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ABSTRACT ARTICLE HISTORY

The kinetics of the O3, OH and NOj3 radical reactions with diazomethane were studied in smog Received 14 November 2019
chamber experiments employing long-path FTIR and PTR-ToF-MS detection. The rate coefficients Accepted 5 January 2020
were determined to be kcHann+o03 = (3.2 £0.4) x 10~" and kcHann+oH = (1.68 £0.12) x 1010 KEYWORDS

cm? molecule™" s~ at 295+ 3K and 1013 + 30 hPa, whereas the CHNN + NO3 reaction was t00  simocoheric chemistry;
fast to be determined in the static smog chamber experiments. Formaldehyde was the sole product reaction mechanism; amine
observed in all the reactions. The experimental results are supported by CCSD(T*)-F12a/aug-cc- photo-oxidation; quantum
pVTZ//M062X/aug-cc-pVTZ calculations showing the reactions to proceed exclusively via addition chemistry

to the carbon atom. The atmospheric fate of diazomethane is discussed.
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Introduction Under atmospheric conditions the CH3NH radicals
also reacts with NO, and O,, and it should be noted that
the major atmospheric sink for CH;NH by far is reaction
with O, [2,3]:

Diazomethane, CH,NN, was recently predicted to result
in a rearrangement of N-nitroso methylamine, which is
formed with around 200 k] mol~! internal energy in the

atmospheric photo-oxidation of methylamine [1]: CH;NH + NO, — CH3NHNOi (5)
2

CH3NH, + OH — CH,NH, + H,O  (la) CH3NH + O, - CH, = NH+HO,  (6)

There is little information in the literature on the

— CH3;NH + H,0 (1b) atmospheric fate of diazomethane. The compound was

reported to be formed in methylhydrazine ozonolysis

CH;NH + NO — CH3;NHNO? (2)  experiments and found to react relatively fast in the pres-

) ence of ppm-levels of O3 to give formaldehyde [4]. No
CH3;NHNO* = CH3N = NOH?* (3)  rate coefficient for the O3 reaction was presented.

CH3N = NOH* — CH,NN + H,0 (4) CH,NN + O3 — CH,0 + 0,('Ag) + N> ('2g)  (7)
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CH,NN has strong absorption bands below 300 nm
but only a very weak, forbidden 7 — m* transition
around 400nm with a maximum molar attenuation
coefficient of ~3 M~! cm™! (absorption cross section
~1072! cm? molecule™!) [5-7]; there is no information
available on the quantum yield to photo-dissociation.
Assuming a quantum vyield of 1 over the entire 300-500
nm range of the absorption band and an average Actinic
flux of 144 quanta cm? s7! (nm)~! in this region
[8], the estimated lifetime with respect to photolysis will
be around 1 d. Tropospheric photolysis may, nonethe-
less, constitute an important atmospheric sink for dia-
zomethane.

Diazomethane is reported to dissociate in a highly
endothermic process; E; ~ 280 k] mol~! [9]:

CHoNN — CHy("A)) + Ny (P ESy) (8)

The high-pressure rate coefficient was recently cal-
culated be ~10710 s~ at 295K [10], and the thermal
dissociation is obviously far too slow to be of importance
under atmospheric conditions.

Finally, diazomethane is stated to undergo rapid
hydrolysis to give methanol in acidic solution [11], mak-
ing removal from the atmosphere by aqueous particles of
potential significance.

In the present study we address the atmospheric fate
of diazomethane and report results from smog chamber
studies of the diazomethane reactions with O3, OH and
NOj; radicals supported by quantum chemistry calcula-
tions of the potential energy surfaces of the reactions.

Experimental and computational methods
Experimental methods

The experiments were performed in synthetic air (PRAX-
AIR 5.0) at 295 + 2 Kand 1013 & 50 mbar in a 250 L elec-
tropolished stainless-steel reactor. The kinetic studies of
the CH,NN + O3 reaction were carried out monitoring
the absolute mixing ratio of O3 and the relative mixing
ratio of CH,NN. The rate coeflicient was extracted from
the experiments by numerical modelling of the observed
CH,NN decay as a function of time.

d[CH,NN]
dt

where the function f(t) was approximated by an exponen-
tial decay curve.

