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A Comprehensive Kinetic Study of Thermal Reduction of NQ by H»
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A comprehensive study of the kinetics and mechanism for the thermal reduction 0byN8&, has been
carried out in the temperature range 6@54 K by pyrolysis/FTIR spectrometry employing different mixtures
containing (1) NQ/Ar, (2) NO/NO/Ar, (3) NOJ/H /Ar, (4) NO,/Ho/CO/Ar, and (5) NQ/H,/CO/NO/Ar. The
results of kinetic modeling for the data obtained from mixtures 1 and 2 gave the rate constant for the key
reaction responsible for NO formation and N@ecay, 2NQ — 2NO + O, (4): ks = 4.16 x 10%
exp(=13 840m) cm?/(mol s). Combination of our data with those of it et al. (ref 27) measured at high
temperatures in shock waves ledkio= (4.51+ 0.15) x 10" exp[-(13 890+ 27)/T] cm®/(mol s) for 600 K

< T < 1450 K. Kinetic modeling of the measured data from mixture$ 3ndicated that the existing rate
constant for H+ NO, — HONO + H (—1) was too large; on the other hand, our theoretically predicted rate
constantk_; = (1.30 x 10%T?76 exp(—14 980M) cm?/(mol s), obtained by high-level ab initio MO/TST
calculations with a small adjustment for the computed barrier from 32.5 to 33.0 kcal/mol, can quantitatively
account for measured concentrations of N@d CQ (in CO-added experimenty,= 1 and 2, and for N@
decay rates reported earlier by Ashmore and Levitt (ref 22).

1. Introduction 10 100 200 300 400 500 600 700 800 900 1000
(a)

In a recent series of experimertd and theoreticd?!
studies, we have attempted to elucidate the complex chemistry
of systems containing H/N/O species, including,NNOy, and
HNOy (x = 1—3). These species are relevant to the formation
and reduction of nitrogen oxide pollutants as well as to the
combustion of high-energy nitramine molecules.

As HONO (nitrous acid) plays a pivotal role in these H/N/O
systems both as the OH radical source (by fragmentation) and —~
as a radical scavenger (by the X HONO — HX + NO; g
reactions), we have investigated its reactions with H, OH, NO, = .
and NH by ab initio MO/statistical theory calculatioA%.In Cr , L
addition, the rate constants for the oxidation of HNO by NO ’
producing HONO and the bimolecular self-reaction, HOMO
HONO — NO + NO, + HyO, both of which were not
experimentally measured reliably, have been computed theoreti-
cally 1819

To test our state of understanding the H/N/O chemistry vis-
avis the HONO kinetics, we have recently carried out a
computer modeling of the kinetic data obtained some time ago
by Ashmore and Levitf on the thermal reduction of NCby 3 UL 20 Tor
H, with and without added NO as a radical scavenger. The 5Torr Tl
dashed curves in Figure 1 show the results of our modeling 10 Torr
using recommended rate constéﬁt_ﬁor the key reactions 40720 10 60 80 100 120 140 160 180 200
involving HONO with the mechanism summarized in the .

Appendix. As revealed by the results presented in the figure, time (sec)

the existing kinetics for HONO reactions cannot account for Figure 1. (a) The decay oPyo; with time, all runs have 10 Torr of
the measured N©Odecay rates under the conditions studied; NOand the indicated pressures of; temperature at 684 K. (b) The
neither can our newly measured kinetic data be reasonablyinhibition effect of NO: 5 Torr of NG and 100 Torr of H, with the

explained by means of the existing key rate constants for theseindicated pressures of NO—j Modeled results using oue.1 andky
values; (- - -), modeled results using the recommended rate constants

reactions (V|o_le mfra_). The_fa|lure in our ability to simulate the ¢ k_, andk; (sec the Appendix). Data were reproduced from ref 22.
kinetics of this relatively simple system suggests the need for B ) o
the aforementioned theoretical studies on the HONO reactions@nd for additional, more reliable, kinetic measurements for
characterization of some of these reactions.
* Corresponding author. E-mail: chemmcl@emory.edu. In the H,—NO, system, the multichannel elementary pro-
T High-school summer apprentice. cesses involving the reaction of H and HONO via various
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TABLE 1: Experimental Conditions2 in P/FTIR Experiment
for the Reaction of H, + NO,

