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The mechanism of decomposition of dialkylamino diazeniumdiolate salts, R,N[NONO]~M?*, to form nitric oxide, NO,
was explored using theoretical methods. B3LYP/6-311+G(d) density functional theory calculations gave the optimized
geometries, and energetics were further evaluated with the high accuracy CBS-QB3 method, when feasible. Relative
pK, values were estimated using the PCM model for aqueous solvation. The terminal oxygen is the most basic
site, followed closely by the internal oxygen. Protonation of these sites does not lead to decomposition. However,
protonation of the weakly basic amino nitrogen leads to very rapid decomposition and NO generation.

1. Introduction Diazeniumdiolates are stable in basic solution and, de-
pending on the substitution of the amine, are stable as crystals
in a freezer or at room temperaturélowever, when basic
diazeniumdiolate solutions are neutralized or acidified,
decomposition to the amine and NO occUiEhe half-life
of this process depends dramatically on the substitution of
the amine and can vary from seconds to hdéuihe
decomposition of diazeniumdiolates has been investigated
experimentally, and various mechanisms have been pro-
posed’®

Keefer and co-workers measured rates and spectral data
to determine important K's and possible intermediates
along the path of decomposition. For the dialkylamino
_ N diazeniumdiolates that were studied, lowering the pH of the
2R,NH + 2NO— R,N[NONO] " + R,NH, @) solution increases the rate of decomposifioRor the
diethylamino diazeniumdiolate salt, &pof 4.5+ 0.2 was
obtained spectroscopically by following the change in the
UV absorption of the diazeniumdiolate functional group as
*To whom correspondence should be addressed. E-mail: houk@ the pH of the solution was lowered. A double reciprocal plot

Dialkylamino diazeniumdiolate salts,,RINONO]"M™,
also called “NONOates”, are a class of compounds that
generate nitric oxide, NO, in neutral or acidic aqueous
solutionst! Discoveries of the various biological roles of NO
have made diazeniumdiolates an important experimental tool
for in vivo and in vitro studied * The synthesis of the
diazeniumdiolates is relatively simple and has been known
since the early 1960% Diazeniumdiolates are produced by
the reaction of 2 equiv of an amine and 2 equiv of NO or 1
equiv of an amide anion with 2 equiv of NO, as indicated in
egs 1 and 2.

R,N"M" 4+ 2NO— R,N[NONO] M ™" 2)
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On the basis of their experimental findings, Davies et al. with the B3LYP functional and the 6-311G(2d,d,p) basis set and
proposed the mechanism shown in eq 3, where protonationthen computes a series of higher level calculations with this

at the amine nitrogen at physiological pH leads to decom- 9eometry, generally giving energies withirl kcal/mol of experi-
position® mentally measured values for the G3 data's€tee energies are

given for 298 K. Aqueous solvation energieAG,ys, were
calculated as single points on the B3LYP/6-313(d) optimized
geometries using a 6-3115(d) basis set in the PCM model,
implemented in Gaussian 98. The solvation energies were applied
to the B3LYP/6-31#G(d) and CBS-QB3 optimized gas-phase
energies. Structurez2 and23 were optimized in water using the
PCM model with B3LYP/6-31+G(d). To allow comparison of

R,N[NONO]™ + H,0" = 1-H" = R,NH + 2NO (3)
1

Hall and co-workers optimized structures with HF/6-31G-
(d) and computed energies at the MP2/6-31G(d) level for
various sgbstltuted diazeniumdiolates and their p_roton_ated22 and 23 to the rest of the calculated structures, the agueous
analogues. They focused on the oxygen protonation sites optimized geometries were computed as single points using the

and demonstrated that the terminal oxygen would be pro- g3| yp/6-311+G(d) method. All values reported in the text are at
tonated most easily. From these theoretical calculations theythe CBS-QB3 level of theory unless otherwise noted. The relative

suggested the mechanism shown in €y 4.

R N=0 — +
H* o R /r;l OH L
1 =—— | NN = N—N/
R OH 3 o
2 R 3 S
OH 0 0
/ H,O N 7 +
0=N=N  + RoNH 2 N—N + H' + RNH
0
N—N —_— 2NO (4)

Here, the diazeniumdiolatéd, is protonated to form the
thermodynamically most stable for@,A second protonation

pKa's were predicted using the relationship betweedy,, and K.
The most basic computeKpwas set equal to the experimentally
measured i§,, and all others were computed relative to this.

