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The mechanisms of the reaction of H2XN (X ) C, Si) with NO were studied at the level CCSD(T)/aug-cc-
PVTZ//B3LYP/6-31++G(d,p). The results indicate that there are two most favorable reaction pathways in
the reaction H2CN + NO that have similar energy barriers; these two pathways lead to the formation of HCN
+ HNO (P1) and H2CO + N2 (P3), with the calculated barriers 11.1 and 10.2 kcal/mol, respectively, with
respect to the reactants (H2CN + NO). In the reaction H2SiN + NO the difference of the barriers in these two
analogous pathways becomes large, and the preferable pathway shifts to the production of H2SiO + N2 (P3s),
which has no barrier with respect to the reactants (H2SiN + NO). A direct reduction of NO into a stable and
nontoxic nitrogen molecule with no energy input becomes possible. As a consequence, H2SiN might be an
effective reagent to convert the reactive and toxic NO into a benign gas N2 in several NO-producing combustion
systems. We offer a possible explanation of the differences between H2CN and H2SiN toward NO as well as
the calculated potential energies for these reactions.

Introduction

Since its first discovery in 1962 by Cochran et al.,1 the
methylene amidogen radical (H2CN) has been of interest to
experimentalists and theoreticians. It was detected in interstellar
clouds and was proposed to play a role in extraterrestrial
atmospheres.2-5 This free radical is a key reactive intermediate
in the combustion of RDX (CH2NNO2)3 and HMX (CH2NNO2)4

in their early stages.6-9 It might be formed directly from the
fragmentation of these energetic molecules or indirectly from
the decomposition of CH2NNO2 (methylene nitramine), the
building block of RDX and HMX. This radical is also believed
to play a role in the combustion chemistry of hydrocarbon
flames containing nitrogen,10 in the reburning of NO,11 and in
interstellar clouds.12

The production of nitrogen oxides via the combustion of fossil
fuels attracts great interest because these oxides are considered
to be toxic pollutants to the atmosphere. Over the years
significant efforts have been undertaken to develop a detailed
mechanism of reaction for the selective noncatalytic reduction
of nitric oxide by ammonia.13-17 This process, which was
discovered by Lyon18 in 1972 and is coined thermal DeNOx, is
widely used as a practical technique to control NOx. The key
reaction in thermal DeNOx is the reaction between NH2 and
NO, which has two major product channels:

Although the model proves to be successful in predicting the
actual field performance,19 details of the reaction mechanism
remain controversial. Several other studies20-30 have been
conducted involving catalysts to eliminate the production of
NOx, but the diversity and complexity of these reaction

mechanisms are still unknown. In addition, Hershberger et
al.31-35 have reported several important dynamics and kinetics
as well as theoretical studies about the topics of nitrogen-
containing compounds such as NCO, NCN, CCO, and HCCO
with NOx reactions. Furthermore, there are several other
theoretical studies36-40 of the mechanisms of the reactions of
nitric oxide that occur in an internal-combustion engine, and
several experimental studies about the reaction of nitric oxide
with organic compounds were reported by Hrabie and Keefer
et al.41,42

Our purpose in this work was to find possible reactants that
might both react with NO to form a stable product such as N2

that is not harmful to our environment and have possibly a
smaller energy barrier. The first portion of this paper focuses
on H2CN as a reactant with NO; we calculated most of the
probable reaction pathways and plotted the potential-energy
surfaces. We also searched for a possible pathway leading to
stable N2 and performed calculations of the transition barrier.
In the second portion we replace H2CN with H2SiN and
emphasize this pathway of N2 formation; we found that it was
completely barrierless with respect to the reactants.

