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We report quantum dynamics calculations of rate coefficients for the 0 + OH --, H + O2 reaction 
pQ!,en:ctal energy surfaces using a quantum formalism 

coordinates, Our show that the rate coefficient remains 
in the temperature range 10 39 K, in agreement with the conclusions of a recent 
study [Carty aL, J, Phys, Chern. A 110, 3101 This is in contrast with the quantum 
calculations Xu et al. [J. Chern, 127, which, using the same PES, predicted 
two orders of drop the rate coefficient value K to 10 K of our 

in the interstellar medium are discussed, 

PACS numbers: 

The reaction 

+ 

emissions 
been detected in the 
has been identified as a reaction in interstellar ox.\'-

[5-7] and it is considered to be the most 
source of oxygen molecules in cold interstellar 
. As a consequence, the system been 
numerous electronic structure calculations of 

its energy surface [1 as well as 
calculations to evaluate its dependent rate 
coefficients 14, ' The reaction has also been 
the focus of a measure-

However, there still remains 
measured and values of 

its rate coefficients for temperatures below 200 K, which 
is the most region for and 

Carty et aL an 
measurement of rate the reaction in the 

range 39 K to 142 K and observed no vari-
ation in the coefficients with temperature in this 

Based on their concluded that 
the rate coefficient would 
tween 39 to 10 K, 
douds. In contrast to the 
et al. in a recent theoretical work 

calculations within the J-shifting 
Xu et al. [24] rate coefficients that precipitously 

about two orders of between 39 K 
and 10 K. In a in 

the interstellar medium al. [36] these 
rate coefficients and showed that the low abundance of 
molecular oxygen in cold interstellar molecular clouds 
could be attributed to the small values of the rate co­
efficients for the a + on reaction at temperatures below 
39 K. 

In this Letter we show that the low rate 
coefficient of the a + on reaction is sensitive to the 
dense in the energy of 

reaction 

to 
one needs to include 

as low as mK. By us-
a very fine energy to the reaction prob-

abilities and results in the cold < 1 
temperature 

reaction rate coefficients in the range 10 to 39 K. Our 
results do merge with those of Xu et al. at temperatures 
above 300 K where the very low energy does not 
make a contribution. We believe that the rate 

value for 
medium, 

here would provide a more accurate 
oxygen III the interstellar 

which was also em­
For the other 

(DIM) PES 
hereafter referred 

of the total an­
J, and each val ue 



using an Implicitly Restarted Lanzcos algorithm and a 
hybrid DVR/FBR primitive basis set [38]. The time­
independent Schr6dinger equation yields a set of dif­
ferential close-coupling equations in p, which is solved 
using the log-derivative matrix propagation method of 
Johnson [39]. The log-derivative matrix is propagated to 
a matching distance where asymptotic boundary condi­
tions are applied to evaluate the reactance matrix J{ and 
the scattering matrix S. The square elements of the S 
matrix provide the state-to-state transition probabilities, 
P. The matching distance and all other parameters em­
ployed in the calculations are determined by opt.imization 
and extensive convergence studies. 
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FIG. 1: J = 0 reaction probabilities of 0 + OH(v = O,j = 0) 
-+ H + O2 reaction on the XXZLG PES. 
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FIG. 2: J = 0 reaction probabilities of 0 + OH(v = O,j = 0) 
-+ H + O2 reaction on the DIMKP PES. 

In Fig. 1 we show the J = a reaction probabilities as 
a function of the collision energy Ee computed using the 
XXZLG PES. Corresponding results obtained using the 
DIMKP PES are shown in Fig. 2. In both figures , the 
inset shows results for Ee ~ 0.06e V to illustrate the en­
ergy resolution required for' resolving the resonance fea­
tures in the reaction probability. Our calculations include 

2 

reaction probabilities in the energy range Ee = [10 - 7 
-

0.8] eV. In the energy range Ee = [10-7 -10-3 ] eV where 
no resonance features are present we included 40 energies 
in a logarithmic scale. Above 0.001 e V, we used the fol­
lowing energy grids: Ee = [0.0001 - 0.0600; 0.0001] eV 
and Ee = [0.060 - 0.800; 0.001] eV using linear intervals 
where the last number in the brackets indicates the en­
ergy spacing. The reaction probabilities obtained using 
the two PESs are not identical and they illustrate the sen­
sitivity of results to details of the interaction potential. 
The global mean is of about 0.3 for the DIMKP PES 
while it is about 0.2 for the XXZLG PES. The overall 
trend of the reaction probabilities for the XXZLG PES 
is a decrease with increase in the collision energy while 
it oscillates around a value of about 0.3 for the DIMKP 
PES. The lafge number of resonances seen in the reaction 
probabilities comes from quasi-bound states of the R02 

complex. 
Accurate determination of the rate coefficients would 

require calculations of the reaction proba.bilities for all 
contributing values of J. Computational expense esca­
lates quickly with J unless some angular momentum de­
coupling approximations are used. Like Xu et aI., we use 
the J-shifting approximation [40] to compute the initial 
state-selected rate coefficients for the reaction. Within 
the J-shifting a.pproximation, the rate coefficient is given 
by the expression: 

k" ,j(T) = 27f~QR x (~(2J + l)e- E'~"; fl/(k fJT)) 
x 100 

p r,J=O(E ) e-EcI(kBT) dE (1) 
v,] c ~c 

o 

where kB is the Boltzmann constant and 

E J n,2 J(J + 1) min( ) 
shift = 2 (R )2 + V RO-OH 

P, O-OH 
(2) 

is the height of the effective barrier for a given par­
tial wave J in the entrance channel. The quantity 
vmin(Ro_OH) is the minimum energy path of the PES as 
a function of RO-OH and QR = Qtrans x QeJ is the reactant 
partition function. For the translational partition func-

( )

3/ 2 
tion we used the standard formula, Qtrans = 1:~r 
where p, is the O-OR reduced mass. For the electronic 
partition function we used the expression given by Graff 
and Wagner [18]: 

QeJ = (5 + 3e-228 / T + e-326 / T )(1 + e-205 / T ). 

