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Kinetic parameters for the reaction of OH radical ini-
tiated atmospheric oxidation of (E)-2-pentenal were 
computed using ab initio methods, viz. G3MP2 cou-
pled with conventional transition state theory with the 
Wigner tunnelling corrections in the temperature 
range 200–400 K. Every stationary point on the poten-
tial energy surface was obtained at MP2 (FULL)/6-
31G* level of theory. Arrhenius rate expression for the 
title reaction with G3MP2 theory was computed to be 
k = (2.57 ± 0.33) × 10–13 exp[(1482 ± 53)/T] cm3 mol–1 s–1. 
The OH-driven atmospheric lifetime of (E)-2-pentenal 
in the Earth’s troposphere was calculated to be 5 h, 
with diurnally averaged concentration of OH radicals 
taken as 1.6 × 106 mol–1 cm–3. The results obtained are 
in good agreement with the experimental results. 
 
Keywords: ab initio methods, atmospheric oxidation, 
kinetic parameters, transition state theory. 

Introduction 

EMISSIONS of biogenic volatile organic compounds 
(BVOCs) into the Earth’s atmosphere are larger than the 
anthropogenically emitted volatile organic compounds 
(VOCs). As BVOCs directly and indirectly take part in 
global warming and aerosol formation, they are detrimen-
tal to the ozone layer in the Earth’s atmosphere1–3. 
BVOCs substantially contribute to the hydrocarbon load 
on atmosphere. Hence they were considered in the Kyoto 
Protocol policies regarding ecosystem, regional and coun-
tryside carbon dioxide budgets4. Major source of BVOCs 
is vegetation5. Emission of BVOCs occurs from the de-
fence system of plants (wounded and cut plants) and 
plant–plant interactions6. Oxygenated VOCs are ubiqui-
tous chemical constituents in the atmosphere7. These 
compounds can be biosynthesized from linoleic and  
α-linoleic acids6 and exhibit antibacterial properties8. 
Clover and grass emits VOC rich in light oxygenates, like 
methanol, ethanol, acetaldehyde and butanone. Higher 

aldehydes have been observed in ambient air and various 
plant emissions. The atmospheric degradation of these 
compounds could influence in the tropospheric ozone 
production, secondary organic aerosol formation and air 
quality over all parts of the globe9. The atmospheric oxi-
dation of these (carbonyl) compounds is mainly initiated 
by their reaction with OH radicals during daytime, and to 
a lesser extent, with the NO3 radical during night-time10. 
Several studies on the reactions of OH radicals with 
molecules such as saturated and unsaturated alde-
hydes11,12 and isoprene13 have been reported earlier. The 
test molecule (E)-2-pentenal is one among many BVOCs 
emitted into the Earth’s atmosphere. Reactions with OH 
radicals are major degradation processes of these BVOCs 
under atmospheric conditions. Thus, fundamental under-
standing of the chemical reactions between OH radicals 
and BVOCs is essential. Experimental studies for the  
reaction of (E)-2-pentenal with OH radical have been  
reported14. Davis et al.10 and Albaladejo et al.14 have 
measured the rate coefficient of the title reaction and  
reported the rate coefficient at 298 K to be (2.48 ± 
0.24) × 10–11 cm3 mol–1 s–1. Davis et al.10 have measured 
the rate coefficients over the temperature range 244–
374 K, and the reported rate expression is k = (7.9 ± 1.2) × 
10–12 exp[(510 ± 20)/T] and the coefficient is (4.3 ± 0.6) × 
10–11 cm3 mol–1 s–1 at 297 K. To the best of our knowl-
edge, the only one theoretical study by Grosjean and  
Williams15 has been reported so far for the title reaction 
based on semi-empirical methods and rate coefficient at 
298 K was found to be 2.9 × 10–11 cm3 mol–1 s–1.  
 In this study, we present the rate coefficients of the  
reaction of (E)-2-pentenal with OH radical in the tem-
perature range 200–400 K using the conventional transi-
tion state theory (CTST) with Wigner tunnelling 
corrections coupled with the G3MP2 theory. All the pos-
sible channels for the reaction are given below. 
 
