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The infrared spectrum of NN...CO* trapped in solid neon
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Codeposition of a Ne:N;:CO = 200:1:1 mixture at 4.3 K with a beam of very pure neon atoms
excited to their energy levels between 16.6 and 16.85 eV leads to stabilization in the resulting solid
of sufficient NNCO™ for detection of its NN- and CO-stretching vibration fundamentals. Detailed
isotopic substitution studies and density functional calculations for the various isotopologues support
the identification of NNCO™ and permit estimation of the positions of two of its low-frequency
fundamentals. A sufficient concentration of NOCN is also stabilized in the neon matrix for detection
of its NO-stretching vibrational fundamental. [doi:10.1063/1.3666046]

I. INTRODUCTION

Compounds formed by the combination of N, and CO
are of fundamental interest and have been proposed as high
energy density materials and as components of planetary ices.
Despite the ubiquity of both parent molecules, much remains
to be learned about the products of their reaction.

The first such species to be detected was nitrosyl cyanide,
NCNO, tentatively identified by Horsewood and Kirby' in
1971 and shortly thereafter confirmed by detailed microwave
studies.? In 1997, Maier et al.® obtained the infrared spec-
tra of NCNO and of the two chain structures which contain
a nitrosyl group and are next higher in energy-——CNNO and
NOCN-——trapped in an argon matrix. However, the most sta-
ble N,CO species was calculated* to be diazirinone, cyclic
(N,C) = 0. In 2005, neutralization-reionization experiments’
demonstrated that an uncharged N,CO species in which the
N, and CO moieties are linked is stable, but only very re-
cently has such a species been observed. Experiments in the
laboratory of Beckers and Willner® have provided a detailed
assignment of the infrared spectra of diazirinone and of sev-
eral of its isotopologues trapped in neon and argon matrices.
Their observed values for the vibrational fundamentals of di-
azirinone are in excellent agreement with the values predicted
by ab initio and density functional calculations. They have
also reported’ a high-resolution gas-phase study of the v; and
2vs bands of this species, providing definitive proof of its C,,
ring structure.

The evidence for the existence of stable uncharged N,CO
obtained by de Petris et al.” depended on the existence of
a stable Np;CO™ species, which had been established for
sometime. Various workers have suggested that N,CO* may
participate in the chemistry of the upper atmosphere, interstel-
lar clouds, cometary comae, planetary atmospheres, and com-
bustion. Early evidence for it came from a study® of charge
transfer between N* and CO, with detection by laser-induced
fluorescence of the CO* product. The relaxation of CO*
(v = 1) by Ny was unusually efficient, requiring only 6 or
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7 collisions. A selected ion flow tube (SIFT) study of the
interaction of CO* with N, by Ferguson et al.® yielded a
very large three-body association rate for these two species
in the presence of helium. A later SIFT study'® found a re-
action rate constant consistent with that of the earlier study
and yielded a branching ratio of 1.0 for the formation of
N,CO™". Furthermore, Glosik et al.'' obtained a bond energy
of 0.7+ 0.2 eV. A guided ion-beam study'? of seven dissocia-
tive reaction channels each for the CO* + N; and the N, ™
+ CO reactions suggested that all of these channels proceed
through a common N,CO™ intermediate.

The only previous spectroscopic study of N;CO' was
that by Knight et al.,'* who obtained the electron spin res-
onance (ESR) spectrum of N,CO™ trapped in a neon matrix.
They deduced a planar structure, bent on the oxygen end, with
the s vs. p hybridization ratio on the C atom intermediate be-
tween the ratio for one of the central atoms of OCCO™" and
that for N4+,

An early ab initio study of N,CO' by Baker and
Buckingham'? indicated that it was bound by about 1 €V, con-
sistent with the SIFT observations. More recently, Hochlaf
et al." conducted a detailed RCCSD(T)/cc-pVTZ study of
the ground state of N,CO™, using a variational procedure to
evaluate the six fundamental vibrational frequencies. Anhar-
monic values for these frequencies were also obtained. High-
level calculations gave a dissociation energy of 1.00 eV for
the complex, consistent with the value obtained in the earlier
studies. A planar frans-equilibrium structure was obtained,
with charge transfer between N, and COt.