temp (K) time(s) [H]o [NOz, [NO], [COl,
Figure 3a 703954 900 3.17
Figure 3b 625910 1200 4.02 2.06
Figure 6a 602690 1200 11.8 1.75
Figure 6b 646-774 1200 3.74  3.80
Figure 7a 652746 1200 8.23 4.01 3.41 3.28
Figure 7b 623709 1200 5.38 5.37 4.47

@ The partial pressures for each reactant are given in Torr, and all
experiments were carried out at 760 Torr total pressure.

product channels

H + HONO=H, + NO, 1,-1)
= OH + HNO 2,-2)
=H,0+ NO (3,-3)

play a particularly important role in the chain-initiation (reaction
—1), chain-branching (reaction 2), and chain termination (reac-
tion 3). The rate constants for all reaction channels have been
computed by means of high-level ab initio MO/statistical theory
caculations’

In the present study, we pyrolyze mixtures of &hd NQ
with and without added CO. As CO is a known OH scavenger
through the well-established reaction GHCO — CO, + H,
the absolute concentration of the €f@rmed in the reaction
allows us to monitor the amount of the OH radical, the key

chain carrier in the present system. By measuring the absolute

concentrations of NO, N©CO, and CQby FTIR spectrometry

as functions of temperature and the partial pressures of the
reactants, we should be able to identify the key processes
involving HONO (as alluded to above) which control the
reduction of NG by H,.

2. Experimental Section

The thermal reaction of NOwith and without reactive
additives (H, NO, and CO) was carried out in a 270-mL quartz
reactor, which was resistively heated with a double-walled
cylindrical furnace. The furnace was heated and controlled by

a solid-state temperature controller. Reaction temperature was

measured ta:0.5 K with a thermocouple placed in a capillary
tube vacuum sealed at the center of the reactor. The detaile
experimental procedure of the pyrolysis/FTIR spectrometric
technique can be found in our earlier studit=

Pyrolyzed or unpyrolyzed reference samples were expanded
into the absorption cell inside the analysis chamber of the FTIR
spectrometer (Mattson Instruments, Polaris) for determination

of the concentrations of the products and the unreacted reactants

with a resolution of 4 cmt. The absolute concentrations of the
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Figure 2. Typical FTIR spectra of pyrolyzed and unpyrolyzed mixtures
of Ha/NO,/CO. The pyrolyzed spectrum was expanded for better
visibility.

ascertain that the bimolecular self-reactions of ;N€an be
quantitatively characterized in the absence efadd CO, two
mixtures containing N&/Ar and NOQ/NO/Ar were pyrolyzed

in the 703-954 and 625910 K temperature ranges, respec-
tively.

For the thermal reaction of NQwith H», four mixtures, two
of them with added CO, were employed. The purpose for the
addition of CO, as alluded to in the Introduction, is to monitor
OH and convert it to H by the OH CO reaction. Figure 2
shows a typical set of FTIR spectra obtained before and after
the pyrolysis of a mixture containing NOH,, and CO. All
experiments were performed at atmospheric pressure with a
1200 s resident time except those specified individually.

NO; (Aldrich) and CQ (Aldrich) were purified by standard
trap-to-trap distillation. CO (Matheson) was purified by passing
through two liquid N traps (to remove Cg@and HO), and NO
(Matheson) was purified by vacuum distillation through a silica-
gel trap maintained at 195 K to remove impurities such as.NO
H, and Ar (99.9995%) were used without further purification.

3. Results
The reactant and product species concentrations after pyroly-

dsis, at different reaction times and reactant compositions, under

atmospheric-pressure conditions were measured as a function
of temperature. The reaction temperature was from 600 to 954
K, and the compositions varied for the three types of reaction
mixtures containing (1) N@with or without NO, (2) NQ and

H», and (3) NQ, Hp, and CO, with or without NO, all using Ar

as the diluent as specified in Table 1.