 CH3CH2CH=CHCHO + OH → 
          CH3CH2CH=CHCO + H2O,  (C1) 
 
 CH3CH2CH=CHCHO + OH →  
          CH3CH2CH=CCHO + H2O,  (C2) *For correspondence. (e-mail: rajakumar@iitm.ac.in) 
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 CH3CH2CH=CHCHO + OH → 
          CH3CH2C=CHCHO + H2O,  (C3) 
 
 CH3CH2CH=CHCHO + OH →  
          CH3CHCH=CHCHO + H2O,  (C4) 
 
 CH3CH2CH=CHCHO + OH →  
          CH2CH2CH=CHCHO + H2O.  (C5) 
 
We report the structural and energetic parameters of all 
the reactants, transition states and the products in addition 
to the thermodynamic parameters of the title reaction. We 
present the vibrational frequencies of each stationary 
point, i.e. reactants, transition states and products. We 
also report the contribution of all the transition states to 
the global rate coefficient for the title reaction. The plau-
sible degradation mechanism for the test molecule is  
discussed. Finally, the hydroxyl radical (OH)-driven  
atmospheric lifetime of the test molecule is reported.  

Computational methods  

All calculations were carried out by using GAUSSIAN-
03 program suite16. Structures of reactants, transition 
states and products were optimized at Møller–Plesset17 
(MP2 (FULL)) level of theory with Pople 6-31G* basis 
set, by using internally available Gaussian package. The 
potential energy surface (PES) was scanned at the  
reported theory and two rotamers were found for the test 
molecule, designated as R1 and R2. Each rotomer was 
identified with eight different transition states and desig-
nated as R1-TS1, R1-TS2, R1-TS3, R1-TS4, R1-TS5, 
R1-TS6, R1-TS7, R1-TS8 and R2-TS1, R2-TS2, R2-TS3, 
R2-TS4, R2-TS5, R2-TS6, R2-TS7, R2-TS8. Here TS1 
corresponds to the abstraction of hydrogen from the alde-
hyde group; TS2 corresponds to the abstraction of hydro-
gen from the methyne (=CH–) group; TS3 corresponds to 
the abstraction of hydrogen from the methyne (=CH–) 
group next to the –CH2– group; TS4 and TS5 correspond 
to abstraction of hydrogen from the methylene (–CH2–) 
group and TS6–TS8 correspond to abstraction of hydro-
gen from the methyl (–CH3) group. The prefixes R1 and 
R2 correspond to the rotamer ‘1’ and ‘2’ respectively. 
Frequency calculations were carried out for all reactants, 
transition states and products at the same level of theory 
and basis set. All the reactants and products were obser-
ved with the positive frequencies. All the transition states 
were identified with one imaginary frequency correspon-
ding to the appropriate reaction coordinate, i.e. the pro-
cesses of abstraction of hydrogen from the test molecule. 
The structures and normal modes were viewed in Gauss 
View18 and the normal mode corresponding to the reac-
tion coordinate was observed to be consistent with the  
reaction of interest. Structural parameters obtained from 
MP2 (FULL)/6-31G* level of theory were used in Gaus-
sian-3 method19, namely G3MP2 in order to get the ener-

gies of all the reactants, transition states and products, 
and these energies and geometries were used in the TST 
calculations. 

Rate coefficients 

Rate coefficients for hydrogen abstraction from (E)-2-
pentenal by OH radical were calculated using CTST20,21 
at every 25 K within the complete temperature range, 200 
and 400 K, with the reported theory. 
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where l is the statistical factor (reaction path degeneracy), 
kB the Boltzmann constant, T the temperature and h is the 
Planck’s constant. The symbol (‡) represents the transi-
tion state and R is the universal gas constant. ΔE0 is the 
activation barrier and was calculated from the difference 
in energy between the transition state and the reactants. 
Q‡ and QR are the total partition functions of the transi-
tion state and reactants respectively. The total partition 
function is given by the product of translational, vibra-
tional, rotational, electronic and internal–rotational  
(for lower normal mode frequencies) partition functions. 
Rotational constants and vibrational frequencies obtained 
at MP2 (FULL)/6-31G* level of theory were used to cal-
culate the rotational and vibrational partition functions. 
The electronic partition function of the OH radical was 
evaluated by taking the splitting of 139.7 cm–1 in the 2Π 
ground state into account22.  
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where c0 is the velocity of light in vacuum. Quantum  
mechanical tunnelling effect along the reaction coordinate 
was calculated by temperature dependent transmission 
coefficient Γ(T). The values of Γ(T) were calculated using 
Wigner empirical method23 (see Table SIII in the Support- 
ing Information). In this method, the transmission coeffi-
cient for tunnelling was calculated using the expression, 
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where ν* is the imaginary frequency of the transition 
state. The final rate coefficient was given by  
 
 kΓ(T) = Γ(T)k(T). (2) 