As is shown in Figure 1, derived using the spectroscopic
data summarized by Huber and Herzberg,"‘ the four lowest
dissociation energies of NNCO* span an energy range of
~22000cm™!. Hochlaf!” has discussed the role of the related
low-lying excited electronic states of N;CO™ in its formation
and decomposition. Vibronic interactions and conical inter-
sections of several of these states are important.

Experiments in this laboratory have led to the stabiliza-
tion of a number of small molecular ions in concentration
sufficient for infrared identification.'® Among these ions are
Nyt (Ref. 19) and OCCO*,%® which are isoelectronic with
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FIG. 1. Low-lying dissociation limits of NN- ..CO™*.

N,CO™. Using a similar sampling procedure but much more
sensitive ESR detection, Knight er al. had previously studied
both N4+ (Ref. 21) and OCCO™.?> The success of that group
in detecting the ESR spectrum of NNCO* (Ref. 13) adds to
the promise of the corresponding infrared experiments.

Il. EXPERIMENTAL DETAILS

The N; and CO used for these experiments were the same
as those used for the earlier studies. Samples of each of these
with a large excess of very pure neon (Spectra Gases, Inc., Re-
search Grade, 99.999%) (Ref. 23) were mixed in a single bulb,
using standard manometric procedures. All but one of the
normal and isotopically enriched gas mixtures used in these
experiments had a Ne:N,:CO mole ratio of 200:1:1. (The re-
maining mixture had a mole ratio of 300:3:1.)

The sample mixtures were codeposited at 4.3 K with a
similar amount of pure neon that had been excited by a mi-
crowave discharge before streaming through a 1 mm pinhole
in the end of a quartz discharge tube. Details of the deposi-
tion procedure and of the discharge configuration have been
described previously.>**% (The Nanochem filter was omitted
in this series of experiments.)

The absorption spectra of the sample deposits were
obtained using a Bomem DA 3.002 Fourier-transform in-
terferometer with transfer optics that have been described
previously.”® All of the observations were conducted at a res-
olution of 0.2 cm™! between 450 and 5000 cm™! using a
globar source, a KBr beamsplitter, and a wideband HgCdTe
detector cooled to 77 K. Data were accumulated for each
spectrum over a period of at least 15 min. The resulting
spectrum was ratioed against a similar one taken without
a deposit on the cryogenic mirror. Under these conditions,
the positions of the prominent, nonblended atmospheric wa-
ter vapor lines between 1385 and 1900 cm™' and between
3620 and 3900 cm™!, observed in a calibration scan, agreed
to within 0.01 cm™" with the high-resolution values reported
by Toth.?”*® Based on previous investigations, with this ex-
perimental configuration the standard uncertainty (type B) in
the determination of the absorption maxima for molecules
trapped in solid neon is 0.1 cm™! (coverage factor, k = 1,
ie., lo).

Information on photoinduced changes in the matrix sam-
ple was obtained by exposing the deposit to various wave-
length ranges of near infrared, visible, and ultraviolet radia-
tion. A tungsten background source was used with a filter of
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Schott glass type RG1000, RG850, RG780, or RG695 or of
Corning glass type 2404, 2424, or 3484 to exclude radiation
of wavelength shorter than 1000, 850, 780, 695, 620, 580, or
520 nm, respectively. Irradiations were also conducted using
a medium-pressure mercury arc source with a filter of Corn-
ing glass type 3384, 3389, or 7380 to exclude radiation of
wavelength shorter than 490, 420, or 345 nm, respectively.
Irradiations were also conducted using unfiltered medium-
pressure arc emission, estimated to have a cutoff wavelength
near 240 nm.

Il. RESULTS AND DISCUSSION
A. Infrared spectrum of NNCO+

In all of the experiments, the infrared spectra of the ini-
tial deposits included prominent product absorptions obtained
in the corresponding experiments on Ne:N; samples'? and on
Ne:CO samples,”” and assigned to the NN- and CO-stretching
absorptions of various species. The positions of the cation
product absorptions observed in these two earlier studies, to-
gether with those of Ny, N+, CO, and CO* given by Hu-
ber and Herzberg,'® are summarized in Table I. The totally
symmetric, infrared inactive NN- and CO-stretching funda-
mentals of N4+ and OCCO™ are enclosed in square brackets.
New absorptions also appeared at 2285.3 and 2148.7 cm™!
in the present series of experiments. Like the absorptions in
the same spectral region that were assigned to N, ¥, OCCO™,
and CO" in the two earlier neon-matrix studies, these absorp-
tions were destroyed by irradiation of the deposit with visible
light. Their observed positions and the positions—including
the anharmonic corrections—calculated by Hochlaf et al.'®
for the NN- and CO-stretching fundamentals of NNCO™* are
also given in Table I. These two new relatively weak absorp-
tions are marked by filled circles in Figure 2, which include
traces obtained after the initial deposit had been subjected to
mercury-arc irradiation through filters with short wavelength
cutoff at 490 and 420 nm. In another experiment, the deposit
was successively irradiated using a tungsten lamp and filters
with short wavelength cutoffs of 780, 695, 620, and 520 nm.

