥𝑝 i
−4.04 × 10o

	𝑅𝑇b
n 

121 

C2H5OH  " C2H5O + H 
1.53 × 10Xv I

𝑇b
298

J
r.qX

𝑒𝑥𝑝 i
−4.24 × 10o

	𝑅𝑇b
n 

114 

C2H5OH " CH3CHOH + H 
1.57 × 10Xv I

𝑇b
298

J
?r.`s

𝑒𝑥𝑝 i
−3.93 × 10o

	𝑅𝑇b
n 

114 

C2H5OH + H " CH3CHOH + H2 
1.64 × 10?XX I

𝑇b
298

J
?r.qq

𝑒𝑥𝑝 i
−2.25 × 10l

	𝑅𝑇b
n 

119 

C2H5OH + OH " CH3CHOH + H2O 
1.38 × 10?X` I

𝑇b
298

J
X.Xq

𝑒𝑥𝑝 i
1.903 × 10q

	𝑅𝑇b
n 

119 

C2H5OH + HO2 " CH3CHOH + H2O2 
3.09 × 10?Xr I

𝑇b
298

J
?X.sX

𝑒𝑥𝑝 i
−6.89 × 10l

	𝑅𝑇b
n 

119 

C2H5OH + CH3 " CH4 + CH3CHOH 
8.87 × 10?Xo I

𝑇b
298

J
q.qu

𝑒𝑥𝑝 i
−3.29 × 10l

	𝑅𝑇b
n 

119 

C2H5OH + O " CH3CHOH + OH 1.03 × 10-13 122 

C2H5O " CH3CHO + H 
1.07 × 10Xl I

𝑇b
298

J
?r.vf

𝑒𝑥𝑝 i
−9.30 × 10l

	𝑅𝑇b
n 

36 

C2H5O + C2H5O2 " CH3CHO + C2H5OOH 1.54 × 10-11 123 

C2H5O + H " CH3 + CH2OH 
1.23 × 10?Xr I

𝑇b
298

J
r.ur

𝑒𝑥𝑝 i
−1.447 × 10q

	𝑅𝑇b
n 

114 

C2H5O + H " C2H5 + OH 
1.25 × 10?X` I

𝑇b
298

J
X.`u

𝑒𝑥𝑝 i
−1.305 × 10q

	𝑅𝑇b
n 

114 

C2H5O + H " CH3CHO + H2 
8.69 × 10?X` I

𝑇b
298

J
X.Xo

𝑒𝑥𝑝 i
−2.819 × 10q

	𝑅𝑇b
n 

114 

C2H5O + H " C2H4 + H2O 
9.69 × 10?X` I

𝑇b
298

J
?r.sX

𝑒𝑥𝑝 i
−2.985 × 10q

	𝑅𝑇b
n 

114 

C2H5O + H " CH2O + CH4 
3.88 × 10?Xv I

𝑇b
298

J
`.`X

𝑒𝑥𝑝 i
7.52 × 10`

	𝑅𝑇b
n 

114 

CH3CHO + H " C2H5O 
1.33 × 10?XX𝑒𝑥𝑝 i

−2.68 × 10l

	𝑅𝑇b
n 

36 

CH2O + CH3 " C2H5O 
4.98 × 10?Xq𝑒𝑥𝑝 i

−2.65 × 10l

	𝑅𝑇b
n 

36 

C2H5 + O2 " C2H5O + O 
6.14 × 10?X` I

𝑇b
298

J
?r.`r

𝑒𝑥𝑝 i
−1.17 × 10o

	𝑅𝑇b
n 

124 

C2H5 + HO2 " C2H5O + OH 4.98 × 10-11 124 

C2H5O2 + O3 " C2H5O + 2O2 9.27 × 10-18 125 

2C2H5O2 " CH3CHO + C2H5O + HO2 
1.21 × 10?Xo𝑒𝑥𝑝 i

−0.07
	𝑅𝑇b

n 
126 

C2H5O2  " C2H5O + O 
1.78 × 10Xo I

𝑇b
298

J
?r.rf

𝑒𝑥𝑝 i
−2.58 × 10o

	𝑅𝑇b
n 

127 



C2H5 + O " C2H5O 
6.31 × 10?XX I

𝑇b
298

J
r.rq

𝑒𝑥𝑝 i
1.648 × 10q

	𝑅𝑇b
n 

128 

C2H5 + O3 " C2H5O + O2 3.32 × 10-14 129 

C2H5OOH " C2H5O + OH 
4.0 × 10Xo𝑒𝑥𝑝 i

−1.80 × 10o

	𝑅𝑇b
n 

38 

CH3CHOH + O2 " CH3CHO + HO2 1.90 × 10-11 130 

CH3CHOH + O " CH3CHO + OH 3.16 × 10-10 131 

CH3CHOH + H " CH3CHO + H2 3.32 × 10-11 131 

CH3CHOH + H " CH3 + CH2OH 
8.99 × 10?Xr I

𝑇b
298

J
?r.sf

𝑒𝑥𝑝 i
−1.21 × 10l

	𝑅𝑇b
n 

114 

CH3CHOH + H " C2H5O + H 
9.31 × 10?Xv I

𝑇b
298

J
`.fl

𝑒𝑥𝑝 i
−3.55 × 10l

	𝑅𝑇b
n 

114 

CH3CHOH + H " C2H5 + OH 
3.55 × 10?XX I

𝑇b
298

J
?r.sq

𝑒𝑥𝑝 i
−2.01 × 10l

	𝑅𝑇b
n 

114 

CH3CHOH + H " C2H4 + H2O 
2.63 × 10?Xr I

𝑇b
298

J
?q.r`

𝑒𝑥𝑝 i
−1.19 × 10l

	𝑅𝑇b
n 

114 

CH3CHOH + H " CH2O + CH4 
8.73 × 10?Xu I

𝑇b
298

J
`.Xr

𝑒𝑥𝑝 i
−8.90 × 10`

	𝑅𝑇b
n 

114 

CH3CHOH + H " C2H5OH 
8.43 × 10?XX I

𝑇b
298

