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Oxidation of Hydrogen Cyanide in Shock Waves. Formation of Nitrogen Monoxide'
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The oxidation of HCN by O, or O, + NO, has been studied in shock waves over the temperature range 1450-2600
K and the pressure range 0.75-2.0 atm. The kinetics of the oxidation was monitored by following IR emission
at 5.34 um and UV emission at 306.7 nm, simultaneously. Induction times r and 7oy were defined as the
time that the intensities of the IR and UV emissions began to rapidly increase, respectively. The induction
time 7 for the HCN-Oy-Ar system could be represented by rg = 10724% exp(90.1 kJ/RT)[HCN]? .
[0,] 0% [Ar] %6 5. When NO, was added to the HCN-O,-Ar system, the induction time 7oy became longer
than that without NO, at temperatures below 2000 K. The experimental profiles of the IR and UV emissions
and the dependences on temperature and on concentrations of reactants of rg and 7oy were well reproduced
by computer simulation by using 46 elementary reactions. A proper mechanism for the oxidation and the resulting

formation of NO is proposed.

Introduction

There have been many attempts to clarify the mecha-
nism of NO formation during combustion of hydrocarbons.
For example, in order to shed light on the mechanism of
formation of prompt NO, Miyauchi et al.! have measured
the concentrations of O, H, NO, O,, HCN, etc. in a pre-
mixed methane—oxygen—nitrogen flame. They suggested
that the main route for the formation of prompt NO is as
follows:

oxidation

Fenimore? has studied the formation and destruction of
NO in a fuel-rich flame in which the fuel nitrogen was
added as ammonia or pyridine. By measuring the con-
centrations of HCN and NH; in addition to NO, he found
that at first HCN is produced and then NH; and NO are
produced, and suggested the following scheme:

fuel N —= HCN —= NH; oxidation _ 1y

NO NE

Thus, it has been concluded that HCN plays an im-
portant role as an intermediate for the formation of NO
during the combustion of hydrocarbons.

There have been some studies to explain the role of CN
species in the formation and destruction of NO. For ex-
ample, Mulvihill and Phillips® have studied the breakdown
of C,N, in fuel-rich H,~Ny,—O, flames. They found that
the following reactions are important:

CN+0;,=NCO+0
NCO+ 0 =NO+CO
NCO+H=CO + NH
NH + NO = products

By using an atomic resonance absorption method, Roth
et al.# have measured the concentration changes of H and
O atoms in shock-heated mixtures of HCN and N,O which
were highly diluted with Ar. The main reaction that they
found is
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HCN+0=NCO+H

Then, they determined the rate constant for the reaction
to be 10'3%6 exp(-62.4 kJ mol™/RT) cm® mol? s7!. More
recently, when we were preparing this paper, Fifer and
Holmes® reported the reaction of HCN + NO, in shock
waves. They found that this reaction takes place in two
stages; the first stage proceeds by a nonbranching chain
process initiated by NO, unimolecular dissociation, and
the second stage begins when NO, is almost depleted and
is accompanied by a sudden increase in O atoms and
electronically excited NO and OH.

In the present study, in order to clarify the detailed
mechanism for the formation of NO from HCN, we studied
the reactions HCN + O, and HCN + O, + NO, in shock
waves by monitoring the IR emission at 5.34 um and the
UV emission at 306.7 nm, and derived a reasonable
mechanism to explain the experimental results for the
three systems, HCN + Q,, HCN + O, + NO,, and HCN
+ NO,, studied by Fifer and Holmes.

Experimental Section

The shock tube used was made of stainless steel with
a 9.4 cm i.d. It was described in a previous paper.® All
experiments were performed behind reflected shock waves.
The initial sample pressure was kept at 15 or 30 torr and
the pressure of driver gas (H,) was varied. The compo-
sitions of the reaction mixtures were as follows: (A) 2%
HCN-2% 0,-96% Ar; (B) 1% HCN-1% 0,-98% Ar; (C)
1% HCN-2% 0,-97% Ar; (D) 2% HCN-1.75% 0,0.5%
NO,-95.75% Ar.

Hydrogen cyanide was generated by pouring a 50%
sulfuric acid aqueous solution onto potassium cyanide, and
dried by passing through calcium chloride and phosphorus
pentoxide. The gas thus obtained was purified by trap-
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Figure 1. Typical experimental profiles of the UV (upper trace) and
the IR (lower trace) emissions: (a) 2% HCN-2% 0,-96% Ar mixture,
ps = 9.807 X 107 mol em™3, T; = 1847 K; (b) 2% HCN-1.75%
0,-0.5% NO,-95.75% Ar mixture, ps = 9.775 X 10-8 mol cm®, T,
= 1728 K.

to-trap distillations. Commercial high-purity oxygen,
nitrogen monoxide, and argon were used without further
purifications.