3. Results and Discussion

a. NO Dimerization. Nitric oxide is known to form a
dimer when present at high concentratiéhthe NO dimer
has been studied extensively using both experim&ntél
and theoreticdl~*® methods. X-ray diffraction experiments
show that the most stable form of the dimer is a trapezoidal

at the amino nitrogen, with the accompanying release of the (11) Montgomery, J. A.; Ochterski, J. W.; Peterson, GJAChem. Phys.

free amine, gives the protonated NO dimer. Deprotonation (12)

1994 101, 5900.
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and homolytic cleavage generates 2 equiv of NO. This (13) Saavedra, J. E.; Srinivasan, A.; Bonifant, C. L.; Chu, J.; Shanklin, A.

mechanism requires both specific and general acid catalysis

for NO release.

We have investigated the mechanism of dialkylamino
diazeniumdiolate decomposition, using the amino and di-
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studied dialkylamino diazeniumdiolates. We first describe (17)
the formation of diazeniumdiolates from amides and NO,
then discuss the electronic structures of these species, an

finally describe our exploration of the mechanism of
decomposition of NONOates to generate NO.

2. Methods

All structures were optimized using the B3LYP method with a
6-311+G(d) basis set using the Gaussian 98 progtaStructures

that required more accurate energy calculations were recomputed
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0 99.7°0 20 O
1.149 AN // 108.3° /71155 A
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AH=-1.0
AG=92
AGyq=60 Q& 0O
2NO —MM» N—
AH =5.4
AG=45
QO AG,=34 b
N-N — ~ 5 N-N

Figure 1. Gas-phase structures of tlés and trans NO dimers and
energetics of dimerization. Changes in enthalpies and free energies in the
gas phase and in water are given in kcal/mol (CBS-QB3).

geometry Cy,), with NN and NO distances and ONN bond
angle of 2.184+ 0.06 A, 1.12+ 0.02 A, and 101.3
respectivelyt3 Various experiments using gaseoublhave
determined that ais, acyclic form C,,) is the most stable
structure. Depending upon the spectroscopic technique
employed, the NN, NO, and ONN distances and bond angle
range from 2.33 A, 1.15 A, and 95respectively, for
molecular beam spectroscopy to 1.75 A for the NN distance
and 90 for the bond angle using IR spectroscdpy DFT
methods predict that the acyclitssONNO (C,,) form is the
most stablg1.29.30.32.33

CBS-QB3 calculations performed here give boih(C,,)
andtrans(Cz,) NO conformers of the dimer. The free energy
of the cisisomer is 4.5 kcal/mol more stable than th@ns
isomer in the gas phase. Upon aqueous solvation, the fre
energy difference betweeris andtrans is lowered to 3.4
kcal/mol. The energies and geometries are summarized in
Figure 1.

AH = 12.4

AG =14.1 _
7 AGyq = 12.1 l‘li”i/ A
A A= N=NT1212

07 e

Figure 2. Structure of aransexcited state isomer. Changes in enthalpies
and free energies in the gas phase and in water are given in kcal/mol (CBS-

QB3).
a. AH = -68.7
AG=-467
AGaq=-19.5 ]
NH; + 2NO = N=N
HN O
E
AH=58
o AG=54 o
) AGgq=19 VN
NN —2—»  NEN
HN O H,N
E z
b.

AGye = 0.0

eFigure 3. Energetics at the B3LYP/6-3%1G(d) level for (a) formation

of the diazeniumdiolates; (b) the rotation about the NN bond of the
diazeniumdiolate.

long NN bonds and the approximate thermodynamics of
dimerization. In agreement with experiment and previous
theory, thecis structure is more stable than thans and
the NN bond length is about 2.0 A, more or less the median
of previously reported valuég161® The dimerization is
essentially thermoneutral, but endergonic at 1 atm in the gas
phase 01 M in aqueous solvatiory for this process is
predicted to be 10* M~ in aqueous solution, so only a
small percentage of NO is present as the dimer in solution.
Interestingly, when attempting to optimize theans
isomer, a higher energy stationary point is obtained if the
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kcal/mol higher in free energy in the gas phase thartrtires
ground state and has a much shorter NN bond length, with
longer NO bonds. It corresponds to the electronically doubly
excited (2n— 27*) state, shown in Figure 2. It has the same
IA symmetry as the ground state. Sat al. have performed

a thorough theoretical investigation of the NO dimer and
the 8 lowest excited statésThey found that at least three
singlet excited states of theans NO dimer within 2 kcal/
mol of the ground state and all of these excited states
possessed a long NN bond length of 2.817 A. This structure
of the excitedransdimer is better solvated, in the aqueous
PCM model, than thérans ground state. This species will
be discussed later in the context of NO generation from
diazeniumdiolate decomposition.