J
r.rv

𝑒𝑥𝑝 i
−1.829 × 10q

	𝑅𝑇b
n 

114 

CH3CHOH  " CH3CHO + H 
1.20 × 10Xo I

𝑇b
298

J
?o.Xf

𝑒𝑥𝑝 i
−1.49 × 10o

	𝑅𝑇b
n 

132 

CH3CHOH  " CH2O + CH3 
1.49 × 10Xq I

𝑇b
298

J
?q.of

𝑒𝑥𝑝 i
−1.45 × 10o

	𝑅𝑇b
n 

132 

C2H5O " CH3CHOH 
1.87 I

𝑇b
298

J
X`.lr

𝑒𝑥𝑝 i
−1.77 × 10l

	𝑅𝑇b
n 

133 

CH3CHO + H " CH3CHOH 
8.02 × 10?Xq I

𝑇b
298

J
`.`r

𝑒𝑥𝑝 i
−3.14 × 10l

	𝑅𝑇b
n 

70 

CH3CHO + HO2 " CH3CHOH + O2 
4.19 × 10?Xr I

𝑇b
298

J
?X.sr

𝑒𝑥𝑝 i
−1.09 × 10o

	𝑅𝑇b
n 

134 

C3H7O " C2H5CHO + H 
6.38 × 10X` I

𝑇b
298

J
r.uo

𝑒𝑥𝑝 i
−8.81 × 10l

	𝑅𝑇b
n 

36 

C3H7O " CH2O + C2H5 
2.36 × 10Xo I

𝑇b
298

J
?`.lo

𝑒𝑥𝑝 i
−7.10 × 10l

	𝑅𝑇b
n 

36 

C3H7O + O2 " C2H5CHO + HO2 
1.40 × 10?Xl𝑒𝑥𝑝 i

−9.15 × 10`

	𝑅𝑇b
n 

135 

C3H7 + HO2 " OH + C3H7O 4.00 × 10-11 51 

C2H5CHO + H " C3H7O 
6.64 × 10?X`𝑒𝑥𝑝 i

−2.62 × 10l

	𝑅𝑇b
n 

36 

CH2O + C2H5 " C3H7O 
1.66 × 10?Xq𝑒𝑥𝑝 i

−1.46 × 10l

	𝑅𝑇b
n 

36 

C3H7 + OH " C3H7OH 4.00 × 10-11 51 

CH2OH + C2H5 " C3H7OH 2.01 × 10-11 115 



C3H7OH + OH " H2O + C3H7O 
3.23 × 10?Xl𝑒𝑥𝑝 i

4.008 × 10q

	𝑅𝑇b
n 

136 

C3H7OH " C2H5 + CH2OH 
2.70 × 10Xv𝑒𝑥𝑝 i

−3.47 × 10o

	𝑅𝑇b
n 

137 

C3H7OH " C3H6 + H2O 
3.95 × 10Xq I

𝑇b
298

J
r.or

𝑒𝑥𝑝 i
−2.51 × 10o

	𝑅𝑇b
n 

138 

C3H7 + O2 " C3H7O2 
1.15 × 10?X` I

𝑇b
298

J
r.or

𝑒𝑥𝑝 i
4.656 × 10q

	𝑅𝑇b
n 

139 

C3H6 + HO2 " C3H7O2 
9.62 × 10?Xu I

𝑇b
298

J
q.`u

𝑒𝑥𝑝 i
−4.10 × 10l

	𝑅𝑇b
n 

140 

C3H7O2 " C3H7 + O2 
7.46 × 10`X I

𝑇b
298

J
?X`.oX

𝑒𝑥𝑝 i
−1.77 × 10o

	𝑅𝑇b
n 

141 

C3H7O2 " C2H5CHO + OH 
1.74 × 10XX I

𝑇b
298

J
`.qX

𝑒𝑥𝑝 i
1.54 × 10o

	𝑅𝑇b
n 

85 

C3H7O2 " C3H6 + HO2 
6.06 × 10`r I

𝑇b
298

J
?Xq.rq

𝑒𝑥𝑝 i
−1.76 × 10o

	𝑅𝑇b
n 

141 

C2H5CO " C2H5 + CO 
2.09 × 10Xq𝑒𝑥𝑝 i

−6.15 × 10l

	𝑅𝑇b
n 

142 

CH2CO " CO + CH2 
3.00 × 10Xl𝑒𝑥𝑝 i

−2.97 × 10o

	𝑅𝑇b
n 

45 

C2H5 + O2 " C2H5O2  
1.09 × 10?u I

𝑇b
298

J
?Xr.qr

𝑒𝑥𝑝 i
−2.54 × 10l

	𝑅𝑇b
n 

124 

C2H5O2 " C2H5 + O2 
5.30 × 10Xo I

𝑇b
298

J
?r.sq

𝑒𝑥𝑝 i
−1.43 × 10o

	𝑅𝑇b
n 

143 

C2H5O2 " CH3CHO + OH 
7.27 × 10Xr I

𝑇b
298

J
`.vq

𝑒𝑥𝑝 i
−1.55 × 10o

	𝑅𝑇b
n 

85 

C3H7 + O2 " C2H5CHO + OH 1.83 × 10-16 144 

C2H5 + CHO " C2H5CHO 3.01 × 10-11 32 

CO + C2H5 " C2H5CO 
2.51 × 10?Xq𝑒𝑥𝑝 i

−2.01 × 10l

	𝑅𝑇b
n 

32 

C2H5CHO + O " OH + C2H5CO 
9.43 × 10?X`𝑒𝑥𝑝 i

6.452 × 10q

	𝑅𝑇b
n 

145 

C2H5CHO + O2 " HO2 + C2H5CO 5.65 × 10-23 146 

C2H5CHO + OH " H2O + C2H5CO 1.85 × 10-11 147 

C2H5CHO + HO2 " H2O2 + C2H5CO 2.52 × 10-15 148 

C2H5CHO + C2H5 " C2H6 + C2H5CO 
8.32 × 10?Xl𝑒𝑥𝑝 i

−2.63 × 10l

	𝑅𝑇b
n 

80, 

149 

Ion-ion reactions 

Reaction Rate coefficient Ref. 

