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stop. Other parts of the overall process continue, resulting in
very significant changes in product distribution and yield.
In the early studies of complex chemical processes, it was
necessary to postulate mechanisms involving such transient
intermediates, present in concentrations too small for direct
detection. Conventional end product analysis aids in the se-
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lection of suitable mechanisms, but generally does not yield
a complete description of the system. Consequently, the im-
provement of industrial chemical processes often is achieved
by semiempirical experimentation. The determination of the
detailed chemical mechanism would, in turn, permit the de-
velopment of rational strategies for removing undesired
products and enhancing the yield of the desired species.

In recent years, there has been great progress in the devel-
opment of techniques suitable for monitoring chemical reac-
tion intermediates. Molecular spectroscopy is especially well
suited to this task. Optical detection can be used not only for
gas-phase measurements, but also for studies of processes
which occur on surfaces or in the condensed phase. It also
permits remote sensing, an important advantage. A wide va-
riety of recently developed laser-based spectroscopic detec-
tion schemes are not only highly sensitive but also space and
time specific. Although the development of spectroscopy-
based diagnostics for chemical reaction systems is in its in-
fancy, already the laboratory application of sophisticated
sampling and observation techniques has yielded a wealth of
vibrational and electronic spectral data for reaction interme-
diates.

For many years, the most important source of vibrational
and electronic energy level data for small polyatomic reac-
tion intermediates was the compilation of spectroscopic data
for small polyatomic molecules (3-12 atoms) given by
Herzberg‘1 To meet the need for an updated, critically evalu-
ated compilation, a series of publications®™* have appeared in
this journal, culminating in the publication in 1994 of a
monograph® which presented -evaluated spectral data for
more than 1550 small polyatomic transient molecules. Vibra-
tional fundamentals in the ground and excited electronic
states and radiative lifetimes were included. To aid in spec-
tral identification, the principal rotational constants were also
given to three decimal places. These tables have provided the
basis for a personal computer software database (Vibrational
and Electronic Energy Levels of Small Polyatomic Transient
Molecules, National Institute of Standards and Technology
Standard Reference Database 26), designed to supplement
the published compilation by providing a capability for rapid
searches by molecule or wave number.

The rapid growth in the scientific literature concerned with
the spectroscopic study of transient molecules and with their
detection in chemical reaction systems continues. Since the
October 1993 cutoff in the data evaluation for -the 1994
monograph,’ substantive new spectroscopic data have been
published for many species included in it, and the first data
have become available for several hundred other molecules.
There has been especially great progress in the spectroscopic
characterization of transient species produced by the reaction
of metal atoms with oxygen and other small molecules. This
paper attempts to provide a comprehensive, critically evalu-
ated summary of these new data on the vibrational and elec-
tronic energy levels of small polyatomic transient molecules,
in order to support further research and new technologies
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such as those of plasma processing and chemical vapor depo-
sition.

2. Scope of Review

This review provides a critical evaluation of the vibra-
tional and electronic spectral data available in mid-1997 for
approximately 900 small polyatomic transient molecules. Of
these, about 570 were not represented in the 1994 mono-
graph; the remainder are molecules included in that mono-
graph for which new data have become available. Despite
this rapid progress, many gaps remain in our knowledge of
the energy levels of the species represented, and many new
and potentially important transient molecules are still to be
discovered.

Data have been selectively included for some molecules
which are important in environmental and industrial chemi-
cal rcaction systems but which can be studied only with dif-
ficulty using conventional sampling techniques because of
the ease with which they decompose, rearrange, or polymer-
ize. Also included are data derived from spectra of many
high-temperature species, such as metal oxides, studied in
molecular beams and in rare-gas matrices.

3. Types of Measurement

Studies in the gas phase offer the potential for the most
precise, detailed measurements. Because of the high chemi-
cal reactivity of transient molecules, it is difficult to obtain
gas-phase infrared spectra of them. The well known advan-
tages of Fourier transform infrared measurements, coupled
with sophisticated digital data handling procedures, have
permitted the acquisition of gas-phase survey spectra for a
number of transient molecules. Diode lasers and other laser-
based techniques with limited tunability have been used to
obtain high resolution spectra of individual vibrational tran-
sitions of these species.

Although vibrational frequencies of ground-state molecu-
lar ions have frequently been estimated from structure in
Rydberg transitions of the parent neutral species, such data
are not included in this compilation, since many of these
transitions have residual valence character, resulting in sig-
nificant variations in vibrational frequencies from one Ryd-
berg state to another.

As in the earlier compilations, spectral data obtained in
rare gas and small covalent molecule matrices are included.
The application of matrix isolation sampling for the stabili-
zation am{ spectroscopic study of uncharged reaction inter-
mediates has recently been reviewed.® Because nitrogen and
the rare gases are transparent through the entire infrared
spectral region, matrix isolation measurements provide a po-
tentially valuable survey tool. In these matrices, infrared ab-
sorptions are typically sharp, with half band widths between
0.1 and 1 cm™!. Rotational structure is, with few exceptions,
quenched. Multiple trapping sites occur, often resulting in
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FiG. 1. Comparison of ground-state vibrational frequencies reported for
transient molecules (2~16 atoms) in neon and argon matrices with corre-
sponding values obtained from gas-phase measurements.

the appearance of several absorption maxima—usually one
or two of which predominate—over a range of a few cm™L.

Matrix shifts for covalently bonded molecules trapped in
solid neon or argon often are quite small. A comparison’ of
the positions of the ground-state vibrational fundamentals of
over two hundred diatomic molecules observed in the gas
phase and in nitrogen and rare-gas matrices has shown that,
typically, the smallest matrix shift occurs for neon matrix
observations, with successively greater matrix shifts for the
heavier rare gases and for nitrogen. Except for very weakly
bonded molecules and for the alkali metal and Group IMa
halides, matrix shifts of most diatomic molecules isolated in
solid argon are smaller than 2%. Similar conclusions resulted
from a comparison of neon- and argon-matrix shifts for the
ground-state vibrational fundamentals of larger molecules.®
The generalization that matrix interactions are minimal for
neon and that they increase as the mass of the rare gas is
increased and become even more important for nitrogen and
most other small molecule matrices is supported by experi-
mental observations on larger molecules, as well. Figure 1
compares the observed matrix shifts for the ground-state fun-
damental vibrations of transient molecules trapped in solid
neon and argon. For neon matrices, the maximum in the
distribution lies near 0.0%, and for argon matrices, near
0.2%. For both neon and argon matrices, fewer than one-
tenth of the matrix shifts are greater than 1%.

For molecular ions, neon is the matrix of choice. Polariza-
tion and charge-transfer interactions become successively

Ground-State Vibrations
of Molecular lons

Number of Frequencies

Gas - Neon (%)

F16. 2. Comparison of ground-state vibrational frequencies reported for mo-
lecular ions (2-16 atoms) in a neon matrix with corresponding values ob-
tained from gas-phase measurements.

more important for molecules isolated in the heavier rare
gases. Charge delocalization sometimes also occurs for ionic
species trapped in the rare gases.”!® The anomalously large
matrix shift for v; of CIHCI™ may be attributed to this phe-
nomenon. As is shown in Fig. 2, data for small cation species
trapped in solid neon are consistent with the matrix shift
generalizations given above. Only twelve comparisons are
available for molecular cations observed both in the gas
phase and trapped in solid argon. The absolute values of five
of the observed matrix shifts are greater than 1%. For several
other vibrations of molecular ions which have been observed
in both neon and argon matrices but not in the gas phase,
there are deviations greater than 1% between the neon- and
argon-matrix frequencies. Very few comparisons are pos-
sible for molecular anions. A number of these species have
been generated in rare-gas (usually argon) matrices by
charge transfer between a precursor molecule and an alkali
metal atom. Recent studies of such species as CO,  and
SO,” generated instead by photoionization and/or Penning
ionization and trapped in solid neon indicate that shifts on
the order of 50 cm™! may be attributed to the relatively
strong interaction of the anion with the nearby alkali metal
cation. On the other hand, when the uncharged molecule has
a relatively large electron affinity, as is true for C, and for
NO,, charge transfer occurs at a relatively great separation,
and a substantial fraction of the anion population may be
trapped in sites in which interaction with the alkali metal
cation is minimal.

Matrix shifts for vibrations associated with ionic bonds are
often considerably larger than those associated with un-
charged molecules or with intramolecular vibrations of mo-
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lecular ions. Criteria for inclusion of data for species which
include an ionic bond are exemplified by the selection pro-
cess for the heavy-metal oxides. Often the stable dioxide
structures include an M*0,™ species with significant cova-
lent bond character for the attachment of M™, as evidenced
by a substantial shift in the O, stretching fundamental as
M is varied. Such species are included in the compilation.
On the other hand, there is little evidence for substantial
metal-atom participation in the vibrations characteristic of
the O3~ moiety of MTO;™ . Accordingly, spectral data are
given for O;~, but not for M*0; ™.

Data are beginning to appear for molecules trapped in a
hydrogen matrix. Insufficient information is available for
generalization on the magnitude of matrix shifts in this me-
dium. For the few species heretofore studied, including sev-
eral transient molecules present in this compilation, the ma-
trix shifts have been comparable to those in a neon matrix.

Many other matrix materials have also been employed for
spectroscopic studies. However, complications due to reac-
tion or to relatively strong interaction (e.g., hydrogen bond-
ing) of the transient molecule with the matrix frequently oc-
cur. Therefore, observations in such media as solid
hydrocarbons and aqueous solutions and studies of con-
densed reaction products without an inert carrier have been
excluded.

Because of the prevalence of electronic emission spectra
and the sensitivity, rapid time response, and cumulative de-
tection capability of the photographic plate in the visible and
ultraviolet spectral regions, the study of the electronic spec-
tra of gas-phase reaction intermediates has a comparatively
long history. Flash photolysis has permitted the preparation
of relatively high concentrations of transient species. Many
electronic band systems of gas-phase transient molecules
have been discovered through flash photolysis studies. More
recently, a wide variety of laser-based techniques have also
been used for electronic spectral observations, often with ex-
ceptionally high detection sensitivity. The spatial configura-
tion of the laser beam makes possible crossed molecular
beam-laser beam studies, providing an extremely powerful
tool for studies of the energy levels of molecules in molecu-
lar beams. Laser-based techniques show great promise for
application in the development of diagnostics for chemical
reaction intermediates in the environment, the laboratory,
and the industrial plant. Laser studies may be broadly clas-
sified according to whether the interaction of the molecule
with the laser beam(s) is followed by photon or mass detec-
tion. Photon-based observations are amenable to remote
sensing applications. Because pulsed lasers offer an excep-
tionally wide range of time specificity, they are very useful
for determining radiative lifetimes and rates of elementary
chemical reactions.

Much valuable information on the energy levels of mo-
lecular cations has been obtained from photoelectron spec-
troscopy. These tables include selective coverage of the vo-
luminous  literature on photoelectron  spectroscopic
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measurements. The number of stable molecules which pos-
sess more than six atoms for which photoelectron spectra
have been reported is too great to permit the inclusion of
low-to-moderate resolution photoelectron spectral data for
molecular cations with more than six atoms. Those who need
such data for larger molecules may find the reviews by
Turner et al.,! Rabalais,'? and Kimura et al.'® helpful. Sev-
eral criteria are important in determining whether a given
reference should be included in the present work. The first of
these is resolution. In the few instances in which high reso-
lution photoelectron data are available, these data are heavily
weighted. Where direct spectroscopic observation is pos-
sible, the measurements generally are of considerably higher
precision than are the photoelectron data, which are then
omitted from the tables. A second criterion is the availability
of adiabatic ionization potentials. In order to obtain informa-
tion on the positions of electronic transitions from photoelec-
tron spectral data, it is necessary to subtract the first ioniza-
tion potential from the energy of the photoelectron band.
Where there is little change in the molecular geometry in the
transition, the difference between the vertical ionization po-
tentials gives a reasonable approximation to the position of
the electronic transition. However, this is not the general
case. Therefore, priority is given to papers which include
adiabatic ionization potentials. _

For most photoelectron spectroscopic transitions, structure
has not been resolved. Many of these states are dissociative.
Further information on the dissociation products can be ob-
tained from values of the appearance potentials for various
products in photoionization studies on the parent molecule.
Such studies are beyond the scope of this review. The tables
of ionization and appearance potentials by Lias and
co-workers'*!® constitute a valuable source of information
on the appearance potentials of photofragments.

The range of tunability of visible and ultraviolet lasers,
like that of infrared lasers, is limited. Therefore, a prelimi-
nary survey using conventional gas-phase and/or matrix-
isolation spectroscopic studies is often desirable. A compari-
son of the positions of the electronic band origins of
diatomic molecules in the gas phase and in rare-gas and ni-
trogen matrices has been published.’® As in the determina-
tion of ground-state vibrational energy levels, neon is the
matrix material of choice, with a sharp maximum at 0.0% in
the distribution of matrix deviations for valence transitions
of covalently bonded molecules. In argon-matrix observa-
tions, most such band origins are shifted by less than 2%
from the gas-phase values. At the somewhat higher tempera-
tures o/f'ten used for electronic spectral observations in matri-
ces of the heavier rare gases or of nitrogen, relatively broad
phonon bands become prominent. The blue shift of the pho-
non maximum from the zero-phonon line in absorption mea-
surements, and the red shift in emission measurements, typi-
cally amount to approximately 1 to 1.5%. Rydberg
transitions of molecules in matrices often are greatly broad-
ened and experience much larger shifts. Further details of the
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behavior of electronic transitions of matrix-isolated mol-
ecules have previously been discussed.>5!¢

The radiative lifetime of a relatively large molecule iso-
lated in a rare-gas matrix is frequently related to the radiative
lifetime in the gas phase by a simple refractive index
correction.!” In a neon matrix, such a correction typically
decreases the radiative lifetime by about 15%. For such mol-
ecules, often intramolecular mechanisms for nonradiative en-
ergy transfer are available both in the gas phase and in the
matrix. On the other hand, the density of excited states is
much lower for small molecules, and matrix shifts may alter
perturbation interactions between strongly coupled electronic
states, providing a path for nonradiative deactivation. In this
circumstance, fluorescence which is prominent in the gas
phase may even be completely quenched in the matrix.

4, Guide to the Compilation

The goal of this paper is to extend the previously pub-
lished compilation® of critically evaluated vibrational and
electronic spectroscopic data for small polyatomic transient
molecules. The literature has been surveyed through June
1997; only limited addition of more recent data has been
possible. Unfortunately, with a few exceptions it is not pos-
sible to include data for stable molecules. However, the spec-
tra of many of these species are relatively well established,
and sources of data such as the tables of Herzberg' and
Shimanouchi'® remain extremely useful. In obtaining spec-
tral identifications with the help of the present, compilation, it
is crucial that the possible contribution of the absorptions or
emissions by a stable molecule also be considered.

Considerable effort has been expended to provide a criti-
cal evaluation of the data. However, for many species the
available data are meager. The identities of some species
have been proposed on the basis of chemical evidence.
While such evidence may be quite compelling, it is not de-
finitive. Many examples could be cited in which a spectrum
was later reassigned to characteristic impurities in the
sample. Where chemical evidence has provided a reasonable
basis for the assignment of vibrational or electronic bands to
a transient molecule, data have been included in this compi-
lation, in the houpe that further testing of the assignment will
be facilitated. ' '

While every effort has been made to make these tables as
complete as possible, for various reasons omissions do oc-
cur. There remains some selectivity in the coverage of elec-
tronic spectral data for larger molecules. It is planned to
support this database, with further selective extension, by the
preparation of additional supplements. Data from the earlier
tables have sometimes been omitted from this paper because
more recent data dictate a reassignment or because there has
been a subsequent refinement. An important example of this
latter situation is the replacement of low resolution photo-
electron spectral data by spectroscopic studies with apprecia-

bly higher resolution and greater precision. Candidate mol-
ecules or energy levels may also have been inadvertently
omitted. Suggestions of additions or needed revisions to the
data to be included in subsequent extensions of this database
are welcome, as are inquiries regarding new data added after
the publication cutoff data for this compilation.

Molecular formulas are used in this compilation. In order
to permit a compact index, an attempt has been made to
provide as much structural information as possible in a mini-
mal amount of space. This restriction is especially severe for
larger molecules. The following formula abbreviations have
been used:

br bridged

cyc cyclic. If parentheses follow, only the atoms
enclosed in them are included in the ring.

c cis

t trans

Where heavy isotopic peaks are resolved, data are given
for the most abundant isotopic species (e.g., 'Li, 'B, 3Cl,
Br).

As in the earlier compilations, the tables are grouped by
the number of atoms in the molecule and, secondarily, by the
number of hydrogen atoms present. Molecules within a given
section of the tables are arranged in the order of increasing
number of valence electrons. For species with the same num-
ber of valence electrons, molecules with a simple chain of
three heavy atoms are listed in the order, first, of the number
of valence electrons in the central atom of the chain and,
second, of the row which this atom occupies in the Periodic
Table. For larger molecules, the sequence is somewhat arbi-
trary, but criteria of increasing molecular size and grouping
in the Periodic Table (e.g., the order N, P, O, S) are used.
Halogen-substituted species are placed immediately after the
related hydrides. Data for molecules related to benzene are
presented in a separate section. As in the earlier tables, data
are included for both the normal and the fully deuterium-
substituted molecule. However, only the hydrogen-
containing species is listed in the index.

The heading for each electronic state gives its symmetry,
the point group to which the molecule belongs in that elec-
tronic state, and, where available, references to the determi-
nation of a quantitative molecular structure. For C,, mol-
ecules, there is potential ambiguity in the definition of the
molecular symmetry axes. The convention in which the x
axis is chosen perpendicular to the plane of the molecule,
recommended by the Joint Commission for Spectroscopy of
IAU and IUPAP," has been adopted. Often this has required
the interchange of published assignments of energy levels
with B and B, symmetry.

Most authors of papers on photoelectron spectroscopy
have proposed assignments for the various photoelectron
bands, using arguments based on molecular orbital theory
and often on semiempirical or ab initio calculations. These
assignments have been included in the present tables. Where
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several conflicting assignments have been given in the litera-
ture, an attempt has been made to choose the most satisfac-
tory one. Generally, the assignments of photoelectron spectra
have been made with the presumption that the point group to
which the molecular cation belongs is the same in all of its
excited states. Structural data for these excited states are ex-
tremely rare. Therefore, the molecular point group which has
been adopted in the analysis of the photoelectron spectrum is
given in these tables. In practice, it is likely that there is
some variation in excited-state molecular symmetries. Thus,
a bent molecular ion may become linear in some of its ex-
cited states. For highly symmetric species, Jahn—-Teller dis-
tortion may reduce the molecular symmetry.

The energy of the electronic transition follows the state
designation and symmetry information. Where possible, T,
the energy separation between the electronic energy level of

interest and the ground electronic, vibrational, and rotational

states of the molecule, is given. However, where only low
resolution data or photoelectron data are available, often only
band maxima have been given in the literature. With photo-
electron data, T, is derived by subtracting the value of the
first ionization potential from that of the higher ionization
potential which corresponds to the state of interest. When
data for the first adiabatic ionization potential are available,
the footnote phrase ‘‘from vertical ionization potential’’ im-
plies that the first adiabatic ionization potential is known but
that the higher ionization potential is measured to the peak
maximum; the phrase ‘‘from vertical ionization potentials’
implies that the energy difference between the higher and the
first absorption maximum was used. If the first photoelectron
transition has a gradual onset, a better value of the first ion-
ization potential may have been obtained from photoioniza-
tion data or from the extrapolation of Rydberg series in the
spectrum of the parent molecule. Supplementary sources of
data for the first ionization potential are cited in the tables.
However, if the difference between the first adiabatic ioniza-
tion potential obtained in the photoelectron spectrum and
that obtained in other measurements amounts to only 10 or
20 meV, the photoelectron spectroscopic value is used, be-
cause of the advantage of a consistent set of measurements.
Where threshold energies differ by one quantum in a vibra-
tional progression, a best value for the ionization potential is
chosen which coincides with the most probable position of
the vibrationally unexcited transition. Because of inherent
uncertainties in the determination of higher ionization poten-
tials in many photoelectron spectral measurements, photo-
electron peaks above about 18 eV are often omitted. Except
where otherwise indicated, the units of all quantities in these
tables are cm™!. Error estimates are those of the authors of
the original literature. The numbers in parentheses give these
estimated errors in relation to the last digits of the electronic
or vibrational frequency (e.g., 1234.567(89)=1234.567
+0.089). Where the error includes a decimal point, the deci-
mal point is retained inside the parentheses. When the uncer-
tainty is not explicitly indicated, the value is given to the
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estimated number of sigrificant figures. As in the tables of
Herzberg,! T, values are given to the center of multiplet
structure. For doublet states, the two components differ by
* A (the spin-orbit splitting constant), and the energy differ-
ence is measured from the average of the two bands, whereas
for triplet states the three components fall at 0, *A with
respect to the position from which the band energy is mea-
sured. This convention is also followed here unless specific
states (e.g., 2I15,) are given. In matrix isolation absorption
and many laser excitation studies only the lowest component
of the ground electronic state is accessible. Except for tran-
sitions with relatively small values of A, this is also likely to
be true for studies using cooled molecular beams. Often
these latter studies give T values from the lowest energy
component with a precision better than that to which A is
known.

The wavelength range (nm) in which various electronic
transitions have been observed is also tabulated. This range
is a composite of the values typical of absorption and emis-
sion observations. Laser-excited fluorescence studies often
include both excitation and resolved emission measurements.
Since the position of the band origin is given, ambiguity
should not arise. For information on the range in which the
band system is observed for a given type of measurement,
see the original literature cited for that measurement tech-
nique.

The format of the vibrational tables is similar to that used
in the earlier compilations. The vibrational numbering con-
vention is that used by Herzberg.! Within a given symmetry
species, vibrations are numbered starting with the highest
frequency. The same convention is followed for deuterated
species. Therefore, a given type of vibration may be num-
bered differently for the deuterated than for the unsubstituted
molecule. For triatomic molecules, the bending vibration is
always designated as »,. For aromatic molecules, an alter-
nate vibrational numbering scheme developed by Wilson'”
has often been used in the literature, Where both the
Herzberg and the Wilson numbering schemes have been
used for the published data, the Herzberg numbering is
adopted, and the Wilson numbering is sometimes shown in
parentheses. For a few species, only the Wilson numbering
has been used. To avoid confusion, this is retained in the
present tables, and the use of the Wilson numbering is indi-
cated in a footnote. Where possible, the values of AG(%), the
separation between the v =0 and v=1 levels for the vibra-
tion of interest, have been used. The expression of uncertain-
ties is similar to that described for electronic band origins.
Where Vibr/{tional frequencies have been determined with a
precision greater than two decimal places, the tabulated val-
ues have been rounded off. If a bending fundamental is split
by Renner—Teller interaction, the position of the unperturbed
fundamental is given. Where specific components of such a
split fundamental have been studied, they may also be listed,
with the transition designated in a footnote. For a more com-
plete treatment of the Renner effect and definitions of the
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parameters included in many of these footnotes, see the dis-
cussion by Herzberg1 and the references cited for the mol-
ecule of interest. A few of the species in these tables possess
out-of-plane vibrations which have resolved inversion split-
ting structure. For these, the specific component for which
the vibrational frequency is reported is designated in a foot-
note. Relative intensities of vibrational bands are dependent
on the technique used for the measurement. When possible,
the relative intensities of ground-state infrared absorptions
are included. It is not feasible to give the corresponding rela-
tive intensities for other types of observation. Relative inten-
sity abbreviations include:

vw very weak
w weak

m medium

S strong

Vs very strong
sh shoulder
br broad

Where radiative lifetimes have been measured, they are
cited following the vibrational energy level table for the ap-
propriatc clectronic state. 7y, the radiative lifetime of the
vibrationless transition, is given whenever possible. If the
lifetime is accessible only for excited vibrational states, the
subscripts give the vibrational quantum numbers of the ob-
served band.

When spin-orbit splitting occurs and the splitting constant,
A, is known, it is included in the compilation.

Finally, as an aid in the recognition of vibrational bands
and electronic band systems observed with comparatively
high resolution, the principal rotational constants are summa-
rized. Where possible, the values associated with the vibra-
tionless transition (Agy, By, Cp) are given. Occasionally
these values have not been determined, and the subscript
gives the vibrational quantum numbers appropriate to the
band for which the rotational constants have been measured.
These constants are truncated at three decimal places. Often
a far more detailed set of molecular constants, with much
greater precision, has been derived from the analysis of high
resolution spectra. Microwave spectroscopy is an important
source of detailed, highly precise rotational data for mol-
ecules in their ground states. The references to the experi-
mental literature, which are included in the compilation,
should facilitate the location of such high resolution data.

5. Abbreviations

Many sophisticated laser techniques—frequently employ-
ing two or more laser beams—have been used for studies of
transient molecules. The laser is frequently used both in the
preparation of the transient molecule and in the detection
scheme. For example, ions may be generated by multiphoton
ionization and detected by absorption of radiation from a
probe laser. Often the developers of such techniques have

designated them by complicated acronyms. In these tables,
an attempt has been made to avoid relatively lengthy and
unfamiliar acronyms by designating only the generic type of
detection, using the abbreviations defined below. (Velocity
modulation, designated as a separate detection technique in
the first of this series of data evaluations,” is widely used and
is considered to be a measurement tool rather than a type of
observation. The type of laser used for the absorption mea-
surement in an infrared detection scheme employing velocity
moduiation is instead specified in these tables.)

AB near infrared-visible-ultraviolet absorption

cC color-center laser

CR cavity ringdown

DL diode laser absorption

DP1 depletion photoionization

DR double resonance

ED electron diffraction

EF electron-excited fluorescence

EM near infrared-visible-ultraviolet emission

ESR electron spin resonance

¥D fluorescence depletion

HFD high frequency deflection

1B ion beam

iD ion drift, ion depletion (see specific refer-
ence)

IR infrared absorption (conventional or Fourier
transform)

LD laser difference frequency

LF laser-excited fluorescence (excitation and re-

solved emission)

LMR laser magnetic resonance

LS laser Stark spectroscopy

MO molecular orbital calculations

MPD multiphoton dissociation

MPI multiphoton ionization

MW microwave and millimeter wave
ND neutron diffraction

PD electron photodetachment

PE photoelectron spectroscopy

PEFCO photoelectron-photon coincidence
T-PEFCO  threshold photoelectron-photon coincidence
PEPICO photoelectron-photoion coincidence
PF photofragment spectroscopy

PI photoionization

PIFCO photoion-photon coincidence

PIR photoionization resonance

PRI photoinduced Rydberg spectroscopy
Ra Raman

SEP stimulated emission pumping

TF tunable far-infrared laser

TPE threshold photoelectron spectroscopy, in-

cluding ZEKE detection
uv near infrared-visible-ultraviolet absorption
and emission
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8. Tables

8.1. H} , H3, and Triatomic Dihydrides

+

H3

X Dy,

Vib. No.  Approximate cm™! Med. Type Refs.

sym. type of mode meas.

a,’ 1 Ring breathing  3178.18% gas IR,P1 10,12,13

LDEM 1922

e’ 2 Deformation 2521.42* gas LD,JR 14,1522

B,=43.510; C;=20.698 LD"™DL*IR’EM*

H,D*

f C2v

Vib. No.  Approximate em™! Med. Type Refs.

sym. type of mode meas.

a; 1 Ring breathing  2992.51  gas LD 3,6,11
2 Deformation 2205.87 gas LD,DL 7

by 3 Deformation 233545  gas LDDL 7

Ao=43.438(2); B;=29.134; C,=16.601 LD MW"

D,H*

Y C2v

Vib. No.  Approximate cm™! Med.  Type Refs.

sym. type of mode meas.

a, 1 Ring breathing 273698  gas LD 5,11,14
2 Deformation 1968.17  gas DL 8,14

by 3 Deformation 207843  gas DL 8,14

Ay=36.199; B,=21.869; C,=13.070 LD>'"MpL814

+

D3

X Dy,

Vib.  No Approximate cm™! Med.  Type Refs.
sym. type of mode meas.

a, 1 Ring breathing 2300.84° gas EM,DL 21
e’ 2 Deformation 1834.67*°  gas IB,.DL 2,9

By=21.810; C,=10.533 DL’*EM?

*Hot bands arising from v, and v, of H; have been observed,'>!® as have
been the first'” and second'®?° overtones of »,. Several of the correspond-
ing hot bands and overtones of D3 have also been reported.?!
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Hs

Higher Rydberg states have been detected using photoionization and field
ionization. The ionization limit observed for vibrationally and rotationally
unexcited H; from its 2p 2A% state is 29562.6(5).!%'>6 fon depletion stud-
ies have also yielded frequencies for the ring breathing vibration of a num-
ber of these higher Rydberg states.?> Near the lowest ionization threshold,
predissociation has been found to be induced by very weak electric fields.”
Rotational and vibrational interactions, autoionization, and predissociation
in the np Rydberg manifold have been studied.”’

3d A} Ds, Structure: EM?

T3=18511 gas EMPPF* 3d-2p*Aly 568-615 nm
' EM?® 3d-3p°E’ 3891-4456 cm™!

B,=42.99; C,=22.735 EM?®

3d 2E" Dy, Structure: EM®

T3=18409 gas EMSPF'4% 3d-2p2As 568-615 nm
EM® 3d-3p2E’ 3891-4456 cm™!

Vib. No. Approximate cm™! Med.  Type Refs.

sym. type of mode _ meas.

aj 1 Ring breathing ~ 3168®  gas PI 19,23

e’ 2 Deformation 2518 gas EM,PF 22

By=42.99; C,=22.735 EM®

3d E’ Dy, Structure: EM?

Ta=18037 gas EM® 3d-2p*A 568—615 nm
EM® 3d-3p’E’ 3891-4456 cm™*

By=4299; C,=22.735 EMS

3p 247 Dy Structure: EM3

T3=17789 gas EM>% 3p®A4—2s%A} 556-574 nm
r=37(4) ns gas EM'

Bo=47.45; C,=23.495 EM®
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3s 4] Dy, Structure: EM?®

T5=17600 gas EMPPF'3!4 35%41-2p?A} 592-615 nm
EM® 35241-3p2E’ 3178-3847 cm™!

Vib. No. Approximate em™! Med. Type  Refs.

sym. type of mode meas.

a; 1 Ring breathing 3212.1(3)® gas PI 19,23

e’ 2 Deformation 2588(2) gas EMPF 22

Bo=44.19; C,=22.676 EM°

3p ’E’ Dsy

Ta=13961 gas EM>*
BMS
EM®

=1.1(+0.2, -1.0) ns gas EM?
By=42.15; C,=21.505 EM®

Structure: EM®
3p2E'-25%A} 708-736 nm
35%A|-3p*E’ 3178-3847 cm™!
3d-3p2E’ 3891-4456 cm™!

2p 4] D3, Structure: EM®

T5=993 gas EM>® 352A;-2p’A} 592-615 nm
EM® 3d-2p*A; 568615 nm

Vib. No Approximate cm™! Med. Type  Refs.

sym type of mode meas.

aj 1 Ring breathing ~ 3255.38(3) gas PI 17-19

e’ 2 Deformation 2618.34(3) gas PI 18

B,=44.58; C,=22.288 EM®
Too=640(+300,—100) ns;
T10=740(+300,—100) ns gas

25 Ay Dy,
gas EM*?
gas EM*

Bp=46.82; Cy=2341 EM>

H,D

35 24, C,,
=4 ns gas EM?

3P 2Bl C2v
7=29(3) ns gas EM?

3p 2A1, 2Bz Cayy

7=2.5(+0.3,-0.7) ns gas EM?!

D,H
35 4, Ca,
r=5ns gas EM?¥
3 B, Cov

T3=17834.4 gas
71=31.5(3.2) ns; =89 ns gas

3P ZAI H ZBZ CZV

PI*PF*

Structure: EM?
3p’As-25%A 556-574 nm
3p*E'-25A] 708-736 nm

Structure: EM’
3p*B,-25%4; 560 nm

EMZO

7=50(7) ns gas EM*

25 4, Cyy Structure: EM®

Vib.  No.  Approximate cm™! Med. Type  Refs.
Sym. type of mode meas.

a; 1 Ring breathing  2950(20)  gas EM 20
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D,

The ionization limit of D3 with respect to the vibrationless level of its
2p 2Aj state has been found to be 29602.2!

3d 24, Dy,
T5=18530 gas EM®
EM?®

r=12(1) ns gas EM>?
B,=21.72(2); Cp=10.91(2) EM®

3d 2E" Dy,

T3=18433 gas EM®
EM®

r=12(1) ns gas EM>®

By=2172(2); Co=1091(2) EM®

3d 2g' Dy,
T3=18098 gas EM®
EM?

7=12(1) ns gas EM’®
Bo—21.72(2); Cp—10.91(2) EMF

3p ZAZ Dy

T5=17872 gas EM>*SLF’
79=29(1) ns gas EM°
By=22.73(6); C,=10.68(2) EM®

35 %A; Dy,
T3=17642 gas EM’
EMS®

r=10ns gas EMZ
By=21.98; C,=12.41 EM®

3p E D

Structure: EM®
3d-2p*A} 569-601 nm
3d-3p’E' 3772-4517 cm ™!

Structure: EM®
3d-2p®A; 569-601 nm
3d-3p°E’ 3772-4517 cm™!

Structure: EM3
3d-2p*A% 569-601 nm
3d-3p*E’ 3772-4517 cm™!

Structure: EM®
3p?A5—25%A} 553-569 nm

Structure: EM®
3524} -2p2A} 592614 nm
35%A;-3p*E’ 3382-3768 cm™!

Structure: EM®

3h
T5=14091 gas EMZ*?LF 3p2E'-2s5%A; 700-765 nm
EM® 352A;-3p2E’ 3382-3768 cm ™!

~EM® 3d-3p*E’ 3772-4517 cm™!

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas.

aj 1 Ring breathing ~ 2145T  gas EM 21

e’ 2 Deformation 1750T  gas EM 4,21

7—17.5(2.0) ns gas EM>?!

By=21.15; C,=10.59 EM®

2p A} Dgy, Structure: EM®

T3=1052 gas EM>SLF’ 352A|-2p°A} 592-614 nm
EM? 3d-2p*AYy 569-601 nm

Vib. No. Approximate cm™! Med.  Type Refs.

sym. type of mode meas.

ay 1 Ring breathing 2353.3 gas PI 29

e’ 2 Deformation 1900.9 gas ~ PI 29

Bo=22.1127'C0=11.056 EM®
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25 4 ¢ Ds, Structure: EM?
gas EM>LF’ 3p?A4-25%A] 553-569 nm BeH,
EM* 3p%E'-25°A{ 700-765nm ¥ D.y

Vib.  No.  Approximate em™! Med.  Type  Refs. Vib. No Approximate cm™! Med. Type Refs.
sym. type of mode meas. sym. type of mode . meas.

a; 1 Ring breathing ~ 2457(10)  gas EM 4,20,21 I, 2 Bend 697.9 Ar IR 1

e' 2 Deformation 1890T gas EM 21 =503 Asym. stretch 21591 Ar IR 1
By=23.09; Cu=11.544(6) EM>?!

_ BeD,

*Measured with respect to lowest bound state, 2s 2A}. Structure observed'

in the dissociation spectrum of H, has been reinterpreted® as arising from b4 Dey,

the predissociation of H; (2s 2A{) into H+H,. Unstructured emission

observed!! between 190 and 280 nm, with a maximum near 230 nm, upon Vib. No Approximate em™! Med Type Refs.

charge transfer between K and H; or D has been attributed to transitions sym. type of mode . meas.

originating in bound Rydberg states of H; or D; and terminating in the

dissociative ground-state continuum. When charge transfer with Cs was I, 2 Bend 531.9 Ar IR 1

studied,?® emicscion between 200 and 400 nm was detected for all four Zu+ 3 Asym. stretch 1674.0 Ar IR 1
" isotopic species of H;. A double maximum for D; was interpreted as arising

from emission to both sheets of the ground-state potential surface. Photo-

Reference

fragment spectroscopy’* has placed the 2p 24 state 5.563(20) eV above
the ground-state H+H, dissociation limit.

®Observed for N=1 rotational level.

°Predissociated by vibronic interaction with the 2p 2E’ repulsive ground
state; linewidth is approximately 15 cm™! for H; and 6 cm™! for D,.2
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X Doy
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sym. type of mode meas.

i1, 2 Bend 439.8 Ar IR 2
430 Kr IR 1
417 Xe IR 1

St 3 Asym. stretch 15719 Ar IR 2
1558 Kr IR 1
1569 Xe IR 1
1544

MgD,

X Doy

Vib. No Approximate em™! Med. Type Refs.

sym. type of mode meas.

I, 2 Bend 309 Kr IR 1
300 Xe IR 1

2. 3 Asyu. stretch 1163.2 Ar IR 2
1153 Kr IR 1
1160 Xe R 1
1144
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TiH, HfD,
X (% Structure: IR! X %4, Cyy
Vib. No. Approximate em™! Med. Type Refs. Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas. sym. type of mode meas.
a; 2 Bend 496.1T Kr IR b, 3 HfD, a-stretch 1166.7 Ar IR 1
by 3 TiH a-stretch 1435.5 Ar IR 1,2 1161.0
1416.5vs Kr IR
1412.1vs Reference
TiD2 !G. V. Chertihin and L. Andrews, J. Phys. Chem. 99, 15004 (1995).
f CZV
Vib.  No.  Approximate  cm™! Med.  Type Refs. Fe H2
sym. type of mode meas.

In an argon, krypton, or xenon matrix, three broad absorptions appear! be-
ay 2 Bend 376.5T Kr IR 1 tween 400 and 450 nm. Irradiation at 440 nm results in photodecomposition,
b, 3 TiD a-stretch 1041.1 Ar IR 1,2 producing Fe+H,."? -

1028.1vs Kr IR 1
1024.5vs T 5A D.y Structure: LMR®
References Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
'Z. L. Xiao, R. H. Hauge, and J. L. Margrave, J. Phys. Chem. 95, 2696 2 Bend 335 Ar IR 2
, 4. ' 322 Kr IR 1
G. V. Chertihin and L. Andrews, J. Am. Chem. Soc. 116, 8322 (1994). 323 Xe IR 1
3 FeH a-stretch 1674.72 gas LMR 5
1660.8 Ar IR 24
1647 Kr IR 1,2
ZrH, 1636 Xe IR 12
X 3%, Cy B,=3.013 LMR’
Vib. No.  Approximate type  cm™! Med.  Type Refs.
sym. of mode meas.
- FeD,
by 3 ZrH, a-stretch 15186  Ar IR 1

In krypton and xenon matrices, three broad absorptions appear! between 400

and 450 nm, each slightly shifted from their FeH, counterparts. Irradiation at
ZI'D2 440 nm results in the formation of Fe+D,.!?

