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Infrared spectra of the GJ&I:NO complex isolated in solid neon have been investigated. Most of the vibrational
modes of the complex have been detected. The weak interaction between NO g@difCBH;CI:NO is
responsible for small shifts of the vibrational mode frequencies of boCCahd NO molecules. The measured
shifts range between3.2 and+ 3.8 cnl. On the basis of DFT calculations, different geometries have been
explored for the complex, and it has been shown that the most stable structu@ s/aimetry. The calculated
frequency shifts match well the experimental data.

Introduction around 60 mn. Neon, Gi€l, and*NO gases were obtained
from L’Air liquide with purities of 99.9995%, 99.8%, and
99.9%, respectivel\:>NO gas was provided by Isotec with an
isotopic purity of 97.8%N*€0 was prepared in the laboratory
by addition of80; to 1“N160O gas to form4N(6+18)0, which
was subsequently reduced ¥N80 and N0 by reaction
with mercury. In all samples, NO gas, its isotopomers, ang-CH
Cl were purified by using trap-to-trap vacuum distillations. The
purity of samples was confirmed spectroscopically.

Infrared spectra of the resulting samples were recorded in
the transmission-reflection mode between 4500 and 500t cm
using a Bruker 120 FTIR spectrometer equipped with a KBr/
Ge beam splitter and a liquidJNdooled narrow band HgCdTe
photoconductor. A resolution of 0.1 crhwas used. Bare mirror

A fraction of methyl chloride (CKCI) molecules (atmospheric
lifetime 2—3 years) produced by photosynthetic algae reaches
the stratosphere and is then oxidized by various molecules or
radicals. CHCI oxidation mechanisms have been the subject
of different studieg~7 Schriver et af studied the reaction
between atomic oxygen in its ground and excited states with
CH3sClI. Reactions of the molecular ion OHvith CH3X (X =
halogen atoms) have been investigated by several grfo@ps.
Recent studiés’ showed that the oxidation of GBI yields
different products depending on whether the reaction is done
in the presence or absence of molecules of NO.

The goal of this work is to try to understand if there is any

interaction between NO and GEI. Rare gas matrix isolation backgrounds, recorded from 4500 to 500-érprior to sample

technique coupled with infrared spectroscopy (IR) is well q ition. wer d referen i or ing th mol
adapted for the observation of a system like this one because it eposition, were used as references In processing the sampie

makes possible the detection of both intermediates and productszﬁeggr?{ ﬁt;s?gfgonhsgeﬁté? m-rt]tf) mﬁ'gfrﬁfg (\;\;]erae f&!?;ﬁg
of reaction, in particular if the lifetimes of these species are P ug window u

short flange separating the interferometer vacuum @liibar) from
Infrared spectra of NG+ CH3Cl isolated in solid neon at that of the cryostatic cell (10 . mbar). The spectra were
low temperature have been recorded. The NGH:C system subsequently subjected to baseline correction to compensate for

has a remarkable propensity to form (N@)CHsCI:NO, CHy- infrared light scattering and interference patterns.

. 9 : For each sample, corresponding to different concentrations
gfl éﬁggérﬁg?\éigcf%miﬁr:; iﬁlicltjrr?jggggc:sveals avariety of CHsCl and NO, or different isotopic precursors, three kinds

; . ; of spectra were recorded & K after each of the following

We will focus here only on the CIEINO species. Low drocedures: (1) after sample deposition; (2) after warming the
matrix at several steps to 12 K to vary and monitor the formation
of higher stoechiometry complexes; (3) after irradiating the
sample using a 200 W mercurxenon high-pressure arc lamp
and either interference narrow (5 nm full width at half-
maximum) or broad-band filters to find if some photoprocesses
could be initiated by UV~visible or near-infrared light.

formation of 1:1 CHCINO van der Waals complex. The
vibrational modes of this complex have been detected. Density
functional calculations of the geometric and vibrational proper-
ties of the complex will be also presented and compared to
experimental values.

