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NHz + NO is a critical reaction in the thermal reduction of
NOy by the Exxon procedsn which NHs is employed as the
reducing agent. The key reaction responsible for the reduction
is NH, + NO which can occur by the following two major
channels:

ka
NH, + NO — HN, + OH (1a)

klb

—N,+ H,0 (1b)

The reaction has been studied by many investigé&tétsvhose
contributions to the kinetic and mechanistic aspects of the
reaction have been cited and reviewed in our earlier publica-
tions?3-26 The key controversy remains in the effect of
temperature on the branching ratio for the radical formation
channel (1a)pu, above 1000 K. This product channel plays
the most important role in the NHeNQ, reaction because it
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Figure 1. Arrehnius plot of the rate constant for the BNH H,O
reaction: solid curve (ref 28); dashed line (ref 32); dotted line (ref
33); dash-dotted curve (ref 34); dastdot-dotted curve (ref 40); ref
27 (@); ref 35 (p); ref 36 (); ref 37 Q); ref 38 (x); ref 39 (@).
(Inset) Arrhenius plot of the OH NH; — NH, + H,0 reaction: solid
line (ref 27); dashed curve (ref 30); dotted line (extrapolation of ref

generates almost simultaneously the two key chain carriers, OH27).

and H; the latter can be readily formed by the decomposition
of the transient species HMNt temperatures above 1000 K.

In our latest paper published in this journal on the ;NH
NO reactior?* we concluded thatv;4 increased rapidly above
1000 K and merged effectively with the large branching ratio
reported by Vandooren et &l.from their modeling of the
ammonia flame speed;, > 0.5, above 1500 K. Our conclusion

good correlation between the predicted and experimental
values, including those for OH NH3; converted tok—, with
the equilibrium constant{_, = 2.68 x 1072 T%53 exp(5846/
T).28 The employment ok_,, instead of Diau’k, given above,
reduces the values of1, by about 20% near 1200 K.

was based on the k|net|ca”y modeled NO decay rates meaSUI’ed Flgure 2 summarizes our new|y modeled results and the

by the pulsed laser photolysis/mass spectroritanyd the NH
and NO decay rates determined in the pyrolysis/FTIR spec-
trometry?°

In both modeling studie®;?*we employed the rate constant
for another influential process which regenerates the, NH
radical,

OH+ NH;— NH, + H,0 (2)

reported by Diau et af7 k, = 1.98 x 10'2 exp(—921/T) cm?/
(mol s), for the temperature range 27833 K. The absolute

existing data onay, including the most recent result of
Votsmeier et af? As shown in the figure, the new values
obtained by using the theoretically calculated agree closely
with those reported by Votsmeier etZ8land the kinetically
modeled results of Glarborg and co-workétsTo test the
generality of the mechanism employed and the sensitivity of
a1a to ko or k-p, we have also used the forward rate constant
adopted by Glarborg et al. in their modelifigl k, = 2.00 x

1P T294 exp(—285/T) cm¥/(mol s); the values of, thus
obtained agree exactly with those evaluated with lour A

value of the rate constant, although agreeing closely with others|east-squares analysis af, based on our data (36200 K)
for the same temperature range, deviates from those determineénd those of Glarborg and co-workers (120370 K) and
at higher temperatures on account of the presence of a strongyotsmeier et al. (13391670 K) gives rise to the expression,

upward curvature above 1000 K as illustrated in the inset of
Figure 1. The existence of the curvature is consistent with our
theoretically predicted result for the reverse process; NH
H,O — OH + NH3, k—» = 2.33 x 10° T>%exp(—55661T) cm?®/

(mol s), computed with the transition state theory (TST) with

01a=9.69x 103—1.31x 104T+3.96x 107 T2 — 9.72
x 10711 T3,

On the basis of our total rate constant for the ;NtH NO
reactiort* and the values ofti, given above, the absolute rate

tunneling corrections using the TST parameters obtained by aconstants for the branching channels la and 1b can be

G2M/B3LYP/6-311G(d,p) calculatioff. Figure 1 shows the

represented by
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Figure 2. Branching ratio for NH + NO — HN; + OH (ous as a

function of temperature: this work’s remodeled result of ref @4; (

remodeled result of ref 20M); ref 30 ); ref 29 Q); ref 21 (+); ref

3 (»); dash-dotted line (ref 17); dotted line (ref 19); dashed line (ref

24); solid line, the result of a least-squares analysisif@rbased on

this work and those of refs 28 and 30.

500

ky,= 1.43x 10" T"*exp(894T) cm’/(mol s)

ky, = 1.20 x 10" T~ +®exp(=150/T) cm’/(mol s).

It should be noted that our low temperaturie € 1000 K)
data were not affected significantly by the upward curvature of
ko or k—, and that the KO formation data reported by Poole
and Graveft from their pyrolytic study of NH + NO could
no longer be sensitively modeled fag,.
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