- 3 c
h “ T, =9530(180) gas PE®
Vib. No. Approximate cm™! Med. Type Refs. TsA Dop
sym. type of mode meas.
. e ) ; I
b, 3 ZiD, a-stretch 1092.5 Ar IR 1 Vib. No. Approximate cm Med. Type Refs.
sym. type of mode meas.
Reference 2 Bend 235 Ar IR
232 Xe IR 1
'G. V. Chertihin and L. Andrews, J. Phys. Chem. 99, 15004 (1995). 3 FeDa-stretch 12042 Ar R 24
1195 Kr IR
1188 Xe IR 1

HfH,

T4, o

Vib.  No.  Approximate cm™! Med.  Type Refs.
sym. type of mode meas.

b, 3 HfH, a-stretch 1629.1 Ar IR 1

1622.4
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COH2

Photodissociation into Co+H, was observed” on irradiation at 22000.
To=2600 gas PE!
Ty=535(90) gas PE!

X
Vib. No. Approximate em™! Med.  Type Refs.
sym. type of mode meas.
2 Bend 380 Ar IR 2
3 CoH a-stretch 1684.5 Ar IR 2,3
1647 Kr IR 2
CoD,

T,=2600 gas PE!
T,=440(60) gas PE!

X
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
3 CoD a-stretch 12234 Ar IR 23
1215 Kr IR 2
References

'A. E. S. Miller, C. S. Feigerle, and W. C. Lineberger, J. Chem. Phys. 84,
4127 (1986).

2R. L. Rubinovitz, T. A. Cellucci, and E. R. Nixon, Spectrochim. Acta A
43, 647 (1987).

3W. E. Billups, S.-C. Chang, R. H. Hauge, and J. L. Margrave, J. Am.
Chem. Soc. 117, 1387 (1995).

NiH,
T,=1600 gas PE'
Y CZv
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a; 1 Sym. stretch 2200T gas PE 1
2007 Ar IR 2
1985 Kr IR 2
2 Bend 771 Ar IR 2
by 3 Asym. stretch 1969 Ar IR 2
1947 Kr IR 2
NiD,
Ty=1600 gas PE!
Y C2v
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
4 1 Sym. stretch 1445 Ar IR 2
1430 Kr IR 2
2 Bend 602 Ar IR 2
b, 3 Asym. stretch 1426 Ar R 2
1411 Kr IR 2

References

YA, E. S. Miller, C. S. Feigerle, and W. C. Lineberger, J. Chem. Phys. 84,
4127 (1986).

2S. Li, R. J. Van Zee, W. Weltner, Jr., M. G. Cory, and M. C. Zemer, J.
Chem. Phys. 106, 2055 (1997).

PtH,
f CZV
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
2349T Ar IR 1
2314T Kr IR 1
2168T Ar IR 1
215RT Kr TR 1
References

1S. Li, H. A. Weimer, R. J. Van Zee, and W. Weltaer, Jr., J. Chem. Phys.
106, 2583 (1997).

anz

X Doy,

Vib.  No Approximate cm™! Med.  Type Refs.

sym. type of mode meas.

II, 2 Bend 630.9 Ar IR 12

625.3 Kr IR 1

st 3 ZnH, a-stretch 1870.8 Ar IR 1,2
1861.0  Kr IR 1

ZnD,

X Doy,

Vib. No Approximate cm™! Med.  Type Refs.

sym. type of mode " meas.

II, 2 Bend 454.4 Ar IR 2

3. 3 ZnD, a-stretch ~ 1357.2  Ar IR 1,2

1350.9 Kr IR

References

7. L. Xiao, R. H. Hauge, and J. L. Margrave, High Temp. Sci. 31, 59
(1991).

2T. M. Greene, W. Brown, L. Andrews, A. J. Downs, G. V. Chertihin, N.
Runeberg, and P. Pyykko, J. Phys. Chem. 99, 7925 (1995).

CdH,

X

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas.

1, 2 Bend 604.6 Ar IR 1
601.7

3,* 3 CdH, a-stretch 17535 Ar IR 1
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cdD, HgD,
¢ X Do
' Vib. No.  Approximate em™! Med.  Type Refs. Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas. sym. type of mode meas.
II, 2 Bend 4342 Ar IR 1 1, 2 Bend 555.2 Ar IR 1
4325 553.3
St 3 CdD, a-stretch 1264.4 Ar IR 1 555.8 D, iR 1
5533
561.3 N, IR 2
S 2
Reference p 3 Asym. stretch 13654  Ar R 1
1363.6
IT. M. Greene, W. Brown, L. Andrews, A. J. Downs, G. V. Chertihin, N, 1362.8
Runeberg, and P. Pyykkd, J. Phys. Chem. 99, 7925 (1995). 1368.5 D, IR 1
1395.6 N, IR 2
NbH2 References
X Gy IN. Legay-Sommaire and F. Legay, Chem. Phys. Lett. 207, 123 (1993).
2N. Legay-Sommaire and F. Legay, J. Phys. Chem. 99, 16945 (1995).
Vib.  No.  Approximate em™! Med.  Type Refs.
sym. type of mode meas.
a; 1 Sym. stretch 1611m Ar IR 1 ThH 5
2 Bend 519ms Ar iR 1
by 3 Asym. stretch 1569s Ar IR 1 b4 Cyy
NbD2 Vib.  No.  Approximate cm™! Med.  Type Refs.
sym. type of mode meas.
' C
& Gl a 1 Sym. stretch 14801  Ar R 1
Asym. stretch 1455.6 Ar IR
Vib. No. Approximate em™! Med. Type Refs. 2 3 sym. strefe !
sym. type of mode meas.
ThD,
a; 1 Sym. stretch 1154m Ar IR 1
Bend 373ms Ar IR 1 b Cyy
by 3 Asym. stretch 1128s Ar IR 1
Vib. No. Approximate cm™! Med. Type Refs.
Reference sym. type of mode meas.
a; 1 Sym. stretch 1055.6 Ar IR 1
'R. I. Van Zee, S. Li, and W. Weltner, Jr., J. Chem. Phys. 102, 4367 b, 3 Asym. stretch 1040.3 Ar R 1
(1995).
Reference
HgH2 Ip. F. Souter, G. P. Kushto, L. Andrews, and M. Neurock, J. Phys. Chem.
A 101, 1287 (1997).
X Deoy
Vib. No.  Approximate em™! Med.  Type Refs.
sym. type of mode meas. UH2
I, 2 Bend 773.0 Ar IR 1 4 Cy
771.1
769.7 Vib. No. Approximate em™! Med. Type Refs.
769.2 Kr IR 1 sym. type of mode meas.
7725 H, IR 1 .
781.0 N, IR 2 a, 1 Sym. stretch 1406.1 Ar IR 1
P 3 Asym. stretch 1895.8 Ar IR 1 1399.0
18954 13922
1893.1 Kr IR 1 b, 3 Asym. stretch 1370.7 Ar IR 1
1891.2 1365.3
1889.2 1360.6
1902.7 H, IR 1
1943.7 N, IR 2
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uD, GaH,
X Cyy X Coy
Vib. No.  Approximate cm™! Med.  Type Refs. Vib.  No.  Approximate  cm™! Med. Type  Refs.
sym. type of mode meas. sym. type of mode meas.
a, 1 Sym. stretch 1003.5 Ar IR 1 a, 1 Sym. stretch 1727.6wm  Ar IR 1,2
998.3 1730.8 Kr IR
992.5 2 Bend 740.1wm  Ar IR
b, 3 Asym. stretch 978.7 Ar IR 1 b, 3 Asym. stretch 1799.2vs Ar IR 1,2
975.7 1796.4 Kr IR
972.5
GaD
Reference 2
i CZV
'P. F. Souter, G. P. Kushto, L. Andrews, and M. Neurock, J. Am. Chem.
Soc. 119, 1682 (1997). Vib. No. Approximate cm™! Med. Type Refs.
' sym. type of mode meas.
AIH a; 1 Sym. stretch 1244.7 Ar IR 1,2
2 12442wm * Kr IR
2 Bend 528 Ar IR
A2 tructure: AB!
A B,(IN) Dey l Structure: AB o b, 3 Asym. stretch 13033 Ar IR 12
To<<15200 gas AB A-X 6584 nm 1302.4s Kr IR
Other bands were also observed, but their analysis has not been reported.
There is cvidence for a predissociation limit at 15450, References

B, (cm™1)=3.57 AB!

¥, Cyy Structure: AB!
Vib. No. Approximate cm™! Med.  Type Refs.
sym. type of mode meas.
a; 1 AlH s-stretch 1770.0m  Ar IR 3-5
1766vw Kr IR 2
2 Bend 766.4m  Ar IR 4,5
. 760m Kr IR 2
b, 3 AlH a-stretch  1806.6vs  Ar IR 3-5
1799w Kr IR 2

Ag=13.6; By=44; Cy=33 AB!

AID,

X 2, Cay

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas.

ap 1 AlD s-stretch 1278.9 Ar IR 34
1275vw Kr IR 2

2 Bend 554.1 Ar R 4

560m Kr IR 2

b, 3 AlD a-stretch 1325.0 Ar R 34
1320w Kr IR 2

References

'G. Herzberg, Molecular Spectra and Molecular Structure. IIl. Electronic
Spectra and Electronic Structure of Polyatomic Molecules, pp. 490-491,

2583 (Van Nostrand, Princeton, NJ, 1966).

3J. M. Parnis and G. A. Ozin, J. Phys. Chem. 93, 1215 (1989).

4G. V. Chertihin and L. Andrews, J. Phys. Chem. 97, 10295 (1993).
P. Pullumbi, C. Mijoule, L. Manceron, and Y. Bouteiller, Chem. Phys.
185, 13 (1994).

5?1 Pullumbi, Y. Bouteiller, and L. Manceron, J. Chem. Phys. 101, 3610
994).

l7. L. Xiao, R. H. Hauge, and J. L. Margrave, Inorg. Chem. 32, 642
(1993). .

2p, Pullumbi, C. Mijoule, L. Manceron, and Y. Bouteiller, Chem. Phys.
185, 13 (1994).

InH,
X; CZV
Vib. No. Approximate cm™! Med.  Type Refs.
sym. type of mode meas.
a; 1 Sym. stretch 1548.6wm  Ar IR 1
2 Bend 607.4wm Ar IR 1
b, 3 Asym. stretch 1615.6vs Ar R 1
InD,
X_ C2v
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a, i Sym. stretch 11153 Ar IR 1
Bend 429.1 Ar IR 1
by 3 Asym. stretch 1165.8 Ar R 1
Reference

p, Pullumbi, C. Mijoule, L. Manceron, and Y. Bouteiller, Chem. Phys.
185, 13 (1994).
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SiH,*

A ’B(ID)

gas PF'? A-X 567659 nm
Predissociation into Si*-+H, and into SiH*+H was observed.
B=3.956(1) PF!

X 24, Cyy
B=5.094(2); C=3.772(4) PF!
References

IM. C. Curtis, P. A. Jackson, P. J. Sarre, and C. J. Whitham, Mol. Phys. 56,
485 (1985).

2D. I Hall, A. P. Levick, P. J. Sarre, C. J. Whitham, A. Alijah, and G.
Duxbury, J. Chem. Soc., Faraday Trans. 89, 177 (1993).

CH,

4p C2v
T,=74254 gas MPT’

D
To=71592 gas ABMPI® D-X139.7 nm
c
Ty=70917 gas AB'MPI® C-X 141.0 nm

3d %A, C, Structure: AB’

Ty=70634 gas AB'MPP® 3d%4,-X 141.5 nm
Diffuse. First member of Rydberg series converging to 83851. Higher
members observed (AB?) at 76553, 79241, and 80688. '

By=6.89° AB!

3 Co
Ty=64126 gas MPI’

¢ A,

1

=)

gas AB? 330-362 nm

3}

b B Cyy Structure: AB>?

T(): 10255(20) gas AB1’3’27’44LMR2ILF33'38'40'42'43 5—5465—920 am

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode ueas.
a; 2 Bend 570T gas AB 3

7(0,14,0)=4.6(1)us LF>¥

7(0,16,0)=13(3)us LF"
3.8(3) us LF®

By=17.74 AB!

Bartier to linearity=1617%

a AP Cyy Structure: AB3>2%3!
T,=3147(5) gas AB!284] \R26IOpE2 AL E323640424345g 3234
b-a 465-920 nm

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas.

a; 1 CH, s-stretch  2806.01(7) gas LFLD,JR 10,20,31,40
2 Bend 1352.6 gas AB,LF 3,27,28,40

by 3 CH, a-stretch  2864.97(2) gas LD,IR 20,31

=18 §°

Ag=20.118(2); Bo=11.205(2); Co=7.069(2) AB*?"8
Barrier to linearity=8600(400) LF*

J. Phys. Chem. Ref. Data, Vol. 27, No. 2, 1998

X *B, Cyy Structure: ESR*-SAB'LMR 5 1[R!726
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a; 2 Bend 963.10 gas LMR 12,16
DL 19,25
b, 3 CH, a-stretch  3190(5)¢  gas IR 31
Ap=73.811; B,=8.450; Co=7.184 IR®
Barrier to linearity=1931(30)%
CD,
4P C2v
Ty=74228 gas MPI’
D
T,=70947 gas AB'MPI* D-X 140.95 nm
c
To=71510 gas AB!MPI*® &-% 139.8 nm
3d %A, C,, Structure: AB’
Ty=70391.7 gas AB'MPI*¢ 3d°4,~X 141.6 nm
By=3.595 AB!
3P CZV
To=64082 gas MPF’
b— lBl b Clv :
gas L4 F-a 510-610 nm

7(0,16,0)=6.0(7) s LF®

a" lAl b CZV

To=3140(50) gas PEPLF*'SEP! b—a 510-610 nm
Vib.  No.  Approximate  cm™! Med. Type Refs.
sym. type of mode meas.

a; 2 Bend 1005(1) gas LF 13

Ap=11.37(32); B,=5.476(48); C,=3.701(45) LF*SEP¥

f 331 C?.v

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of made meas.

a; 2 Bend 75237  gas DL 19

Ao=37.187; 3(B+C)o=3.962; H(B-C)=0267 LMRBZMW*

*Value given for >CH,.

®The a 'A; and b !B, states are perturbed by strong Renner—Teller
interaction.>!42°# They are also strongly perturbed by interaction with the
X 3B, statp 1835

“Calculated alue !

9From analysis of perturbations involving combination bands.?!
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SiH,
A B,® Cyy Structure: AB!?

T,=15530.4(5) gas AB'ZLF*!B A-X 480-650 nm
Onset of predissociation into Si (‘D) + H, near 21450."!

Vib. No.  Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a, 1 Sym. stretch 1990 gas LF 13

2 Bend 854 gas AB,LF 1,11,13

70=110(17)us gas LFO7!!
Ap=17.75;> By=4.9;® C;=2.8" AB?
Barrier to linearity =80003

E 331 CZV
To=7340(240)° gas PI
Bartier to predissociation into Si (*S)+H, between 17070 and 17690."!

X4, Cy Structure: AB'?
Vib.  No.  Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a 1 Sym. stretch 197851 gas LF 10,13,15
1964 At IR 5
2 Bend 999.03 gas ABLF 249,13
DL 15
995 Ar IR 5
b, 3 Asym. stretch ~ 1954° gas LF 10,13,15
1973 Ar IR 5
Ao=8.099; B4=7.024; C,=3.703 AB>DL’
SiD,
A G
T,=15539.875(2) gas LFM A-_X 463-652 nm
Vib.  No. . Approximate em™! Med. Type Refs.
sym. type of mode meas.
a, 2 Bend 618.55 gas AB,LF 1,11,14
Ap=9.629; By=2.456; Co=1.926 LF“
70=093(38)us gas LF!
T4, G,
Vib. No.  Approximate em™! Med. Type Refs.
sym. type of mode meas.
a, 1 Sym. stretch 14278 Ar IR
Bend 731 gas LF 11
720 Ar IR
b,y 3 Asym. stretch 1439 Ar IR 5

Ag=4.334; By=3.519; C,=1.919 LF"

*The A 'B, and X 'A, states are perturbed by strong Renner—Teller
interaction.” The combined effects of Renner—Teller and spin-orbit interac-
tion have been considered in detail by Ref. 12.

PExtrapolated vatues.”

°Possibly 6290(240).2
In Fermi resonance with 2¥,, observed for SiH, at 2005.7 {(gas) and 1993
(Ar) and for SiD, at 1445 (Ar).

:%( 23).

.
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GeH,

A 1B, Cyy Structure: LF*

T,=16325.54(2) gas LF** A-X 489750 nm

1

Vib. No.  Approximate cm” Med.  Type Refs.
sym. type of mode meas.
a; 1 Sym. stretch 17984  gas LF 4

2 Bend 783.0  gas LF 2-4

T=229(7)us gas LPF*
Ag=16.415(21); By=4.518(3); Cy=3.460(4) LF*

f IA 1 CZV
Vib. No. Approximate em™! Med. Type Refs.
sym. type of mode meas.
GeH stretch ~ 1887wm  Ar IR 1
GeH stretch 1864wm Ar IR 1
a, 2 Bend 913 gas LF 2
920wm Ar IR 1

Ay=6.998(15); By=6.531(8); C,=3.332(3) LF*

GeD,

A B, Gy

To—16323 gas LF7 A-X 535-700 nm
Vib.  No.  Approximate cm™' Med. Type Refs.
sym. type of mode meas.

a; 2 Bend 563 gas LF 23

To=2.5(5)us gas LF°

X Gy

Vib. No.  Approximate ecm™' Med.  Type Refs.

sym. type of mode meas.
1338ms

GeD stretch 1329vs Ar IR 1

1325vs

a, 2 Bend 659 gas LF 2

658m Ar IR
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NH,*
5 B, Cyy
Ty<20490(160)* gas PE!
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a, 2 Bend 920(150)  gas PE 1
a 4, Coy
T,=10530(80) gas PI
Vib.  No.  Approximate  cm™! Med.  Type  Refs.
sym. type of mode meas.
a; 1 Sym. stretch 2900(50) gas PE 1

2 Bend 1350(50) gas PE 1
X 3B, Dq,)° Structure: LD*
Vib.  No.  Approximate cm™! Med.  Type  Refs.
sym. type of mode meas.
I, 2 Bend 439T gas LD 4
p 3 Asym. stretch ~ 3359.94  gas LD 34
B,=7.959 LD* ’

+
ND,
a A, Co
Vib.  No.  Approximate  cm™! Med.  Type Refs.
sym. type of mode meas.
a; 1 Sym. stretch 2210(50) gas PE 1
Bend 940(50) gas PE 1

X B, Dy
Vib.  No Approximate  cm™! Med.  Type  Refs.
sym. type of mode meas.

I, 2 Bend 33030)H  gas PE 1

?Corrected for revision® of first adiabatic ionization potential of NH,.
®Quasilinear; barrier to linearity <3v,.*
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NH,

Rydberg series with members at 93054, 95753, 97193, and 98049, converg-
ing to NH,* (A" 'A,) at 100410. PI"

A U@Y* G Structure: AB

To= 111226 gas AB'SZLpS2L235.2pM25 A-X 342-2700 nm
Ne,ArKrXe® AB>*>? A-X 344-880 nm
N AB’® A-X 480-620 nm

Vib. No. Approximate cm~! Med. Type Refs.

sym. - type of mode meas.

a, 1 Sym. stretch 3325 gas AB 1
Bend 633 gas AB 1

Tooos=10.0(1.7)us gas LF

Toeon=10(3)us gas LFY

Approximate v dependence.”!” In another LF study," 7 varied from 25 to
46 us for relatively unperturbed rotational sublevels, and there was a weaker
~100 us component associated with levels which are substantially
perturhed.

By=878 AB!

Bartier to linearity=730"

X 2,® Cyy Structure: AB'IR?
Vib. No. Approximate cm™! Med. Type Refs.
Sym. type of mode meas.
a; 1 Sym. stretch 3219.37  gas LF.EM 6,15,16
LD,JR 21,23
3220w° N, IR 5
2 Bend 1497.32  gas UV,LF 1,6,8-10
LMRIR 13,20
~ 1499m N, IR 5
b, 3 Asym. stretch  3301.11  gas LDLEIR 16,21,23

A¢=23.693; By=12.952; C,=8.173 AB!’LMR!? IR?*?* MW?®
Barrier to linearity=12024'

ND,
A AT ® Cov
gas AB! A-X 500-680 nm
Ar ABY A-X 380-825 nm
Vib. No. Approximate cm™! Med.  Type Refs.
sym. type of mode meas.
a; 1 Sym. stretch 2520T gas AB 1
2 Bend 430 gas AB 1
By=441 AR!
X, C,,
Vib. No. ~ Approximate  cm™! Med.  Type Refs.
Sym. type of mode meas.
a; 2 Bend 1108.75 gas LMR 11,18

1110m N, IR 5

Ao=13.342; By=6.488; C;=4.290 AB"® LMR!'"MW?*IR?’

“The A 24, and X 2B, states are perturbed by strong RennerTeller in-
teracnon

°A detailed comparison of the argon-matrix data with gas-phase data has
been given in Refs. 22 and 27. Rotational structure is resolved in the rare-

gas matrices. In nitrogen,? bands are very broad and red-shifted by approxi-
mately 400 cm™ !, with no evidence for rotational structure.
°Assigned® in matrix studies to v5. Gas-phase observation of v, at 3219.37
cm™! and demonstration'® that », is more intense than v, dictate reassign-

ment to vy.
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PH,
An,: Cyy Structure: AB*
T,=18276.569 gas ABMSEMZ3SLF?22 A-% 360-880 nm
18215(4) Ar ABRP A-X 405-550 nm
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a, 2 Bend 949.12 gas uv 2,6
949(7) Ar AB 13,19
r=4(1)us gas LF'EM"
Ap=20414(5); By=5.607; Cq=4.293 AB*“EM°LF?%
Bartier to linearity= 6840’
XB,* Cyy Structure: AB*
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a, 1 Sym. stretch 2310(2) gas PE,Ra 10,21
2 Bend 110191  gas UV,LMR 24,14
1103m Ar IR 13

Ay=9.132; B;=8.084; C,=4.214 AB“S_LMR®4ISMW! 18 F2
Barrier to linearity=25100’

PD,

A2, Cy

T,=18282.1 gas AB'EM?? A-X 360-880 nm

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas.

a, 2 Bend 689.5 gas EM 2

665(25) Ar uv 13

X, Cyy

Vib. No. Approximate cm™! Med.  Type Refs.

sym. type of mode meas.

a; 2 Bend 795.5 gas EM 23
797w Ar IR 13

Ag=43857(2); By=4.044(4); C,=2.180(2) AB’

*The A "A; and ¥ B, states are perturbed by strong Renner—Teller inter-
action.
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H,0*

E ZBZ C2v

T,=36757(12) gas PE’

Vib. - No. Approximate cm™! Med.  Type Refs.

sym. type of mode meas.

a; 1 Sym. stretch 29687 gas PE 9
Bend 1596* gas PE 9

AA(MM)®  Duy Structure: PE*'EM’

Tgo=13409.3 gas EM''7ABM A-X 400-750 nm
Vib.  No.  Approximate cm™' Med. Type Refs.
sym. type of mode meas.
a, 1 Sym. stretch ~ 3547(16) gas PE 9
2 Bend 876.8° gas ~ EMPE 59
7=10.5(1.0)us gas EF® -
Bono=8.57 EM°®
X Cy, Structure: EM>'LMRELD!CCY
Vib. No.  Approximate cm™! Med. Type ~ Refs.
sym. type of mode meas.
ay 1 Sym. stretch 3212.86 gas PELD 9,11
PLCC 13,15
3182.7 Ne IR 16
2 Bend 140842  gas EM,PE 1,5,9
DL 12
1401.7 Ne IR 16
by 3 Asym. stretch  3259.04 gas LD,CC 11,15
32195 Ne IR 16

Ap=29.036(2); By=12.423; C,=8.469 LMRPLD!'DL?CCY
Barrier to linearity <9187
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D,0*

E ZBZ Clv
To= 37430(50) gas PE**
38498(12) gas PE’

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a; 1 Sym. stretch 2282% gas PE 2,9
2 Bend 1099* gas PE 9
a 2A1(Hu) b Doy,
Tose°=10456(30) gas PE*EM' A-X 490-670 nm
Vib.  No.  Approximate cm™! Med. Type Refs.
sym. type of mode meas.
ay 1 Sym. suctch 2531(8) gas PE 9
2 Bend 640(9) gas PE 9
7is ~12% greater than for H,0*2
X® Cyy Structure: EM!
Vib. No.  Approximate cm™! Med.  Type Refs.
sym. type of mode meas.
a; 1 Sym. stretch 2344(6) gas PE 2,49
2326.7 Ne IR 16
2 Bend 1044.27(5)  gas EM 10
1040.5 Ne IR 16
b, 3 Asym. stretch ~ 2392.7 Ne IR 16

Ay=16.03; By=6.240(3); Cy=4.407(3) EMY

*Best fit of simulated photoelectron spectrum.

*The A 2A,(Il,) and ¥ 2B, states are perturbed by strong Renner—Teller
interaction.

“Vibrational numbering uncertain.
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135
H,S*
B 2B, Cy
Ty=34770(160) gas PE?
Vib. No.  Approximate cm™! Med.  Type Refs.
sym. type of mode meas.
a, 1 Sym. stretch 2259T gas PE 5
A4, Cy, Structure: EF°

To=18518 gas EFYPEX¢
Predissociated above 23300 into H,+S*.2

A-X 400~-500 nm

Vib. No.  Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a; -1 Sym. stretch 2600T gas PE 6
2 Bend 950(5) gas PE 2,56
T=4.24)us gas EF*
Bgo=5.03 EF®
Rarrier to linearity =4600!
X B, * Cyy Structure; EF'3
Vib. No. Approximate om™1 Med. Type Refs.
sym. type of mode meas.
a; 1 Sym. stretch 2490(5) gas PE 6
2 Bend 1159.0 gas EF,PE 3,6

=10.18(2); B;y=8.63(1); C,=4.60(6) EF’

D,S*

;( zAl C2v
T,=18574 gas EPF°
Bgso=246 EF

A-X 400-500 nm

X B, Co

Vib. No.  Approximate cm~! Med  Type Refs.
sym. type of mode meas.

a, 2 Bend 838.6 gas EF 3

5.37(2); By=4.32(1); Cp=2.34(2) EPF
a'I‘he: A ?A;and X 231 states are perturbed by strong Renner—ieuer in-
teraction.
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HXeH BeBeH
X th Y Cocy
Vib. No. Approximate cm™! Med. Type Refs. Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas. sym. type of mode meas.
1I, 2 Bend 700.8  Xe IR 1 3t 1 BeH stretch 20137  Ar IR 1
St 3 Asym. stretch 1180.6 Xe IR 1,2 1II 2 Bend 540.0 Ar IR 1
1165.9
BeBoD
DXeD -
X Ceev
X Doy - . . -1
Vib. No. Approximate cm Med. Type Refs.
Vib.  No Approximate et Med.  Type  Refs. Sym. type of mode meas.
sym. type of mode meas. st BeD swetch 15042 Ar IR 1
II, 2 Bend 513.5wT Xe IR 1
s.t03 Asym. stretch ~ 856.2 Xe IR 1 Reference
845.8
'T. J. Tague, Jr. and L. Andrews, J. Am. Chem. Soc. 115, 12111 (1993).
References ZnZnH
I'M. Pettersson, J. Lundell, and M. Risénen. J. Chem. Phys. 103, 205 X
(1995). ; : = ,
2V, I Feldman and F. F. Sukhov, Chem. Phys. Lett. 255, 425 (1996). Vib.  No.  Approximate  cm Med.  Type  Refs.
sym. type of mode meas.
1 ZnH stretch 1657.6 Ar IR 1
8.2. Triatomic Monohydrides ZnZnD
L|2H X
B Vib. No. Approximate cm™! Med. Type Refs.
gas MPP B’ X 360380 nm sym. type of mode meas.
ZnD stretch 1198.6 Ar IR 1
B Cyy Structure: MPI'?
= 12 ~
Ty=18940 gas MPI B-X 457-528 nm Reference

' Approximate cm Med. Type Refs.

Vib. No. -1

sym. type of mode meas.

a, 1 332 gas MPI 1,2
195 gas MPI 1,2

b, 3 309 gas MPI 12

Ap=6.87; By=0455; C4=0427 MPI*?

b4 C,,  Structure: MPI'?
Ao=13.250; B;=0.750; C,=0.710 MPI'?
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CdCdH
X
Vib. No.  Approximate cm™! Med.  Type Refs.
sym. type of mode meas.

CdH stretch 1521.0 Ar IR 1
CdCdD
X
Vib. No. /Approximate em™! Med. Type Refs.
sym. type of mode meas.

CdD suetch 1098.0 Ar IR 1

Reference
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TiCH
A ai Covy

gas LF' A-% 620-725 om
X 25+ Coy Structure: LF!
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
II 2 Bend 578(5) gas LF 1
P 3 TiC stretch 855(5) gas LF 1
By=0486 LF
TiCD
A: Cov

gas LF' A-X 620-725 nm
X == Co vy
Vib. No. Approximate cm! Med. Type Refs.
sym. type of mode meas.
II 2 Bend 442(5) gas LF 1
3t 3 TiC stretch 815(5) gas LF 1
By=0.416 LF!

Reference

M. Barnes, A. J. Merer, and G. F. Metha, J. Mol. Spectrosc. 181, 168

(1997).

VCH
A

gas LF' A-% 600-810 nm
X%, Coy Structure: LF!
Vib. No. Approximate cm™! Med.  Type Refs.
sym. type of mode meas.
I 2 Bend 564 gas LF 1
Tt 3 VC stretch 838 gas LF 1
Spin-orbit splitting=139 gas LF!
B,=0494 LF!
VCD
a

gas LF! A-X 600-810 nm
X3 Cov
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
II 2 Bend 442 gas LF 1
5t 3 VC stretch 813 gas LF 1
By=0422 LF

Reference

137

M. Barnes, P. G. Hajigeorgiou, R. Kasrai, A. J. Merer, and G. F. Metha, J.
Am. Chem. Soc. 117, 2096 (1995).

WCH

C P, Coy

Ty—141097 gas LF! C-X 652-709 nm
Vib. No. Approximate em™! Med.  Type Refs.
sym. type of mode meas.

I 2 - Bend 554 gas LF 1
3t 3 WC stretch 862 gas LF 1
B,=0.392 LF'

B, Cay

T,=13391.7 gas LF' B-X 680~747 nm
Vib. No. Approximate em™! Med. Type Refs.
sym. type of mode meas.

11 2 Bend 505 gas LF 1

T 3 WC stretch 819 gas LF 1
B,=0392 LF!

A %A, Cory Structure: LF!

Ty=120903 gas LF' A-X 749-827 nm
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.

I 2 Bend 489 gas LF 1

3t 3 WC stretch 936 gas LF 1
B,=0395 LF

a ‘3 Coy

T,=813 gas LF!

Vib. No.  Approximate cm™! Med.  Type Refs.
sym. type of mode ) meas.

I 2 Bend 612(5)° gas LF 1

DA 3 WC stretch 971(5) gas LF 1
B,=041T LF!

X Ay, Cay Structure:  LF'

Vib. No. Approximate em™! Med. Type Refs.
sym. type of mode meas.

I 2 Bend 660(5) gas LF 1

3 3 WC stretch 1006(5)  gas LF 1
By=0408 LF'
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WCD ScNH
¢ 2., Coy Am Coy
Ty=14079.8 gas LF' C-% 652710 nm T,=15023.033 gas LF!
- A=10223 gas LF
Vib. No. Approximate Type Refs. By = 0424 LF'
sym. type of mode meas.
i 22+ CUJV
I 2 Bend LF 1
3 3 WC stretch LF 1 Vib. No. Approximate cm™? Type Refs.
B,=0336 LF' sym. type of mode meas.
= C I 2 Bend 511(5) LF 1
B Ty v 5t 3 ScN stretch 935(5) LF 1
T,=134164 gas LF! B-X 680-746 nm
B,=0441 LF
Vib. No. Approximate Type Refs.
sym. type of mode meas. SCND
I 2 Bend LF 1 Ay, Coy
3t 3 WC stretch LF 1 T,=14952 gas LF
= 1
By=0.328(2) LF 7 as+ C.,
A %Ay, Cay ) - 1
— = Vib. No Approximate cm Type Refs.
- 1
To=121224 gas LF A-X749-825 nm sym. type of mode meas.
Vib. No. Approximate Type Refs. I3 2 Bend 391(5) LF 1
sym. type of mode meas. st 3 ScN stretch 877(5) LF 1
I 2 Bend LF 1
s 3 WC stretch LF 1 Reference
By=0.337 LF
0 LT, C. Steimle, J. Xin, A. J. Marr, and S. Beaton, J. Chem. Phys. 106, 9084
~ 1997).
a 42— Cmv ( » )
Ty=834 gas LF' BeOH
Vib. No. Approximate Type Refs. X
sym. type of mode meas.
: ; ~1
I N Bend LE 1 's\’lrl:1 No. :\ppm)fuma(tje cm Type Refs.
03 WC stretch LF 1 o ype o modce meas.
. : BeO stretch 1245.5T IR i
X %Ay, Cay
Reference
Vib. No. Approximate Type Refs.
sym. typc of modc mcas. 1
C. A. Thompson and L. Andrews, J. Phys. Chem. 100, 12214 (1996).
I 2 Bend LF 1 ’
3t 3 WC stretch LF 1 MgOH
By=0.347 LF' b &N Coy Structure:
Reference Vib. No. Approximate cm™! Type Refs.
sym. type of mode meas.
'M. Bamnes, D. A. Gillett, A. J. Merer, and G. F. Metha, J. Chem. Phys. I 2 Bend 188(2)H LF 2
105, 6168 (1996). 5t 3 MgO stretch  750(3) LE 2
By=0.494 MW!
MgOD/
X" 22+ C, v
Vib. No. Approximate cm™! Type Refs.
sym. type of mode meas.
II 2 Bend 130(2)H LF 2
By=0.448 MW!?

J. Phys. Chem. Ref. Data, Vol. 27, No. 2, 1998
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CaOH

G Cov
To=32630.2 gas DR%

Vib. No. Approximate cm” Med. Type Refs.
sym. type of mode meas.

II 2 Bend 311 gas DR 22
By=0.347 DR*

F G

To=30215 gas LFMPI*

E 57 Cay

T,=29879 gas LFMPI* E-X 326-335 nm

D st Cary Structure: LF*!

To=28153 gas LFMPI D-X 335-355 nm
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.

i 2 Bend 412(2) gas  LEMPI 21
p 3 CaO stretch 674.0(1.5) gas LFMPI 21

By=0364 LFY

A Coy

Tp=21896T gas LF™Y C-X 440-470 nm
Vib. No. Approximate em™’  Med.  Type Refs.
sym. type of mode meas.

I 2 Bend 312 gas LF 12
3t 3 CaO stretch 528 gas LF 12
Bowon =0.322 LF®

B 23+ Cooy Structure: LF’

Ty=18022.268(1) gas CLZLF*10 B-X 555 nm

Absorption maximum at 18236(15) in a krypton matrix.’
By=0.339 LF*

A C.. Structure: 1F20
To=15998.122 gas CLALFMSB1013161720

A-X 600-650 nm
Absorption maximum at 16096(15) in a krypton matrix.’

Vib.  No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.

H+ 2 Bend 361.36° gas LF 13,16,18
p 3 CaO stretch ~ 630.68° gas  LF 13

A =66.818 gas LF3,6,17
8w;=-36.26 gas LF31638
By=0.341 LE>6

V&> Coy Structure:  LF>720Mwt?

Vib. No.  Approximate  cm™! Med. Type  Refs.

sym. type of mode meas.

3t 1 OH stretch 3778 gas LF 21

II 2 Bend 352.93 gas LF 11,12,16
18

3t 3 CaO stretch 609.02  gas LF 3,11

By=0.334 LPF**61215wMODRY

CaOD

.G Coy

Ty=32628.3 gas DR%

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas.

II 2 Bend 267 gas DR 22

By=0.327 DR?*

C A Cov

T,=21907.128 gas LE2M" C-X 440-470 nm

Vib. No. Approximate em™ ! Med Type Refe
sym. type of mode meas.

II 2 Bend 23538  gas LF - 12
5t 3 CaO stretch 549 gas LF 12
Ag=11.494 gas LF?

By=0.294 LF"”

B 3t Coy

T;=18013.894(4) gas LF’

By=0307 LF

AT Coy

Ty=15995.016 gas LF>&17:20

Vib. No.  Approximate  cm™! Med.  Type Refs.
sym. type of mode meas.

II 2 Bend 273.33 gas LF 18
3* 3 CaO stretch 623(2)°  gas LF

Ay=66.762 LF7
£w,=-26.96 LF?®

By=0.309 LF7

Xzt Coy

Vib. No.  Approximate em™! Med. = Type Refs.
sym. typc of mode meas.

3 1 OD stretch 2790 gas LF 21

II 2 Bend 266.84 gas LF 11,12,18
st 3 Ca0 stretch 604.90 gas LF 3,11

B o =0.303 LF3,7,8.12, ”MW] 9

*The Fermi resonance between v, and 2v, is analyzed by Ref. 13.
Yo +3 Xy3.
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CaSH

C G
T,=16082 gas LF'

MARILYN E. JACOX

CaSbh

X G
Ao=4.987; By=0.139; C;=0.135 MW*
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SrOH

B ZE+ Cow
T,=16377.505(1) gas CL2LF*™! B-X 580-611 nm
Absorption maximum at 16553(15) in a krypton matrix.*

Structure: LF°

Vib.  No. Approximatc cm™! Med. Type Reofs.
sym. type of mode meas.