H- + CHO+ " 2H + CO 
3.76 × 10?s I

𝑇b
300

J
?r.or

 
150 

H- + CHO+ " H + CHO 
3.76 × 10?s I

𝑇b
300

J
?r.or

 
150 



O- + CHO+ " O + H + CO 
3.76 × 10?s I

𝑇b
300

J
?r.or

 
150 

O- + CHO+ " O + CHO 
3.76 × 10?s I

𝑇b
300

J
?r.or

 
150 

O2- + CHO+ " O2 + H + CO 
3.76 × 10?s I

𝑇b
300

J
?r.or

 
150 

O2- + CHO+ " O2 + CHO 
3.76 × 10?s I

𝑇b
300

J
?r.or

 
150 

OH- + CHO+ " OH + H + CO 
3.76 × 10?s I

𝑇b
300

J
?r.or

 
150 

OH- + CHO+ " OH + CHO 
3.76 × 10?s I

𝑇b
300

J
?r.or

 
150 

O- + C+ " C + O 
7.51 × 10?s I

𝑇b
300

J
?r.or

 
150 

O- + C2H2+ " O + C2H2 
7.51 × 10?s I

𝑇b
300

J
?r.or

 
150 

O- + C2H3+ " O + C2H3 
7.51 × 10?s I

𝑇b
300

J
?r.or

 
150 

O- + CH3+ " O + CH3 
7.51 × 10?s I

𝑇b
300

J
?r.or

 
150 

O2- + C+ " C + O2 
7.51 × 10?s I

𝑇b
300

J
?r.or

 
150 

O2- + C2H2+ " O2 + C2H2 
7.51 × 10?s I

𝑇b
300

J
?r.or

 
150 

O2- + C2H3+ " O2 + C2H3 
7.51 × 10?s I

𝑇b
300

J
?r.or

 
150 

O2- + CH3+ " O2 + CH3 
7.51 × 10?s I

𝑇b
300

J
?r.or

 
150 

OH- + C2H2+ " OH + C2H2 
7.51 × 10?s I

𝑇b
300

J
?r.or

 
150 

OH- + C2H3+ " OH + C2H3 
7.51 × 10?s I

𝑇b
300

J
?r.or

 
150 

OH- + CH3+ " OH + CH3 
7.51 × 10?s I

𝑇b
300

J
?r.or

 
150 

H- + C2H2+ " H + C2H2 
7.51 × 10?s I

𝑇b
300

J
?r.or

 
150 

H- + C2H3+ " H + C2H3 
7.51 × 10?s I

𝑇b
300

J
?r.or

 
150 

H- + CH3+ " H + CH3 
7.51 × 10?s I

𝑇b
300

J
?r.or

 
150 

H- + H3O+ " 2H + H2O 
7.51 × 10?s I

𝑇b
300

J
?r.or

 
150 

Ion-neutral reactions 

Reaction Rate coefficient Ref. 