Experimental Technique .
P q Experimental Results

The CHCI + NO samples were prepared by co-condensing
CH3CI/NO/Ne mixtures onto a cryogenic metal mirror main-
tained at 5 K. Molar ratios (X/Ne: X CH3Cl or NO) ranged
from 0.001% to 1%. The experimental methods and setup have
been previously described in detdliDeposition times were

NO in Ne Matrix. The spectrum of NO in neon matrix has
been extensively studied by Kometer et'din our experiments
NO/Ne was deposited at 5 K. The stretching of the NO monomer
consists of two bands: peak I (intense) at 1874.6%camd peak
Il (weaker) at 1877.5 cmit (Figure 1a). These peaks correspond

*To whom correspondence should be addressed. E-mail: 10 NO in single and NO in double or triple substitutional sites
krim@ccr.jussieu.fr. of the neon matrix, respectively. Upon annealing other bands
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peak I to what is observed in the case of NO in Ne mafjixAt 11—

12 K (Figure 2d), peak A disappears and peak B is the most
104 intense, thus showing that it is the most stable site og@H
trapped in the matrix. At higher concentration other peaks appear
between 726 and 722 crh The behavior of their intensities
suggests that they belong to (&&)..

peak I In the region of G-H symmetric stretching (and also for other
vibrational modes of CkCl), three peaks are observed; each
of them is correlated with one of the peaks A, B, and C in the
C—CI stretching mode region. The frequencies of the modes
b of CHzCl trapped in the most stable site in neon matrix (site B)
c are given in Table 1.

00 CH3CIEENO Complex in Ne Matrix. C—Cl Stretching
O RegionWhen CHCI and NO are co-deposited in neon matrix,
Wavenumbers (cm™) two new bands appear in the-Cl stretching region (Figure
Figure 1. Annealing effects on the spectrum of NO monomeso) 3a). The ratio of their relative intensities is equal to 3/1 and
for a sample with NO/Ne= 5/10000: (a) after deposition at 5 K; (b) ~ corresponds to the isotopic abundance of chlorfi€If’Cl).
after annealing to 9 K; (c) after annealing to 10 K; (d) after annealing These bands grow linearly with both @&l and NO concentra-
to 11 K. All spectra were recorded at 5 K. tions and may be assigned to the complexsCENO. These
AB C bands show a strong dependence on the temperature of the
matrix. Annealing from 5d 9 K shows the growth of a three-
peak structure in the region of GHCI:NO and CH3"CI:NO
(Figure 3). They are located at 729.9, 729.5, and 727.6tm
for CHg3°CI:NO and at 724.1, 723.7, and 721.9 Cnfior CH337-
CI:NO. The distribution of these peaks is similar to the structure
of the absorption bands of GBI in neon matrix where the
three peaks A, B, and C belong to different sites in the matrix
occupied by CHCI. To the absorption peaks A (733.0 th
B (732.7 cnY), and C (731.0 cm?) of CH3**Cl correspond
the three peaks A (729.9 crt), B (729.5 cmil), and C (727.6
cm™1) of CH3z%CINO. In the same way, the peaks A (727.2
cm1), B (726.9 cm?), and C (725.2 cmb) of CH3*"Cl

e
o
1

Absorbance
Q

Absorbance

00 d correspond to the peaks A (724.1 iy B (723.7 cn?), and
734 732 730 728 726 724 792 720 C (721.9 cm?) of CHz®"CI:NO. Beyond 11 K the absorption
Wavenumbers (cm’) peak B is the most intense in GEI and in the complex CH

Figure 2. Annealing effects on the spectrum of H in the C-CI C_I'NO (Figure 3). Peak B in CHCI represents the most stable
stretching ¢s) region for a sample with C¥CI/Ne = 5/10000: (a) after site of CHCI at 1:.[ K, and peak B of the complex represents
deposition at 5 K; (b) after annealing to 10 K; (c) after annealing to 11 the most stable site of GEI:NO. In the regions of the other
K; (d) after annealing to 12 K. All spectra were recorded at 5 K. modes of CHCI, the bands of CECI:NO have been found to