The kinetic studies of the CH,NN reactions with OH
and NOj radicals were carried out by the relative rate
method in a static gas mixture, in which the removals
of the reacting species are measured simultaneously as a
function of reaction time. Assuming that the compounds

= —k - [CH,NN] - [03]; [03] = f(¥)

under study react solely with the same radical species
and that none of the compounds are reformed in any
side reactions, the relative rate coefficient, ki, is given
according to the following expression:

In{[CH,NN](/[CH,NN];} = kr - In{[Ref](/[Ref];};

krel = kCHzNN / kRef

where [CH,;NN]jy, [CH,NN];, [Ref]; and [Ref]; are
the concentrations of diazomethane and the reference
compound at start and at the time ¢, respectively,
and kcuann and kger are the corresponding rate coef-
ficients for their reactions with either OH or NOs.
A plot of In{[CH,NN]o/[CH,NN]} vs. In{[Ref]o/[Ref];}
will thus give the relative reaction rate coefficient
krel = kciann/kres as the slope.

FT-IR

The Oslo Smog Chamber is equipped with a White multi-
reflection mirror system adjusted to give an optical path
length of 120 m and interfaced to a Bruker IFS-66v/S
FTIR spectrometer for in situ analysis. FTIR spectra were
obtained by co-adding 32 interferograms with a reso-
lution of 0.5cm™!. Boxcar apodisation was used in the
Fourier transformation.

Proton-transfer-reaction time-of-flight mass
spectrometer (PTR-TOF-MS)

A commercial PTR-TOF 8000 instrument (Ionicon
Analytik GmbH, Innsbruck, Austria) was used for on-
line organic trace gas measurements [12]. The instru-
ment was operated at 100 Td (1 Td = 10717 V cm—2
molecule ') ina 1-4s integration mode; the drift tube
was kept at a temperature of 50 °C and a pressure of
2.8 mbar. The analyzer was interfaced to the Oslo cham-
ber via a 150 cm long stainless steel/PEEK tubing kept at
room temperature. The inlet flow was set to 300 sccm.

Instrumental data analysis. The spectra collected by
the PTR-ToF-MS were analysed with PTR-MS Viewer
ver. 3.2.14 (Ionicon Analytik GmbH, Innsbruck, Austria).
The mass scale of the spectra was consistently aligned
with a three-points calibration using a permanent inter-
nal reference substance (1,2-diiodobenzene, CAS Num-
ber 615-42-9). Multiple peaks were manually fitted in the
software to maximise the accuracy of the resulting signals
in counts per second (cps).

Ozone monitor

A model 49C O3 Analyzer from Thermo Environmental
Instruments Inc. was used to monitor the ozone levels in
the smog chamber.



Chemicals

Methylamine hydrochloride (Sigma-Aldrich, >98%),
urea (Sigma-Aldrich, ReagentPlus®, >99%), sodium
nitrite (Sigma-Aldrich, ReagentPlus®, >99%), potas-
sium hydroxide (Sigma-Aldrich, ACS reagent, >85%
pellets), isoprene (Sigma-Aldrich, 99%), (R)-(+)-limonen
(Sigma-Aldrich, 97%). Ozone was produced from oxy-
gen (99.995%; AGA) using an MK II Ozone gen-
erator from BOC, which has a conversion efficiency
of approximately 5%. N,Os was produced by mixing
gas streams of NO, and O3 and trapping the prod-
ucts at —79°C. 1,1,1,3,3,3-Hexadeutero-2-propyl nitrite
(IPN-d6) was synthesised from 1,1,1,3,3,3-hexadeutero-
2-propanol, 35% hydrochloric acid and sodium nitrite,
and purified by repeated washing with ice water.