The NQY/Ar mixtures were used to check the reliability of

the rate constants for the reactions

reactants and products of pyrolyzed and unpyrolyzed samples
were determined by standard calibration curves. The calibration

curves were obtained with standard mixtures containing reactants
and/or products at pressures near those of expanded, pyrolyzed

NO, + NO, = 2NO + O,
NO, + NO, = NO + NO,

(4)
(%)

samples by plotting in terms of concentration versus absorbance

at 1627.8 cm? for NO,, 1896.9 cm! for NO, 2172.7 cm! for
CO, and 2358.8 crt for CO,. The pressures of the samples
after expansion are approximately 280 Torr. To minimize the
effect of pressure broadening, the pressure of calibration
mixtures containing varying amounts of reactants and products
was maintained at 28& 10 Torr.

Six different NG mixtures with varying amounts of £INO,

which dominate the production of NO, particularly reaction 4.

Reaction 5 is less important than react 4 under our pyrolytic
conditions because of the very fast reverse proces$, (which
is also well-establishetf.

For this reaction system, the experimentally measured
concentrations of NO and NGat a specified reaction time are

shown in Figure 3; they can be quantitatively modeled with

and CO were employed in the study using Ar as the diluent. the recommended rate constants for reactions 4 and 5 and other

The compositions of these mixtures are given in Table 1. To

reactions of lesser importance, such as;NONOz; = NO +
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640 680 720 760 800 840 880 920 960 TABLE 2: Comparison of the Rate Constant Expression for
T T T T T T T the NO, + NO, == 2NO + O, Reaction
ol (a) without NO | bath
rate constant expression T (K) P (Torr) gas ref
— 1 1.63x 102exp(-13 150mM) 300-2500 23
8 2 3.08x 102exp(—13540mT) 473-823 10-252 N, 28
~ 4r 3 3.00x 102 exp(—13 540m) 1830-2000 Ar 29
< 4 2.00x 10"2exp(—12 580M) 1388-1640 228-2128 Ar 27
= 5 4.16x 102exp(—13 840M) 625-954 760 Ar  this work
= 6 4.51x 102exp(~13 890T) 625-1640 228-2128 Ar this work
°  2r
o aRate constants are in the units of #fmol s).” Combination of
‘; items 4 and 5.
N’
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Figure 3. The concentration profiles of reactants and products
measured in the pyrolysis of Nf&r and NGQ/NO/Ar mixtures as

L 2 1 L n L
functions of temperature:A) NO; (&) NO.. (—) Modeled results using 0 400 800 1200 1600 2000
our ks value (see the Appendix). Experimental conditions are given in .
Table 1. time (sec)

Figure 5. Concentration profiles of reactant (NO®>) and product
(NO, 2) as functions of residence time. Solid curves and filled symbols
at 613 K; dashed curves and open symbols at 663 K. Curves are
modeled results using olr; andk; values. Reaction conditions: NO

= 1.76 Torr, H = 17.86 Torr, and Ar balanced to 760 Torr.

—_
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temperatures are shown in Figure 5, and the measured absolute
concentrations of IR-active reactants and products from reactions
. without and with the added CO at a 1200 s residence time as a
] function of temperature are presented in Figures 6 and 7,
respectively. As will be discussed later, these results, similar
to those of the N@determined by Ashmore and Le¥tby
! . UV spectrophotometry presented in Figure 1, cannot be reason-
L ] ably accounted for with the recommended rate constants for
~2 the key HONO reactions. In the following section, a possible
o cause of this discrepancy will be examined and discussed.

