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Abstract 

The rate constant of the disproportionation channel 1a of the self-reaction of hydroxyl 

radicals OH + OH  H2O + O (1a) was measured at ambient temperature as well as over an 

extended temperature range to resolve the discrepancy between the IUPAC recommended value 

(k1a = 1.48x10-12 cm3 molecule-1 s-1, discharge flow system, Bedjanian, Y.; Le Bras, G.; Poulet, G.  

J. Phys. Chem. A 1999, 103, 7017-7025) and a factor of ca. 1.8 higher value by pulsed laser 

photolysis (2.7x10-12 cm3 molecule-1 s-1, Bahng, M.-K.; Macdonald, R. G.  J. Phys. Chem. A 2007, 

111, 3850-3861 and 2.52x10-12 cm3 molecule-1 s-1, Altinay, G.; Macdonald, R. G. J. Phys. Chem. A 

2014, 118 38-54). 

To resolve this discrepancy, the rate constant of the title reaction was re-measured in three 

laboratories using two different experimental techniques, laser pulsed photolysis – transient UV 

absorption and fast discharge flow system coupled with mass-spectrometry. Two different 

precursors were used to generate OH radicals in the laser pulsed photolysis experiments. 

The experiments confirmed the low value of the rate constant at ambient temperature (k1a= 

(1.4 ± 0.2)x10-12 cm3 molecule-1 s-1 at 295 K) as well as the V-shaped temperature dependence, 

negative at low temperatures and positive at high temperatures, with a turning point at 427 K: 

k1a = 8.3810-14 ×(T/300)1.99×exp(855/T) cm3 molecule-1 s-1       (220 - 950K) 

Recommended expression over the 220 -2384 K temperature range: 

k1a = 2.68 10-14 ×(T/300)2.75×exp(1165/T) cm3 molecule-1 s-1     (220-2384K). 
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Introduction 

Hydroxyl radical plays an important role both in the atmospheric1-7 and in combustion8-14 

chemistry. The self-reaction of hydroxyl radicals is important in the kinetic laboratory studies of 

other reactions of this intermediate as well as in the fundamental chemical kinetics, as one of the 

simplest self-reaction of diatomic free radicals:  

 

OH + OH  H2O + O     (1a) 

 H2O2       (1b) 

 

In the reaction mechanisms reaction 1 contributes as one of the routes of consumption of 

hydroxyl radicals. In addition, it leads to production of oxygen atoms. In turn, oxygen atoms in 

subsequent reaction with hydroxyl radicals generate hydrogen atoms, which further complicates 

data interpretation. Interpretation of the laboratory data requires accurate rate constants and 

branching ratios with their temperature dependences over a wide temperature and pressure 

ranges.  

 Reaction 1 was thoroughly studied both experimentally15-36 and theoretically.37-46  A 

detailed summary of the previous works is given in several publications.29, 36 The temperature 

dependence of the disproportionation channel 1a at ambient and slightly elevated temperatures is  

negative (deceleration of the reaction at higher temperatures), although a positive temperature 

dependence was reported in one old experimental study.26 Subsequent experimental studies 

resulted in a small negative temperature dependence near ambient conditions.28 Currently, the 

negative temperature dependence of the disproportionation channel 1a near ambient and slightly 

elevated temperatures is well established. 

However, despite of the large number of experimental studies on the kinetics of reaction 

1, the absolute value of the rate constant of the disproportionation channel 1a even at the ambient 

temperature currently is still a subject of a controversy. 

The room temperature rate constant of the disproportionation channel 1a, k1a = 1.48x10-12 

cm3 molecule-1 s-1, as well as the negative temperature dependence at moderate temperatures 

obtained using discharge flow system27 are currently accepted in the IUPAC 

recommendations.47-48 Later, channel 1a was re-investigated using pulsed photolysis N2O/H2O 

mixtures at 193 nm yielding factor ca. 1.8 higher value of 2.7x10-12 cm3 molecule-1 s-1.29 Kinetics 
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of reaction 1 was then investigated using photolysis N2O/H2O/O2 at 193 nm at high pressures by 

monitoring ozone formed in the recombination of oxygen atoms produced in channel 1a with 

molecular oxygen.36 This study confirmed the lower value of k1a at ambient temperature. In 

addition, the turning point in the temperature dependence of k1a at ca. 500 K has been reported. 

In the most recent study,  the reaction was re-measured using essentially the same approach as in 

the previous study of the same group29 with a modified heatable reactor49 yielding again a high 

value of k1a but confirming the turning point in the temperature dependence at ca. 500 K.  

In this work, the kinetics of the title reaction was investigated by three research groups 

using three different techniques to produce hydroxyl radical with two different techniques of 

monitoring of the decay kinetics. Laser photolysis – time-resolved transient UV absorption of 

OH at ca. 308 nm were used in the New Jersey Institute of Technology (NJIT) group (Newark, 

USA) and the Institute of Chemical Kinetics and Combustion (IChK&C) (Novosibirsk, Russia). 

Two different techniques were used to produce excited O(1D) atoms: photolysis of N2O at 193.3 

nm (ArF excimer laser, at NJIT) and photolysis of O3 at 266 nm (4th harmonic of Nd:YAG laser, 

at IChK&C), respectively. Subsequently, excited oxygen atoms produce OH radicals via fast 

reaction with water molecules: 

 

O(1D) + H2O  2 OH       (2)   

  

Fast discharge flow system combined with mass-spectrometric detection was employed in the 

experiments performed at the Institut de Combustion, Aérothermique, Réactivité et 

Environnement, CNRS, Orléans, France (ICARE/CNRS). In this study, hydroxyl radicals were 

formed via fast reaction of hydrogen atoms with NO2: 

 

 

 H  +  NO2    OH  +  NO     (3) 

 

Hydrogen atoms were produced via microwave discharge in H2/He mixtures. Hydroxyl radicals 

were measured via conversion to HOBr in fast reaction of OH with molecular bromine  

 

OH + Br2  HOBr  + Br     (4) 
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 by subsequent detection of HOBr using mass-spectrometry.  

 Reaction 1 has two channels, the second (recombination) channel is pressure dependent. 

This channel was characterized in the previous work over a wide pressure and temperature 

rangees36. Current experiments, devoted to the determination of k1a, were performed at low 

pressures (1.1 – 7.5 Torr). At these low pressures the contribution of the pressure-dependent 

channel 1b is small (3 – 10%). This contribution was evaluated based on the results of the 

previous study over a wide pressure range (1 – 100 bar),36 and was explicitly taken into account 

in the reaction model. 

All these experiments resulted in a low rate constant, k1a= (1.4 ± 0.2)x10-12 cm3 molecule-

1 s-1 at room temperature. The LCSR/CNRS study performed over an extended temperature 

range, 220 - 950 K, also resulted in a V-shaped temperature dependence with a turning 

temperature at 427 K, in excellent agreement with the previous studies of the NJIT group.36, 50 

 

Experimental 

 

Pulsed Laser Photolysis – Transient UV Absorption 

 

Pulsed laser photolysis combined with transient UV absorption was used in the studies 

performed at NJIT (Newark, USA) and IChK&C (Novosibirsk, Russia). 