II 2 Bend 400.84 gas LF 3,11
po 3 SrO stretch 533.7 gas LF 15
By=0252 LPF

A Coy

Ty=14674332(2) gas CL2LFS1213 A-% 645-695 nm

Absorption maximum at 14598(15) in a krypton matrix.* An incompletely
resolved absorption at 14777(15) may be contributed either by SrOH trapped

in another matrix site or by the excitation of bending vibration in the A state.

C-&5 97__647 nm Vib. No. Approximate cm™! Med. Type Refs.
. s .
Vib. No. Approximate cm™! Med. Type Refs. sym ype of mode meas
sym. type of mode meas. II 2 Bend 381.36 gas LE 12
5* 3 SrO st 2. 5
a’ 3 CaS stretch 312 gas  LF 1 swetch 3426 ss LF 6D
A=263.93 gas LFSB
B 2Ar C, £=—0.0791 gas LFY?
—09s, 6
To=15859.4638(15) gas LF'LS3 o 607-650 nm 00234 gas LF
T 29+ . 3
Vib. No. Approximate cm~! Med. Type Refs. X > Cov Structure:  LE'MW?
Sym. type of mode meas.

B P Vib.  No.  Approximate  cm™! Med.  Type Refs.
a' 3 CaS stretch 320 gas LF 1 sym. type of mode meas.
Ag—10.434; By—0.143; Cy—0.141 LS? 5+ 1 OH strotch 3766(10)  gas LE g

I 2 Bend 363.69 gas LF 3,6,11
A 27 C, Structure: LF? St 3 SrO stretch 526.99 gas LF 3,6,13
T,=15380.2847(2) gas LF!? A_% 626-679 nm 479.3 Ar IR 5
- " Bp=0249 LFSIIMWII0
Vib. No. Approximate cm™! Med.  Type Refs.
sym. type of mode meas. SrObD
a’ 3 CaS stretch 318 gas LF 1
Ay=9.091; B;=0.147; C,=0.145 LF* B 3+ Cav Structure: LF?
To=16366.0983 . gas LEF>* B_X 607-611 nm
X C, Structure: LFPMW*
Vib. No. Approximate cem™! Med. Type  Refs.

Vib. No. Approximate em™! Med. Type Refs. sym. type of mode meas.

sym. type of mode meas.
i n 2 Bend 311(10)  gas LE 3

a’ 3 CaS stretch 326 gas LF 1 p 3 SrO stretch 523.65 gas LF 3,14

Ag=9.694; B,=0.142; C;=0.140 LF"MW* By=0228 LF*1*
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> Coy Structure: LF?
Vib. No.  Approximate cm™! Med.  Type Refs.
sym. type of mode meas.
I 2 Bend 282(10) gas LF 3
po 3 SrO stretch 510(10) gas LF 3

470.6 Ar IR 5
By=0.225 LFMMW?
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ZnOH
X
Vib. No. Approximate em™! Med. Type Refs.
sym. type of mode meas.

%ZnO stretch ~ 649.6  Ar IR 1,2
Zn0OD
¥
Vib. No_ Approximate cm™! Med. Type Refs.
sym. type of mode meas.

#Zn0 stretch  648.1  Ar IR 1
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HNB

X Cay

Vib. No. Approximate em™! Med Type Refs.

sym. type of mode meas.

s 1 NH stretch 3693.7 Ar IR 1,2

11 2 Bend 432.5 Ar IR 2

s 3 NB stretch 1829.6 Ar IR 2

DNB

X‘" Coov

Vib. No. Approximate em™! Med Type Refs.

sym. type of mode meas.

D 1 ND stretch 27174 Ar IR 1,2
3 NB stretch 1776.1 Ar R
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HBS*

B3t Coy

T,=38000(1000) gas PE>?

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.

3 1 BH stretch 2190(100)  gas PE 2,3
A3t Coy Structure: PEZ3%

T,=19827 gas EM'EF* A-X 479-635 nm
Vib. No.  Approximate cm™! Med. Type  Refs.
sym. type of mode meas.

P 1 BH stretch 2214.8(4)  gas EF 4
po 3 BS stretch 1050.9(4)  gas EF 4
7=2300(200) ns gas EF°

By,=0.615* EM!

X m,, Cav Structure: PE6

Vib. No.  Approximate em™! Med.  Type Refs.
sym. type of mode meas.

P 1 BH stretch 2746.8(4) gas EF 4

I 2 Bend 659(1) gas EF 4
>t 3 BS stretch 984.1(4)*  gas EF 4

Agie=—321 4, ew,=—45(1).4
By = 0.576* EM!
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DBS*

T Car

Ty=19913 gas EF* A-X 462646 nm

Vib. No.  Approximate  cm™! Med. Type  Refs.
sym. type of mode meas.

3t 1 BD stretch 1706.6(4)  gas EF 4
pg 3 BS stretch 1011.1(4)  gas EF 4

7 M, Cuy

Vib. No.  Approximate  cm™! Med. Type  Refs.
sym. type of mode meas.

p i BD stretch 2071.1(4) gas EF 4

st 3 BS stretch 933.9(4)°  gas EF 4

From analysis of bands originally attributed to BS and reassigned by Ref. 4
to HBS™.
%975.9(4) in ¥ 211, state.

A C

oy

T5=3692.61 gas CC!*Mpg*®
36858 Ne AB®
3732 Ar AB?®

In neon and argon matrices, a complicated absorption band systém of HCC
extends from approximately 3600 to 9000.21% This band system is exten-
sively perturbed by high vibrational levels of the ground state. A few of the
individual bands have been observed in the gas phase by color-center laser
absorption,'%*? by high resolution emission spectroscopy,”* or by time-
resolved emission spectroscopy.”® Because of the extensive perturbations
and because of the high energy input in the gas-phase studies, high
ground-state  vibrational levels are prominent both in the gas
phasel0.1419.2627.32.3740-42 a4 in neon and argon matrices.”%13%

Quasicontinuous 400~900 nm emission results on 136—110 nm photolysis
of C,H, or HCCBr in the gas phase.>!""'*!” The fluorescence lifetimes vary
from 6 to 20 us.!"3'7 Unstructured emission from 1 to 5 wm has been
detected'® upon 193 nm photolysis of gas-phase C,H,, with maximum in-
tensity between 3600 and 5000. The HCC fluorescence resulting from the
193 nm phoiolysis of HCCBF extends (rom 500 um o 5 gin,'® with lifetie
increasing from ~5 ps near 500 nm to ~60 ws near 4000. Unstructured
HCC emission between 400 and 500 nm has also been observed' on
vacuum UV irradiation of C,H, isolated in the solid rare gases.

937.4(4) in X 211, state. Vib. No.  Approximate cm ™! Med.  Type Refs.
sym. type of mode meas.
References
» e A 3 CC streich 17062T  Ne AB 38
1J. K. McDonald and K. . Innes, J. Mol. Spectrosc. 29, 251 (1969) = 2e+ 31
: X s . ' ture: MW
2T, P. Fehlner and D. W. Tumner, J. Am. Chem. Soc. 95, 7175 (1973). Xz Cov Structure
3H. W. Kroto, R. J. Suffolk, and N. P. C. Westwood, Chem. Phys. Lett. 22, - - )
495 (1973). Vib. - No Approximate  cm Med. Type  Refs.
4M. A. King, D. Klapstein, R. Kuhn, J. P. Maier, and H. W. Kroto, Mol. ~ SYM type of mode meas.
Phys. 56, 871 (1985). +
SM. A. King, R. Kuhn, and J. P. Maier, J. Phys. Chem. 90, 6460 (1986). % L CHstretch 329885T  gas  CC 2
6 I 2 Bend 371.60° gas DL 26,27
F. T. Chau, Y. W. Tang, and X. Song, J. Electron Spectrosc. Relat. Phe- +
nom. 70, 39 (1994). p 3 CC stretch 1840.57 gas DL 23
: 1835.5 Ne IR 38
1846.2m Ar IR 1,3,20,21
A=10 IR™
HCC Bop=1457 MW7 LMR!?
. Bgp=1451 LMR*
3po Rydberg state* C,,
Tp=72100(1300) gas MPP*
T,=51387(25)T Ar AB® 195-160 nm DCC
i 4 :
Vib. No. A-ppromma(tie cin Med. ‘lype Kefs. 3po Rydberg state® Cay
sym. type of mode meas. T,=72100(1300) gas MPP*
CC stretch 2175(25) Ar AB 8
Bond 63025 Ar AB 8 To=51493(25)T Ar AB?® 194-170 nm
Vib. No. Approximate cm™! Med. Type Refs.
B 7 C, sym. type of mode meas.
LE35.36.40p\ 439 w7 _
£ J-X 250-313 nm CCstretch ~ 2183(25) Ar AB 8

Approximately 20 emission bands of HCC have been assigned to transitions
between a few common upper-state energy levels and HCC (X) with appre-
ciable bending excitation. Analysis of these bands has yielded accurate vi-
brational and rotational constants for several highly excited ground-state
vibrational levels. However, a definitive assignment of the upper-state en-
ergy levels has not been achieved.

7= 120ns gas LF*

Ty<29360 Ar AB?

An absorption band system between 340 and 246 nm, with band spacings of
approximately 2700, 1300 and 840 cm™', which has been observed on
vacuum UV photolysis of C,H, in an argon matrix, is tentatively attributed
to HCC.

J. Phys. Chem. Ref. Data, Vol. 27, No. 2, 1998

Bend 520(25)° Ar AB 8

Fluorescence observed on laser excitation between 34500 and 40000 {250-
290 nm) of gas-phase DCC from 2 to 10 us after its formation by 193 nm
photolysis 6f C,D, has been attributed™ to transitions of DCC between high
vibrational levels of the ground state and an undetermined excited state,
possibly 2 2I1.

Am C,,

To<3800 Ar AB2

A complicated absorption band system extends to approximately 9700 in
neon and argon-matrix studies of DCC.?%® As for HCC, the band system is
extensively perturbed by high vibrational levels of the ground state. A few
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of the bands, some of which arise from excited ground-state vibrational
energy levels, have been studied in the gas phase using infrared laser ab-

sorption.?#2%33

f 22+ Co v

Vib. No. Approximate cm~! Med. Type  Refs.
sym. type of mode meas.

St 1 CD stretch 2537.1 Ne IR 38
st 3 CC stretch 1743.18 gas DL 25

1739.6 Ne IR 38
1746.3m  Ar IR - 1,3,20,21

Bo=1.203 MW

*Tentative assignment.

®Observed band spacing; 2v, if upper state is linear.

°The A(000) band of HCC is strongly perturbed by high vibrational energy
levels of the ground state which possess *IT vibronic symmetry. Accord-
ingly, there is extensive mixing of the *II vibronic levels in this spectral
region, and designation of the band origin is approximate,!143841

Derived from (v;+ v3)—[(¥,+ v3)—v,]. The detailed assignment of (v,
+v3) is given in Ref. 27 and that of (¥;+ v3)— v, in Ref. 26.
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AIOH
B

To=41747 gas MPI* B-X 230-240 nm

Vib. No. - Approximate cm™! Med. Type Refs.
sym. type of mode meas.
760.3 gas MPI 4
581.0 gas MPI 4
A
Tp=40073 gas MPI* A-X 227-255 nm
Kr AB*’ A-X 245-252 nm
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
OH stretch 3258.4T gas MPI 4
807.6 gas MPI 4
636.6 gas MPI 4
X3+ Cay Structure: MW?
Vib. No. Approximatc om™1 Med. Typc Refs.
sym. type of mode meas.
* 1 OH stretch 3790 Ar IR 1
3 AlO stretch 895 gas MPI 4
810.3 Ar IR 1
By=0.525 MW?
AIOD
B
Ty=41706 gas MPI*
Vib. . No. Approximate em™! Med. Type Refs.
sym. type of mode meas.

570.8* gas MPI 4
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A
T,=40025 gas MPI*
Vib. No. Approximate em™! Med. Type Refs.
sym. type of mode meas.
667.5  gas MPI 4
569.3 gas MPI 4
Xt Cov
Vib. No. Approximate em™! Med. Type Refs.
sym. type of mode meas.
3+ 3 AlO streich

795.2 Ar IR 1

By=0473 MW°

2.
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- M. A. Douglas, R. H. Hauge, and J. L. Margrave, ‘‘Metal Bonding and
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C. Stwalley. ACS Symposium Ser. 179 (American Chemical Society,
Washington, DC, 1982), pp. 347-354.

3M. A. Douglas, R. H. Hauge, and J. L. Margrave, J. Chem. Soc. Faraday
Trans. 1 79, 1533 (1983).

4J. S. Pilgrim, D. L. Robbins, and M. A. Duncan, Chem. Phys. Lett. 202,
203 (1993).

SA. 1. Apponi, W. L. Barclay, Jr., and L. M. Ziurys, Astrophys. J. 414,
L129 (1993).

InOH

A broad absorption with maximum near 271 nm observed in a krypton
matrix has been assigned® to InOH. :

B3 C, Siructure; LF?
T,=27188.00 gas LF° 345-377 nm
Vib. No. Approximate cm™! Med.  Type Refs.
sym. type of mode meas.
a’ 2 Bend 829.6(4) gas LF 3

3 InO stretch 496.9 gas LF 3
>23us gas LF
A=20.13; ¥B+C)=0273 LI?
a4 C, Structure: LF?
Ty=26914.34 gas LF 345-377 nm
Vib. No. Approximate cm™! Med.  Type Refs.
sym. type of mode meas.
a' 2 Bend 820.41(3) gas LF 3

>23 us gas LP
A=26.70(3); %(B-}— C)=0271 LP
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&y C, Structure: LFPMW?
Vib. No. Approximate cm™! Med.  Type Refs.
sym. type of mode meas.
a’ 2 Bend 378(2) gas LF 3
421.8 Ar IR 1
3 InO stretch 542(5) gas LF 3
522.8 Ar IR 1
Ap=42.049; By+Cy=0.535; Bo—Cy=0.002 LFMW’
InOD
Ba"® Cs
Ty=2713097 gas LF° 345-377 nm
Vib.  No. ‘Approximate  cm”! Med. Type  Refs.
sym. type of mode meas.
a' 2 Bend 609.2(3) gas LF 3
3 InO stretch 491.9(2) gas LF 3
A=1120; §B+C)=0255 LF®
Y U C;
Ty=26862.42 gas LP° 345-377 nm
Vib. No.  Approximate cm ™! Med.  Type Refs.
sym. type of mode meas.
a' 2 Bend 604.1(2) gas LF 3
3 InO stretch 489.5(2) gas LF 3.
A=13.73(7); XB+C)=0252 LF
rw G
Vib. No.  Approximate cm™! Med.  Type Refs.
sym. . type of mode meas.
a' 2 Bend 301(5) gas LE 3
3 InO stretch 524(9) gas LF 3
595.7 Ar IR 1

Ag=20.637; By+Cy=0.490 LFPMW>
*Components of the @ °TI state, split by strong Renner~Teller interaction.*
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HSIN

In an argon matrix, absorption maxima at 42000, 38800, 37600, and 28600

(238, 258, 266, and 350 nm) have been assignedl to HSiN.

X Coy

Vib, No.  Approximate cm™! Med.  Type Refs.

sym. type of mode meas.

3t 1 SiH stretch 21522m  Ar IR

5t 3 SiN stretch 1162.2s Ar IR 1

DSiN

f Coo v

Vib. No. Approximate om™! Med. Type Refs.

sym. type of mode meas.

pa 1 SiD stretch 1580.5wm  Ar IR 1

3t 3 SiN stretch 1145 4¢ Ar IR 1
Reference

1G. Maier and J. Glatthaar, Angew. Chem. 106, 486 (1994); Angew. Chem.
Int. Ed. Engl. 33, 473 (1994).

HCO*

4 Covy Structure: MW2-415

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.

po 1 CH stretch 3088.74  gas LD,CC 56,1617
II 2 Bend 829.72  gas DL 10,11

* 3 . COstretch 2183.95 gas DL 7.8,14
By=1.488 MW+

DCO*

b'¢ Coy

Vib. No. Approximate cm™! Med. Type Refs.
sym. ) type of mode meas.

3t 1 CD stretch 2584.56 gas DL 12
o Bend 647(25)  gas PE 1,13
3 3 CO stretch 1904.06 gas DL 9
Dy—-1.201 Mw?*
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HCS™
X Cwy Structure: MWS
Vib. No.  Approximate cm™! Med.  Type Refs.
Sym. type of mode meas.
it 1 CH stretch 314168  gas CcC 45
n 2 Bend 766.45 gas DL 3
B,=0.712 MW DL3CCH’
DCS*
B,=0.601 MW?®
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HNC

Xa

T,=32850 gas AB’ A-X 250-305 nm

Vib. No Approximate cm ? Med. ‘1I'ype Refs.
sym. type of mode meas.
CN stretch 1005 gas Uv 7
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bd Coy Structure: MW*3%12
Vib. No. Approximate cm! . Med. Type Refs.
sym. type of mode meas.
poad 1 NH stretch 3652.66 gas IREM 3,681
3643.1 Ne IR 10
3620s Ar IR 2
3583s N, Ar IR 1,2
3567s N, IR 2
11 2 Bend 464.24 gas IR 8
477s Ar IR 2
5355 N, Ar IR 1
5595 N, IR 2
3t 3 NC stretch 2023.86 gas IR 8
2025.4 Ne IR 10
2029w Ar IR 2
2032w N,  Ar IR 1
2035w N, IR 2
By=1.512 MW*R®
DNC
4 Cay
Vib. No.  Approximate cm™! Med.  Type Refs.
sym. type of mode meas.
st 1 ND stretch 2787.07 gas IR 3.6
: 2780.7 Ne IR 10
2769s Ar IR 2
2733s N, Ar IR 1
2728s N, IR 2
11 2 Bend 374s Ar IR 2
413sN,  Ar R 1
432s N, IR 2
3t 3 NC stretch 1938.7 Ne IR 10
1940w Ar IR 2
1940w N, Ar IR 1
1937w N, IR 2
By=1273 MW*
*Tentative identification.
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HNSi

In an argon matrix, has a weak absorption maximum near 40000 {250
nm).?

X Cov

Vib. No. Approximate cm ! Med. Type Refs.

sym. type of mode meas.

pa 1 NH stretch 3588.44 gas EM 24
3583 Ar IR 1,5

I 2 Bend 523 Ar IR 1.5

3 3 NSi stretch 1198 Ar IR L5

By = 0.634 gas EM*MW?

DNSi

X Coy

Vib. No. Approximate em™! Med. Type Refs.

sym. type of mode meas.

po 1 ND stretch 2669 Ar IR 1

1 S 2 Bend 395 Ar IR 1

7 3 NSi stretch 1166 Ar IR 1
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(1993).
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Int, Ed. Engl. 33, 473 (1994).

HCO

4p (A" Cs

Ty=64073.5 gas DR*#

Vib. No. Approximate cm™! Med.  Type Refs.
sym. type of mode meas.

a’ 2 Bend 863.8(5)  gas DR 40,42
3p C..

v
Tp=45540.1(3.3) gas MP]®2028 3p*I-X 187-222 nm

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.

I 2 Bend 799.9(1.4)* gas MPI 28
p 3 CO stretch 2177(3) gas MPI 20

A=0.9(3);/e=0.071 gas MPI?#
B=1492{12) MPI®#
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B 24 G, Structure: MPLLF*

To=38695.48 gas EMCLF?>30333536080Mp[9SEpP3035 B ¥ 235-475 nm
38595(35) Ar AB>!! B-% 210-260 nm
38567(35) CO AB® B-X 210-260 nm

Lifetime measurements®***"® gjve evidence for predissociation. Large
decrease- in fluorescence quantum yield above 41465.%

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a’ 1 CH stretch 2596.4(2) gas EM,LF  6,25,30,33
MPI 29
2570(29) Ar AB 5,11
2570(29) CO  AB 5
2 Mixed 1380.9(2) gas LEMPI  25,29,30
33
1375(35)  Ar AB 5,11
137535) CO AB 5
3 Mixed 10659(2) gas  LEMPI 252930
33
1035(35) Ar AB 5,11

1035(35) CO AB 5

Ap=15.976; 5(Bo+Co)=1151; 3(By—Co)=0.021 LF*¥
7’0=89(2) ns gas LF27,32,35.37,38

A 2A7(TI) Cov
T,=9297(3) gas ABYELE#*ZDMAICRY
Bands with K’ >0 are diffuse.

A-X 460-860 nm

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a' 1 CH stretch 3319(3) gas AB 1,3,8
2 Bend 805 gas AB 13,8
3 CO stretch 1812.2 gas AB 1,38
Too=46(4) ns LF"
By=134 UV'?*
b & C, Structure: MW7 UV8
Vibrational term energies up to 20777 have been reported by Ref. 36.
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a' 1 CH stretch 243448  gas LF,PE 17,18,25
DLLD 2226
IR 23
2483m Ar IR 5
2488m Cco IR 4
2 Bend 1080.76  gas UV,LS 1,3,8
LMR 9,10
LF 25,26
1087s Ar IR 5
1090s (8(0] IR 2,4
3 CO stretch 1868.17  gas IR 12,23
LMR 13,25
1863vs Ar IR 5
1861vs  CO IR 24

A9=24.329; B,=1.494; Cy=1.399 UV!38\ w6

147
DCO
4p (4" G
T,=64033.3 gas DR*#
Vib. No. Approximate em™! Med.  Type Refs.
sym. type of mode meas.
a’ 2 Bend 677.3(5) gas DR 40,42
3p I C

T,=45444.0(3.6) gas MPI?0%

3p*I-X 187-229 nm

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas.

I 2 Bend 645.5(1.6)* gas MPI 28

5* 3 CO stretch 1900(5) gas MPI 20

A=09(3); €=0.069 MPI®

B=1.221(12) MPI*

E ZA' cs :

T;=38628.4(2.0) gas MPIPLFP*% B-X 250-450 nm
38568(70)  Ar  AB® B-X 200-260 nm
38569(35) CO AB’ B-X 204-260 nm

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas.

a’ 1 CD stretch 1944.2(2.0) gas MPLLF 29,40,42

Mixed 1212.9(2.5) gas MPLLF  29,40,42
1150(35) Ar AB 5
1150(35) CcO AB -5

3 Mixed 922.1(1.6) gas MPLLF 29,40,42
925(35) Ar AB 5
925(35) CO AB S

Ao=9.172; B4=1.093; C;=0974 LF¥®

A 24"(I) Coy
Ty=9162(3) gas UV!3SLp242%
Bands with K'>0 are diffuse.

A-X 460-860 nm

Vib. No. Approximate em™! Med. Type Refs.
sym. type of mode meas.

3t | CD stretch 2547(2) gas uv 13,8
I 2 Bend 641.7(7) gas uv 1,3,8

By=1.10 UV

X G
Vibrational term energies up to 18186 have been reported by Ref. 42.
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a’ 1 CD stretch 1909.77 gas LMR,LF,SEP 14,26,40,42
1926s Ar IR 5
1937s CO IR 4
2 Bend 8465 gas UV,LESEP . 1,3,8,26,40,42
850s Ar IR 5
852s CO IR 24
3 CO stretch 179459 gas LMRLF,SEP 14,26,40,42
1803m  Ar IR 5
1800m CO IR 24
Ao=14.734; By=1.281; Cy=1.171 UV*MwW?

fw,.
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HCF
E 'A'(3p) G
Ty=62154(2) gas MPI
Vib. No. Approximate cm™! Med. Type  Refs.
sym. - type of mode meas.
a’ 2 Bend 1128(4)  gas MPI 15

3 CF stretch 1614(4)  gas MPI 15
A4 C, Structure: AB!LESS
Ty=1727747 gas AB!CLLF*!® A-¥ 429-635 nm

17320(15) Ar AB? A-X 469-546 nm

Evidence has been obtained®® for perturbation of the A state by high
vibrational levels of the ground state and by the low-lying triplet state.

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas.

a’ 2 Bend 1021.26 gas ABJLF 1,7
1000(20) Ar AB 2

Ag=25.69; By=1.162; C,=1.107 AB!LF°
70=2.45(10) us gas LF*

7,=2.57(16) us; T, = 12.5(8) us gas EMP
Y G
Ty=5210(140) gas PE'2*
Vib. No. Approximate em™! Med. Type Refs.
sym. type of mode meas.
a’ 2 Bend 1047(25) gas PE 14
3 CF stretch 1232(25) gas PE 14
ru C, Structure: AB'LF*SEP!!
Vib. No.  Approximate em™! Med.  Type Refs.
sym. type of mode meas.
a' 1 CH stretch 2643.04 gas SEP 11
Bend 1403.20 gas ABLF 1,7
. SEP 11
1406vw Ar IR 2
3 CF stretch 1189(25)  gas PE 12,14
1181.5m Ar IR 2
Ag=15.563; By=1.223; Cy=1.129 AB'LF’SEP!!
DCF
E 'A'(3p) G
To=62175(2) gas MPIY
Vib. No.  Approximate  cm™! Med.  Type  Refs
sym. type of mode meas.
a’ 1 CD stretch 2095(5) gas MPI 15
/"2 Bend 872(3) gas MPI 15
3 CF stretch 1582(4) gas MPI 15
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A Cs

Ty=17293.426(3) gas CL’LF® A-X 460-585 nm
Vib. No. Approximate em™?  Med. Type Refs.
sym. type of mode meas.

a’ 2 - Bend 780(5) gas CL 3

Ap=15.10; B4=1.014; Cu=0.945 LF®

a A’ G,
Ty <5140(700) gas PEY
Vib. No.  Approximate  cm™! Med.  Type Refs.
sym. type of mode meas.
a' 2 Bend 834(25) gas PE 12,14
3 CF stretch 1216(25) gas PE 12,14
XV‘ 1 Al CS
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a’ 2 Bend 1046m Ar IR 2
3 CF stretch 1193(25) gas PE 12,14
1183m Ar IR 2

Ay=8.828; Bo=1.120; C4=0.990 LF®
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HCCI
Ay c, Structure: AB?
Tp=12280.411(2) gas ABWOLF*’ A-X 550-820 nm
Ar  AB? A-X 570750 nm
Vib. No Approximate cm™!  Med. Type Refs.
Sym. type of mode meas.
a' 2 Bend 8730 gas AB 19
855(50) Ar AB 2
3 CClI stretch 987.4 gas AB 9

Barrier 1o linearity=2250!
By=0.609 AB®

a A" G
Toy=1470(880) gas PE>®
Vib. No.  Approximate  cm! Med.  Type Refs.
sym. type of mode meas.
a' 3 CCl stretch 850(60) gas PE 5,6
X C, Structure: AB'LF?
Vib. No. Approximate  cm™! Med.  Type Refs.
sym. type of mode - meas.
a’ 2 Bend 1201wm Ar IR 2

3 CCl stretch 811.60 gas DL 10

815s Ar IR

A¢=15.759; B4=0.605; C,=0.581 AB'LF®
DCCI
A qn Cs
T,=12274 gas AB! A_X 550-820 nm
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a’ 2 Bend 657.2 gas AB 1
X G
Vib. No. Approximate ~ cm™! Med. Type Refs.
sym. type of mode meas.
a’ 3 CCl stretch 805s Ar IR 2

A¢=8.75; By=0.557; C;=0.525 AB!
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HCBr

A u C Structure: AB*

To20=12786.06 gas LF°AB* A-X 550785 nm

Vib. No. Approximate  em’! Med.  Type Refs.
sym. type of mode meas.
a’ 2 Bend 840T  gas LF 3

3 CBr stretch 783T gas LF -3

Barrier to linearity=< 1600.
B,=0.437 AB*
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7 34" C,
To=910(770) gas PE!?
Vib. No. Approximate cm™! Med.  Type Refs.
sym. type of mode meas.
a' 3 CBr stretch 725(70) gas PE 2
Xy C, Structure: AB*
Vib. No. " Approximatc em™! Med. Type Refs.
sym. type of mode meas.
a' 3 CBr stretch 683(25) gas PE 1,2
By=0422 AB*
DCBr
A G
gas LF° A-X 550-600 nm
Vib. No. Approximate em™1 Med. Type Refs.
sym. type of mode meas.
a’ 2 Bend 620T gas LF 3

3 CBr stretch 769T gas LF 3
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DSiF
Al o
T,=23338.723(6) gas LF° A 383-453 nr
Vib. No. Approximate cm™! Med.  Type Reft
sym. type of mode meas.
a’ 1 SiD stretch 1174.3 gas LF 6
Bend 4248  gas LF 6
3 SiF stretch 854.4 gas LK o
A=5.086; B,=0.518; C,=0.467 LF®
Xl C
Vib. No.  Approximate  cm™! Med Type Ref:
sym. type of mode meas.
a’ 1 SiD stretch 1387m Ar IR 1
Bend 641.5 gas LF 6
638w Ar . IR 1
3 SiF stretch 833m Ar IR 1
Ao=3.997; B,=0.549; C,=0.481 LF®
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HSIiF
Ay C, Structure: LF*$
Tg=23260.02 gas LF*¢ A-X 390-470 nm
Vib, No. Approximate ecm™!  Med.  Type  Refs.
sym. type of mode meas.
a’ 1 SiH stretch 1547 gas LF 5.6
2 Bend 558 gas LF 2,5,6
3 SiF stretch 857 gas LF 5,6
70=175(6) ns gas LF*’
Ap=9.319; By=0.549; Cy=0.516 LF*-5
Barrier to linearity=9130(20) LF°
Xy C, Structure; LF>46
Vib. No. Approximate em™! Med. Type Refs.
sym type of mode meas.
a’ 1 SiH stretch 1913s Ar IR 1
Bend 860T gas LF 2
85%9m Ar IR i
3 SiF stretch 834s Ar IR 1
Ay=7.58; By=0.564; Cy=0524 LF*

J. Phys. Chem. Ref. Data, Vol. 27, No. 2, 1998

HSICI
eyt C, Structure: UV'LF?
Ty=20717.77 gas UV'LF* A-X 410-600 w
Vib. No. Approximate cm™! Med.  Type Ref
sym. type of mode meas.
a' 1 SiH stretch 1747.1  gas LF 2
2 Bend 5639  gas UV.LF 1.2
3 SiCl stretch 532.3 gas UV,LF 1,2
79=432(20) ns gas LF?
A¢=9.840(2); B;=0.247; Cy=0.240 UVLF?
Xu G Structure: UV'LF?
Vib. No. Approximate cm™! Med.  Type Ref
sym. type of mode meas.
a’ / 1 SiH stretch 1968.8(2) gas LF 2
2 Bend 805.9(2) gas UV,LF 1,2
3 SiCl stretch 522.8 gas UV,LE 1,2

Ag=7.587; By=0.246; C;=0.238 UVILF?
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DSiCl 70=586(21) ns gas LF’
A(=5.274(3); By=0.151; C;=0.146 LF?

Al G, N
T;=2077343 gas UV'LF? A_T410-600 nm X A’ &
Vib. No. Approximate em™! Med.  Type Refs. Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas. sym. type of mode meas.
a’ 1 SiD stretch 13008  gas LF 9 a' 1 SiD stretch 14395 gas LF 2

2 Bend 408.6 gas UVLE 12 3 SiBr stretch 408.0 gas LF 2

3 SiCl stretch 5432 gas  LF 2 A9=3.956(3); Bo=0.153; C,=0.148 LF

16=437(20) ns gas LF?
Ag=5.269; B4=0.235; C,=0.224 UV!LF?

Xu G
Vib. No Approximate  cm™! Med.  Type Refs.
syr type of mode meas.
a' 1 SiD stretch 1434.4 gas LF 2
2 Bend 592.3(3)  gas LF 2
3 SiCl stretch 518.1(2) gas LF 2

Ag=3.970; B;=0.240; C;=0.226 UV'!LF?
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HSiBr

A G
T;=19902.851(7) gas UV!LF?

Structure: UVILF?
A-X 429-620 nm

Vib. No. Approximate em™!  Med. Type Refs.
Sym. type of mode meas.
a' 1 SiH stretch 17870 gas LF 2
2 Bend 5353 gas UV.LF 12
3 SiBr stretch 416.5 gas UVLF 12

Ap=9.897(2); B4=0.159; C,=0.155 UV'LF?
To = 598(18) ns . gas LF?
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HNO
T,=48240 gas AB’ 198-208 nm
Diffuse bands.
A G ‘ Structure: ABM*
Ty=1315437 gas ABMPLF32CL?CR A-X 544-770 nm
13118(2) Ar AB% A-X 590-762 nm
Onset of predissociation at 16450(10). LF"?
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a 1 NH stretch 2854.17 gas AB 4
2 Bend 981.18 gas AB 1
982 Ar AB 23
3 NO stretch 1420.77 gas AB 1
1422 Ar AB 2,3

r=25(4) us LFZ15
A¢=22.161; By=1.327; C;=1.241 AB“*»MODR!""

_ N Y G
X A C Structure: UV'LF T,~6280(160) gas PCY
Vib. No. Approximate cm™! Med. Type Refs. Vib. No. Approximate em™! Med. Type Refs.
sym. type of mode meas. sym. type of mode meas.
a’ 1 SiH stretch 1976.2(3)  gas LF 2 a 2 Bend 992(150)  gas PE 15
2 Bend 771.9(2)  gas UVLF 1,2 3 NO stretch 1468(140)  gas PE 15
3 SiBr stretch 4124(2) gas UV,.LF 1,2
A0=7.576(8); By=~0.158, Cy—0.155 UV'LF’ Tuw G Structurc: AD!
DSiBr Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
A 1un
44 G a' 1 NH stretch 2683.95 gas IR.EM 9,16,22
T9=19953.677(5) gas LF A-X 464-502 nm 27163wm®  Ar IR 8
- 2756m N, IR 8
Vib. No Approximate em™! Med. Type  Refs. 2 Bend 1500.82 gas LS 10
Sym. type of mode meas. 1505w Ar IR 8
" ; . 15t1w N, IR 8
SiD stretch 1325.6 gas LF 2 3 NO stretch 1565.34 gas LS 10
2 Bend 3759  gas LF 2 1563.2vs*  Ar IR 8
3 SiBr stretch 4343 gas LF 2 1568.5s N, IR 8

Ag=18.476; By=1.411; Cy=1.306 AB'ZMW"IR10.1622
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DNO

T,=48400 gas
Diffuse bands.

AB’ 196-206 nm

A G
T,=13180.3 gas AB' A—-X 550-770 nm
Onset of predissociation at 17010(10) LF'8%

Vib. No. Approximate em™! Med. Type Refs.
Sym. type of mode meas.
a' 1 ND stretch 2176.49 gas AB 4
2 Bend 75531 gas AB 1
3 NO stretch 1401.28 gas AB 1
Ton=324(1.6) us gas LF® '
Ay=12.629; B,=1.199; C;=1.088 AB*
a’a G
Ty=6329(160) gas PEY
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a’ 2 Bend 750(140)  gas PE 15
3 NO stretch 1452(140)  gas PE 15
X G
Vib.  No.  Approximate  cm™! Med.  Type Refs.
sym. type of mode meas.
a’ 1 ND stretch 2025.14 gas LS,IR 10,16
2043wm Ar R 8
2074m N, R 8
2 Bend 1153s Ar IR 8
11585m N, IR 8
3 NO stretch 1546.88 gas LS 10
1547vs Ar IR 8
1548vs N, IR 8

Ao=10.524; B;=1.292; Cy=1.146 AB'MWSI’[R1%16

“Refined value from unpublished Fourier transform spectra.
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HSO*
X
Vib.  No.  Approximate  cm™! Med. Type  Ref
sym. type of mode meas.
1150(160) gas PI 1
Reference

1B.-M. Cheng, J. Eberhard, W.-C. Chen, and C.-H. Yu, J. Chem. Phy
106, 9727 (1997).

HNF

T 24 C, Structure: AB’LF®

T,=2014126(1) gas. AB!CL'LF A-X 380-650 n
20140(20) Ar AB? A-X 395-497 n

Onset of predissociation into NH+F identified at 23800(500) gas
LE°PF®

Vib. No. Approximate em™! Med. Type Refs
sym. type of mode meas.
a’ 2 Bend 1074 gas AB 3
1033* Ar AB 2
3 NF 'stretch 1121(5) gas AB 3

T6=3.6 ns gas LES
Ag=217.570(5); B;=1.033; Cy=0.992 AB?

X 24" G Structure: AB3LF>®
Vib. No. Approximate cm™! Med. Type Rel
sym. type of mode meas.
a’ 1 NH stretch 3167(6) gas LF 7
2 Bend 1439(3) gas CL.LF 4,7
1432m Ar IR 2
3 NF stretch 1020(8) gas LF 7
1000s Ar IR 2

Ag=17.688(8); By=1.039; C,=0.978 AB?
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DNF
A G
Ty=20169.10 gas LF*"® A-X 400-500 nm
20220 Ar AB? A-% 413-495 nm
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a’ 2 Bend 837.4(8)" gas LF 5
‘ 798° At AB 2
3 NF stretch 1124¢ gas LF 5

10=3.5(2) ps gas LF°
Ay=15.665(6); 2(Bo+Co)=0.900; 2(Bo—Co)=0.015 LF®

153

Structure:MW UV MRBESRPIR3#

X" G
Vib. No. Approximate cm™! Med.  Type Refs.
sym. type of mode meas.
a' 1 OH stretch 3436.20 gas LD 26
3415.1 Ne IR 36
3412.5¢* Ar IR 14,7
3400 0, IR 32
2 Bend 1391.75 gas DL,IR 2439
1397.8 Ne IR 36
1388.5vs® Ar IR 14,7
1392 0, IR 32
3 0O stretch 1097.63 gas LMR 18,29
DLJR 29,3839
11003 Ne IR 36
1101.1s* Ar IR 1,4,7
1109 0, IR 32

Ap=20.356; By=1.118; C;=1.056 LMR&!LI2IE\ WIS IT5EMISIRY

X" G,
Vib. No.  Approximate cm™! Med.  Type Refs.
sym. type of mode meas.
a’ | ND stretch 2339(4) gas LF 7
2 Bend 1075(3) gas LF 7
1069¢ Ar IR 2
3 NF stretch 1007(7) gas LF 7
Ar IR 2

1000s

Ao=9.49; 2(By+Cy)=0929; ¥B,~Cp)=0.023 LF

fwy+0.5 Xq5 -

bAverage value.
“wy+2X33+0.5%3.

d0verlapped by NF, absorption.

