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Diazirinone (cyclic N,CO) recently identified in solid noble
gas matrices and in the gas phase by infrared spectroscopy,
has now been trapped at -196 °C as a neat brownish-yellow
solid, and characterized by low-temperature IR and Raman
spectroscopy. Evaporation of the solid yields violet gaseous
N,CO, which is surprisingly stable in a clean quartz cell. Its
decay at room temperature in the dark follows a second-or-
der rate law (k, = 4.9 X 102 Lmol's™!) with a half-life of 30 h
at an initial pressure of 5 mbar. The visible absorption spec-

trum of the gas reveals a structured band with the 0-0 transi-
tion at 567 nm (17651 cm™!), and its assignment has been
made with the aid of theoretical calculations. Cyclic diazir-
inone that is isolated in solid Ar at 16 K decomposes upon
visible light irradiation to yield N, and CO, but after being
exposed to ArF excimer laser irradiation (193 nm) the N=N
bond is cleaved and the open-chain isomers NOCN, ONCN,
and ONNC are formed.

Introduction

The isoelectronic molecules N,CO," N, and C,0,!
are high-energy dimers of the strongest bonded diatomic
molecules N, and CO. They are of fundamental interest,
and much effort has been spent in searching for them. Their
spectroscopic and structural properties, chemistry, as well
as their possible formation in the atmosphere or in interstel-
lar clouds, have been explored by theoretical studies.[!3! Ex-
perimental approaches to these metastable species are
strongly hampered by the lack of suitable synthetic strate-
gies, e.g., neither N4 nor C,0, has been isolated, although
N, has been detected by means of neutralization/reioniza-
tion mass spectrometry (NRMS), where a short lifetime of
about 1 ps at 298 K in the gas phase was estimated for the
most likely open-chain geometry.[?!

Among the [N,,C,0] species (Scheme 1), nitrosyl cyanide,
ONCN (I) is well known and easily accessible from AgCN
and CINO.™ Another two open-chain isomers, nitrosyl iso-
cyanide (ONNC, II) and isonitrosyl cyanide (NOCN, III),
have been obtained in solid noble gas matrices by photo-
isomerization of ONCN.®! For carbonyl isodiazene
(OCNN, VI), theoretical calculations predict a triplet
ground state, the singlet species is not a minimum on the
potential energy surface. In an NRMS experiment com-
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bined with quantum chemical calculations the detection of
the triplet species was claimed and its lifetime estimated to
be ca. 0.8 us.l¥! According to previous calculations,!'?] the
most stable isomer on the singlet potential energy surface
is the diazirinone (cyclic N,CO, V). A significant barrier
of 108 kJmol™!, resulting from aromatic stabilization, was
predicted for its exothermic (400 kJ mol™') dissociation into
N, and CO.
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Scheme 1. Six isomers with a composition of [N,,C,0].

A straightforward synthetic approach to this cyclic iso-
mer is still missing. It was first suggested to be formed by
the elimination of 1-fluoro-4-nitrobenzene from 3-chloro-3-
(4-nitrophenoxy)diazirine in the presence of fluoride, but
the transient IR band at 2150 cm™!, produced in these ex-
periments and erroneously assigned to V,”-®! was later at-
tributed to its decomposition product CO in the condensed
phase.”) More recently, V has been identified in solid noble
gas matrices as an unanticipated pyrolysis product of
OC(N;),.1% A subsequent low-pressure pyrolysis of
OC(N3), yielded V, which allowed the IR gas-phase mea-
surements at high resolution.[''l Experimental ground-state
rotational constants of V were estimated from an analysis
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of the strong Fermi couple v; and 2vs.[''l More recently the
formation of V has been claimed under irradiation of a
60 keV Ar?* ion beam on CO/N, ices at 10 K.l

As pointed out by a recent highlight,['3! the knowledge of
the general physical and spectroscopic properties for such a
fundamental species is desirable. Herein we report the prep-
aration and thermal decay of pure V, its characterization in
the solid (IR and Raman spectroscopy) and gaseous states
(UV/Vis spectroscopy), and its photochemistry in solid Ar
matrices.