O- + O2 " O2- + O 7.30 × 10-10 150 

CH2 + O- " CH2O + e- 5.00 × 10-10 150 



CH + O- " CHO + e- 5.00 × 10-10 150 

C+ + C3H6 " C2H2+ + C2H4 3.00 × 10-10 150 

C+ + C3H6 " C2H3+ + C2H3 6.00 × 10-10 150 

H3+ + C2H5OH " C2H3+ + H2O + 2H2 
4.00 × 10?Xr I

𝑇b
300

J
?r.or

 
150 

H3+ + C3H6 " C2H3+ + CH4 + H2 9.00 × 10-10 150 

H3+ + CH3CHO " C2H3+ + H2 + H2O 
8.97 × 10?Xr I

𝑇b
300

J
?r.or

 
150 

C+ + CH3OH " CHO + CH3+ 
2.08 × 10?f I

𝑇b
300

J
?r.or

 
150 

CH+ + CH3OH " CH2O + CH3+ 
1.45 × 10?f I

𝑇b
300

J
?r.or

 
150 

CH+ + CH2O " CO + CH3+ 
9.60 × 10?Xr I

𝑇b
300

J
?r.or

 
150 

CH2+ + CHO " CO + CH3+ 
4.50 × 10?Xr I

𝑇b
300

J
?r.or

 
150 

H+ + CH3OH " CH3+ + H2O 
5.90 × 10?Xr I

𝑇b
300

J
?r.or

 
150 

H3+ + C2H5OH " CH3+ + CH4 + H2O 
1.50 × 10?f I

𝑇b
300

J
?r.or

 
150 

H3+ + CH3CHO " CH3+ + CH3OH 
1.45 × 10?f I

𝑇b
300

J
?r.or

 
150 

H3+ + CH3OH " CH3+ + H2O + H2 
3.71 × 10?f I

𝑇b
300

J
?r.or

 
150 

C+ + CHO " CHO+ + C 
4.80 × 10?Xr I

𝑇b
300

J
?r.or

 
150 

C2+ + CHO " CHO+ + C2 
3.80 × 10?Xr I

𝑇b
300

J
?r.or

 
150 

C2H2+ + CHO " CHO+ + C2H2 
5.00 × 10?Xr I

𝑇b
300

J
?r.or

 
150 

CH+ + CHO " CHO+ + CH 
4.60 × 10?Xr I

𝑇b
300

J
?r.or

 
150 

CH3+ + CHO " CH3 + CHO+ 
4.40 × 10?Xr I

𝑇b
300

J
?r.or

 
150 

CO+ + CHO " CO + CHO+ 
7.40 × 10?Xr I

𝑇b
300

J
?r.or

 
150 

H+ + CHO " CHO+ + H 
9.40 × 10?Xr I

𝑇b
300

J
?r.or

 
150 

H2+ + CHO " CHO+ + H2 
1.00 × 10?f I

𝑇b
300

J
?r.or

 
150 

H2O+ + CHO " CHO+ + H2O 
2.80 × 10?Xr I

𝑇b
300

J
?r.or

 
150 

CHO + O2+ " CHO+ + O2 
3.60 × 10?Xr I

𝑇b
300

J
?r.or

 
150 

O+ + CHO " CHO+ + O 
4.30 × 10?Xr I

𝑇b
300

J
?r.or

 
150 



OH+ + CHO " OH + CHO+ 
2.80 × 10?Xr I

𝑇b
300

J
?r.or

 
150 

C+ + CH2O " CHO+ + CH 
7.80 × 10?Xr I

𝑇b
300

J
?r.or

 
150 

C+ + H2O " CHO+ + H 
9.00 × 10?Xr I

𝑇b
300

J
?r.or

 
150 

C2H + CO+ " CHO+ + C2 3.90 × 10-10 150 

C + H3O+ " CHO+ + H2 1.00 × 10-11 150 

CH+ + CO2 " CHO+ + CO 1.60 × 10-9 150 

CH+ + CH2O " CHO+ CH2 
9.60 × 10?Xr I

𝑇b
300

J
?r.or

 
150 

CH+ + H2O " CHO+ + H2 
2.90 × 10?f I

𝑇b
300

J
?r.or

 
150 

CH+ + O2 " CHO+ + O 9.70 × 10-10 150 

CH2+ + CH2O " CHO+ + CH3 
2.81 × 10?f I

𝑇b
300

J
?r.or

 
150 

CH2+ + O2 " CHO+ + OH 9.10 × 10-10 150 

CH2+ + O " CHO+ + H 7.50 × 10-10 150 

CH2 + CO+ " CHO+ + CH 4.30 × 10-10 150 

CH3+ + CH2O " CHO+ + CH4 
1.60 × 10?f I

𝑇b
300

J
?r.or

 
150 

CH3+ + O " CHO+ + H2 4.00 × 10-10 150 

CH4+ + CO " CHO+ + CH3 1.40 × 10-9 150 

CH4 + CO+ " CHO+ + CH3 4.55 × 10-10 150 

CH5+ + CO " CHO+ + CH4 1.00 × 10-9 150 

CH + CO+ " CHO+ + C 
3.20 × 10?Xr I

𝑇b
300

J
?r.or

 
150 

CH + O2+ " CHO+ + O 
3.10 × 10?Xr I

𝑇b
300

J
?r.or

 
150 

CO+ + CH2O " CHO+ + CHO 
1.65 × 10?f I

𝑇b
300

J
?r.or

 
150 

H+ + CH3OH " CHO+ + 2H2 
8.85 × 10?Xr I

𝑇b
300

J
?r.or

 
150 

H+ + CO2 " CHO+ + O 3.50 × 10-9 150 

H+ + CH2O " CHO+ + H2 
3.57 × 10?f I

𝑇b
300

J
?r.or

 
150 

H2+ + CO " CHO+ + H 2.16 × 10-9 150 

H2+ + CH2O " CHO+ + H2 + H 
1.40 × 10?f I

𝑇b
300

J
?r.or

 
150 

H2 + CO+ " CHO+ + H 7.50 × 10-10 150 

CH2O + O2+ " O2 + CHO+ + H 
2.30 × 10?Xr I

𝑇b
300

J
?r.or

 
150 

H2O+ + CO " CHO+ + OH 5.00 × 10-10 150 



H2O + CO+ " CHO+ + OH 
8.84 × 10?Xr I

𝑇b
300

J
?r.or

 
150 

H3+ + CO " CHO+ + H2 
1.36 × 10?f I

𝑇b
300

J
?r.Xl

𝑒𝑥𝑝 i
3.40
	𝑇b

n 
150 

H + CO2+ " CHO+ + O 2.90 × 10-10 150 

O+ + CH2O " CHO+ + OH 
1.40 × 10?f I

𝑇b
300

J
?r.or

 
150 

C2H2 + O2+ " CHO+ + H + CO 6.50 × 10-11 150 

O + C2H+ " CHO+ + C 3.30 × 10-10 150 

O + C2H2+ " CHO+ + CH 8.50 × 10-11 150 

O + C2H4+ "CHO+ + CH3 8.40 × 10-11 150 

OH+ + CO " CHO+ + O 1.05 × 10-9 150 

OH + CO+ " CHO+ + O 
3.10 × 10?Xr I

𝑇b
300

J
?r.or

 
150 

C2 + CHO+ " CO + C2H+ 8.30 × 10-10 150 

C2H2 + CHO+ " C2H3+ + CO 1.40 × 10-9 150 

C2H3 + CHO+ " C2H4+ + CO 
1.40 × 10?f I

𝑇b
300

J
?r.or

 
150 

C2H4 + CHO+ " C2H5+ + CO 1.40 × 10-9 150 

C2H + CHO+ " C2H2+ + CO 7.80 × 10-10 150 

C + CHO+ " CH+ + CO 1.10 × 10-9 150 

CH2 + CHO+ " CO + CH3+ 8.60 × 10-10 150 

CH + CHO+ " CO + CH2+ 
6.30 × 10?Xr I

𝑇b
300

J
?r.or

 
150 

H2O + CHO+ " CO + H3O+ 
2.50 × 10?f I

𝑇b
300

J
?r.or

 
150 

CHO+ + C2H5 " C2H6+ + CO 1.40 × 10-9 150 

OH + CHO+ " CO + H2O+ 
6.20 × 10?Xr I

𝑇b
300

J
?r.or

 
150 

Electron-ion dissociative recombination 

Reaction Rate coefficient Ref. 