Diazomethane was prepared in mmol scale by adding
excess 50% aqueous KOH to solid nitrosomethylurea.
Nitrosomethylurea was synthesised from methylamine
and urea as described by Arndt, [13] with some modi-
fications. Diazomethane is reported to be explosive and
all safety measures should be taken accordingly [14].
Methylamine hydrochloride (5.0 g, 0.075mol) was dis-
solved in water (50 mL). Urea (15 g, 0.25 mol) was added.
The mixture was heated to reflux for 3 h, then cooled to
room temperature. Sodium nitrite (5.5 g, 0.075 mol) was
added and allowed to dissolve at room temperature. The
mixture was cooled to 0°C and poured into a beaker con-
taining ice (30g) and sulphuric acid (5.0 g, 0.050 mol).
Nitrosomethylurea precipitates as fluffy, slightly yellow
crystals, which is filtered with suction. The precipitate is
washed with cold water (10 mL), and the solid is dried
in desiccator over night to give nitrosomethylurea (5.2 g,
0.050 mol).

Quantum chemical methods

Stationary points on the potential energy surface for the
reactions of O3, OH and NOj3 with diazomethane were
characterised in M062X [15] calculations employing the
aug-cc-pVTZ [16,17] basis sets. The energies of the sta-
tionary points were then improved with explicitly cor-
related coupled cluster singles and doubles calculations
with perturbative triples scaled, denoted CCSD(T*)-F12a
[18,19]. Saddle points on the potential energy surfaces
(PES) of reactions were located by scanning the bonds
formed/broken and subsequently validated in intrinsic
reaction coordinate (IRC) calculations [20].

Reaction enthalpies and proton affinities were calcu-
lated using the G4 model chemistry [21]. The coupled
cluster calculations were performed in Molpro 2012.1
[22], whereas the DFT and G4 calculations were per-
formed in Gaussian 09 [23].
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Figure 1. Normalised counts per second of the m/z 43.028 ion
signal (CH3N, 1) as a function of time during a CH,NN + O3 exper-
iment. Full red curve: modelled CH;N; decay. Dotted red curve:
extrapolated model results. Inserted plot shows the O3 decay
during the experiment.

Results and discussion

Diazomethane was synthesised in a small glass bulb and
introduced directly to the smog chamber in a stream of
clean air. Figure S1 shows that the IR spectrum obtained
conforms with the literature [24-26]. Upon gas phase
protonation in the PTR-ToF-MS ion source significant
fragmentation takes place and correlated ion signals were
observed by at m/z 15.024 (CH3™"), 33.034 (CH5;0™)
and 43.030 (CH3N,™). Absolute quantification of dia-
zomethane in the chamber by PTR-ToF-MS and FTIR
was not pursued.

The stability of diazomethane in the chamber clean
air was investigated in separate experiments. Assuming
the apparent sample loss to be of first order, a rate coeffi-
cient of <5 x 107> s~! was obtained. This corresponds
to a lifetime of > 6h in the chamber, and the ‘natural’
chamber loss of diazomethane will therefore not impact
the kinetic analyses, see below. The photo stability of dia-
zomethane towards 305 nm radiation from the photolysis
lamps in clean air was also examined; less than 1% of the
compound was photolysed during a one-hour exposure.

Kinetics of the CH,NN 4+ Os reaction

Six experiments with varying amounts of CH,NN and
O3 were carried out. Diazomethane reacts relatively fast
with Os, and the experimental conditions were never
such that a pseudo first-order approximation could be
employed in the analyses. Figure 1 shows the results from
the first experiment whereas the other 5 experiments are
documented in Figures S2-S6.
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The rate coeflicients derived in modelling the exper-
imental data according to equation I vary between 2.95
and 3.4 x 10717 ¢cm?® molecule™! s7! - (3.15, 2.95, 3.35
3.253.35and 3.4 x 10717 cm® molecule™! s~!; all having
an estimated 10% uncertainty). We indorse the average
result (with 2o error limit) as our best value for the
rate coefficient: kcponnto3 = (3.24£0.4) x 10717 ¢cm?
molecule™! s~! at 295K and atmospheric pressure.