Results and discussion  

Electronic structure 

The PES scan was carried out at MP2 (FULL)/6-31G* 
level of theory and two rotamers were found for the test 
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molecule ((E)-2-pentenal), designated as R1 and R2. The 
PES scan plotted between energy (Hartree) and angle  
(degree) is given in Figure 1. All the structures of reac-
tant molecules, transition states and products optimized at 
MP2 (FULL)/6-31G* level of theory are shown in Figure 
2. All the optimized structural parameters of reactants, 
transition states and the products are given in Table SI of 
the Supporting Information. Vibrational analyses were 
carried out and the vibrational frequencies obtained with 
the reported theory are given in Table SII of the Support- 

theory are given in the Table SIII of the Supporting  
Information. The entropy of activation (ΔS‡) and the clas-
sical barrier heights (ΔE0) for the reaction are given in 
Table 2. The classical barrier heights were calculated 
from the energy (including ZPVE) difference between the  
transition state and reactant (CH3CH2CH=CHCHO and 
OH) molecules. Energy-level diagrams for rotamers R1 
and R2 are given in Figures 3 and 4 respectively. With 
the G3MP2 theory, all transition states are observed with 
positive barriers, except in the case of R1-TS1 and R2-
TS1 (Table 2). The negative barrier height for R1-TS1 
and R2-TS1 is attributed to one of the reaction pathways 
in which hydrogen attached to the aldehydic group, is ab-
stracted. It is clear from Table 2 that ΔE0 is negative for 
only the aldehydic hydrogen channel (–2.08 k cal mol–1 
 

ing Information. Imaginary frequencies in the transition 
states correspond to the abstraction of H by OH radical. 
In the transition state, the important structural parameters 
to be observed are, one of the C–H bonds of the leaving  
hydrogen and the newly formed bond between the H and 
O atoms. In Table 1, the differences in bond length of the 
C–H and O–H bonds between the transition state and the 
reactant are expressed as percentage relative to the reac-
tant. The leaving C–H bond length seems to have varied 
from 7.5% to a maximum of 23.3% in case of all the tran-
sition states with the MP2(FULL)/6-31G* level of theory. 
However, in case of the newly formed bond, i.e. H–O 
bond, the bond length seems to have varied between 
19.6% and 59.2%.  

 
Table 1. Summary of C–H and O–H bond distances (Å) and % 
changes calculated for all the transition states for H abstraction from  
  CH3CH2CHCHCHO by OH radical 

 Rotamer-1 Rotamer-2 
Transition  MP2 (FULL)/ MP2 (FULL)/ 
state Bond 6-31G* 6-31G* 
 

TS1 C–H (RT)a 1.111 1.107 
 O–H (RT)b 0.978 0.978 
 C–H (TS) 1.195 (7.5%) 1.193 (+7.7%) Energetics 
 O–H (TS) 1.419 (45%) 1.398 (42.8%) 
TS2 C–H (RT)a 1.087 1.088 The energies (in Hartree) of the reactant molecules, tran-

sition states and products computed with the reported  
 
 

 O–H (RT)b 0.978 0.978 
 C–H (TS) 1.286 (+18%) 1.255 (15.3%) 
 O–H (TS) 1.171 (+19.6%) 1.207 (23.3%) 
TS3 C–H (RT)a 1.092 1.090 

  O–H (RT)b 0.978 0.978 

 

