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This supplemental material includes summary tables of the rate constant data
we employed to update the rate constant of the reaction NOy+O=NO+0O,. The
cartesian coordinates and absolute electronic energies of the optimized structures
are then given. Finally, we are proposing a large selection of modeling results for
various hydrogen-NO, mixtures.



1 Rate constant data

Table 1: The calculated rate constants k for the reaction of NOy+O=NO+05 in the
temperature range of 1000-3000 K.

T (K) k (cm®mol-tst)

200 6.56E+12
298.15 2.7TTE+12
300 2.74E+12
400 1.94E+12
500 1.69E+12
600 1.62E+12
800 1.70E+12
1000 1.93E+12
1060 2.01E+12
1200 2.22E+12
1400 2.57TE+12
1600 2.95E+12
1780 3.32E+12
1800 3.37TE+12
2000 3.81E+12
2300 4.52E+12
2500 5.01E+12
2700 5.03E+12
3000 6.32E+12

Table 2: The rate constants from the experimental data by Estupian et al.
(2001EST /NIC9697-9703) [1].

T (K) k (cm3mol-ts™)

221 8.74E+12
230 8.33E+12
240 7.93E412
294 6.43E+12
296 6.39E+12
298 6.35E+12
300 6.31E+12
339 5.69E+12
350 5.54E+12
357 5.46E+12
360 5.42E+12
387 5.14E+12
412 4.93E+12



413 4.92E412
420 4.87TE+12
425 4.83E+12




2 Molecules geometry and electronic energy

Cartesian coordinates and absolute electronic energies of optimized structures by
TPSSh/MG3S.

NOj: -205.15783408 a.u.

Coordinates (A)
Atomic type

X Y Z
N 0.00000000 0.00000000 0.32226700
O 0.00000000 1.10224000 -0.14099200
O 0.00000000 -1.10224000 -0.14099200

0O: -75.09350623 a.u.

Coordinates (A)
Atomic type
X Y Z
O 0.00000000 0.00000000 0.00000000

TS (2A”): -280.2537811 a.u.

Coordinates (A)
Atomic type
X Y 7
N -0.91641900 0.04937100 0.00000000
O -0.89045000 -1.13187600 0.00000000
O 1.69231700 0.22113400 0.00000000
O 0.00000000 0.86754200 0.00000000

NO: -129.93885904 a.u.

Coordinates (A)
Atomic type

X Y Z
N 0.00000000 0.00000000 -0.61327300
O 0.00000000 0.00000000 0.53661400




Oq: -150.37872792 a.u.

Coordinates (A)
Atomic type

X Y Z
O 0.00000000 0.00000000 0.60415000
O 0.00000000 0.00000000 -0.60415000




3 Additional modeling results

3.1 Nitrogen dioxide pyrolysis
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Figure 1: Experimental and predicted total absorption at 130.5 nm during NOy

pyrolysis. Model of Glarborg et al. [2].
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Figure 2: Experimental and predicted total absorption at 130.5 nm during NOy
pyrolysis. Model of Nakamura et al. [3].
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Figure 3: Experimental and predicted total absorption at 130.5 nm during NOg
pyrolysis. Model of Zhang et al. [4].
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Figure 4: Effect of k; and ks, on the total absorption during NO,-Ar mix-

tures pyrolysis at different temperature.

ki corresponds to the rate constant of

NOy(+M)=NO+O(+M). ks corresponds to the rate constant of NOy+O=NO+O0Os.
Left column: k; was perturbed. Right column: ks was perturbed. The updated

model of Glarborg et al. [2] has been used.



3.2

Hydrogen oxidation by nitrogen dioxide
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Figure 5: Experimental[5] and predicted delay-time during the oxidation of Hy by
NO,. The delay-time is defined as the time needed for the OH* signal to decrease
to 50% of the peak value. Mixture: Xz2=0.00222, X02=0.00392, X 4,=0.99386.
T=1535-2003 K; P=105-124 kPa.
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Figure 6: Experimental[5] and predicted normalized OH* peak height during the

oxidation of Hy by NOs.
T=1535-2003 K; P=105-124 kPa.
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Mixture: Xp2=0.00222, Xn02=0.00392, X4,=0.99386.