log(k,; cm’/mol-s)
[\ w £ W (=) ~ o] K=}

—_
T
’
/
1

i 2 1 n 1 1 L L 1 1

L R R B . ) )
04 06 08 10 12 14 16 18 20 22 4. Discussion

1000/T As presented in the preceding section, the formation of NO
. . ) and the decay of N@in the pyrolysis of the N@Ar and NG/
Figure 4. Arrhenius plot for the N@+ NO, — 2NO + O, reaction: - }
(O) this work; @), ref 27; 1, ref 23; 2, ref 28; 3, ref 29; 4, a combination NO/Ar mixtures can be Well-desc_rlbed by the recommended
of this work and ref 27. rate constart for the most influential channel:

NO; + O, (6). To check the extent of deviation ka, we have NO, + NO,=2NO+ O, (4)
utilized our NO and N@ concentrations to model the rate
constant; the modeled results are summarized in Figure 4 and The purpose of NO addition in one of our reaction mixtures
Table 2 for comparison with the existing kinetic data. The lies in minimizing the contribution of reaction 5. The result of
resulting rate constant from the combination of our data and our sensitivity analysis (not shown) clearly indicates that reaction
the recently reported shock-tube data byhRg et al2” gave 5 contributes negligibly to the formation of NO and the decay
rise toks = (4.514 0.15) x 10*2 exp[—(13 890+ 27)/T] cn¥/ of NO, on account of the fast reverse reaction under our
(mol s); this rate constant was employed for further kinetic experimental conditions.
modeling. By adjusting ks to match the measured and predicted
The measured concentratiotime profiles of NO and N©@ concentrations of NO and NGtt = 900 and 1200 s over the
from the pyrolysis of N@—H, mixtures at two specified temperature range 62854 K, we obtained slightly revised
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Figure 6. Concentration profiles of reactants and products as a function
of the temperature measured in the pyrolysis eND,/Ar mixtures:

() NO; () NOz. (—) Modeled results using ol ; andk; values;

(- - -) modeled results using the recommended rate constants for
and k; (see the Appendix for these rate constants). Experimental
conditions are given in Table 1.

values fork, as given in Table 2 and Figure 4. Our low-
temperature results compare reasonably with earlier data anc
can be correlated quite well with the recent high-temperature
(1388-1640 K) shock-tube data of by Radg et al?” Combina-

tion of our results with ref 27 gave rise to the expressrr

(4.51 £ 0.15) x 10'? exp[—(13 890 & 27)/T] cn¥/(mol s)
covering the temperature range 628540 K.

The concentrations of NGand CQ (x = 1, 2) measured in
the pyrolysis of NQ/H,/Ar mixtures without and with added
CO are presented in Figures 6 and 7 for comparison with
kinetically modeled values. The use of the recommended rate
constants for key HONO reactions as given in the Appendix
led to poor agreement with experimental results, particularly at
lower temperatures. A much greater discrepancy was noted in
our modeling of Ashmore and Levitt's result as mentioned in
the Introduction (see Figure 1). The major process responsible
for the deviation between experiment and modeling, according
to the results of sensitivity analyses (see Figure 8), is the
initiation reaction ¢1).

The application of our theoretically predicted rate constant
for reaction—1,17 together with the predicted, much smaller
rate constant for the self-reaction of HONO, reactiot? Ied
to a considerably better agreement. In view of the improvement
and the high sensitivity of the rates of M@ecay and those of
NO and CQ formation to the initiation reaction, we attempted
to adjust the values d¢; to match the measured and modeled
concentrations of N@and CQ (in the CO-added experiments).
The final values ok_; are presented graphically in Figure 9.
As is evident from the figure, the modeled results kof
(denoted by open circles) agree very closely with the theoreti-
cally predicted values (given by the dashed curve) fon, NO
H, — HONO + H (reaction—1).
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CQO.. (—) Modeled results using o, andk; values; (- - -) modeled
results using the recommended rate constant&foandk; (see the
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(a) NO,

200

400 600 800 1000 1200 1400

time (sec)

Figure 8. Sensitivity analysis al = 630 K for NG, and NO in the
H2/NO, system. Conditions are the same as Figure 6a given in Table
1.