CHO+ + e- " H + CO 
0.88 × 	2.4	 × 10?u I

𝑇w
300

J
?r.vf

 
151,152 

CHO+ + e- " C + OH 
0.06 × 	2.4	 × 10?u I

𝑇w
300

J
?r.vf

 
151,152 

CHO+ + e- " CH + O 
0.06 × 	2.4	 × 10?u I

𝑇w
300

J
?r.vf

 
151,152 

 

  



Table S7.  Calculated values of the minimum power density that is sustained in the afterglows, the 

maximum power density reached in the pulses, and the effective period by which molecules are 

exposed to pulses, for different plasma powers. 

 
Plasma Power  

(W) 

Minimum power density  

(W cm-3) 

Maximum power density  

(W cm-3) 

Effective pulse period 

 (ms) 

8.0 7.97 3.72 × 105 5.55 

10.4 10.2 4.74 × 105 4.27 

13.8 13.2 6.14 × 105 3.22 

17.9 16.6 7.73 × 105 2.48 

 

  



4. Simulation Results 

 

 

 

 

 

Figure S8.  Calculated selectivity of formic acid at different plasma powers. 

 

 

  



Species Production and Destruction Reactions in Plasma. 

We provide here the main (production and destruction) reactions occurring in the plasma for 

the most important molecules, as well as some radicals.  As a DBD consists of filaments, the 

chemistry is clearly different in these filaments (called pulses; characterized by higher plasma 

power) compared to the space in between filaments (called afterglows; characterized by lower 

plasma power).  

 

4.1. C2H6 

Destruction 

Destruction of C2H6 occurs mainly through electron impact dissociation in the pulses: 

𝐶`𝐻v + 𝑒? → 𝐶`𝐻l + 𝐻` + 𝑒?	 (𝑅1.1) 

𝐶`𝐻v + 𝑒? → 𝐶`𝐻o + 𝐻 + 𝑒? (𝑅1.2) 

𝐶`𝐻v + 𝑒? → 𝐶`𝐻` + 2𝐻` + 𝑒? (𝑅1.3) 

𝐶`𝐻v + 𝑒? → 2𝐶𝐻q + 𝑒? (𝑅1.4) 

𝐶`𝐻v + 𝑒? → 𝐶𝐻l + 𝐶𝐻` + 𝑒? (𝑅1.5) 

𝐶`𝐻v + 𝑒? → 𝐶`𝐻q + 𝐻` + 𝐻 + 𝑒? (𝑅1.6) 

With (preset) branching ratios for electron impact dissociation of (0.46, 0.24, 0.11, 0.08, 0.07 and 

0.04), respectively. 

A smaller, but still relevant amount of C2H6 destruction occurs in the afterglows through reactions 

with radicals: 

𝐶`𝐻v + 𝑂𝐻 → 𝐶`𝐻o + 𝐻`𝑂 (𝑅1.7) 

𝐶`𝐻v + 𝑂 → 𝐶`𝐻o + 𝑂𝐻	 (𝑅1.8) 

𝐶`𝐻v + 𝐻 → 𝐶`𝐻o + 𝐻`	 (𝑅1.9) 



The rates of (R1.1-R1.9) decrease at higher C2H6 conversions, as less C2H6 is available and as a 

higher fraction of the OH, O and H radicals will react away with the formed products. 

Production 

Production of C2H6 occurs mainly in the afterglows through recombination and disproportionation 

reactions with radicals: 

𝐶`𝐻o + 𝐻 → 𝐶`𝐻v	 (𝑅1.10) 

2𝐶𝐻q → 𝐶`𝐻v	 (𝑅1.11) 

2𝐶`𝐻o → 𝐶`𝐻l + 𝐶`𝐻v (𝑅1.12) 

𝐶`𝐻o + 𝐶𝐻𝑂 → 𝐶`𝐻v + 𝐶𝑂	 (𝑅1.13) 

At low conversions, destruction reactions are more important in the afterglows, while at high 

conversions, the productions reactions become more important in the afterglows. 

 

4.2. CO2 

Destruction 

Destruction of CO2 occurs mainly in the pulses by electron impact dissociation: 

𝐶𝑂` + 𝑒? → 𝐶𝑂 + 𝑂 + 𝑒? (𝑅2.1) 

And to some extent in the afterglows through: 

𝐶𝐻` + 𝐶𝑂` → 𝐶𝐻`𝑂 + 𝐶𝑂	 (𝑅2.2) 

Under the investigated conditions and at the calculated CO2 conversions, the formation of CO2 is 

not important relative to its destruction. 

 

 

 

 



4.3. CO 

Production 

The production of CO occurs both in the pulses and in the afterglows. The most important reaction 

in the pulses is electron impact dissociation of CO2 (R2.1): 

𝐶𝑂` + 𝑒? → 𝐶𝑂 + 𝑂 + 𝑒? (𝑅2.1) 

The most important reactions for production of CO in the afterglows are: 

𝐶𝐻` + 𝐶𝑂` → 𝐶𝐻`𝑂 + 𝐶𝑂	 (𝑅2.2) 

𝐶`𝐻o + 𝐶𝐻𝑂 → 𝐶`𝐻v + 𝐶𝑂 (𝑅3.1) 

𝐶`𝐻` + 𝑂 → 𝐶𝐻` + 𝐶𝑂 (𝑅3.2) 

𝐶`𝐻o𝐶𝑂 → 𝐶`𝐻o + 𝐶𝑂	 (𝑅3.3) 

Destruction 

Destruction of CO occurs mainly in the afterglows through reaction: 

𝐶`𝐻o + 𝐶𝑂 → 𝐶`𝐻o𝐶𝑂 (𝑅3.4) 

And to a lesser extent through: 

𝐶𝐻q + 𝐶𝑂 → 𝐶𝐻q𝐶𝑂 (𝑅3.5) 

However, most of the C2H5CO is formed through reaction R3.4 and decomposes back to CO via 

R3.3. As a result, the net reaction does not contribute as much to the formation of CO, compared 

to the other formation reactions listed. 