Computational Methods

Molecular-orbital calculations ‘ab initio’ were conducted with
programs in the suite Gaussian 03.43 The geometrical structures
of all reactants, intermediates, transition states, and products
were optimized with a hybrid density-functional, B3LYP,
method44,45 with a basis set 6-31++G(d,p). The calculated
equilibrium structures (local minima and saddle points) were
characterized with calculations of harmonic vibrational wave-
numbers at the same level of theory. The correction for zero-
point energy (ZPE) was also considered at the level B3LYP/
6-31++G(d,p). Calculations of intrinsic reaction coordinates
(IRC)46 were performed at the same level of theory to establish
the actual link between the transition state and the intermediates.
All the calculation is done on the singlet configuration upon
the combination of the reactants. To obtain more reliable
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energies, we undertook coupled-cluster calculations with single
and double excitations and an evaluation by the perturbation
theory of triple contributions CCSD(T)47,48for those geometries
optimized at the level B3LYP/6-31++G(d,p). The highest level
of theory attained in this work can thus be denoted CCSD(T)/
aug-cc-PVTZ//B3LYP/6-31++G(d,p). Uunless otherwise speci-
fied, the CCSD(T) single-point energies are used in the
following discussions.

Results and Discussion

In Table 1, we present data for the electron affinities (EA)
and geometrical parameters of the H2CN radical calculated with
theory at various levels as well as pertinent experimental data
from the literature. The hybrid density-functional B3LYP
method with a modest basis set 6-31++G(d,p) predicts the bond
lengths in H2CN to be C-N ) 1.248 Å and C-H ) 1.101 Å,
and the∠HCH bond angle) 116.9°, in satisfactory agreement
with experimental values (1.247, 1.110 Å, and 116.7°, respec-
tively),49 whereas the calculated B3LYP energy for the electron
affinity of H2CN, 0.58 eV, substantially overestimates the
experimental value (0.511( 0.008,50 shown in Table 1). In this
regard, we performed a single-point energy calculation at the
level CCSD(T)/aug-cc-PVTZ, based on geometries obtained
from B3LYP/6-31++G(d,p), to improve this value for H2CN
to 0.47 eV, which is in better agreement than the result obtained

at higher level calculation such as CCSD(T)/6-311++G(d,p)
(0.22 eV, in Table 1, far off the experimental value of 0.511(
0.008). We applied the same method to calculate the ionization
energies of the HNO and H2CO molecules (HNO and H2CO
are among the important products in the title reaction), and the
results, IE(HNO) ) 10.15 eV and IE(H2CO) ) 10.83 eV, are in
satisfactory agreement with the experimental values (10.18(
0.0151 and 10.874( 0.00252 eV, respectively). For this reason,
we chose the method CCSD(T)/aug-cc-PVTZ//B3LYP/6-31++G-
(d,p) to make an energetic calculation for all possible processes
in the reaction systems H2XN + NO, with X ) C and Si.

Reaction H2CN + NO. We classified the investigated
reaction into three pathways,A-C, corresponding to three
possible product channels, as depicted in Figure 1. The various
intermediates of the reaction are numbered1-4, and the possible
productssHCN + HNO, HCN + HON, and H2CO + N2sare
labeledP1, P2, andP3, respectively.TS1-TS9 each denotes
a transition species connecting to two intermediates located at
local minima. The calculated geometric structures of local
minima at the level B3LYP are shown in Figure 2, and the
transition structures are shown in Figure 3. Pertinent aspects of
the profiles of potential-energy surfaces (PES) calculated at the
level CCSD(T) are shown in Figure 4. The calculated detailed
energetic data with respect to the reactantsR (H2CN + NO)
are listed in Table 2.

TABLE 1: Geometric Parameters (Bond Lengths and Angles) and Electron Affinities (EA) of the H2CN Molecule Calculated at
Various Levels of Theory and Some Experimental Data Available from the Literature

level of theory C-N/Å C-H/Å ∠HCH° EA/eVa

MP2/6-31++G** 1.223 1.092 117.4 0.61
MP2/6-311++G** 1.218 1.097 117.3 0.69
B3LYP/6-31++G** 1.248 1.101 116.9 0.58
B3LYP/6-311++G** 1.242 1.099 116.9 0.60
CCSD(T)/6-31++G** 1.263 1.094 117.5 0.15
CCSD(T)/6-311++G** 1.268 1.101 117.3 0.22
CCSD/aug-cc-PVDZ 1.264 1.106 117.9 0.23
CCSD(T)/aug-cc-PVDZ //B3LYP/6-31++G** 0.36
CCSD(T)/aug-cc-PVTZ //B3LYP/6-31++G** 0.47
experiment 1.247b 1.110b 116.7b 0.511( 0.008c

a Difference between the energies of anion H2CN- and the neutral molecule H2CN. b Reference 49.c Reference 50.

