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Foreword

The Journal of Physical and Chemical Reference Data is published jointly by the
American Institute of Physics and the American Chemical Society for the National
Institute of Standards and Technology. Its objective is to provide critically evaluated
physical and chemical property data, fully documented as to the original sources and
the criteria used for evaluation. One of the principal sources of material for the
journal is the National Standard Reference Data System (NSRDS), a program
coordinated by NIST for the purpose of promoting the compilation and critical
evaluation of property data.

The regular issues of the Journal of Physical and Chemical Reference Data are pub-
lished bimonthly and contain compilations and critical data reviews of moderate
length. Longer works, volumes of collected tables, and other material unsuited to a
periodical format have previously been published as Supplements to the Journal. In
1989 the generic title of these works was changed to Monograph, reflecting their
character as independent publications. This volume, “Vibrational and Electronic
Energy Levels of Polyatomic Transient Molecules” by Marilyn E. Jacox, is presented
as Monograph No. 3 of the Journal of Physical and Chemical Reference Data.

Jean W. Gallagher, Editor
Journal of Physical and Chemical and Reference Data
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This monograph is dedicated to the memory of the late Dr. Dolphus
E. Milligan, whose insight and perseverance contributed greatly to the
development of the matrix isolation technique for obtaining vibrational
and electronic spectra of free radicals and molecular ions.
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A critical evaluation and summary of the experimentally determined vibrational
fundamentals and electronic band origins of more than 1550 neutral and ionic tran-
sient molecules possessing from three to sixteen atoms is presented. Data are in-
cluded for species containing the heavy elements. Although the emphasis is on
species with lifetimes too short for study using conventional sampling techniques,
there has been selective extension of the compilation to somewhat less reactive spe-
cies such as OCIO, HNCO, H;0,, cis - and trans-HONO, and HONO; which have
presented spectral evaluation problems and which are important in a wide variety
of environmental and industrial chemical systems. Radiative lifetimes and the prin-
cipal rotational constants are included. Observations in the gas phase, in molecular
beams, and in rare-gas and nitrogen matrices are evaluated. The types of measure-
ment surveyed include conventional and laser-based absorption and emission tech-
niques, laser absorption with mass analysis, and photoelectron spectroscopy.

Key words: electronic energy levels; emission spectra; experimental data; free radicals; gas phase;
infrared spectra; laser-excited fluorescence; matrix isolation; molecular jons; photoelectron spectroscopy;
polyatomic molecules; radiative lifetimes; Raman spectra; rotational constants; transient molecules;
ultraviolet absorption; vibrational energy levels.
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1. Introduction

Most chemical processes—including not only labora-
tory and industrial chemical syntheses but also those
which occur in flames, propellant systems, the initiation
of energetic materials, atmospheric pollution, chemical
vapor deposition, and plasma processing—consist of a
complicated sequence of interrelated reactions in which
neutral and charged molecular fragments play essential
roles. Although these fragments are present in only very
small concentration, they are highly chemically reactive.
If a specific molecular fragment is removed from the sys-
tem, as by introducing a scavenger molecule, the reac-
tions in which that fragment participates stop. Other
parts of the overall process continue, resulting in very sig-
nificant 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 has provided much valuable information regard-
ing the validity of the proposed mechanisms, but gener-
ally does not yield a complete description of the system.
Consequently, the improvement of industrial chemical
processes often is achieved by semiempirical experimen-
tation. The determination of the detailed chemical mech-
anism would, in turn, permit the development of rational
strategies for removing undesired products and enhanc-
ing the yield of the desired species.

In recent years, there has been great progress in the
development of techniques suitable for monitoring chem-
ical reaction intermediates. Molecular spectroscopy is es-
pecially 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. Furthermore, it affords the important
advantage of permitting remote sensing. A wide variety of
recently developed laser-based spectroscopic detection
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
infancy, already the laboratory application of sophisti-
cated sampling and observation techniques has yielded a
wealth of vibrational and electronic spectral data for re-
action intermediates.

For many years, the most important source of vibra-
tional and electronic energy level data for small poly-
atomic reaction intermediates was the compilation of
spectroscopic data for small polyatomic molecules (3-12
atoms) given by Herzberg.! To meet the need for an up-
dated, critically evaluated compilation of the ground-
state vibrational energy levels of small polyatomic
reaction intermediates, the first publication in this se-
ries,” which provided data for approximately 480 tran-
sient molecules possessing from three to sixteen atoms,
appeared in 1984. A second compilation,’ concerned with
the electronic energy levels of approximately 500 tran-
sient molecules possessing from three to six atoms, was
published in 1988. Vibrational fundamentals in the

ground and excited electronic states and radiative life-
times were included. To aid in spectral identification, the
principal rotational constants were also given to three
decimal places. For many of the approximately 150 spe-
cies common to the two sets of tables, significant revisions
of the ground-state vibrational energy levels occurred in
the four-year period between the two compilations. In
late 1990, a supplement to the two earlier compilations
was published.* This supplement presented new data for
approximately 500 molecules, with selective extension to
species which contain heavy atoms and to electronic en-
ergy levels of important species with more than six atoms.
In order to avoid redundancy, where a molecule had been
considered in one of the earlier compilations only the
more recent material was included. The master index,
which facilitated access to the earlier material, included
approximately 1200 molecules. These tables have pro-
vided the basis for a software database for personal com-
puters (Vibrational and Electronic Energy Levels of
Small Polyatomic Transient Molecules, National Institute
of Standards and Technology Standard Reference Data-
base 26), designed to supplement the published compila-
tions by providing a capability for rapid searches by
molecule or wavenumber. The 1992 upgrade of this data-
base included information on 1334 molecules.