The kinetically modeled results can be quantitatively ac-

counted for by the theory with a slight upward adjustment of
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APPENDIX. Reaction Mechanism and Rate ConstantsEmployed for Kinetic Modeling® of the H, + NO, System

reactions A n E ref¢

1 HONO+ H=H, + NO; 1.46E+04 2.3 3433 d

-1 H, + NO,== HONO+ H 1.30E+04 2.8 29770 this work

2.41E+ 13 0.0 28810 23
2 HONO+ H=HNO + OH 5.64E+10 0.9 4969 17
3 HONO+ H=NO + H,0 8.13E+-06 1.9 3846 17
4 NO, + NO,==NO + NO + O, 4.51E+12 0.0 27600 this work
5 NO; + NO,==NOs; + NO 7.76EF11 0.0 23900
6 NO; + NO, == NO + NO, + O, 4.90E+10 0.0 2940
7 HONO+ HONO=NO + NO; + H,0 9.69E+10 0.0 14132 19
2.30E+ 10 0.0 8400 23

8 HONO+ NO,== HNOs; + NO 2.00EF11 0.0 32700 e
9 OH+ H,=H,O+H 1.02E+08 1.6 3298

10 H+ NO,==NO + OH 8.40E+13 0.0 0

11 H-+ HNOz == H, + NO3 5.56E+08 1.5 16400 14

12 H+ HNOs==H,O + NO; 6.08E+01 3.3 6285 14

13 H+ HNO; == OH + HONO 3.82E-05 2.3 6976 14

14 H+0O,+M=HO,+M 2.10E+18 -1.0 0

15 H+ O, + N,==HO; + N, 6.70E+19 —-1.4 0

16 H+OH+M=H,0O+ M 1.60E+22 -2.0 0

17 H, + O,==OH + OH 1.70E+13 0.0 47780

18 H0O,; + H=H,O + OH 1.00E+13 0.0 3576

19 HO,; + H=HO, + H; 1.70E+12 0.0 3755

20 HO, + M<=OH+ OH+ M 1.30E+17 0.0 45500

21 H0, + O=HO, + OH 6.60EF11 0.0 3974

22 H,O, + OH<=H,0 + HO, 7.80E+12 0.0 1330

23 HNO+ H=NO + H, 4.40E+11 0.7 650

24 HNO+ HNO == N,O + H,0 4.00E+12 0.0 5000

25 HNO+M=H+NO+ M 1.50E+16 0.0 48680

26 HNO+ NO=N,0 + OH 2.00E+12 0.0 26000

27 HNO+ NO,==HONO + NO 4.42E+04 2.6 4060 18

28 HNO+ O=NO + OH 1.00E+13 0.0 0

29 HNO+ O,= NO + HO;, 1.00E+13 0.0 25000

30 HNO+ OH=NO + H,0O 3.60E-13 0.0 0

31 HO, +H=H,+ O, 4.30E+13 0.0 1411

32 HO,+H=0+H;0 3.00E+13 0.0 1721

33 HO, + H=0OH + OH 1.70E+14 0.0 975

34 HO, + HO, == H,0, + O3 1.30E+11 0.0 —1630

35 HO,+0=0H+ O, 3.30E+13 0.0 0

36 HO, + OH=H,O+ O, 2.90E+13 0.0 —497

37 HONO-+ O=NO, + OH 1.20E+13 0.0 6000

38 HONO+ OH=NO, + H,O 4.00B-12 0.0 0

39 N+ NO=0+N; 3.30E+12 0.3 0

40 N+ O,=NO+ O 6.40E-09 1.0 6280

41 N+ OH=NO+H 3.80E+13 0.0 0

42 NO +H=N,+ OH 3.30E+10 0.0 4729

43 NO+O=N,+ O, 1.40E+12 0.0 10800

44 N.O + O==NO + NO 2.90E+13 0.0 23150

45 NO+ OH+ M =HONO+ M 5.08E+23 —2.5 —68

46 NGO +M=NO+0O0+M 8.10E+14 0.0 52500

47 NO+O+M=NO,+M 1.00E+28 —4.1 2470

48 NG+ O=NO+ O, 3.90E+12 0.0 —238

49 NO; + H=NO, + OH 6.00E-13 0.0 0

50 NG; + HO, == NO, + O, + OH 1.50E+12 0.0 0

51 NO; + O=NO, + O, 1.00E+13 0.0 0

52 NG; + OH=NO, + HO, 1.00E+13 0.0 0

53 O+ H;==H+ OH 5.00E-04 2.7 6300

54 O+0+M=0,+M 1.90E+13 0.0 —1788

55 O+ OH=H+ 0, 2.00E+14 —-0.4 0

56 OH+ HNO3z<== H,O + NO;3; 1.03E+10 0.0 —1240

57 OH+ NO; + M ==HNOz + M 6.69E+30 0.0 1160 21

58 OH+ NO,<=HO, + NO 1.45E+13 0.0 —477 21

59 OH+OH=H,0+ O 4.30E-03 2.7 —2486