b. Formation of Diazeniumdiolates. The formation of
diazeniumdiolates, from amides and NO, is calculated to be
exothermic. The reactions of the amide anion with 2 equiv
of NO to form the simplest diazeniumdiolate are shown in
Figure 3. The parent diazeniumdiolate can exist as two
geometrical isomers, with the isomer being favored. The
free energy of th& isomer was calculated to be lower than
that of theZ isomer by 5.4 kcal/mol with B3LYP/6-31G-

(d) in the gas phase. The free energy barrier to rotation was
calculated as 24.2 kcal/mol in the gas phase at the B3LYP/

Inorganic Chemistry, Vol. 43, No. 3, 2004 1041
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a. AH=-34.4 ) -0.65 0.64 -0.61
AG =-24.0 o Q o, O
= . 0.02 N+
_ AGgq=-18.0 N 028 N=N 0.26 NN -0.02
(CHN + NO —— > (CHy),N N O HN
i AH =247 068 -0.68 -0.65
0 AG =-12.2 a, O NH; = 0.04 NH; = 0.02
CHgN NV + o ST TR0 N=N E z
—_—— ’
(CHis)2 (CHg)N

Figure 5. Partial atomic charges from NBO analysis and charges for the
NH> group are shown.

b. AH =41
AG =140 _
AGgq=10.8 Q 0o o o
2NO —M N-N N '\1+ AHi = 3.8 H AHe = 0.0
N"Ny 4G =85 /N’N\\N/OH AGr =48
AH =-63.2 H 4 H 5
AG =-50.1 - HO
_ Q O AGu=-41T7 Q, O
(CHg)N  + N-N —— N=N OH OH
(CHaN N MHe=93  H AMher = 6.3
Figure 4. B3LYP/6-31H-G(d) energetics for formation of dimethylamino I & N AGe =134 ,N 7 N=0  AG =102
diazeniumdiolate: (a) reaction pathway via monomeric NO, and (b) reaction H C/)/
pathway via the NO dimer.
H 8 AHp = 11.4 H 8 AHpe = 15.2
- : NN AGyg = 16.3 NN 5 AGK =198
6-311+G(d) level, a value similar to that for rotation about g SNEH ACre = 10 Mo =0 rel = 19.
the CN bond in amide¥. H o4 H oy
The greater stability of thée isomer is attributed to ~ o o
intramolecular H-bonding between the terminal oxygen and y o AHy = 105 " N AHyg = 1.2
. . . . . . rel . — rei .
the amino grouf.This parent diazeniumdiolate is unknown. LN N:\N+ AGre =111 [ON 44 AGg = 0.0
The dimethylamino diazeniumdiolate is the simplest of the H 10 4 H

dialkyamino diazeniumdiolates and was studied in order to _. . ) L i
. . . . Figure 6. Relative energies of protonated amino diazeniumdiolate. Relative
model dialkyl species such as the common diethylamino enthaipies and free energies for the gas phase are in kcal/mol (B3LYP/6-
diazeniumdiolate (DEA/NO). The CBS-QB3 energetics for 311+G(d)).
the formation of dimethylamino diazeniumdiolate are shown
ineq>S. c. Analysis of Electronic Structures of Amino Diazeni-
umdiolates. The optimizedE andZ isomers of the simplest

ﬁg:jgg; e o amino diazeniumdiolate were subjected to natural bond
HaC _ AGgq =-29.8 TN orbital*®4° NBO, analysis to determine bonding and elec-
N + 2NO ——— » VAN . . . . .. .
HyC HC N trostatic properties. This provided insight into the most
E © favored resonance structures, which are shown in Figure 5
AH=0.1 ®) along with the atomic charge densities.
HC O §g='2'_204 HG O It is clear from the atomic charges that the oxygens and
—| al : A ) . . .
ch’N N\‘N — ,N—ﬁ\\ the amino nitrogen should be the most probable protonation
o- HC  N—O" sites. The energies to protonate each oxygen, the amino
E z nitrogen, and the terminal nitrogen were computed. The