References

Ip. L. Goodfriend and H. P. Woods, J. Mol. Spectrosc. 20, 258 (1966).

2M. E. Jacox and D. E. Milligan, J. Chem. Phys. 46, 184 (1967).

3C. M. Woodman, J. Mol. Spectrosc. 33, 311 (1970).

“D. M. Lindsay, J. L. Gole, and J. R. Lombardi, Chem. Phys. 37, 333
(1979). .

3J. Chen and P. J. Dagdigian, J. Chem. Phys. 96, 7333 (1992).

6J. Chen and P. J. Dagdigian, J. Chem. Phys. 98, 3554 (1993).

7J. Chen and P. J. Dagdigian, Chem. Phys. Lett. 213, 586 (1993).

8J. Chen and P. J. Dagdigian, J. Mol. Spectrosc. 162, 152 (1993).

HO,

Broad, unstructured gas-phase absorption between 200 and 280 nm, with
maximum near 205 nm. 233637

A2 C,

Ty=7029.684(2) gas AB®EM*6:192035 A-% 1.13-2.12 pum

Vib.  No.  Approximate cm”! Med. Type  Refs.
Sym. type of mode meas.
al i OH stretch 3268.5 gas EM 35
2 Bend 1285 gas EM 35
3 QOO stretch 929.068 gas ABJEM 15,19,28
35

40=20486; By=1.021; C;=0.968 EM'623

DO,

ey Cs

To=7041.1(1) gas AB’EM!0F2 A-£1.13-212 um

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas.

a’ 3 QO stretch 940(28) gas AB.EM 8,19

Ao=11.147(7); B¢=0.970; C,=0.887 EM*

X <

Vib. - No. Approximate cm”! Med. Type Refs.

sym. type of mode meas.

a’ 1 OD stretch 2549.22 gas LD,DL 31
2529.2 Ne IR 36
2529.5m? Ar IR 14,7
2521 0, R 32

2 ‘Bend 1020.16 gas LMR,DL 22,33
1027.3 Ne IR 36
1019.9s* Ar IR 14,7
1024 0, IR 32
3 0O stretch 1121.47 gas LMR, 22,33
DL

1124.7 Ne IR 36
1122.9vw*  Ar IR 7

Ap=11.194; By=1.056; C,=0.961

?Refined value from unpublished Fourier transform spectra.
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DSO
A Cs
T,=14371 gas CL'LF® A-X 520-960 nm
Vib. No.  Approximate  cm™! Med.  Type  Refs.
sym. type of mode meas.
@’ 2 Bend 575(10) gas  LF

3 SO stretch 702(10) gas CL 1

=76 us gas LF®
AQP=4.969(7); Bo>=0.566; C(*=0.507 LF"®

X 28" G
Vib.  No.  Approximate  cm™’ Med.  Type  Refs.
sym. type of mode meas.
a' 2 Bend 770(10) gas CL 1
3 SO stretch 1029(15) gas CL 1

Ap=5.295; B,=0.662; C,=0.586 LF°MW*

#Measured at 606.0 nm.
PExtrapolated from values for 021 and 022.
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gas AB' 297-380 nm
Vib. No. Approximate cm™! Med. Type Refs.
HSO sym. type of mode meas.
T C, Structure: LF*3 a’ 1 SH stretch 2500T gas AB 3
— 2 Bend 000T as AB 3
T,=14367 gas CL' _X 520— E
0 E A~X 520-960 nm 3 SS stretch 600T gas AB 3
Vib. No. Approximate cm™! Med. Type Refs. =
sym. type of mode meas. AA G
Ty=7255(7) gas CL* A-X 950-2100 nm
a’ 3 SO stretch 702(5) gas CL 1
70=81(10) ws gas LF® Vib. No.  Approximate cm™! Med.  Type Refs.
Values decrease as vj increases. sym. type of mode meas.
- . - . = 2 "
Ag;=9.735; Bop;=0.565; Cos=0.527 LF i 3 SS stretch 5048 gas L 4
by C Structure: LFZ*MW* Ay=9.7(5) CL*
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a' 2 Bend 1063(5) gas CL 1
3 SO stretch 1009.36 gas LMR 5

Ap=9.990; By=0.684; C;=0.638 LF"MW*
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HOI*
X <
Vib. No. . Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a3 OI stretch 702(60) gas PI 1
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b &I G Structure: MW?
Vib. No. Approximate cm™! Med. Type Refs.
sym type of mode meas.
a' 2 Bend 904(8) gas CL 4

3 SS stretch 595(4) gas CL 4
Ap=9.906; B;=0.267; C,=0.259 MW LMRS
DS,
ey G
To=7264(15) gas CL! A-X 950-2100 nm
Vib. No.  Approximate cm™! Med.  Type Refs.
sym. type of mode meas.
a’ 3 SS stretch 502(15) gas CL 4
f 2A/r Cs
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a’ 2 Bend 696(20) gas CL 4

3 SS stretch 501(10)  gas cL 4
Ag=5.184; B4=0.260; C;=0.247 MW’
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HOCI
b4 C, Structure: IR*M“MW*12
Vib. No. Approximate cm™! Med. Type  Refs.
sym. type of mode meas.
a’ 1 OH stretch 3609.48. gas IR 2,6,7,11,15
3581 Ar IR 3
2 Dend 1238.62 gas IR 1,5,6,8,9
11,13
1239 Ar IR 3
3 OCl stretch 724.36  gas IR 5,6,8,11,13

728 Ar IR 3

A¢=20.464; B;=0.504; Cy=0491 IR>!M1516ppH10

DOCI
X G
Vib. No.  Approximate cm™! Med. Type  Refs.
sym. type of mode meas.
a' i QOD stretch 2665.58  gas IR 1,2,11,14
2647 Ar IR 3
2 Bend 909.63  gas IR 1,11,14
911 Ar IR 3
3 OCI stretch 723.25 gas IR 11,14
728 Ar IR 3

HOBr*

:4" 2 47 C;

Tp=6500(80) gas PI'TPE?

Vib, No. Approximate cm™! Med. Type Refs.
sym. type of mode mcas.

a’ 3 OBr stretch 670T gas PLTPE 1,2
X 2 o,

Vib.  No.  Approximate  cm~! Med.  Type Refs.
sym, type of mode meas.

a’ 3 OBr stretch 730(20)  gas PLTPE 12
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HOBr

In the gas phase, a prominent absorption maxiraum pear 280 nm (35700) has
been assigned®® to HOBr:

In the gas phase, an absorption maximum near 350 nm (28600), with onset
near 400 nm, has been assigned®® to HOBr.

In the gas phase, a maximum in the production of OH near 440 nm (22700)
is believed to arise from excitation of HUBT to a dissociative triplet state.”

X C, “Structure: MW?IR?
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a’ 1 OH stretch 3614.90 gas R 2,7
3590 Ar IR 1
2 Bend 1162.57 gas IR
1164 Ar IR 1
3 OBr stretch 620.2 gas IR 24,5
626.0 Ar IR 1
Ag=20.470; By=0.353; C;=0.346 MW’IR’
DOBr
X G
Vib. No.  Approximate em™! Med.  Type Refs.
sym. type of mode meas.
a’ 1 OD stretch 2652 Ar IR 1
2 Bend 854 Ar IR 1
3 OB stretch 621.8 Ar IR 1

Ag=11.027; By=0.331; Cu=0.321 MW’
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HOI
X
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a’ 1 OH stretch 3625.84 gas IR 2,3
3597m N, IR 1
2 Bend 1069.8 gas IR 2
1075 Ar IR 1
1103m N, IR 1
3 Ol stretch 571 Ar IR 1
575m N, IR 1

Ap=20.935; By=0.279; C,=0275 EM°

DOI
X
Vib. No. Approximate cm™! Med.  Type Refs.
sym. type of mode meas.
a' 1 OD stretch 2653 N, IR 1
Bend 808 N, IR 1
3 OI stretch 571 N, IR 1
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FHF~

b4 Daoy Structure: DL’

Vib. No.  Approximate  cm™! Med. Type  Refs.

sym. type of mode . meas.

3, 1 Sym. stretch 583.05 gas DL 5

n, 2 Bend 1286.03 gas DL 5
1217m Cs Ar IR 1,2

=y 3 Asym. stretch  1331.15 gas DL 5

1379 Ne IR 4

1377.0= Ar IR 34
1364vs Cs  Ar IR 1,2

B,=0.334 DL’

FDF~

X Doy

Vib. 1\/1,6 Approximate em™! Med. Type Refs.

sym. -type of mode meas.

s, 1 Sym. stretch 588T gas DL 6

1, 2 Bend 928.73 gas DL 6
880m Cs Ar IR 1,2

M 3 Asym. stretch ~ 934.19 gas DL . 6
965s Ar IR 34
969vs Cs Ar IR 1,2

B,=0342 DLS ’
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CIHCI®

An absorption maximum which appeared at 287 nm in argon-matrix
studies? of the 122-nm photolysis of Ar:HCl or Ar:H,0:Cl, samples and in
argon-matrix studies® of the electron bombardment of Ar-HCI samples has
been assigned to an electronic transition of CIHCI™,

4 Dap Structure: DL’

Vib. No.  Approximate cm™! Med.  Type Refs.

sym. type of mode " meas.

sy 1 Sym. stretch 263.4° Ne R 8
259.3** . Ar IR 1-3,7
252.8° Kr IR 7
248.8° Xe IR 7

sy 3 Asym. stretch ~ 722.90 gas DL 5
737.9 Ne IR 8
728.9
695.65" Ar IR 1-3,7
662.8 Kr IR 7
644.1 Xe IR 7

B,=0.0974 DL?

CIDCI™

X

Vib. No.  Approximate em™* ' Med.  Type Refs.

sym, type of mode meas.

py 1 Sym. stretch 26730 Ar IR 13
2553°  Kr IR 7

sy 3 Asym. stretch 496.2 Ne IR 8
489.3
4622 Ar IR 1-3
437.7 Kr R 7

*Atiributed by Ref. 1 to the uncharged species. Reassigned to the anion by
Ref. 2, and Ref. 3 demonstrated that the absorptions did not appear when
the atoms were present but a supplementary high energy source suitable for
inducing photoionization or electron transfer was not. The increase in the
rate of isotopic exchange in the *’Cl+H*Cl reaction for vibrationally ex-
cited HCI* indicates that there is a potential barrier, rather than a minimum,
bfor the CIHCI neutral species.

(V] + V3) ~V3.
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p

p.
ic.
‘M
’K

BrHBr~
X Doy
Vib. No.  Approximate cm™! Med.  Type Refs.
sym. type of mode meas.
by 1 Sym. stretch 165.1°  Ne IR 4
163.1°
162.6°
164**  Ar IR 1,2
158.5° Kr R 3
151.9° Xe IR 3
p 3 Asym. stretch ~ 752.9 Ne IR 4
745.4
741.2
7287 Ar IR 1,2
686.6 Kr R 3
645.6 Xe IR 3
BrDBr~
Y Dmh
Vib. No. Approximate em™! Med. Type Refs.
sym. type of mode meas.
3 1 Sym. stretch 163.9° Ne R 4
160.8°
170 Ar . IR 1,2
163.8>  Kr IR 3
157.9°  Xe IR 3
Sy 3 Asym. stretch ~ 516.5 Ne IR 4
510.7
507.6
498s* Ar IR 12
4655 Kr IR 3
434.6 Xe R 3

2Attributed in Ref. 1 to the uncharged species. Reassigned to the anion by
Ref. 2. See CIHCI™.

"(v; +v3)—vs.
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IHI™ HXeCl
X Doon X Cuy
Vib. No. Approximate cm™! Med.  Type Refs. Vib. No. Approximate em™! Med. Type Refs.
sym. type of mode meas. sym. type of mode meas.
P 1 Sym. stretch 1152  Ne R 4 poN 1 HXe stretch 1664 Kr IR 1
114.8° 1649 Xe IR 1
121*  Ar IR 1.2
1167° Kr IR 3
109.0°  Xe IR 3 DXeCl
S 3 Asym. stretch  671.8 Ne R 4 7 Co,
6533
644.7 - . 1
682m° Ar R 12 :hb. No. fxpgrg;l::z;z cm Med. i);;:: Refs.
6474  Kr IR . ol .
5808 Xe IR 3 3* 1 DXe stretch 1198 Xe IR 1
- Reference
IDI
X Doy, M. Pettersson, J. Lundell, and M. Résédnen, J. Chem. Phys. 102, 6423
(1995).
Vib. No. Approximate em™! Med. Type Refs.
sym. type of mode meas.
, HXeBr
p) gt 1 Sym. stretch 124%° Ar R 1,2
3, 3 Asym. stretch ~ 470m*  Ar IR 1,2 X Coy
. . - 1
2Attributed in Ref. 1 to the uncharged species. Reassigned by Ref. 2 to the Vib. No. f\p § rg)fug:;e om Med. I}g‘; Refs.
anion. See CIHCI™. i P © -
*(vy+v3) —vs. P 1 HXe stretch 1524 Kr R 1
1504vs Xe R 1
References n 2 Bend 489w Xe IR 1
1p, N. Noble, J. Chem. Phys. 56, 2088 (1972).
2C. M. Eliison and B. S. Ault, J. Phys. Chem. 83, 832 (1979). DXeBr
3M. Risdnen, J. Seetula, and H. Kunttu, J. Chem. Phys. 98, 3914 (1993).
4C. L. Lugez, M. E. Jacox, and W. E. Thompson, J. Chem. Phys. 105, 3901 Fd Coy
(1996).
Vib. No. Approximate em™! Med. Type Refs.
sym. type of mode meas.
HKrCl p 1 DXe stretch 1100s Xe IR 1
X Coy
Reference
Vib. No. Approximate cm™! Med. Type Refs. :
3yuL type of mode EICAS. 'M. Petiersson, J. Lundell, and M. Rédsdnen, J. Chem: Phys. 102, 6423
st 1 HKTr stretch 1476vs Kr IR 1 (1993).
In 2 Bend 544w Kr R 1
HXel
DKrClI b4 Cov
X Cov Vib. .No.  Approximate em™! Med.  Type Refs
- X = sym. / type of mode meas.
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas. p 1 HXe stretch 1193vs Xe IR 1
" II 2 Bend 450w Xe IR 1
3 1 DK stretch 1106s Kr IR 1
Reference

IM. Pettersson, J. Lundell, and M. Rasanen, J. Chem. Phys. 102, 6423
(1995).
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+
DXel DKr; 2
b4 Cov X Dy,
Vib. No. Approximate em™! Med. Type Refs. Vib. No. Approximate cm™! Med. Type Refs.
SymL. type of mode meas. sym. type of mode meas.
3t 1 DXe stretch 893vs Xe IR 1 E; 1 Sym. stretch 165° Kr IR
p 3 Asym. stretch ~ 606m° Kr IR 1.4

Reference

'M. Pettersson, J. Lundell, and M. Résénen, J. Chem. Phys. 102, 6423
(1995).

+

HAr; ?

Y D, h

vib.  No.  Approximate cm™! Med.  Type Refs.

sym. type of mode ) meas.

st 1 Sym. stretch  237° Ar IR 5

P 3 Asym. stretch 905wm°® Ar IR 1,2,4,5
+

DAr; ?

bd Do

Vib. No. Approximate cm™! Med. Type Refs.

Sym. type of mode meas.

b 3 Asym. stretch 6445  Ar R 1-5

*May be complexed with two or four additional Ar atoms.?

Y try)—vy.

“Assigned in Ref. 1 to vibration of uncharged H (or D) atoms trapped in the
Ar lattice. Reassigned by Ref. 2 to the cation. Peak at 644 cm™! was
prominent in deuteron radiolysis experiments.> Ref. 4 demonstrated that the
absorptions did not appear when H or D atoms were present but a supple-
mentary high energy source suitable for inducing photoionization or elec-
tron transfer was not.
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HKr; @

X Do,

Vib. No Approximate cm™! Med.  Type Refs.
sym. type of mode meas.

2, 1 Symswech 155  Kr IR 4

N 3 Asym. stretch  853m°  Kr R 1-4

*May be complexed with two or four additional Kr atoms.?

5wy +v3)—vs.

Assigned in Ref. 1 to vibration of uncharged H (or D) atoms trapped in the
Kr lattice. Reassigned by Ref. 2 to the cation. Ref. 3 demonstrated that the
852 cm™! absorption did not appear when H atoms were present but a
supplementary high energy source suitable for inducing photoionization or
electron transfer was not.
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X

-

8.3. Triatomic Nonhydrides

Lis

C %" Dy’

Ty=21541 gas MPP €% 450-472 nm
B=0.57 MPI*

A Dy’

T,=14583 gas MPI**S A-X 660-706 nm
Vib. No. Approximate em™  Med.  Type Refs.
sym. type of mode meas.

ay 1 Sym. stretch 326 gas MPI 2

Structure in the A state is characterized’ by a radial frequency wo=191 and
linear and quadratic Jahn—Teller parameters k=0.77 and g=0.15.
B=0.57 MPI*

X g Dg? Structure: MPI*

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.

aj 1 Sym. stretch 302 gas MPI 3

303 Xe Ra

Barrier to pseudorotation=26; pseudorotation frequency=34 MPE
B=0.584 MpI'

*Subject to dynamic Jahn-Teller distortion.
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Nas

D 2E"(A,) Dip(Ca)*
gas MPI*51415Dp]12pE!*
Fragments into Na, + Na in less than 1 ps.!

D-X 410-440 nm

C 2E"(*Ay) D3(Co0)?
Ty=20813 gas MPIZ*Spp®12
Higher vibrational bands are predissociated.”

C-X 467-481 nm

1

Vib. No. Approximate cm” Med. Type Refs.
sym. type of mode meas.
aj 1 Sym. stretch 135 gas MPLPF 8

Extensive vibronic structure has been tentatively assigned® to energy levels
derived from excitation of v, (¢'), perturbed by dynamic Jahn—Teller inter-
action.

7—7(3) ns gas MPV )

Tiag=1.12 ns for the Jowest vibrational level. MPI®

BB,
T°=19200 gas DPI”
B2 Dy? Structure: MPI**
To=16124.63 gas MPI'-81720-2pp[i2TpE!® B_¥ 550-625 nm
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
128 gas MPLTPE 13,18
105 gas MPLTPE 18
74 gas MPLTPE 18

75(16255)=14(5) ns gas MPI’

75 (17418)=7(3) ns gas MPI’

Ap=0.082(2); B,=0.138(4); C;=0.051 MP[?>%*

Vibronic pseudorotation occurs,® with a beat structure period of approxi-
mately 3 ps.!7202!

Da(Can)? Structure: MPI'>16
MPI!24-6.1113,15,16 26y p12

Z ZEM(ZAz)

Tp=14894.769(4) gas A-X 658-675 nm

Vib. No.  Approximate cm™! Med. Type Refs.
sym. type of mode meas.
1 Sym. stretch 150 gas MPI 11
2 Bend 127 gas MPI 4,6,11,26
3 Asym. stretch 47 gas MPI 46,11

Vibronic structure assigned in Ref. 11. First three bands are partially local-
ized; pseudorotation barrier= 196.

T,=60(10) ns gas MPI’

A(=0.166; By=0.085; C,=0.056 MPI!>16

A" %A, Dsp

T°=13500 gas DPI?

X 2E'CBy) D3y (Cp)? Structure: MPI!>16

Vib.  No.  Approximate cm™' Med. Type Refs.

sym. type of mode meas.
1 Sym. stretch 139 gas MPLSEP  4,6,9,10
2 Bend 49.5 gas MPLSEP  4,6,9,10
3 Asym. stretch . 87 gas MPLSEP 69,10

Ag=0.177; By=0.085; C4=0.057 MP['>!622

J. Phys. Chem. Ref. Data, Vol. 27, No. 2, 1998

*Distorted by Jahn-Teller interaction.
*Band maximum.
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CU3

B

In the ion depletion study of Ref. 10, a weak, broad band with maximum
near 20600 (485 nm) has been attributed to the B—X transition of Cus.

A

Y Dsp

T,=18524 gas DPPLFSAB’ A-X 522-567 nm
In an argon matrix, an absorption maximum at 18760 (533 nm) has been
assigned' to Cu;.

vib. No.  Approximate cm™! Med.  Type Refs.

sym. type of mode meas.

aj 1 Sym. stretch 146.4(5) gas DPLLF 3538
AB 9

e’ 2 Defonation, 243 gas DPI 3,8
LF,AB 59

7=35(5) ns gas MPPLF

I Dy’

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas.

ay 1 Sym. stretch 269.5 gas LF 5,7

354T Ar Ra 24

“Distorted by Jahn-Teller interaction.
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Ag,

In an argon matrix study with mass selection,® an absorption maximum at
31{50 (321 nm) behaves appropriately for assignment to Ags, as does an
emission maximum at 26700 (374 nm). In a similar krypton matrix study,6
the coqesponding absorption maximum lies at 30200 (331 nm), and there is
an emission maximum at 26200 (381 nm).

In the lflypton-matﬁx mass selection study,® there is also a less prominent
absorption maximum near 27500 (364 nm).

ZEI) DSha

T0=26969.0 gas MPI**LF’ 2E" ¥ 365-385 nm
In an argon matrix study with mass selection,® an absorption maximum at
25900 (386 nm) behaves appropriately for assignment to Ags. In a similar
krypton matrix study,’ the absorption maximum appears at 24900 (402 nm).

Vib. No. Approximate em™!  Med. Type Refs.
sym. type of mode meas.

a; 1 Sym. stretch 1582 gas MPLLF 45,79
e’ 2 Deformation 96 gas MPLLF 45,79

7<80ns gas LF’

In argon, krypton, and xenon matrices, an absorption maximum near 23700
(422 nm) has been attributed®3S to Ag, .

A7 Dy

To=19809(2) gas EM'" 495-505 nm
In an argon matrix study with mass selection.® an absorption maximum at
20300 (492 nm) and an emission maximum at 16100 (622 nm) behave
appropriately for assignment to Ag,. In a krypton matrix study with mass
selection,® absorption maxima at 21830 (458 nm) and 19500 (514 nm) and
emission maxima at 17900 (560 nm) and 16000 (626 nm) also behave
appropriately for assignment to Ags.

Vib. No. Approximate cm™! Med. Type Refs.
~sym. type of mode meas.

aj 1 Sym. stretch 107° gas EM 10

e' 2 Deformation - 94° gas EM 10

X % Dy’

Vib. No.  Approximate em™! Med.  Type Refs.

sym. type of mode meas.

a; 1 Sym. stretch 121 gas LF . 79

e’ 2 Deformation 99 gas LF 7,9

60HT Kr Ra 1

*Distorted by Jahn—Teller interaction.
b107pg 109p0
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Auz

In an argon matrix study with mass selection,* absorption maxima at 43300
(231 nm), 38800 (258 nm), 35100 (285 am), and 33100 (302 nm) behave
appropriately for assignment to Au;. An absorption maximum at 34200
(292 nm) reported in an earlier study' without mass selection may corre-
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spond to the 285 nm maximum. In a krypton matrix study with mass selec-
tion,? the four absorption maxima appear at 42900 (233 nm), 39200 (255
nm), 35500 (282 nm), and 32500 (308 nm).

In an argon matrix study with mass selection,* an absorption maximum at
27000 (370 nm) behaves appropriately for assignment to Auj . This absorp-
tion maximum experiences a relatively large shift, to 28600 (349 nm), in the
corresponding krypton matrix study.

In an argon matrix study with mass selection,* absorption maxima at 21900
(457 nm) and 19600 (511 nm) behave appropriately for assignment to Aus.
The 21200 (471 nm) band reported in an earlier study' without mass selec-
tion may have been contributed in part by Aus. The counterparts of these
two bands appear at 21900 (457 nm), and 19500 (513 nm}) in a krypton
matrix study with mass selection.?

In an argon matrix study with mass selection,* emission maxima for Au,
were observed at 18900 (529 nm), 17300 (579 nm), and 12400 (809 nm). In
a similar krypton matrix study,’ the corresponding emission maxima were at
19600 (510 nm), 17300 (579 am), and 12300 (816 nm).

a ‘E' Dy’

To=13354.15 gas MPP a—X 710-750 nm

Vib. No. Approximate cm™! Med.  Type Refs.
sym. type of mode - meas.
aj 1 Sym. stretch 181.7 gas MPI 2
e' 2 Detormation 561 gas MPI 2
70=28(2) us gas MPP
X D
“Distorted by Jahn—Teller interaction.
References

!
IW. Kiotzbiicher and G. A. Ozin, Inorg. Chem. 19, 3767 (1980).
2@G. A. Bishea and M. D. Morse, J. Chem. Phys. 95, 8779 (1991).
3W. Harbich, S. Fedrigo, J. Buttet, and D. M. Lindsay, J. Chem. Phys. 96,
8104 (1992).
*S. Fedrigo, W. Harbich, and J. Buttet, J. Chem. Phys. 99, 5712 (1993).

Nbs

In an argon matrix, absorption maxima have been observed' near 20300
(492 nm), 18800 (532 nm), and 17000 (587 nm).

X Dsp

Vib. No.  Approximate em™! Med.  Type Refs.
sym. type of mode meas.

a; 1 Sym. stretch 335(3) Ar Ka 1

e’ 2 Deformation 227(3) Ar Ra 1

Reference

'y, Wang, R. Craig, H. Haouari, Y. Liu, J. R. Lombardi, and D. M. Lind-
say, J. Chem. Phys. 105, 5355 {1996).
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cyc-Fe,N

X Cyy

Vib. No. Approximate cm™! Med.  Type Refs.

Sym. type of mode meas.
8112 Ar IR 2
7790 N, IR 1,2
7190 N, IR 2
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11, Andrews, G. V. Chertihin, A. Citra, and M. Neurock, J. Phys. Chem.
100, 11235 (1996).

2@G. V. Chertihin, L. Andrews, and M. Neurock, J. Phys. Chem. 100, 14609
(1996).

FeFeN

b'd G

Vib. No. Approximate em™! Med. Type Refs.

sym. type of mode meas.

a’ 1 FeN stretch 771.0T Ar IR 1
Reference

'G. V. Chertibin, L. Andrews, and M. Neurock, J. Phys. Chem. 100, 14609
(1996).

Bs

b &Y Dy Structure: ESR!

Vib. No. Approximate em™! Med. Type Refs.

sym. type of mode meas.

e’ 2 886.2 Ar R 2
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28, Li, R. J. Van Zee, and W. Weltner, Jr., Chem. Phys. Lett. 262, 298
(1996).

Al,

TF#=16610 gas MPI' 516-602 nm
Overlapping contiruum with high-frequency edge at 19378(10). This con-
tinuum may be associated with unresolved high vibrational levels of another
electronic state.

Vib. ,l<l 0.  Approximate cm”!  Med.  Type Refs.
sym. type of mode meas.

1 270.6 gas MP1 1

2 205 gas MPI 1

Lifetimes (possibly radiative) vary' from 98 to 21 us.
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4
Az Clv

Ref. 3 has suggested that the gas-phase band spacing of 133, assigned by
Ref. 1 to the ground state of Al;, may instead be contributed by a funda-
mental of the low-lying 4A, state.

231 C2v
Ty=17704(3) Ne IR?
1756.9(3) Ar IR3

vib.  No.  Approximate  cm™! Med.  Type Refs.

sym. type of mode meas.

a; 1 Sym. stretch 319(2) Ne IR 3
317 Ar IR 3

b'd ZA; Dy Structure: ESR?

Vib. No. Approximate em™! Med. Type Refs.

sym. type of mode meas.

e’ 2 245(2) Ne IR 3
245 Ar IR 3

2 Possibly a 1§ band.
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BeOBe

X Doy,

Vib. No Approximate cm™! Med. Type Refs.

sym. type of mode meas.

20 3 Asym. stretch.  ~ 1412.4 Ar R 1
1407.5 Kr IR 1
1403.0 Xe IR 1
1408.3 N, IR 2
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TiOTi

b'¢ Cyy

Vib. No. Approximate cm™! Med. Type Refs.
Sym. type of mode meas.

by 3 Asym. stretch 7364 Ar IR 1

Reference

1 1.
G. V. Chertihin and L. Andrews, J. Phys. Chem. 99, 6356 (1995).

FeOFe

a
To=3150(240) gas PE’

X
Vib. No. Approximate cm™! | Med. Type Refs.
sym. type of mode meas.
Asym. stretch 868.6 Ar IR 1
878.1 N, IR 2
848.6 0, IR 1
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NiNiO
b'¢
Vib. No.  Approximate cm™! Med.  Type Refs.
sym. type of mode meas.
1 NiO stretch 844.6T Ar IR 1
849.5T N, IR 1
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CuOCu

In an argon matrix,! excitation at 20725 (482 nm) yields an emission appro-
priate to a resonance Raman or resonance fluorescence of CuOCu.

D

T,=14930(400) gas PE?

c

Ty,—14120(400) gas PE2

B

T,=12590(400) gas PE?

A
To=11540(400) gas PE?
Y CZV
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a, 1 Sym. stretch 625T Ar LF 1
2 Bend 200U gas PE 2

J. Phys. Chem. Ref. Data, Vol. 27, No. 2, 1998



164
References

'D. E. Tevault, J. Chem. Phys. 76, 2859 (1982).
2L.-S. Wang, H. Wu, S. R. Desai, and L. Lou, Phys. Rev. B 53, 8028
(1996).

Al,C
X Cyy

Vib.  No.  Approximate  cm™'  Med.  Type  Refs.
sym. type of mode meas.

by 3 CAlastreich 8020  Ar IR 1
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FeCC

A
T,=8000(800) gas PE!
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FeCC~

Threshold for electron detachment from ground-state FeCC™ = 15400(800)
gos PE!
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MgCN

X‘ 2E+ Cs v
By=0.170 MW!
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MgNC
st Cuy Structure: MW?
Vib. No. Approximate em™'  Med. Type Refs.
sym. type of mode meas.
II 2 Bend 86T gas MW 3
By=0.199 MW!
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CaNC

cxm Cay
Unstructured absorption gas LF'
7=165(38) ns gas LF'

C-X 385-418 nm

A Cav
Ty=16229.54 gas LE“*%9CL2
7 (607 nm)=40.8(1.5) ns gas LF'

A-X 572-670 nm

A=77.64 gas LF*°
Byp=0.150 LF%°
X3t C Structure: LF°

0y
By=0.135 gas LF*’MW’8
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cyc-BCC

X Co

Vib. No.  Approximate cm™! Med.  Type Refs.
sym. type of mode ‘ meas.

ay 2 CBC s-stretch 1194.6 Ar IR 1,2
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YCC
T,=12889.5 gas LF! 725-950 nm
Vib.  No.  Approximate  cm™! Med. Type  Refs.
sym. type of mode meas. .

2 CY s-stretch 494.5(5.0)  gas LF 1

/1 CY a-stretch  331.6(22)  gas LF 1
X 24, G,
Vib.  No.  Approximate  cm™! Med. Type  Refs.
sym. type of mode meas.
a; 2 CY s-stretch 561.1(2.8)  gas LF 1
b, 3 CY a-stretch 369.6(1.7)  gas LF 1
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cyc-BBN

In the argon-matrix study,” the ¥+ v combination band at 1998.3 and other
combination bands between 3250 and 6150 are moderately intense, suggest-
ing strong vibronic coupling to a low-lying excited electronic state.

X Gy,
Vib. No.  Approximate cm™! Med Type Refs.
sym. type of mode meas.
a; 1 BN s-stretch 1116° Ar IR 2
b, 3 BN a-stretch 882.3s Ar IR 2-4
910.4 N, IR 1
890.3 N, IR 1
v+ vy)—v;.
References

'P. Hassanzadeh and L. Andrews, J. Phys. Chem. 96, 9177 (1992).

2L. Andrews, P. Hassanzadeh, T. R. Burkholder, and J. M. L. Martin, J.
Chem. Phys. 98, 922 (1993).

3C. A. Thompson and L. Andrews, J. Am. Chem. Soc. 117, 10125 (1995).

4S. Li, R. J. Van Zee, and W. Weltner, Jr., Chem. Phys. Leit. 262, 298
(1996).

BNB

b ¢ De.y

Vib. No. .Approximate em™! Med.  Type Refs.

sym. type of mode meas.

3y 3 Asym. stretch 17365  Ar IR 1,2
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Gazp

X Coy

Vib. No.  Approximate cm™! Med. Type Refs.

Sym. type of mode meas.

b, 3 Asym. stretch 2812 Ar IR 1
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1 .
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165
Ga,As
f C2v
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
b, 3 Asym. stretch 2054 Ar IR 1
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Ga,Sb

b4 Cpy

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas.

by 3 Asym. stretch 1674 Ar IR 1
Reference

IS. Li, R. J. Van Zee, and W. Weltner, Jr., J. Phys.
(1993).

Chem. 97, 11393

In,P

b4 Co

Vib. No.  Approximate em™! Med.  Type Refs.

sym. type of mode meas.

by 3 Asym. stretch 249.3T Ar IR 1
Reference

1S. Li, R. J. Van Zee, and W. Weltner, Jr., J. Phys. Chem. 98, 2275 (1994).

|n2 As

X Cov

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas.

by 3 Asym. stretch 176.9T Ar IR 1
Reference

'S.Li, R. J. Van Zee, and W. Weltner, Jr., J. Phys. Chem. 98, 2275 (1994).

In,Sb

X Cov

Vib. No.  Approximate cm™! Med.  Type Refs.
sym. type of mode meas.

2 3 Asym. stretch 143.9T Ar IR 1

J. Phys. Chem. Ref. Data, Vot
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Reference
'S. Li, R. I. Van Zee, and W. Weltner, Jr., J. Phys. Chem. 98, 2275 (1994).
FeOFe™

Threshold for electron detachment from ground-state FeOFe™ =13150(320)
gas PE!

Reference
'H. Wu, S. R. Desai, and L.-S. Wang, J. Am. Chem. Soc. 118, 5296 (1996).

CuOCu~

Threshold for electron detachment from ground-state CuOCu™ =8880(240)
gas PE!

Reference

'L.-S. Wang, H. Wu, S. R. Desai, and L. Lou, Phys. Rev. B 53, 8028
(1996).

ScCO
X
Vib.  No.  Approximate  cm™! Med.  Type Refs.
sym. type of mode meas.
1 CO stretch 1950brT Ar IR 1
Reference

'S. B. H. Bach, C. A. Taylor, R. J. Van Zee, M. T. Vala, and W. Weltner,
Jr., J. Am. Chem. Soc. 108, 7104 (1986).

TiCO
X
Vib. No.  Approximate cm™! Med.  Type Refs.
sym. type of mode meas.
1 CO stretch 1854.4 Ar IR 1
Reference

'G. V. Chertihin and L. Andrews, J. Am. Chem. Soc. 117, 1595 (1995).

TiNN
X
Vib. No. Approximate cm™?! Med. Type Refs.
sym. type of mode meas.
1 NN stretch 1847.1 Ar IR 1
3 TiN stretch 766.2 Ar IR 1

J. Phys. Chem. Ref. Data, Vol. 27, No. 2, 1998

Reference

'G. V. Chertihin and L. Andrews, J. Phys. Chem. 98, 5891 (1994).

vCO

rss Coy Structure: BSR?

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas.

3+ 1 CO stretch 1904 Ar IR 1
1890 Kr IR 1
1868 Xe IR 1

References

'L. Hanlan, H. Huber, and G. A. Ozin, Inorg. Chem. 15, 2592 (1976).
2R. J. Van Zee, S. B. H. Bach, and W. Weltner, Jr., J. Phys. Chem. 90, 583
(1986).

TaCO
b4
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
1 CO stretch 1831T Ar IR 1
1819T
Reference

'R. L. DeKock, Inorg. Chem. 10, 1205 (1971).

CrCO
X
Vib. No.  Approximate cm™! Med.  Type Refs.
sym. type of mode meas.
1 CO stretch 1977 Ar IR 1
Reference

'S.B.H. Bach, C. A. Taylor, R..J. Van Zee, M. T. Vala, and W. Weltner,
Jr., J. Am. Chem. Soc. 108, 7104 (1086).

NFeN
X Cay
Vib.  No Approximate em™'  Med.  Type  Refs.
sym. type of mode meas.
b, 3 Asym. stretch 903.4 Ar IR 2
/ 903.6 N, IR 1,2
References

1., Andrews, G. V. Chertihin, A. Citra, and M. Neurock, J. Phys. Chem-
100, 11235 (1996).

(. V. Chertihin, L. Andrews, and M. Neurock, J. Phys. Chem. 100, 14607
(1996).
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FeNN

X G

Vib. No Approximate ~ cm™! Med.  Type Refs.

sym type of mode meas.

a' 1 NN stretch 2017.8 Ar IR 1
2017.8 N, IR 1
20120 N, IR 1

Reference

G, V. Chertihin, L. Andrews, and M. Neurock, J. Phys. Chem. 100, 14609

(1996).
FeCO
e Cov
T,=1135(25) gas PE’
Vib. No. Approxiuate ™! Med. Type Refs.
sym. type of mode meas.
3 1 CO stretch 1990(15)  gas PE 3
11 2 Rend 180(60N) gas PE 3
p 3 FeC stretch 460(15)  gas PE 3
X33 Cay Structure: MW*6DL3
vib.  No.  Approximate  cm™! Med.  Type Refs.
sym. type of mode meas.
P 1 CO stretch 194647  gas PEDL 235
1898T Ar IR 1
1884T Kr IR 1
I 2 Bend 330(50) gas PE 3
3t 3 FeC stretch 530(10)  gas PE 3
Bo=0.146 MW*DL?
References

IC.H.F. Peden, S. F. Parker, P. H. Barrett, and R. G. Pearson, J. Phys.
Chem. 87, 2329 (1983).

ZR. J. Ryther and E. Weitz, J. Phys. Chem. 95, 9841 (1991).

*P. W. Villalta and D. G. Leopold, J. Chem. Phys. 98, 7730 (1993).
4Y. Kasai, K. Obi, Y. Ohshima, Y. Endo, and K. Kawaguchi, J. Chem.
5Phys. 103, 90 (1995).

ﬁg 91‘7a)naka, K. Sakaguchi, and T. Tanaka, J. Chem. Phys. 106, 2118
65.9 ;I‘a)naka, M. Shirasaka, and T. Tanaka, J. Chem. Phys. 106, 6821

7).