The kinetics of the HCN + O, and HCN + O, + NO,
reactions were monitored by following emission intensities
at 306.7 nm and 5.34 um. The UV emission was detected
by a photomultiplier after passing through a grating
monochromator (half-width = 3.3 nm). The IR emission
was detected by an InSb detector through an interference
filter (half-width = 0.4 um). The output signals were fed
to a preamplifier and then to a digital recorder connected
to an oscilloscope and a pen recorder.

Typical examples of the output signals are shown in
Figure 1 (a is for the 2% HCN-2% 0,-96% Ar mixture
and b is for the 2% HCN-1.75% 0,-0.5% NO,~95.75%
Ar mixture). The UV emission at 306.7 nm is due to OH*
(electronically excited OH). The IR emission at 5.34 um
is mainly due to NO, but some contributions from the
symmetric stretching band of HCN and the bending band
of H,0 are observed (see Figure 4). So that the experi-
mental profile of the IR emission can be compared with
the calculated one, it is necessary to obtain the emission
intensities per unit concentrations of NO, HCN, and H,,0.
Those of NO and H,0 were determined by shock heating
2% NO-98% Ar and 1% Hy,-1% 0,-98% Ar mixtures,
respectively. As emission just behind the shock front in
the case of shock heating the HCN-O,—Ar mixture is due
to HCN (see Figure 1a), the emission intensity per unit
concentration of HCN was determined from this intensity.

Results

For the HCN-O,—Ar system, both the UV and the IR
emission intensities increase rapidly after some time lag,
as seen in Figure 1a. Then, induction times 7gy (the time
elapsed between reflected shock arrival and the onset of
the rapid increase in the UV emission) and ry (the time
elapsed between reflected shock arrival and the onset of
the rapid increase in the IR emission) were defined as
shown in Figure 1. It is assumed that gy corresponds to
the time for the product of O and H atom concentrations
to increase rapidly. This is confirmed later by the simu-
lation using elementary reactions listed in Table I, that
is, OH* is mainly produced by the reaction H + O + Ar
= OH* + Ar. 7 corresponds mainly to the time until NO
begins to be produced rapidly (see Figure 4).

In general, it is known that when NO, is added to oxi-
dation systems the oxidation is accelerated. Therefore, the
influence of NO, addition on the HCN-QO,—Ar system was
also examined in this study. As Figure 1b shows, the UV
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Figure 2. Observed and simulated induction time 7,3 as a function of
reciprocal temperature. Solid lines represent the simulated induction
time using the 46 elementary reactions listed in Table I.

emission behavior of the HCN-O,-NO, system is the same
as that of the HCN-O, system, although, at temperatures
lower than 2000 K, rqy becomes longer than for mixtures
without NO,. When NO, is present, the UV emission is
always observed just behind the shock front. This may
be due to the thermal emission of NO,. This emission
decreases with time, suggesting that the NO, reacts during
the induction time. The IR emission behavior of the
HCN-0,~-NO,-Ar mixture is very different from that of
the mixture without NO,. That is, the IR emission begins
to increase from the shock front and after some time lag
a second stage increase is observed. The onset of this
second stage increase corresponds to the onset of the in-
crease in the UV emission. At higher temperatures, how-
ever, the first and second stage increases of the IR emission
become undistinguishable. Two reaction stages were also
observed by Fifer and Holmes® for the HCN-NO, system.

Figure 2 shows the Arrhenius plot of 7. It is recognized
that the induction time is strongly influenced by the
concentration of HCN but not by the concentrations of
O, and Ar. This induction time is expressed by a least-
squares analysis as

TR = 1071245 ¢xp(90.1 kJ mol!/RT) X
[HCN]-0,66[02]—0.01 [Ar]—0.26 s

In all the oxidation systems studied so far, except for the
oxidation of cyanogen studied by Lifshitz et al.,” a very
strong dependence on the oxygen concentration has always
been reported.