The above expression for the rate coefficient is identical 
to that used by Xu et al. 

The rate coefficients for the v = 0, j = a initial state 
obtained using the XXZLG and the DIMKP PESs are 
shown in Fig .. 3 as functions of the temperature along 
with experimental data from several groups [28, 31, 35] 
as well as the recommended values by NASA [41] and 
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FIG. 3: Rate coefficient of 0 + 
as functions of the temperature. 
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The theoretical results of Xu et 
the XXZLG PES and of Hard-

obtained using the PES of Troe and 
are also included for In table I 

coefficients are smaller than the 
suits for above 200 K. may 
the result of the Over-
all the XXZLG PES results in better agree-
ment with the than the DIMKP PES. At 
1'=298 the rate coefficient calculated the XX­
ZLG PES is 3.01xlO- ll cm3 

rt'r.r.ri"pri error bars 
value of 3,3±0.7x at 298 K. 
The results on the DIMKP and XXZLG PESs 
lie within the error bars of et aL at 
1'=142 K. While the result of Carty et a1. 

not show a strong temperature between 
142 K and 39 the show an increase 
in the rate coefficient as the is reduced from 
142 K to 39 K. The increase for the 
XXZLG PES. 

Overall, the temperature ut:.IJCjjU';]j~.c 
ficients the two PESs is 

rate coefficients within about for tempera-
tures above 100 K. Between 10 K and 100 K the difference 
is about 30%. difference can the en-
ergy of the reaction shown in 
the inset of Fig. 1 and 2. The reaction probabili-
ties are somewhat for the DIMKP PES than for 
the XXZLG PES between 0 0 - 100 

term in 
of the 
of the 

3 

DIMKP PES features smaIl "reef' at 5.0 ao 
whereas it is located at = 5.4 ao for the XXZLG 
PES. For the latter PES the reef is about 0.08 eV 
than that of the DIrvIKP PES. The location and 
of the reef is sensitive to the electronic structure method 
employed. For certain values of J, it becomes an effective 
barrier. The smaller reef for the DIMKP PES leads to 
smaller effective barriers J values . 
This enhances the second term in Eq. (1) 
and leads to a rate coefficients for the DIMKP 
PES. For T >100 the rate coefficient on the DIMKP 
PES is smaller than that of the XXZLG PES. At these. 
temperatures the centrifuga.l term (first term 
in 2) is than the of the PES reef 
that it does not playa 

as seen in the inset of 1 and 2, 
than 0,01 eV (:::::: 100 K), the 

DIMKP PES smaller reaction com-
pared to the XXZLG PES. 

reference 

DIMKP, work 
XXZLG, this work 

Xu et aL [24] 

Quan et ai. 

Carty aL [35J 
Lewis et al. [26] 

Robertson et 
NASA 
IUPAC 

10 K 

5.25 

3.84 

0.0541 

0.784 

39 K 

5.71 

4.66 

142 K 

;3.90 

4.30 

3.5±l.0 3.5±LO 

298 K 

2.45 

3.8±0.9 

3.HO.8 

3.26±0.60 

3.3±0.7 

3.5±04 

TABLE I: Rate coefficient of 0 + OH -) H + 02 given in 
lO- ll mo[ecule- I S-I different temperatures. 

Calculation of coefficients involves of 
the Boltzmann distribution of the collision velocities 

The has 
at low temperatures where the 

Boltzmann distribution can extend to very low 
Th~ fur 
the 'present 

zero as the energy is decreased. The typical 
temperature in the cold interstellar clouds is about 10 K. 
At this temperature, one needs to include incident ener-

low as eV 1 in 
rate We have paid careful attention to in-

clude the low energy tail and to use a fine mesh 
to descri be the rich resonance structures in the energy de-

of the reaction As 3 
our computed rate coefficients do not show a 
decrease between 142 K and 39 consistent with the ex-

results of et at Though no 
tal data are available for below 39 K, our 
results on both PESs do not predict a dramatic decrease 
between 39 K 10 K. At 10 K we obtain a rate coeffi-



cient of 3.84xlO- ll 

PES and 5.25xlO- ll 
on the XXZLG 
on the DIMKP 

PES. 

on our we believe that the use of rate coef-
ficient calculated by Xu et al. in modeling 
may underestimate the of the 0 
+ OR reaction as a source of molecular oxygen. While 
accurate calculation of the rate would 
the inclusion of many momentum quan-
tum numbers and non-adiabatic the present 
calculations show that attention must be given 
in the calculation of low temperature rate coefficients for 
capture reactions. 

In we have quantum 
of the 0 OR ----> R + reaction over a wide 

range of collision on two recent PESs a 
formalism based on hyper­
computed rate coefficients 

are in reasonable 
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