TABLE 1. NN- and CO-stretching fundamentals (cm™!) of species related
to NNCO™,

Species VNN veo
N Gas? 2329.9
N+ Gas® 2174.6
Ng* Ne matrix” {2283}, 2237.6
CO Gas* 21432
cot Gas* 2183.9

Ne matrix® 2194.4
occot Ne matrix® [2076], 2056.6
NNCO* RCCSD(T)/ec-pVTZ? 2287.2 2071.0
NNCOt Ne matrix® 2285.3 2148.7

*Reference 16.

SReference 19,

“Reference 20.

dCorrected for anharmonicity. Ref. 15.

“This work. Based on previous investigations, the standard uncertainty (type B) in the
neon-matrix measurements is 0.1 cm™! (1o).
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FIG. 2. Behavior of product absorptions between 2100 and 2300 cm™! on se-
quential filtered mercury-arc irradiations: 10.30 mmol Ne:N,:CO = 200:1:1
codeposited at 4.3 K over a period of 227 min with 10.11 mmol pure neon
that had been passed through a microwave discharge. (a) Initial deposit; (b)
20-min Hg-arc irradiation, A > 490 nm; and (c) 20-min Hg-arc irradiation, A
> 420 nm.

All three of the cation species named above and the carrier
of the two new absorptions showed some evidence of pho-
todestruction even when the 780 nm cutoff filter was used.
Their photodestruction continued as the shorter wavelength
cutoff filters were substituted. Such behavior is characteris-
tic of cations isolated in solid neon. It has been attributed to
photodetachment of electrons from various electron traps in
the solid followed by migration of these electrons through
the deposit, permitting cation-electron recombination. The
phenomenon has been considered in more detail in a recent
review.”” The positions of the two new absorptions suggest
their assignment to the NN- and CO-stretching vibrations of
NNCOt,

Very weak absorptions which also were readily de-
stroyed on irradiation of the deposit by visible light appeared
at 2306.0, 2308.0, and 2309.2 cm~!. An absorption near
2310cm™! by a readily photolyzed species has appeared in a
number of experiments in which N, is present and ion produc-
tion occurs. In all of the neon-matrix experiments, desorption
of H,O from the walls of the deposition system occurs dur-
ing the several hours required for deposition of the sample. It
has been proposed™ that this absorption is contributed by a
complex of N, with H,OF.

Further information regarding the assignment of the two
new absorptions which appear in the 2100-2300 cm™! spec-
tral region was obtained from a detailed study of their behav-
ior on isotopic substitution.

Figure 3 shows the absorption pattern in the NN-
stretching region (2200-2300 cm™!) for several of the iso-
topically substituted sample mixtures. A thin vertical line has
been drawn through the maximum of the NN-stretching ab-
sorption at 2285.3 cm™!. A filled circle marks the counterpart
of that peak in the isotopic enrichment experiments, and a
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FIG. 3. Behavior of product absorptions between 2200 and 2300 cm™!
on isotopic enrichment of Ne:N,:CO samples: (a) 10.30 mmol Ne:N:CO
= 200:1:1 codeposited at 4.3 K over a period of 227 min with
10.11 mmol pure neon that had been passed through a microwave discharge;
(b) 10.94 mmol Ne:N (47% SN):CO = 200:1:1 codeposited at 4.3 K over a
period of 247 min with 11.83 mmol pure neon that had been passed through a
microwave discharge; (c) 8.85 mmol Ne:N:CO (52% '3C) = 200:1:1 code-
posited at 4.3 K over a period of 197 min with 9.91 mmol pure neon that
had been passed through a microwave discharge; (d) 10.76 mmol Ne:N;:CO
(93% 13C) = 200:1:1 codeposited at 4.3 K over a period of 228 min with
10.71 mmol pure neon that had been passed through a microwave discharge;
and (¢) 8.94 mmol Ne:Ny:CO (96% '30) = 200:1:1 codeposited at 4.3 K
over a period of 200 min with 10.31 mmol pure neon that had been passed
through a microwave discharge.