The rapid growth in the scientific literature concerned
with the spectroscopic study of transient molecules and
with their detection in chemical reaction systems contin-
ues. In addition, there has been great progress in the
spectroscopic characterization of small metal clusters and
of the transient species produced by the reaction of metal
atoms with small molecules. With the need for a scientific
base to support new technologies such as those of plasma
processing and chemical vapor deposition, studies of re-
action intermediates which contain the heavier elements
have also multiplied rapidly. This volume attempts to
provide a comprehensive, critically evaluated summary of
currently available data on the vibrational and electronic
energy levels of small polyatomic transient molecules, in
order to support further research.

2. Scope of Review

This review provides a critical evaluation of the vibra-
tional and electronic spectral data available through early
1993 for more than 1550 small polyatomic transient
molecules. This number represents a considerable in-
crease over the total number of species present in the
master index of the 1990 publication in this series.*
Despite the considerable growth in the literature, perusal
of the tables in this volume will reveal many gaps in our
knowledge of the energy levels of the species repre-
sented, and many new and potentially important tran-
sient molecules remain to be discovered.

Data have been selectively included for some
molecules which are important in environmental and
industrial chemical reaction systems but which can be
studied only with difficulty using conventional sampling
techniques because of the ease with which they
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decompose, rearrange, or polymerize. Among these spe-
cies are HOF, HOCI, OCIO, HNCO, HCNO, H:0;, HS;,
O;F,, FN;, cis- and trans -HONO, and HONO,. In view of
the growing importance of reaction intermediates which
contain atoms of the heavier elements, such species are
also included. The coverage of electronic spectral data
for transient molecules with from seven to sixteen atoms
has been greatly expanded, and a section reporting both
vibrational and electronic spectral data for molecules re-
lated to benzene has been created.

3. Types of Measurement

Studies in the gas phase offer the potential for the most
precise, detailed measurements. Because of the high
chemical reactivity of transient molecules, it is difficult to
obtain gas-phase survey infrared spectra of them. The
well known advantages of Fourier transform infrared
measurements, coupled with sophisticated digital data
handling procedures, have permitted the acquisition of
gas-phase survey spectra for a few transient molecules.

Although vibrational frequencies of ground-state
molecular 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 significant variations in vibrational
frequencies from one Rydberg state to another.

As in the earlier compilations, spectral data obtained
in rare gas and small covalent molecule matrices are in-
cluded. The application of matrix isolation sampling for
the stabilization and spectroscopic study of uncharged re-
action intermediates has recently been reviewed.’ Be-
cause nitrogen and the rare gases are transparent
through the entire infrared spectral region, matrix isola-
tion measurements provide a potentially valuable survey
tool. In these matrices, infrared absorptions 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 the ap-
pearance of several absorption maxima—usually one or
two of which predominate —over a range of a few cm™".

Matrix shifts for molecules trapped in solid neon or ar-
gon 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 IIla halides, matrix shifts of most diatomic
molecules isolated in solid argon are smaller than 2%.
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 nitro-
gen and other small molecule matrices is supported both
by experimental observations on larger molecules and by

J. Phys. Chem. Ref. Data, Monograph No. 3

recent ab initio calculations’ for the weakly bonded CaH;
and CaF; molecules complexed with the rare gases and
with nitrogen. Fig. 1 compares the observed matrix shifts
for the ground-state fundamental vibrations of both neu-
tral and charged transient molecules trapped in solid
neon and argon. For both matrices, the maximum in the
distribution lies near 0.0%, and most of the matrix devia-
tions from the gas-phase values amount to less than 1%.
In an argon matrix, shifts greater than 1% occur for only
about 10% of the frequencies available for comparison.
For molecular ions, neon is the matrix of choice. Polariza-
tion and charge-transfer interactions become successively
more important for the heavier rare gases. Charge delo-
calization sometimes also occurs for ionic species trapped
in the rare gases.® The anomalously large matrix shift for
v3 of CIHCI™ may be attributed to this phenomenon. Un-
til very recently, the matrix shift data for molecular ions
was heavily weighted by data for the halogen-substituted
benzene cations. New data for smaller cation species
trapped in solid neon are consistent with the matrix shift
generalization given above. Very few comparisons are
possible 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 affin-
ity, 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.