167
Reference

1. A. Hanlan, H. Huber, E. P. Kiindig, B. R. McGarvey, and G. A. Ozin,
J. Am. Chem. Soc. 97, 7054 (1975).

NiCO
To=11050(240) gas PE?
X
Vib. No. Approximate em™! Med. Type Refs.
sym. type of mode meas.
1 CO stretch 1940(80)  gas PE
1996 Ar IR 1

References

R. L. DeKock, Inorg. Chem. 10, 1205 (1971).
2A. L. Stevens, C. S. Teigerle, and W. C. Lineberger, J. Am. Chem. Soc.
104, 5026 (1982).

PdCO

X

Vib. No. Approximate cm™ Med. Type Refs.

sym. type of mode meas.

1 CO stretch 2050 Ar IR 1,2
2045 Kr IR 2
316.8T Kr IR 2
References

IE. P. Kiindig, M. Moskovits, and G. A. Ozin, Can. J. Chem. 50, 3587
(1972).
2. H. Darling and J. S. Ogden, J. Chem. Soc., Dalton Trans. 1973, 1079.

PtCO
X
Vib. No. Approximate V cm™! Med. Type Refs.
sy type of mude meas.
1 CO stretch 2052 Ar IR 1

Reference

'E. P, Kiindig, D. McIntosh, M. Moskovits, and G. A. Ozin, J. Am. Chem.
Soc. 95, 7234 (1973).

CoCO

X

Vib, No. Approximate cm™! Med. Type Refs.

Sym. type of mode meas.

1 CO stretch 1956 Ar 1R 1

1949
1952 Kr IR 1
1944
1947 Xe IR 1
1941

CuCO
X
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
1 CO stretch 2010.4 Ar IR 1

J. Phys. Chem. Ref. Data, Vol. 27, No. 2, 1998
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Reference

'Y, Huber, E. P. Kiindig, M. Moskovits, and G. A. Ozin, J. Am. Chem.
Soc. 97, 2097 (1975).

Cuo
b ¢ Cay
Vib. No. Approximate em™! Med. Type Refs.
sym. type of mode meas.
3* 1 UC stretch 852.6 Ar IR 1
3 UO stretch 804.4 Ar IR 1
Reference

+T. J. Tague, Jr., L. Andrews, and R. D. Hunt, J. Phys. Chem. 97, 10920
(1993).

B

In 2-photon ionization studies of jet-cooled C;, a complicated group of
bands, all with rotational structure appropriate for a 3.} —3, ; vibronic tran-
sition arising from the X state, has been observed between 266 and 302
nm. 2 Lifetimes of these bands range from 0.4 to 2.5 us, and the B’ value
for the first intense band, at 33153(5), is 0.396(3). These same bands, as
well as bands at somewhat lower energies (possibly below the ionization
threshold) and some bands arising from a 2: ~I, vibronic transition, have
also been studied using LF measurements on cooled beams In a neon
matrix,> absorptions attributable to the B—X transition of C; are observed
between 281 and 302 nm, with the first intense band at 33149(20), and in an
argon matrix,3® absorptions arising from this transition of Cj are observed
between 280 and 284 nm.

Vib. No. *  Approximate cm™! Med.  Type Refs.
Sym. type of mode meas.
444(20)  Ne AB 39
390 Ar AB 30

In an argon matrix,*® bands attributable to C; have been observed between
367 and 373 nm.

Uco A, Doy Structure: UV®
¥ Ty=246755 gas EMM2S ABSSOLRUBBINNG & gaas cig
24640 Ne AB**EMLF!! A-X 347-488 nm
Vib. No.  Approximate cm™! Med.  Type Refs. 24370 Ar AB*SLF! A-%352-411 nm
sym. type of mode meas. 24350 Kr AB’
23610 Xe AB*
1 CO stretch 1832T Ar IR 1 5
1817T 24635 N, AB
Vib. No. Approximate cm™! Med. Type Refs.
Reference sym. type of mode meas.
¥ 1 Sym. stret 10785 AB,LF 6,33
1} L. Stater, R. K. Sheline, K. C. Lin, and W. Welmer, r. J. Chem. Phys. & ymsteh s s
55, 5129 (1971). © ¢ AP
’ 1093(6) Ar AB 5,7
1090 Kr AB 7
1120 Xe AB 7
NPuN 1050 N, AB 7
- D 11, 2 Bend 307.9¢ gas AB 6
X =h p 3 Agsym. stretch 541.7¢ gas LF 36
Vib.  No Approximate cm™! Med.  Type Refs. 7=200(10) ns gas LF21
sym. type of mode meas. In a neon or argon matrix,'! efficient intersystem crossing into the a °IT,
| state occurs. and 7 < 10 ns.
P 3 Asym. swetich  1029.7  Ar IR 1 ;Zzeo‘f:a‘(’)r 3'\‘16 4 ns
Reference 5 °m, Doy Structure: DL,EM*
T,=23570(210) gas DL*EM™ b~a 1530-1640 nm
D, W. Green and G. T. Reedy, J. Chem. Phys. 69, 552 (1978). 1 23584° Ne IR®
Vib. No. Approximate cm™! Med. Type Refs.
C3 SyuL iype of mude mcas.
15+ Dy 11, 2 Bend 345(40) gas EM 37
Ty=52826(30) Ar ABY 170-190 sm 41497704 EMY
: —— = - ——————  B,=0424 DL”EM”
Vib. No.  Approximate cm Med. Type  Refs. /
sym. type of mode meas.
P 1 Sym. stretch 1080(30) Ar AB 15

g
o, 2 Bend

Sy Asym. stretch

300B30H  Ar AB 15
780(30)H*  Ar AB 15

w

J. Phys. Chem. Ref. Data, Vol. 27, No. 2, 1998
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a0, Den Structure: DL,EM?
To=17090(210) gas DL*EM*?PE* - 1530-1640 nm
Ty=17080 Ne EM’LF' ¥ 585-631 nm

R* F-a 1250-1538 nm
16930 Ar EM>3*
IR b-a 12531544 nm
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
7 1 Symstech 115658  Ne IR 32
1154.28 Ar IR 32
11, 2 Bend 505(40)*  gas EM 37
Sy 3 Asym. stretch ~ 1449.53 gas DL 38
1454.1 Ne IR 32
1455.3 Ar IR 32
7= 0.02 s Ne EM’
A=15.16(4) EM?’
By=0.417 DL®3%M¥
Xy Dy, Structure: UVS

This state of C; is highly anharmonic. The term values of many excited
vibrational energy levels have been determined in SEP*'?5%7 and LF%
studies. Analysis of data from the SEP studies?® nsing the semirigid bender
model indicates that the molecule is linear in its ground state but that on
excitation of v3 a potential barrier appears at the linear configuration.

Vib. No. Approximate cm ™! Med. Type Refs.
sym. type of mode meas.
5, 1 Sym. stretch 12245 gas  ABLF  9,17,23,33
1226 Ne EM 5
1212(2) Ar IREM 19,34
12158T Kr IR 41
12348 N, IR 19
o, 2 Bend 6341° gas UVDL 62223
SEP,TF 24,25
700 Ne AB 5
82H  Ar EM 34
p 3 Asym. stretch  2040.02  gas IR,DL 16,18
’ LF 23
2042 Ne IR 4
2038s Ar IR 4,10
20333  Kr IR 41
20360 H, IR 40
2031 N, IR 19

By=0.431 UVSIR!'SDL!*TF?

*Alternate assignment gives 1320.

®In the LF studies,!! a second site was observed with T,=24408.

°w. Large Renner splitting, with £=0.537.% Detailed comparisons of gas-
phase with neon- and argon-matrix band positions are given in Refs. 8 and
14. Ref. 14 also gives a more detailed analysis of electronic orbital angular
momentum effects in the gas-phase molecule.

%In the gas phase, the A(002)-X(000) transition appears at 26348.0, giv-
ing 2v3=1672.5, and the cormresponding transition observed in a neon ma-
trix® yields 2v,=1680. Ref. 36 suggests that this fundamental of C; A 'TI,
has a large quartic anharmonicity.

Sum of values for a—X and b—a transitions.

fw. Large Renner splitting, with £=0.447.%

By tvy)—vs.
he,. Large Renner splitting, with £=0.566.37
Most precise value with tunable far infrared laser spectrometer (TF).» = 45
in X(011).2

iGreatly broadened in a rare-gas matrix by interaction with lattice modes.!!
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SiCC 'L. H. Coudert, J. Mol. Spectrosc. 160, 225 (1993).
178, C. Ross, T. J. Butenhoff, E. A. Rohlfing, and C. M. Rohlfing, J. Chem.
i, Cyy Structure: PIPAB!! Phys. 100, 4110 (1994).
To=20065.505 gas EM!AB>!'LF*'’ A-X 402-507 nm Si
20142 Ne AB’LF* A-X 409611 nm 3
5 le C2v
Vib.  No.  Approximate  cm™! Med. Type Refs. _ P _
sym. type of mode meas. Ty=25753(13)T Ne AB G-X 330-390 nm
a 1 CC stretch 1462 gas EM.AB 1.34. Vib. No. Approximate cm™! Med. Type Refs.
LF 11,15 sym. type of mode meas.
1462 Ne AB,LF 24 ;
1457 Ar AB 9 a; 350T Ne AB 6
2 CSi s-stretch 455.04  gas LEEM 4,11,15
462 Ne ABLF 24 F B, Coy
448 Ar AB 9 T,=19146(7) Ne AB® F--¥ 430-540 nm
by 3 CSi a-stretch 487 gas LF 15
=370 05 _gas LE* Vib. No. Approximate em™! Med. Type Refs.
0 310 ns gNe LF* sym. type of mode meas.
Ap=1589; By=0411; C;=0324 AB" a 1 Sym. stretch ~ 360T  Ne AB 6
Ty, C,, Structure: PPMWS7AB!! Pl C,
. . N . . 17 1 v
The triangular configuration lies 1883(200) below the linear configuration. T,=17250(6) Ne AB'S F 530580 nm
Vib. No. Approximate cm™! Med. Type Refs. - - — ,
sym. type of mode meas. Vib. No. Appruximate [ETh Med. Type Refs.
sym. type of mode meas.
a; 1 CC stretch 1746.02.8) gas EM,LF 1,15
17463 Ne IR,LF 24 a; 2 Bend 250T Ne AB 6
17413 Ar IR 8,14
2 CSi s-stretch ~ 840.6(1.2) gas  EMLF 110,15 D B, Cyy
836m Ne IR,LF 2,4 Ty=13470(80) gas PE?
824.3 Ar IR 8,14 12839(3) Ne AB® D~X 700-780 nm
by 3 CSi a-stretch 196.37(4) gas MW, LI 13,15
172H8* Ne LF 4 Vib. No. Approximate cm™! Med.  Type Refs.
160.4 Ar IR 14 sym. type of mode meas.
Ag=1.729; By=0.436; C;=0.348 MWO"1213154B1 a 1 Sym. stretch  480(40)  gas PE 2
. L o 470T Ne AB 6
“In neon-matrix emission measurements, Ref. 4 identified 2v; at 344. The
gas-phase term energy for 2v,, obtained in the SEP study of Ref. 17, is ~
352.85. C
To,=8880(80) gas PE?
References _
B
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X IAI CZV

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas.

a; 1 Sym. stretch 550T Ne R 5
5506  Ar IR 5
546.7 Kr IR 5

b, 3 Asym. stretch 5255 Ne 1R 5
525.1 Ar IR 5
523.1 Kr IR 5
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Ge;

lBl C2v
T,=13640(100) gas PE!

OBeO*

4 Dap

Vib. No Approximate cm™! Med.  Type Refs.

sym. type of mode meas.

Sy 3 Asym. stretch ~ 988.6T  Ar IR 1
99307 Kr IR 1
993.6T Xe IR 1
9708T N, R 2
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NiCO~

Threshold for electron detachment from ground-state NiCO~ =6490(100)
gas PE!
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Vib. No. Approximate ~cm™!  Med. Type  Refs.
sym. type of mode meas. NFeO
a 266T  gas PE 1 x
3 Vib. No. Approximate em™! Med. Type Refs.
B, Coy sym. type of mode meas.
T,=8070(100) gas PE!

FeN stretch 971.1 N, IR 1
34, Cy FeO stretch 798.1 Ar R 2
Ty=6540(100) gas PE! 7964 N IR 1
'B, Cy References

T,=1690(100) gas PE!

Vih. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.

a, 355T gas PE 1
XA 345,14, Ds;,Cyy

Vib. No. Approximate  em™!  Med. Type  Refs.
sym. type of mode meas.

e’ 3 150T gas PE 1

Reference

1G. R. Burton, C. Xu, C. C. Amold, and D. M. Neumark, J. Chem. Phys.
104, 2757 (1996).

L. Andrews, G. V. Chertihin, A. Citra, and M. Neurock, J. Phys. Chem.
100, 11235 (1996).

2@. V. Chertihin, L. Andrews, and M. Neurock, J. Phys. Chem. 100, 14609
(1996).

FeNO
X
Vib. No.  Approximate  cm™! Med.  Type Refs.
sym. type of mode meas.
" NO stretch 17468 N, R 1
1731.0
Reference

'1.. Andrews, G. V. Chertihin, A. Citra, and M. Neurock, J. Phys. Chem.
100, 11235 (1996).
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Cu0O0+ GaCoO
X X
Vib. No. Approximate cm™! Med. Type Refs. Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas. sym. type of mode meas.
1 OO stretch 1544.7T Ar IR 1 1 CO stretch 1898.1 Ar IR 1
1886.5
Reference 18970 N, R 1
1886.0
{G. V. Chertihin, L. Andrews, and C. W. Bauschlicher, Jr., J. Phys. Chem. Reference

A 101, 4026 (1997).

NUO
X Coy
Vib. No. Approximate em™! Med. Type Refs.
sym. type of mode meas.
b 1 UN stretch 983.6  Ar IR 12
3 UO stretch 818.9 Ar IR
References

D, W. Green and G. T. Reedy, J. Chem. Phys. 65, 2921 (1976).
2@G. P. Kushto, P. F. Souter, L. Andrews, and M. Neurock, J. Chem. Phys.
106, 5894 (1997).

'A. Feltrin, M. Guido, and S. Nunziante Cesaro, Vib. Spectrosc. 8, 175
(1995).

GaP 2
X’ C2v
Vib. No. Approﬁmate cm™! Med. Type Refs.
sym. type of mode meas.
a, 1 Sym. stretch 322 Kr IR - 1
Bend 2209 Ar IR 1
Reference

1§.:Li, R. J. Van Zee, and W. Weltner, Jr., J. Phys. Chem. 97, 11393
(1993).

UNO
X
Vib. No.  Approximate cm™? Med.  Type Refs.
sym. type of mode meas.
NO stretch 1757.3 Ar IR 1
1749.2
Reference

'G. P. Kushto, P. F. Souter, L. Andrews, and M. Neurock, J. Chem. Phys.
106, 5894 (1997).

AICO
X
Vib.  No.  Approximate  cm™! Med. Type  Refs.
sym. type of mode meas.
1 CO stretch 1867.7 Ar IR 1-3
1883.1 N, IR 3
1878.3
3 AIC streich 656.2wT N, IR 3
References

'G. V. Chertikhin, I. L. Rozhanskii, L. V. Serebrennikov, and V. F.

Shevel’kov, Zh. Fiz. Khim. 62, 2256 (1988); Russ. J. Phys. Chem. 62,

1165 (1988).

2C. Xu, L. Manceron, and J. P. Perchard, J. Chem. Soc. Faraday Trans. 89,
1291 (1993).

3 A. Feltrin, M. Guido, and S. Nunziante Cesaro, Vib. Spectrosc. 8, 175
(1995).
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GaAs,

X Cyy

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas.

ay 1 Sym. stietch 231.0 Ar IR L
Bend 1714 Ar IR 1

Reference

IS. Li, R. J. Van Zee, and W. Weltner, Jr., J. Phys. Chem. 97, 11393
(1993).

GasSb,

X o

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas.

a, 1 Sym. stretch 183T Ar R 1
Bend 158T Ar IR 1

Reference

'S. Li, R. J. Van Zee, and W. Weltner, Jr., J. Phys. Chem. 97, 11393
(1993).
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Cs

Threshold for electron detachment from ground-state C5 =15980(160) gas
PEIAG .

X =y D..,,

Vib.  No.  Approximate cm™! Med. Type - Refs.

sym. type of mode meas.

Sy 1 Sym. stretch 1075(100)  gas PE 3

S 3 Asym. stretch ~ 1721.8T Ar IR 4
References

13, M. Oakes and G. B. Ellison, Tetrahedron 42, 6263 (1986).

28. Yang, K. J. Taylor, M. J. Craycraft, J. Conceicao, C. L. Pettiette, O.
Cheshnovsky, and R. E. Smalley, Chem. Phys. Lett. 144, 431 (1988).

3D. W. Amold, S. E. Bradforth, T. N. Kitsopoulos, and D. M. Neumark, J.
Chem. Phys. 95, 8753 (1991).

43, Szczepanski, S. Ekemn, and M. Vala, J. Phys. Chem. A 101, 1841
(1997).
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Reference

1G. R. Burton, C. Xu, C. C. Amold, and D. M. Neumark, J. Chem. Phys.
104, 2757 (1996).

CCN
C-’ 22+ Cmv
T,=26661.80 gas AB'LF"

C-X 310-375 nm
Evidence for predissociation above 29100.! ’

Vib. No. Approximate em”! Med. Type Refs.
sym. type of mode meas.

3t 1 Stretch 1859.20  gas AB,LF 1,14
I 2 Bend 469.9(4) gas - ABLF 1,14
5t 3 Stretch 1257(4  gas LF 14

By=0.413 AB!LF*

Coy
ABI

B 23~

Tp=22413.25 gas B-X 442-446 nm

Siy 2180 Ar AB?
Threshold for electron detachment from ground-state Si; =18565(10) gas Vib. No. Approximate cm™! Med. Type Refs.
PE!TPE? sym. type of mode meas.
24, Co II 2 Bend 445T gas . AB 1
To=9946(2) Ne AB3 ZAI_X— 820-1040 nm 30:0.405 ABl
Vib. No.  Approximate cm™! Med.  Type Refs. A A Coy
sym. type of mode meas. T,=21259.203 gas AB'LF'EM’ A-X 376-471 nm
3 PO
a 1 Sym. stretch  495(5) Ne AB 3 21377 Ar LF°AB A-X 373-550 nm
2 Rend 407(5) Ne AR 3 -
Vib.  No.  Approximate  cm! Med.  Type Refs.
sym. type of mode ' meas.
f 2A1 Clv +
p i Stretch 177077 gas AB 1
Vib. No. Approximate em™! Med. Type Refs. 1732 (23 Ar LF 2
sym. type of mode [meas. II 2 Bend 457.1 gas ABLF 16,14
o 3 Stretch 1241.64  gas AB 1
a, i Sym. stretch 565(15)T gas TPE 2 1225(2) Ar LF 2
7=170ns Ar LF’
References Ag=—0807 gas ABLF'S
By=0.414 AB'LF*MODR’
'T.N. Kitsupoulus, C. J. Chick, A. Weaver, and D. M. Newmaik, J. Chiom. _
Phys. 93, 6108 (1990). Xy Coy
1C. C. Amnold and D. M. Neumark, J. Chem. Phys. 100, 1797 (1994). -
3J. Fulara, P. Freivogel, M. Grutter, and J. P. Maier, J. Phys. Chem. 100, Vib. No.  Approximate cm™? Med.  Type Refs.
18042 (1996). sym. typc of modc meas,
p 1 Stretch 1923.25 gas LFEEM 589
- LMR 12
Ge, DL 10,11
1717 ~  Ar LF 2
Threshold for electron detachment from ground-state Ge; =17990(80) gas I 2 Bend 324 gas ABLF 1,8
PE! 179.27°  gas LF 14
3t 3 Stretch 1050.76 gas LF.EM 5,89
T4, Cy 1066 _Ar LF 2
) . = A,=42.328(2), ew,=132.8 gas LF*DL®LMR"
1 0 , EWy
Vib. No. Approximate cm Med Type Refs. B,=0398 AB 1 F+SDLIGI MRIZMW 3
sym. type of mode meas.
290T  gas  PB 1 o

423, component.
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References
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4M. Kakimoto and T. Kasuya, J. Mol. Spectrosc. 94, 380 {1982).

$K. Hakuta and H. Uehara, J. Chem. Phys. 78, 6484 (1983).

SK. Kawaguchi, T. Suzuki, S. Saito, E. Hirota, and T. Kasuya, J. Mol.
Spectrosc. 106, 320 {1984).
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8C. R. Brazier, L. C. O’Brien, and P. F. Bernath, J. Chem. Phys. 86, 3078
(1987).

°N. Oliphant, A. Lee, P. F. Bernath, and C. R. Brazier, J. Chem. Phys. 92,
2244 (1990).

10M. Fehér, C. Salud, and 1. P. Maier, J. Mol. Spectrosc. 145, 246 (1991).

Y. Fehér, C. Salud, J. P. Maier, and A. J. Merer, J. Mol. Spectrosc. 150,
280 (1991).
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13y, Ohshima and Y. BEndo, J. Mol. Spectrosc. 172, 225 (1995).

41, Kohguchi, Y. Ohshima, and Y. Endo, J. Chem. Phys. 106, 5429 (1997).

SiNSi
3k Dap

Ty=3431429 gas MPI'
B,=0.113 MPI

Structure: MPI!
I3 F_X 275-315 nm

g | Doy Structure: MPT'
By=0.112 MPI'

Reference

!D. J. Brugh and M. D. Morse, Chem. Phys. Lett. 267, 370 (1997).

OBeO

X Dap

Vib. No.  Approximate cm™! Med.  Type Refs.

sym. type of mode meas.

b 3 Asym. stretch 14314 Ne IR 1
1413.2 Ar iR 1
1408.2 Kr IR 1
1415.7 Xe IR 1

Reference

IC. A. Thompson and L. Andrews, J. Chem. Phys. 100, 8689 (1994).

OMgO
X Deap
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
03 Asym. stretch 7677 Ar IR 1
723.6 N, IR 2
References

L. Andrews and J. T. Yustein, J. Phys. Chem. 97, 12700 (1993).

2L. Andrews, G. V. Chertihin, C. A. Thompson, J. Dillon, S. Byme, and C.

W. Bauschlicher, Jr., J. Phys. Chem. 100, 10088 (1996).
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cyc-MgO,

X Coy

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas.

a, 2 MgO, s-stretch 62137 Ar R 1
Reference

L. Andrews and J. T. Yustein, J. Phys. Chem. 97, 12700 (1993).

OCaO

f CZV

Vib. No. Approximate em”! Med.  Type Refs.

sym. type of mode meas.

by 3 Asym. stretch 515.7 Ar IR 1
4970 N, IR

References

Y1, Andrews, J. T. Yustein, C. A. Thompson, and R. D. Hunt, J. Phys.
Chem. 98, 6514 (1994).

21.. Andrews, G. V. Chertihin, C. A. Thompson, J. Dillon, S. Byme, and C.
W. Bauschlicher, Jr., J. Phys. Chem. 100, 10088 (1996).

cyc-Ca0,
X’ CZV
Vib. No Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a; 1 0-0 stretch 736.2 Ax R 1
742.1 N, IR 2
2 0Ca0 s-stretch 555.7 N, IR 2
by 3 0Ca0 a-stretch 505.5 N, IR 2

References

L. Andrews, J. T. Yustein, C. A. Thompson, and R. D. Hunt, J. Phys.
Chem. 98, 6514 (1994).

2L. Andrews, G. V. Chertihin, C. A. Thompson, J. Dillon, S. Byrne, and C.
W. Bauschlicher, Jr., J. Phys. Chem. 100, 10088 (1996).

OoSro

f (:2\/

Vib. No.  Approximate cm™! Med.  Type Refs.

sym. _ type of mode meas.

b, 3/ Asym. stretch 5324  Ar R 1
496.1 N, IR 2

References

'L. Andrews, J. T. Yustein, C. A. Thompson, and R. D. Hunt, I. Phys.
Chem. 98, 6514 (1994).

?L. Andrews, G. V. Chertihin, C. A. Thompsor, J. Dillon, S. Byrne, and C.
'W. Bauschlicher, Jr., J. Phys. Chem. 100, 10088 (1996).
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cyc-Sr0O,

Y C2v

Vib. No. Approximate cm™! Med. Type » Refs.

sym. type of mode meas. ’

a; 1 0-0 stretch 729.9 Ar IR 1
729.8 N, IR 2

2 Sr0, s-stretch 509.2 Ar IR 1

473.1 N, IR 2

References

'1.. Andrews, J. T. Yustein, C. A. Thompson, and R. D. Hunt, J. Phys.
Chem. 98, 6514 (1994).

L. Andrews, G. V. Chertihin, C. A. Thompson, J. Dillon, S. Byme, and C.
W. Bauschlicher, Jr., J. Phys. Chem. 100, 10088 (1996).

OBaO

X Coy

Vib. No.  Approximate em™! Med.  Type Refs.
sym. type of mode meas.

b, 3 Asym. stretch 570.2 Ar IR 1

Reference

'L. Andrews, J. T. Yustein, C. A. Thompson, and R. D. Hunt, J. Phys.
Chem. 98, 6514 (1994).

cyec-Ba0O,
X Cyy
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a; 1 0-O0 stretch 7545 Ar IR 1
2 BaQ, s-stretch 468.3 Ar IR 1
Reference

L. Andrews, J. T. Yustein, C. A. Thompson, and R. D. Hunt, J. Phys.
Chem. 98, 6514 (1994).

raYal™ oY
ViV
f C2v
Vib. No. Approximate cm ! Med. Type Refs.
sym. type of mode meas.
a, 1 Sym. stretch 895(20)  gas PE 6
914.4 Ar IR 7
2 Bend 220(20) gas PE 6
b, 3 Asym. stretch 965.4 Ar IR 1-5,7

References

'J. H. Darling, M. B. Garton-Sprenger, and J. S. Ogden, Sympos. Faraday
Soc. 8, 75 (1974). _ .

2M. Poliakoff, K. P. Smith, J. J. Turner, and A. J. Wilkinson, J. Chem.
Soc., Dalton Trans. 651 (1982).

3M. J. Almond, A. J. Downs, and R. N. Perutz, Inorg. Chem. 24, 275
(1985).

4M. J. Almond and A. J. Downs, J. Chem. Soc., Dalton Trans. 809 (1988).

SM. I. Almond and M. Hahne. J.-Chem. Soc.. Dalton Trans. 2255 (1988).

SP. G. Wenthold, K.-L. Jonas, and W. C. Lineberger, J. Chem. Phys. 106,
9961 (1997).

7G. V. Chertihin, W. D. Bare, and L. Andrews, J. Chem. Phys. 107, 2798
(1997).

OMoO

Y C2v

Vib. No. Approximate em™! Med. Type Refs.

sym. type of mode meas.

a; 1 Sym. stretch 948.5 Ne IR 1
938.7 Ar IR 1,2

b, 3 Asym. stretch 899 Ne IR 1
885 Ar IR 12

References

'W. D. Hewen, Jr., J. H. Newion, and W. Welmer, Jr., J. Phys. Chem. 79,

3640 (1975).
?M. J. Almond and A. J. Downs, J. Chem. Soc., Dalton Trans. 809 (1988).

owo

T,=12672 Ne AB! 605-790 nm

Vib. ~No.  Approximate cm™! Med.  Type Refs.

sym. type of mode meas.

a, 1 Sym. stretch 972 Ne AB 1

2 Bend 300 Ne AB 1

X Cy, Structure: TR?

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas.

ay 1 Sym. stretch 992 Ne IR 1
974T Ar IR 1
9755 Kr IR 2

b, 3 Asym. stretch 928 Ne R 1
921 Ar IR 1
9372 Kr IR 2

References

L'W. Weltner, Jr. and D. McLeod, Jr., J. Mol. Spectrosc. 17, 276 (1965).
2D. W. Green and K. M. Ervin, J. Mol. Spectrosc. 89, 145 (1981).
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oTiO T ,
Ty=11615 Ne AB A-X 716-861 um
T,=18880 Ne EM! 529-621 nm
Vib. No. Approximate em™! Med. Type Refs.
X Coy sym. type of mode meas.
Vib. No. Approximate cm™? Med. Type Refs. 1 Sym. stretch 937 Ne AB 1
sym. type of mode meas. 2 Bend 285 Ne AB i
a, 1 Sym. stretch 965T gas R 2 bd C,,
962.0 Ne R 1
946.9 Ar R 3 Vib. No. Approximate cm™! Med. Type Refs.
b,y 3 Asym. stretch 944 gas IR 2 sym type of mode meas.
934.8 Ne IR 1
917.1 Ar R 3 a; 1 Sym. stretch 971 Ar IR 1
by 3 Asym. stretch 912 Ar R 1
References
Reference

IN. 8. McIntyre, K. R. Thompson, and W. Weltner, Jr., J. Phys. Chem. 75,
3243 (1971).

2T. C. DeVore and T. N. Gallaher, High Temp. Sci. 16, 269 (1983).

3G. V. Chertihin and L. Andrews, J. Phys. Chem. 99, 6356 (1995).

LW. Weltner, Jr. and D. McLeod, Jr., J. Chem. Phys. 42, 882 (1965).

0zZrO

X- CZV

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas.

a; 1 Sym. stretch 884.3 Ar IR 1

by 3 Asym. stretch 818.0 Ar IR 1
Reference

G. V. Chertihin and L. Andrews, J. Phys. Chem. 99, 6356 (1995).

OHfO

X CZV

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas.

a; 1 Sym. stretch 883.4 Ar IR 1

b, 3 Asym. stretch 814.0 Ar IR 1
Reference

'G. V. Chertibin and L. Andrews, J. Phys. Chem. 99, 6356 (1995).

0OTaO

B

To=16232 Ne AB! B-X 558-616 nm

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
2 Bend ) 281 Ne AB 1
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OFeO

A

Ty=7660(320) gas DPLC’

f C2v

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas.

a, 1 Sym. stretch 797.1 Ar IR 5,6

b, 3 Asym. stretch 945.8 Ar IR 1-6

945.2 0, IR

References

'S. Abramowitz, N. Acquista, and I. W. Levin, Chem. Phys. Lett. 50, 423
(1977).

28. Chang, G. Blyholder, and J. Fernandez, Inorg. Chem. 20, 2813 (1981).

L. V. Serebrennikov, Vestn. Mosk. Univ., Ser. 2: Khim. 29, 451 (1988).

‘M. Fanfarillo, A. J. Downs, T. M. Greene, and M. J. Almond, Inorg.
Chem. 31, 2973 (1992).

SL. Andrews, G. V. Chertihin, A. Ricca, and C. W. Bauschlicher, ., J.
Am. Chem. Soc. 118, 467 (1996).

$G. V. Chertihin, W. Saffel, J. T. Yustein, L. Andrews, M. Neurock, A.
Ricca, and C. W. Bauschlicher, Jr., J. Phys. Chem. 100, 5261 (1996).

"H. Wu, S. R. Desai, and L.-S. Wang, J. Am. Chem. Soc. 118, 5296 (1996).

FeOO

X G

Vib. No. Approximate em™! Med. Type Refs.

sym type of mode meas.

a’ 1 0O stretch 1204.5 Ar IR 12
1204.2 N, IR 3
1209.8 0, IR 2

References

1. Andrews, G. V. Chertihin, A. Ricca, and C. W. Bauschlicher, Ir., J.
Am. Chem. Soc. 118, 467 (1996).

2G. V. Chertihin, W. Saffel, J. T. Yustein, L. Andrews, M. Neurock, A.
Ricca, and C. W. Bauschlicher, Jr., J. Phys. Chem. 100, 5261 (1996).
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3L. Andrews, G. V. Chertihin, A. Citra, and M. Neurock, J. Phys. Chem. cyc—N|02
100, 11235 (1996).
A
cyc-FeO, T,=8000T gas PE?
X Co T Cyy Structure: IR!
Vib. No. Approximate om™! Med.  Type Refs. Vib. No. Approximate em™! Med. Type Refs.
sym. type of mode meas. sym. type of mode meas.
a; 1 0O stretch 956.0 Ar IR 1-4 a; 1 00 stretch 967.1 Ar IR 1,2
9545 0, R g0l N, R )
2 OFeO s-stretch 548.4 Ar IR 34 2 NiO s-stretch 538.3 Ar IR 2
5497 O R 4 b, 3 NiO astretch 5117 Ar IR 2
References References

!S. Chang, G. Blyholder, and J. Fernandez, Inorg. Chem. 20, 2813 (1981).

2M. Fanfarillo, A. J. Downs, T. M. Greene, and M. J. Almond, Inorg.
Chem. 31, 2973 (1992).

3L. Andrews, G. V. Chertihin, A. Ricca, and C. W. Bauschlicher, Jr., J.
Am. Chem. Soc. 118, 467 (1996). :

4G. V. Chertihin, W. Saffel, J. T. Yustein, L. Andrews, M. Neurock, A.
Ricca, and C. W. Bauschlicher, Jr., J. Phys. Chem. 100, 5261 (1996).

cyc-RhO,
b4 Gy, Structure: IR
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a; 1 OO0 stretch 908 Ar IR 1
900 Xe IR
2 RhO stretch 422 Xe IR 1
Reference
'A. I. L. Hanlan and G. A. Ozin, Inorg. Chem. 16, 2848 (1977).
ONiO
5t Do
T,=6210(240) gas PE’
a’a, Doy,
T,=3230(160) gas PE?
%33 D.
Vib. No.  Approximate cm™! Med.  Type Refs.
sym. typc of modc mcas.
Sy Sym. stretch 750(30)  gas PE
poN Asym. stretch ~ 954.9 Ar R 1
939.5 Na IR 1
References

' A. Citra, G. V. Chertihin, L. Andrews, and M. Neurock, J. Phys. Chem. A
101, 3109 (1997).
2H. Wu and L.-S. Wang, J. Chem. Phys. 107, 16 (1997).

'H. Huber, W. Klotzbiicher, G. A. Ozin, and A. Vander Voet, Can. J.
Chem. 51, 2722 (1973).

2A. Citra, G. V. Chertihin, L. Andrews, and M. Neurock, J. Phys. Chem. A
101, 3109 (1997).

*H. Wu and L.-S. Wang, J. Chem. Phys. 107, 16 (1997).

NiOO

' G

Vib. No.  Approximate cm! Med.  Type Refs.

sym. type of mode meas.

a’ 1 0O stretch 1221.3 Ar IR 1
Reference

! A. Citra, G. V. Chertihin, L. Andrews, and M. Neurock, J. Phys. Chem. A
101, 3109 (1997).

cyc-PdO,
b'd Ca. Structure: IR
Vib. No. Approximate cm™? Med.  Type Refs.
sym. type of mode ' meas.
a, 1 OO stretch 1023.5 Ar IR 1
2 PdO s-stretch 427w Ar IR 1
References

'H. Huber, W. Klotzbiicher, G. A. Ozin, and A. Vander Voet, Can. J.
Chemn. 51, 2722 (1973).

cyc-PtO,

b4 Cyy Structure: IR!

Vib. No.  Approximate em™'  Med.  Type Refs.

sym. type of mode meas.

a, 1 0O stretch 926.6 Ar IR 1
Reference

'H. Huber, W. Klotzbiicher, G. A. Ozin, and A. Vander Voet, Can. J.
Chem. 51, 2722 (1973).
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OCuO
To=20699 Ne LF® 432-540 nm
20290 Ar LF7
19680 Xe UV? 440-586 nm
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
1 CuOQ s-stretch 610 Ne LF 3
615(5) Xe AB 2
2 Bend 133 Ne LF 3
E
T,=13640(160) gas PE’
D
Ty=9680(160) gas PE®
(o}
T,=6540(160) gas PE*
B
To=5080(160) gas PE*
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
640(80)  gas PE 4,5
A
To=2580(160) gas PE*’
Vib. No. Approximate cm™! Med. Type  Refs.
sym. type of mode meas.
640(80) gas PE 4,5
X
Vib. No Approximate cm™! Med.  Type Refs.
sym. type of mode meas.
3, 1 CuO s-stretch 658 Ne LF 3
668 Ar LF 1
670(5) Xe EM 2
I, 2 Bend 193 Ne LF 3
S 3 CuO a-stretch  823.0 Ar IR 6
826.7 N, IR 6

References
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4H. Wu, S. R. Desai, and L.-S. Wang, J. Chem. Phys. 103, 4363 (1995).
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G. V. Chertihin, L. Andrews, and C. W. Bauschlicher, Jr., J. Phys. Chem.
A 101, 4026 (1997).

Cu00

In a xenon matrix, an absorption maximum at 44640 (224 nm) has been
attributed’ to CuQO.
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i
T,=7400(400) gas PE

Y CS

Vib. No.  Approximate  cm™! Med.  Type  Refs.

sym. type of mode meas.

a' 1 OO stretch 1089.6 Ar R 3

3 CuO stretch 530(50) gas PE 2
550.4 Ar IR 3
530 Xe IR 1
References

'G. A. Ozin, S. A. Mitchell, and J. Garéia-Prieto, J. Am. Chem. Soc. 105,
6399 (1983).

2H. Wu. S. R. Desai, and L.-S. Wang, J. Chem. Phys. 103, 4363 (1995).

3G. V. Chertihin, L. Andrews, and C. W. Bauschlicher, Jr., J. Phys. Chem.
A 101, 4026 (1997).

AgOO
) C, Structure: IR!
Vib. No. Approximate cm™! Med.  Type Refs.
sym. type of mode meas.
a’' 1 0O stretch 1084.4 Ar IR 1
1078.9
3 AgO stretch 4452 Ar IR 1
Reference

D, E. Tevault, R. R. Smardzewski, M. W. Urban, and K. Nakamoto, J.
Chem. Phys. 77, 577 (1982).

cyc-AuO,

In an argon matrix, relatively weak absorption maxima at 40980 (244 nm),
36230 (276 nm), and 31950 (313 nm) and a prominent, broad absorption
maximum at 23640 (423 nm) have been attributed to Au(OO).

X Cay Structure: IR!

Vib. No.. Approximate em™! Med. Type Refs.

sym. type of mode meas.

a; 1 0O stretch 10917  Ar IR 1
Reference

'D. McIntosh and G. A. Ozin, Inorg. Chem. 15, 2869 (1976).