filled square marks other absorptions previously assigned'’
to isotopologues of Ns*. Trace (a) is an expanded plot of
the same data for the unenriched system as that shown in
trace (a) of Figure 2. A prominent, very sharp absorption of
v3 of CO; is present in all of the discharge sampling exper-
iments. The unmarked peak near 2282 cm™! is contributed
by *CO, present in natural abundance. Trace (b) of Figure 3
shows the observations in an experiment with 47% random
enrichment of the N, in nitrogen-15. Three photosensitive ab-
sorptions appear at 2285.3, 2247.3, and 2210.1 cm™!. This
behavior indicates that the product contains two symmetri-
cally equivalent N atoms and/or that the NN and CO moi-
eties are only weakly coupled. Trace (c) shows the results of
a study using 52% '*CO enrichment. There is no shift in the
2285.3cm™! absorption, suggesting that the N, and CO moi-
eties are weakly coupled. In this experiment, the absorption of
'3CO, was more intense than in the experiment of trace (b).
Trace (d) was obtained from an experiment with 93% *CO
enrichment. There is no detectable absorption at 2285.3 cm ™!,
but a weak, very broad, photosensitive absorption is cen-
tered at 2289.5 cm~!. The *CO, absorption near 2282 cm~!
is very prominent. The two new absorptions between 2260
and 2270 cm™! persist on mercury-arc irradiation through the
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FIG. 4. Behavior of product absorptions between 2095 and 2150 cm~! on
isotopic enrichment of the same Ne:N3:CO sampies as those for which spec-
tra are shown in Figure 3.

420-nm cutoff filter, indicating that they are not contributed
by the product of interest. Fermi resonance between the NN-
stretching fundamental of NN'*CO™ and a combination band
involving the CO-stretching fundamental of that species and
a low-frequency fundamental could account for the unusual
behavior in the NN-stretching region. Presumably, the other
component of the Fermi resonance doublet is masked by the
strong '3CO, absorption. Trace () shows the spectrum be-
tween 2200 and 2300 cm™' for 2 sample in which the CO
is enriched to 96% in C'®0. A new, photosensitive absorp-
tion appears at 2286.5 cm™', 1.2 cm™' above its counterpart
for the unsubstituted product. The peak height for the *CO,
absorption is similar to that in trace (a), but in the figure is
overlapped by the very prominent absorption near 2282 cm™'
of trace (d).

Figure 4 shows the CO-stretching region of the same
isotopically enriched samples as those for which the NN-
stretching region is shown in Figure 3. Filled circles designate

_ peaks destroyed by exposing the deposit to visible light. Be- -

cause the absorptions of '*CO and of C'*O are very strong and
are detectable in natural abundance even in unenriched CO
samples, they are not shown in the plot. The only photosensi-
tive absorption in trace (a) is that at 2148.7 cm™!, attributed
to unenriched NNCO™, The mixture of trace {b) was pre-
pared using a nitrogen sample with 47% random enrichment
in nitrogen-15. Two absorptions appear in the CO-stretching
region. The more prominent one is a relatively broad peak
with maximum at 2148.3 cm™!, slightly below the 2148.7
cm™! absorption of the unenriched complex. A less intense
peak is partially resolved at 2147.6 cm™!. Presumably the ab-
sorption of the unenriched complex is unresolved from that
of the two singly nitrogen-15 enriched species and the lower
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FIG. 5. Behavior of product absorptions between 2200 and 2220 cm™! on
carbon-13 enrichment of Ne:N;:CO samples that are heavily enriched in
nitrogen-15: (a) 8.73 mmol Ne:N3 (97% '*N):CO (52% '*C) = 200:1:1 code-
posited at 4.3 K over a period of 188 min with 9.15 mmol pure neon that had
been passed through a microwave discharge and (b) 10.38 mmol Ne:N; (97%
5N):CO (93% '*C) = 200:1:1 codeposited at 4.3 K over a period of 221
min with 10.76 mmol pure neon that had been passed through a microwave

discharge.