Results and Discussion

Improved Synthesis of OC(N3), and Cyclic N,CO (V)

For the synthesis of diazirinone,!'”’ pure carbonyl diazide
[OC(N3),] is used as a precursor. In the previously reported
synthesis of OC(N3),,!* the reaction of NaN; and FC(O)-
ClI (in excess) was performed in flame-sealed glass ampules
at room temperature for 4 d, followed by cutting the am-
pules and separating the volatile mixture in a vacuum line.
The monoazide FC(O)N; was obtained as the main prod-
uct. However, cutting glass ampules containing such highly
explosive carbonyl diazide by using the ampule-key tech-
niquel'™ can lead to explosions. In addition, when the reac-
tion mixture was cooled prior to cutting the ampules, heavy
explosions were also occasionally encountered, especially
when an excess of NaN; was used. However, no explosion
was experienced when a pure liquid OC(N3), sample was
solidified by using liquid nitrogen, or rapidly warmed to
room temperature.

In this work, the synthesis of OC(N3), was performed in
two steps by using common tube-like glass vessels (volume
25 mL, length 20 cm) equipped with a valve fitted with a
PTFE stem (Young, London, UK). First, the monoazide,
FC(O)Nj3, was synthesized by using NaN3 and an excess of
FC(O)CI. Then, purified FC(O)N; was treated with equi-
molar NaNj at room temperature for 3 d. The vessel was
very slowly opened at the vacuum line, and the volatile
products were separated by passing through cold traps kept
at —60 and —196 °C. The product OC(N3), was retained in
nearly quantitative yield as a white solid at —60 °C and was
used for the vacuum-pyrolysis experiments without further
purification. About 120 mg of OC(N3), was prepared in
two batches.

The low-pressure pyrolysis of OC(N3), was performed at
about 420 °C. As an improvement to the previous pyrolysis
experiment,!'% a quartz rather than a glass tube, equipped
with some quartz wool inside, was used and found to in-
crease the yield of V. The decomposition of the diazide was
monitored by the pressure of the noncondensable gases
passing the two successive cold traps kept at —110 and
—196 °C. Some diazide was recovered in the first trap and
used for further pyrolysis experiments. In the second trap a
yellow solid was obtained, which was purified by repeated
fractional condensation of the vapor at low temperatures.
The vapor-phase IR spectrum of the pure product revealed
the two strong bands at 2044 (v;) and 1865 cm™' (2vs), pre-
3404
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viously attributed to V.['% Eventually, the brownish-yellow
solid (about 5 mg) was obtained in the —145 °C trap from
the pyrolysis of OC(N3), (120 mg). Some decomposition of
the gaseous product in the glass vacuum line was evidenced
by the formation of noncondensable gases (N, + CO).

Solid diazirinone can be stored in sealed glass ampules
at liquid nitrogen temperatures for several weeks without
apparent decomposition. The thermal decay of gaseous V
into N, + CO depends strongly on the material of the con-
tainer. In stainless steel vessels, V decomposes within min-
utes and in an IR glass cell fitted with Si windows the decay
follows a first-order rate law with a half-life at 21 °C of
1.4 h (Figure S1 in the Supporting Information).l'% In a dry
quartz UV cell the depletion follows an unexpected second-
order rate with a half-life of 30 h at an initial pressure of
S mbar and a temperature of 20 °C. The rate constant was
determined to be k, = 4.9 X 102 Lmol's™! (Figures S2 and
S3 in the Supporting Information). These observations indi-
cate strong surface-catalyzed thermal decomposition of V
in stainless steel or glass vessels, but the detailed mechanism
remains unknown.

Vibrational Spectroscopy of Cyclic N,CO (V)

Gaseous V, highly diluted in argon (ca. 1:1000), was de-
posited as a matrix at 16 K. Its IR spectrum is shown in
Figure 1 (upper trace). The band positions and relative in-
tensities are identical with those of the previously reported
spectrum of V obtained from matrix-isolated thermal de-
composition products of OC(N3),.'% In addition, traces of
CO, CO,, HNCO, and H,O were identified in the spectrum.
The IR spectrum of pure solid N,CO (Figure 1, middle
trace) was recorded after gaseous V was deposited on a thin
film of solid Ne at 6 K.
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Figure 1. Upper trace: IR spectrum of Ar-matrix-isolated diazir-
inone (V) (absorption 4, 16 K, res. 0.25 cm™). Middle trace: IR
spectrum of solid V (transmission 7, 6 K, res. 2 cm™'). Lower trace:
Raman spectrum of solid V (Raman intensity 7, 77 K, res. 2 cm™).
Bands of V (¥), CO, (a), HNCO (b), CO (c), and H,O (d) are
labeled.