0ZnO

X Doy

Vib. No Approximate cm™! Med. Type Refs.

sym. type of mode meas.

st 3 Asym. stretch 7482 Ar IR 1
748.1 N, IR 1
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Reference

'G. V. Chertihin and L. Andrews, J. Chem. Phys. 106, 3457 (1997).
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References

'R. L. DeKock and W. Weltner, Jr., J. Phys. Chem. 75, 514 (1971).
28. D. Gabelnick, G. T. Reedy, and M. G. Chasanov, J. Chem. Phys. 60,
1167 (1974).

OCdO
bd D.., OThO
Vib. No Approximate cm™! Med. Type Refs. X Gy
sym. type of mode meas. - - =
Vib. No. Approximate cm™! Med Type Refs.
2: 3 Asym. stretch 626.6 Ar IR 1 sym. type of mode meas.
a; 1 Sym. stretch 787.4 Ar IR 1
Reference by 3 Asym. stretch 7354 Ar R 1
1G. V. Chertihin and L. Andrews, J. Chem. Phys. 106, 3457 (1997). Reference

0CeO 1S, D. Gabelnick, G. T. Reedy, and M. G. Chasanov, J. Chem. Phys. 60,
1167 {(1974).
T(=20067 Ne EM! 498-649 nm
19836 Ar EM! 504-660 nm
19259 N, EM! 519-633 nm Oouo
7=200(50) ms Ar EM! -
( b4 Doy
f C2v . . -1
Vib. No. Approximate cm Med. Type Refs.
Vib. No.  Approximate cm™? Med.  Type Refs. o type of mode meas
sym. type of mode meas. Sy 3 Asym. stretch ~ 776.1  Ar IR 1,2
a, 1 Sym. stretch 177w Ne IR,EM 768.0 K . R !
757.0w Ar IR,EM 1,2
714 N, IREM 1 References
b, 3 Asym. stretch 759s Ne IR
736.9s Ar IR 12 1S. D. Gabelnick, G. T. Reedy, and M. G. Chasanov, J. Chem. Phys. 58,
719 N, IR 1 4468 (1973).
. 2R. D. Hunt and L. Andrews, J. Chem. Phys. 98, 3690 (1993).
References
OPuO
IR. L. DeKock and W. Weltner, Ir., J. Phys. Chem. 75, 514 (1971). T Dt
2S. D. Gabelnick, G. T. Reedy, and M. G. Chasanov, J. Chem. Phys. 60,
1167 (1974).
(1974) Vib. No Approximate em™!  Med.  Type Refs.
OPrO sym. type of mode meas.
pu 3 Asym. streich 7942  Ar IR 1
X Doy 7868  Kr IR 1
Vib. No Approximate em™! Med. Type Refs. Reference
sym. type of mode meas.
s+ 3 Asym. stretch 730.4 Ar IR 12 D, W. Green and G. T. Reedy, J. Chem: Phys. 69, 544 (1978).
N . z s
References cco

IR. L. DeKock and W. Weltner, Jr., J. Phys. Chem. 75, 514 (1971).
2S. D. Gabehick, G. T. Reedy, and M. G. Chasanov, J. Chem. Phys. 60,
1167 (1974).

In an argon mairix,' a broad, unstructured absorption is vbseived uear 500
nm, and CCO photodissociates on exposure of the sample to visible light.

A Cavy Structure: AB?
OTbO Ty=11651.182 gas ABZ*MLFSpLI*-1214 A—X 500-860 nm
11860 Ar AB’ A-X 600-850 nmn
f C2v
— — - Vih. Nao Approximate em™! Med. Type Refs.
Vib. No. Approximate em™! Med. - Type Refs. sym. © type of mode meas.
syml. type of mode meas.
pa 1 CO stretch 2045.7 gas AB 3
a, 1 Sym. stretch 758.8 Ar IR 2 I 2 Bend 594.75° gas ABDL 3,12
b, 3 Asym. stretch 718.8 Ar IR 1,2 p 3 CC stretch 1283.60 gas ABDL 3,14
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The fluorescence decay pattern’ of CCO A(101) and of higher vibronic
levels is complex. There is a short-lived (~15 us) component and a long-
lived (333 +105/—64 us) component which is, in turn, nonexponential,
suggesting perturbation by the heretofore unobserved 5 'E* and a 'A
states, as well as by high ground-state vibrational levels.

A=-3536; e=~0.172 gas ABDL!

By=0.407 AB’DL'

Bzt Cov

T,=8190(145) gas PE®

Vib. No Approximate cm™! Med. Type  Refs.

sym. type of mode meas.

3t 1 CO stretch 2010(170)  gas PE 15

alA Cov

T,=5310(145) gas PE®

Vib.  No.  Approximate  cm”! Med. Type  Refs.

sym. type of made meas.

b 1 CO stretch 1950(170)  gas PE 15

X33~ Coy Structure: AB3

Vib. No.  Approximate  cm ™’ Med.  Type Refs.

sym. type of mode meas.

3t 1 CO stretch 1970.86 gas LF,DL 6.9,16
1969s Ar IR 14
1978 N,  Ar IR 1
1987 N, IR 1

1 2 Bend 379.53 gas ABDL 3,11

381m Ar IR 1

3 3 CC stretch 1063 gas LF 6
1064w Ar IR 1
1074 N, Ar IR 1
1077 N, IR 1

By—0.385 AB'MW®'?

fw.
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GeCO

X Coy

Vib. No. Approximate cem”! Med.  Type Refs.

sym. type of mode meas.

st 1 CO stretch 1918.9 Ar IR 2
1908 Kr IR 1
19213 N, IR 2
1924.0 CcO IR 2

References

A, Bos, J. Chem. Soc. Chem. Commun. 1972, 26.
2 A. Feltrin, S. Nunziante Cesaro, and F. Ramondo, Vib. Spectrosc. 10, 139

(1996).

SnCO
b ¢
Vib. No. Approximate e ! Med.  Type Refs.
sym. type of mode meas.
1 CO stretch 1921 Kr IR 1
Reference

TA. Bos, J. Chem. Soc. Chem. Commun. 1972, 26 (1972).

NCN
A, D..p,
gas AB® 250-290 um
B3 Deoy
Ty<33512 gas ABS® B-X 258-300 nm
33100 Ar AB? B-X 240-302 nm

33215 N, AB’ BF-X 240-301 nm
In the gas phase, bands are diffuse. Threshold for photodecomposition into
C+N, observed in argon and nitrogen matrices>* near 280 nm.

Vib. No.  Approximate  cm™’ Med. Type Refs.

sym. type of mode meas.

Sy 1 Sym. stretch 1100(10)  gas AB 6
1050(10)  ArN, AB 2

b, / Deyy Structure: AB’

To=x+30045.76 gas AB’ 5—-a 330-334 nm

Vib. No. Approximate em”! Med. Type  Refs.

sym. type of mode meas.

3, 1 Sym. stretch 1160T  gas AB 6

sw,=—842 gas AB’

By=0395 AB®
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AL, Duy Structure: AB'LF' Fist
Ty=30383.967 gas ARl plo.12 F-X 326-329 om T,=14520(160) gas PE!
Vib. No. Approximate cm™! Med. Type Refs. = a 'A
sym. type of mode meas. T;=9120(160) gas PE!
Sy 1 Sym. stretch 1254(5) gas  LF X3 Dey Structure: PE'PF?
11, 2 Bend 534T gas LF 12 s
A=-3757ew,=~91.12 gas ABILF? Vib. No. Approximate cm™! Med. Type Refs.
70=183(6) ns gas LF® sym. type of mode meas.
= 1 10,12
Bo=0.397 AB'LF z; 1 Sym. stretch 1170(30)  gas PE 1
A, Do, Structure: AB’ B,=0424 PP
To=x gas AB? b-a 330-334 nm Ti00=36671.81 gas PF>.
By=0399 AB’
References
X 33 Do, Structure: AB'LF!?
- - — 'J. M. Dyke, N. B. H. Jonathan, A. E. Lewis, and A. Morris, Mol. Phys. 47,

Vib. No. Approximate cm™! Med. Type Refs. 1231 (1982).
sym. type of mode meas. ?A. Friedmann, A. M. Soliva, S. A. Nizkorodov, E. J. Bieske, and J. P.
s ; 1 Sym. stretch 1197 Ar R 4 Maier, J. Phys. Chem. 98, 8896 (1994).
II, 2 Bend 437T gas LF 12

423m Ar IR 24
sk 3 Asym. stretch ~ 1466.51  gas IR, 9,11 PbOPb

LMR .
Do

1475vs  Ar IR 24 X ‘b

1478vs N, R 24 Vib. No Approximate em™! Med. Type Refs.
By=0.397 AB'LF9R® sym. type of mode meas.

poN 3 Asym. stretch 486.8 Ar 1R 1

*Frequency deduced from weak combination with v; which appears at 2672.
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+
N3
i, Doy, Structure: PF?
Ty*=35370 gas PF° A-X 245-283 nm
Vib. No.  Approximate cm™! Med.  Type Refs.
sym. type of mode meas.
) 1 Sym. stretch 1300T  gas PF 2
I, 2 Bend 40T gas PF 2
Sy 3 Asym. stretch ~ 1700T  gas PF 2
7>50 ps gas PF?

A10=—39.67 gas PF?
B10p=0.429 gas PF?

Reference

'G. V. Chertihin and L. Andrews, J. Chem. Phys. 105, 2561 (1996).

MgF3

c =) Do,
T*=12500(560) gas PE!

B3} D.y
T°=7500(560) gas PE!

A a1, Doy,
T*=5240(560) gas PE!

X, D.p,

*From vertical ionization potential.
Reference

'J. M. Dyke, D. Haggerston, M. P. Hastings, and T. G. Wright, Chem.
Phys. 181, 355 (1994).

OTiO™

X &Y

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.

b, 3 Asym. stretch 878.4 Ar IR 1
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1G. V. Chertihin and L. Andrews, J. Phys. Chem. 99, 6356 (1995).

0zrO~
i CZV
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
by 3 Asym. stretch 761.4 Ar IR 1
Reference
1G. V. Chertihin and L. Andrews, J. Phys. Chem. 99, 6356 (1995).
OHfO™
Y CZV
Vib. No. Approximate cm™! Med.  Type Refs.
sym. type of mode meas.
b, 3 Asym. stretch 747.9 Ar IR 1

Reference

1G. V. Chertihin and L. Andrews, J. Phys. Chem. 99, 6356 (1995).

oCrO~

Threshold for electron detachment from ground-state OCrO~ =19470(65)
gas EB'PE?

References

1G. D. Flesch, R. M. White, and H. J. Svec, Int. J. Mass Spectrom. Jon
Phys. 3, 339 (1969).
2p, G. Wenthold, K.-L. Jonas, and W. C. Lineberger, J. Chem. Phys. 106,

9961 (1997).

OFeO~

Threshold for electron detachment from ground-state OFeO~ =19040(240)
gas PE!?

References

1], Fan and L.-S. Wang, J. Chem. Phys. 102, 8714 (1995).
2H. Wy, S. R. Desai, and L.-S. Wang, J. Am. Chem. Soc. 118, 5296 (1996).

ONiO~

Threshold for electron detachment from ground-state ONiO™ =24610(80)
gas PE?

X Doy

Vib. No Approximate cm™! Med.  Type Refs.

sym. type of mode meas.

S 3 Asym. stretch 8868  Ar IR 1
8044 N, IR 1
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cyc-NiO,
cyc-NiO;

Threshold for electron detachment from ground-state

=6620(240) gas PE!

Reference

'H. Wu and L.-S. Wang, J. Chem. Phys. 107, 16 (1997).

OCuO~

Threshold for electron detachment from ground-state OCuO~ =27920(320)

‘gas PE!
xX'=f Do
Vib. No. Approximate em™! Med. Type Refs.
sym. type of mode meas.
2; 1 Sym. stretch 600(80) gas PE 2
Sy 3 Asym. stretch ~ 839.6T Ar IR 3
References
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Cu0Q0~

Threshold for electron detachment from ground-state CuOO™=12130(80)
gas PE!

X
Vib. No.  Approximate cm™! Med.  Type Refs.
sym. type of mode meas.
1 0O stretch 1009.5 Ar IR 2
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BS,

B2 : / Doy,

T,=24072(5) / Ne AB? B-X 395-412 nm
gas AB!? B-X 409-418 nm

Vib. No. Approximate cm™! Med.  Type Refs.

sym. type of mode meas.

sr 1 Sym. stretch 509 Ne AB 2
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X ZH“ th

Ty=13766(2) Ne AB? A-X 514-721 nm
gas ABY? A-X 592-800 nm

Vib. No. Approximate em™! Med. Type Refs.

sym. type of mode meas.

EQ 1 Sym. stretch 504(2) Ne AB 2

II, 2 Bend 311H  Ne AB 2

55 3 Asym. stretch  1535H  Ne AB 2

A=-263(2) Ne AB?

X, Doy,

Vib. No. Approximate em™! Med.  Type Refs.

sym. type of mode meas.

b 1 Sym. stretch 510 Ne AB 2

I, 2 Bend 120°T Ne AB 2

Sy 3 Asym. stretch  1014.6(5)s  Ne IR 2

1015.7 Ar IR 4

A=—440 gas AB'*?
*Estimated from isotope shift in origin of A—X transition.
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ciBs*

(“:" 22+ Cmv
T2-50500(1000) gas PE!

B L, " Cay
Ty=26019 gas EF? B—X 405-516 nm
A Cay

T,=24961.5(4) gas EF? A-—-X 392-440 nm

Vib. No. Approximate em™! Med. Type Refs.
sym. type of mode meas.
3 1 BS stretch 1390.6(8)  gas EF 2

3 BCl stretch 516.08) gas EF 2

7=240(13) ns gas EF

X My, Coy Structure: PE'?
Vib.  No.  Approximate  cm™' Med.  Type - Refs.
sym. type of mode meas.
3t 1 BS stretch 1347.8(8)  gas EF 2
3 BCl stretch 5089(8)  gas EF 2
=-383 gas EF?
B,=0.093 EF

2From vertical ionization potential.
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OAIO

Doy

Ty=17465 Ar LF! 495-620 nm

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas.

3y 1 Sym. stretch 790  Ar LF 1

iI, 2 Bend 70 Ar LF 1

7 3 Asym. stretch 1015 Ar LF 1

Bz} Doy

To=6R60{180) gas PR3

A, Doy,

Ty=5240(180) gas PE’

Vib. No. Approximate cm™! Med.  Type Refs.

sym. type of mode meas.

P 1 Sym. stretch 810(60)  gas PE 3

X zﬂg Doy

Vib. No. Approximatc cm™! Med. Type Refs.

sym. type of mode meas.

3 1 Sym. stretch 635 Ar LF 1

I, 2 Bend 70 Ar LF 1

st 3 Asym. stretch 11295 Ar IR 2
References
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Theanhald for alantenn dataahmm nomt fanar s A _ntnta (YT 30 104TN/1AR) 2
Threshold for cloctron dotachmont from ground-statc CCO™ is-18470(145)
X
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
1900T gas PE 1,2
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NCO
B Cay
To=31751.1(5) gas UVILF®30pp?’ B % 265-320 nm
31616(25) Ne UV® B-X 260-320 nm
31437(25) Ar UV? B-X% 232-315 nm
31339(25) N, UV? B-X 256315 nm
Al vibrational states are predissociated.?’
Vib. No.  Approximate cm™! Med. Type  Refs.
sym. type of mode meas.
5T 1 Stretch 2303 gas uv 2
2295(50)  Ne uv 3
2303(50)  Ar Uv 3
3 Stretch 1047 gas uv 2
1033(50)  Ne uv 3
1053(50) Ar uv 3
1025(50) N, uv 3

Ty=63(3) —152(5) ns for various rovibronic bands gas LF'33
A=-76.6 gas LF

By=0.356 LF®
At Coy Structure: UV
Ty=22754.020(2) gas AB'LFP*SEPEM*® A-X 304-512 nm
22800(10)  Ne AB® A-% 398-440 nm
22712(2) Ar LF® A-X 390-530 nm
22956(10) N, AB3 A_¥ 305-440 nm
Vib. No. Approximate em™! Med. Type  Refs.
sym. type of mode meas.
3* 1 Stretch 2338.0 gas UV 1
2325(20) Ne uv 3
2332(4) Ar UV,.LE 3,8
2321200 N, UV 3
I 2 Bend 680.8 gas UV 1
673(20) Ne uv 3
3 3 Stretch 1289.3° gas UV 1
1270(20) Ne UV 3
1291(4) Ar UVLFE 38
To=435(10) ns gas LF>P
350(30) ns gas LF'"?
170ns Ar LF
B,=0.402 UV!
T Coy Structure; UV 720V w4-6
Vib. No. -Approximate cm™! Med. Type Refs.
sym. type of mode meas.
It 1 Sym. stretch  1266.63(8)° gas LFLMR 14,15.17
SEP 19,23,26,29
1275vw Ar IR.LF 3,8
I 2  Bend 534.06(3)° gas UV,LF  1,7,15
SEP 23,29
529.5¢ Ar LF 8
3t 3 Asym. stretch  1921.28° gas LMR 10,14,15
LF,DL 21,23
-EM 28
SEP 25
1923m Ar IR,LF 3,8
1935 N, IR 3
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Ag=—95.589(3), ew,=—78.37(3) gas LFPSEP®¥EM
By=0.390 UV'MWLMRZEM*

*In Fermi resonance with 27, , at 1385.3.

®For § 2T,,, 1362.87 gas LEMI5192324gppas

Cw7 .

$Lowest frequency component (25 *) contributes a strong infrared absorp-
tion at 487. Four components (25 %, %A, A, , 23.7) observed at 484,
531, 626, and 672 in LF experiments.® Components of (0n0), n=2, have
also been assigned in gas-phase studies.!%?>%

*For X M1,,,, 2017.7(5) gas LE!41523.24
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co;

Yol N Doy Structure: MP?

To=45157(3) gas TPEZ'PE®MP* G- 585-640 nm
The band origin is perturbed by another state of 22; symmetry at 45188
which has a rotational constant of 0.353.2* This state may be an excited
vibrational level of the A or B state.

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas.

2; 1 Sym. stretch 1352(4)* gas PE 23

I, 2 Bend 614(4) gas TPE, 21,23
PE

ping 3 Asym. stretch 1567(4) gas PE 23

B,=0.395 Mp*

Bzt Doy Structure: EM®

Ty=34591.6" gas EM'W®3EF? B-X 287-291 nm
Perturbations by the A state are considered in Refs. 14—16 and Ref. 29.

Vib. No. Approximate cm™! Med. Type - Refs.

sym. type of mode meas.

2; 1 Sym. stretch 1275(1) gas TPE, 21,23
PE

1, 2 Bend 557(4) gas EMPE 923

2: 3 Asym. stretch 1847(10) gas PEEM 17,23,30

7,=140(7) ns gas T-PEFCO'’PEFCO'LF'$
By=0.380 EM'®

A, Doy, Structure: EM'!

Ty=28500.35 gas EM261L30[ p27.30pp3! A-X 253-490 nm

Vib.  No.  Approximate cm™! Med. Type  Refs.

sym. type of mode meas.

3y 1 Sym. stretch 1126 gas EM 2,5,11

PE 23,31

I, 2 Bend 461 gas  EM,PE 11,2331

¥ 3 Asym. stretch 26853 gas LFEM 30

7,=102(8) ns gas EF'T-PEFCO'

124(6) ns gas PEFCOYHFD'®

A=-9551 gas EM''LF¥PE*

By=0350 EM>!'LF¥

X I, D, Structure; EM2-5911

Vib.v No.  Approximate  cm™' Med. Type Refs.

Sym. type of mode meas.

3, 1 Sym.swetch 12443(3) gas EMDL 45812
PE 22,31

I, 2 Bend 511.4(3) gas EM,DL 11,19,22
PE 28,31
TPE

. 462.6° Ne IR 32
03 Asym. stretch 142308 gas  DLPE 19,31

1421.7 Ne IR 25,32

A=-161.02(6): e w,=—98.8(3)° gas EM'S1DLOZTPE®
Bo=0380 EMi3%11

:Corrected for Fermi resonance.
cMiazsgred from lowest rotational level of X state,?® 34672.33.
dge a le.vel (2as-phase value®=467.26).

analysis by Ref. 26 gives A=—161.48(5) and £w,=—100.4.
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ocs™

izt Cay

Ty=54640(30) gas PIPE!0

Vib. No. Approxirmate cm™! Med. Type Refs.
sym. type of mode meas.

p 1 CO stretch 2202(2)  gas PE 10
I 2 Bend 454(5) gas PE 10
P 3 CS stretch 926(5)  gas PLPE 4,10
B2t Coy

T;=39180(20) gas PI'‘PF°PE

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.

st 1 CO stretch 1850(8)  gas PE 10
i 2 Bend 515(3) gas PF,PE 9,10
p 3 CS stretch 829° gas PF 9
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A My Cov

Ty=31404.009(7) gas EF'LFPF!! A-X 282-432 nm

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.

3t 1 CO stretch 2027 gas PEPF 10,11
1 2 Bend 336(20)H  gas PE 10
st 3 CS stretch 807° gas PF 9,11
70=93(9) ns® gas PEFCO’

7o (0=3/2)=105(3) ns; 7, (0=1/2)=77(3) ns gas HFD’EF’
A=-111.8 gas EFPP!

B,=0.186 LFPF!!

X 1, Covy

Vib. No. Approximate em™! Med Type Refs.
sym. type of mode meas.

5t 1 CO stretch 2066 gas EF,PF 1,11
I 2 Bend 476(16) gas PE 10
p 3 CS stretch 697¢ gas PF 9,11
A=-3672 gas EF'PF

By=0.194 LF*PF!

Ref. 10 gives value of 742(7).

817 for w=1/2."

°Absence of emission from states above the A 2II band origin in photoion-
ization expetiments® suggested that the molecule is predissociated inio CO
+8* (459, as was later confirmed.’ PEFCO studies® have yielded the
branching ratio for photoexcitation vs predissociation for the transition ori-
gin, permitting an estimate of 550(50) ns for the radiative lifetime.

9699.7 for w—1/2.51"
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cs;
bl 22; Don Structure: MP'®
T,=49064 gas PIPFMP* &-F 658-724 nm
Vib. No. Approximate cm™! Med. Type  Refs.
sym. type of mode meas.
2;’ 1 Sym. stretch 652(2) gas PLPE 59,11

PEMP 13-15,19

11, 2 Bend 348(9) gas PRPE 13,1419
b 3 Asym. stretch 1024(6)T gas PE - 14
70=11(2) ps gas MP"

By=0.111 PFMPY
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Bz D,y Structure: EM!
T,=35238.01 gas EM!

35270 Ne LF’

B-X 277-307 nom

35226
Vib. No. Approximate em ! Med. Type Refs.
sym. type of mode meas.
E; 1 Sym. stretch 602 gas EM,PE 3,19
11, 2 Bend 351(5)  gas PE 14,19
p 3 Asym. stretch 1320(5)  gas PE 14,19
75=290(10) ns gas EF’PIFCO*PEFCO*UV!?
There is also a long-lifetime component, with 7=1.44(22) ps.%12
B,=0.108 EM'
i, Do, Structure: EM?
T,=20075 gas EM A_% 426-512 nm
21017 Ne LFMY K- 400-638 nm
Vib. .No.  Approximate  cm™! Med. Type  Refs.
sym. type of mode meas.
3, 1 Sym. stretch 550°T gas EM 3
557 Ne LF 6,7,18
I, 2 Bend 305HT  gas EM 3
309H Ne LF 6,7,18
b 3 Asym. stretch  1644H Ne LF 7
7=4.09(19) us gas PIFCO'ID'UV™
23(1) us Ne LF*
A=—176 gas EM’PEM?
B,=0.101 EM’
o, Do, Structure: EM!
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
by 1 Sym. stretch 617° gas EM,TPE  3,16,21
618" Ne LF 6,7,17,18
o, 2 Bend 3320 gas  TPE 16,21
349H  Ne LF 6,7,17,18
55003 Asym. stretch  1188(8) gas  EMPE  3,14,19
1207.1 Ne LF,IR 6,7,17,18
20
A=—440.39(3) gas EM'?TPE!S?!

By=0.109 EM!

Strong Fermi resonance with 2v, ; assignment of Refs. 7 and 18 adopted
for the A state.
®Renner—Teller components are observed for X I1 35 at 330 () and

336 (*Asp) in a gas-phase TPE study?!. For X 21,,,, components at
320 (*A,3) and 341 (*3) are observed in gas-phase TPE studies.'®*!
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BrCN*

T Cou

T,=50200(200) gas PEM"

B 11y, Cuv .

Ty—18759.76(4) gas EFLF"'pE™
18586(i4) Ne AB®

B-X 445620 nm
B-X 418-538 nm

Vib. No.  Approximate  cm™! Med. Type Refs.
sym. type of mode meas.
o 1 C=Nstretch  1958(2) gas EFLEPE 7,10,13
) 1830(10) Ne AB 5
Il 2 Bend 395.72)H gas EFLF 7,10
377(10) Ne AB 5
3t 3 CBr stretch 473.1(2) gas EFLEPE 7,10,13

478(10) Ne AB 5

7,=197(10) ns gas EF’PIFCOST-PEFCO?
7,=713(40) ns gas PIFCOST-PEFCO®
A=-774(20) gas PE"

Bo=0.127 gas LFIOU

At Cay

T,=13699(1) gas EFPEV A-X 708-853 nm

Vib. No. Approximate cm™! Med. Type  Refs.

Sym. type of mode meas.

3t 1 CN stretch 1930(2)  gas EF 7

I 2 Bend 421(2)  gas EF 7

3t 3 CBr stretch 584(2) gas EF 7

7=2750(100) ns gas T-PEFCO?®

X i, Coy Structure: LF'!

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas. )

3t 1 C=N stretch ~ 1905.94 gas EFLF 710
DLPE 12,13

1I 2 Bend 287.2(2)H  gas EFLF 710

3t 3 CBr stretch 649.4(5) gas EFLF 710,13
PE

A=-1477(Q2) gas EFPIFCO*
By=0.141 gas LFI®!pLP
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PNP

A} Doy,

T,=28300 Ar AB!?

Vib. No. Approximate em™! Med. Type Refs.

sym. type of mode meas.

=z, 1 Sym. stretch 560(20)  Ar AB 1,2

7m, D.)

Vib.  No.  Approximate cm™! Med. Type  Refs.

sym. type of mode meas.

s 3 Asym. stretch 11793 Ar IR 2
References

L. Andrews and Z. Mielke, J. Phys. Chem. 94, 2348 (1990).
2L. Andrews, Z. Mielke, P. R. Taylor, and J. M. L. Martin, J. Phys. Chem.
98, 10706 (1994).

N,O*
Cv' 22+ Cm v
T,=58245(32) gas PE'PP
Vib. No. Approximate em™! Med. Type  Refs.
sym. type of mode meas.
St 1 Sym. stretch 1280(50)  gas PE 1
3 Asym. stretch 2300(50)  gas PE 1
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B Cay

To=38440(100)* gas PE'PFY B— A 538-866 nm
Vib. No. Approximate cm™!  Med. Type  Refs.
sym. type of mode meas.

po 1 Sym. stretch 900°T  gas PE 1

A 3+ Cay Structure: EM3PF6

Ty=2816233 gas EM>'pFs10111618 A-X 317-421 nm

Vib. No. Approximate ‘em™! Med. Type  Refs.
sym. type of mode meas. )
5t 1 Sym. stretch 134552 gas EMPF 3,10
II 2 Bend 614.45 gas EM 3,14
3t 3 Asym. stretch

24517 gas EM 3

T=230(10) ns gas EF*PIFCO*PEFCO’ID’EM'?HFDY
By=0.433 EM>Mpploil

Xy Coy Structure: EM®

Vib. No. Approximate cm™! Med. Type -~ Refs.

Sym. type of mode meas

st 1 Sym. stretch 1126.51 gas EM 3
11355 Ne IR 17

II 2 Bend 452.42 gas EM,PF  3,11,14

5t 3 Asym. stretch ~ 1737.6 gas EM 3
17414wm  Ne IR 17

A=-132434, ew,=—90.2 gas EM>VppiLI618
By=0412 EMpFiL16

Calculated using first ionization potential of 12.886(2) eV, from Ref. 5.
Somewhat irregular band spacings.
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ArBeQO
X
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
BeO stretch 1526.1 Ar IR 1
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1C. A. Thompson and L. Andrews, J. Am, Chem. Soc. 116, 423 (1994).

KrBeO
X
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
BeO sweich 1521.8 Ar IR 1
1511.8 Kr IR 2
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XeBeO
X
Vib. No.  Approximate cm™! Med.  Type Refs.
syin. type of mode meas.
BeO stretch 1516.7 Ar IR 1
14983  Xe IR

References

Ic. A Thompson and L. Ax;drews, J. Am. Chem. Soc. 116, 423 (1994).
2C. A. Thompson and L. Andrews, J. Chem. Phys. 100, 8689 (1994).

FBO
X Cay Structure: MW,DL?
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
3t 1 B=Ostretch  2078.87 - gas DL

: 2081 Ne IR 1.3

2071 Ar IR
II 2 Bend 502 Ne IR 1,3
493 Ar IR 1
By=0312 MW,DL?
References

' A. Snelson, High Temp. Sci. 4, 141 (1972).

2Y. Kawashima, K. Kawaguchi, Y. Endo, and E. Hirota, J. Chem. Phys. 87,
2006 (1987).

3M. E. Jacox and W. E. Thompson, J. Chem. Phys. 102, 4747 (1995).
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CiIBO
X Cay Structure: MW,DL?
Vib. No Approximate cm™! Med. Type Refs.
sym. type of mode meas.
1 B=0 stretch 1958s Ar IR 1
2 Bend 404s Ar IR 1
3 BCl stretch 676.04 gas DL 2
673wm Ar IR 1

By=0.174 MW,DL?

References

'A. Snelson, High Temp. Sci. 4, 318 (1972).
k3 Kawagnchi, Y. Endo, and E. Hirota, J. Mol. Spectrosc. 93, 381 (1982).

CIBS

b'd Cov Strocture: MW!
Vib.  No.  Approximate  cm™! Med.  Type Refs.
sym. type of mode meas.
z* 1 BS stretch 1408 gas IR 34
I 2 Bend 300(40) gas MW 2
p 3 BCl stretch 525 gas IR 34
By=0.093 MW

References

IC. Kirby, H. W. Kroto, and N. P. C. Westwood, J. Am. Chem. Soc. 100,
3766 (1978). ‘

2C. Kirby and H. W. Kioto, J. Mol. Spectrosc. 83, 130 (1980).

33, A. August, S. Aziz, H. W. Kroto, and R. J. Suffolk (unpublished).

4F. T. Chau, Y. W. Tang, and X. Song, J. Electron Spectrosc. Relat. Phe-
nom. 70, 39 (1994).

+
BF;
X 13 D.
Vib. No; Approximate cm™! Med. Type Refs.
sym. type of mode’ meas.
P 3 Asym. stretch ~ 2026.1  Ne IR 1

Reference

M. E. Jacox and W. E. Thompson, J. Chem. Phys. 102, 4747 (1995).

BCI

Emission between 280 and 350 nm which results on excitation of BCl; by
radiation with a threshold of 74 nm has been attributed! to BCL} . A band
spacing of 650(30) observed in this emission has not been definitively as-
signed. ’

X Doy,

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.

PN 3 Asym. stretch 14397  Ne IR 2

14363

189

References

'H. Biehl, 1. C. Creasey, D. M. Smith, R. P. Tuckett, K. R. Yoxall, H.
Baumgartel, H. W. Jochims, and U. Rockland, J. Chem. Soc. Faraday
Trans. 91, 3073 (1995).

2M. E. Jacox, K. K. Irikura, and W. E. Thompson, J. Chem. Phys. 104,
8871 (1996).

BBr,

Emission between 250 and 300 nm, with a maximum at 290 nm (34500),
which appears when BBrj is excited by radiation with a threshold at 78 nm
(15.8 V), has been attributed’ to transitions of BBr; .

Reference

'H. Biehl, D. M. Smith, R. P. Tuckett, K. R. Yoxall, H. Baumgartel, H. W.
Tachims, and 1J. Rokiand, Mol. Phys. 87, 1100 (1096).

OAIO™

Threshold for electron detachment from ground-state OAIO™=34130{160)
gas PE!

Reference

'S. R. Desai, H. Wu, C. M. Rohlifing, and L.-S. Wang, J. Chem. Phys. 106,
1309 (1997).

0OSiSe

X Coy

Vib. No.  Approximate cm™! Med.  Type Refs.

sym. type of mode meas.

st Si=Ostretch 12542  Ar R 1
Reference

11.. Andrews, P. Hassanzadeh, D. V. Lanzisera, and G. D. Brabson, J. Phys.
Chem. 100, 16667 (1996). '

SiSe,

X Doy,

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.

s 3 SiSe a-stretch 750.8 Ar IR 1

“~u

Reference

'L. Andrews, P. Hassanzadeh, D. V. Lanzisera, and G. D. Brabson, J. Phys.
Chem. 100, 16667 (1996).

osnO

X Do

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas

S 3 Asym. stretch 863.1 . Kr R 1
877.8 N, IR 1

Reference

'A. Bos and J. S. Ogden, J. Phys. Chem. 77, 1513 (1973).
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OPDLO References
X Deoy IT. J. Denuis, . Firth, H. W. Kroto, D. R. M. Walton, and C.-Y. Mok, J.
Chem. Soc., Chem. Commun. 1430 (1990).
Vib. No. Approximate em™! Med. Type Refs. %S. Firth, S. Khalaf, and H. W. Kroto, J. Chem. Soc. Faraday Trans. 88,
sym. type: of mode meas. 3393 (1992)
5+ . S worch 658.67° N - ) 3D. McNaughton and D. N. Bruget, J. Mol. Spectrosc. 161, 336 (1993).
ym. stretc . r
g
3, 3 Asym. stretch ~ 764.8 Ar IR 1
775.9 N. IR 1 +
, NO,
3
®From combination band. 5, Cov
T,*=74580(100) gas PE!?
feren
Re ce Vib. No. Approximate cm™! Med. Type  Refs.
sym. type of mode meas.
1G. V. Chertihin and L. Andrews, J. Chem. Phys. 105, 2561 (1996).
a; 1 Sym. stretch 1113(20)  gas PE 1,2
cyO-PbO 2 Bend 686(20)  gas PE 1,2
2
4 Cyy d A, Coy
T2=267600 gas PE?
Vib. No. Approximate em™! Med.  Type Refs. _
sym. type of mode meas. C B Cov
T,*=60670(100) gas PE’
ay 1 QO stretch 728.7 Ar IR 1,2
730.6 N, IR 2 Vib. No. Approximate em™! Med. Type  Refs.
2 PbO stretch 4373 Ar IR 1,2 sym. type of mode ’ meas.
4496 N, IR 2
a, 1 Svm. stretch 1017(20) gas PE 1.2
References _
¢ 3B, Gy
T*=60100(100 12
1S. A. Konnov. L. V. Serebrennikov, and A. A. Mal’tsev, Zh. Neorg. ° 00(100) gas PE
Khim. 27, 323 (1982); Russ. J. Inorg. Chem. 27, 184 (1982). N K 1
2G. V. Chertihin and L. Andrews, J. Chem. Phys. 105, 2561 (1996). Vib. - No.  Approximaie  cm Med.  Type  Refs.
sym. type of mode meas.
FCP a, 1 Sym. stretch 1041(20)  gas PE 1,2
b4 Cay Structure: MW! BB, Cy
T*=38940(100) gas PE!?
Vib. No Approxiate o Med. Type Refs. R = G —=
sym. type of mode meas. Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a’ 1 C=P stretch 1670.84 gas IR 2
2 Rend 375 43 gas R 2 a, 1 Sym. stretch 1025(20)  gas PR ).
3 CF stretch "780.1(2)  gas IR 2 Bend 573(20)  gas PE 1,2
By=0.175 MW!'R? _
A IAZ C2v
- 12
References Ty=35900(100) gas PE
Vib. No. Approximate cm™! Med. Type  Refs.
IE-EEV\I/; r}g‘(zto, J. F. Nixon, and N. P. C. Simmons, J. Mol. Spectrosc. 82, sym. type of mode meas.
185 (1980).
2K. Ohno, H. Matsuura, H. Murata, and H. W. Kroto, J. Mol. Spectrosc. a, 1 Sym. stretch 084(20)  gas PE 1,2
100, 403 (1983). 2 Bend ’ 694(20) gas PE 1,2
CICP b A, Cav
Ty*=32110(100) gas PE'?
b'd Coy Structure: MW?
Vib. No. Approximate cm™! Med. Type  Refs.
Vib. No. Approximate cm™! Med. Type  Refs. sym. type of mode meas.
sym. type of mode meas. o 2 Bend 66220) gas PE 12
a’ 1 C=P stretch 1477.34 gas IR 3
2 Bend 303.41 gas IR 3
3 CCl stretch 573.92(6) gas IR 3

By=0.101 MW"R?
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a °B, Gy

T,*=26170(100) gas PE'?

Vib. No. Approximate . cm! Med. Type  Refs.

sym. type of mode meas.

a; 2 Bend 654(20)  gas PE 1,2

Xz} Deopy Structure: TPE*>7

Vib. No. Approximate cm™! Med. Type Refs.

sym type of mode meas.

Sy 1 Sym. stretch 1396 gas TPE 5.7
13624°>  Ne IR 6

II 2 Bend 639 gas TPE 57

P 3 Asym. stretch 2362 gas TPE 57
2348.2 Ne IR 6

B,=0.417 TPE"

“The band origins given here have been calculated using a first ionization
potential of 9.62(1) eV for NO,, as found in the photoionization study of
Ref. 3.
vy +wy) =~y

Rcfercneces

IC. R. Brundle, D. P. Neumann, W. C. Price, D. Evans, A. W. Potts, and D.
G. Streets, J. Chem. Phys. 53, 705 (1970).

2Q. Edgvist, E. Lindholm, L. E. Selin, and L. Asbrink, Phys. Scr. 1, 127
(1970).

3P. C. Killgoar, Jr., G. E. Leroi, W. A. Chupka, and J. Berkowitz, J. Chem.
Phys. 59, 1370 (1973).

4G. P. Bryant, Y. Jiang, M. Martin, aud E. R. Graut, J. Phys. Clicus. 96,
6875 (1992).