 C–H (TS) 1.248 (+14.2%) 1.274 (+16.8%) 
 O–H (TS) 1.233 (+26%) 1.182 (+20.1%) 
TS4 C–H (RT)a 1.095 1.095 
 O–H (RT)b 0.978 0.978 
 C–H (TS) 1.206 (+10.2%) 1.202 (+9.7%) 
 O–H (TS) 1.314 (+34%) 1.324 (+35.3%) 
TS5 C–H (RT)a 1.097 1.097 
 O–H (RT)b 0.978 0.978 
 C–H (TS) 1.207 (+10%) 1.215 (+10.8%) 
 O–H (TS) 1.302 (+33%) 1.284 (+31.2%) 
TS6 C–H (RT)a 1.093 1.095 
 O–H (RT)b 0.978 0.982 
 C–H (TS) 1.219 (+11.6%) 1.239 (+13%) 
 O–H (TS) 1.282 (+30.9%) 1.289 (+31.2%) 
TS7 C–H (RT)a 1.093 1.095 
 O–H (RT)b 0.978 0.982 
 C–H (TS) 1.211 (+10.8%) 1.247 (+13.9%) 
 O–H (TS) 1.303 (+33%) 1.284 (+30.6%) 
TS8 C–H (RT)a 1.092 1.095 
 O–H (RT)b 0.978 0.982 
 C–H (TS) 1.213 (+11.1%) 1.250 (+14.6%) 
 O–H (TS) 1.292 (+32%) 1.274 (+29.6%) 

aC–H bond length (the leaving hydrogen) in the reactant.  
bThe actual O–H bond length in H2O at the G3MP2 theory. Numbers 
given in parenthesis correspond to the % change in the bond length in 
the transition state compared to the same bond length in the reactant. 

 

Figure 1. Potential energy diagram of CH3CH2CH=CHCHO at  
MP2(FULL)/6-311++G** level of theory. 
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Figure 2. a, Geometries of the reactant and transition states corresponding to rotamer-1 optimized at G3MP2 level of the theory. Grey represents 
carbon, white represents hydrogen and red represents oxygen atoms in the structures. The bond lengths (Å) given on the structures are obtained at 
G3MP2 theory. R1 denotes rotamer 1 and TS denotes transition state. b, Geometries of the reactant and transition states corresponding to rotamer-2 
optimized at G3MP2 level of the theory. Grey represents carbon, white represents hydrogen and red represents oxygen atoms in the structures. The 
bond lengths (Å) given on the structures are obtained at G3MP2 theory. R2 denotes rotamer 2. c, Geometries of products optimized at G3MP2 level 
of the theory. Grey represents carbon, white represents hydrogen and red represents oxygen atoms in the structures. The bond lengths (Å) given on 
the structures.  
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in case of R1-TS1 and –1.56 k cal mol–1 in case of R1-
TS2). Therefore it is obvious that the aldehydic hydrogen 
contributes maximum (discussed later in the article) to-
wards the global rate coefficient. The lower barrier 
heights in case of R1-TS5 and R2-TS5 (Table 2) may be 
due to the abstraction of hydrogen from the methylene  
(–CH2–) group which is relatively highly acidic in nature. 
The standard enthalpy change, standard free energy and 
standard entropy change obtained at the G3MP2 level of 
theory for the title reaction through all the transition 
states are given in Table 3. It is clear from Table 3 that  
 

the reaction through the transition states, namely, R1-
TS4, R1-TS5, R2-TS4 and R2-TS5 is found to be more 
exothermic compared to the other possible transition 
states. 

Kinetic parameters 

Theoretical rate coefficients for the title reaction  
were calculated in the temperature range 200–400 K with 
25 K intervals using CTST with Wigner tunnelling  
corrections coupled with the G3MP2 theory. As discussed  
   Table 2. The classical barrier heights (ΔE0 

in kcal mol–1) and the entropy of activation 
(ΔS‡ in cal mol–1 K1) obtained from G3MP2  
  level of theory 

 

Rotamer TS ΔE0 ΔS‡

 

1 TS1 –2.08 15.47 
 TS2  6.80 13.70 
 TS3  5.52 12.88 
 TS4  5.13 14.57 
 TS5  2.92 15.94 
 TS6  3.63 14.07 
 TS7  3.60 14.23 
 TS8  4.33 16.97 
 
2 TS1 –1.56 17.00 
 TS2  7.15 14.80 
 TS3  3.59 10.43 
 TS4  2.04 14.70 
 TS5  1.75 12.45 
 TS6  4.09 16.92 
 TS7  3.69 14.12 
 TS8  3.38 13.80 

  

Figure 4. Energy-level diagram for the title reaction through all the 
transition states and all channels at G3MP2 theory for rotamer-2. 