 

4.4. C2H4 

Production 

Formation of C2H4 occurs mainly through electron impact dissociation of C2H6 in the pulse: 

𝐶`𝐻v + 𝑒? → 𝐶`𝐻l + 𝐻` + 𝑒?	 (𝑅1.1) 



And also to some extent by disproportionation of C2Hx radicals in the afterglows: 

𝐶`𝐻o + 𝐶`𝐻q → 𝐶`𝐻l + 𝐶`𝐻` (𝑅4.1) 

𝐶`𝐻o + 𝐶`𝐻o → 𝐶`𝐻l + 𝐶`𝐻l (𝑅4.2) 

Destruction: 

Destruction of C2H4 in the pulses happens through electron impact dissociation: 

𝐶`𝐻l + 𝑒? → 𝐶`𝐻` + 𝐻` + 𝑒? (𝑅4.3) 

𝐶`𝐻l + 𝑒? → 𝐶`𝐻q + 𝐻 + 𝑒? (𝑅4.4) 

𝐶`𝐻l + 𝑒? → 𝐶`𝐻` + 2𝐻 + 𝑒? (𝑅4.5) 

 And by recombination and oxidation reactions in the afterglows: 

𝐶`𝐻l + 𝐻 → 𝐶`𝐻o (𝑅4.6) 

𝐶`𝐻l + 𝑂 → 𝐶𝐻q + 𝐶𝐻𝑂 (𝑅4.7) 

 

4.5. C2H2 

Production 

C2H2 is mainly formed in the pulses through electron impact reaction of C2H6 and C2H4: 

𝐶`𝐻v + 𝑒? → 𝐶`𝐻` + 2𝐻` + 𝑒? (𝑅1.3) 

𝐶`𝐻l + 𝑒? → 𝐶`𝐻` + 𝐻` + 𝑒? (𝑅4.3) 

And to a lesser extent also through disproportionation and electron-ion recombination reactions in 

the afterglows: 

𝐶`𝐻o + 𝐶`𝐻q → 𝐶`𝐻l + 𝐶`𝐻` (𝑅4.1) 

𝐶𝐻q + 𝐶`𝐻q → 𝐶𝐻l + 𝐶`𝐻` (𝑅5.1) 

𝑒? + 𝐶`𝐻l~ → 𝐶`𝐻` + 2𝐻 (𝑅5.2) 

 



Destruction 

Destruction of C2H2 occurs in the afterglows through oxidation and recombination: 

𝐶`𝐻` + 𝑂 → 𝐶𝐻` + 𝐶𝑂 (𝑅3.2) 

𝐶`𝐻` + 𝐻 → 𝐶`𝐻q (𝑅5.3) 

 

4.6. CH4 

Production 

Production of CH4 occurs through electron impact dissociation of higher hydrocarbons in the 

pulses: 

𝐶`𝐻v + 𝑒? → 𝐶𝐻l + 𝐶𝐻` + 𝑒? (𝑅1.5) 

𝐶q𝐻s + 𝑒? → 𝐶`𝐻l + 𝐶𝐻l + 𝑒? (𝑅6.1) 

𝐶q𝐻v + 𝑒? → 𝐶`𝐻` + 𝐶𝐻l + 𝑒? (𝑅6.2) 

As well as through recombination and disproportionation reactions between radicals in the 

afterglows: 

𝐶𝐻q + 𝐻 → 𝐶𝐻l (𝑅6.3) 

𝐶𝐻q + 𝐶𝐻𝑂 → 𝐶𝐻l + 𝐶𝑂	 (𝑅6.4) 

Destruction 

Destruction of CH4 occurs mainly through electron impact reactions in the pulses: 

𝐶𝐻l + 𝑒? → 𝐶𝐻q + 𝐻 + 𝑒? (𝑅6.5) 

𝐶𝐻l + 𝑒? → 𝐶𝐻` + 𝐻` + 𝑒? (𝑅6.6) 

 

 

 



4.7. C3H8 

Production 

C3H8 is produced through recombination of radicals in the afterglows: 

𝐶𝐻q + 𝐶`𝐻o → 𝐶q𝐻s (𝑅7.1) 

Destruction 

Destruction happens through electron impact reactions in the pulses: 

𝐶q𝐻s + 𝑒? → 𝐶q𝐻v + 𝐻` + 𝑒? (𝑅7.2) 

𝐶q𝐻s + 𝑒? → 𝐶`𝐻l + 𝐶𝐻l + 𝑒? (𝑅7.3) 

𝐶q𝐻s + 𝑒? → 𝐶q𝐻u + 𝐻 + 𝑒? (𝑅7.4) 

4.8. C4H10 

Production 

C4H10 is formed through recombination in the afterglows: 

𝐶`𝐻o + 𝐶`𝐻o → 𝐶l𝐻Xr (𝑅8.1) 

Destruction 

Electron impact reactions of C4 hydrocarbons are not included in the model (no cross sections are 

available), and as a result there are no important destruction reactions for this product. 

 

4.9. C3H6 

Production 

The formation of C3H6 occurs through electron impact dissociation of C3H8 in the pulses, and 

reactions between radicals in the afterglows: 

𝐶q𝐻s + 𝑒? → 𝐶q𝐻v + 𝐻` + 𝑒? (𝑅7.2) 

𝐶𝐻q + 𝐶`𝐻q → 𝐶q𝐻v (𝑅9.1) 



𝐶l𝐻s + 𝐻 → 𝐶q𝐻v + 𝐶𝐻q (𝑅9.2) 

Destruction 

Destruction occurs by electron impact dissociation in the pulses and recombination with CH2 

radicals in the afterglows: 

𝐶q𝐻v + 𝑒? → 𝐶`𝐻` + 𝐶𝐻l + 𝑒? (𝑅9.3) 

𝐶q𝐻v + 𝑒? → 𝐶q𝐻o + 𝐻 + 𝑒? (𝑅9.4) 

𝐶q𝐻v + 𝐶𝐻` → 𝐶l𝐻s (𝑅9.5) 

4.10. C4H8 

Production 

Production of C4H8 occurs through recombination reactions in the afterglows: 

𝐶q𝐻v + 𝐶𝐻` → 𝐶l𝐻s (𝑅9.5) 

𝐶`𝐻o + 𝐶`𝐻q → 𝐶l𝐻s (𝑅10.1) 

Where R9.5 becomes more important at higher conversions. 