Many other matrix materials have also been employed
for spectroscopic studies. However, complications due to
reaction or to relatively strong interaction (e.g., hydrogen
bonding) of the transient molecule with the matrix fre-
quently occur. Therefore, observations in such media as
solid hydrocarbons and aqueous solutions and studies of
condensed 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 detection capability of the photographic plate
in the visible and ultraviolet spectral regions, the study of
the electronic spectra of gas-phase reaction intermedi-
ates has a comparatively long history. Flash photolysis has
permitted the preparation of relatively high concentra-
tions 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 exceptionally
high detection sensitivity. The spatial configuration of the
laser beam makes it an extremely powerful tool for
studies of the energy levels of molecules in molecular
beams and gives it great promise for application in the
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development of probes for chemical reaction intermedi-
ates in the environment, the laboratory, and the indus-
trial plant. Laser studies may be broadly classified
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
exceptionally 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
molecular cations has been obtained from photoelectron
spectroscopy. Selective coverage of the voluminous litera-
ture on photoelectron spectroscopic measurements is
employed in these tables. The number of stable mole-
cules which possess more than six atoms for which
photoelectron spectra have been reported is too great to
permit the inclusion of low-to-moderate resolution

Ground-state vibrations of transient molecules.

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. An effort has been
made to choose the best data available for each molecule.
Several criteria are important in determining whether a
given reference should be included. The first criterion is
resolution. In the few instances in which high resolution
photoelectron data are available, these are heavily
weighted. Where direct spectroscopic observation is
possible, the results of such measurements generally are
of considerably higher precision than are photoelectron
data, which are then omitted from the tables. A second
criterion is the availability of adiabatic ionization poten-
tials. In order to obtain information on the positions of
electronic transitions from photoelectron spectral data, it
is necessary to subtract the first ionization potential from
the energy of the photoelectron band. Where there is
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little change in the molecular geometry in the transition,
the difference between the vertical ionization potentials
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 obtained 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 appear-
ance potentials by Lias and co-workers!* constitute a
valuable source of information on the appearance poten-
tials of photofragments.

The range of tunability of visible and ultraviolet lasers,
like that of infrared lasers, is limited. Therefore, a pre-
liminary survey using conventional gas-phase and/or ma-
trix-isolation spectroscopic studies is often desirable. A
comparison of the positions of the electronic band origins
of diatomic molecules in the gas phase and in rare-gas
and nitrogen matrices has been published."” As in the de-
termination of ground-state vibrational energy levels,
neon is the matrix material of choice, with a sharp maxi-
mum at 0.0% in the distribution of matrix deviations for
valence transitions of covalently bonded molecules. In ar-
gon-matrix observations, most such band origins are
shifted by less than 2% from the gas-phase values. At the
somewhat higher temperatures often used for electronic
spectral observations in matrices of the heavier rare gases
or of nitrogen, relatively broad phonon bands become
prominent. The blue shift of the phonon maximum from
the zero-phonon line in absorption measurements, and
the red shift in emission measurements, typically amount
to approximately 1 to 1.5%. Rydberg transitions of
molecules in matrices often are greatly broadened and
experience much larger shifts. Further details of the be-
havior of electronic transitions of matrix-isolated
molecules have previously been discussed.>>"

Contrary to earlier expectation, the radiative lifetime
of a relatively large molecule isolated 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 molecules, often
intramolecular mechanisms for nonradiative energy
transfer are available both in the gas phase and in the ma-
trix. 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 deac-
tivation. In this circumstance, fluorescence which is
prominent in the gas phase may even be completely
quenched in the matrix.

J. Phys. Chem. Ref. Data, Monograph No. 3

4. Guide to the Compilation

The goal of this compilation is to provide a comprehen-
sive, critically evaluated compilation of vibrational and
electronic spectroscopic data for small polyatomic tran-
sient molecules. The literature has been surveyed
through March 1993; only limited addition of more recent
data has been possible. Unfortunately, it is not possible to
include data for stable molecules, with a few exceptions
such as OCIO and HONO.. However, the spectra 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
spectral identifications with the help of the present com-
pilation, it is crucial that the possible contribution of
absorptions or emissions by a stable molecule also be
considered.

Considerable effort has been expended to provide a
critical 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 definitive. Many examples could be cited in which
a spectrum was later reassigned to characteristic impuri-
ties 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 compilation, in the hope that further test-
ing 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
occur. There remains some selectivity in the coverage of
electronic spectral data for larger molecules. It is planned
to support this database, with further selective extension,
by the preparation of periodic supplements. Data from
the earlier tables have sometimes been omitted from this
monograph because more recent data dictate a reassign-
ment or because there has been a subsequent refinement.
An important example of this latter situation is the
replacement of low resolution photoelectron spectral
data by spectroscopic studies with appreciably higher
resolution and greater precision. Candidate molecules 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 data-
base are welcome, as are inquiries regarding new data
added after the publication cutoff data for this compila-
tion.

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 possi-
ble in a minimal amount of space. This restriction is espe-
cially severe for larger molecules. The following formula
abbreviations have been used:
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br  bridged

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

c cis
t trans

Where several isotopic peaks are resolved, data are
given for the most abundant isotopic species (e.g., "Li,
“B, SSCl’ 7931‘).