Compared to the IR spectrum of matrix-isolated V, the
IR bands of the neat solid are strikingly broadened and
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Table 1. Calculated and observed vibrational frequencies (cm™) of diazirinone (V).

Calculated® IRM IR IR Ramanl Assignment
Ar matrix (16 K) Solid (6 K) Gas phase (298 K) Solid (77 K)

2939(7.0) 2925.2(1) 2951 vw a v+ v
2046(316.7) 2033.6(100) 1909 vs 2043.84 1904 vw vy, C=0 stretch
1860(120.7) 1857.4(55) 2052 s 1863.3M] 2058 vw 2 vs

1325(0.2) 13316 1329 vs 5, N=N stretch

903(5.2) 902.2(2) 907 w 904.511 911s v3, NCN s-stretch

565(28.7) 564.4(11) 560 m 564 w b; vy, out-of-plane bend

961(11.3) 959.6(6) 1001 m 962111 1007 m b, vs, NCN as-stretch

529(11.9) 528.9(4) 537 m vs, OCN rock

[a] Calculated [CCSD(T)/ANO2] anharmonic IR frequencies and intensities (kmmol™') in parentheses are taken from ref.l!% [b] Observed
IR band positions and integrated relative intensities (in parentheses). [c] Relative intensities: vs. very strong, s strong, m medium, w weak,
vw very weak. [d] Band positions of the Fermi couple, v; and 2vs, were taken from ref.l'!l [e] Frequency derived from a hot band in the
electronic spectrum of gaseous V (see below). [f] Band origin estimated from gas-phase IR spectrum at 2 cm™! resolution.

shifted, particularly for the two strongest bands at 1909 and
2052 cm! (Ar matrix: 1857.4 and 2033.6 cm™!; gas phase:
1863.3 and 2043.8 cm™). In the gas-phase and Ar-matrix
spectra these bands were assigned to the Fermi couple v,
and 2vs. The higher energy feature is stronger in intensity
and therefore is described as the v; fundamental. However,
while the stronger band appeared in the matrix spectrum at
a higher energy, the situation is reversed in the spectrum of
the solid. This profound change is due to intermolecular
interactions in the solid, so that the level associated with
the overtone rises above that of the fundamental, which re-
sults in the observed change in intensity. Consistent with
this observation is the blueshift of more than 40 cm™! for
the asymmetric N-C-N stretching band vs in the solid state
(1001 cm™) compared to that of the matrix-isolated mole-
cules (959.6 cm™), which — in the absence of a correspond-
ing shift of the CO stretching mode — is sufficiently large to
account for the observed phenomenon.

The assignments of the IR bands to the Fermi-coupled
pair of states v; and 2vs are in excellent agreement with a
deperturbation treatment of the interaction at the CCSD(T)
level by using the ANO2 basis set.l'9 The deperturbed
levels from theory are 2005 and 1901 cm™! for v, and 2vs,
respectively. The experimental frequencies have also been
corrected for the Fermi resonance induced frequency
shiftst'®! (Table S1 in the Supporting Information). The ex-
cellent agreement between the deperturbed values for 2vs
with those of 2Xvs (Table S1 in the Supporting Infor-
mation) strongly supports the assignment of these bands
(Table 1). Intermolecular interactions may also account for
the large solid-state broadening of the vs and 2vs bands in
the disordered amorphous solid. The solid-state shift of the
asymmetric NCN stretching frequency further reveals a
substantial strengthening of the C—N bond in the solid state
compared to that in the gas phase. Thus, the two fragments
CO and N, seem to be more strongly bonded in the solid
state.