 

Experimental, NJIT (Newark, NJ, USA) 

 

 The details of the experimental set-up and the design of the flow reactor used at NJIT are 

given in our previous works.36, 51-53 Hydroxyl radicals were generated in pulsed photolysis of 

N2O in the presence of water vapor at 193.3 nm (ArF excimer laser): 

 

 N2O  + h(193 nm)   O(1D)  + N2    (P1a) 

      N(4S) + NO(2)    (P1b) 

O(1D) + H2O   2OH(v=0,1)     (5a) 

     O(3P) + H2O    (5b) 
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     H2 + O2    (5c) 

 

The quantum yield of the major channel P1a is 100% within the accuracy of 1%, the 

quantum yield of the minor channel P1b is less than 0.8%.54 

 The fraction of vibrationally excited hydroxyl radicals OH(v=1), formed in the reaction 

of O(1D) + H2O (reaction 5a) is 22-24%.55-57 

Fraction of O(1D), formed in photolysis of N2O, reacts with N2O: 

 

 O(1D) + N2O   NO  +  NO    (6a) 

      O2  +  N2    (6b) 

      O(3P) + N2O    (6c) 

 

The hydroxyl radical temporal profiles were recorded via multiline UV absorption at ca. 

308 nm using low pressure H2O/Ar DC discharge lamp.36 

To provide uniformity across the cross-section of the reactor, before entering, the 

photolysis laser beam was formed with two lenses: a spherical, with the focal length of 30 cm, 

located 70 cm from the reactor entrance, and a cylindrical, with the focal length of 30 cm, 

located 23 cm from the reactor. This arrangement provided the beam uniformity across the 

reactor’s cross-section of ± 7.3% from the mean value. 

The bath gas used in all experiments was helium. The measurements were performed at 

ambient temperature at pressures of 0.01, 0.1 and 1 bar. The path length of the reaction zone was 

precisely defined using the 4-window configuration of the reactor.36 Brooks mass flow 

controllers (model 5850) were used to control the bath gas and the reactants flow rates. The total 

flow rates were in the range 20 – 75 sccs. Flush flows to the reactor windows were in the range 

4.5 - 10 sccs. Precision syringe pump (Harvard Apparatus, Model PHD 4400) was used to inject 

liquid water through a capillary tube into an evaporator (kept at 90 oC) and, subsequently, to the 

reactor. The flowrate of liquid H2O was in the range 6 – 18 l/min.  

In Situ Actinometry. The absolute concentrations of OH radicals were determined based 

on the photon flux inside the reactor, the absorption cross-section of N2O at 193.3 nm, and the 

effectiveness of conversion of O(1D) atoms, produced in the photolysis of N2O, to OH radicals. 

The conversion of O(1D) to OH was about 0.84x2 as accurately evaluated using a reaction 
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mechanism. The absorption cross-section of N2O is known at 298 and 1 bar with good 

accuracy,58  at other conditions the cross-sections of N2O were measured in the previous works.36 

To avoid the errors associated with the determination of the laser light intensity inside the reactor 

using outside energy meters (which require independent calibrations) as well as the windows 

transmittance drift due to film deposition caused by contaminations, in situ laser light 

actinometry was used. The approach is based on the monitoring of ozone formation at 253.6 nm 

in the photolysis of N2O/O2/N2 mixtures at 1 bar and 298 K.36 

The details of such measurements are described elsewhere.35-36, 59-60 Briefly, N2O, diluted with 

5.0% O2 in N2 mixture was pumped through the reactor at ambient (measured) pressure and 

photolyzed at 193.3 nm. Temporal profiles of O3 build-up were monitored using a low pressure 

RF discharge mercury lamp at 253.7 nm. After formation in the photolysis, excited oxygen 

atoms O(1D) undergo relaxation in collisions with nitrogen (kq,N2 = 2.6x10-11)61 and oxygen (kq,O2 

= 4.0x10-11)61 or react with N2O (k = 1.35x10-10). The concentration of oxygen-nitrogen mixture 

(2.43x1019 molecule cm-3) used in these experiments was much higher than the concentration of 

N2O (7.4x1016 molecule cm-3) which provided almost complete (98.5%) relaxation of O(1D) to 

the ground state oxygen atoms O(3P) and subsequently to conversion to ozone in fast reaction 

with molecular oxygen, O(3P) + O2 + M  O3 + M. The absorption cross-section of N2O at 

193.3 nm used in these determinations is the JPL recommended value, N2O = 8.7x10-20 

cm2molecule-1 (at 298 K and 1 bar).62 The technique is described in detail in  Ref.36 

The uncertainty in the measured rate constant is estimated based on the uncertainty in the 

absolute concentrations of hydroxyl radicals, uncertainty associated with the reaction model,  and 

the statistical error in the decay parameters. The accuracy of the N2O cross-sections (ca. ±6%), 

the O3 determination (ca. ±4%), and the uncertainties introduced by the ozone formation model 

(ca. ±3%) contribute to the accuracy of the determination of the absolute concentrations of OH 

radicals.  The uncertainties associated with the reaction model are estimated as ±11%. The 

statistical errors in the decay parameters of OH radicals at low pressures used in this work are 

negligible. Assuming that all these sources are independent, the overall estimate of the accuracy 

of the rate constants is ±14% (±2). 

 In the experiments, two determinations of the photon flux inside the reactor were 

performed, before and after a series of measurements. In every accumulation of a kinetic profile  

the readout of the pyroelectric detector installed after the reactor was recorded. This readout was 
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used then to introduce proper corrections for the drift of the laser energy during the series of 

experiments.  

 Subsequently, the apparent absorption cross-section of OH radical on the multi-line 

radiation near 308 nm determined using the in situ actinometry was used to calculate the absolute 

concentrations of OH in the kinetic measurements. Detailed results on the temperature and 

pressure dependence of the absorption cross-section of OH are given in a previous publication.36 

At ambient temperature (295 ± 3) K and low pressures (< 0.1 bar) the cross-section is 5.02x10-17 

cm2molecule-1.    

The concentrations of the precursors used were (4.6 – 6.4)x1016 molecule cm-3 (N2O), 

(3.7 – 11.0)x1017 (H2O) and (3.9 – 5.5)x1017 (O2). The photolysis laser photon fluence inside the 

reactor was varied in the range (4.6 – 8.9)x1015 photon cm-2 pulse-1. The initial concentrations of 

hydroxyl radicals were in the range (4.7 – 8.4)x1013 molecule cm-3. The pressure range of the 

current study was 0.01 – 1 bar (He). The experiments were performed at ambient temperature of 

293 ± 3 K. The repetition rate of the laser was adequate to ensure complete replacement of the 

gas mixture in the reactor between the pulses (0.3 – 2 Hz, depending on pressure). 

As it was observed in numerous experiments, the lifetime of hydroxyl radical in uncoated 

reactors (quartz, stainless steel) was too short (< 0.5 ms) due to wall decay, which prevented any 

kinetic measurements unless a wall coating was used. In the initial experiments, Halocarbon 

Wax was used to reduce the wall activity to an acceptable level. However, this material absorbs 

193 nm light, so that the windows of the reactor could not be coated. Fast decay of OH on the 

reactor windows leads to short transients in the OH kinetic curves due to the establishing of a 

diffusion-against-flow concentration profile near the windows. This annoying transient 

complicated the data interpretation. 

At a later stage, a new wall coating witch works superior to Halocarbon Wax was found. 