>G. Bryant, Y. Jiang, and E. Grant, Chem. Phys. Lett. 200, 495 (1992).

$D. Forney and M. E. Jacox, J. Chem. Phys. 99, 7393 (1993).

7G. P. Bryant, Y. Jiang, M. Martin, and E. R. Grant, J. Chem. Phys. 101,
7199 (1994).

SNO*

f Cw v

Vib. No.  Approximate cm™! Med. Type Refs.

sym. type of mode meas.

s 1 NO stretch 1975.2 Ar IR 1
Reference

!1.. Andrews, P. Hassanzadeh, G. D. Brabson, A. Citra, and M. Neurock, J.
Phys. Chem. 100, 8273 (1996).

SNS*

X Dap

Vib. No.  Approximate ~ cm™! Med.  Type Refs.
sym. type of mode meas.

2: 3 Asgym. stretch 1469.7 Ax R 1,2

References

!P. Hassanzadeh and L. Andrews, J. Am. Chem. Soc. 114, 83 (1992).
21.. Andrews and P. Hassanzadeh, J. Chem. Soc., Chem. Commun. 1523
(1994).
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SeNSe™

X Dan

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.

) 3 Asym. stretch 12507 Ar IR 1,2

Reforences

1. Andrews and P. Hassanzadeh, J. Chem. Soc., Chem. Commun. 1523
(1994).

21.. Andrews, P. Hassanzadeh, D. V. Lanzisera, and G. D. Brabson, J. Phys.
Chem. 100, 16667 (1996).

P,O
b'¢ Coy
Vib. No Approximate cm™! Med. Type Refs.
sym type of mode meas.
P 1 P=0 stretch 1278.677 gas DL 2
1270.4 Ar IR 1
References

17, Mielke, M. McCluskey, and L. Andrews, Chem. Phys. Lett. 165, 146
(1990).

2H.-B. Qian, P. B. Davies, and P. A. Hamilton, J. Chem. Soc. Faraday
Trans. 91, 2993 (1995).

INC

X Cay

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas.

P 1 NC stretch 2057 Ar IR 1,2
2063 Kr IR 1
2055
2053 Xe IR 1
2058 N, IR 1

II 2 Bend 200T Ar IR 2

b 3 IN stretch 494 Ar IR 2

References

'R. Fraenkel and Y. Haas, Chem. Phys. Lett. 214, 234 (1993); 226, 610
(1994).

2. Samuni, S. Kahana, R. Fraenkel, Y. Haas, D. Danovich, and S. Shaik,
Chem. Phys. Lett. 225, 391 (1994); Chem. Phys. Lett. 231, 124 (1994).

BF,

T *rp) Den

T,ex=63100T gas MPI®

Vib. No. Approximate em™! Med. Type Refs.
sym. type of mode meas.

I 2 Bend 600(50) gas MFPI 6

g
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B %A, 35) Co
Tyen=59100T gas EFEM>*MPI® B-A.% 190-650 nm
r=11ns EF'EM
A 2B, Cy
Tye=35100 gas EF'EM>MPI® A-X 220-650 nm
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a, 2 Bend 310(20) gas MP1L 6
=49 ns EM’
X4, Coy
Vib. No. Approximate cm™! Med. Type Refs.
sym type of made meas
a; 1 Sym. stretch 1151.4vs Ne IR 5
2 Bend 525(30) gas EM 3
523.7m Ne IR 5
b, 3 Asym. stretch 1393.5vs Ne IR 5
1389.9 Ar IR 4
1384.8 N, IR 4
References

:J. E. Hesser and K. Dressler, J. Chem. Phys. 47, 3443 (1967).

“M. Suto, C. Ye, and L. C. Lee, Phys. Rev. A 42, 424 (1990).

31 C. Creasey, P. A. Hatherly, H. M. Jones, I. R. Lambert, and R. P.
Tuckett, Mol. Phys. 78, 837 (1993).

P. Hassanzadeh and L. Andrews, J. Phys. Chem. 97, 4910 (1993).

SM. E. Jacox and W. E. Thompson, J. Chem. Phys. 102, 4747 (1995).

D. B. Atkinson, K. K. Trikura, and J. W. Hudgens, J. Phys. Chem. A 101,
2045 (1997).

BCl,

Emission which is observed between 200 and 260 nm on excitation of BCl3
by radiation of wavelength shorter than 91 nm has been attributed® to BCl, .
BT

Emission which is observed between 200 and 500 nm on excitation of BCl;
by radiation of wavelength between 100 and 124 nm (2.99-12.27 ¢V) has
been attributed®® to the B—X and C-X transitions of BCl,. Other studies
are consistent with contributions from two different emission systems, as
summarized below.

Emission which is observed between 240 and 380 nm on excitation of BCl;
by radiation of wavelength shorter than 118 nm** and on electron impact®
has been attributed to BCl,, as has been a similar chemiluminescence emis-
sion observed!? on reaction of H atoms with BCl;. The electron impact
study® yielded a radiative lifetime of 1.65(20) us and suggested that the
lower state is the ground state of BCl,.

Emission which is observed between 280 and 380 nm on excitation of BCl;
by radiation of wavelength shorter than 124 nm** and on electron impact®
has also been attributed to BCl, .

A

Emission which is observed between 380 and 650 nm on excitation of BCl;
by radiation of wavelength shorter than 138 nm*>® and on electron impact®
has been attributed to the A—X transition of BCl,. The electron impact
study indicated that the lower state is the ground state of BCl,.

J. Phys. Chem. Ref. Data, Vol. 27, No. 2, 1998

Y CZV
Vib. No. Approximate cm™! Med Type Refs.
sym. type of mode meas.
a; 1 Sym. stretch 731w Ar IR 3
b, 3 Asym. stretch 9715 Ne IR 10
976.4
965.6vs Ar IR 3,7
References

YQ. Dessaux, P. Goudmand, and G. Pannetier, Compt. Rend. Acad. Sci.
Paris C 265, 480 (1967).

20. Dessaux, P. Goudmand, and G. Pannetier, Bull. Soc. Chim. Fr. 1969,
447.

3. H. Miller and L. Andrews, J. Am. Chem. Soc. 102, 4900 (1980).

4M. Suto, C. Ye, J. C. Han, and L. C. Lee, I Chem. Phys 89, 6653 (108R).

SL. C. Lee, I. C. Han, and M. Suto, J. Chem. Phys. 91, 2036 (1989).

51. Tokue, M. Kudo, M. Kusakabe, T. Honda, and Y. Ito, J. Chem. Phys.
96, 8889 (1992).

7P, Hassanzadeh and L. Andrews, J. Phys. Chem. 97, 4910 (1993).

8J. C. Creasey, P. A. Hatherly, I. R. Lambert, and R. P. Tuckett, Mol. Phys.
79, 413 (1993).

°H. Biehl, J. C. Creasey, D. M. Smith, R. P. Tuckett, K. R. Yoxall, H.
Baumgartel, H. W. Jochims, and U. Rockland, J. Chem. Soc. Faraday
Trans. 91, 3073 (1995).

WM. E. Jacox, K. K. Irikura, and W. E. Thompson, J. Chem. Phys. 104,
8871 (1996).

BBr,

Emission between 240 and 390 nm, with a lifetime ranging from 18(2) to
26(2) ns, which occurs when BBr; is excited by radiation of wavelength
between 116 and 140 nm, has been attributed” to two or more band systems
of BB Iy.

In an argon matrix, an absorption maximum at 15900 (630 nm) has been
attributed” to BBr;.

f _C2v

Vib. No. Approximate cm™! Med . Type Refa

sym. type of mode meas.

a; 1 Sym. stretch 551.0w Ar IR

by 3 Asym. stretch 833.4s Ar IR 1-3
References

3. H. Miller and L. Andrews, J. Am. Chem. Soc. 102, 4900 (1980).

2A. Moroz and R. L. Sweany, Inorg. Chem. 31, 5236 (1992).

3p. Hassanzadeh and L. Andrews, J. Phys. Chem. 97, 4910 (1993).

4H. Biehl, D. M. Smith, R. P. Tuckett, K. R. Yoxall, H. Baumgartel, H. W.

. L 1YY M1 1 WALYT ML Of 1100 (10NL)
Juclhims, and U. Rokland, Mol. Phys. 87, 1192 (1096).

AlIF,

X Coy

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.

a, 1 Sym. stretch 755.3 Ar IR 1

by 3 Asym. stretch 887.5 Ar IR 1

Reference

1P, Hassanzadeh, A. Citra, L. Andrews, and M. Neurock, J. Phys. Chem.
100, 7317 (1996).
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AICI, co;
Y CZV }-(: (:Zv
Vib. No. Approximate cm™! Med. Type Refs. Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas. sym. type of mode meas.
a, 1 Sym. stretch 461.0 Ar IR 23 a, 1 Sym. stretch 1253.8w Ne IR 2
by 3 Asym. stretch 563.6 Ar IR 1-3 Bend 714.1w Ne IR 2

b, 3 Asym. stretch 1658.3vs Ne IR 1,2

References

'G. A. Olah, O. Faroog, S. M. F. Farnia, M. R. Bruce, F. L. Clonet, P. R.
Morton, G. K. S. Prakash, R. C. Stevens, R. Bau, K. Lammertsma, S.
Suzer, and L. Andrews, J. Am. Chem. Soc. 110, 3231 (1988).

2E. D. Samsonova, S. B. Osin, and V. F. Pevel’kov, Zh. Neorgan. Khim.
33, 2779 (1988); Russ. J. Inorg. Chem. 33, 1598 (1983).

3P Hassanzadeh, A. Citra, I. Andrews, and M Nenrnck, T Phys Chem
100, 7317 (1996).

AlIBr,

X CZV

Vib. No. Approximate em™! Med. Type Refs.

sym. type of mode meas.

a, 1 Sym. stretch 348.3T Ar IR 1

by 3 Asym. stretch 458.4 Ar IR 1
Reference

1p. Hassanzadeh, A. Citra; L. Andrews, and M. Neurock, J. Phys. Chem.
100, 7317 (1996).

All,

X Cyy

Vib. No. Approximate em™! Med.  Type . Refs.
eym. type of mode meas.

b, 3 Asym. stretch 385.9 Ar IR 1

Reference

'p Hassanzadeh, A. Citra, L. Andrews, and M. Neurock, J. Phys. Chem.
100, 7317 (1996).

GaF,

X Coy

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode meas.

a; 1 Sym. stretch 642.0 Ar IR 1
638.9

2 Bend 158T Ar IR 1

b, 3 Asym. stretch 746.6 Ar R 1

744.5
Reference

1S. B. Osin, E. D. Samsonova, and V. F. Shevel’kov, Zh. Fiz. Khim. 68,
2009 (1994); Russ. J. Phys. Chem. 68, 1823 (1994).

References

M. E. Jacox and W. E. Thompson, J. Chem. Phys. 91, 1410 (1989).
2W. E. Thompson and M. E. Jacox (unpublished).

FCO

T G

T,=28500(25) gas AB%"® C-X 220-280 nm
=<35587 Ar  AB? C-X 234-281 nm
=<35211 CO AB" C-X 217-284 nm

In the gas phase,” bands are diffuse, and the onset of predissociation is
estimated® to lie at a wavelength longer than 294 nm. In an argon matrix,’
the threshold for photodissociation into F + CO was observed near 280 nm.

Vib. No. Approximate cm™! Med. Type  Refs.
sym. type of mode meas.
a’ 1458(6)*  gas AB 8
2 Bend 651(5* gas AB 2,7,8
650T Ar AB 3
650T (6(¢] AB 1,3
B &

Ty<27000 gas CL’AB"®
=24000 gas AB®

B-X 280-455 nm

<29586 Ar AB’ BR_X 784-338 nm
<29516 CO ABY B-X 289-339 nm
Vib. No. Approximate cm™! Med. Type  Refs.
sym. type of mode meas.
a’ . 1180(35)*  gas AB 8
2 Bend 770(30)*  gas AB 8
700T Ar AB 3
700T CO AB 1,3
X Cs
Vib. No.  Approximate  cm™! Med.  Type Refs.
sym. type of mode meas.
a’ 1 CO stretch 1861.64 gas DL 4
1857vs Ar IR 3
1855vs ((¢] IR 1
2 Bend 627.5m Ar R 3
. 626m (ele} IR 1
3 CF stretch 1026.13 gas DL 4
1023vs Ar IR 3
1018s [e0) IR 1

Ag=6.38; By=0.382; C,=0.360 DL*

2w,
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2D. K. W. Wang and W. E. Jones, J. Photochem. 1, 147 (1972).

3M_E Iacox, T Mal Spectrose 80, 257 (1980)

*K. Nagai, C. Yamada, Y. Endo, and E. Hirota, J. Mol. Spectrosc. 90, 249
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3S. Toby and F. S. Toby, J. Phys. Chem. 85, 4071 (1981).

G. Hancock and D. E. Heard, J. Photochem. Photobiol. A 60, 265 (1991).

7M. M. Maricq, J. J. Szente, G. A. Khitrov, and J. S. Francisco, Chem.
Phys. Lett. 199, 71 (1992).

8M. M. Maricq, J. J. Szente, Y. Su, and J. S. Francisco, J. Chem. Phys. 100,
8673 (1994).

CS;

X” CZV

Vib. No Approximate cm~! Med. Type Refs.
sym type of mode meas.

b,y 3 Asym. stretch 11594 Ne IR 1

Reference

IT. M. Halasinski, J. T. Godbout, J. Altison, and G. E. Leroi, J. Phys.
Chem. 100, 14865 (1996).

Si0;

Threshold for electron detachment from ground-state SiO, <16940(800)
gas PE!

Reference

L.-S. Wang, H. Wu, S. R. Desai, J. Fan, and S. D. Colson, J. Phys. Chem.
100, 8697 (1996).

GeO,

Threshold for electron detachment from ground-state GeO, =20170(800)
gas PE!

Reference

IL.-s. Wang, H. Wu, S. R. Desai, J. Fan, and S. D. Colson, J. Phys. Chem.
100, 8697 (1996).

FCS
)¢ G
Vib. No Approximate cm™! Med. Type Refs.
sym type of mode meas.
a' 1 CF stretch 12974 Ar IR 1
2 Bend 457T Ar IR 1
3 C=8§ stretch 9179 Ar IR 1
Reference

IN. Caspary, B. E. Wurfel, A. Thoma, G. Schallmoser, and V. E. Bondy-
bey, Chem. Phys. Lett. 212, 329 (1993).
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PO,
B, ? Cy
T,=30378(3) gas' AB'LF’ 2B~ X 268-600 nm

Ar AB° 28,-X 292-301 nm
In LT stuclics,"3 there was an apparently coutinuvus backgiound signal, witl
a maximum between 400 and 500 nm. The similarity of the behavior of this
band system to that of the visible bands of NO, suggests that the
quasicontinuum may be contributed by high vibrational levels of the ground

state.

Vib. No. Approximate em™’  Med. Type  Refs.
sym. type of mode meas.
ay 1 Sym. stretch 933 gas AB 1
942 Ar AB 6
2 Bend 396 gas AB 1
=500 ns gas LF°
Teom=4.5 s gas LF
X 4, Cyy Structure: AB'MW,LMR?
Vib. No.  Approximate cm™! Med.  Type Refs.
sym. type of mode meas.
a; 1 PO s-stretch 1117(20)  gas MW 2,3
LMR
LF
2 Bend 387(20)  gas MW,LF 23
LMR
386.4 Ar IR 7
by 3 PO a-stretch 1327.53 gas DL 8,9
1319.1 Ar IR 4,57

Ag=3.486; B;=0.287; Cy=0.264 MW ,LMR?
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SNO

X G

Vib.  No.  Approximate  cm™! Med.  Type Refs.

sym. type of mode meas.

a' 1 NO stretch 1522.8s* Ar IR 1-3
NS stretch 790.2m Ar IR -3

? In Fermi resonance with 2v;.
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SeNO

X G

Vib. No. Approximate em™! Med. Type Refs.

sym. type of mode meas.

a' 1 NO stretch 1570.0 Ar IR 1
Reference

'L. Andrews, P. Hassanzadeh, D. V. Lanzisera, and G. D. Brabson, J. Phys.
Chem. 100, 16667 (1996).

195

Reference

L. Andrews, P. Hassanzadeh, D. V. Lanzisera, and G. D. Brabson, J. Phys.
Chem. 100, 16667 (1996).

NS,

X Cyy

Vib. No. Approximate em™! Med. Type Refs.

sym. type of mode meas.

a, 1 NS, s-stretch 660T  Ar R 1

by 3 NS, a-stretch 12252 Ar IR 1,2
References

'P. Hassanzadeh and L. Andrews, J. Am. Chem. Soc. 114, 83 (1992).
21.. Andrews, P. Hassanzadeh, G. D. Brabson, A. Citra, and M. Neurock, J.
Phys. Chem. 100, 8273 (1996).

NSe,

1?’ CZV

Vib. No. Approximate em™~! Med. Type Refs.

sym. type of mode meas.

a 1 Sym. stretch 436T Ar IR 1

b, 3 Asym. stretch 1019.0 Ar IR 1
References

'L. Andrews and P. Hassanzadeh, J. Chem. Soc., Chem. Commun. 1523
(1994).

21, Andrews, P. Hassanzadeh, D. V. Lanzisera, and G. D. Brabson, J. Phys.
Chem. 100, 16667 (1996).

SeSeN
X
Vib. No. Approximate em™! Med.  Type Refs.
sym. type of mode meas.
SeN stretch 614.7 Ar IR 1

SO}
Fu, G
T,=62200(500) gas PE*
S C
Ty=33090(20) gas PE>%7
Vib. No. Approximate cm™! Med. Type . Refs.
sym. type of mode meas.
a, 1 Sym. stretch 960(10)  gas PE 7
2 Beud 444(10) Bas PE 7
D %4, Cov
T;=32190(50) gas PE!287pp’ B—% 300-317 nm
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
aq 1 Sym. stretch 912(1) gas PEPE  1,2,5-7
2 Bend 411(60) gas - PF 5
C B, Cy
T,=28670(50) gas PE'*S7PF° C-F 511-437 nm
Vib. No. Approximate em™! Med. Type Refs.
sym. type of mode meas.
a, 1 Sym. stretch 300(4) gas PE 6,7
Bend 371(10) gas PF,PE  4-7
E ZBZ CZV
Ty=7034(80) gas PE'S7PF** C-F 437-511 om®
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a; 2 Bend 465(9) gas PEPF 14-7
b, 3 Asym. stretch 1320(8)HT gas PE 7
7=25pus gas PP
A, Cav
Ty=5156(65) gas PE'S’
Vib. No. Approximate em™! Med.  Type Refs.
sym. type of mode meas.
a; 1 Sym. stretch 981(60) gas PE 6,7
Bend 353(7) gas PE 6,7
by 3 Asym. stretch 202(13) gas PE 6,7
T 4, Co
Vib. No.  Approximate em™! Med.  Type Refs.
sym. type of mode meas.
a; 2 Bend 404.2(5) gas PE 1,6,7

Barrier to linearity ca. 3200 PES7

2Attributed by Ref. 5 to the C—A transition.
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CF,
Ea
T,=72740 gas AB! B-X 131-138 nm
Vib. No. Approximate cm™! Med. Type Refs.
Sym. type of mode meas.

2 Bend 625 gas AB 10
A B Cyy Structure: AB°

Ty—37226 gas  BM'AB>*S10 Fo02
37219(2) Ne LFY
36878(2) Ar AB*SISEMILF!
37054(2) N, LF7

A-X 220-380 nm

A-X 210-346 nm

Vib. No. Approximate em™! Med. Type Refs.
sym. type of mode meas.
a, 1 Sym. stretch 1011(2) gas LF 42
2 Bend 496 gas uv 1-3,5,10
496(2) Ne LF 17
496(2) Ar AB,LF 4,,16,17
496(2) N, LF 17
b, 3 Asym. stretch 1180(2) gas LF 42
70=50(5) ns gas LEF02LB03pE\PSORE
31ns Ne LF7
27ns Ar LFY

23ns Kr LF7
A¢=4.577; By=0.334; C;=0311 AB!

21- 3B 1 C2v

T0= 19828 gas CLIS,19,22,24.29PE34 a‘_g‘ 430-800 nm

Vib. No. Approximate cm™ ! Med. Type Refs.

sym. type of mode meas.

a; 2 Bend 517 gas CL 18,22,
24,29

T=1s gas CL"
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T4, Coy Structure: MWEAB® 10
Vib. No.  Approximate cm™! Med. Type . Refs.
sym. type of mode meas.
a, 1 Sym. stretch 1225.08 gas DL,IR 23,31,32
’ PE 34,36
1221.9 Ne IR,LF 12,17,40
1222vs Ar IR,LF 6,11,17
2 Bend 666.25  gas UV,PE  1,10,34
DL 41
668vw  Ar IR,LF 6,11,17
by 3 Asym. stretch 111444  gas IR,DL 7,13,27
32,38
1105.8 Ne IR 12,40
1102vs Ar IR 6,11

Ag=2.947; By=0.417;, C;=0.365 MW315264p%10

*Tentative assignment. This band system was associated with the C—X tran-
sition in Ref. 10. Subsequent studies'**” have dictated the reassignment to
CF; of almost all of the bands between 136 and 160 nm which had tenta-
tively been attributed'® to CF, .
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SiF,
BB, Coy
To=62280 gas UVI!IMP['5161 B-% 158-165 nm
Vib. No. Approximate cm™?  Med. Type  Refs.
sym. type of mode meas.
a, 1 Sym. stretch 790T gas AB 11,19
MPI
2 Bend 320T  gas AB 11

i B, C,, Structure: AB”
To=441139 gas EM'2ABLF4V7 A-X 213-276 nm

=43964 Ne AB’ A-% 216-225 nm
Vib. No. Approximate em™! Med. Type  Refs.
sym. type of mode meas.
a; 2 Bend 250.1(3) gas ABLF 59,17,18

253T Ne AB 7

7<20ns gas LF7
Ag=1.446; By=0.241; C;=0.206 AB’

a B, G,y Structure: LF'®

T,=26319.478(6) gas EM!MPI'69LF'8 a—% 364—420 nm
Vib. No. Approximate em™t Med. Type Refs.
sym. type of mode meas.

a, 2 Bend 2782  gas EMMPLLF 10,16,18

Ag=1.367; B4=0.253; C,=0.213 LF%#

X 4, C,, Structure: MW>*
Vib. No. . Approximate cm™! Med.  Type Refs.
sym. type of mode meas.
a, 1 Sym. stretch 855.01 ° gas IR,LE 6,13,17
851s Ne IR 8
843s Ar IR 7.8
2 Bend 345 gas MW, UV, 45
LF,MPI 17,19
343 Ar IR 7
b,y 3 Asym. stretch 87040  gas IR 6,13
864.6s Ne IR 8
855vs Ar IR 7.8

Ag=1.021; B4=0.294; C;=0.228 MW>*
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SiCl,

A1B, Cyy Structure: LE
To=30013.5(2) gas AB‘EM>7VPLFSI01 A-X 295-430 nm
In an argon matrix, unstructured absorption attributable to SiCl, has been

observed! between 310 and 320 nm, with a maximum at approximately 315
nm.

Vib. No. Approximate cm™! Med. Type  Refs.
sym. ) type of mode meas.
a i Sym. strctch 428.9 gas Lr 8,13

2 Bend 149.8 gas UV, LF 378,13

Too=77(3) ns gas LF®B
Acn=0.909; Bosn=0.076; Coeo=0.069 LFY®

a’B, Ca

To=18943T gas EM!M21 a-X 500-650 nm

Vib. No. Approximate cm™! Med. Type  Refs.
sym. type of mode meas.
a, 2 Bend 159(2) gas EM 11,12

=11(2) ms gas EM"
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X, Cay Structure: ED*MW?14 X, Coy Structure: IR?
Vib. No.  Approximate cm™! Med.  Type Refs. Vib. No. Approximate em™! Med. Type Refs.
sym. type of mode meas. sym. type of mode meas.
a; 1 Sym. stretch 521.6 gas LF 13 ay 1 Sym. stretch 663 gas IR 2
5187 Ne IR 2 655 Ne IR 2
512.5s  Ar IR 1,2 648 Ar IR,Ra 2,7
2 Bend 200.6 gas EM,LF 1738,11-13 653 N, Ra 7
202.2 Ar IR 2 2 Bend 263(2) gas AB.,EM 1,6,8
b, 3 Asym. stretch  509.4 Ne IR 2 b, 3 Asym. stretch 692 gas IR 2
502vs  Ar IR 1,2 685 Ne IR 2
676 Ar IR 2
A(=0.493; B;=0.094; C=0.079 MW’LF
A¢=0.513; B;=0.262; C,=0.173 MW>*
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GeCl,

A B, Coy

To=30622(2) gas ABZLF! A_% 300-330 nm
Structured absorption® is superposed on a continuum with maximum near
32280, presumably due to predissociation of GeCl, into GeCl + Cl. In the
LF excitation spectrum,!! there is a marked increase in the line density
beyond approximately 31630.

Vib. No. Approximate em™!  Med. Type Refs.
The high-temperature vapor of GeF, shows unstructured absorption between sym. type of mode meas.
136 and 156 nm, with 2 maximum near 146.3 nm.’ v
ay L1 Sym. stretch 354 gas Lr 11
4B, Cyy 2 Bend 104 gas ABLF 2,11
Ty=43860.9 gas AB'LF" A-X 222-243 nm 7=89.7(6.8) ns gas EM'"
Vib. No. Approximate cm™! Med.  Type Refs. a’B, Cyy
sym. type of mode meas. Ty=22315(2) gas CL'LE 7 % 400-490 nm
a; 1 Sym. stretch 623.8(6) gas LF 10
2 Bend 159.6 gas AB,LF 1,10 Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a B, G a; 1 Sym. stretch 393 gas LF 11
T,=30582.1 gas EMSSLF" a-% 305-370 nm Bend 118  gas  CLLF 1,11
= 10
Vib. No. Approximate cm™! Med. Type Refs. 7=174(6) s gas EM
sym. type of mode meas.
a; 1 Sym. stretch 673.1(5) gas LF 10
2 Bend 192.2 gas EM,LF 6,8,10
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X 14, Cy Structure: EDSMW!2
Vib.  No.  Approximate cm™! Med.  Type Refs.
sym. type of mode meas.
a 1 Sym. stretch 399 gas CL.Ra 14
: 398.6 Ar IR 3,5,7,9
390 N, Ra 6
2 Bend 160(4)  gas CL,AB 1,2
Ra 4
163 N, Ra 6
by 3 Asym. stretch 373.5 Ar IR 3,5,7,9
362 N, Ra 6

A¢=0.241; B4=0.087; C,=0.064 MW*?
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+
NF;
Av IBl ? CZV
T,=38400° gas PE!?
E JBI CZ\'
Ty=19610(320) gas PE'?
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.

'52020) gas  PE 12

:Xv 1A1 CZV
Vib.  No.  Approximate cm™! Med. Type  Refs.
sym. type of mode meas.
a; 1 Sym. stretch 1250(20) gas PE 1,2
b, 3 Asym. stretch 1233.5T Ne IR 3

*From vertical jonization potential.

References

!'A. B. Cornford, D. C. Frost, F. G. Herring, and C. A. McDowell, J. Chem.
Phys. 54, 1872 (1971).

2A. B. Comnford, D. C. Frost, F. G. Herring, and C. A. McDowell, J. Chem.
Soc., Faraday Disc. 54, 56 (1972).

3M. E. Jacox and W. E. Thompson, J. Chem. Phys. 102, 6 (1995).

199

PO,

Threshold for electron detachment from ground-state PO; =27600(80)
gas PE?

X Cyy Structure: PE?

Vib.  No. Approximate cm™! Med.  Type Refs.

sym. type of mode meas.

a, 2 Bend 520T gas PE

by 3 PO a-stretch 1198.8 Ar IR 1
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SO0
X C
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a’ 1006.1 Ar IR 1
7399 Ar IR 1
Reference

!1..-S. Chen, C.-I. Lu, and Y.-P. Lee, J. Chem. Phys. 105, 9454 (1996).
SSO

An absorption band system between 190 and 230 nm has been attributed” to
SSO. However, an alternate assignment to the C—X band system of SO, has
been proposed.’

c Y C, Structure: AB!!
T0=2968772 g2as ABl,7,HLF12.13.16.17 C-'_X'- 250-395 nm
29285(20) Xe AB* €-X 280-342 nm
Predissaciation limit hetween 31172 and 31307. ARl
Vib. No.  Approximate cm™! Med. Type Refs.
sym. type of mode meas
a' 1 SO stretch 1032 gas ABLF 11,13,16
2 Bend 253 gas ABLF 11,13,16
3 SS stretch 410.6 gas AB,LF 7,11,13,
16,17

415(20) Xe AB 4

7=66(4) ns gas LF"
Ag=1.016; B4=0.149; C,=0.130 AB''LE"

a’s’ Gy

Ty=13943 gas AB!OPLFP a-% 430-670 nm

Vib. No. Approximate cm™!  Med. Type  Refs.

sym. type of mode meas.

a’ 1 SO stretch 1089 gas AB 10,15
2 Bend 332 gas AB 10,15
3 SS stretch 505 gas AB 10,15
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T w C, Structure: MW?9
Vib.  No.  Approximate  cm™! Med.  Type Refs.
sym. type of mode ' meas.
a’ 1 SO.stretch 1166.45 gas IR,DL 1,3,14
1156.2 Ar IR,Ra 8,9
2 Bend 380 gas LF - 16
382 Ar IR,Ra 8,9
3 SS stretch 679.1 gas IR,LF 1,3,13
6722 Ar IR,Ra 8,9

A¢=1.398; B;=0.169; C;=0.150 MW?>>¢pL
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276 (1973).
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References

B. Meyer, T. V. Oommen, and D. Jensen, J. Phys. Chem. 75, 912 (1971).

B. Meyer, T. Stroyer-Hansen, and T. V. Oommen, J. Mol. Spectrosc. 42,
335 (1972).

35.-Y. Tang and C. W. Brown, Inorg. Chem. 14, 2856 (1975).

4C. A. Wight and L. Andrews, J. Mol. Spectrosc. 72, 342 (1978). )

SP. Lenain, E. Picquenard, J. L. Lesne, and J. Corset, J. Mol. Struct. 142,
355 (1986).

$G. D. Brabson, Z. Mielke, and L. Andrews, J. Phys. Chem. 95, 79 (1991).

"R. L Billmers and A. L. Smith, J. Phys. Chem. 95, 4242 (1991).

8P. Hassanzadeh and L. Andrews, J. Phys. Chem. 96, 6579 (1992).

°E. Picquenard, O. El Jaroudi, and J. Corset, J. Raman Spectrosc. 24, 11
1993).

SGOz

IBZ C2v
T,=319574 gas AB'>°EM*
31065(20) Xe ABS

Structure: AB®
B, X 225-345 nm
1B,—X 242-322 nm

Vib. No. Approximate cm™!  Med. Type  Refs.
sym. type of mode meas.
a, 1 Sym. stretch 648 8  gas AB 1.9
620T Xe AB
2 Bend 258 gas AB 9
3B, Cy, Structure: AB!!
Ty=23840 gas ABZ''EM* 3B,—X 370-500 nm
Kr EM® 3B,~X 475-600 nm
Xe EMS® 3B,~X 475-615 nm
Vib. No Approximate cm™!  Med.  Type Refs.
sym. type of mode meas.
a, 1 Sym. stretch 780 gas AB 11
Bend 199 gas AB.EM 24,11
b, 3 Asym. stretch 863 gas AB 11

7<200(100) us Xe EMS

S3 Xy, Cyy Structure: MW’
Ty=23465(15) gas AB>57 350-510 nm - - -
23210 Ar AB*9 355-435 nm Vib. No. Approximatc cm Med. Type Refs.
Kr AB2 310-420 nm sym. type of mode meas.
) R 1 a, 1 Sym. stretch 922.6 gas AB,PE  9,11,12
Vib. No. Approximate cm Med. Type Refs. 923.4 Ne IR 5
sym. type of mode meas. 9220w Ar IR 5.8.13
a 1 Sym. streich 420 gas  AB 2 2 Bend 372 gas AB - 911
450T Ar AB 48 366.0s Ar IR 8,13
420 K AB 2 365T KrXe FM 6
2 Bend 340T  Ar AB 3 b, 3 Asym. stretch 963 gas IR,AB 3,11
971.2 Ne IR 5
= c 970.2
X > 9653s  Ar IR 538,13
Vib. No. Approximate cm™! Med.  Type Refs. Ag=0.962; B;=0.289; C(=0.222 MW’
sym. type of mode meas.
ay 1 Sym. stretch 590 gas AB 2 References
581 gas Ra 9
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Se00

X (&

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.

a' 1 OO stretch 1061.0T Ar IR 1

Reference

G D Rrahson, L Andrews, and €. J Marsden, 1. Phys. Chem. 100,
16487 (1996).

SeSeO

b’ G

Vib. No Approximate cm™! Med. Type Refs.
sym. type of mode meas.

a' 1 SeO stretch 883.2 Ar IR 1

Reference

!G. D. Brabson, L. Andrews, and C. J. Marsden, J. Phys. Chem. 100,
16487 (1996).

NF,

K 2A1 CZV
gas AB'#3 A-X 237-278 nm
Ar AR’ A--¥ 247-265 nm

In an argon matrix,*° evidence has been obtained for predissociation into
NF+F.

Vib. No. Approximate em™! Med. Type Refs.

sym. type of mode meas.

a; 2 Bend 3902 gas AB 4,5
408° Ar AB 9

X B, C,, Structure: IR”?MW?
Vib.  No.  Approximate cm™! Med.  Type Refs.
sym. type of mode meas.
a; 1 Sym. stretch 1074.99 gas IR,DL 2,10,
LMR 11,12
1071.6 Ne IR 15
1069m Ar IR 7.9
1070 N, IR 2,3
2 Bend 573w N, IR 3
b, 3 Asym. stretch 942.48 gas IR,DL 2,10,
LMR 13,14
936.0 Ne IR 15
932vs Ar IR 7,9
931 N, IR 2,3
Ag=2.351; By=0.396; C,=0.338 MW?2DLY
*Average value.
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NFCI

a G
gas EM! A-X 380-500 wu
Ar AB’EM* A-% 300-525 nm

In the gas phase, an emission maximum is observed! near 23500 (425 nm).
In an argon matrix, an absorption maximum is observed® at 27800 (360 nm),
and an emission maximum appears* near 21200 (472 nm). Ref. 4 discusses
reasons for the disparity between the gas-phase and the argon-matrix
observations.

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a’ 2 Bend 340(20)  Ar AB 3

7<20ns gas EM!
=610(40) ns Ar EM*
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X G yig (&
To=60962(5) gas MPI*
Vib. No.  Approximate  cm™! Med.  Type Refs.
sym. type of mode meas. Vib. No. Approximate em™! Med. Type Refs.
. ) f mod 3
a’ 1 NF stretch 917° Ar R 2 v ypo @ o meas
2 Bend 390(40) gas EM 1 a; 1 Sym. stretch 1004(2) gas MPI 4
390T Ar EM 4
3 NCI stretch 720° Ar IR 2 G o
T,=58184(5) gas MPI*
Similar values, not explicitly given, were obtained in krypton and xenon
matrix experiments. Vib. No. Approximate cm™! Med Type Refs.
) sym. " type of mode meas.
References a 1 Sym. stretch  998(2)  gas MPI 4
'D. B. Exton, S. A. Williams, and J. V. Gilbert, J. Phys. Chem. 97, 4326 F 2, C,y
(1993). = 4
2A. M. Zarubaiko and J. V. Gilbert, J. Phys. Chem. 97, 4331 (1993). To 55126(5) gas MPT
3 - )
.(I 1 9\g4 ?ﬂbert, A. M. Zarubaiko, and S. Lantz, Chem. Phys. Lett. 220, 19 Vib. No. Approximate J— Med. Type Refs.
4J.'V. Gilbert and G. S. Okin, J. Phys. Chem. 99, 11365 (1995). sym. type of mode mess.
7} 1 Synw suetch 1008(2) gas MFI 4
PF, 1
ii C, E B, Co
To=68505(5) gas MPI¢ To=51932(5) gas MPI
: : -1
Vib. No. Approximate P Med. Type Refs. Vib. No. Approximate cm Med. Type Refs.
sym. type of mode meas.
sym. type of mode meas.
a
a 1 Sym. stretch  972(7° gas  MPI 4 a ; ngyma stretch 1232%3 gas f\g ; :
2 Bend 3453  gas MPI 4 en 8as
- al Cyy
L o 7 ':4223998 6 B i
To=67922(5) gas MPH 0=23998(6) gas &~ 400-520 nm
Vib. No. Approximate . Med.  Type Refs. Vib. No. Approximate cm™! Med.  Type Refs.
sym. type of mode meas. sym. type of mode meas.
ay 1 Sym. stretch  956(2) gas = MPL 4 a 1 Sym.stretch  505(2)  gas  EM 3
Bend 358(3)  gas MPI 4 2 Bend 219 gas EM 3
_ 72 19ms gas EM?
X Cyy
Ty=66763(5) gas MPI* X %, Cyy Structure: MW?
Vib. No. Approximate cm™! Med. Type Refls. Vib. No. Approximate cm~! Med.  Type Refs.
sym. type of mode meas. sym. type of mode meas.
a; 1 Sym. stretch 956(2)  gas MPI 4 a; 1 Sym. stretch 841(4) gas EM
2 Bend 364(1)  gas MPL 4 1 852.1ms  Ar IR 1
2 Bend 366 gas MWEM 23
TJ Cy by 3 Asym. stretch ~ 848(24) gas MW 2
T,=66118(5) gas MPI* 831.4s Ar IR 1
Vib. No. Approximate cm™! Med.  Type Refs. A¢=0933; Bo=0310; C,=0232 MW"
sym. type of mode meas. .
.
a; 1 Sym. stretch 981(4)* gas MPIL 4
2 Bend 366(1)° gas MPI 4 References
T C2v
— 4
T;=65958(5) gas MPI 13. K. Burdett, L. Hodges, V. Dunning, and J. H. Current, J. Phys. Chem.
Vib. No. Approximate cm™! Med. Type Refs. 274’ 4(')53 (1970). .
sym. type of mode meas. S. Saito, Y. Endo, and E. Hirota, J. Chem. Phys. 85, 1778 (1986).
3y, Zhao and D. W. Setser, Chem. Phys. Lett. 216, 362 (1993).
a 1 Sym. stretch 980(4)"  gas MPI 4 4. D. Howe, M. N. R. Ashfold, J. W. Hudgens, and R. D. Johnson III, J.
2 Bend 365(3)°  gas MPI 4 Chem. Phys. 101, 3549 (1994).
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PCl, AsF,
E(p) Cyv )i Gy
Ty=51320(10) gas MPI® Ty=57480(15) gas MPP
Vib. No. Approximate cm™! Med. Type Refs. Vib. No. Approximate em™! Med. Type Refs.
sym. type of mode meas. sym. type of mode meas.
a; 1 Sym. stretch 600(15)  gas MPI 3 a; 1 Sym. stretch 810(10)  gas MPI 3
2 Bend 240(15) gas MPI 3 2 Bend 310(20) gas MPI 3
D 2A,(45) Cyu F Cyy
Ty=42760(15) gas MPP To=54355(15) gas MPP
Vib. No. Approximate cm™! Med. Type Refs. Vib. No. Approximate em™! Med. Type Refs.
sym. type of mode meas. sym. _type of mode meas.
a; 1 Sym. stretch 620(20)  gas MPI 3 a, 1 Sym. stretch 813(6) gas MPI 3
Bend 230(20)  gas MPI 3 2 Bend 308(5) gas MPI 3
A%, Cav When gas-phase AsF; is subjected to 124 nm radiation, an emission band

Tn the gas phase, unstructired emission at wavelengths longer than 370 nm,
with 2 maximum at approximately 460 nm, has been attributed? to PCl, .
7=29(6) us gas EM?

system, tentatively assigned to Aslh,, is obscrved between 330 and 610 nm,
with a maximum near 450 nm.! The radiative lifetime of the species which
contributes this band system is 25.5(1.8) us.?