Figure 1. Schematic diagram of proposed pathways for the reaction of H2CN with NO; three possible channels are characterized as A-C.
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Comparing the calculated energetic data, we find that the
formation of both productsP1 andP3 are exothermic, whereas
P2 is endothermic about 20 kcal/mol. In addition, as shown in
Figure 4, our calculated results for both channelsA andB show
that the barrier atTS1 is 11.1 kcal/mol, much smaller than that

of TS2, 19.9 kcal/mol. If H-abstraction would occur, channel
A leading toP1, HCN + HNO, would thus be preferable toB
with P2, HCN + HON. In the transition structuresTS1 and
TS2, we found that the C‚‚‚H bond length in the former is 1.318
Å, near that of the reactant H2CN, 1.100 Å, whereas the C‚‚‚H

Figure 2. Optimized geometries of possible reactants, intermediates, and products on the potential-energy surface for the reaction of H2CN with
NO calculated at the level B3LYP/6-31++G(d,p); bond lengths are given in Å and angles in degrees.

Figure 3. Optimized geometries of possible transition structures on the potential-energy surface for the reaction of H2CN with NO calculated at
the level B3LYP/6-31++G(d,p); bond lengths are given in Å and angles in degrees.
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bond length in the latter was 1.537 Å, and O‚‚‚H 1.166 Å, near
that of the product HON 1.004 Å (in Figure 2). This result
conforms with the Hammond postulate53 that the former process,

via TS1, would not only have a smaller energy barrier but also
release more heat to attain the subsequent product.

The process of channelC involves first the formation of an
adduct H2CNNO, which has two isomers,trans-H2CNNO (1)
andcis-H2CNNO (1′), with calculated energies 21.9 and 20.5
kcal/mol, respectively, below that of the reactants. Although
the trans isomer is more stable than the cis by 1.4 kcal/mol,
they might interconvert readily on overcoming a small barrier
TS5, 0.7 kcal/mol. If the process begins from cis isomer adduct
(1′), the preferable pathway would beR f 1′ f TS8 f 4 f
TS9 f P3 (channelC), as the highest energy ofTS8 along
this pathway is only 10.2 kcal/mol above the reactant, compared
to the other pathwayR f 1′ f TS6 f 3 f TS7 f 4 f TS9
f P3 with the highest energy ofTS7 101.6 kcal/mol above
the reactant. There might be another pathway leading to the
sameP3 product starting from the trans isomer adduct (1), R
f 1 f TS3 f 2 f TS4 f P3, with the highest energy of
TS440.7 kcal/mol above the reactant. ChannelC is undoubtedly
the most likely pathway regarding theP3 formation. This
favorable process, however, forms a cyclic intermediate,4, from
thecis-H2CNNO (1′) via a tight four-center transition structure
(seeTS8 in Figure 3). InTS8, the C‚‚‚O bond, 1.993 Å, is
0.534 Å longer than that in structure4, and it can readily
decompose to H2CO + N2 with a barrier only 1.2 kcal/mol
(TS9) above the reactants. This process is highly exothermic,
-103.9 kcal/mol. InTS9, the C‚‚‚O bond in the four-center
ring structure is further shortened to 1.36 Å, and the N‚‚‚O bond
stretched to 1.96 Å, approaching theP3product. Our calculated
results thus show the two major possible reaction pathways in
H2CN + NO to be channelsA and C, with the latter
thermochemically preferable.

Reaction H2SiN + NO. The silicon-nitride related speciess
H2SiN that is isovalent with H2CNsis commonly applied to
produce silicon nitride thin films used in microelectronics as
well as protective coatings via chemical-vapor deposition (CVD)

Figure 4. Calculated profiles on the potential-energy surface for possible pathways of the reaction of H2CN with NO at the level CCSD(T)/aug-
cc-PVTZ//B3LYP/6-31++G(d,p); the labels in the figure represent the same species as those in Figure 1.