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 number of valence electrons,
molecules with a simple chain of three heavy atoms are
listed in the order, first, of the number of valence elec-
trons 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 arbitrary, but
criteria of increasing molecular size and grouping in the
Periodic Table (e.g., the order N, P, O, S) are used. Halo-
gen-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 symme-
try, the point group to which the molecule belongs in that
electronic state, and, where available, references to the
determination of a quantitative molecular structure. For
Cx» molecules, there is potential ambiguity in the defini-
tion 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 as-
signments 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 the-
ory and often on semiempirical or ab initio calculations.
These assignments have been included in the present
tables. Where several conflicting assignments have been
given in the literature, an attempt has been made to
choose the most satisfactory one. Generally, the assign-
ments 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 extremely
rare. Therefore, the molecular point group which has
been adopted in the analysis of the photoelectron spec-
trum 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 lin-
ear in some of its excited states. For highly symmetric

species, Jahn-Teller distortion 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 photoelectron data, Ty is derived by sub-
tracting 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” implies that the first
adiabatic ionization potential is known but that the
higher ionization potential is measured to the peak maxi-
mum,; the phrase “from vertical ionization potentials” im-
plies that the energy difference between the higher and
the first absorption maximum was used. If the first pho-
toelectron transition has a gradual onset, a better value of
the first ionization potential may have been obtained
from photoionization data or from the extrapolation of
Rydberg series in the spectrum of the parent molecule.
Supplementary sources of data for the first ionization po-
tential are cited in the tables. However, if the difference
between the first adiabatic ionization potential obtained
in the photoelectron spectrum and that obtained in other
measurements amounts to only 10 or 20 meV, the pho-
toelectron spectroscopic value is used, because of the ad-
vantage of a consistent set of measurements. Where
threshold energies differ by one quantum in a vibrational
progression, a best value for the ionization potential is
chosen which coincides with the most probable position
of the vibrationally unexcited transition. Because of in-
herent uncertainties in the determination of higher ion-
ization potentials in many photoelectron spectral
measurements, photoelectron peaks above about 18 eV
are often omitted. Except where otherwise indicated, the
units of all quantities in these tables are cm~". Error esti-
mates 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 decimal
point is retained inside the parentheses. When the uncer-
tainty is not explicitly indicated, the value is given to the
estimated number of significant figures. As in the tables
of Herzberg,' Ty values are given to the center of
multiplet structure. For doublet states, the two compo-
nents differ by *.A4 (the spin-orbit splitting constant),
and the energy difference is measured from the average
of the two bands, whereas for triplet states the three com-
ponents fall at 0, + A4 with respect to the position from
which the band energy is measured. This convention is
also followed here unless specific states are given.
However, in matrix isolation absorption and laser excita-
tion studies only the lowest component is accessible.
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Except for transitions with relatively small values of A4,
this is also likely to be true for studies using cooled
molecular beams. Often these latter studies give Ty values
for 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 emission observations. Laser-excited fluorescence
studies often include both excitation and resolved emis-
sion 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 technique.

The format of the vibrational tables is similar to that
used in the earlier compilations. The vibrational number-
ing convention 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 vibra-
tion may be numbered differently for the deuterated than
for the unsubstituted molecule. For triatomic molecules,
the bending vibration is always designated as v,. For aro-
matic molecules, an alternate 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 indicated in a foot-
note. Where possible, the values of AG(1/2), the separa-
tion between the v = 0 and v = 1 levels for the vibration
of interest, have been used. The expression of uncertain-
ties is similar to that described for electronic band
origins. Where vibrational frequencies have been deter-
mined with a precision greater than two decimal places,
the tabulated values have been rounded off. If a bending
fundamental is split by Renner-Teller interaction, the po-
sition 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 complete treatment
of the Renner effect and definitions of the parameters in-
cluded in many of these footnotes, see the discussion by
Herzberg! and the references cited for the molecule 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 footnote. 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 relative intensities for other types of
observation. Relative intensity abbreviations include:

J. Phys. Chem. Ref. Data, Monograph No. 3

vw very weak
w weak

m medium

s strong

Vv§ very strong
sh shoulder
br broad

Where radiative lifetimes have been measured, they
are cited following the vibrational energy level table for
the appropriate electronic state. 7, 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 num-
bers of the observed 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 com-
paratively high resolution, the principal rotational con-
stants are summarized. Where possible, the values
associated with the vibrationless transition (Ao, Bo, Co)
are given. Occasionally these values have not been deter-
mined, and the subscript gives the vibrational quantum
numbers appropriate to the band for which the rotational
constants have been measured. These constants are trun-
cated 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 molecules in
their ground states. The references to the experimental
literature which are included in the compilation should
facilitate the location of such high resolution data.