Kinetics of the CHyNN 4 OH reaction

The OH radicals were generated by photolysis of 2-
propylnitrite-1,1,1,3,3,3-d¢ (IPN-d6) employing Philips
TL 20W/12 fluorescence lamps (Amax ~ 305 nm)
inserted in a quartz tube mounted into the reaction
chamber. IPN-d6 was used to reduce potential interfer-
ences in the MS spectra. The mechanism for OH produc-
tion from photolysis of IPN-d6 is as follows:

CD3;CH(ONO)CD5 + hu — CD3CH(O)CD; + NO

)

CD;CH(O)CD3 + 0, — CD3C(0)CD; + HO,
(10)
HO, + NO — OH + NO, (11)

Separate experiments were carried out to investi-
gate direct photolysis of diazomethane by the photoly-
sis lamps. The maximum emission of the fluorescence
lamps falls at the minimum absorption of diazomethane
(absorption cross section ~ 10722 cm? molecule™! from
250 to 315nm) [5-7], and less than 1% loss of dia-
zomethane loss due to direct photolysis occurred during
the time of a typical RR experiment (~ 30 min). The
impact of direct photolysis can therefore be neglected in
the analyses of the kinetic experiments.

Relative rate experiments were carried out employing
limonene (ko limonene = 1.68 x 10719 cm® molecule™!
s7l; Alog k= +0.05 at 295K [27]) and o-pinene
(kOH+a—pinene = 5.38 x 10~ ¢cm3 molecule ™' s71; Alog
k= +£0.08 at 295K [27]) as reference compounds;
Figure 2 illustrates the results. Two experiments were car-
ried out for each reference compound giving averages
kDiazomethane+OH/kLimonene+oH = 1.026 4 0.045 and
kDiaZomethane+OH/ka—pinene+OH =3.0414+0.041 from
which an absolute rate coefficient with 20 error
limit  kpjazomethane+on = (1.68 £0.12) x 10710 cm?
molecule™! s7! at 295 K is extracted.

Kinetics of the CH,NN 4 NOs reaction

The NOj radicals were generated in situ by thermal dis-
sociation of N,Os (N,Os5 = NO, + NO3). The NO3
reaction with CH,NN was so fast that all CH,NN had

2,0

# Reference: a-Pinene
379 data points

<4
&

Reference: Limonene
409 data points

0,5

In{[Diazomethane]/[Diazomethane] }

0,0 . , . , : | :
0,0 05 1,0 1,5 2,0

In{[Reference]/[Reference]}

Figure 2. (A) Decays of diazomethane, limonene and
a-pinene in the presence of OH radicals in 1 of the 2
experiments carried out. The data have been plotted as
In{[Diazomethane]y/[Diazomethane];} vs. respectively
In{[Limonene]y/[Limone];}  or  In{[x-Pinenely/[cx-Pinenel;}.
Analysis of the data points shown give relative rate coeffi-
cients  Kpjazomethane+0H/KLimonene+oH = 0.9941+0.0017 and
kpiazomethane-+OH/Ka—Pinene+on = 3.012 £ 0.006 (10).  The
a-pinene data have been shifted for the sake of clarity.

reacted during the time a stream of NO; and N,Os
containing air was introduced to the smog chamber
(< 1min). It was not possible to distinguish between
the NOj reactivities of CH,NN and the reference com-
pound (1,3-cyclohexadiene, kcepg+No3 = 1.2 X 10~
cm?® molecule™! s™1 [28]) indicating similar rate coeffi-
cients for the NOj3 reactions with the two compounds.
The alternative method to generate NO3 radicals in the
smog chamber from NO; and O3z could not be used
because CH,NN and the relevant reference compounds
also react with Os.