Destruction 

Destruction of C4H8 occurs in the afterglows (as no electron impact reactions could be included 

for C4 hydrocarbons) through: 

𝐶l𝐻s + 𝐻 → 𝐶q𝐻v + 𝐶𝐻q (𝑅10.2) 

𝐶l𝐻s + 𝐻 → 𝐶`𝐻l + 𝐶`𝐻o (𝑅10.3) 

4.11. CH2O 

Production 

Formation of CH2O happens in the afterglows through: 

𝐶𝐻` + 𝐶𝑂` → 𝐶𝐻`𝑂 + 𝐶𝑂	 (𝑅2.2) 

𝐶`𝐻o + 𝑂 → 𝐶𝐻q + 𝐶𝐻`𝑂	 (𝑅11.1) 



𝐶`𝐻o𝑂 → 𝐶𝐻q + 𝐶𝐻`𝑂	 (𝑅11.2) 

𝐶q𝐻u𝑂 → 𝐶`𝐻o + 𝐶𝐻`𝑂	 (𝑅11.3) 

R11.1 and R11.2 are more important at low conversion, while R11.3 becomes more important at 

higher conversions. However, R11.3 is largely counteracted by its reverse reaction (R11.5, see 

below) so that the net rate is not important. 

Destruction 

The destruction of CH2O occurs in the afterglows by the following reactions: 

𝐶𝐻`𝑂 + 𝐻 → 𝐶𝐻q𝑂	 (𝑅11.4) 

𝐶𝐻`𝑂 + 𝐶`𝐻o → 𝐶q𝐻u𝑂	 (𝑅11.5) 

𝐶𝐻`𝑂 + 𝐻 → 𝐶𝐻𝑂 + 𝐻` (𝑅11.6) 

𝐶𝐻`𝑂 + 𝑂 → 𝐶𝐻𝑂 + 𝑂𝐻 (𝑅11.7) 

𝐶𝐻`𝑂 + 𝑂𝐻 → 𝐶𝐻𝑂 + 𝐻`𝑂 (𝑅11.8) 

Note that reactions R11.3 and R11.5 largely cancel each other out especially at higher conversions. 

 

4.12. CH3CHO 

Production 

Production of CH3CHO (acetaldehyde) occurs in the afterglows through oxidation of C2H5 radicals 

or by recombination between CH3 and CHO radicals: 

𝐶`𝐻o + 𝑂 → 𝐶𝐻q𝐶𝐻𝑂 + 𝐻	 (𝑅12.1) 

𝐶𝐻q + 𝐶𝐻𝑂 → 𝐶𝐻q𝐶𝐻𝑂	 (𝑅12.2) 

Destruction 

Destruction also occurs in the afterglows through reaction with H, O and OH radicals: 

𝐻 + 𝐶𝐻q𝐶𝐻𝑂 → 𝐻` + 𝐶𝐻q𝐶𝑂 (𝑅12.3) 



𝐻 + 𝐶𝐻q𝐶𝐻𝑂 → 𝐻` + 𝐶𝐻q + 𝐶𝑂 (𝑅12.4) 

𝑂 + 𝐶𝐻q𝐶𝐻𝑂 → 𝑂𝐻 + 𝐶𝐻q𝐶𝑂 (𝑅12.5) 

𝑂𝐻 + 𝐶𝐻q𝐶𝐻𝑂 → 𝐻`𝑂 + 𝐶𝐻q𝐶𝑂 (𝑅12.6) 

CH3CO primarily decomposes into CO and CH3: 

𝐶𝐻q𝐶𝑂 → 𝐶𝐻q + 𝐶𝑂 (𝑅12.7) 

 

4.13. C2H5CHO 

C2H5CHO (propanal) is formed in the afterglows via recombination: 

𝐶`𝐻o + 𝐶𝐻𝑂 → 𝐶`𝐻o𝐶𝐻𝑂 (𝑅13.1) 

Destruction also happens in the afterglows by: 

𝐶`𝐻o𝐶𝐻𝑂 + 𝑂 → 𝐶`𝐻o𝐶𝑂 + 𝑂𝐻 (𝑅13.2) 

𝐶`𝐻o𝐶𝐻𝑂 + 𝑂𝐻 → 𝐶`𝐻o𝐶𝑂 + 𝐻`𝑂 (𝑅13.3) 

 

4.14. CH3OH 

Production 

Production of CH3OH happens in the afterglows by: 

𝐶𝐻q + 𝑂𝐻 → 𝐶𝐻q𝑂𝐻 (𝑅14.1) 

𝐶𝐻q𝑂 + 𝐻 → 𝐶𝐻q𝑂𝐻 (𝑅14.2) 

𝐶𝐻q𝑂 + 𝐶`𝐻v → 𝐶𝐻q𝑂𝐻 + 𝐶`𝐻o (𝑅14.3) 

𝐶𝐻q𝑂 + 𝐶𝐻𝑂 → 𝐶𝐻q𝑂𝐻 + 𝐶𝑂 (𝑅14.4) 

𝐶𝐻q𝑂 + 𝐶𝐻`𝑂 → 𝐶𝐻q𝑂𝐻 + 𝐶𝐻𝑂 (𝑅14.5) 

The importance of R14.1 relative to the total production decreases at higher conversions, while 

that of R14.4 and R14.5 increases with conversion. 