frequency shoulder is contributed by the doubly nitrogen-15
enriched product. Trace (c) was obtained for the sample with
52% enrichment in '*CO. A weak, photosensitive absorption
at 2146.0 cm™' is contributed by "*CO*, in agreement with
the previously reported”™ position for the absorption of *CO*
isolated in a neon matrix. (The absorption of unenriched CO*
appeared at 2194.4 cm™', outside the range of this plot.) Ap-
proximately equally intense absorptions at 2148.6 and 2102.2
cm™! are attributed to NN'2CO* and NN'3CO™, respectively.
Trace (d) was obtained using a sample with 93% >CO enrich-
ment. The 2148.6 cm™' peak is not present, but the 2146.0
cm~' *CO* absorption and the 2102.2 cm~' peak are en-
hanced in intensity. Trace (e) shows this spectral region for
a sample enriched to 96% in C'®0. As in the earlier study,
the anticipated neon-matrix absorption of C'*0* near 2142
cm™! is obscured by the much stronger absorption of residual
12C150. A new, photosensitive absorption appears at 2097.1
em™'.

Figure 5 shows the NN-stretching absorption pattern for
samples prepared using heavy enrichment of the nitrogen
sample in nitrogen-15 and two different extents of carbon-
13 enrichment of the CO. Filled circles designate peaks de-
stroyed by exposing the deposit to visible light. The sam-
ple used to obtain trace (a) had 52% enrichment in '*CO.
The photosensitive 2210.1 cm™' peak previously attributed to
the product of the interaction of '*N; with '*CO predomi-
nates, with a weaker, relatively broad satellite at 2208.5¢cm™',
Trace (b) was obtained using a sample with 93% enrich-
ment in "*CO. The only photosensitive absorption in the
NN-stretching region is that at 2208.5 cm~!. Once again, the
breadth of this peak suggests a Fermi resonance interaction
with a combination band.

Figure 6 shows the CO-stretching region for samples
heavily enriched in nitrogen-15 and with partial and heavy en-
richment in '3CO. Filled circles designate peaks destroyed by
exposing the deposit to visible light. Trace (a) was obtained
for a sample enriched to 52% in *CO. As before, a weak
photosensitive absorption of '3CO™ appears at 2146.0 cm™!.
More prominent photosensitive absorptions of approximately
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FIG. 6. Behavior of product absorptions between 2098 and 2150 cm™' on
carbon-13 enrichment of the same Ne:Na (97% N):CO samples as those
for which spectra are shown in Figure 5.

equal intensity appear at 2102.2 and 2147.6 cm™". In trace
(b), obtained using 93% '*CO, the *CO™* absorption appears
at 2146.0 cm™!, together with a more prominent, photosensi-
tive absorption at 2101.9 cm™!, but no detectable absorption
at2147.6 cm™!.

All of the experimental observations presented in
Figures 3—6 are summarized in Table II.

Analysis of the isotopic substitution observations was fa-
cilitated by calculations of the isotopic substitution behav-
ior of the vibrational fundamentals of NNCO™" using the
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TABLE 1I1. Calculated structure of NNCO*,

Coordinate RCCSD(T)/ce-pVTZ* UB3LYP/cc-pVTZ®
Run (A) 1.106 1.094
Rue (A) 1.914 1911
Reo (A) 1.127 1.116
{NNC 175.3° 161.3°
/NCO 129.1° 131.1°
t (dihedral angle) 180° 180°

*Reference 15,
5This work.

GAUSSIAN 03 program package.’® The positions of the
ground-state fundamentals were obtained by density func-
tional calculations using the unrestricted B3LYP procedure®’
together with the correlation-consistent polarized valence
triple-zeta basis set (cc-pVTZ) developed by Dunning.*?

As is shown in Table I1I, our density functional calcu-
lation of the structure of NNCO™ agrees quite well with the
planar, trans-bent structure obtained in the ab initio calcula-
tions of Hochlaf et al.'*

The unscaled fundamental vibrational frequencies for
NNCO™ and its isotopologues obtained in the density func-
tional calculations are included in Table I1. Calculated intensi-
ties are given in parentheses. Scaling factors were also applied
to match the NN- and CO-stretching fundamental frequencies
to those observed for the unenriched species. The resulting

TABLE I1. Calculated® and observed® vibrational fundamentals (cm™!) of isotopologues of NNCOt.