1 —— Experimental
—— Glarborg
= = Glarborg updated
0.8
I
o
Bo6
N
®
E
004
=z
0.2
0 . . .
) 500 1000 1500 2000 2500
Time (ps)
T=1535 K; P=124 kPa
1 — Experimental
—— Glarborg
- - Glarborg updated
0.8
I
o
B o6
N
®
E
004
4
0.2
0 ! h T
] 500 1000 1500 2000 2500
Time (ps)

T=1619 K; P=115 kPa

1 perimental
arborg
Glarborg updated
0.8
I
o
Tos
N
K]
E
S04
z
0.2
0 . . 1
0 500 1000 1500 2000 2500
Time (us)
T=1612 K; P=123 kPa
1 —— Experimental
—— Glarborg
- - Glarborg updated
0.8
I
o
Tos
N
K]
E
004
=z
0.2
0 . ! T
0 500 1000 1500 2000 2500
Time (ps)

T=1654 K; P=114 kPa

Figure 7: Experimental[5] and predicted normalized OH* profiles during the oxida-
tion of Hy by NO,. Mixture: Xpg9=0.00222, Xn02=0.00392, X 4,=0.99386. Model

of Glarborg et al. [2].
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of Nakamura et al. [3].
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of Zhang et al. [4].
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Figure 10: Experimental[6] and predicted delay-time during the oxidation of Hy
by NO,. The delay-time is defined as the time needed for the HyO concentra-
tion to reach 50% of its maximum value within the experimental test time. In
top figures, Mix 1: Xpg0=0.00222, Xn02=0.00375, X4,=0.99403. In middle fig-
ures, Mix 2: Xpg0=0.00444, Xn02=0.00178, X 4,=0.99378. In bottom figures, Mix
3: Xpe=0.01778, Xn0p2=0.00168, X4,=0.98054. T=989-1782 K, P=97-128 kPa.
Results obtained with the model of Glarborg et al. [2] and its updated version.
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Figure 11: Experimental[6] and predicted delay-time during the oxidation of Hy
by NO,. The delay-time is defined as the time needed for the HyO concentra-
tion to reach 50% of its maximum value within the experimental test time. In
top figures, Mix 1: Xpg0=0.00222, Xn02=0.00375, X4,=0.99403. In middle fig-
ures, Mix 2: Xpg0=0.00444, Xn02=0.00178, X 4,=0.99378. In bottom figures, Mix
3: Xpe=0.01778, Xn0p2=0.00168, X4,=0.98054. T=989-1782 K, P=97-128 kPa.
Results obtained with the model of Nakamura et al. [3] and its updated version.
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Figure 12: Experimental[6] and predicted delay-time during the oxidation of Hy
by NO,. The delay-time is defined as the time needed for the HyO concentra-
tion to reach 50% of its maximum value within the experimental test time. In
top figures, Mix 1: Xpg0=0.00222, Xn02=0.00375, X4,=0.99403. In middle fig-
ures, Mix 2: Xpg0=0.00444, Xn02=0.00178, X 4,=0.99378. In bottom figures, Mix
3: Xpe=0.01778, Xn0p2=0.00168, X4,=0.98054. T=989-1782 K, P=97-128 kPa.
Results obtained with the model of Zhang et al. [4] and its updated version.
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Figure 13: Experimental[6] and predicted HyO profiles during the oxidation of Hy
by NOy. Mix 1: X2=0.00222, X y02=0.00375, X 4,=0.99403; Mix 2: X z5=0.00444,
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Model of Glarborg et al. [2].
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Figure 15: Experimental[6] and predicted HyO profiles during the oxidation of Hy
by NOy. Mix 1: X2=0.00222, X y02=0.00375, X 4,=0.99403; Mix 2: X z5=0.00444,
Xno2=0.00178, X 4,=0.99378. Mix 3: Xgo=0.01778, Xn02=0.00168, X 4,=0.98054.
Model of Zhang et al. [4].
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3.3 Hydrogen oxidation by nitrogen dioxide and oxygen
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Figure 16: Experimental[7] and predicted delay-time during the oxidation of Hy by
O, with NO, addition. The delay-time is defined as the base-line extrapolated max-
imum slope of the OH* signal. In top figures: =0.3, Xy02=100 ppm, X 4,=0.9799.
In middle figures: ®=1, Xn0p2=100 ppm, X 4,=0.9799. In bottom figures: $=0.5,
Xno2=100 ppm, X 4,=0.9799. Results obtained with the models of Glarborg et al.
[2], of Nakamura et al. [3], and of Zhang et al. [4] and its updated version.
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3.4 Hydrogen
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Figure 17: Experimental[8] and predicted species profiles during the oxidation in a
jet-stirred reactor of Hy by Oy with NO addition. In top figures: Glarborg et al.
[2] and its updated version. In middle figures: Nakamura et al. [3] and its updated

version. In bottom figures: Zhang et al.

[4] and its updated version. Original

models: solid lines. Updated models: dashed lines.
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