Figure 3 shows the Arrhenius plot of rgy. It is seen that
the temperature dependence of 7oy for the HCN-O,-NO,
system is greater than that for the HCN-O, system. For
the HCN-O, system, this induction time is expressed by
a least-squares analysis as

Tou = 1071342 exp(101.6 kJ mol™ /RT) X
[HCN]—0.44[02]—0.17[Ar]-0.52 s

It is possible to elucidate the mechanism of HCN oxi-
dation by simulating the characteristic features of the UV
and the IR emission behaviors and the dependences on the
temperature and the reactants concentrations of 7y and
7ir- Elementary reactions and their rate constants used
for the simulation are listed in Table I.

(7) A. Lifshitz, K. Scheller, and D. Bass, J. Chem. Phys., 60, 3678
(1974). A. Lifshitz and M. Frenklach, Int. J. Chem. Kinet., 12, 159 (1980).
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Figure 3. Observed and simulated induction time 7o as a function of
reciprocal temperature. Solid lines represent the simulated induction
time using the 46 elementary reactions listed in Table 1.
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Figure 4. Comparisons of the observed profiles (O, @) of UV and IR
emissions with calculated ones (solid lines) for four runs. Broken lines
indicate calculated emission intensities of HCN, H,0, and NO, for A
and C: (A) 2% HCN-2% 0,-96% Ar, ps = 9.849 X 10~ mol cm™,
Ts = 1743 K; (B) 2% HCN-1.75% 0,-0.5% NO,-95.75% Ar, ps =
9.775 X 10° mol cm™, T; = 1728 K; (C) 2% HCN-2% 0,-96% A,
ps = 9.807 X 10¢ mol cm™, T = 1847 K; (D) 2% HCN-1.75%
0,-0.5% NO,-95.75% Ar, ps = 9.812 X 108 mol em™3, T, = 1851
K.

Figure 4 shows comparisons of the experimental profiles
of the UV and the IR emissions with calculated ones for
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the 2% HCN-2% 0,96% Ar and 2% HCN-1.75% O,
0.5% NOy—95.75% Ar mixtures. As this figure shows, the
characteristic features of the UV and the IR emissions for
the mixtures with and without NO, are well simulated by
using the elementary reactions listed in Table I

The dependences on the temperature and the reactants
concentrations of the induction times, rg and 7oy, are also
well reproduced by the simulation. (The simulated in-
duction times are shown by solid lines in Figures 2 and 3.)

Figures 5 and 6 show the changes with time of reactant
and product concentrations for the mixtures of 2% HCN-
2% 0,-96% Ar and 2% HCN-1.75% 0,-0.5% NO,~
95.75% Ar. The reaction conditions of Figures 5 and 6 are
much the same except for the presence or absence of NO,.
The main products are NO, CO, H,0, CO,, and N, and the
vields of these species are almost the same for both the
systems. When NO, is present, the reaction is retarded
and the concentrations of the reactants, HCN and O,,
begin to decrease rapidly after NO, is almost completely
consumed.

It is very useful to test whether or not the reaction HCN
+ NO, studied by Fifer and Holmes?® is simulated by using
the elementary reactions listed in Table I. Figure 7 shows
the concentration changes of reactants and products cal-
culated by using our mechanism for the same conditions
of Fifer and Holmes’ simulation (Figure 7 in Fifer and
Holmes’ paper). The calculated results of Fifer and
Holmes and ours are the same for the rate of NO, disap-
pearance and for the onset time of the rapid increase in
the concentrations of O and H atoms. Thus the mecha-
nism proposed to explain the reactions HCN + O, and
HCN + O, + NO, is also able to explain the HCN + NO,
reaction.

As shown in Figures 2, 3, 4, and 7, the experimental
results for the HCN + O,, HCN + O, + NO,, and HCN
+ NO, reactions are reasonably reproduced from the ele-
mentary reactions listed in Table I. In order to clarify
which elementary reactions play important roles for the
formation of NO, we calculated at 10-us intervals the
formation and destruction rates of each chemical species.