This is perfluoropolyether, F-(CF(CF3)-CF2-O)n-CF2-CF3, which is commercially available as 

synthetic vacuum oil under several different brand names. Specifically, we used DuPont Krytox 

1525. This polymer is chemically inert and transparent in the UV and far-UV, including 193 nm. 

Therefore, it could be used to coat the windows both at 266 nm and 193 nm over an extended 

temperature range. It has very low vapor pressure (1x10-7 

Torr at 20 oC and  2x10-3 Torr at 200 

oC). In a reactor with ID of 0.7 cm, observed wall decay rate constant for hydroxyl radicals is 
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about kw,OH = 15 – 28 s-1 (lifetime of 36 – 70 ms), which results in the probability of decay per 

collision of w(OH) = (1.7 – 3.2) x10-4.  

Reagents. Helium used in the experiments was BIP®Helium from Airgas with 99.9999% 

purity and with reduced oxygen content (<10 ppb).  UHP oxygen was obtained from Matheson 

TriGas (99.98% purity). Certified mixture of N2O in He (2.50%, accuracy ±2%) obtained from 

Matheson Tri-Gas was used. Purified water (Milli-Q®) with TOC less than 5 ppb) was degassed 

by freeze-pump-thaw cycles and used as a reactant supplied by a syringe pump (Harvard 

Apparatus PHD 4400) as well as in the low pressure H2O/Ar discharge hydroxyl monitoring 

lamp. UHP Argon obtained from Matheson TriGas (99.999% purity) was used in the H2O/Ar 

lamp. 

 

Experimental, IChK&C (Novosibirsk, Russia) 

 

The only essential difference of the experimental approach used at IChK&C was in the 

photochemical generation of excited oxygen atom via photolysis of ozone at 266 nm using the 4th 

harmonic of Nd-YAG  laser (Lotis Tii, model: LS-2137U, the energy in the 4th harmonic  of 130 

mJ at the pump lamp energy of 36 J ) 

 

O3 + h(266 nm)   O2 +  O(1D)    (P2) 

 

  The optical arrangement was similar, but not identical to the arrangement used at NJIT. 

A low pressure Hg lamp was used to measure the ozone kinetics for the purpose of the in situ 

actinometry, DC discharge low pressure OH-lamp identical to the one at NJIT was used to 

measure the absorption of OH radical near 308 nm. A prism monochromator (Carl Zeiss, SPM2) 

was used in these studies. Before entering the reactor, the laser beam was formed by a diaphragm  

with a diameter of 6.44 mm. The root-mean-square inhomogeneity of the laser beam was  ± 12% 

from the mean value. The apparent cross-section of hydroxyl radicals in the set-up at IChK&C 

determined from the in situ actinometry measurements differ from the one obtained at NJIT, 

even though an identical design as well as the electrical parameters of the DC discharge in 

H2O/Ar lamp were used. This difference was assigned as being due to the somewhat different 

optical arrangements of the lenses that formed the monitoring beam. The apparent cross-section 
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depends upon the gas temperature in the discharge, which has a radial distribution. Thus, the 

regions closer to the discharge tube axis would emit light which would be absorbed less 

efficiently compared to the light emitted from the regions closer to the discharge tube wall. 

Finally, the resulting apparent cross-section depends upon the relative contributions of the light 

emitted in different places of the discharge tube, which, in turn, depends on the beam forming 

lenses positions, focal distances, as well as the monochromator slits widths. The apparent cross-

section of OH at ambient temperature (295 K) and low pressures (< 0.1 bar) measured using the 

set-up at IChK&C, was 7.2x10-17 cm2 molecule-1.   

Helium was used as the bath gas in all measurements. The measurements were performed 

at ambient temperature at pressures 0.01 and 0.02 bar. Gas flow rates were controlled by mass 

flow controllers (Tylan,  model FC 260). The total flow rates of the reactant mixtures with 

helium were in the range 0.75-0.83 sccs.  Water vapor was supplied via a two-stage impinger 

with controlled temperature. 

 In Situ Actinometry. The absolute concentrations of OH radicals were determined based 

on the photon flux inside the reactor, the absorption cross-section of O3 at 266 nm, and the 

efficiency of conversion of O(1D) atoms produced in the photolysis of O3 to OH radicals. The 

latter was typically about 0.97 and was accurately evaluated using a reaction mechanism. The 

absorption cross-section of O3 is accurately known at 298 and 1 bar.58 Again, an  in situ laser 

light actinometry was used. In this case ozone depletion was monitored at 253.6 nm in the 

photolysis of O3/O2/N2 mixtures at 0.02 bar and 298 K. This is the same technique that was used 

to determine in situ photon flux via ozone depletion in photolysis at 248 nm.63 Sample ozone 

absorption trace used in the in situ actinometry as well in the additional measurements of k1a are 

shown in the Supporting Information (Fig. S1). 

 In the experiments, ozone was formed on line using dielectric barrier discharge ozonator 

(50 Hz, up to 11.3 kV) in O2/He mixtures. The home-made ozonator was a dielectric barrier 

discharge tube with a grounded electrode outside of the tube (aluminum foil) and a thin Ni-Cr 

coaxial wire inside the reactor as the high-voltage electrode. The ozonator power and, 

subsequently, the ozone yield, was controlled by variation of the input voltage of the high 

voltage transformer. The maximum conversion of oxygen to ozone in the experimental 

conditions used was 7 %. The concentration of ozone in the reactor was measured via the 

absorption at 253.6 nm.  
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The walls of the reactor, as well as the windows in some experiments, were coated with 

either Halocarbon Wax or Krytox 1525, as described in the previous section. 

The concentrations of the precursors used were 3x1013 – 2x1015 molecule cm-3 (O3),  (1.5 

– 6.8)x1016  (H2O) and  2.8x1015 – 4x1017 (O2). The photolysis laser photon fluence inside the 

reactor was varied in the range 6.3x1014 – 9.7x1015 photons cm-2pulse-1. The initial 

concentrations of hydroxyl radicals were in the range 1x1013 – 1.3x1014 molecule cm-3. The 

experiments were performed at ambient temperature 293 ± 3 K and low pressures in the range 

0.01-0.02 bar. The repetition rate of the laser was adequate to ensure complete replacement of 

the gas mixture in the reactor between the pulses (5.7 Hz). 

Reagents. Helium used in the experiments was 99.995% purity with reduced oxygen 

content (10-4%).  UHP oxygen used has purity of 99.95% Deionized water with electrical 

resistivity of 17 MOhm*cm was used. UHP Argon (99.999%) was used in the H2O/Ar discharge 

lamp. 

 

 

Fast Discharge Flow  – Mass-Spectrometry 

 

Experimental – ICARE/CNRS (Orleans, France) 

 

  The title reaction was studied with a discharge flow reactor at total pressure of helium of 

1 – 2 Torr using a modulated molecular beam mass spectrometer as the detection method.27, 64-65      

Two flow reactors were used. The first one, used at low temperatures (220 – 318 K), consists of 

a Pyrex tube (45 cm length and 2.4 cm i.d.) with a jacket for the thermostated liquid circulation 

(ethanol). The walls of the reactor as well as of the movable injector of OH radicals were coated 

with halocarbon wax in order to minimize the heterogeneous loss of OH. The second flow 

reactor used at high temperatures (T = 295 – 950 K), consisted of an electrically heated Quartz 

tube (45 cm length and 2.5 cm i.d.) with water-cooled attachments (Supporting Information, Fig. 