The Raman spectrum of the solid at —196 °C is also
shown in Figure 1 (lower trace). The Raman bands for v,
and 2vs occur as very weak features at 1904 and 2058 cm™!,
respectively, while the fundamentals v; and vs appear as
sharp bands at 911 and 1007 cm™!, respectively. All Raman-
band positions are quite close to those observed in the IR
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spectrum of the solid (Table 1). The strongest Raman band
at 1329 cm™! is assigned to the N—N stretching vibration
(v,). This band has not been observed in the IR spectra,
but its frequency has been estimated from a hot band in the
electronic spectrum of gaseous V (see below) at 1331 cm™ 1.

Electronic Spectrum of Cyclic N,CO (V)

Upon evaporation of solid V its color changes from a
brownish-yellow solid to a violet gas. The visible absorption
spectrum of the gas reveals a structured band with a 0-0
transition at 567 nm (17651 cm™!; Figure 2). The electronic
spectrum of V isolated in an Ne matrix at 6 K (Figure S4
in the Supporting Information) shows no hot bands but a
very similar vibrational profile.

1.5+
516
1.2 0.01 @ 5
g 0.9 2
b 0% “6i0 600 580 580
Z 06
°
0.34
0.04 T T T T T
600 560 520 480 440
——A/nm

Figure 2. The visible absorption spectrum of gaseous V (quartz cell,
298 K, length 5 cm). Inset: enlarged spectrum in the region of 620—
578 nm with vibronic hot bands.

The calculated structural parameters compiled in Table 2
predict the three-membered ring of V in the ground state
to be retained in the excited state, where the N-N bond is
significantly elongated from 132.4 pm in the X'4, ground
state to 141.2 pm in the A'B,; excited state at the CCSD(T)/
ANOI level of theory. This lowest dipole-allowed transition
(A'B;<X'4,) is mainly attributed to a one-electron pro-
motion from the highest occupied molecular orbital (b,,
HOMO) to the lowest unoccupied molecular orbital (a,,
3405
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Table 2. Calculated structures, adiabatic transition energies T; (e¢V), and harmonic vibrational energies (cm™!) for the ground (X'4,) and
the first excited electronic state (A!B)), as well as experimentally determined upper-state vibrational energies (cm™') from the visible

A'B,<-X'4, transition of diazirinone (V).

Parameters® X'4, A'B, Experimental
CCSD CCSD(T) CCSD(T) CCSD CCSDT CCSDT
ANOO ANOO ANOI1 ANOO ANOO ANOI1
R(C-0O) 119.0 119.5 118.9 118.1 120.1 119.3
R(C-N) 138.7 139.8 138.7 138.6 138.6 138.0
R(N-N) 131.6 133.5 132.4 139.6 143.5 141.2
Z(NCN) 56.6 57.1 57.0 60.4 62.4 61.5
Ty 0.00 0.00 0.00 2.47 2.26 2.20 2.19
V| 2085.5 2038.0 2043.5 1975.3 1761.4 1807.4 1770
Vo 1398.0 1298.4 1335.6 1225.3 1125.6 1160.8 1131
V3 934.8 898.2 917.7 793.5 687.2 741.7 668
Vg 590.0 570.1 567.7 621.6 596.2 621.1 70911
Vs 1029.6 974.2 983.5 542.1 619.8 589.9 493
Ve 547.9 530.6 535.01 413.8 442.1 437.7 418

[a] Calculated bond lengths in [pm] and angles in [°]. [b] Tentative.

LUMO). The HOMO can be described as an in-plane and
out-of-phase combination of o-type CN bonding and oxy-
gen lone-pair orbitals (Figure 3 and Table S2 in the Sup-
porting Information), and the LUMO is the antibonding
n*(N=N) orbital. A related electronic transition is common
to other diazirines, where it has been observed for H,CN,
(0-0 transition at 320 nm)!!”! and F,CN, (0-0: 393 nm).!'8!
It shifts to the visible region for gaseous V (0-0: 567 nm).

$00 G-

LUMO+1 ( LUMO (a,)
HOMO (b HOMO-1 (

Figure 3. Frontier molecular orbital plots (isovalue = 0.04) of V
calculated at the B3LYP/6-311+G(3df) level.