Species wy, vy () w2, 17 (@) w3, v3 (@) w4, vy (') ws, vs (a') wg, ve ()

RN METello s RCCSD(THce-pVTZE (w) 2316.8 2169.1 502.8 181.2 101.1 118.8
RCCSD(T)/ec-pVTZE (v) 2287.2 2071.0 546.9 2152 123.4 133.8
UB3LYP/cc-pVTZ (w) 2408.2(85) 2239.4(121) 514.5(56) 157.8(11) 90.8(6) 94.6(0.4)
Scaled® (v) 2285.3 2148.7
Observed (v) 2285.3 2148.7

NSNS+ UB3LYP/ec-pVTZ (w) 2367.9(78) 2239.1(125) 510.6(57) 156.6(11) 89.4(5) 92.6(0.3)
Scaled? (v) 2247.1 2148.4
Observed (v) 2247.3 2148.3

ISNI4NI2ZCI6O+ UB3LYPlcc-pVTZ (w) 2368.3(78) 2239.0(126) 513.9(56) 156.7¢11) 89.8(6) 93.5(0.5)
Scaled? (v) 2247.4 2148.3
Observed (v) 22473 2148.3

BNISN2CI60+ UB3LYP/cc-pVTZ (w) 2327.6(67) 2238.6(133) 510.0(57) 155.5(11) 88.4(5) 91.5(0.4)
Scaled? (v) 2208.8 21479
Observed (v) 2210.1 2147.6

MNUNTBClegt UB3LYP/ce-pVTZ (w) 2407.9(89) 2190.2(108) 501.3(51) 156.9(10) 90.4(5) 94.6(0.4)
Scaled! (v) 2285.0 21015
Observed (v) 2289.5° 2102.2

UNIsNIZCISO* UB3LYP/ce-pVTZ (w) 2407.9(89) 2184.7(118) 512.2(57) 153.9(9) 90.5(6) 94.3(0.4)
Scaled® (v) 2285.0 2096.2
Observed (v) 2286.5 2097.1

BNINBClsot UB3LYP/cc-pVTZ (w) 2326.8(77) 2189.8(114) 496.7(52) 154.7(11) 88.4(5) 92.1(0.4)
Scaled® (v) 2208.1 2101.3
Observed (v) 2208.5 2101.9

*Caleulated intensities (km/mol) are indicated in parentheses.

"Based on previous investigations, the standard uncertainty (type B) in the neon-matrix measurements is 0.1 cm™! (lo).

“Reference 15.

4Scaling factors for vy and vz were chosen to make the calculated values for v; and v of “NMN!2C10* equal the observed values. The scaling factor for v, equals 0.94897, and

that for vy equals 0.95950.
“Very weak and broad.
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FIG. 7. Behavior of product absorptions between 1780 and 1850 cm™! on
isotopic enrichment of the same Ne:N,:CO samples as those for which spec-
tra are shown in Figure 3.

values—~0.94897 and 0.95950, respectively—are of the mag-
nitude typical for similar scaling corrections. The agreement
of the calculated and observed isotopologue frequencies given
in Table II supports the assignment of the observed absorp-
tions to NNCO™. The observed position for the CO-stretching
fundamental, v,, of NNCO™ corresponds more closely to the
value calculated in the density functional calculations than to
the v value obtained by Hochlaf et al.,!> which is ~75 cm™!
too low. Possibly vibronic interactions with other low-lying
electronic states of NNCO™, later discussed by Hochlaf,'’
contribute to this disparity.

In the Ne:'*N,:13CO (93%) study shown in Figures 3
and 4, trace (d), the other member of the Fermi resonance
pair near 2285.3 cm~! may have been shifted downward by
more than the estimated 0.2 cm ™", so that it is under the very
sharp 2284.0 cm™! edge of the prominent 3CO, absorption.
The very weak, photosensitive absorption at 2289.5cm™!
lies 187.3 cm™! above the 2102.2 cm™! 1*CO-stretching fun-
damental of the complex. The density functional calcula-
tions predict w4 near 157 cm~! and ws near 90 cm™! for
4N,3CO*. Either v4 or 2vs could participate in the Fermi
resonance interaction, with v4 somewhat more probable. As
is shown in Table 11, the values obtained for v4 and w4 in the
calculations by Hochlaf et al.'® are 215.2 and 181.2 cm™!,
respectively. Since the position of w4 of *N,'3CO* is only
0.9cm™! lower than that obtained in the density functional
calculations for the unenriched molecule, an estimate of 190
cm~! for v of the unenriched species seems reasonable.