. o . ) correlate with peaks A, B, and C in the-Cl stretching region.
corresponding to the NO monomer appear in this region (Figure 14je 1 gathers the vibrational mode frequencies of@Hnd

1b—d). They h_ave been assigned_ to monomers th_at are CloseCH3CI:NO in the most stable site at high temperature: site B.
together, but hindered by the matrix cage from forming the NO N—O Stretching Regiorin the NO stretching region (Figure

dimer! Other broad absorptions belonging to cis-(N@je . . .
present in our spectra at 1865 thi{symmetric NO stretching) 4a.and Figure 5) a series of new peaks appears on both sides

and 1779.6 cm! (antisymmetric NO stretching}- of peak Il of NO: at 1878.5, 1878.4, 1877.9 (shoulder to peak

CH.Cl in Ne Matrix. Spectra of CHCI isolated in neon ), 1877.4 (very weak), 1876.7, 1876.5, and 1876.2 &rithey
matrix have been recordeti®K at different concentrations of @l increase linearly with CkCl and NO concentrations (Figure
CH4Cl. Figure 2 shows the €Cl stretching region after sample 4 and Figure 5). Figure 4 shows the evolution of these peaks
annealing up to 12 K in several steps. The-@ stretching as a function of CHCI concentration and of the temperature of
region has two sets of bands belonging to the two isotopomersthe matrix. All these peaks grow when the matrix is annealed
CH4#*5Cl and CHRCI. Each band consists of three sharp peaks from 5 to 9 K except for the peak at 1876.2 thwhich
probably due to splitting by the matrix cage. For the £8I decreases (Figure8}. In this temperature range, peak | of NO
isotopomer they are situated at 733.0érfpeak A), at 732.7 strongly decreases, while peak Il remains almost constant.
cm1 (peak B with shoulder), and at 731.0 ch(peak C with Beyond 11 K only the peak at 1878.4 chremains intense
shoulder), while for the other isotopomer they are situated at (Figure 4/). Among the peaks that depend on £Hand NO
727.2,726.9, and 725.2 ct respectively (Figure 2a). The shift  in the NO stretching region, three peaks have been found to
between the corresponding peaks in the two isotopomers is 5.8correlate with the three peaks A, B, and C attributed tozCH
cm~L. At the temperature of depositiol & 5 K), peaks A and CI:NO in the C-Cl stretching region. These peaks are located
B are equally intense, and peak C is weaker (Figure 2a). at 1878.5 (A), 1878.4 (B), and 1877.4 ch(C) and are due to
Annealing changes the relative intensities of peaks A, B, and the NO stretching of the complex GEI:NO trapped in the neon
C. New peaks grow in the region of peak C (Figure 2b,c). They matrix. As in the C-Cl stretching region only peak B,
are probably due to Gi€I molecules interacting with each other, corresponding to the most stable site of LHNO, remains
but sufficiently far away to not form the G&I dimer (similar intense beyond 11 K. Table 1 shows the frequencies of the
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TABLE 1: Vibrational Mode Frequencies (in cm~1) of CH3CI (site B), NO and CHsCI:NO (site B) Complex in Neon Matrix

mode CHCI/Ne NO/Ne CHCI:NO/Ne shife
C—Cl stretching v3(A1) 732.7%Cl, 726.9°°Cl 729.5%Cl, 723.7°°Cl —-3.2
C—Cl rocking ve(E) 1019.4 1022.2 +2.8
C—H symmetric bending v2(A1) 1354.8 1354.3 -0.5
C—H antisymmetric bending vs(E) 1450.1 1448.4 —-1.7
C—H symmetric stretching v1(A1) 2967.4 2969.8 +2.4
C—H antisymmetric stretching  v4(E) 3036.8 b
N—O stretching Uno 1874.6 (peak 1), 1877.5 (peak Il) 1878.4 +3.8