S2).64 In contrast to the pulsed experiments at NJIT and IChK&C, no surface coatings of the 

quartz tube and the injector were used in the experiments at elevated temperatures.  Temperature 

in the reactor was measured with a K-type thermocouple positioned in the middle of the reactor 

in contact with its outer surface. Temperature gradient along the flow tube (Supporting 
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Information, Fig. S2) measured with a thermocouple inserted in the reactor through the movable 

injector was found to be less than 1%.64 

Hydroxyl radicals were produced in the main reactor through a rapid reaction of H atoms 

with excess NO2, hydrogen atoms being generated in a microwave discharge of H2/He mixtures 

(Supporting Information, Fig. S2): 

 

H   +  NO2   OH  + NO     (3) 

 

k3 = (1.47 ± 0.26)  10-10 cm3 molecule-1 s-1 (T = 195 – 2000).66 

 

Hydroxyl radicals were detected at m/z = 96/98 (HOBr+) after being scavenged with an excess of 

Br2 (added in the end of the reactor 5 cm upstream of the sampling cone, as shown in Supporting 

Information, Fig. S2 through reaction 4: 

 

OH  +  Br2   HOBr   +  Br    (4) 

 

k4 = 2.1610-11 exp(207/T) cm3 molecule-1 s-1 (T = 220 - 950K). 67 

 

Reaction 4 was also used for the determination of the absolute concentrations of OH. In excess 

of molecular bromine, the consumed fraction of Br2 is equal to the concentration of HOBr 

produced, which, in turn, is equal to the concentration of hydroxyl radicals: [OH] = [HOBr] = 

[Br2]. The possible influence of secondary chemistry on this method of the detection of OH 

radicals and their absolute calibration procedure was discussed in details in the previous studies 

from this group.27, 65 The concentrations of stable species (NO2 and Br2) were calculated from 

their flow rates, which were measured using pressure drops of their mixtures in He stored in 

calibrated volume flasks.  

Reagents. The purities of the gases used were as follows: He (>99.9995%, Alphagaz), 

passed through liquid nitrogen trap; H2 (> 99.998%, Alphagaz); Br2 (>99.99%, Aldrich); NO2 (> 

99%, Alphagaz). 
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Results 

 

Photolysis of N2O/H2O/He mixtures at 193.3 nm (NJIT) 

 

Sample OH decay absorption profiles of OH radicals at different initial concentrations are 

shown in Fig. 1.  Since the wall decay rate constant is initially unknown, the following iterative 

approach was used to process the experimental data. First, the “initial slope rate constant”, k’, 

was determined using exponential fitting through the initial part of the decay curve. Typically, 

the initial part of the decay curve that corresponds to ca. 33% of the amplitude decay was used. 

Then, the resulting k’ was plotted vs. the absorption amplitude as to yield a straight line with an 

intercept. (Fig. 2) The intercept is due to the wash-out of the gas mixture from the reactor (a 

well-defined contribution) and the rate constant of the wall decay of hydroxyl radicals, kw,OH. 

The intercept was used then to determine the first approximation to the hydroxyl radical wall 

decay rate constant, kw,OH The slope could be also used to determine the first approximation to 

the rate constant of the channel 1a using the apparent stoichiometric coefficient calculated via 

modeling with the complete reaction mechanism. The complete reaction mechanism for the 

N2O/H2O/He + 193 nm photolysis system is described in detail in our previous publications.35-36, 

50 For reference, the mechanism which was used for the data processing is also given in the 

Supporting Information, Table S1. 

Then the original absorption profiles were fitted using the full kinetic model by numerical 

solution of the ODE system corresponding to the reaction mechanism using SCIENTIST 

software.68   The first approximation wall rate constant obtained via the “initial slope” analysis is 

used in the reaction model. The wash-out contribution is explicitly and correctly installed in the 

fitting model. The resulting product k1a[OH]ini is plotted vs. the [OH]ini, the resulting intercept is 

used to adjust the wall decay rate constant, kw,OH,  until the intercept becomes zero. In this 

specific example, the procedure converged in two additional steps beyond the initial slope 

analysis, yielding the rate constant k1a of 1.39x10-12 cm3 molecule-1 s-1 with the wall loss rate 

constant for hydroxyl radicals of kw,OH = 28 s-1. It should be stressed, that although all relevant 

reactions have been included in the mechanism, only four reactions are sufficient to account for 

93% of the returned rate constant k1a, namely the two channels of reaction 1, reaction of oxygen 
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atoms with OH and the wall reaction of hydroxyl radicals. Inclusion of all other processes in the 

reaction mechanism leads to a correction that does not exceed 7% of the rate constant. 

 

Photolysis of O3/O2/H2O/He mixtures at 266 nm (IChK&C) 

 

Sample kinetic profiles of OH absorption in the photolysis of O3/O2/H2O/He mixtures using 

the 4th harmonic of a Nd:YAG laser (266 nm) are shown in the Supporting Information, Fig. S3. 

The corresponding plot that results from the processing of these data is shown in Fig. 4. In this 

series of measurements, the reactor walls as well as the internal surfaces of the fused silica 

windows were coated with Halocarbon Wax. The plot in Fig. 4 shows the last iteration of the 

iteration procedure as described in the previous section. The presence of molecular oxygen in the 

reaction mixture is due to the incomplete conversion to ozone in the inline dielectric barrier 

discharge ozonator. The wall decay rate constant, kw,OH = 15 s-1, the returned rate constant k1a = 

(1.34 ± 0.10)x10-12 cm3 molecule-1 s-1 (± 3 ). In the photolysis of ozone containing mixtures, the 

kinetic information on the rate constant k1a can be obtained based on the OH decay profiles as 

well as on the O3 decay profiles. Ozone has a very large absorption cross-section at 266 nm, and 

only small amounts of ozone are required to produce the desirable concentrations of OH radicals. 

Therefore, the depletion of ozone in the reaction with OH is not negligible, and can be used for 

the determination of the rate constant k1a. In Fig. 4, the circles are obtained by processing of OH 

absorption profiles (at ca. 308 nm), while the squares are obtained by processing of O3 

absorption profiles (at 253 nm, Hg lamp). Both determinations are in excellent agreement, as 

shown in Fig. 4. 

 

Fast Discharge Flow – Mass-Spectrometry Experiments ICARE/CNRS (Orleans, France) 

 

The rate constant of the title reaction 1a was determined from the kinetics of OH 

consumption in the temperature range 220-950 K and 1.0-2.2 Torr total pressure of He. 

Temporal profiles of OH were monitored for different initial concentrations of the radicals in the 

presence of relatively high concentrations of NO2 in the reactor ((2-5)×1013 molecules cm-3 (from 

the OH source). Typical examples of the experimental profiles obtained at two extreme 

temperatures of the study (T = 220 and 950 K) at different initial concentrations of OH radicals 
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are shown in Fig. 5. Partially shown error bars represent maximum uncertainty of 5% of the 

measurements of the relative concentrations of OH. Some other examples of the kinetic runs are 

shown in Supporting Information, Figs. S4, S5. The experimental data were processed using a 

simple kinetic mechanism of reactions 1a and 7: 

 

OH  +  OH  O  + H2O     (1a) 

OH     loss       (7) 

 

Reaction 7 is a lump sum of several processes: the heterogeneous loss of OH radicals on the wall 

of the flow reactor (kw,OH), the reaction of OH with NO2, and the possible secondary reaction 

between OH and HNO3: 

 

OH  +  wall   loss      (8) 

OH  +  NO2 (+M)  HNO3 (+M)     (9) 

OH  +  HNO3 (+M)  H2O + NO3 (+M)    (10) 

 

In contrast to the time-resolved pulsed photolysis experiments discussed above, the 

secondary reactions initiated by the oxygen atoms formed in reaction 1a in these experiments do 

not play role in the OH kinetics due to the presence of NO2 (see below). 