Quantum chemistry results

The bonding in diazomethane has previously been
thoroughly characterised in CASPT2 and CASPT3 cal-
culations showing that there is virtually no total charge
transfer between the -CH, and -N, moieties, that the
carbon and terminal nitrogen atoms have net negative
charges, and that the CN bond consists of a single o-
bond, originating from the o electrons of central nitrogen
and a 7 -like bond due to the back-transfer of the carbon
7 electrons: [29]

—~
H,C—N=N:

The electronic structures obtained in our MP2/aug-
cc-pVTZ and MO062X/aug-cc-pVTZ calculations of



CHoNN comply with this depiction although the
Mulliken charges obtained at the MP2 and M062X
levels are significantly larger than the CASPT2 values
[29]. Nonetheless, the MP2/M062X calculated dipole
moments (1.47 / 1.53 D) and the structural parame-
ters (rcg = 1.073 / 1.074 A, rcn = 1.310 / 1.292 A,
rnN = 1.138 /1.124 A and aopc = 126 / 125°) agree as
well as can be expected with experiment (1« = 1.45 D and
(ro-structure) rcg = 1.08 A, reny = 1.32 A, ryny = 1.12
A and agcy = 127°) [30].

CH>NN + O3

In accordance with the electronic structure outlined
above for CH,NN the CH,;NN + O3 reaction proceeds
either via addition to the carbon atom, leading to
formaldehyde, or via addition to the terminal nitro-
gen atom, leading to N-nitroso methanimine (reaction
enthalpies presented in k] mol~! stem from G4 calcula-
tions [21]):

AH® = —403 CH,NN + O3 — CH,0

+0,('Ag) + N2 (' Zy)

AH® = —63 — CH, =N —NO + 05(*Ay)
(12b)

(12a)

The N-addition reaction 12b is calculated with a
barrier of more than 100 k] mol™! and is obviously
of no importance under atmospheric conditions; the
extremely exothermic C-addition reaction 12a is calcu-
lated with a barrier of only 15.6 kJ mol~! (AG* = 60.4
kJ mol™!), from which a rate coefficient of 6.4 x 10718
cm?® molecule ™! s7! at 295 K is predicted from Conven-
tional Transition State Theory. We are aware that ozone
is a challenging molecule to describe in simple quan-
tum chemistry calculations, see, e.g. Reference [31]. This
is also evidenced in our M06-2X/aug-cc-pVTZ results
having OO distances that are 0.04 A too short com-
pared to experiment [32], and with the two OO stretch-
ing vibrations correspondingly calculated > 200 cm™!
higher than observed [33]. Multireference methods are
needed to improve the theoretical description not only
of ozone itself, but also of the saddle point structures to
reaction, for which the T; [34] and D; [35,36] diagnostic
values for the CCSD calculation are uncomfortably large.
In spite of this obvious fallacy, the theoretical results con-
cord well with experiment; a lowering of the calculated
barrier height by 4 k] mol~! will result in a 5 times larger
rate coefficient and a perfect agreement with experiment.

The T; and D, diagnostics values, energies, Carte-
sian Coordinates and vibration-rotation data for reac-
tants and products in in the CH,NN + O3 reaction are
summarised in Table S1.

MOLECULARPHYSICS (&) 5

CHaNN + OH

The OH radical reaction with CH,NN may occur either
as an addition to the carbon, an addition to the terminal
nitrogen atom, or as a hydrogen abstraction:

AH® = —231 CH,NN + OH — HO — CH, — NN
(13a)

AH® = —83 — CH,N — NOH
(13b)

AH® = —80 — HCNN + H,0
(13¢)

The C-addition reaction 13a is found to proceed with-
out any electronic barrier and to advance from the ini-
tially formed HO-CH,-NN adduct via an almost negli-
gible submerged barrier to the formaldehyde precursor
CH,OH:

AH® = —90 HO — CH, — NN — CH,0H + N,
(14)

The N-addition reaction 13b is found with a barrier
of around 14 kJ mol™! (AG* = 45.9 k] mol™ !, kcrsr
~1071° cm® molecule™! s7! at 298 K). The abstrac-
tion reaction 13c is calculated with a barrier of around
11 k] mol™! above the entrance energy of the reac-
tants, and to proceed via the HO-CH,-NN adduct on the
entrance side and a H-bonded complex, HCNN«H,O,
on the exit side (AG* = 41.7 k] mol™!, kcps ~ 10~
cm® molecule ™! s7! at 298 K). The potential energy sur-
face (PES) of reactions 13-14 is illustrated in Figure 3
(the underlying quantum chemistry data are collected in
Table S2). It is obvious from the PES that the reaction will
proceed entirely via the C-addition route with a rate close
to the collision limit, ~4.0 x 1071 cm® molecule™! s~!
at 295 Kand 1 atm.