TABLE 2: Zero-Point Vibration Energies (ZPE, hartree),
Total Energies (TE, hartree), and Relative Energies (RE,
kcal/mol) of Reactants, Intermediates, Transition States, and
Products Calculated at the Level B3LYP/6-31++G(d,p)
(BTE, BRE) and the Level CCSD(T)/aug-cc-PVTZ//B3LYP/
6-31++G(d,p) (CTE, CRE) for the Systems of Both H2CN
and H2SiN Plus NO

species ZPEa BTE+ZPEb BREc CTE+ZPEb CREc

R (H2CN+NO) 0.029765-223.857778 0.0-223.525918 0.0
1 0.036456-223.888797 -19.5 -223.560860 -21.9
1′ 0.036476-223.888533 -19.3 -223.558525 -20.5
2 0.038655-223.856599 0.7-223.526744 -0.5
3 0.037251-223.801558 35.3-223.481062 28.1
4 0.038889-223.885735 -17.5 -223.561270 -22.2
TS1 0.029348-223.834048 14.9-223.508267 11.1
TS2 0.028606-223.820814 23.2-223.494234 19.9
TS3 0.035844-223.818691 24.5-223.486786 24.6
TS4 0.034934-223.785794 45.2-223.461125 40.7
TS5 0.036062-223.888394 -19.2 -223.559763 -21.2
TS6 0.033783-223.765883 57.7-223.444908 50.8
TS7 0.034059-223.685128 108.3-223.364032 101.6
TS8 0.036630-223.838399 12.2-223.509701 10.2
TS9 0.035315-223.848083 6.1-223.524073 1.2
P1 (HCN+HNO) 0.030278-223.880553 -14.3 -223.560516 -21.7
P2 (HCN+HON) 0.029673-223.817012 25.6-223.493756 20.2
P3 (H2CO+N2) 0.032270-224.009137 -95.0 -223.691468-103.9

Rs (H2SiN+NO) 0.021639-475.209556 0.0-474.514604 0.0
1's 0.026530-475.277994 -42.9 -474.580561 -41.4
TS1s 0.022386-475.169740 25.0-474.481495 20.8
TS8s 0.026669-475.273527 -40.1 -474.579336 -40.6
P1s (HSiN+HNO) 0.022964-475.175590 21.3-474.494156 12.8
P3s (H2SiO+N2) 0.024014-475.414184-128.4 -474.736355-139.2

a Zero-point energy (au) at the level B3LYP/6-31++G(d,p). b The
unit of energy is hartree.c Relative energy (kcal/mol) with respect to
the reactants.
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or plasma-assisted CVD processes, involving gaseous-phase
reactions.54-58 In a study of silicon-nitride derivatives, Melius
et al.59 made calculations on various Si-N species and gave
geometries that can be compared with our results. For the
molecule H2SiN, they obtained bond lengths Si-H ) 1.474 Å
and Si-N ) 1.667 Å (at the MP4(SDTQ) level); our calculated
bond lengths optimized at the level B3LYP/6-31++G(d,p) are
Si-H ) 1.481 and Si-N ) 1.650 Å, which agree satisfactorily.
Our goal was to find other possible reactants, such as H2SiN,
that might replace the methylene amidogen radical (H2CN), to
react with NO and obtain lower barriers, especially along the
similar pathway leading to the formation of gaseous N2.
According to a comparison of the energy barriers, we focused
on analogous channelsA andC, denoted as channelsAs and
Cs for the reaction H2SiN + NO. Our calculated geometric
structures of stable reactants, intermediates, and transition states
in the channels ofAs andCsare drawn in Figure 5. The notation
resembles that of the H2CN counterparts except with addition
of suffix ‘s’ to each symbol to represent the silicon-substituted
species. The calculated energetic data with respect to reactants
H2SiN + NO are listed in the lower part of Table 2, and
pertinent aspects of profiles on the potential-energy surface are
presented in Figure 6. ChannelAs, Rs f TS1s f P1s, is a
simple H-abstraction from H2SiN to the N atom of NO to form
P1s, HSiN + HNO, via transition stateTS1s. The barrier of
calculated transition state is large (TS1s), 20.8 kcal/mol,
compared with the analogous pathway in H2CN, 11.1 kcal/mol;
it is also endothermic by 12.8 kcal/mol, in contrast to the
exothermic H2CN counterpart,-21.7 kcal/mol. All these facts
indicate that it would take much greater effort to break the Si-H
bond. Perhaps the empty d-orbital of the Si atom in H2SiN
strengthens the Si-H bonding. Our NBO60 calculation shows
large orbital coefficients of dyz and dxz between the Si-H bond,
indicating the more pronounced d-character in H2SiN, in
agreement with this idea.