In the frames of the simple two step mechanism (reactions 1 and 7), the rate of OH 

consumption is: 

 

d[OH]/dt = -2k1[OH]2 – k7[OH]        (E1) 

 

An analytical solution of this differential equation leads to the following expression for the 

temporal profiles of OH radicals: 

 

[OH] = k7[OH]0/[(2k1a[OH]0 + k7)×exp(k7t) - 2k1a[OH]0]    (E2) 
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The measurements were performed over a wide range of the initial concentrations of OH radicals 

to reliably decouple the rate constant of interest, k1a, and  the pseudo-first order rate constant k7 

(Fig. 5).  At low initial concentrations, the second order reaction 1a is almost negligible, and the 

decay temporal profiles are exponential (linear dependences in the log scale of Fig. 5). These 

measurements provide reliable determination of k7. At high initial concentrations, strong 

deviations from exponential decay are apparent (strongly curved plots in the log scale, Fig. 5). 

These temporal profiles with high initial concentrations of OH radicals provide reliable 

determination of the bimolecular rate constant k1a.  At each temperature, the rate constant of 

reaction (1a) was derived from the global fit to all experimental kinetic runs using equation E2 

with two variable parameters, k1a and k7. The results of the fits are shown in Fig. 5 as solid lines. 

The ranges of the initial concentrations of OH radicals used and the results obtained for k1 and k7 

at different temperatures are shown in Table 1.  

The possible impact of the secondary reactions on the results of the measurements of k1a was 

discussed in the previous study from the Orléans group,27 where a similar experimental approach 

and similar experimental conditions were used. Briefly, the secondary chemistry initiated by the 

O-atoms formed in reaction 1a, 

O   +  NO2  NO  +  O2     (11) 

 

k11 = 9.8510-16T1.41 exp(543/T) cm3 molecule-1 s-1 (T = 220 – 950 K)69 

 

O   +  OH   H  +  O2     (12) 

 

k12 = 1.810-11 exp(180/T) cm3 molecule-1 s-1 (T = 136 – 515 K),62  

 

 

has no impact on the kinetics of OH consumption, because hydrogen atoms formed in reaction 

12 are rapidly converted back to OH in reaction with NO2.  

In the determination of k1a, the rate of the lump-sum reaction 7, k7 = kw,OH + 

k9[NO2]+k10[HNO3], was considered as independent of the initial concentration of OH, that is 

constant for all the kinetic runs at each temperature. This assumption seems to be reasonable, 
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despite the negative and positive concentration gradient along the reaction zone for NO2 and 

HNO3, respectively. First, the mean concentration of NO2 along the reaction zone ((3.5-4.5)×1013 

molecules cm-3) was kept constant for all the kinetic runs of OH, at a given temperature. Second, 

numerical simulations performed in a previous study from the Orléans’ group (under similar 

experimental conditions), showed that even at the lowest temperature of that study (T = 233 K) 

that is, for the maximum values of the rate constants of reactions 9 and 10, the contribution of 

reaction 10 to OH loss rate was negligible (<5%) compared to the contribution due to the 

heterogeneous loss and reaction 9.27 The rate constants for the reactions 9 and 10 used in those 

calculations, k9 = 2.5×10-30 (T/300)-4.4 cm6molecule-2s-1 (for M = N2) and k10 = 2.1×10-13 cm3 

molecule-1s -1 (T = 230 K), are supported by recent measurements. The rate constant of reaction 

(10) depends on pressure and identity of the bath gas.70 Recently, the measurements of k10 at T = 

217 - 695 K and p = 0.56 – 8.24 Torr with He as a third body have been reported.71 The 

temperature dependence of the rate constant was found to be V-shaped with a value of k10 = 

2.1×10-13 cm3 molecule-1s -1 at T = 220K, the lowest temperature of the present study.71 For the 

reaction OH+NO2 (+M), recently reported value of k9 = 2.0×10-30 (T/300)-3.6 cm6molecule-2s-1 

(for M = O2)
72 is even lower than that used in the simulations and, in addition, should be 

considered as an upper limit under our experimental conditions. This is due to two factors. First, 

the collision efficiency of He (the bath gas in the present study) is lower than the collision 

efficiency of O2. Second, there is an evidence that reaction 9 is in the pressure fall-off region at 

pressures of ca. 2 Torr.72 Finally, in order to verify a possible impact of the reactions 9 and 10 on 

the measurements of k1a, we have conducted three series of experiments at the lowest 

temperature of this study (T = 220 K) with different concentrations of NO2 and at total pressures 

of 1.1 and 2.2 Torr. The measurements at 1.1 Torr, carried out with [NO2] = 2x1013 and 5×1013 

molecule cm-3, resulted in k7 increasing from 10.4 to 18.0 s-1, and practically identical k1a = 2.07 

and 2.13×10-12 cm3 molecule-1 s-1, respectively. Similar value of k1a = 2.10×10-12 cm3 molecule-1 

s-1 was derived from the measurements at 2.2 Torr with [NO2] = 2×1013 molecule cm-3. These 

observations, as well as the consistency of the results obtained at all temperatures for k1 and k7 

with a widely varied initial concentrations of OH, suggest that all processes that impact the loss 

of OH are properly taken into account. 

In fact, under the experimental conditions where initial concentration of OH is largely 

varied, the two variables in equation E2, k1a and k7, can be determined practically independently 
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of each other. At the lowest concentrations of OH, the OH loss kinetics is not sensitive to k1a, 

while at highest [OH]0, the kinetics of OH is driven mainly by consumption of the radicals in 

reaction 1a. This is demonstrated in Figure S5 (SI): one can see that the variation of k1 within 

10% leads to a significant deviation of the calculated OH profiles (dashed lines) from the 

experimental data points at the highest [OH]0 with a negligible impact at the lowest initial 

concentration of OH. We estimate statistical uncertainty of ≤ 10% in the determination of k1a 

through the fit to the experimental data with equation E2. The total combined uncertainty of the 

measurements of k1a is estimated to be of about 15%, by adding in quadrature (square root of the 

sum of squares), the statistical error (≤ 10%), and those of the measurements of the flow rates 

(5%), pressure (2%), temperature (1%), and absolute concentrations (≤ 10%) of OH radicals. 

The experimental conditions as well as the resulting rate constants k1a are summarized in 

Table 1. 

The results of the current study together with the results of previous recent studies are shown 

in Figure 6. The data were fitted using the Modified Arrhenius Expression (three parameters, A, 

n and E). The results are: 

Fit to the data from the present work (blue line): 

 

k1a = 8.3810-14 ×(T/300)1.99×exp(855/T) cm3 molecule-1 s-1 (T = 220-950K)  (E3) 

 

Fit to all data (except Ref. 49 29, black line): 

 

k1a = 2.68 10-14 ×(T/300)2.75×exp(1165/T) cm3 molecule-1 s-1 (220-2384K).  (E4) 

 

 

The two expressions E3 and E4 result in almost identical values for the turning temperature of 

the V-shaped temperature dependence, 427 and 423 K, respectively. The dashed lines correspond 

to the ± 20% deviation from the expression E4 (Fig. 6, black line), showing that almost all 

experimental points fall within these limits. 