Destruction 

Destruction of CH3OH occurs in the afterglows by: 

𝐶𝐻q𝑂𝐻 + 𝑂 → 𝑂𝐻 + 𝐶𝐻`𝑂𝐻 (𝑅14.6) 

𝐶𝐻q𝑂𝐻 + 𝑂 → 𝑂𝐻 + 𝐶𝐻q𝑂 (𝑅14.7) 

𝐶𝐻q𝑂𝐻 + 𝑂𝐻 → 𝐻`𝑂 + 𝐶𝐻q𝑂 (𝑅14.8) 

𝐶𝐻q𝑂𝐻 + 𝑂𝐻 → 𝐶𝐻`𝑂 + 𝐻`𝑂 + 𝐻 (𝑅14.9) 

𝐻 + 𝐶𝐻q𝑂𝐻 → 𝐶𝐻`𝑂𝐻 +𝐻` (𝑅14.10) 

Most CH3O reacts to form CH2O, CH2OH reacts to form alcohols or formaldehyde: 

𝐶𝐻q𝑂 + 𝐶𝐻q → 𝐶𝐻`𝑂 + 𝐶𝐻l (𝑅14.11) 

𝐶𝐻q𝑂 + 𝐶`𝐻o → 𝐶𝐻`𝑂 + 𝐶`𝐻v (𝑅14.12) 

𝐶𝐻`𝑂𝐻 + 𝐶`𝐻o → 𝐶q𝐻u𝑂𝐻 (𝑅14.13) 

𝐶𝐻`𝑂𝐻 + 𝐶𝐻q → 𝐶`𝐻o𝑂𝐻 (𝑅14.14) 

𝐶𝐻`𝑂𝐻 + 𝐶𝐻𝑂 → 𝐶𝐻q𝑂𝐻 + 𝐶𝑂 (𝑅14.15) 

𝐶𝐻`𝑂𝐻 + 𝐶𝐻𝑂 → 2𝐶𝐻`𝑂 (𝑅14.16) 

 

4.15. C2H5OH 

Production 

Production happens in the afterglows through: 

𝐶`𝐻o + 𝑂𝐻 → 𝐶`𝐻o𝑂𝐻 (𝑅15.1) 

𝐶`𝐻o𝑂 + 𝐻 → 𝐶`𝐻o𝑂𝐻 (𝑅15.2) 

𝐶`𝐻o𝑂 + 𝐶𝐻𝑂 → 𝐶`𝐻o𝑂𝐻 + 𝐶𝑂 (𝑅15.3) 

𝐶`𝐻o𝑂 + 𝐶`𝐻v → 𝐶`𝐻o𝑂𝐻 + 𝐶`𝐻o (𝑅15.4) 



the C2H5O radical is formed by recombination of C2H5 and O: 

𝐶`𝐻o + 𝑂 → 𝐶`𝐻o𝑂 (𝑅15.5) 

Destruction 

Destruction of C2H5OH occurs in the afterglows by: 

𝐶`𝐻o𝑂𝐻 + 𝐻 → 𝐶`𝐻o + 𝐻`𝑂 (𝑅15.6) 

𝐶`𝐻o𝑂𝐻 + 𝐻 → 𝐶𝐻q𝐶𝐻𝑂𝐻 + 𝐻` (𝑅15.7) 

𝐶`𝐻o𝑂𝐻 + 𝑂 → 𝐶𝐻q𝐶𝐻𝑂𝐻 + 𝑂𝐻 (𝑅15.8) 

𝐶`𝐻o𝑂𝐻 + 𝑂𝐻 → 𝐶𝐻q𝐶𝐻𝑂𝐻 +𝐻`𝑂 (𝑅15.9) 

 

4.16. HCOOH 

Production 

HCOOH (formic acid) is formed through oxidation reactions in the afterglows: 

𝐶𝐻`𝑂 + 𝑂𝐻 → 𝐻𝐶𝑂𝑂𝐻 + 𝐻 (𝑅16.1) 

𝐶𝐻q𝐶𝐻𝑂𝐻 + 𝑂 → 𝐻𝐶𝑂𝑂𝐻 + 𝐶𝐻q (𝑅16.2) 

 

Destruction 

The rate of destruction is much less important compared to that of production under the conditions 

investigated and at the conversion reached during the residence time. 

 

4.17. CHO radicals 

Production 

The CHO radical is formed in the afterglows by: 

𝐶`𝐻l + 𝑂 → 𝐶𝐻q + 𝐶𝐻𝑂 (𝑅4.7) 



𝐶𝐻`𝑂 + 𝑂 → 𝐶𝐻𝑂 + 𝑂𝐻 (𝑅11.7) 

Destruction 

Destruction mainly happens through: 

𝐶`𝐻o + 𝐶𝐻𝑂 → 𝐶`𝐻v + 𝐶𝑂	 (𝑅1.13) 

𝐶𝐻q + 𝐶𝐻𝑂 → 𝐶𝐻l + 𝐶𝑂	 (𝑅6.4) 

4.18. CH3CHOH radicals 

Production 

This radical is mainly formed from C2H5OH in the afterglows: 

𝐶`𝐻o𝑂𝐻 + 𝐻 → 𝐶𝐻q𝐶𝐻𝑂𝐻 + 𝐻` (𝑅15.7) 

𝐶`𝐻o𝑂𝐻 + 𝑂 → 𝐶𝐻q𝐶𝐻𝑂𝐻 + 𝑂𝐻 (𝑅15.8) 

𝐶`𝐻o𝑂𝐻 + 𝑂𝐻 → 𝐶𝐻q𝐶𝐻𝑂𝐻 +𝐻`𝑂 (𝑅15.9) 

Destruction 

The radical is oxidized in the afterglows to form HCOOH and CH3CHO: 

𝐶𝐻q𝐶𝐻𝑂𝐻 + 𝑂 → 𝐻𝐶𝑂𝑂𝐻 + 𝐶𝐻q (𝑅16.2) 

𝐶𝐻q𝐶𝐻𝑂𝐻 + 𝑂 → 𝐶𝐻q𝐶𝐻𝑂 + 𝑂𝐻 (𝑅18.1) 
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