Channel Cs(Rs f 1’s f TS8sf P3s). An adductcis-H2-
SiNNO,1’s, was formed first and released much energy,-41.4
kcal/mol. The following reaction formed productP3s, H2SiO
+ N2, directly without forming any four-centered intermediate
structure such as4 in the case of H2CN. Moreover, the only
transition state in this pathway,TS8s, was also energetically

more stable than the reactants by 40.6 kcal/mol, and the barrier
from 1’s to TS8swas almost zerosonly 0.8 kcal/mol, leading
to a stable productP3s, highly exothermic at-139.2 kcal/mol.
To evaluate the accuracy of the calculated relative energies we
also applied optimization calculations at the CCSD/aug-cc-
PVDZ level (more effective electron correlation) as well as G2
and G3 levels specifically for these important species (Rs,1’s,
TS1s, TS8s, P1s, and P3s). The result is quite consistent in these
levels except that the relative energies of CCSD data all upshift
about 10 kcal/mol as compared to other levels, shown in Table
3.

The major difference between H2CN and H2SiN toward NO
warrants scrutiny. First, comparing the relative stability in
forming the adducts1′ and1’s, we found that the latter is more
stable than the former by 20.9 kcal/mol. We calculated the Fukui
functions61 and applied the theory of hard-and-soft acid-and-
base (HSAB) to seek possible clues. The HSAB principle has
been useful to explain the behavior of many chemical
systems.62-65 The extrapolation locally of a general behavior
“soft likes soft” and “hard likes hard”, together with an idea

Figure 5. Optimized geometries of possible reactants, intermediates, transition structures, and products on the potential-energy surface for the
reaction of H2SiN with NO calculated at the level B3LYP/6-31++G(d,p). The numbers in parentheses are structural parameters calculated at the
CCSD/aug-cc-PVDZ level. All bond lengths are given in Å and angles in degrees.

Figure 6. Calculated profiles on the potential-energy surface for two
major pathways of the reaction of H2SiN with NO at the level CCSD-
(T)/aug-cc-PVTZ// B3LYP/6-31++G(d,p). The number in parentheses
is from CCSD/aug-cc-PVDZ.
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that the larger is the value of the Fukui function, the greater is
the reactivity, is also a useful approach to explain the chemical
reactivity of diverse systems.66 We chose thef 0 value for
comparison because our title reactions are more characteristic
of a radical reaction.67 In their derivation of the equation of
interaction energy in terms of the local softness and the
condensed Fukui function of an atom in the molecule, Ga’zquez
et al.61 pointed out that the largest value of the Fukui function
is, in general, associated with the most reactive site. According
to our calculated data in Table 4, the calculated Fukui function
(f 0) 0.563 of the N atom in the H2SiN radical is clearly nearer
0.612 for the N atom in NO than the value 0.188 of the N atom
in the H2CN radical, which accounts for the formation of the
adductcis-H2SiNNO 1’s being more preferable than that of the
adductcis-H2CNNO 1′. Applying the HSAB theory, we find
in contrast that the difference of the local softness (s0) 1.230 of
the N atom in H2SiN and 1.834 of the N atom in NO is smaller
than that of 0.616 of the N atom in H2CN and 1.834 of the N
atom in NO, which also accounts for the favorable formation
of the adductcis-H2SiNNO 1’s. We employ a similar approach
to explain the barrier difference betweenTS1 andTS1s in the

H-abstraction pathways. The calculated Fukui functions (f 0) of
the H atom in H2CN and the N atom in the NO radical are
closer than those in the counterparts H2SiN + NO. This
approach is thus also applicable to explain the energy preference
of TS1 over TS1s.