60 OH+ CO=CO,+H 2.47E+06 1.6 —845

61 HCO+M=H+ CO+ M 1.90E+17 —-1.0 17200

62 H+ CH,O<=H, + HCO 2.28E+10 1.1 3279

63 H+HCO=H,+ CO 9.00E-13 0.0 0

64 HCO+ HCO=CH,0 + CO 3.00E+13 0.0 0

65 HCO+ HNO == CH,O + NO 2.00EF11 0.7 0

66 HCO+ NO=HNO + CO 7.20E-13 -0.4 0

67 OH+ HCO=H,O0+ CO 5.00E-13 0.0 0

2 Rate constants defined lbly= AT" exp(—E,/RT) are given in units of cf) mol, and sE, is in units of cal/mol? With the CHEMKIN program
(ref 32).¢ Reference 6, except those notédhe rate constant was reevaluated by increakig 7.2 to 7.7 kcal/mol with tunneling corrections.
e Unpublished work.
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_ R TP TR T SR RN SIS SR SRR T Figure 10. Initial rates of the H+ NO; reaction as a fuction of NO
02 04 06 08 1.0 12 14 16 1.8 2.0 22 Reaction mixtures: KH= 200 Torr, Q@ = 100 Torr, reaction time=
30 min. Initial rate is the pressure change of tar 30 min. )
1000/K Modeling result using ouk-; andk; values given in the Appendix.

The experimental data were reproduced from ref 30.
Figure 9. Arrhenius plot for the H+ NO, — H + HONO reaction:

() this work; solid and dashed curves, theoretically predicted values FT|R spectrometry indicate that the rate constant for the
(see the text for explanation); dastiotted curve, ref 23. bimolecular self-reaction of NQgiven in the literature is very
the predictel O K energy barrier fronE®, = 32.5 to 33.0 kcal/ reliab!e. 'The measured NO gnd M@oncentrations could be
mol. The resulting expression given by the solid curve, which duantitatively accounted for with the recommended véitithe
matches the modeled data quatitatively, can be represented byfinetics for the reaction of N©with Hz, on the other hand,
k-1 = (1.30 x 10%)T276 exp(—14 980M) cm¥(mol s). could not be satisfactorily desqubed by the existing rate
In the same figure the recommended rate constankfpr ~ constants for the key HONO reactions, particularly-HHONO
(given by the dashdotted line) is also plotted for comparison. =~ Hz + NO2 (reaction—1), whose reverse process initiates
Our new rate constant is lower than the recommended valueth€ reduction reaction of NOThe application of our theoreti-

by a factor of 75 at 650 K. The employment of our smaller rate C2lly predictedk; (or k-1), in conjunction with the smaller
constant for the initiation process as well as the smaller theoretical rate constant for the self-reaction of HONO, led to

predicted HONO+ HONO rate constant, allows us to satis- near quantitative agreement between the modeled and measured
factorily account for not only our own #+ NO, and H + NOyand CQ (in the CO added case) concentrations; 1, 2.
NO, 4+ CO data but also those of Ashmore and L&%itbr the By matching the predicted and observed data, we obtained the