Figure 8 shows examples of these calculations for the
mixture without NO,. From Figure 8a, it is known that
the main reactions for the formation of NO are reactions
12 and 26. It also becomes apparent from this figure that
about 70% of the NO is produced by reaction 12. The NO
thus produced is mainly converted to N, by reactions 16
and 25. The NCO, which is converted to NO by reaction
12, to N by reaction 13, and to NH by reaction 15, is

w8 L
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Figure 5. Time-dependent concentration changes of chemical species for 2% HCN-2% 0,-96% Ar mixture. ps = 9.849 X 10~® mol cm™,

Ts = 1743 K.
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Figure 8. Time-dependent concentration changes of the chemical species for 2% HCN-1.75% 0,-0.5% NO,~95.75% Ar mixture. p; = 9.775

X 10~ mol em™3, T, = 1728 K.
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Figure 7. Concentration changes calculated by using the elementary
reactions listed in Table I for 0.5% HCN-1% NO,-98.5% Ar mixture.
o = 1.355 X 10~ mol cm™, T = 1800 K (the same conditions as those
of Figure 7 in Fifer and Holmes' paper).

mainly produced by reactions 6 and 10, as shown in Figure
8b. The CN radical, which is converted to NCO by reac-
tion 10, is mainly produced by reactions 5 and 7; O atoms
are produced by reactions 10 and 19 and are converted to
OH, NCO, and NO through reactions 5, 6, and 12, re-
spectively.

Figure 9 shows examples of the rate calculations for the
HCN-0,-NO, system. As shown in this figure, the main
reactions to produce NO from HCN do not change between
the mixtures with and without NO,. It is seen, however,
by comparing Figures 8 and 9, that the rate of each ele-
mentary reaction is retarded as long as NO, is present.
This is explained as follows. In an early stage of reaction,
significant amounts of O atoms produced by reactions 31
and 10 are converted by reaction 32 to O, and the rates
of the reactions to produce important intermediates CN
(reaction 5), NCO (reaction 8), etc. are retarded.

Figure 10 shows the schematic mechanism for the oxi-
dation of HCN and the formation of NO. This mechanism
was derived from the estimations of the rate of formation
of each chemical species as described in part above.

Figure 11 shows the effects of reactions 12 and 13 on the
rate of reaction (a is for the HCN-O, system and b is for
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Figure 8. Calculated formation rates of NO and NCO for the HCN-O,
system. Conditions are the same as those of Figure 4C. The numbers
in the parentheses are the reaction numbers indicated in Table 1.

r ] !

| (a) (b)

@
T
2

=

~

1132) 31 26) \4

T

10%d N0} /dty/mol cm3 s~}
10%(d Ncol/dt) /mot cm> 571

ol

0[ 00 ES—L W
(e time/#s } (13 timess

‘ '

2= (15) K

(12)

1‘“ (25)

-2 } -4 \;
Flgure 9. Calculated formation rates of NO and NCO for the HCN-
0,-NO, system. Conditions are the same as those of Figure 4D. The

numbers in the parentheses are the reaction numbers indicated in Table
I.

the HCN-0,~NO, system). These two reactions have not
yet been characterized well, and in our mechanism the rate
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TABLE I: Elementary Reactions and Their Rate Constants
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reaction

rate constant?

HCN + Ar=H + CN + Ar
C,N, + Ar=2CN + Ar
CN + HCN=H + C,N,
CN + H,=HCN + H
HCN + O=CN + OH
HCN + O=NCO + H
HCN + OH=CN + H,0
C,N, + O=NCO + CN
CN+0O0=CO+N
CN+ 0,=NCO+ O
CN+ OH=NCO + H
NCO + 0=CO + NO
NCO + Ar=N + CO + Ar
NCO + N=N, + CO
NCO + H=CO + NH
NO+ N=N,+0
0,+N=NO+O

N+ OH=NO+H
H+0,=0H+O0
O+H,=0H+ O
,+OH=H+ H,O

O + H,0=20H

NH + 0,=NO + OH
NH+O=NO+H
NH+ NO=N,+0+H
NH + OH=NO + H,
CO+0,=C0,+0

s

NH+ O=N+ OH

NO, + Ar=NO + O + Ar
NO, + O=NO + O,

H + NO,=NO + OH
2NO,=2NO + O,

N + NO, = 2NO

N + NO,=0+ N,O

H + HO, = 20H

HO, + Ar=H + O, + Ar

COWWWWWWWWNMNMNNINDNDNDND D H b b b S e e oo oo
TN PR WNHOV~TITNERWNHFRFOWOWO-TAUIARWNHOWW-TI0MO & WK -
el et N e S N N St e e St Sl el St S e o St S S S e e e v N N vt et et e el Nl et e e ! e

N N N — o p— — — T— P~ S~ p— L~ . — S S L TN SN . o S o, o,

39) H+ HO,=H, + O,

(40) 0+ HO,=0H + O,

(41) OH + HO, = H,0 + O,
(42) H+ OH + Ar=H,0 + Ar
(43) H+ O + Ar= OH* + Ar
(44) OH* + Ar=OH + Ar
(45) OH* + H,0 = OH + H,0
(46) OH* = OH + hv