 

 

Discussion 
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 Reaction 1 has two channels, the recombination channel 1b is pressure dependent. The 

contribution of pressure dependent channel 1b at 298 K and 0.01 bar is 1.55x10-13 cm3 molecule-

1 s-1, which is ca. 10% of the total rate constant at these conditions. The contributions at higher 

temperatures are smaller. In the discharge flow – MS experiments performed at 1.1 – 2.2 Torr 

this contribution does not exceed 3%. In the laser photolysis – transient absorption experiments 

this (small) contribution was accurately calculated based on the factorization from Ref. 36 and  

explicitly included in the reaction model.   

The three experimental studies using two different approaches and three different 

techniques to generate OH radicals unambiguously confirmed the lower value of the rate 

constant of the disproportionation channel 1a. The discrepancy between the current as well as 

several previous studies with the most recent studies of the Argonne group29, 49 requires some 

discussion.  Although the photolysis system used to generate OH radicals used in29, 49  

(N2O/H2O/He photolysis at 193.3 nm) is the same as the one used by the NJIT group in this 

work, there are several differences in the reaction conditions  as well as the design of the reaction 

cell. The measurements in29, 49 were performed with the mixtures with relatively high 

[N2O]/[H2O] ratios (0.5 – 6), compared with the current NJIT study (ca 0.1). The second 

important difference in the cell design and the experiment arrangement. In the NJIT as well as 

IChK&C studies, the reaction was a cylindrical tubing, so that the reaction was limited in space 

by the reactor walls, coated with inert coatings. The homogeneous distribution of the free 

radicals over the cross-section of the reactor is provided by the beam forming to achieve 

homogeneous light intensity over the cross-section of the reactor as well as by fast radial 

diffusion (<0.5 ms), on the timescale which is much shorter than the typical reaction times (3 – 

30 ms). In both studies of the Argonne group, the reaction zone is initially determined by the 

geometry of the photolysis light, with subsequent losses by free diffusion out of the photolysis 

and the observation zone.    

 The main concern associated with the high [N2O]/[H2O] ratios is in the possible 

participation of “hot” hydroxyl radicals formed in the reaction of excited oxygen atoms with 

water molecules: 

 

 O(1D)   + H2O  OH** + OH*    (2a) 
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As it was already stated, significant amounts of hydroxyl radicals formed in this reaction are 

vibrationally excited, v=1,2. Moreover, the two hydroxyl radicals formed have very high 

rotational temperatures, ca. 2600 and 6000 K,57, 73 respectively. Due to the large rotational 

constant of OH radical, one can assume that the rotational relaxation of high J levels in collisions 

with helium atoms is not fast. Then, the ratio of the concentrations of N2O and H2O might play a 

role. At high concentrations of H2O the relaxation on water molecules of both vibrationally and 

rotationally excited OH radicals would be much faster than a possible reaction of hot OH 

radicals with N2O: 

 

 OH*  + N2O   N2 + HO2    (13) 

 

 OH*  + N2O  HNO + NO    (14) 

 

However, at high ratios [N2O]/[H2O], reactions 13 and 14, if occur, would lead to formation of 

reactive species HO2 and HNO, which react with OH faster than the self-reaction 1a (k13 = 

1.1x10-10, k14 = 1.5x10-11 cm3 molecule-1 s-1.61 

To address this issue, we performed measurements of the yield of hydroxyl radicals after 

completion of all fast processes (reactions of O(1D), relaxation and other reactions of hot 

species) over a wide range of the [N2O]/H2O] ratios. The relaxation processes as well as the 

processes 13 and 14 occur on the microsecond and sub-microsecond time scales and should 

manifest themselves in a decrease of the apparent yield of hydroxyl radicals at high [N2O]/[H2O] 

ratios. The measurements were performed at three pressures, 1 bar, 0.1 bar and 0.01 bar (He). 

The results are shown in Fig. 7. At 0.01 bar, the ratio [N2O]/[H2O] vas varied over a wide range, 

from 0.048 to 3.6 (75 times). No dependence was found for all three pressures, 0.01, 0.1 and 1 

bar. The measured initial OH concentrations correspond to the predictions of the model, which 

does not include “hot” radical reactions (which includes translationally hot, as well as 

vibrationally  and rotationally excited radicals) within the accuracy of the experimentally 

measured cross-sections. These experiments unambiguously demonstrate that reactions 13 and 

14, as well as similar reactions, do not play any role under the experimental conditions of this 

and previous studies, and rule out the possibility of the explanation of the observed discrepancy 

in k1a measurements due to the reactions of “hot” species. 
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 The second issue is the treatment of the “out-of-beam” diffusion in Ref.29, 49 The 

photolysis region has no axial symmetry, moreover, the region itself as well as the homogeneity 

of the photolysis light were ill defined. The diffusion contribution was not explicitly calculated 

in these studies, but rather was used as a fitting parameter. However, the “out-of-beam” 

contribution was not negligible or small. The contribution itself was of the order of the decay 

constant due to the chemical reaction. For example, in Fig. 2 of Ref.49 the initial slope of the 

decay profile corresponds to 127 s-1. Variation of the “diffusion loss constant” from  95 to 84 sec-

1 lead to the large variation of the returned rate constant k1a from 1.0x10-12 to 2.5x10-12 cm3 

molecule-1 s-1. However, the model curves that correspond to these parameters are almost 

indistinguishable. Then the choice of the proper diffusion loss rate constant was made based on 

the goodness of the fit. In the model used, diffusion contribution was approximated by a first 

order process. Under such an assumption, there are no expectations that the experimental profiles 

would be exactly reproduced, and the goodness of the fit by no means could be a criterion of the 

validity of the (strongly correlated) fitting parameters. The concentration temporal profiles due to 

the spreading by the diffusion are not exponential. Moreover, the diffusion spreading leads to the 

decrease of the concentration of the reactive species, which would further complicate the 

modeling of the second order reactions.  

 Another important observation in the studies of reaction 1a is the peculiar V-shaped 

temperature dependence. As it was pointed out previously and confirmed in the current study, the 

temperature dependence of the title reaction 1a is V-shaped, the rate decreases with temperature 

at low temperatures and starts increasing at about 427 K. The peculiar temperature dependence 

as well as the status of the theory in this respect require some discussion. 

 There have been several theoretical studies of the title reaction 1a. These studies are 

reviewed in the most recent paper of Nguyen and Stanton.74 As it summarized in Ref.74, all 

theoretical studies resulted in a positive barrier in reaction 1a, in the sense that the barrier top lies 

above the ground state energy of the reactants. Specifically, in Ref.74 the calculated barrier height 

is +1.12 kcal/mol. In this respect, the experimentally observed negative temperature dependence 

at low temperatures (as well as the V-shaped temperature dependence over the wide temperature 

range) requires discussion. For a sequence of “simple metathesis reactions” of H-atom 

abstraction from HBr by small hydrocarbon free radicals (CH3, C2H5, etc.) and some other 

radicals (e.g., SiH3),
75-79 the observed negative temperature dependences were naturally 
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explained based on the fact that the top of the reaction barrier lies below the ground energy of the 

reactants (dubbed as “negative barriers”, or could be called “submerged barriers” as suggested by 

J. Troe) on the example of the simplest reaction of this class, CH3+HBr  CH4 + Br. The theory 

based on the “negative barriers” also naturally predicts the V-shaped temperature dependence as 

well as possible pressure dependence presumably at very high pressures The structure of the 

Potential Energy Surface for such reactions (the top of the barrier below the reactants level, or, in 

more general terms, the “ground state” of the reaction bottleneck is below the reactant energy 

level) is crucial for the explanation of the negative temperature dependence at low temperatures 

as well as the V-shape.  