 

 

 
 
Table 3. Enthalpy (ΔH0 (298 K) in kcal mol–1), Gibbs free energy 
(ΔG0 (298 K) in kcal mol–1) and entropy (ΔS0 (298 K) in cal mol–1 K–1)  
  of the title reaction 

Rotamer TS ΔH0 ΔG0 ΔS0
 

1 TS1 –24.50 –26.95 8.23 
 TS2 –4.15 –5.86 5.76 
 TS3 –9.02 –10.39 4.60 
 TS4 –35.68 –36.63 3.18 
 TS5 –35.68 –36.63 3.17 
 TS6 –13.45 –15.13 5.63 
 TS7 –14.55 –16.24 5.68 
 TS8 –15.65 –17.36 5.74 
 
2 TS1 –24.50 –26.95 8.24 
 TS2 –4.86 –6.73 6.28 
 TS3 –6.94 –8.40 4.88 
 TS4 –37.15 –37.97 2.77 
 TS5 –37.15 –37.98 2.77 
 TS6 –15.55 –17.15 5.39 

  TS7 –15.65 –17.24 5.34 Figure 3. Energy-level diagram for the title reaction through all the 
transition states and all channels at G3MP2 theory for rotamer-1.  TS8 –15.60 –17.18 5.29 
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Table 4. Arrhenius parameters for the title reaction CH3CH2CH=CHCHO with OH at G3MP2 theory and both  
  models (HO and HR) used in the calculations 

 G3MP2 Experiment10

 

Model A (cm3 mol–1 s–1) Ea/R (K) A (cm3 mol–1 s–1) Ea/R (K) 
 

HR (2.57 ± 0.33) × 10–13 –(1482 ± 53) (7.9 ± 1.2) × 10–12   –(510 ± 53) 
HO (2.6 ± 0.33)×10–13 –(1165 ± 41) 

 
 

 
 
Figure 5. Arrhenius plot for the rate coefficient data obtained for the 
title reaction over the temperature range 200–400 K at G3MP2 theory 
and the available experimental data. HO, Harmonic oscillator; HR, 
Hindered rotor and FR, Free rotor. 
 
 
earlier, the reaction goes through five main channels, 
namely C1, C2, C3, C4 and C5 [hydrogen abstraction 
from aldehyde, methyne, methyne, methylene and methyl 
groups results in five different product radicals: 
CH3CH2CH=CHCO, CH3CH2CH=CCHO, CH3CH2C= 
CHCHO, CH3CHCH=CHCO, CH2CH2CH=CHCO res-
pectively]. A total of 16 transition states (eight for each 
rotamer) for this reaction were found. Therefore, rate co-
efficients for the reaction through all the transition states 
were computed and then they were added to get the 
global rate coefficient at each level of theory as follows: 
 
   (3)  global R1 R1 R2 R2( ) ,k T w k w k= +

where kR1 = kR1C1 + kR1C2 + kR1C3 +  kR1C4 + kR1C5, kR2 = 
kR2C1 + kR2C2 + kR2C3 + kR2C4 + kR2C5. kR1 and kR2 are the 
total rate coefficients for rotamer R1 and R2 respectively. 
kR1C1, kR1C2, kR1C3, kR1C4 and kR1C5 are the rate coefficients 
for the rotamer R1 through C1, C2, C3, C4 and C5 reac-
tion channels respectively. Similarly, kR2C1, kR2C2, kR2C3, 
kR2C4 and kR2C5 are the rate constants for the rotamer R2 
through C1, C2, C3, C4 and C5 reaction channels respec-
tively. wR1 and wR2 are the weight factors of each rotamer 
(estimated using Boltzmann distribution). In computing 
the rate coefficients, the torsional motion (for the lower 
normal mode frequencies wherever necessary) was treated 
with two models, namely harmonic oscillator (HO) and 
hindered rotor (HR) as described24. The computed rate 
coefficients using the G3MP2 theory and models are plot-
ted in Figure 5. The absolute rate coefficient reported by 
Albaladejo et al.14 is also shown in the plot. The experi-
mentally measured rate coefficient by Davis et al.10 is 
also plotted in Figure 5. It is clear from the figure that the 
trend followed by the theoretically computed rate coeffi-
cient is deviated across the temperature range when com-
pared with the experimental data. However, the rate 
coefficients obtained in our study are well in the vicinity 
of the experimentally determined values. The Arrhenius 
parameters obtained by an unweighted linear least 
squares fit to all the data are given in Table 4 along with 
the available experimental data. It can be observed from 
Table 4 that the pre-exponential factors predicted with the 
G3MP2 theory are lower by almost an order of magnitude 
when compared to the experimentally determined ones. 
Also, the activation energy predicted with the G3MP2 
theory is lower by about 1 k cal mol–1. However, experi-
mentally one can measure the rate coefficient but not the 
Arrhenius parameters and it is always worth comparing 
the rate coefficients. The rate coefficients for the title  
reaction obtained with the G3MP2 theory and models for 
all the transition states at 300 K are give in Table 5. Con-
tribution of each rotamer to the global rate coefficient is 
also given in the table. It is clear from Table 5 that  
rotamer-1 contributes much (almost 73% with HR model 
and 72% with HO model) towards the global rate coeffi-
cient and the rest is from rotamer-2. Rate coefficient cal-
culated at 300 K using G3MP2 theory and HR model is 
3.46 × 10–11 cm3 mol–1 s–1, which is reasonably closer to the 
experimentally determined value 4.3 × 10–11 cm3 mol–1 s–1 
by Davis et al.10. 
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Table 5. The rate coefficients for the reaction through all the transition states at 300 K with G3MP2 level of theory with Wigner tunnelling  
  corrections and with HR and FR models 