2 Shift = vVcomplex — Viree molecule > ONly @ broadening of the bands of g&l was observed.
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Figure 3. Annealing effects on C§CI:NO bands in the €Cl stretching mode) region: @) after deposition at 5 K;4) after annealing to-910
K; (y) after annealing to 1212 K. All spectra were recorded at 5 K. | panel: ---, @HfNO/Ne = 5/10/10000;—, CH;CI/Ne = 5/10000. Il panel:

+++, CH:CI/NO/Ne = 5/5/10000;—, CHsCI/Ne = 5/10000.

Absorbance
o
w
1

| v
1870

T
1872

T T T
1878 1876 1874

Wavenumbers (cm™)

Figure 4. Annealing effects on C¥CI:NO bands in the NO stretching
mode @no) region: () after deposition at 5 K;A) after annealing to
9 K; (y) after annealing to 11 K. All spectra were recorded at 5K.
NO/Ne = 5/10000; ---, CHCI/NO/Ne = 5/5/10000;--+, CH;CI/NO/
Ne = 20/5/10000.complex.
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Figure 5. Effects of NO concentration on GBI:NO bands in the
NO stretching modeuyo) region: (a) NO/CHCI/Ne = 5/5/10000; (b)
NO/CHsCI/Ne = 10/5/10000; (c) NO/CECI/Ne = 20/5/10000; (d) NO/
CHsCI/Ne = 40/5/10000; (e) NO/CECI/Ne = 100/5/10000.
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of the frequencies of the bands in the regions of the;@H
modes was observed. The structure of the bands gBCHNO
and CHCI:N80O in the 15NO and N8O stretching regions,
respectively, is the same as the one of ;CH“N60 in the

14N180 stretching region. The same shifts between the bands
of the complexes and free NO molecules are observed for each
isotopomer. Figure 6 shows a comparison of the complex bands
in the 1*NO and!5NO stretching modes regions forl4NO/
I5NO/CHsCI/Ne mixture after annealing to 9 K.

vibrations of NO, CHCI, and CHCI:NO in neon matrix in the
most stable site (site B).

Upon co-deposition of CkCl with 1°NO, with a mixture of
1ANO and!™NO or with a mixture of N6O and N0, no change
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CH3CI:NO. Corresponding bands for this species in the other
peak I (“NO) peak I (“NO) modes of CHCI are not observed. They are probably hidden
02 by the CHCI absorptions.

The three bands in the NO stretching region at 1877.9, 1876.7,
and 1876.5 cm! (Figure 4) do not have corresponding bands

] in the CHCI vibrational modes regions (probably hidden by
- peak I1 (“NO) peak 1 (NO) the CHCI bands), even though they depend linearly on the
01 N o concentration of CECl. These bands are probably due to NO
g emre ca:No molecules interacting weakly with GBI.

M 1 Theoretical Calculations

All calculations have been performed with the Gaussian 03
quantum chemical packafaising various levels of theory with
1830 1878 1576 1678 1872 | 146 1644 1542 1840 1938 the unres}ncted wave function: second-order Mf‘flléresse.t

Wavenumbers (cm™) perturbation theory (denoted as MP2), and density functional

Figure 6. Spectra of“NO andSNO stretching modeif) regions (DFT) approaches. In this paper, two functionals, well adapted

for a sample: “NO/SNO/CH,CI/Ne = 5/5/5/10000 after annealing to {0 the study of weakly bound systems, have been used: the one-
9 K. parameter hybrid functional due to Barone’s modified functional

. . . o (labeled as MPW1PW9Z§, and a recent hybrid DFT-type
Finally, CHCI:NO complex was irradiated by Uwisible functional, developed in the Truhlar grddp'® (labeled as
or near-infrared light to initiate some photoprocesses, but no MPWB1K, available with Gaussian 03 using the following

photochemical reactions were observed. keywords: “#P mpwhb95/basis I0p(3/26560004400)”). For
] ) all atoms, the 6-31t+G(2d,2p) extended basis set of Pople et
Discussion all~1% was used.