In the Ne:'>N; (97%):'3CO (93%) study shown in
Figures 5 and 6, trace (b), the photosensitive absorptions at
2208.5 and 2101.9 cm™! are separated by 106.6 cm™!. The
density functional calculations summarized in Table IT esti-
mate that w4 and ws of PN,13CO™ lie at 154.7 and 88.4cm™!,
respectively. wg is calculated to lie at 92.1 cm™!, but, be-
cause of its a” symmetry, it cannot participate in a Fermi
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TABLE IV. Frequencies (cm™!) observed for NO-stretching fundamental
of NOCN isotopologues.

Ne Matrix® Ar matrix®
Species UNG Shift UNO Shift
lNIspI2CldN 1841.1 1836.9
laNlsgiicn 1841.0 0.1 1836.9 0.0
ISNISQ12C 14N 1808.7 324 1804.9 32.0
l4NBBpl2ciN 1793.3 47.8 1789.2 47.7
“This work.

YReference 3.

resonance with a fundamental of a’ symmetry. ws is a rea-
sonable candidate for participation in the Fermi resonance
interaction for "N,'3CO™*. From Table 11, the density func-
tional calculations predict that ws of the unenriched species
should lie near 90.8cm™!, 2.4 cm™! higher than the value
for the isotopologue under discussion. The RCCSD(T)/cc-
pVTZ calculations of Hochlaf et al.* predict values of 101.1
and 123.4cm™! for ws and vs, respectively, of unenriched
NNCO™. The results of this comparison support a value near
110 cm™! for vs of NNCO™ and its participation in the pro-
posed Fermi resonance of PN,*CO*.

B. Carrier of the 1841.1 cm~' absorption

The initial spectra of Ne:N,:CO samples which were
codeposited with a beam of excited neon atoms also show a
structured absorption at 1841.1 cm™! which has a secondary
maximum at 1838.7 cm~!. This absorption, shown in trace (a)
of Figure 7, is almost completely destroyed when the deposit
is exposed to near infrared radiation of wavelength longer
than 780 nm. The corresponding absorption patterns observed
in the various isotopically enriched systems are shown in
traces (b)—(e) of Figure 7.

Maier et al.” assigned the infrared spectra of three of five
relatively low energy products of the interaction of NO with
CN, isolated in an argon matrix. The most prominent vibra-
tional fundamental of NOCN was identified at 1836.9 cm™!.
The observed pattern of isotopic shifts indicated that this ab-
sorption is contributed by the stretching of the end NO-group.
The end NC-stretching vibration contributed a very weak ab-
sorption at 2086.0 cm™!. The other four fundamentals lie be-
low 500 cm™!. The positions and isotopic shifts observed for
the NO-stretching absorption in our neon-matrix experiments
are compared in Table 1V with those observed in the argon-
matrix study by the Maier group. The agreement is excellent
and supports the earlier identifications.

IV. CONCLUSIONS

When a Ne:N,:CO = 200 mixture is codeposited at 4.3 K
with a beam of neon atoms that have been excited in a mi-
crowave discharge, the infrared spectrum of the initial de-
posit includes new absorptions at 2285.3 and 2148.7 cm™!
that can be assigned to the NN- and CO-stretching funda-
mentals, respectively, of NNCO™. The positions observed for
these absorptions are consistent with those obtained in previ-
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ous high-level ab initio calculations and in the present den-
sity functional calculations. Isotopic substitution experiments
have yielded the infrared spectra of seven isotopologues of
NNCO™. The observed isotopic shifts for these vibrational
fundamentals are consistent with those obtained in the density
functional calculations. Perturbations of the NN-stretching
absorptions of “N,13CO* and N,'3CO* are attributed to
Fermi resonance interaction with a combination of the CO-
stretching fundamental and a low-frequency deformation fun-
damental. The estimated values for two low-frequency funda-
mentals are consistent with the calculated positions of these
two fundamentals. The previously identified NO-stretching
fundamental of NOCN also appears in the spectra of the ini-
tial deposits. Its position and isotopic shifts support its earlier
identification in an argon matrix.
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