 Transition state 
 

Rotamer TS1 TS2 TS3 TS4 TS5 TS6 TS7 TS8 Sum (%) Global 
 

HO 
 1 1.72 × 10–11 2.92 × 10–18 3.44 × 10–16 5.98 × 10–15 7.51 × 10–17 5.45 × 10–16 5.50 × 10–16 2.24 × 10–15 0.86 × 10–11 1.21 × 10–11

 [50.3%]a         (72%)b

 
 2 7.03 × 10–12 1.46 × 10–18 1.50 × 10–17 1.65 × 10–15 2.32 × 10–17 2.10 × 10–16 4.39 × 10–16 4.84 × 10–16 0.35 × 10–11

 [49.7%]a          (28%)b

 
HR 
 1 4.98 × 10–11 1.58 × 10–19 3.18 × 10–17 1.24 × 10–16 3.02 × 10–15 2.16 × 10–16 4.51 × 10–17 1.99 × 10–16 2.52 × 10–11 3.46 × 10–11

 [50.3%]a          (73%)b

 
 2 1.72 × 10–11 5.6 × 10–20 1.55 × 10–18 3.54 × 10–17 8.11 × 10–15 7.77 × 10–18 4.37 × 10–17 6.28 × 10–17 9.36 × 10–12

 [49.7%]a          (27%)b

aValues in square bracket correspond to the weight factors of the particular rotamer. 
bValues in parenthesis correspond to the contribution of the particular rotamer towards the global rate coefficient. 
 
 

 
 
Figure 6. Branching ratios for the reaction channels C1–C6 of the re-
action (E)-2-pentanal with OH radical between the temperature range 
200–400 K. The kinetic parameters used in the plot were obtained at 
G3MP2 theory with HR model. Solid lines are the fit to the data. 
 

Branching ratio 

To get a clear picture about the contribution of each reac-
tion channel, we have calculated the temperature-
dependent branching ratios for all the possible channels, 
namely C1–C6 for both the rotamers (R1 and R2) within 
the temperature range 200–400 K (Figure 6). From the 

temperature-dependent branching ratios shown in Figure 
6, it is clear that the aldehydic channel C1 (–CHO group) 
is the dominant one and contributes maximum (almost 
98%) towards the global rate coefficient at a given tem-
perature in the range 200–400 K. Available rate coefficients 
reported for the reaction of OH radicals with n-propanal, 
2-propenal, n-butanal, and (E)-2-butenal, n-pentanal and 
(E)-2-pentenal (this work) are given in Table 6. It is 
cleared that the measured rate coefficients seem to be  
independent of the number of carbon atoms in the mole-
cule. No systematic trend is observed either in the  
pre-exponential factors or in the activation energies either 
with the increase in the number of carbon atoms or a 
double bond in the molecule. One interesting feature 
among all these reactions is that the activation energies 
are negative, irrespective of the presence or absence of 
the double bond. 