) ) ) ) ) corresponding optimized structures were subjected to NBO
In contrast to the simplest diazeniumdiolate, there is no analysis and are displayed in the favored resonance form
significant preference for the or Z isomers. This difference  \yith relative energies in Figure 6.
from the pa_rent diazeniumdiolate can be explained b)_/ the | agreement with previous calculatioht)e oxygens are
absence of intramolecular H-bonding in the dialkyl deriva- e most basic sites dn Protonation of the terminal oxygen

tive. ] ) ] ] ) ) to give4 or 5 is favored. Protonation of the amino nitrogen
The formation of the dialkylamino diazeniumdiolates can |g54s to spontaneous dissociation, ad@and 11 In 11

proceed via two mechanisms, the reaction between the aming,rotonation of the amino nitrogen generates the free amine
and monomeric NO to form a radical anion intermediate 5.4 the weakly bondedis dimer. When protonated at the
followed by another addition of NO, or the reaction of the 5qin0 nitrogen, th& isomer leads directly ta0, ammonia
amine with the NO dimer. These pathways and their complexed to the excited statansdimer, discussed earlier.
energetics are shown in Figure 4. B3LYP/6-314(d) However, if the NN bond distance of the dimer is further
predlgts the NO dimerization to be 5 kcal/mol more endot- lengthened and the complex is optimized again, the dimer
hermic than the more accurate CBS-QB3 method, so the gstimizes to the ground statansgeometry, so the reaction

results here may be skewed by the error in the B3LYP i, so|ution is expected to form the ground state NO dimer.
calculations. Nevertheless, assuming no significant difference ¢ origin of the formation of this excited state dimer, is

in barriers.for NQ dim.er'di§sociati0n or for the dissocia?ion the orbital correlation between the N-protonated amino
of the radical anion, it is likely that the direct mechanism
via the radical anion is favored. (49) Carpenter, J. E.; Weinhold, FHEOCHEM1988 169, 41.

1042 Inorganic Chemistry, Vol. 43, No. 3, 2004



Mechanism of NO Formation

Reactant Ground State Excited State y y
H3C, '\io+ AHg =11.1 H;C, '\?r H AHr = 0.0
O Q0 2 NNy AG =110 NNGO 4G =00
N \r.\j—N" '-N_Ng. N \NEN® o HyC " OI‘H AGqq, re1 = 4.7 HsC 5 AGqq, et = 0.0
/ T '-6 . N ® .O.:
HyC-N® Q¢ HsC-N N o
s\ /N H3C"‘/N\ —H —H
HsC H HoC H e H HaC. '\,10 AHpg = 12.7 HaC, ,r\io A =7.9
140 160 14 o N~ °N AGr =11.8 N ‘N=O AGre = 6.2
6 4n 6n HiC é’ AGaq, rel = 8.6 HsC AGgq re1 = 5.4
Figure 7. Dominant valence bond structures of N-protonated dimethyl 4 15
diazeniumdiolate, amine plus the ground state otties(NO), and amine _ _
plus the doubly excited state of th@ns-(NO), with the o andx electron HsC. Qr AHr =21.5 HaC. 8 AHe =29.3
count of the (NO) group for each structure. \/N’NoNtH AG= 215 ,N’N~‘N,o_ AGye =281
0.6 HsC o I AGaq rel = 13.4 HsC . H AGaq re1 = 17.7
H3C\ +/(j_ H C -Ogﬁ -
-038 N-N 0.25 037 N—N0.26 9 _
MG Noos o N HC N, , AHe=246 HC. Q ©  AHg=108
a 3C 0(';10—(? <o H-N N AGe =211 H-N  N-N AGe = 6.0
-0.63 ’ ’ HsC O AGuq =214 HsC 1 AGaq, rel = 8.9
(CHa)N=-0.02  (CHs)N=-0.02 18 . . . N
Figure 9. Relative energetics of protonated dimethylamino diazenium-
E z diolates. Relative enthalpies and free energies in gas phase and water are
Figure 8. Dimethylamino diazeniumdiolate partial atomic charges and given in kcal/mol (CBS-QB3, PCM).
(CHg)2N group charges according to NBO analysis. ~ ~
0 0
. . . . . . H3C_ 1+ HC, /+ H
diazeniumdiolate and amine plus NO dimer. Figure 7 shows NNy pKe=10 : N'N‘\N/\O pK,=4.5
the valence electrons distributed in the dominant valence  HsC 12 OH HsC =
bond structures for the N-protonated diazeniumdiolate and
for the amine plus ground state and doubly excited state of o-H o-H
the trans NO dimer. The ground state of the amino MG\ N pk,=-1.9 HONN. o PKa=05
diazeniumdiolate reactant correlates with the amine plus the  n,c c«)',“ HG
doubly excited singlet state of theans NO dimer, since 14 15
this maintains the number of and = electrons. This o o
correlation is typical of an orbital symmetry forbidden HaCo N H PK.=-5.4 HaC NS to pK,=-86
process, in that the ground state of the reactant correlates — H,¢ 3 HsC HN
with an excited state of the product. Although this crossing 16 17
should be avoided at the state correlation level, it could o
. . . . . . 1
nevertheless impose a barrier on the exothermic dissociation HCG. N§N+ oKy =113 M e 0 oK, = 2.1
to the ground state of the product. e & He =
The optimized structures of the dimethylamino diazeni- 18 19