5. Abbreviations

Many sophisticated laser techniques—frequently
employing 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 detec-
tion, 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 measurement in an infrared detection scheme
employing velocity modulation is instead specified in
these tables.)
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AB near infrared-visible-ultraviolet absorption 6. Tables
CcC color-center laser 6.1. H;*, H;, and Triatomic Dihydrides
DL diode laser absorption H.*
DP1 depletion photoionization
. . X D
ED electron diffraction *
EF electron-excited fluorescence Vib. No. Approximate  ¢m™'  Med. Type  Refs.
’ sym. type of mode meas.
EM near infrared-visible-ultraviolet
emission a’ 1 Ring breathing  3178.3*  gas IR, PI  11,13,14
LD 20
ESR electron spin resonance e’ 2 Deformation 2521.31° gas LD,JR 14,16
HFD high frequency deflection Bo=43.571(5); Cy=20.62 LD'*DLIR"
IB ion beam
. o s . . H.D*
ID ion drift, ion depletion (see specific
reference
) . . X sz
IR infrared absorption (conventional
or Fourier transform) Vib. No. Approximate  cm~! Med. Type  Refs.
) sym. type of mode meas.
LD laser difference frequency
. o s a’ 1 Ring breathing  2992.51  gas LD 3,6,12
LF laser-excxted_ f!uorescence (excitation and 2 Deformation 20587 gas LDDL 7
resolved emission) b, 3 Decformation 233545 gas  LDDL 7
LMR laser magnetic resonance Ao = 43.438(2); By = 29.134; Cy = 16601 LD,MWs™12
LS laser Stark spectroscopy
. . +
MO molecular orbital calculations D-H
MODR microwave-optical double resonance X Ca
MPI multiphoton ionization Vib. No. Approximate cm™! Med. Type Refs.
MW microwave and millimeter wave sym. type of mode meas.
: ion a, 1 Ring breathing  2736.98  gas LD 512,15
ND neutron diffractio 2 Deformation 1968.17  gas DL 9,15
PD electron photodetachment b, 3 Deformation 2078.43  gas DL 9,15
PE photoelectron spectroscopy Ay = 36.199; B, = 21.869; Cy = 13.070 LDS'21SDLSS
PEFCO photoelectron-photon coincidence D.*
3
T-PEFCO threshold photoelectron-photon
coincidence X Dy
PEPICO photoelectron-photoion coincidence Vib. No. Approximate  cm-! Med. Type Refs.

PF photofragment spectroscopy sym. type of mode meas.

SRy a’ 1 Ring breathing  2303" gas MO 8

Pl photoionization e 2  Deformation 183467 gas IBDL 2,10
PIFCO photoion-photon coincidence

By = 21.824; C = 10.510 DL"
PIR photoionization resonance

“ Hot bands arising from v, and v, of Hs* have been observed,”? as
Ra Raman have been the first'® and second*® overtones of v,.

. L. . ® Ab initio calculation® of gas-phase band center. All other calculated

SEP stimulated emission pumping band centers for the fundamentals of H;* and its deuterium-substi-
TPE threshold photoelectron  spectroscopy, ::::d counterparts agree within 5 cm~! with the observed band cen-

including ZEKE detection References

uv near infrared-visible-ultraviolet absorption

and emission 'T. Oka, Phys. Rev. Lett. 45, 531 (1980).

2J.-T. Shy, J. W. Farley, W. E. Lamb, Jr., and W. H. Wing, Phys. Rev.
Lett. 45, 535 (1980).
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>T. Amano and J. K. G. Watson, J. Chem. Phys. 81, 2869 (1984).

4J. K. G. Watson, S. C. Foster, A. R. W. McKellar, P. Bernath, T.
Amano, F. S. Pan, M. W. Crofton, R. S. Altman, and T. Oka, Can. J.
Phys. 62, 1875 (1984).

*K. G. Lubic and T. Amano, Can. J. Phys. 62, 1886 (1984).

¢T. Amano, J. Opt. Soc. Am. B 2, 790 (1985).

78. C. Foster, A. R. W. McKellar, I. R. Peterkin, J. K. G. Watson, F.
S. Pan, M. W. Crofton, R. S. Altman, and T. Oka, J. Chem. Phys. 84,
91 (1986).

% G. D. Carney, S. M. Adler-Golden, and D. C. Lesseski, J. Chem. Phys.
84, 3921 (1986).

°8. C. Foster, A. R. W. McKellar, and J. K. G. Watson, J. Chem. Phys,
85, 664 (1986).

19). K. G. Watson, S. C. Foster, and A. R. W. McKellar, Can. J. Phys.
65, 38 (1987).

W, A. Majewski, M. D. Marshall, A. R. W. McKellar, J. W. C. Johns,
and J. K. G. Watson, J. Mol. Spectrosc. 122, 341 (1987).

2], N. Kozin, O. L. Polyansky, and N. F. Zobov, J. Mol. Spectrosc. 128,
126 (1988).

L. J. Lembo, A. Petit, and H. Helm, Phys. Rev. A 39, 3721 (1989).

14W. Ketterle, H.-P. Messmer, and H. Walther, Europhys. Lett. 8, 333
(1989).