50

. SPI30 GHNN+OH SIAES
50 o . )
|CH,=N-NOH HCNN + H,0
5 -100 4
£ |
2
= -150
w 1
<
-200
SP 14
-250 HO-CH,-NN
800 HOCH, + N,
-350

Figure 3. Stationary points on the potential energy surface of
the CH,NN + OH reaction. Results from CCSD(T*)-F12a/aug-cc-
pVTZ//M06-2X/aug-cc-pVTZ calculations.
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CH3;NN 4+ NO3

The NOs3 radical presents a computational challenge.
Due to symmetry breaking it is not possible to calcu-
late the electronic structure of the NOj radical correct
using any standard size extensive UHF wave function
based method that is also applicable to larger systems
[37]. Many DFT methods show the same symmetry
breaking, and this issue is all too often disregarded in
theoretical studies of NO3 radical reactions. The elec-
tronic ground state of the NOj3 radical has D3}, symmetry
(X2A%) [38,39]. The M06-2X hybrid functional, however,
predicts the Ds}, structure as a saddle point and locates
two minimum energy structures of Cyy symmetry hav-
ing respectively 2 short and 1 long NO distance (2s1 1),
and 1 shortand 2 long NO distances (1s2 ). Table S3 sum-
marises the results obtained for the D3}, and the two C,y
structures obtained in the M06-2X calculations.

The quantum chemistry model electronic energy of
the NOj3 radical was obtained by combining the theoreti-
cal results for the OH + HNO3; — H,O + NOj reaction,
the standard enthalpies of formation from the NIST-
JANAF Thermochemical Tables for OH (38.99 +1.21
k] mol™1), H,O (-241.826+0.042 kJ mol™!), NO;
(71.13 £20.9 k] mol~!) and HNO; (—134.31 4 0.42 kJ
mol~!) [40], and the experimental fundamental modes
of vibration for NO3 (1050 a;’, 762.3 a,”, 1492.4 € and
360 ¢ cm ™) [38,41,42], Table S4.

The Potential Energy Surfaces of NOj3 radical reac-
tions can consequently not be described accurately at the
theoretical level employed in the present study. In most
cases the electronic barrier of a NOj3 radical reaction will
occur on a path between the reactant and a Cyy-like NO;
radical structure (2s1 1), and the product(s). This part of
the PES can be characterised reasonably well. The path
connecting the electronic ground state of the NO3 rad-
ical and the Cyy-like pre-reaction NOj3 radical structure

cannot.

The CH,NN + NOj reaction parallels that of the OH
radical; the C-addition route is extremely exothermic,
without any entrance barrier and leading to formalde-
hyde. We locate a relatively high barrier to the N-addition
reaction (~ 65 kJ mol™!) making this route of no impor-
tance under atmospheric conditions.

AH® = —403 CH,NN 4 NO3; — CH,0 + N, + NO,

(15a)
AH® = —63 — CH, = NNO + NO,
(15b)
AH® = 6 — HCNN + HNO;
(15¢)

The C-addition reaction 15a proceeds in three steps:
(1) a barrierless addition of the NOj3 radical to the carbon
atom, (2) an almost barrierless elimination of N to give

100

] SP 19
50
] CH,NN +NO, SP20 |
o _ SP 21 T -HCNN + HNO,
] ; CH,NNONO,
-50 ¥
] HCNNeHNO,
= -100 CH,NNO + NO,
5 ]
E -150 | ; SP 17
K s S iy
- 1 NN-CH,-ONO,
w200 4
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-250 ~SP18
1 CH,-ONO, b
300 1 n,
-350 |
400 CH,0+NO, +N,
-450

Figure 4. Stationary points on the potential energy surface of
the CH;NN + NOs reaction. Results from CCSD(T*)-F12a/aug-cc-
pVTZ//M06-2X/aug-cc-pVTZ calculations. The grey box illustrates
the inherent uncertainty in the electronic energy of the NO3
radical.