CHsCl occupies three different sites labeled A, B, and C in It is interesting to note that the MP2 method is unable to
the neon matrix. When CG€1 and NO are co-deposited in neon  determine the vibrational frequency of free and complexed NO.
matrix, the complex CECI:NO also occupies three sites A, B, In the case of free NO, the calculated value with MP2 is around
and C. The bands of the complex in the &M and NO 3550 cntlinstead of 1904 cmt (the experimental vald8). It
vibrational mode regions are observed for each site (A, B, and is also well-known that this ill representation does not depend
C). At the temperature of deposition the complex occupies ©on the basis séf However, to check the reliability of the
mainly site B. After annealing (610 K) the NO molecules  €nergetic ordering for the studied complexes obtained with MP2
diffuse through the matrix to C¥€! trapped in different sites: ~ method, we carried out the single-point calculations at the
the complex CHCI:NO is formed in sites A, B, and C and the coupled-cluster level including single and double excitations
bands corresponding to these sites grow. Beyond 10 K the With the perturbative triple excitation (labeled as CCSD(T)).
intensity of the peak corresponding to site B increases consider- As shown in Table 2, the calculated frequencies for the free
ably. By considering site B to be the most stable site in the molecules are in good agreement with the experimental ones,
neon matrix, the shifts of the vibrational mode frequencies of except the MP2 result for free NO. This is why in the following
the CHCI:NO and CHCI trapped in site B are given in Table we consider only the energetic properties of the complexes at
1. In the CHCI absorption region, the-€Cl (vz at 732.7 crm?) the MP2 level.
and C-H (v at 2967.4 cm') symmetric modes are shifted by To determine the most stable structure of thesCENO
—3.2 and+2.4 cnTl, respectively, and the CH symmetric complex, two global geometries have been considered: the first
bending mode, at 1354.8 cm?) is shifted by—0.5 cnm™. one is ofC; symmetry in which the NO axis is nearly parallel
The bands of the modes of symmetry E are shiftedt®/8 with the CCI one, and the second one haSzasymmetry in
cm~* for the C-ClI rocking mode ¢ at 1019.4 cm?) and by which the NO and CCl axes are collinear. For each geometry,
—1.7 cntt for the C-H antisymmetric bending mode at two structures with respect to NO have been taken into account
1450.1 cn1?). For the C-H antisymmetric stretching mode4 (see Figure 7). It should be noted that the Cl-ending approach
at 3036.8 cml), no shift could be measured but only a was found to be unbound and thus is not presented here. In the
broadening of the band of GBI was observed. case of theC; structure, the optimization has been made without

The annealing of the matrix promotes the phenomenon of symmetry constraint. This means that the NO and CCI axes
diffusion to form the CHCI:NO complex starting from free  were initially chosen to form a small dihedral angle.
molecules CHCI and NO. Between 5 and 10 K the intensity The most important geometric parameters of the four studied
of peak | of the NO monomer decreases considerably, whereascomplexes (see Figure 7) are reported in Table 3. One can easily
that of peak Il remains constant (as shown in Figysg Zhis note that the geometric perturbations induced upon complexation
shows that, in this temperature range, the complex is formed are very small, indicating a very loose bonding between NO
mainly from the NO molecules trapped in site |, corresponding and CHCI, for all the studied cases. These changes are in line
to the principal absorption band of NO. The frequency of the with the calculated binding energies (corrected for the basis set
NO stretching mode in the complex trapped in site B is shifted superposition error (BSSE)), which range from 0.6 to 3.5 kJ
by +3.8 cnT! compared to that of NO:Ney(c at 1874.6 crm?). mol~%. Accordingly, the most stable geometry formed from the