50. L. Polyansky and A. R. W. McKellar, J. Chem. Phys. 92, 4039
(1990).

I%T. Nakanaga, F. Ito, K. Sugawara, H. Takeo, and C. Matsumura,
Chem. Phys. Lett. 169, 269 (1990).

"M. G. Bawendi, B. D. Rehfuss, and T. Oka, J. Chem. Phys. 93, 6200
(1990).

!8L.-W. Xu, C. Gabrys, and T. Oka, J. Chem. Phys. 93, 6210 (1990).

8. S. Lee, B. F. Ventrudo, D. T. Cassidy, T. Oka, S. Miller, and J.
Tennyson, J. Mol. Spectrosc. 145, 222 (1991).

PL.-W. Xu, M. Résslein, C. M. Gabrys, and T. Oka, J. Mol. Spectrosc.
153, 726 (1992).

Hs

Higher Rydberg states have been detected using photoionization and
field ionization. The ionization limit observed for vibrationally and
rotationally unexcited Hs from its 2p 24," state is 29562.6(5).'>!5*¢ Ton
depletion studies have also yielded frequencies for the ring breathing
vibration of a number 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 2A,’ Ds;,
Ty = 18511 gas

Structure: EM?®
EM®PF26 3d-2p2A4," 568-615 nm
EM?® 3d-3p2E’ 3891-4456 cm ™!
B, = 4299, C, = 2273 EM?®

3d ’E" Ds Structure: EM?®

Ty* = 18409 gas EMPPF!42 3d-2p°A," 568-615 nm
EM® 3d-3p’E’' 3891-4456 cm ™!

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

sym. type of mode meas.

a’ 1 Ring breathing  3168° gas PI 19,23

e' 2 Deformation 2518 gas EM,PF 22

By = 42.99; C, = 22.735 EM®

J. Phys. Chem. Ref. Data, Monograph No. 3

3d 2E’ D Structure: EM*

Ty* = 18037 gas EM® 3d-2p?A," 568-615 nm
EM* 3d-3p?E’ 3891-4456 cm~"
By = 42.99; Cy = 22.735 EM*

Structure: EM?
3p?4,"-25%4;" 556-574 nm

3p 2A;” Dan

Ty = 17789 gas EM?234
T = 37(4) ns gas EM'®
By = 4745; Cy = 23495 EM*

3s 24,’ Dan Structure: EMS

T,* = 17600 gas EMPPF'** 3s24,'-2p%A4," 592-615 nm
EM® 3s%4,'-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 EM,PF 22

By = 44.19; Cy = 22.676 EM®

3p 2E' Dan Structure: EM®

Ty = 13961 gas EM?4 3p’E'-25%4," 708-736 nm
EM* 3s?4,'~3p?E"’ 3178-3847 cm~!
EM*® 3d-3p°E’ 3891-4456 cm™?

T = 11(+02,-1.0) ns gas EM?
By = 42.15; Cy = 21.505 EM*

2p A" Dsn Structure: EM®

To" = 993 gas EM?¢ 3s24,'-2p24," 592-615 nm
EM*® 3d-2p?4," 568-615 nm

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

sym. type of mode meas.

a’ 1 Ring breathing  3255.38(3) gas PI 17-19

e’ 2 Deformation 2618.34(3) gas PI 18

By = 44.58; Cy = 22288 EM®
Twp = 640(+300,-100) ns; i = 740(+300,-100) ns gas PIPF*

28 ?A,'c Dy, Structure: EM?
gas  EM?? 3p?4,"-25%4," 556574 nm
gas EM* 3p2E'-25%4,' 708-736 nm

By = 46.82; C, = 2341 EM?®

H-D

35 24, Co

T=4 ns gas EM?

3p 2B, (&%
T =29(3) ns gas EM?

3p ?Ay, 2B, Ca
7= 25(+03,-07) ns gas EM*
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D:H

3s 24, Co
T= 5 ns gas EM®

3p 2B, Cx Structure: EM’

Ty" = 178344 gas EM’®
7 = 31.5(32) ns; 1, =89 ns gas EM®

3[)251—25'2.41 560 nm

3p ?A,,°B; C»
T =50(7) ns gas EM*

23 A, Ca Structure: EM®

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

a 1 Ring breathing 2950(20) gas EM 20

D;

The ionization limit of D, with respect to the vibrationless level of its
2p 2A4," state has been found to be 29602.2!

3d 2A,’ Dsp Structure: EM®

T,* = 18530 gas EMS® 3d-2p?A4," 569-601 nm
EM® 3d~3p?E’ 3772-4517 cm~!

T = 12(1) ns gas EM>¥®

By = 21.72(2); Co = 1091(2) EM®

3d 2E" Dsp Structure: EM®

To = 18433 gas EM® 3d-2p°A," 569-601 nm
EM* 3d-3p°E’ 3772-4517 cm !

T =12(1) ns gas EM*%®

B = 21.72(2); Co = 1091(2) EM®

3d’E’ Ds Structure: EM®

To* = 18098 gas EM?® 3d-2p?A;" 569-601 nm
EM? 3d-3p°E’ 3772-4517 cm ™!