CH,0ONO,, and (3) an essentially barrierless elimination
of NO; asillustrated in Figure 4 (the underlying quantum
chemistry data are collected in Table S5):

AH® = —119 CH,NN + NO3; — NN
— CH, — ONO, (16)
AH® = —29 NN — CH, — ONO,
— CH,0NO,; + N, (17)
AH® = —155 CH,0ONO, — CH,0 + NO, (18)
The N-addition reaction 15b proceeds via the
CH,NNONO, radical and a second barrier around 40
kJ mol~! above the entrance energy of reactants to give
N-nitroso methanimine:
AH® =4 CH,;NN + NOj3 — CHZNNONOZ (19)
AH® = —67 CH,NNONO, — CH; = NNO + NO,
(20)

Finally, the H-abstraction reaction is found to be
nearly thermoneutral and to proceed via the NN-CH,-
ONO; radical on the entrance side and a strong H-
bonded complex, HCNN«HNO3, on the exit side:

AH® = —119 CH,NN + NO;
— NN — CH; — ONO, (16)

AH® =87 NN — CH, — ONO, — HCNN - HNOj;
(21)

AH® =38 HCNN - HNO; — HCNN + HNO;
(22)



Although the barrier to H-abstraction is calculated
to fall below the entrance energy of the initial reac-
tants (Figure 4), the competing ejection of N from NN-
CH,-ONO;, radicals, which has virtually no barrier, will
completely dominate the atmospheric fate of the NN-
CH,-ONO; adduct.

As mentioned above, the electronic energy of the NO3
radical is calculated indirectly by aligning the theoretical
results for the OH + HNO3; — H,0 + NOj reaction to
the standard enthalpies of formation listed in the NIST-
JANAF Thermochemical Tables [40]. The experimental
enthalpy of formation of the NOj3 radical is associated
with a large uncertainty, which transfers into a large
uncertainty in the initial energy of the reactants as indi-
cated in Figure 4. The potential energy surface of the
CH,NN + NOj reaction is, however, of such a nature that
a systematic error of this magnitude has no impact on
the theoretically predicted kinetics and dynamics: (1) the
reaction will take place with a rate close to the collision
limit, and (2) the reaction will proceed entirely via addi-
tion to the C-atom resulting in CH,O as the sole organic
product.

Conclusions

Diazomethane, a potential intermediate in the atmo-
spheric degradation of methylamine, is shown to react
very fast with OH and NOj radicals and relatively fast
with Oz, with room temperature rate coefficients of
respectively 1.68 x 1071%, > 10~!! (conservative esti-
mate from experiments; > 107'° according to theoret-
ical results) and 3.2 x 1077 cm?® molecule™! s~!. On
a global scale reaction with OH radicals is the domi-
nant gas phase loss process for a majority of tropospheric
trace gases [8]. The OH radicals are mainly produced
photolytically, and the OH radical is only present at sig-
nificant concentrations during the daylight hours. The
NOj; radical photolyses rapidly [43], and NOj3 radical
concentrations are low during daylight hours but can
become elevated at night. Measured ground-level NO3
radical concentrations range up to 1 x 10'® cm=2, and a
12-hour night-time average concentration of ~5 x 103
cm™> have been proposed [28,43]. An unpretentious
comparison of the atmospheric sinks for diazomethane,
based on annual global average oxidant concentrations
([OH]z4n = 10° cm™, [O3]24n = 10" cm™> (40 ppbV)
and [NOs3];on = 108 cm™3), places the atmospheric life-
time of diazomethane to be around 1% hour with respect
to reaction with OH radicals, 8 h with respect to reaction
with O3 and only 15 min with respect to reaction with
NO3 radicals.

In conclusion, diazomethane will have a very short
atmospheric lifetime — a few hours during daytime and a
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few minutes during night time with formaldehyde being
the sole product. Direct photolysis will rarely be impor-
tant, and atmospheric removal by acidic aerosol hydrol-
ysis will only be important in special situations.
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