The uniquely strong interaction of the channelCs pathway
in the reaction H2SiN + NO is surprising and needs to be
understood. Our NBO calculation shows a strong secondary
interaction,E2 ) 70.95 kcal/mol, between the lone pair electrons
of the N atom and the antibonding orbitalσ*N-O in the adduct
structurecis-H2SiNNO1’s, whereas a similar interaction is much
smaller in its counterpart of the adductcis-H2CNNO, 1′, E2 )
19.87 kcal/mol. This factor might contribute some stability for
1’s being more stable than1′. Moreover, a four-membered ring
structure4 is an essential intermediate before leading toP3 in
the channelC pathway of the reaction H2CN + NO. The
formation of4 from 1′ requires a large barrier, 30.7 kcal/mol,
for 1′ f TS8 f 4, because the structure of1′ is far from the
nearly square four-membered ring structure4, so that the∠CNN
angle of1′ must twist from 119.94° to 102.38° (TS8) and the
dihedral angle of∠CNNO from -94.43° to -20.05° (TS8);
the most important part is to lengthen the C-N bond from 1.270
to 1.363 Å, which requires energy. The NBO result shows also
a strong secondary interaction between theσC-O and σ*N-N

orbitals, which further stabilizes the structureTS8. In contrast,
no similar four-membered ring intermediate is found after1’s,
and it leads toP3sdirectly. The only found transition structure
TS8sdiffers little from1’s (especially the Si-N bond distance),
and it is further stabilized by a moderately strong secondary
interaction between theσSi-N andσ*N-O orbitals, not found in
the TS8 counterpart. All these effects account for the small
increase of energy, 0.8 kcal/mol, from1’s to TS8s. The absence
of a four-membered ring intermediate in the channelCspathway
also indicates that there exists a strong interaction between Si

TABLE 3: Total (Including ZPE, au) and Relative Energies (RE, kcal/mol) of Reactant, Intermediates, Transition States, and
Products for H2SiN + NO Calculated at Different Levels of Theory

energies

species RE(CCSD(T)-sp)a CCSD/aug-cc-PVDZ RE(CCSD)b G2 RE(G2)c G3 RE(G3)d

Rs (H2SiN+NO) 0.00 -474.313060 0.00 -474.552443 0.00 -474.984510 0.00
1’s -41.39 -474.363912 -31.91 -474.621235 -43.17 -475.050204 -41.22
TS1s 20.78 -474.256043 35.78 -474.519522 20.66 -474.949321 22.08
TS8s -40.62 -474.360880 -30.01 -474.619062 -41.80 -475.047800 -39.72
P1s (HSiN+HNO) 12.83 -474.280445 20.47 -474.530161 13.98 -474.959956 15.41
P3s (H2SiO+N2) -139.15 -474.519035 -129.25 -474.772298 -137.96 -475.203533 -137.44

a The relative energy with respect to reactants at the CCSD(T)/aug-cc-PVTZ//B3LYP/6-31++g(d,p) level.b The relative energy with respect to
reactants at the CCSD/aug-cc-PVDZ level.c The relative energy with respect to reactants at the G2 level.d The relative energy with respect to
reactants at the G3 level.

TABLE 4: Condensed Fukui Functions for the H and N
Atoms in H2CN and H2SiN Radicals and the N Atom in NO
as Well as the Global and Local Softnesses of the Molecules
Calculated at the Level B3LYP/6-31++G(d,p)

f 0 a local softness (s0)c

molecule H N
global

softnessSb H N

NO 0.612 2.998 1.834
H2CN 0.204 0.188 3.286 0.670 0.616
H2SiN 0.143 0.563 2.185 0.313 1.230

a Atomic charges according to a natural population analysis (NPA).
b S ) 1/(IE-EA), IE is the ionization energy, and EA is the electron
affinity; the energy unit is hartree.c s0 ) f 0‚S.