Atmospheric implications 

  
 
(E)-2-Pentenal degrades in the atmosphere via gas-phase 
reactions with OH, NO3 and O3 and by UV photolysis. 
Presence of ethyl group leads to the enhancement of the 
reactivity of the double bond, but presence of an adjacent 
carbonyl group provides a deactivating effect on the  
reactivity of the double bond toward OH, resulting in  
decrease in the reactivity of the double bond12. Hence the 
reaction mainly goes through abstraction of hydrogen. 
The plausible mechanism is given in Figure 1, for the OH 
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Table 6. Comparison of the experimentally measured rate coefficients of the reactions of OH with n-propanal, 2-propanal, n-butanal, (E)-2- 
  butenal, n-pentanal and (E)-2-pentenal 

 k (T)  
 

Molecule Temperature (K)   A (cm3 mol–1 s–1)  Ea/R (K) k (298 K) (cm3 mol–1 s–1) Reference 
 

n-propanal  298     a   a  (1.71 ± 0.23) × 10–11 25 
2-propenal  243–372 (6.55 ± 0.12) × 10–12 –333 ± 54  (6.03 ± 0.12) × 10–11 12 
n-butanal  258–422 (5.71 ± 0.28) × 10–12 –817 ± 60  (2.06 ± 3.0) × 10–11 25 
2-butenal  298     a   a  (1.70 ± 0.53) × 10–11 11 
  243–372 (5.77 ± 1.13) × 10–12 –533 ± 58  (3.55 ± 0.30) × 10–11 12 
n-pentanal  253–410 (6.29 ± 0.18) × 10–12 –896 ± 40  (2.86 ± 0.18) × 10–11 25 
(E)-2 pentenal  253–410 (7.9 ± 1.2) × 10–12 –510 ± 40  (4.3 ± 0.6) × 10–11 10 
  200–400 (2.88 ± 0.46) × 10–13 –1152 ± 51  1.64 × 10–11 Present work 

aData not available in the literature.  
 

 
 

Figure 7. Mechanism for the OH initiated atmospheric oxidation of (E)-2-pentenal in the nitrogen-rich experiment. ‘*’ represents the radical. 
 
initiated atmospheric oxidation of (E)-2-pentenal in  
the nitrogen-rich environments. Products observed in the 
OH-initiated oxidation of (E)-2-pentenal are propanalde-
hyde (CH3CH2CHO), glyoxal (CHOCHO), peroxynitrate 
(CH3CH2CHCHCOONO2), ethyl glyoxal (CH3CH2- 

COCHO) and ethyl glycoldehyde (CH3CH2COCHO). The 
photo-oxidation mainly occurs by abstraction; still contri-
bution from addition to the double bond is possible. None 
of the stable products formed is long-lived in the atmos-
phere and is generally lost in the troposphere. Atmospheric 
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lifetime of (E)-2-pentenal was calculated using the rate 
coefficient obtained with the G3MP2 theory with HR 
model to be 5 h, which is in excellent agreement with the 
experimentally determined value (4 ± 0.5 h) by Davis et 
al.10. 

 Hence, here we have obtained the kinetic parameters 
for the reactions of abstraction of hydrogen from (E)-2-
pentanal by the hydroxyl (OH) radical through all the 
possible reaction channels by coupling G3MP2 theory 
with the CTST. In an earlier theoretical investigation by 
Grosjean et al.15, they have not explored all these reaction 
channels and the study is based only on the semi-
empirical methods.  

Conclusion 

The kinetic parameters for the reaction of OH radical ini-
tiated atmospheric oxidation of (E)-2-pentenal were obtai-
ned with G3MP2 theory coupled with CTST with Wigner 
tunnelling corrections. The geometries of all the station-
ary points on the PES and all the possible transition states 
were explored and the contribution of each transition 
state to the global rate coefficient has been computed. 
The temperature-dependent rate coefficient for this reac-
tion in the temperature range 200–400 K is deduced to  
be (2.57 ± 0.33) × 10–13 exp[(1482 ± 53)/T] cm3 mol–1 s–1. 
The lifetime of the test molecule computed with the 
G3MP2 theory was found to be 5 h. To understand  
the contribution of aldehydic hydrogen to the global rate  
coefficient, experimental investigations using a deuterated 
test molecule are necessary and such experiments have 
been planned in our laboratory. 
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