X B 1 Cyy X B 1 Cov
Vib.  No.  Approximate em™! Med.  Type  Refs. Vib. No. Approximate cm™! Med.  Type Refs.
sym. type of mode meas sym. type of mode meas.
a 1 Sym. stretch  525(10)  gas MPI 3 a, 1 Sym. stretch ~ 705(10)  gas MPI 3

525 Ar IR 1 2 Bend 285(10)  gas MPI 3
b, 3 Asym. stretch 452 Ar IR 1

References
References
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547 (1992).

3J. L. Brum and J. W. Hudgens, J. Phys. Chem. 98, 5587 (1994).

PBr,

/T ZAI C2v
In the gas phase, unstructured emission at wavelengths longer than 510 nm,
with a maximum at 527 nm, has bcen attributed? to PBx; .

7=21(9) us gas EM?

% B, oy
Vib.  No.  Approximate em™!  Med.  Type Refs.
sym. type of mode meas.
a, 1 Sym. stretch 369 Ar IR 1

2 Bend 1407 gas EM 3
by 3 Asym. stretch 410 Ar IR I

References

'L. Andrews and D. L. Frederick, J. Phys. Chem. 73, 2774 (1969).

2M. J. Bramwell, S. E. Jaeger, and J. C. Whitehead, Chem. Phys. Lett. 196,
547 (1992).

3M. J. Bramwell, C. Hughes, S. E. Jaeger, and J. C. Whitehead, Chem.
Phys. 183, 127 (1994).

Yy Ni, X. Wang, M. Suto, and L. C. Lee, J. Phys. B 21, 1821 (1988).
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03
C %A, Cav
T,=21420(40) gas PF°
Vib. No. Approximate em™! Med. Type Refs.
sym. type of mode meas.
a; 1 Sym. stretch 760(20)  gas PF 10
2 Bend 190(20)  gas PF 10

Threshold for electron detachment from ground-state O3 =16970(20) gas
refrp!!

; 2A2 CZV

T,=16508(16) gas PF%!°

Vib. No. Approximate em™! Med. Type  Refs.

sym. type of mode meas.

a; 1 Sym. stretch 815(10)  gas PF 8,10
2 Bend 275(10)  gas PF 8,10
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X B, Cy Structure: PDVPE?
Vib. No. Approximate em™! Med. Type Refs.
sym. type of mode meas.
a, 1 Sym. stretch 975(50) gas PD,PF  8-10,13
PE
1016 Cs Ar Ra 3,5
1011 Na Ar Ra 3,5
2 Bend 550(50) gas PD,PF  9,10,13
PE
600w Cs  Ar IR 4
b, 3 Asym. stretch 880(50) gas PE 13
796.3 Ne IR 12,14
804.3 Ar IR 6,7
789s Cs Ar IR 2.4
802s Cs
802s Na Ar IR 1,24
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Clo0

An unstructured absorption between 225 and 270 nm, with a maximum near

8

246 nm in the gas phase® and near 250 nm in a neon® ar an argon’ matrix,

has been assigned to C10O, which photodecomposes in that spectral region.

X C, Structure: IR®
Vib. No Approximate cm™! Med.  Type Refs.
sym. type of mode meas.
a' 1 0O stretch 14432 gas R 4
1438.6 Ne IR 8
1442.8vs®  Ar IR 2,7
1438 N, IR 1
1428
1436 0, IR 7
2 Bend 413.7 Ne IR 8
4083vw®  Ar IR 2,7
3 ClO stretch 2014 Ne IR 8
192.4w Ar IR 7
203 0, IR 7

2Absorption maximum; spectral slit width 13 cm™ 1.
Peaks at 1415, 435, and 227 cm™! may be contributed by CIOO trapped in
a metastable site in the argon lattice.”®
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BrOO

In an argon marrix, a prominent absorption between 240 and 300 nm, with
maximum at 38200 (262 nm), has been assigned® to BrOO. Irradiation at
280 nm leads to photoisomerization to OBrO.*

X
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
0O stretch 1485.1 Ar IR 1-4
References
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(1978).
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4J. Kolm, A. Engdahl, O. Schrems, and B. Nelander, Chem. Phys. 214, 313
(1997).

100

In an argon matrix, an absorption maximum at 39370 (254 nm) has been
attributed’ to I00. Iradiation of the sample in the spectral region of this
absorption results in photoisomerization to OIO.

Reference
1G. Maier and A. Bothur, Chem. Ber. 130, 179 (1997).

SeO,

Threshold for electron detachment from ground-state SeO, =14710(400)
gas PE!

X C2V

Vib. No. Approximate em™! Med. Type Refs.

sym. type of mode meas.

a, 1 Sym. stretch 810(80) gas PE 1
Reference

1T Snodgrass, J. V. Coe, K. M. McHugh, C. B. Freidhoff, and K. H.
Bowen, J. Phys. Chem. 93, 1249 (1989).
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SSF

A G
Tp=14922 gas LF'?

Structure: LF!?
A-X 485-700 nm

Vib. No. Approximate em™! Med.  Type Refs.
sym. type of mode meas.
a' 1 SF stretch 768 gas LF 1

2 Bend 217 gas LF 1

3 S8 stretch 495 gas LF 1

Aogs=0.662; Bgos=0.157; Cps=0.126 LF'?

T2 C, Structure: LF!
Vib. No Approximate cm™! Med.  Type Refs.
sym. type of mode » meas.
a’ 1 SF stretch 705 gas LF 1
2 Bend 293 gas LF 1
3 SS stretch 684 gas LF 1

A,=0.886; B;=0.162; C,=0.137 LF'MW?
References
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(1994). .

2Q. Zhuo and D. J. Clouthier, J. Mol. Spectrosc. 165, 433 (1994).

33. Tang and S. Saito, J. Chem. Phys. 104, 7437 (1996).

SSCi

To=2vl()50'l' gas® ABY® 3’/8-481 nm
<21925 Ar AB? 389456 nm
Vib. No. Approximate cm™! Med. Type  Refs.
sym. type of mode meas.
a’ 1 Stretch | 480 oas AB 5
491(20)  Ar AB 3
3 Stretch 407 gas AB 5
vy G
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a’ 1 SS stretch 630 gas LF 78
2 Bend 249 gas LF 78
3 SCi stretch 554 gas LF 7.8
Ty C, Structure: MW®
Vib. No.  Approximate cm™! Med.  Type Refs.
sym. type of mode meas.
a’ 1 SS stretch 662(3) gas ABRalF 578
665 Ar IR 4
2 Bend 196 gas Ra,LF 7,8
3 SCI stretch 450 gas RaLF 7.8
404 Ar IR 4

Ag=0.611; B;=0.094; C;=0.082 MW?

“Diffuse band system. Ref. 3 also reported two very weak bands approxi-
mately 600 cm™! below the principal progression which they attributed to
ground-state vibrational excitation.

Reoforonces

'W. D. McGrath, J. Chem. Phys. 33, 297 (1960).

2R. 1. Donovan, D. Husain, and P. T. Jackson, Trans. Faraday Soc. 64,
1798 (1968).

3C. A. Wight and L. Andrews, J. Mol. Spectrosc. 72, 342 {1978).

4G, Vahl and M. Feuerhahn, J. Chem. Res., Synop. 237 (1979).

5C. L. Chiy, S. C. Pan, and C. K. Nj, J. Chem. Phys. 85, 10 (1986).

SM. Fujitake and F. Hirofa, Can. I. Phys. 72, 1043 (1904).

7C.-L. Chiu and H. Chang, Spectrochim. Acta 50A, 2239 (1994).

8C. L. Chiu and H. Chang, J. Chin. Chem. Soc. (Taipei) 42, 19 (1995).

OcCIO
E

To=63774 gas ABZY4 . E-X 148-157 nm

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.

1 Syut suctch 1000T gas AB 12

2 Bend 508 gas AB 12,19
D

T,=61430(20) gas AB>%%4 D—X 155-163 nm

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
1 Sym. stretch 1051(20) gas AB 12,1942
2 Bend 521(20) gas AB 12,1942
6’ ZA 1 CZV

Ty=54689(20) gas AB'Z194245 =X 176-183 nm

Vib. No. Approximate cm™? Med. Type Refs.
syni. type of mode meas.

ay 1 Sym. stretch 1020(20) gas AB 12,19,42
zAl 528 2 C2v

These two as yet undetected states are expected to lie close to the A state and
to interact strongly with it. One or both of them may contribute to the
much-studied predissociation of the A state. 2242933404647
A4, [O% Structure: AB®
T,=21017.2 gas ABI2HM253132343545] RIS 16\(pp3336ppa1 4347

A-X 260~780 nm

Vib. No Approximate cm™! Med. Type Refs.

sym. type of mode meas.

g 1 Sym. stretch 7115 gas AR 5.14,34
2 Bend 2925  gas AB 514,34

by 3 Asym. stretch 4412 gas AB 25,34

7,%=56(20) ps gas AB?'HLF¥
7,5=336(27) ps gas LF®
Ag=1.057; B,=0.311; C;=0.240 AB®
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X ’B, Cy Structure: MW [R?
Vib. No. Approximate cm! Med. Type Refs.
sym. type of mode meas.
a, 1 Sym. stretch 945.59s gas IR,AB 3-5,14-16
LF 20,23,26
LMR
DL.LS  28,37,39
944.8m Ne IR 44
947.6m Ar IR,Ra 13,1718
44
942 Kr Ra 18
940(2) Xe Ra 18
950(2) N, Ra 18
2 Bend 447.770s  gas IR,AB  4,5,14-16
LF 22,25,38
39
448.7m Ne IR 44
451s Ar IRLF  13,17,18
447s 44
447 Kr LF 18
by 3 Asym. streich  1110.11vs gas  IK 3,14,26
38,39
1107.6vs  Ne IR 44
1106.5vs  Ar IR 13,17,44
110U.8vs

Ag=1.737; B;=0.332; C;=0.278 MW?®027[R373#

3Double minimum in potential for antisymmetric stretch,'"* with barrier
height of 1153;“
YFor Fy(J=N-+3) spin states.

‘For F,(J=N— %) spin states.
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OBrO

A4, Cov

Ty<16509 gas AB2? ' A-X 420-605 nm
16785(20) Ar AB3® A-X 400-650 nm

Irradiation of the argon-matrix deposit in this spectral region leads to
photoisomerization to Br00.>

Vib.  No.  Approximate cm™! Med. Type  Refs.
tym fype of mode meas.
a; 1 Sym. stretch 615T gas AB 2
631T Ar AB 5
2 Bend 200T gas AB 2
221T Ar AB 5
b, 3 Asym. stretch 365HT  gas AB 2
X 2g, Co. Structure: MW*
Vib. No. Approximate cm™! Med.  Type Refs.
sym. type of mode meas.
a; 1 Sym. stretch 795.7 Ar IR 35
Bend 317.0 Ar IR 5
b, 3 Asym. stretch 848.6 gas IR 4
845.2 Ar IR 1,3,5
Ap=0.935; By=0.275; Cu=0212 MW*
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OIOo

A

CZV

T,=14553(7)T gas AB?
In an argon matrix, structured absorption between 467 and 634 nm, with
maximum at 18180 (550 nm), has been assigned® to O¥O.

A-X 480-662 nm

Vib. No. Approximate em™! Med.  Type Refs.
sym. type of mode meas.
a, 1 Sym. stretch 631(3)  gas AB 2
2 Bend 177(2)  gas AB 2
f CZV
Vib.  No.  Approximate cm™! Med. Type  Refs.
sym. type of mode meas.
a; 1 Sym. stretch 765(25) gas PE 1
768.0wm Ar IR 3
769.5 0, IR 3
2 Bend 192(35) gas PE 1
by 3 Asym. stretch 800.3vs Ar IR 3
801.3 0, IR 3
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BrOBr

In the gas phase, a prominent absorption maximum near 50000 (200 nm)
and a less prominent absorption maximum near 31800 (314 nm), with a
broad shoulder which has its onset near 22700 (440 nm) and on which
structure with separations of ~500 is partially resolved, have been assigned*
to BrOBr. '

In a nitrogen matrix, a strong absorption maximum at approximately 47000,
a weaker shoulder near 31200, and a much weaker shoulder near 22100
bave been attributed® to electronic transitions of BrOBr.

b4 Cyy Structurc: EXAFS MW
Vib.  No.  Approximate cm™! Med.  Type Refs.
sym. type of mode meas.
a, 1 Sym. stretch 526.1s Ar IR 1,2
528 N, IR 3
b,y 3 Asym. stretch 623.4w Ar IR 2
626 N, R 3
Ap=1.108; By=0.046; C,=0.044 MW>6
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Chem. 82, 2733 (1978).

%S. D. Allen, M. Poliakoff, arid I. I. Tarner, J. Mol. Struct. 157, 1 (1987).

3W. Levason, J. S. Ogden, M. D. Spicer, and N. A. Young, J. Am. Chem.
Soc. 112, 1019 (1990).

43. J. Orlando and J. B. Burkholder, J. Phys. Chem. 99, 1143 (1995).

SH. S. P. Miiller, C. E. Miller, and E. A. Cohen, Angew. Chem. 108, 2285
(1996); Angew. Chem. Int. Ed. Engl. 35, 2129 (1996).

H. S. P. Miiller and E. A. Cohen, J. Chem. Phys. 106, 8344 (1997).

SF,

E 4p Rydberg state  Ca
Ty=62015(30) gas MPI®

NF;
f C’Jv
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a; i Sym. stretch 994.7m Ne IR 1
2 Bend 431H Ne IR 1
b, 3 Asym. stretch 862.4s Ne IR 1
Reference
'M. E. Jacox and W. E. Thompson, J. Chem. Phys. 102, 6 (1995).
BrOCl
b'¢ C, .
Vib. No. Approximate cm™! Med. Type . Refs.
sym. type of mode meas.
a' 1 ClO stretch 675.9 Ar IR 1
3 BrO stretch 559.5 Ar IR 1

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a; 1 Sym. stretch ~ 931(59) gas MPI 10
2 Bend 383(42) gas MPI 10
c
gas  MPIC C-X 165-175 um
B B (45) Coy
Ty=54433(30) gas MPIY
Vib. No. Approximate cm™! Med.  Type Refs.
Sym. type of mode meas.
a, 1 Sym. stretch 991(12) gas . MPI 10
2 Bend 361(24)  gas MPI 10
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A

To=18100(1000) gas CL™®!
Chemiluminescence in the reaction of F, with CS,, originally asmgned78
FCS, has been reassigned” to SF, .

MARILYN E. JACOX

A-X 550-850 nm
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Vib. No. Approximate cm™!  Med. Type Refs. FSBr
sym. type of mode meas.
4 C
2 Bend 2436) gas © CL 11 X :
ib. . A i - . .
7 Ca Structure: MW!24 Vib No pproximate cm Med Type Refs
sym. type of mode meas.
Vib. No.  Approximate cm™! Med. Type Refs. a' 1 SF stretch 765 Ar IR 1
sym. type of mode meas. 3 SBr stretch 434 Ar IR 1
a, 1 Sym. stretch 838.53  gas IR,CL 5,7-9,11
834 Ne R 3 Reference
832vs Ar IR 3,12
825 N, IR 3 !C. 0. Della Védova and H.-G. Mack, Inorg. Chem. 32, 948 (1993).
2 Bend 355(2)  gas MW, CL  2,7-9,11
358 Ne IR 3 SeF2
358m Ar IR 3
358 N, IR 3 b Cyy Structure: IR!
by 3 Asym. stretch  813.04  gas IR,CL 5,11
807.5  Ne R 3 Vib. No.  Approximate em™’  Med.  Type Refs.
804vs  Ar IR 3,12 sym. type of mode meas.
795 N, IR 6
e a, 1 Sym. stretch 699 Ar IR 1
A¢=0.898; B;=0.307; Cy=0.228 MW'* b, 3 Asym. stretch 672 Ar R 1
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FSCI
¥ C Structure: MW?
Vib No. Approximate em™! Med. Type Refs
sym type of mode meas.
a’ 1 SF stretch 781vs Ne IR 1
778vs Ar IR 1
2 Bend 277vw Ne IR 1
274vw Ar IR 1
3 SCl stretch 552s% Ne IR 1
543s* Ar R 1

Ay=0.738; B;=0.157; C;=0.130 MW?

“In Fermi resonance with 2v,.
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CIClO

In an argon matrix, an absorption maximum at 38500 (260 nm) has been
attributed>S to CICIO.

X Cs
Vib. No. Approximate cm™! Med Type Refs.
sym. type of mode meas.
a’ 1 CIO stretch 961.6s Ar IR.Ra 3-6
963 N, IR 1,2
2 Bend 2402wm  Ar IR,Ra 3,56
3 CICl stretch 374.2ms Ar IR,Ra 3,56
377 N, R 1.2
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BrCIO

b'¢ C,

Vib. No Approximate cm™! Med. Type Refs.

Sym. type of mode meas.

a’ 1 ClO stretch 940.5 Ar IR 1,2
°References

L. Schriver-Mazzuoli, O. Abdelaoui, C. Lugez, and A. Schriver, Chem.
Phys. Lett. 214, 519 (1993).

M. Bahou, L. Schriver-Mazzuoli, A. Schriver, and P. Chaguin, Chem.
Phys. 216, 105 (1997).

CiBrO

In an argon matrix, irradiation at 633 nm results in isomerization to BrClO,
and irradiation at-870 nm to BrOC1.2

X G

Vib. No Approximate cm~! Med. Type Refs.

sym. type of mode meas.

a’ 1 BrO stretch 819.6 Ar IR 1,2
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BrBrO

In an argon matrix, irradiation at 870 nm results in photoisomerization to
BrOBr.?

b G
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a’ H BrO stretch 805.4 Ar IR 1-3
3 BrBr strctch 236 Ar IR 1
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KrF,

Continuous absorption in the gas phase between 210 and 320 nm, most
intense at 210 nm.®

bd Doy, Structure: IR>
Vib. No. Approximate cm™! Med.  Type Refs.
sym. type of mode meas.
2; 1 - Sym. stretch 449 gas Ra 2
452 Kr Ra 4
II, 2 Bend 23505  gas IR 2,6
236m Ar IR 1
s 3 Asym. stretch ~ 592.52  gas IR 23,7
580s Ar IR 1
B,=0.125 [R*%’
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XeF,

6p ’Eg th
T,=87400 gas AB! 6p '3,-% 114 nm
A higher member of this Rydberg series has also been reported.!!

5d lﬂu’uz D..p
To=86000 gas AB>*! 5d', - X 116 nm
Higher members of this Rydberg series have also been reported.!!

1

Vib. No. Approximate cm”™ Med. Type Refs.
SYL. type uf mode meas.

3 1 Sym. stretch 484(24)  gas AB 11

I, 2 Bend 200T gas ‘AB 11

5d 1r[u,ftll DMh

Tp=80800 gas AB>*!! 5d'M,5p-X 124 nm

Higher members of this Rydberg series have aiso been reported.!!

Vib. No. Approximate em™! Med. Type Refs.
sym. type of mode . meas.

E_g 1 Sym. stretch 524(8) gas AB 11

II, 2 Bend 200T gas AB 11

os ‘Hu,m Dmh

Tp=73870 gas AB*3!! 65T, \p—X 135 nm
Higher members of this Rydberg series have also been reported.>*!!

Vib. No. Approximate cm™! Med.  Type Refs. ~
sym. type of mode meas.

P 1 Sym. stretch 500(16)  gas AB 11

8
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65 T, 3, Doy
T,=69300 gas AB811 6s', 3,~X 144 nm
Higher members of this Rydberg series have also been reported.*!!

Vib. No. Approximate em™! Med. Type Refs.

sym. type of mode meas.

S, 1 Sym. swetch  532(8)  gas AB 11

I, 2 Bend 73(8)  gas AB 11

B3, Doy

T°=63300 gas AB>*! B-% 158 nm

A ll'[g Doy

T°=43500 gas AB>*61! A-X 230 nm

I, Dy Structure: IR7141

Vib. No.  Approximate em™! Med. Type  Refs.

sym. type of mode meas.

2; 1 " Sym. stretch 516.5(5) gos Ra 9,13
512 Ar Ra 10
512 Xe Ra 10

I, 2 Bend 213.08s gas IR 5,14,15
215 Ar IR 12

E: 3 Asym. stretch 561.94s gas IR 1,5,7,14
547 Ar IR 2

By=0.113 IR™*I

2Absorption maximum.
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aT Cyy
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Xe EM* 42T -1,271
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(FWHM) of 2300 cm ™.
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250ns Ne LF
190(10) ns Xe EM*
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8.4. Four-Atomic Trihydrides

TiD;
X
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
TiD stretch 11472 Ar IR 1
Reference

1G. V. Chertihin and L. Andrews, J. Am. Chem. Soc. 116, 8322 (1994).

ZrH;
X
Vib. No.  Approximate cm”! Med.  Type Refs.
Sym. type of mode meas.

ZrH stretch 1545.3 Ar IR 1
ZrDg
X
Vib. No. Approximate ~ cm™! Med.  Type Refs.
sym. type of mode meas.

ZD stretch 11103 Ar IR 1

Reference

'G. V. Chertihin and L. Andrews, J. Phys. Chem. 99, 15004 (1995).

HfH,
7
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.

HfH stretch 1646 Ar R 1
HfD,
X
Vib. No. Approximate em™! Med.  Type Refs.
sym. type of mode meas.

HiD stretch 1180.2 Ar IR 1

Reference

IG. V. Chertihin and L. Andrews, J. Phys. Chem. 99, 15004 (1995).

TiH, FeH,
X X
Vib. No. Approximate cm™! Med. Type Refs. Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas. sym. type of mode meas.
TiH stretch 1580.6 Ar IR 1 FeH; stretch 1646.1 Ar IR 1
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FeD, BH;
b X 14 D3, Structure: TR
Vib. No. Approximate em™! Med. Type Refs. Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas. sym. type of mode ) meas.
FeDj stretch 1193.2 Ar IR 1 }zg 2 OPLA 1147.50 gas DL,IR 2,5
1129.2 Ar IR 14
Reference e’ 3 BH; stretch 2601.57 gas IR 3
2587.3 Ar IR 4
4 Deformation 1196.7 gas IR 5

'G. V. Chertihin and L. Andrews, J..Phys. Chem. 99, 12131 (1995).

ThH;,
AY C3v
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
e 3 ThH; stretch 1435.4 Ar IR 1
1434.1
ThD,
X C3v
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
e 3 ThD; stretch 1025.9 Ar IR 1
1024.8
Reference

P, F. Souter, G. P. Kushto, L. Andrews, and M. Neurock, J. Phys. Chem.

A 101, 1287 (1997).

UH;

X C3v

Vib. No. Approximate cm™! Med. Type Refs.

sym. type of mode : meas. -

e 3 UHj; stretch 1346.8 Ar IR 1

uD,

f C3v

Vib. No. Approximate em™! Med. Type Refs.

sym. type of mode meas.

e 3 UD; stretch 962.5 Ar IR . 1
Reference

'P_F. Souter, G. P. Kushto, L. Andrews, and M. Neurock, J. Am. Chem.

Soc. 119, 1682 (1997).
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By=7.874; C,=3.879 IR?

BD,

X 'aq Dyp

Vib. No.  Approximate cm™! Med.©  Type Refs.

sym. type of mode meas.

ay 2 OPLA 878.5 Ar IR 4

e’ 3 BD; stretch 1953.4 Ar IR 4
References

'A. Kaldor and R. F. Porter, J. Am. Chem. Soc. 93, 2140 (1971).
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3K. Kawaguchi, J. Chem. Phys. 96, 3411 (1992).

4T.7. Tague, Jr. and L. Andrews, J. Am. Chem. Soc. 116, 4970 (1994).

SK. Kawaguchi, Can. J. Phys. 72, 925 (1994).

AlH,

X Dy,

Vib.  No.  Approximate  cm”! Med.  Type  Refs.

sym. type of mode meas.

ay 2 OPLA 697.8m Ar IR 1-3

e' 3 AlHj stretch 1882.8vs Ar IR 1-3
4 Deformation 783.4m Ar IR 1-3

AID,

X Dsp

Vib. No. Approximate cm”! Med. Type Refs.

sym. type of mode meas.

aj 2 OPLA 512.5s Ar IR 1-3

e’ 3 AlD; stretch 13779vs Ar IR 1-3
4 Deformation 568.5m Ar IR 1-3
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+
GaH; CH;
X Dy, A E Dsy
T,=50510(280) gas PE?
Vib,  No.  Approximate  cm™! Med. Type  Refs.
sym. type of mode meas. a 3E’ Dy,
= 2
a! 2 OPLA 7174ms  Ar IR 1 7,=39700(280) gas PE
e 3 GaHj stretch 1923.2vs Ar R 1 _ 4
1 Deformation  7587s  Ar R 1 X4 Dy Structure: LD™
Vib. No. Approximate em™! Med. Type Refs.
GaD3 Sym. type of mode meas.
X Dy, as 2 OPLA 1380(20) gas PE 1,2
e’ 3 CH stretch 3108.38 gas LD 3-5
: : -1
Vib. No. Approximate cm Med Type Refs. Bo=9362 LD
Sym. type of mode meas.
aj 2 OPLA 517.55  Ar R 1 CD;
e’ 3 GabD; stretch 1387.7vs Ar IR 1
4 Deformation 544.0m Ar IR 1 b4
Reference Vib. ' No. Approximate cm! Med. Type ' Refs.
sym. type of mode meas.
1p, Pullumbi, ¥. Bouteiller, L. Manceron, and C. Mijoule, Chem. Phys al) 2 QPLA 1070(30) gas PE 2
185, 25 (1994).
References
InH,
'T. Koenig, T. Balle, and W. Snell, J. Am. Chem. Soc. 97, 662 (1975); T.
X Dy Koenig, T. Balle, and J. C. Chang, Spectrosc. Lett. 9, 755 {(1976).
2y Dyke, N. Jonathan, E. Lee, and A. Morris, J. Chem. Soc. Faraday Trans.
Vib.  No.  Approximate  cm”' Med. Type  Refs, 2721385 (1976). ,
sym. type of mode meas. M. W. Crofton, W. A. Kreiner, M.-F. Jagod, G. D. Rehfv.\SS, and T. Oka,
I. Chem. Phys. 83, 3702 (1985).
ay 2 OPLA 613.2m Ar IR 1 “M. W. Crofton, M.-F. Jagod, B. D. Rehfuss, W. A. Kreiner, and T. Oka, J.
e 3 InH; stretch 17545vs  Ar IR 1 Chem. Phys. 88, 666 (1988). o
4 Deformation 607.8s Ar IR 1 SM.-E. Jagod, C. M. Gabrys, M. Rosslein, D. Uy, and T. Oka, Can. J. Phys.
72, 1192 (1994).
InD iHF
3 SiH;
X D, X Dy Structure: DL!
Vib. No. Approximate cm™! Med. Type . Refs. Vib. No. Approximate . cm™! Med. Type Refs.
Sy type of mode mcas. sym. type of mode meas.
2 2 OMA 407 A R 1 ay 2 OPLA 838067 gas DL 12
€ 3 InD; stretch 1261.2 Ar IR 1 e’ 4 SiH stretch 938.397 gas DL 2
4 Deformation 4333 Ar IR 1
By=5.214; C;=2.585 DL'?
Reference

1P, Pullumbi, Y. Bouteiller, L. Manceron, and C. Mijoule, Chem. Phys.

185, 25 (1994).

References

ID. M. Smith, P. M. Martineau, and P. B. Davies, J. Chem. Phys. 96, 1741
(1992).
2p. B. Davies and D. M. Smith, J. Chem. Phys. 100, 6166 (1994).
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CH,

4f ZEI 2 D}h
Ty = 72508 gas MPI?
Higher member of Rydberg series observed at 74961. MPI'?

4 zAg Dsy,

Ty = 69853.44(13) gas MPI'®

By =990 gas MPIP®

3d 24} Dy, Structurc: AB?

To = 66805 gas AB' 3d%A;-% 147-150 nm
Ar AB’ 34%A]-% ~150.3 nm

First member of Rydberg series converging to 79392(5). Higher members

observed at 72326, 74851, 76256, 77090, and 77643. AB?

B, = 10.72(8) AB?

34 g Dy, Structure: AB?

To=66536 gas ABMPI® 3d*E"-X 144-150 nm
Ar AB? 34°E"-X ~150.3 nm

Diffuse. First member of Rydberg series converging to 79392(5). Higher

members observed at 72165, 74851, 76256, 77090, and 77643. AB?

Vib. No. Approximate cem™! Med. Type Refs.
sym. type of mode meas.

ay 2 OPLA 1372H gas ABMPI 2,10
3p 24} Dy, Structure: MPI!?

T,=59972 gas MP['>%
Higher member of Rydberg series observed at 69837. MPI?

Vib. No. Approximate em™! Med.  Type Refs.
sym type of made meas.

a; 1 CH stretch 2914 gas MPI 12
ay 2 OPLA 1334 gas MPIL 12

By=9.51(7); C,=4.62(3) MPI%#
3s 244 Day Structure: AB?

To=46205 gas AB'*Ra* 352A~X 216 nm
Diffuse. First member of Rydberg series converging to 79392(5). Next
member observed at 71042. AB?

Vib. No. Approximate cm™!  Med. Type  Refs.
sym. type of mode meas.
al 1 CH stretch 2040T gas Ra 24

J. Phys. Chem. Ref. Data, Vol. 27, No. 2, 1998

X Dap Structure: ABXR®!3CAR??
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a; 1 CH stretch 3004.43(2) gas CAR 13,16,23
Ra 26
a; 2 OPLA 606.453 gas IRDL 5921
617vs Ne IR 4
603° Ar IR 38
611 N, R 3
e’ 3 CH stretch 3160.821 gas LD 11,25,27
CcC 30
3162wm Ne IR 4
3150 Ar IR 6
31714 H, IR 29
3170.6
4 Deformation 1396w Ne IR 4
1398° Ax IR 8
1402.7 H, IR 29
1401.6

B,=9.578 AB?DL’; C,=4.742 DL’

CD,

4f 2Efa D3h
To=72431 gas MPI?
Higher member of Rydberg series observed at 74885. MPI'?

4p ZA; Dy,
T,=69777.40(4) gas MPI”
B;=4.846(2) gas MPIY

3d ’A; Dy, Structure: AB?
To=66715 gas AB!? 3d%A}-X 145-150 nm
Ar AB? 3d%A;-X ~150.3 nm

First member of Rydberg series converging to 79315(5). Higher members
observed at 72296, 74781, 76181, 77023, 77562, and 77933. AB?

Vib. No. Approximate cem™! Med. Type  Refs.

sym. type of mode meas.

al 2 OPLA 1040H  gas AB 2

By=5.14 AB?

3d °E" Dy, Structure: AB?

To=66465 gas ABUMPI' 3d2E"- X 146-150 nm
Ar AB’ 3d2E"-% ~150.3 nm

Diffuse. First member of Rydberg series converging to 79315(5). Higher
members observed at 72180, 74753, 76166, 77023, 77562, and 77933. AB?

Vib. No. Approximatc cm™! Mecd. Type Refs.
sym. type of mode meas.

ay 2 OPLA 1031H  gas AB,MPI 2,10
3p 4} Ds Structure: MPI!

T;=59886 gas MPI'*V
Higher members of Rydberg series observed at 69789, 73645, and 75557.
Mpr1i2

Vib. No. Approximate cm~! Med. Type  Refs.
sym. type of mode meas.

aj 1 CD stretch 20314 gas MPI 12,17
a; 2 OPLA 1032 gas MPI 12,17
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Bo=4.76(2); Cy=2.38 MPI'>7

35 A, Ds, Structure: AB?
To=46629 gas AB"'Ra™ 3524~ X 204-225 nm
First member of Rydberg series converging to 79315(5). Higher members
observed at 70910, 74246, 75869, and 76830. AB?

Vib. No. Approximate cm™!  Med. Type Refs.
sym. type of mode meas.
aj 1 CD stretch 1684%  gas AB 7
ay 2 OPLA 1094  gas ABRa 7,24
By=4.42 AB?
X 24 Dy,
Vib. No.  Approximate cm™! Med.  Type Refs.
sym. type of mode meas.
ajy 1 CD stretch 2157.5(2)  gas Ra, 19,20
. CAR
aj 2 OPLA 457.81 gas DL 14,18
463s Ne R 4
453 Ar IR 38
463 N, IR 3
e’ 3 CD stretch 2381.09 gas IRDL 2231
2381w Ne IR 4
2369 Ar IR 6
4 Deformation 1026vw Ne R 4
1029 Ar IR 6

B,=4.802 AB?DLY

“Tentative assignment.

bBand center. Rotational structure assigned.®

© RR(0,) transition.

dApproximate value; perturbed by Fermi resonance.
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SiH,
M 24} (6p) Dy,

To=60341 gas MPI’

Vib. No. Approximate  cm™! Med.  Type  Refs.
sym. type of mode meas.

a) 2 OPLA 800(30)  gas MPL 7

L (5d) Dy

Ty=59615(30)° gas MPI®

Vib. No.  Approximate cm™! Med.  Type Refs.
sym. type of mode meas.

a, 2 OPLA 839(26) gas MPI 8

T (4d) Dy

T,=57726(30) gas MPI

Vib. No. Approximate cm™! Med.  Type Refs.
sym. type of mode meas.

a; 2 OPLA 835(26) gas MPI 8

T A7 (5p) Dy,

T,=56929 gas MPI’

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.

ajy 2 OPLA 821(4) gas MPI 7

T (4d) Dy,

To=56253(30) gas MPI®

Vib. No. Approximate em™! Med. Type Refs.
sym. type of mode meas.

ajy 2 OPLA 814(25) gas MPI 8

J. Phys. Chem. Ref. Data, Vol. 27, No. 2, 1998



216

MARILYN E. JACOX

D 2A; (3d) D3y
T,=49787(30) gas MPI T (4d) Dsy,
Ty=57840(30)° gas MPI®
Vib. No. Approximate em™! Med. Type Refs.
sym. type of mode meas. Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a; 2 OPLA 810(31) gas MPI 8
ay 2 OPLA 603(20) gas MPI 8
E 4% (4p) Dy
T,=48438 gas MPP’ T %A, (5p) - Dy
T,=56874 gas MPI’
Vib. No. Approximate em™! Med.  Type Refs. -
sym. type of mode meas. Vib. No. Approximate em™! Med. Type Refs.
sym. type of mode meas.
ay 2 OPLA 796(7) gas MPI 5,7
e’ 4 Deformation 870(5)H  gas MPI 7 a; 2 OPLA 608(3) gas MPI 7
A 4, Csv T (4d) Dy
pas AR’ A-X 205-250 nm To=56205(30) gas MPI®
X 24, Cy, Structure: ESRDL3 Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
vib. No.  Approximae cm™! Med. Type Refs. a 2 OPLA 600(17) gas MPL 3
sym. type of mode meas.
a; 2 Umbrella 727.94*  gas DLMPI 367  HE' (4p) D3y,
721.05%  gas DLMPI 367 T,=50000 gas MPI7E
e 3 - SiHj; stretch 2185.2 gas DL 10
- . 1
Barrier to iuvers3ion=l935 gas PE‘MPI’ :/yl; No. gggrg’f“ﬁsi o Med. ;};ﬁ Refs.
B,=4.763 DL
a; 2 OPLA 602(5)  gas MPI 7
SiD,
D A} (3d) Dy
P 245 (7p) Dsy, T,=49685(30° gas MPI®
T,=62002 gas MPI
Vib. No. Approximate cm™! Med.  Type Refs.
Vib. No. Approximate em™! Med. Type Refs. sym. type of mode meas
sym. type of mode meas.
ay 2 OPLA 600(28) gas MPI 8
ay 2 OPLA 615(3) gas MPIL 7
EA; 4pp D
N2E' (59 Dy, T,=48391 gas MPT
T,=61005 gas MPI™®
Vib. No. Approximate cm™! Med.  Type Refs.
Vib. No. Approximate em™! Med. Type Refs. sym. type of mode meas.
Sym. type of mode meas. ] N
ay i SiDj stretch 1576(3) gas MPIL 7
ay 2 OPLA 619(7) gas MPI 7 a; 2 OPLA 589(3) gas MPI 7
e’ 4 Deformation 635(6)H - gas MPI 7
M A5 (6p) D3y XA T
Ty=60267 gas MPI’
= Vib. No. Approximate em™! Med. Type Refs.
Vib. No. Approximate cm™! Med. Type Refs. sym type of mode ' m