Three very weak peaks appear at deposition of the mixture NO + CHzCl interaction should be considered as a van der
of CH3Cl and NO in neon matrix: in the-€Cl stretching region Waals complex. Inspecting the results, reported in Table 3,
at 727.9 cm?, in the symmetric €H stretching region at  reveals that the geometric and energetic properties calculated
2976.2 cmt, and in the NO stretching region at 1876.2¢m with the new functional of Truhlar are closer to those obtained
When the matrix is annealed to 9 K, these peaks disappear.by MP2 and CCSD(T) than those obtained with the MPW1PW91
They could be attributed to an unstable form of the complex functional.
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TABLE 2: Calculated and Experimental Frequencies (cnt?) for Free CH3Cl and NO
CCSD(T) MP2 MPW1PW91 MPWB1K exptl
Free NO
1) 2062 3550 2009 2092 1904
Free CHCI
w1(A1) 3128 3115 3102 3156 2968
w2 1443 1443 1382 1409 1355
w3 751 785 747 770 733
w4(E) 3236 3223 3203 3260 3044
ws 1515 1491 1487 1514 1488
we 1059 1066 1032 1051 1018

2 The gas-phase experimental frequencies are from refs 20 and 23 for free NO a8 (@<pectively.

N—0
H/ ". _H
c a 0—N e a
a7 u’
H H
Structure 1 Structure 2
N
o7
' H
\ \
H - N—O c a
Prs a 14
1104 Hy
H
Structure 4 Structure 3

Figure 7. The four different structures studied for the EHNO
complex.

TABLE 3: Calculated Geometric Parameters and Stability
of the Four Structures of the CH;CI:NO Complex

MP2 MPW1PW91 MPWB1K
NO
r'no 1.135 1.141 1.130
CHsCI
fcal 1.776 1.784 1.770
Structure 1
r'no 1.135 1.141 1.130
fcal 1.777 1.785 1.771
4N 2.762 2.996 2.808
DBSSE 3.0 (2.8} 1.7 35
Structure 2
r'no 1.133 1.141 1.130
Il 1.778 1.785 1.771
4N 3.068 3.730 3.712
DBSSE 1.6 (—0.5p 0.9 1.2
Structure 3
r'no 1.136 1.142 1.131
Il 1.776 1.784 1.771
IH--0 2.999 3.674 3.510
DBSSE 0.8 (-0.5p 0.9 1.0
Structure 4
r'no 1.135 1.142 1.131
fcal 1.776 1.784 1.771
40 2.725 3.111 3.133
DBSSE 0.6 (1.3 1.0 1.2

ar in A, DBSSEin kJ mol 2. P Bonding energy (uncorrected for
BSSE) with single-point CCSD(T) at the MP2 optimized geometry.

At all levels of theory, the most stable structure corresponds
to the C; structure in which NO is nearly parallel to the CCI
axis and N is pointing to the carbon atom (structure 1). The
dihedral angle between NO and CCl is almost negligible (smaller
than 10). As shown previously? the HNO molecule is more
stable than the NOH molecule, and the CINO molecule is more
stable than the NOCI molecule. The geometries of HNO and
CINO units in the most stable complex resemble that of the

TABLE 4: Calculated and Experimental Shifts (cm™2) of
Vibrational Frequencies of the Most Stable Structure of the
Complex (Structure 1)

mode MPW1PW91 exptl
C—Cl stretching —-2.5 vi(A) —3.2
C—Clrocking 12,23 ve(E) —,2.8
C—H symmetric bending -0.1 v(A1) —0.5
C—H antisymmetric bending —-0.8,1.0 ws(E) -—-1.7,—
N—O stretching 15 Uno 3.8
C—H symmetric stretching 1.0 vi(A1) 2.4
C—H antisymmetric stretching 15,31 wy(E) —,—

a|n neon matrix (this work).

two most stable forms of HNO and CINO molecules. For
instance, the angles in the complexNO = 149, —HON =
23°, —CINO = 112, and—CION = 53°) are similar to those
of free HNO and CINO moleculesHNO = 109, —HON =
33’ and—CINO = 114°, —CION = 43°)?? and not those of the
NOCI and NOH moleculestHNO = 28°, —HON = 112° and
—CINO = 40°, —CION = 1271°).22

The harmonic frequency shifts calculated with the MPW1PW91
method for structure 1 of the complex and the experimental
shifts in neon matrix are listed in Table 4.