On the basis of the position of the peaks observed in the
electronic spectrum (with respect to the unambiguous 0-0
transition, see Table S3 in the Supporting Information), an
assignment that allows identification of upper-state vi-
brational frequencies has been made. They are listed in
Table 2 and agree reasonably well with the harmonic fre-
quencies calculated at the EOM-CCSDT/ANOI level of
theory. The totally symmetric fundamentals are easily as-
signed from the spectrum, and their positions can be con-
sidered secure. The two upper-state fundamentals, corre-
sponding to the vs (NCN asymmetric-stretching) and ve
(OCN rocking) fundamentals with b, symmetry, were esti-
mated from features that were assigned to hot bands and/
or transitions to combination and overtone levels. Because
of the possible effects of cross-anharmonicity and reso-
nances, the positions of these two fundamental transitions
3406
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are somewhat uncertain. The assignments given in Table S3
in the Supporting Information can be regarded as tentative.
Especially assignments corresponding to v, require a more
thorough study of the electronic spectrum, which should be
an appropriate topic for further studies. In any event, it is
clear from the assignments that at least most of the vi-
brational modes in the A'B, state have lower frequencies
than the corresponding modes in the ground electronic
state, and that this decrease is particularly large for the
asymmetric C-N stretching mode vs. These observations
are comparable to those reported for other diazirines in the
excited A'B,; state.l'”) The low asymmetric C-N stretching
frequency was suggested to facilitate the decomposition of
electronically excited diazirines through an asymmetric ring
opening. In addition to the visible band, an unstructured
band centered at around 200 nm was observed, which re-
vealed a similar photolysis behavior as the visible band of V
(Figure S5 in the Supporting Information), although other
species such as HNCO and CO may contribute to this ab-
sorption.

A remarkable feature of the calculated structure of V is
the rather long N=N bond lengths of 132.4 pm in the
ground-state equilibrium structure. This value is intermedi-
ate between an N=N double bond length (120 pm) and an
N-N single bond length (142 pm),% and also significantly
longer than the N=N distances in the related diazirines,
H,CN, [122.80(25) pm, microwave spectroscopy]?!l and
F>CN, [129.3(9) pm, electron diffraction].??! The marked
decrease in the N=N bond lengths in the series H,CN, <
F>CN, < V is, however, consistent with the expected varia-
tion in the hybridization of the carbon valence orbitals in-
volved in the C-N bonds.[>31 According to Bent’s rule,>¥ a
widening of the N-C-N angles along this series, 48.98(15)°
(H,CN,)PP1 < 54.0(4)° (F,CN,)P2 < 57.0° (V), can be at-
tributed to an increasing 2s-type character of the respective
carbon hybrid orbitals.

Photochemistry of Cyclic N,CO (V)

The photodecomposition of V to N, and CO under near-
UV/Vis light irradiation (4 > 335 nm) has previously been

Eur. J. Inorg. Chem. 2012, 3403-3409
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reported.'! Now, after its UV/Vis absorption spectrum is
known, more selective irradiations can be applied. First,
visible light irradiation of 4 > 530 nm was applied to the
Ar-matrix-isolated sample, and simultaneously, the bands
associated with diazirinone strongly decreased, and only
one new band at 2140.0 cm ™! appeared in the IR spectrum.
The carrier of the new band is Ar-matrix-isolated CO, indi-
cating a photodestruction of V at these wavelengths to form
CO + N, (not IR-active).

When V was subjected to ArF excimer laser irradiation
(2 =193 nm), the IR band of CO was also observed. How-
ever, in addition, a strong band from the NO stretching
mode of the open-chain isomer, NO-CN (III), appeared at
1837.0 cm™!. The difference IR spectrum depicted in Fig-
ure 4 illustrates the spectral changes upon irradiation. Two
additional weak bands at 1681.1 and 1498.5cm™ in the
product spectrum (pointing upwards) are assigned, accord-
ing to previous Ar-matrix-isolation studies,™! to the NO
stretching modes of the valence isomers ON-NC (II) and
ON-CN (I), respectively. As reported previously,! the mut-
ual interconversion between the three chain isomers, I, II,
and III, can be achieved by selective irradiations (Figure S6
in the Supporting Information).