TABLE 5: Nominal Properties of Transition States in the Systems H2CN and H2SiN Plus NO at the B3LYP/6-31++G** Level

species vibrational wavenumbers/cm-1
principal moments of
inertia (amu bohr2)

TS1 1112i,170, 311, 377, 631, 705, 1090, 1134, 1496, 1885, 1916, 3169 61.7, 393.5, 421.9
TS2 715i, 194, 232, 422, 818, 997, 1038, 1219, 1520, 1767, 1991, 2359 43.8, 508.7, 552.5
TS3 816i, 351, 612, 792, 959, 1083, 1121, 1295, 1514, 1629, 3112, 3266 49.1, 269.1, 301.6
TS4 616i, 454, 479, 514, 911, 1001, 1095, 1192, 1454, 1744, 3171, 3321 123.2, 163.4, 273.6
TS5 110i, 346, 522, 664, 895, 1077, 1188, 1472, 1653, 1720, 3083, 3209 38.6, 323.8, 335.7
TS6 845i, 432, 550, 656, 899, 980, 1067, 1186, 1273, 1453, 3110, 3224 79.5, 199.3, 215.3
TS7 940i, 527, 678, 748, 847, 875, 1050, 1136, 1236, 1513, 3086, 3255 114.1, 147.0, 182.9
TS8 739i, 547, 771, 976, 1009, 1146, 1165, 1229, 1371, 1530, 3114, 3221 95.4, 158.6, 241.1
TS9 1046i, 386, 477, 713, 1014, 1089, 1146, 1258, 1514, 1883, 2984, 3037 94.0, 174.8, 254.0
TS1s 301i, 141, 222, 242, 283, 432, 619, 1145, 1225, 1477, 1828, 2211 114.5, 573.8, 645.5
TS1sa 1100i, 177, 217, 255, 300, 432, 469, 1061, 1088, 1318, 1825, 2247 115.9, 536.7, 611.6
TS8s 194i, 307, 412, 520, 632, 827, 864, 990, 1187, 1407, 2260, 2299 105.9, 354.4, 443.5
TS8sa 253i, 355, 395, 575, 635, 827, 883, 981, 1105, 1415, 2271, 2303 111.3, 338.7, 433.2

a At the CCSD/aug-cc-PVDZ level.
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and O atoms that pulls these two atoms together and forms H2-
SiO+ N2 directly, concurrently releasing much heat. The empty
d orbital in Si atom is believed to play an important role in this
strong interaction, which is a unique property that the carbon
atom lacks in the reaction H2CN + NO.

Conclusion

From the calculated potential energy surfaces, we predict that
the preferable product formation in the H2CN + NO reaction
could be P1 and P3 (with similar energy barrier around 11 kcal/
mol), yet P3 is thermodynamically much favorable. On the other
hand, in the replacement of H2CN with H2SiN toward the
reaction with NO the most probable reaction pathway became
the one that reduced NO to N2 molecule via a barrierless process
(path Cs). We also applied the TST (transition state theory)
method to calculate the rate constants of the proposed two
channels (path As and Cs) in the reaction of H2SiN + NO under
298 K. The potential energy surface was calculated both at the
CCSD(T) level and the G2 level, and the results do not differ
too much. The rate constant of pathway As (at G2 level) leading
to P1s (HSiN+ HNO) is 1.37× 10-9, compared to pathway
Cs leading to P3s (H2SiO + N2), 5.95 × 1035; while that of
CCSD(T) is 2.41× 10-10 and 3.64× 1034 (cm3 molecule-1

s-1), respectively. Since there are no experimental data to
compare with, these data can be considered as a rough estimation
according to TST. The result of this study will be of great value
in searching for the effective reagents of converting the industrial
pollutants containing toxic NO into stable and harmless nitrogen
gases, and this discovery of the reaction pathway for H2SiN +
NO might be useful for studies of thermal DeNOx.
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Appendix

We provide calculated wavenumbers and moments of inertia
for each transition structure fromTS1 to TS9 (H2CN plus NO)
and forTS1sandTS8s (H2SiN plus NO) (see Table 5).
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