T = 12(1) ns gas EM*®

By = 21.72(2); Co = 10.91(2) EM®

Structure: EM?
3p24,"-25%4;' 553-569 nm

P Day

Ty* = 17872 gas EM*$LF’

79 = 29(1) ns gas EM®

By = 22.73(6); Co = 10.68(2) EM?

3s 2A,’ Dsn Structure: EMS

T," = 17642 gas EM? 3524,'-2p2A4," 592-614 nm
EM® 3s?4;'~3p2E" 3382-3768 cm~!

T=10 ns gas EM?®

By = 21.98; Cy = 1241 EM®

3p %E’ Dsy Structure: EMS

To* = 14091 gas EM>*2LF’ 3p%E'-25%4," 700-765 nm
EM* 3s?4;'~3p2E" 3382-3768 cm~!
EM* 3d-3p°E' 3772-4517 cm~!

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

sym. type of mode meas.

a’ 1 Ring breathing  2145T gas EM 21

e' 2 Deformation 1750T gas EM 4,21

7 = 17.5(20) ns gas EM*
By = 21.15; Cp = 1059 EM*®

Structure: EMS
EM*LF’ 3s?4,'~2p°A,” 592-614 nm
EM? 3d-2p2A;" 569-601 nm
By = 22.112; Cy = 11.056 EM®

2p ?A," Dsn
To* = 1052 gas

238 2A,'° Dg, Structure: EM?
gas EM*LF’ 3p24,"-25%4;" 553-569 nm
EM*2 3p’E’'-25%4;" 700-765 nm
Vib. No. Approximate cm™! Med. Type  Refs.
sym. type of mode meas.
a’' 1 Ring breathing  2457(10) gas EM 4,20,21
e’ 2 Deformation 1890T gas EM 21

By = 23.09; Cy = 11.544(6) EM32

* Measured with respect to lowest bound state, 25 24,'. Structure ob-
served' in the dissociation spectrum of H, has been reinterpreted® as
arising from the predissociation of H; (25 24, ') into H + H,. Unstruc-
tured emission observed'! between 190 and 280 nm, with a maximum
near 230 nm, upon charge transfer between K and H;* or D;* has
been attributed to transitions originating in bound Rydberg states of
H; or D3 and terminating in the dissociative ground-state continuum.
Photofragment 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 Hs and 6 cm~* for Ds.2
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Mg H: TiH.
X Den X Cx 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.
I 2 Bend 430 Kr IR 1 a, 1 TiH s-stretch 1483.2 Ar IR 1
417 Xe IR 1 14779m Kr IR 1
nt o3 Asym. stretch 1558 Kr IR 1 1473.1m
1569 Xe IR 1 2 Bend 496.1 Kr IR 1
1544 b, 3 TiH a-stretch 1435.5 Ar IR 1
1416.5vs  Kr IR 1
1412.1vs
MgD:
TiD
X Dun 2
- - . X Co
Vib. No. Approximate cm Med. Type Refs.
sym. type of mode meas. - -
Vib. No. Approximate cm™! Med. Type Refs.
I 2  Bend 309 Kr IR 1 sym. type of mode meas.
300 Xe IR 1 -
5t 3 Asym. stretch 1153 Kr IR 1 a, 1 TiD s-stretch 1071.0 Ar IR 1
1058.7m Kr IR 1
1160 Xe IR 1
1144 1055.4m
2 Bend 376.5 Kr IR 1
b, 3 TiD a-stretch 1041.1 Ar IR 1
1028.1vs  Kr IR 1
References 1024.5vs
1J. G. McCaffrey, J. M. Parnis, G. A. Ozin, and W. H. Breckenridge,
1Z. L. Xiao, R. H. Hauge, and J. L. Margrave, J. Phys. Chem. 95, 2696
CaH:. (1991).
X
o VH;
Vib. No. Approximate cm™! Med. Type  Refs.
sym. type of mode meas. X Cov Structure: IR
a, 1 CaH; s-stretch  1267.0w  Kr IR 1 Vib. No. Approximate cm~! Med. Type Refs.
1239.8 Xe IR 1 sym. type of mode meas.
b, 3 CaH; a-stretch 1192.0s  Kr IR 1
1163.8 Xe IR 1 a; 1 VH s-stretch 1532.4 Ar IR 1
1545.2m  Kr IR 1
2 Bend 529 Kr IR 1
b, 3 VH a-stretch 1508.3 Ar IR 1
CaD; 1490.7vs Kr IR 1
X Co
VD,
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas. X Ca
a1 CaD;s-stretch  899.1 Kr IR 1 Vib. No. Approximate cm™! Med. Type  Refs.
885.2 Xe IR 1 sym. type of mode meas.
b, 3 CaD; a-stretch  866.8 Kr IR 1
847.8 Xe IR 1 a, 1 VD s-stretch 1123.6 Ar IR 1
1111.5m  Kr IR 1
2 Bend 386 Kr IR 1
References by 3 VD a-stretch 1092.0 Ar IR 1
1079.5vs  Kr IR 1
'Z. L. Xiao, R. H. Hauge, and J. L. Margrave, High Temp. Sci. 31, 59
(1991).
References