(1
0.12
0.06
CO
AA 0001 -
-0.06
0.12- v) H,0
V)
-0.18 1
V) V)
2200 2000 1800 1600 1400 1200 1000 800
viem™
Figure 4. IR difference spectrum (absorption A4, 16K, res.

0.25 cm™!) showing the spectral changes after ArF excimer laser
photolysis (4 = 193 nm) of Ar-matrix-isolated cyclic N,CO. Bands
of cyclic N,CO (V) (pointing downward) and of ONCN (I), ONNC
(IT), NOCN (III), and CO (pointing upward) are indicated.

To the best of our knowledge, a photoinduced ring-open-
ing of diazirines by N=N bond cleavage has not been re-
ported so far. As mentioned above, V exhibits an absorp-
tion at about 200 nm (Figure S5 in the Supporting Infor-
mation). The corresponding !B, excited state mainly derives
from contributions of a one-electron promotion from the
HOMO-1 (by, Figure 3) to the n*(NN) antibonding LUMO
(az).

The CN, ring is expected to be retained in the excited
!B, state, where both the N-N bond length and the N-C—
N angle are strongly increased compared to those of the
ground state. The long N-N bond and the widened N-C—
N angle in the excited !B, state facilitate a rearrangement
of V through N=N bond cleavage. In fact, the transition
state for the rearrangement of V to the open-chain isomer
ONCN (I) at the ground-state surface features a widened
N-C-N angle of 103°.[!<]
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Conclusions

Diazirinone (V) obtained from low-pressure flash-pyrol-
ysis of OC(N3), has been purified by fractional condensa-
tion. The decomposition of gaseous V was found to be sen-
sitive to surface catalysis, since its half-life increased from
minutes in stainless steel containers, to about 1.4 h in glass
cells (first-order kinetics),'% to more than 30 h (second-or-
der kinetics) in a carefully dried quartz cell. The IR and
Raman spectra of the solid as well as the UV/Vis spectrum
of the gas have been recorded and analyzed. An intriguing
feature is the distinctive change of its spectral properties
from the gas to solid state, which probably can be attributed
to strong intermolecular interactions involving the nitrogen
lone pairs. Most obvious is the change in color by cooling
the violet gas to a brownish-yellow solid, suggesting an elec-
tronic stabilization of the HOMO in the solid state.

The photochemistry of V was studied in solid Ar matri-
ces by using visible light (4 > 520 nm) and ArF excimer
laser (4 = 193 nm) irradiation. While visible light induced
decomposition into N, and CO, isomerization to the open-
chain isomers NOCN, ONNC, and ONCN was observed
upon ArF excimer laser photolysis. The different photodec-
omposition pathways are consistent with ab initio calcula-
tions.

Experimental Section

Caution! Carbonyl diazide, OC(N3),, is an extremely explosive and
shock-sensitive compound in the liquid and solid states. Safety pre-
cautions must be taken, including face shields, leather gloves, and
protective leather clothing.

Fluorocarbonyl azide, FC(O)N3, was prepared according to a re-
ported procedure®*! with minor modifications concerning the reac-
tion vessel. Instead of small flame-sealed ampules, tube-like glass
vessels were used (volume 25 mL, length 20 cm), which were
equipped with a valve fitted with a PTFE stem (Young, London,
UK). The use of such reaction vessels avoids the hazard of ex-
plosions arising from cutting flame-sealed ampules containing ex-
plosive azides.

Carbonyl diazide, OC(N3),, was synthesized from FC(O)N; and
NaNj. Gaseous FC(O)N; (0.46 mmol) was condensed into the re-
action vessel, which was charged with dried NaN; (30 mg,
0.46 mmol) and kept at —196 °C. The vessel was slowly warmed to
room temperature and kept for 2 d. The vessel was then very slowly
opened to the vacuum line, and the volatile products were directed
through three cold traps kept at —60, —100, and —196 °C. OC(N3),
(ca. 50 mg) was retained in the first trap as a white solid, and its
purity was checked by gas-phase IR spectroscopy.l'¥ Traces of
FC(O)N; were observed in the middle trap, and traces of SiF4 were
found in the last trap.