 In Ref.74, the negative temperature dependence of k1a at low and moderate temperature as 

well as the V-shaped temperature dependence over the wide temperature range was explained via 

the tunneling effects even for a positive barrier. Essentially, the approach is based on the 

existence of the “pre-reactive complex” (with the bonding energy of 3.37 kcal/mol.74) 

Qualitatively, it is clear that the pressure dependence of k1a should have two limiting regimes, the 

“high pressure limit” when the pre-reactive complex is populated down to its ground state due to 

the stabilizing collisions with the bath gas molecules, and the “low pressure limit”, when the 

collisions with the bath gas molecules are so scarce so that the pre-reaction complex is not 

populated below the reactants zero energy at all.  As it was estimated for a similar reaction in 

Ref.78 and correctly indicated in Ref.74, the “high pressure” regime requires very high pressures 

(compared to the pressures employed in the experimental studies of reaction 1a). Then all 

calculations must be done for the “low pressure” limit, when the pre-reactive complex is not 

populated at all at the energies below the ground state of the reactants (zero energy). Even very 

simple estimates show that the experimental conditions used to study reaction 1a are several 

orders of magnitude down into the “low pressure” region. For estimates, using the “gas collision” 

rate constant of 5x10-10 cm3 molecule-1 s-1 and the rate constant k1a=1.4x10-12 cm3 molecule-1 s-1, 

for the probability of a reactive collision of OH + OH one obtains 1.4x10-12/5x10-10 = 2.8x10-3. 

Estimating the deactivation rate constant in the collisions with the bath gas molecules of 5x10-11 

cm3 molecule-1 s-1 (weak collisions, c=0.1), bath gas density of 3.3x1016 molecule cm-3 (1 Torr), 

the stabilization rate of the collision complex would be 3.3x1016x5x10-11 = 1.7x106 s-1. Roughly 

estimating the lifetime of the activated pre-collision complex as 3 nm/3x104 m/s = 10-13 s, for the 

probability of the collision pre-reactive complex to be stabilized in a single  binary OH + OH 
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collision is 1x10-13x1.7x106 = 1.7x10-7,  which is more than 4 orders smaller than the probability 

to react. More accurate estimate of the lifetime of the excited pre-reactive complex might 

somewhat change this estimate. In any case, the issue is the value of the rate constant in the “low 

pressure” regime, which is to be compared with the experiment.   

 In Ref.74, the V-shape of the temperature dependence is assigned to the peculiar 

temperature dependence of the tunneling factor, which presumably decreases with temperature 

faster than the increase of the classical TST rate constant. Such a behavior of the rate constant is 

counterintuitive, and there are some other questionable outcomes of the calculations. The 

calculations results indicate that at low temperatures (e.g. 200 K) the tunneling factor is about a 

factor of 11, which means that ca. 90% reaction proceeds below the reaction barrier, i.e., by 

tunneling. In such a case, isotope substitution H  D must have a strong impact on the tunneling 

probability. However, the calculations result only in ca. 20% drop of the tunneling factor for 

OD+OD reaction compared to that for OH+OH reaction at 200 K.  Unfortunately, only a few 

details on the tunneling calculations are given,74 obviously, further theoretical work is required to 

explain the peculiar temperature dependence of the title reaction. 

 

Conclusions 

The rate constant of the disproportionation channel of the self-reaction of hydroxyl 

radicals (reaction 1a) was measured at ambient temperature using two different experimental 

techniques (pulsed laser photolysis coupled to transient UV absorption and the discharge fast 

flow reactor coupled to mass-spectrometric detection) and three different techniques of 

generation of hydroxyl radicals. All three studies are in excellent agreement, and unambiguously 

confirm the lower value of the rate constant of the title reaction of k1a = (1.4 ± 0.2)×10-12 cm3 

molecule-1 s-1 (298 ± 5 K). In addition, the reaction was studied over an extended temperature 

range 220 – 950 K using discharge fast flow – MS technique. This study confirmed the V-shaped 

temperature dependence with the turning point at 427 K, in excellent agreement with the 

previous studies of the NJIT group.36, 50  
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Associated Content 

 

Supporting Information. Sample ozone depletion profile (Figure S1), the diagram of the high 

temperature flow reactor (Figure S2), sample OH profile in photolysis of ozone containing 

mixtures (Figure S3),  examples of the kinetics of OH loss at different temperatures (Figures S4, 

S5),  the reaction mechanism which was used in the fitting the experimental profiles (Table S1). 
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Table 1. Summary of the measurements of the rate constants of the reaction OH + OH  O + 

H2O (1a) using discharge fast flow coupled with mass-spectrometry technique (ICARE, 

Orleans). 

T (K) No./exp.a [OH]0
b k7

c k1a 
d

 

220 27 0.49-32.2 10.4, 18.0 2.10 

238 9 0.49-33.7 16.4 2.00 

260 27 0.48-38.6 5.1, 9.3 1.79 

286 12 0.43-26.7 5.7 1.55 

295 11 1.24-40.0 4.6 1.48 

318 10 0.87-40.3 4.0 1.41 

360 11 0.85-35.2 4.1 1.34 

410 13 0.77-33.8 4.7 1.28 

480 15 0.64-35.0 9.8 1.22 

586 14 0.38-46.7 15.1 1.33 

718 15 0.39-42.1 15.9 1.48 

823 16 0.36-35.6 17.6 1.78 

950 17 0.35-29.6 27.6 2.11 
a Number of kinetic runs. b Units of 1012 molecule cm-3. c Units of s-1, d Units of 10-12 cm3 

molecule-1 s-1, estimated uncertainty on k1a is nearly 15%. d Units of 10-12 cm3 molecule-1 s-1, 

estimated statistical and total uncertainties on k1 are ≤ 10% and about 15%, respectively. 
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Figure Captions 

 

Figure 1. Sample UV absorption profiles of OH radical (multiline at ca. 308 nm). Photolysis of 

N2O/H2O/He mixture at 193.3 nm. T = 295 K, p = 0.01 bar (7.51 Torr). [N2O] = 1.54x1016 

molecule cm-3, H2O = 1.57x1017 molecule cm-3, [N2O] / [H2O] = 0.1. The initial concentration of 

OH is varied by the laser light attenuation. Wall coating PFPE (Krytox 1525). Black – 

experimental curve, yellow – fitting, magenta – the residual of the fit. The red and green curves 

are the experimental profiles obtained at the same experimental conditions using attenuated laser 

light. 

 

Figure 2. The initial slope analysis (“the first approximation”) of a series of measurements at 

295 K, 0.01 bar (He). The reactants concentrations are kept constant (as in Fig. 1), the initial 

concentration is varied by attenuation of the laser light using meshes and quartz plates. The 

fraction of the decay curves starting at 1.2 ms until ca. 1/3 of the amplitude decay is fitted with 

an exponential function to determine the “initial slope” rate constant. Wall coating PFPE (Krytox 

1525). The results: the intercept = 35.4 s-1, calculated wash-out time = 145 cm/s/10 cm = 14.5 s-1, 

then the first approximation kw,OH = 21 s-1. Assuming the apparent stoichiometric coefficient of 

3.37 for these experimental conditions (obtained using modeling of the kinetic absorption 

profiles using the complete model (see text) results in the first approximation rate constant for 

the channel 1a of k1a= 1.40x10-12 cm3 molecule-1 s-1. 