10! exp(—417.1/RT)
10'-%2 exp(~412.7/RT)
10'*" exp(—6.44/RT)
1013 exp(—22.2/RT)
101-% exp(—62.0/RT)
10"3% exp(-62.0/RT)
10 exp(—62.8/RT)
10 exp(~46.0/RT)
1013.08
1035 exp(—~4.2/RT)
2%

10'5° exp(~195.0/RT)
1013.0

101.%

1013,19

10°%T"° exp(—-27.7/RT)
1013.61

10%% exp(-70.3/RT)
101%7"% exp(—82.3/RT)
10°* exp(~21.5/RT)
10> exp(- 26.8/RT)
1010.0

10770 exp(—20.9/RT)
10]2.19

10'2:27°% exp(—6.3/RT)
10'"+% exp(-180.9/RT)
log k=10.83 + 3.94 x 107*T
10]4.30

101207 exp(—0.4/RT)
101 exp(-272.0/RT)
1028 exp(—1.8/RT)
10" exp(~6.2/RT)
1012 exp(~112.6/RT)
10!2.56

1012.57

10% exp(~8.0/RT)
10" exp(—191.3/RT)
1014 exp(—2.9/RT)
10" exp(—4.2/RT)
10"-° exp(-4.2/RT)
1019.20T‘0.%4

10%% exp(- 29.0/RT)
1010.7T0,5

1012.93T0.5

106.15

QOQOYWT > O OMO N\'“'WQBNN}B‘B“N 0 0 »hﬂgg»h&.&.\‘“ LRSS B =]
o+ ot L)

¢ Units: kd/mol for energy; cm® mol™! s7! for rate. ° K. Tabayashi, T. Fueno, K. Tasaka, O. Kajimoto, and K. Okada,
Bull. Chem. Soc. Jpn., 50,1754 (1977). ¢ T. Fueno, K. Tabayashi, and O. Kajimoto, J. Phys. Chem., 77, 575 (1973).
d E, A. Albers, K. Hoyermann, H. Schacke, K. J. Schmatjiko, H. Gg. Wagner, and J. Wolfrum, Symp. (Int.} Combust.,
[Proc.), 15th, 765 (1975). € K. Kanamaru and S. Daito, Nensho Kenku, 44, 13 (1977). 7 J. C. Boden and B. A. Thrush,
Proc. Roy. Soc. London, Ser. A, 805, 107 (1968). # K. Kuratani, Bull. Inst. Space Aeronaut. Sci., 11, 755 (1975). " D. L.
Baulch, D. D. Drysdale, D. G. Home, and A. C. Lloyd, ‘‘Evaluated Kinetic Data for High Temperature Reactions”, Vol. 1,
Butterworths, London, 1972. ! D. L. Baulch and D. D. Drysdale, Combust. Flame, 23, 215 (1974). /W. M, Shaub and S.
H. Bauer, ibid., 82, 35 (1978). * L. M. Campball and B. A. Thrush, Trans. Faraday Soc., 64, 1265 (1968). !J. Duxbury
and N. H. Pratt, Symp. (Int.) Combust., [Proc. ], 15th, 849 (1975). ™ A. F. Sarofim, G. C. Williams, M. Modell, and S. M.
Slater, AICHE Symp. Ser., 148-71, 51 (1975). " O. Kajimoto, N. Matsuda, O. Kondo, and T. Fueno, Preprint of 14th
Meeting of Fast Reactions, 1979, p 91. © D. L. Baulch, D. D. Drysdale, and D. G. Horne, ‘“‘Evaluated Kinetic Data for High
Temperature Reactions”’, Vol. 2, Butterworths, London, 1973. ? A, C. Lloyd, Int. J. Chem. Kinet., 6, 169 (1974). ¢ Y.
Hidaka, S. Takahashi, H, Kawano, M. Suga, and W. C. Gardiner, Jr., J. Phys. Chem., 86, 1429 (1982), and references cited
therein.