The preparation of diazirinone was performed by low-pressure
flash pyrolysis of OC(N3), as described in the literature.l'”) How-
ever, instead of a glass furnace, a heated quartz tube with some
quartz wool inside was used. In a typical experiment, the quartz
container charged with ca. 60 mg of OC(N3), was immersed in an
ice/salt bath (-15 °C). The slowly sublimed sample passed through
the quartz tube (14 mm o.d., 6 mm i.d., heated zone 40 mm long)
and heated to 420 °C. The pyrolysis products were collected in two

3407
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U-traps kept at —110 and —196 °C. Some undecomposed diazide
was trapped in the first trap, and a pale yellow solid was obtained
in the second trap. After two batches, the products collected in the
—196 °C trap were separated by passing through three cold traps
kept at —110, —145, and —196 °C. Cyclic N,CO was retained in the
middle trap as a brownish-yellow solid, and traces of HNCO were
found in the trap at —196 °C.

Low-temperature Raman measurements were performed on solid
samples, which were condensed onto a stainless steel finger cooled
to 77K in a high vacuum. The spectra were recorded with a
Bruker-Equinox 55 FRA 106/S FT-Raman spectrometer by using
a 1064 nm Nd:YAG laser (200 mW), and 500 scans were averaged
for each spectrum at a resolution of 2 cm™'. UV/Vis spectra were
measured in a closed quartz cell (50 mm long, 20 mm diameter)
with a Perkin—Elmer Lambda 900 UV spectrometer by using a data
point distance of 0.5 nm and an integration time of 2 s.

Infrared spectra of matrix-isolated diazirinone were recorded with
an FTIR spectrometer (IFS 66v/S Bruker) in a reflectance mode
by using a transfer optic. A KBr beam splitter and an MCT detec-
tor were used in the region of 5000-530 cm™!. For each spectrum
200 scans at a resolution of 0.25 cm™! were coadded. The matrix
was prepared by passing argon gas through a cold glass U-trap
(140 °C) containing ca. 1 mg of N,CO. At a flow rate of
2mmolh ! of Ar (Ne), the resulting mixture (N,CO/inert gas =
1:1000, estimated) was deposited onto the cryogenic matrix support
(Rh plated Cu block, 16 K for Ar and 6 K for Ne). Low-tempera-
ture IR spectra of solid N,CO were recorded at 6 K by slowly de-
positing the vapor of the solid kept at —140 °C onto a thin film of
Ne covering the matrix support. Details of the matrix apparatus
have been described elsewhere.>>! Photolysis experiments were car-
ried out by using an ArF excimer laser (Lambda-Physik), as well
as a medium-pressure mercury arc lamp (TQ 150, Heraeus),
equipped with a water-cooled quartz lens and various cutoff filters
(Schott).

Computational Details

The A'B, excited state of V was studied with the equation-of-mo-
tion coupled-cluster (EOM-CC) approach!?! by using two different
atomic natural orbital basis sets. These are designated as ANOO
and ANOI, and were described in our previous publication on this
molecule.'”) By using these basis sets, both the EOM-CCSD and
EOM-CCSDT approaches were used to find the equilibrium geom-
etry and harmonic force constants of the excited state, while the
CCSDP7 and CCSD(T)P® approximations were used for the
ground state. Term energies 7,, were obtained by subtracting the
ground-state energy at the corresponding equilibrium geometry ob-
tained in the same basis and with the CCSD method (for EOM-
CCSD term energies) or CCSD(T) (for EOM-CCSDT) term ener-
gies. A zero-point correction was included, as calculated from the
harmonic frequencies. All calculations were done in the frozen-core
approximation and with the CFOURP?! program package.

Supporting Information (see footnote on the first page of this arti-
cle): Kinetic plots of the decomposition of diazirinone, UV/Vis
spectra of N,CO, IR difference spectra of Ar-matrix-isolated
N,CO, IR frequencies and frontier molecular orbitals of diaziri-
none, and vibrational assignments for the visible transition of
N,CO.
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