umdiolates were also subjected to NBO analysis, and the Figure 10. Calculated gj's for the various protonated dimethylamino
. . . NS diazeniumdiolates, determined usingap= —0.74AAGyg) + 4.5.
results, summarized in Figure 8, are very similar to those

for the parent system. o, O a, o, O o}
. . N N+ \ / s
The CBS-QB3 structures and relative energies for proto- 1.457A N=N 1.452A /N—NO, 1.491A N=N 1.590AN=N __
nated species of dimethylamino diazeniumdiolate are shownHC-N* HaC-N* HyC-N" HaC-N"
CHg3 H CHj H CHj H CH;

in Figure 9. Aqueous solvation energies have also been
calculated, and the free energies in aqueous solution are also ~
pK, =-8.8 pK, =-5.4 pK, = -8.9 pK,=-4.5
shown. . . . . . . Figure 11. Constrained bond lengths an&gpvalues for theE and Z
The results for dimethylamino diazeniumdiolate mirror jsomers of N-protonated dimethylamino diazeniumdiolate for the optimized
those for the parent diazeniumdiolate shown previously. In anion bond length20 and 21) and the solvent optimized structurez2(
this case, however, there is a strong preference foiZthe and23).
isomers, as seen in the energies of the right column versuswe set the [, of the least acidic tautomet3, to 4.58 The
the energies in the left column of Figure 9. The terminal pK,s for the remaining structuresl4—21, were then
oxygen is more basic than the inner oxygen, which can be determined relative td3 using the calculatedhG,q shown
seen by comparing3 to 15 and 12 to 14. Protonation of in Figure 9. The K.s calculated in this way are shown in
the amine nitrogen leads to dissociation to the amine andFigures 10 and 11.
the NO dimer. Protonation of the oxygens is favorable but It is clear that the most basic site is the terminal oxygen,
does not lead directly to products. As seen previously, when and protonation leads to structut8, but there will be less
the protonatecE isomer dissociates] 8, the NO dimer is than one percent each dfb and 12, and even smaller
formed in the excited state. amounts ofl14 present at equilibrium. At neutral pH the
The K, 's for the protonation sites were predicted from diazeniumdiolate should exist primarily as the free base
the relationship between the CBS-QB3 calcual#t&, and speciesl, and it will be half protonated at pH- 5. To
pKa Since the K, of DEA/NO has been measured as 4.5, approximate the g, for amine protonation, structures were

21 22 23
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Dutton et al.