 

Figure 3. The final iteration (3rd) in the processing of a series of measurements. Wall coating 

PFPE (Krytox 1525). The original absorption profiles are fitted using full kinetic model by 

numerical solution of the ODE system corresponding to the reaction mechanism using 

SCIENTIST software (see text). The first approximation wall rate constant obtained via the 

“initial slope” analysis (Fig. 2) is used in the reaction model. The wash-out contribution is 

explicitly installed in the fitting model. The resulting product k1a[OH]ini is plotted vs. [OH]ini, 

the intercept is used to adjust the wall decay rate constant, kw,OH, until the intercept becomes 

zero. In this example, the procedure converged in two additional steps beyond the initial slope 

analysis, yielding the rate constant k1a of 1.39x10-12 cm3 molecule-1 s-1.  
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Figure 4. Sample data processing for the experiments with photolysis of ozone at 266 nm as a 

source of excited oxygen atoms, O(1D). Mixtures of O3/O2/H2O/He are photolysed using the 4th 

harmonic of Nd:YAG laser (266 nm).  The presence of molecular oxygen is due to the 

incomplete conversion to ozone in the inline dielectric barrier discharge ozonator. The plot 

shows the last iteration of the iterative procedure as described above for the N2O + 193 nm 

experiments. The reactor walls as well as the windows are coated with Halocarbon Wax. The 

wall decay rate constant, kw,OH = 15 s-1, the returned rate constant k1a = (1.34 ± 0.10)x10-12 cm3 

molecule-1 s-1 (± 3 ). Circles: obtained by processing the OH decay profiles. Squares: obtained 

by processing the O3 profiles (partial decay due to the reaction OH + O3).  

 

Figure 5. Examples of the temporal profiles of OH radicals observed at T = 220 (a) and 950 K 

(b) with different initial concentrations of the radicals. Solid lines correspond to the fit to the 

experimental data using Eq. 2. Partially shown error bars represent maximum uncertainty of 5% 

on the measurements of relative concentrations of OH. 

 

Figure 6. Summary of the temperature dependent measurements of k1a. The error bars 

correspond to estimated 15% uncertainty on the measurements of k1a in the present work; 

uncertainties on previous measurements are given as reported in respective studies. The dashed 

lines correspond to the ± 20% deviation from the expression E4 (black line), showing that almost 

all experimental points fall within these limits (see text).  

 

Figure 7. The yield of OH radicals vs. [N2O]/[H2O] ratio at 0.01 bar (a), 0.1 bar (b) and 1 bar 

(c). At 0.01 bar the [N2O]/[H2O] ratio is varied from 0.048 to 3.6 (75 times). 
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Figure 1. Sample UV absorption profiles of OH radical (multiline at ca. 308 nm). Photolysis of 

N2O/H2O/He mixture at 193.3 nm. T = 295 K, p = 0.01 bar (7.51 Torr). [N2O] = 1.54x1016 

molecule cm-3, H2O = 1.57x1017 molecule cm-3, [N2O] / [H2O] = 0.1. The initial concentration of 

OH is varied by the laser light attenuation. Wall coating PFPE (Krytox 1525). Black – 

experimental curve, yellow – fitting, magenta – the residual of the fit. The red and green curves 

are the experimental profiles obtained at the same experimental conditions using attenuated laser 

light. 
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Figure 2. The initial slope analysis (“the first approximation”) of a series of measurements at 

295 K, 0.01 bar (He). The reactants concentrations are kept constant (as in Fig. 1), the initial 

concentration is varied by attenuation of the laser light using meshes and quartz plates. The 

fraction of the decay curves starting at 1.2 ms until ca. 1/3 of the amplitude decay is fitted with 

an exponential function to determine the “initial slope” rate constant. Wall coating PFPE (Krytox 

1525).      The results: the intercept = 35.4 s-1, calculated wash-out time = 145 cm/s/10 cm = 14.5 

s-1, then the first approximation kw,OH = 21 s-1. Assuming the apparent stoichiometric coefficient 

of 3.37 for these experimental conditions (obtained using modeling of the kinetic absorption 

profiles using the complete model (see text)) results in the first approximation rate constant for 

the channel 1a of k1a= 1.40x10-12 cm3 molecule-1 s-1. 
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Figure 3. The final iteration (3rd) in the processing of a series of measurements. Wall coating 

PFPE (Krytox 1525). The original absorption profiles are fitted using full kinetic model by 

numerical solution of the ODE system corresponding to the reaction mechanism using 

SCIENTIST software (see text). The first approximation wall rate constant obtained via the 

“initial slope” analysis (Fig. 2) is used in the reaction model. The wash-out contribution is 

explicitly installed in the fitting model. The resulting product k1a[OH]ini is plotted vs. [OH]ini, the 

intercept is used to adjust the wall decay rate constant,  kw,OH, until the intercept becomes zero. In 

this example, the procedure converged in two additional steps beyond the initial slope analysis, 

yielding the rate constant k1a of 1.39x10-12 cm3 molecule-1 s-1.  
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Figure 4. Sample data processing for the experiments with photolysis  of ozone at 266 nm as a 

source of excited oxygen atoms, O(1D). Mixtures of O3/O2/H2O/He are photolyzed using the 4th 

harmonic of Nd:YAG laser (266 nm).  The presence of molecular oxygen is due to the 

incomplete conversion to ozone in the inline dielectric barrier discharge ozonator. The plot 

shows the last iteration of the iterative procedure as described above for the N2O + 193 nm 

experiments. The reactor walls as well as the windows are coated with Halocarbon Wax. The 

wall decay rate constant, kw,OH = 15 s-1, the returned rate constant k1a = (1.34 ± 0.10)x10-12 cm3 

molecule-1 s-1 (± 3 ). Circles: obtained by processing the OH decay profiles. Squares: obtained 

by processing the O3 profiles (partial decay due to the reaction OH + O3).  
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Figure 5. Examples of the temporal profiles of OH radicals observed at T = 220 (a) and 950 

K (b) with different initial concentrations of the radicals. Solid lines correspond to the fit to 

the experimental data using equation E2. Partially shown error bars represent maximum 

uncertainty of 5% on the measurements of relative concentrations of OH. 
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Figure 6. Summary of the temperature dependent measurements of k1a. The error bars 

correspond to estimated 15% uncertainty on the measurements of k1a in the present work; 

uncertainties on previous measurements are given as reported in respective studies. The dashed 

lines correspond to the ± 20% deviation from the expression E4 (black line), showing that almost 

all experimental points fall within these limits (see text).  

 



 36

0.1 1
0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1.1

1.2

1.3

1.4

1.5

[O
H

] e
xp

 / 
[O

H
] c

a
lc

[N2O] / [H2O]  Ratio

(a)    0.01 bar

 

0.1 1
0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1.1

1.2

1.3

1.4

1.5

[O
H

] e
xp

  /
  [

O
H

] c
a

lc

[N2O]  /  [H2O]     Ratio

(b)     0.1 bar

 

 



 37

0.1 1
0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1.1

1.2

1.3

1.4

1.5

[O
H

] e
xp

  /
  [

O
H

] c
al

c

[N2O] / [H2O]  Ratio

(c)   1 bar 

 

 

Figure 7. The yield of OH radicals vs. [N2O]/[H2O] ratio at 0.01 bar (a), 0.1 bar (b) and 1 bar 

(c). At 0.01 bar the [N2O]/[H2O] ratio is varied from 0.048 to 3.6 (75 times). 
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