[V N Discussion
(5,7{ \<\10> (13) 117,29 There is no doubt that HCN is an intermediate for the
o6 (12 16,25 formation of NO and is mainly produced by the reactions
(15) (28 CH+ N;=HCN +N
TNH CHZ + Nz = HCN + NH
[EALLI
Figure 10. Schematic diagram of the mechanis of NO formation from On th‘? other hand, for the conversion of HCN to NO, the
HCN. The reaction numbers indicated in Table I are shown in par- following three routes have been postulated:
entheses. o,
route 1 HCN —- CN — CO + NO

constants of these reactions were estimated. It is seen that o
the rate of reaction is very sensitive to these reactions. If route 2 HCN — NCO — CO + NO

reaction 13 was eliminated from the mechanism, the re- 0,0H
action became very slow. route 3 HCN — NCO(HNCO) — NH; —— NO
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Figure 11. Time histories of HCN, NO, and NO, calculated with various values of k,, and k ;32 NCO + O = CO + NO (12), k,, = 10"%% cm?
mol' s, NCO + Ar = N + CO + Ar (13) k3 = 10'5° exp(-195.0 kJ/RT) cm® mol™* s~'. (a) 2% HCN-2% 0,-96% Ar, conditions are the
same as those of Figure 5. (b) 2% HCN-1.75% 0,-0.5% NO,-95.75% Ar, conditions are the same as those of Figure 6.

For example, Miyauchi et al.! postulated route 1 and gave
the rate constant for the reaction

CN + 0, = CO + NO (47)

as 10'*% cm® mol™ s7\. Fifer and Holmes® postulated the
reaction

NCO + NO, = 2NO + CO

{corresponding to route 2). On the other hand, Fenimore?
and Takagi et al.? took into account route 3 but not routes
1 and 2. Mulvihill and Phillips® considered routes 2 and
3 for the conversion of HCN to NO. As Figure 10 shows,
our mechanism corresponds to that of Mulvihill and
Phillips.

In a preliminary simulation, route 1 was included in the
mechanism. In this case, the disappearance rates of
reactants and the resulting formation rate of NO became
very slow. This phenomenon can be easily explained by
Figures 8b and 10. That is, by including reaction 47, the
CN radical produced by reactions 4, 5, and 7 is smoothly
converted by reaction 47 to the inert species CO and NO,
and the formations of the important chain carrier species
0O and NCO by reaction 10 is retarded. The rate of NO
formation becomes equal to the rate of CN formation and
the contributions of reactions proceeding through NCO
to the formation of NO become very small.

Although Fenimore? and Takagi et al.® have not con-
sidered reaction 12 (route 2) as a reaction to produce NO,
as Figure 8a shows, by taking into account reaction 12, this
reaction becomes one of the main reactions for the for-
mation of NO. As shown in Figure 11, even if reaction 12
was eliminated from the mechanism, NO was produced,
although the rate of reaction became very fast. In this case,
of course, NO is mainly produced by reactions 24 and 26
(route 3). Therefore, one may consider that reaction 12
is not so important. With regard to this problem, we have
studied the oxidation of BrCN and the resulting formation
of NO in shock waves.® The BrCN molecule does not

(48)

contain an H atom. Therefore during oxidation, NH;
species are not produced and reactions 24 and 26 cannot
occur. For the mixture with [BrCN]/[O,] = 1, the con-
version of BrCN to NO was about 50%. To explain the
mechanism for the formation of NO it was necessary to
include reaction 12. The importance of this reaction has
also been mentioned by Lifshitz and Frenklach’ in their
study of CoN, oxidation.

As has already been mentioned, for the HCN-NO,
system the rate of NO, disappearance and the onset time
of the second stage reaction are explained by the mecha-
nism either of Fifer and Holmes or of ours. This is because
the first stage reaction is mainly controlled by the disso-
ciation of NO, (reaction 31). The main differences between
Fifer and Holmes’ mechanism and ours are as follows.
They considered the reactions

NCO + NO, = 2NO + CO (48)
k4 = 103 cm® mol™ s7!
CN + NO; = NCO + NO (49)

k4 = 10137 cm® mol™ s7!

for the consumption of the NCO and CN species, reactions
which were not taken into account in our mechanism. On
the other hand, Fifer and Holmes did not consider the
reaction

NCO + 0 =CO + NO (12)

because of the low product of the concentrations of NCO
and O. In our mechanism, reactions 10 and 12 are im-
portant for the formation of NO from HCN. Even if re-
actions 48 and 49 were added to our mechanism, the rate
of NO, disappearance and the onset time of the second
stage reaction did not change much. In this case, however,
reaction 48 becomes one of the main reactions for the
formation of NO, and reactions 10 and 12 are largely re-
tarded as long as NQ, is present.

Registry No. Hydrogen cyanide, 74-90-8; nitrogen monoxide,
10102-43-9.
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