AH =329 Davies et al. monitored the disappearance of the diazeni-
He  NOH ig = 312-2 0 E+ umdiolate UV absorption at decreasing pH levels for a variety
—N—! a . . . .
AR . It g +  NH; of diazeniumdiolate& From a plot of the rate data for DEA/
3 NO, they obtained a rate expression, eq 6, based upon the
assumption that protonation of DEA/NO leads to decomposi-
igfi?,‘% o tion. They reported a rate constaki, of 1.114 0.44 s
HaC, +,,N_OH AG _= éz 3 ;\ll*' and a MAH of 45+ 0.2.
H-N-N e T + (CH3),NH
H:C o N-o 32
& . Kanl[AH]
rate= k,, JNONOate}], with k.= ————=
Figure 12. Proposed dissociation steps in the Taylor et al. decomposition ([A7] + [HA]
mechanisih (B3LYP/6-31H-G(d)). +
Kar _ Kanl[H '] ©6)
-0 = R N-OH Tt
AR TU Ly TRV o Vi 14 Kan) o (HT+ Ky
R 1 ° R OH R o [H]
HA
R ' N-O o o Our results suggest that dialkylamino diazeniumdiolates
R’,L,_ v RNH + N = RoNH + 2NO can be protonated at a variety of positions, but decomposition

only occurs when the amino nitrogen is protonated. For
decomposition of theis-dimethylamino diazeniumdiolate,
employing the simplifying assumption that the total diaz-
optimized with constraint of the NN bond lengths to values eniumdiolate composition prior to decomposition will be a
of 1.457 and 1.452 A in th& andZ isomers, respectively.  mixture of compounds the unprotonated speci8@sand22,
These values are the NN bond lengths of the correspondingthe rate expression, eq 7, was derived. [NH];JAand [OH]
optimized anionic species. Full optimization of struct28s  are concentrations d2, the diazeniumdiolate anion, and
and21, without the NN bond constraint, in the PCM solvent 13, respectively. Koy and Kyy correspond to the acid
model gave structurez2 and23. Upon optimization in the  dissociation constants fa3 and22, respectively, whildyy
water solvent model, spontaneous dissociation does notjs the rate constant for the decomposition of struc@ee
occur, and energy minima are obtained with long NN bonds

lengths of 1.491 and 1.590 A i#2 and 23, respectively.  rate= k,, J[NONOate}, with k.=

The structures were then used to approximate #sgfor K [NH] K

22 and 23. These structures are summarized in Figure 11 K KNH) =

Figure 13. Mechanism for the production of NO from the decomposition
of dialkylamino diazeniumdiolates.

along with computed I§, values. (INH]+ A T+[OH]) (4, Ban P

These calculations suggest a mechanism of decomposition [H']  Kow
via the monoprotonation of the amine nitrogen, since only a kNH[H+] Kon
small barrier is likely to separat22 or 23 from products,
amine plus NO dimer. Previously, Taylor et al. proposed
that protonation of the terminal oxygen is followed by
diprotonation, with the second protonation occurring at the Using the rate data published by Davies et al. for
amino nitroger?_ Keefer and Co_workers |mp||ed direct diethy|amin0 diazeniumdiolate, the d%.tael’e f|tted to eq
protonation of the amine nitrogen to give products, as is also - The experimental value oKg = 4.5 measured by Davies
predicted in our calculatiorfisHowever, the experimental €t al. was used. Values fokpy andkyy of —6.94+ 0.5 and
pK, of the diazeniumdiolate is not that of the reactive site 7-2=+ 0.5x 10t s™, respectively, were obtained. The value
which leads to decomposition. of pKnu found in this way falls within the theoretical

We further explored the mechanism postulated by Taylor estimates of-4.5 to—8.9 shown in Figure 11. As expected
et al. with the model parent amino and the dimethylamino from our assumptions and computations, the valuleofis
diazeniumdiolate. The structures of the doubly protonated €xtremely large, near the maximum of610*s™* expected
E and Z isomers were optimized, using the B3LYP/6- from transition state theory.
311+G(d) level of theory; neither diprotonated species The general expression for decomposition of amino
dissociates directly to products in the gas phase. In fact, thisdiazeniumdiolates by this mechanism, with many possible
key step in their proposed mechanism is endothermic, assites of protonation in the amino substituents to form NH
shown in Figure 12 for the Simp|e5t amine case and the and other species Collectively referred to as XH, is given by
dimethylamine analogue. eq 8.

The data presented here, along with the published experi-
mental data, suggest that protonation of the amino nitrogen ) Kk
leads to release of the amine and the NO dimer directly. "2€= ko JNONOate}, with kypo = 1 1
Our calculations predict that protonation of the amino Ky + ) —
nitrogen leads to rapid decomposition as shown in Figure [HY & Kxn
13. (8)
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Mechanism of NO Formation
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