H, + NO, reaction using considerably higher reactant concen- following expression fok-;
trations, as illustrated in Figure 1. 276 3

In Figure 10, we also compare the predicted initial rates of ~ K-1 = (1.30x 10°)T*"® exp(—14 980T) cm’/(mol s)
the H, + O, reaction at 662 K for mixtures containing 200 Torr
of H, and 100 Torr of @, with varying amounts of N@ for 500 K < T < 2000 K. The above equation was computed
originaly reported by Crist and Wertz in 1939Significantly, theoretically by ab inito MO/TST calculations using our
the experimenta”y observed V_Shaped Mpendency result- preViOUS'y obtained transition-state paraméfem'th a small
ing from the combination of a deceleration at low NO adjustment for the predicted reaction barrier from 32.5 to 33.0
concentration £5 Torr) and an acceleration at high WO  kcal/mol for reaction—1.
concentration can be reasonably explained by our mechanism. Theoretically, reactior-1 produceis-HONO, which is less
The deceleration of the initial rate is likely caused by the chain- stable thartransHONO by 0.6 kcal/mol (cf. the JANAF value

termination step of 0.5 kcal/mot?). The production otransHONO requires a
much higher activation energy (10 kcal/mol), howe¥elt is
OH+ NO,+ M — HNO; + M thus unimportant to the low-temperature N@duction process.

. . . In view of the presence of these two isomers in the present
whereas the acceleration effect at higher Nfoncentrations  system, we have created separate thermochemistry files for them

probably results from the contribution of reactiond and 10, and differentiate them in our kinetic modeling by including the
which generate more H and OH by very fast isomerization process

NO, + H, —~HONO+H (1) transHONO + M = cisHONO + M

H+ NO,—~OH+ NO (10) using the theoretically predicted (G2/RRKM) rate constkgy,

= (1.06 x 10°9T 172 exp(=6730M) cm®(mol s), and the
different rate constants for the cross-reaction and self-reactions
The results of this study on the thermal reaction of,Nith of the HONO isomerd? Our modeling using the refined
and without added NO and the reduction of NGy H, with mechanism gave essentially the same results as those reported
and without added CO employing the technique of pyrolysis/ above. Accordingly, for kinetic modeling above room temper-

5. Concluding Remarks



Thermal Reduction of N©by H, J. Phys. Chem. A, Vol. 102, No. 49, 19980105

ature, there is no need to differentiate these isomers because of (11) Mebel, A. M.; Morokuma, K.; Lin, M. C.; Melius, C. H. Phys.

; ; Chem 199Q 99, 1900.
the small energy difference and the small energy barrier for the (12) Mebel. A M.: Diau, E. W. G.: Lin, M. C.: Morokuma, K. Phys.

isomerization proces<f =91 kcal/mol). N Chem 1996 100, 7517.

It should also be mentioned that the addition of CO to the  (13) Mebel, A. M.; Hsu, C.-C.; Lin, M. C.; Morokuma, KI. Chem.
NO,—H, system (which provides additional kinetic data for Phys 1995 103 5640. = o
mechanistic validation) does not alter the rates of NO formation ,_ (14) Boughton, J. W.; Kristyan, S.; Lin, M. @hem. Phys1997 214

and NQ decay significantly (as revealed by the result of kinetic (15) Mebel, A. M. Lin, M. C.; Morokuma, K.; Melius, C. Ant. J.
modeling with and without CO) under our experimental Chem. Kinet1996 28, 693.
conditions. This is understandable because of the rapid regen- (%3) Thaxton, A. G.; Hsu, C.-C.; Lin, M. Gnt. J. Chem. Kinet1997,

2
eration of OH by H+ NO, — OH + NO, after it is converted '(17) Hsu, C.-C.: Lin, M. C. Mebel, A. M.: Melius, C. B. Phys. Chem
to H by OH + CO. If the OH regeneration process is slow, 1997 A101 60. ' R '
then the effect of CO will be noticeable kinetically. (18) Mebel, A. M.; Lin, M. C.; Morokuma, Klint. J. Chem. Kinet in

press.
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