It has already been shown that experimental shifts of the
vibrational mode frequencies of the complex are small. Since
the calculations show that the interaction betweern@Hind
NO is very weak, it is to be expected that the calculated shifts
will also be small. Indeed, the largest calculated shift is around
3 cn L. We will be then mostly interested in the sign of the
shifts and not in their absolute value. The frequencies of the
C—Cl stretching and the €H symmetric bending modes are
both red shifted upon complexation. The calculated sifts
(C—Cl) = —2.5 cnt! and Aw;, (C—H symmetric bending}
—0.1 cnt! are close to the experimental valuas; = —3.2
cm1 and Av, = —0.5 cnTl. By contrast, the frequencies of
the N—O stretching and the €H symmetric stretching modes
are blue shifted. The calculated valugsno = +1.5 cnt and
Aw; (C—H symmetric stretching= +1.0 cnT?! are again in
good agreement with the values measured in neon matnixe
= +3.8 cnmtt andAv; = +2.4 cnTl,

Since the complex belongs to tliy symmetry group, the
modes of symmetry E (in free GBI) are not degenerate
anymore and two different frequencies are calculated for the
rocking, C—H antisymmetric bending, and-&H antisymmetric
stretching modes. However, only one frequency was experi-
mentally observed for each mode in the complex, except for
the C—H antisymmetric stretching where only a broadening of
the bands was detected. Furthermore, the absorption bands of
CHsCI trapped in neon matrix corresponding to these modes
are broad and could hide the other absorption bands of the
complex. Finally, we note that the experimental frequency shifts
for the C-CI rocking ¢-2.8 cnt1) and C-H antisymmetric
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bending ¢1.7 cnt!) modes are well reproduced by DFT (5) Tachikawa, H.; Igarashi, M.; Ishibashi, T. Phys. Chem R002
calculations (G-Cl rocking+2.3 cnt* and G-H bending—0.8 106 10977-10984.
_ (6) Hierl, P. M.; Henchman, M. J.; Paulson, JIft. J. Mass Spectrom.
cm-). lon Processed992 117, 475-485.
) (7) Weller, R.; Lorenzen-Schmidt, H.; Schrems,B&r. Bunsen-Ges.
Conclusion Phys. Chem1992 96, 409-413.
. . . . (8) Krim, L.; Lacome, N.J. Phys. Chem. A998 102, 2289-2296.
The infrared spectra of N@- CHzCl isolated in solid neon (9) Futami, Y.; Kudoh, S.; Ito, F.; Nakanaga, T.; Nakata, MMol.

at low temperature have been investigated. We focused hereStruct.2004 690, 9-16.

on the CHCI:NO species. Low concentration studies and 11%%) Danset, D.; Manceron, L1. Phys. Chem. 2003 107, 11324~

subsequent annealing lead tol the .formatlon of 1.1 .NQCCIH (11) Kometer, R.: Legay, F.. Legay-Sommaire, N.: Schwentned].N.

van der Waals complex. The vibrational modes of this complex chem. phys1994 100 8737-8745.

have been detected. (12) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; et @aussian 03
It has been shown that the experimentally observed complexrevision B.02; Gaussian, Inc.: Pittsburgh, PA, 2003.

is a van der Waals complex (the binding energy is around 200 ~ (13) Adamo, C.; Barone, VJ. Chem. Phys1998 108 664-675.

cm!) and that the most stable structure of LHNO (in Az%éé %2":2’8?'1318':1%% P. L. Harris, M.; Truhlar, D. @.Phys. Chem.
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