1Z. L. Xiao, R. H. Hauge, and J. L. Margrave, J. Phys. Chem, 95, 2696
(1991).
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CrH: References
X Cyn Structure: IR? IR. J. Van Zee, T. C. DeVore, J. L. Wilkerson, and W. Weltner, Jr., J.
Chem. Phys. 69, 1869 (1978).
Vib. No. Approximate cem=! Med. Type Refs. *G. A. Ozin and J. G. McCaffrey, J. Am. Chem. Soc. 106, 807 (1984).
sym. type of mode meas.
FeH.
a, 1 CrH s-stretch 1651.3 Ar IR 2
1640.0 Kr IR 2 In an argon, krypton, or xenon matrix, three broad absorptions appear!
b, 3 CrH a-stretch  1614.9*  Ar IR 2 between 400 and 450 nm. Irradiation at 440 nm results in photodecom-
16064  Kr IR 2 position, producing Fe + H,.!?
X
CrD;
X Vib. No. Approximate cm™! Med. Type Refs.
Co sym. type of mode meas.
Vib. No. Approximate cm™! Med. Type Refs. 2 Bend 335 Ar IR 2
sym. type of mode meas. 322 Kr IR 1
323 Xe IR 1
a, 1 CrD s-stretch 1189.1w  Ar IR 2 3 FeH a-stretch 1661 Ar IR 2
1180.5s  Kr IR 2 1647 Kr IR 1,2
b, 3 CrD a-stretch 1167.2wm®* Ar IR 2 1636 Xe IR 1,2
1160.7vs  Kr IR 2
* Ref. 1 gives 1591 and 1145 for CrH; and CrD, respectively, in an ar- FeD2

gon matrix. These frequencies are in the spectral regions of krypton-
matrix absorptions observed by Ref. 2 in the presence of excess H; or
D,.

References

'R. J. Van Zee, T. C. DeVore, and W. Weltner, Jr., J. Chem. Phys. 71,
2051 (1979).

2Z. L. Xiao, R. H. Hauge, and J. L. Margrave, J. Phys. Chem. 96, 636
(1992).

MnH.

In a xenon matrix, an absorption maximum is observed at 318 nm.
Irradiation at this wavelength results in dissociation of MnH> into
Mn + Hz.2

x 'A1 C2v

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

sym. type of mode meas.

a, 2 Bend 375 Xe IR 2
366

b, 3 Asym. stretch 1594.0 Ar IR 1
1591 Xe IR
1565

MnD.

X ea, Ca

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

sym. type of mode meas.

a, 2 Bend 276 Xe IR 2
266

b, 3 Asym. stretch 1155.6 Ar IR

[N

1154 Xe IR
1137

In krypton and xenon matrices, three broad absorptions appear' be-
tween 400 and 450 nm, each slightly shifted from their FeH, counter-
parts. Irradiation at 440 nm results in the formation of Fe + D5.!?

Ty = 9530(180) gas PE?

X
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
2 Bend 235 Ar IR 2
232 Xe IR 1
3 FeD a-stretch 1205 Ar IR 2
1195 Kr IR 2
1188 Xe IR 1

References
'G. A. Ozin and J. G. McCaffrey, J. Phys. Chem. 88, 645 (1984).
2R. L. Rubinovitz and E. R. Nixon, J. Phys. Chem. 90, 1940 (1986).

3A. E. S. Miller, C. S. Feigerle, and W. C. Lineberger, J. Chem. Phys.
84, 4127 (1986).

COHz
Photodissociation into Co + H, was observed? on irradiation at 22000.
Ty = 2600 gas PE!

Ty = 535(90) gas PE!

X
Vib. No. Approximate cm™! Med. Type  Refs.
sym. type of mode meas.
2 Bend 380 Ar IR 2
3 CoH a-stretch 1685 Ar IR 2
1647 Kr IR 2

1 Dhue MNham Daf Nata Manamsank Ma 2
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CoD: MoH:

Tp = 2600 gas PE! X Ca Structure: IR!
Ty = 440(60) gas PE!

[

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

X sym. type of mode meas.

- - a, 1 MoH s-stretch  1752.7wm Ar IR 1
Vib. No. Approximate cm~! Med. Type Refs. 1743.1s  Kr IR 1
sym. type of mode meas. b, 3  MoH astretch 1727.4m Ar IR 1

. Kr IR
3 CoDastretch 1223 Ar IR 2 1709.3vs !
1215 Kr IR 2
References MoD:.
!A. E. S. Miller, C. S. Feigerle, and W. C. Lineberger, J. Chem. Phys. X Ca
84, 4127 (1986).
ZR. L. Rubinovitz, T. A. Cellucci, and E. R. Nixon, Spectrochim. Acta Vib. No. Approximate cm™! Med. Type Refs.
43A, 647 (1987). sym. type of mode meas.
NiH a; 1 MoD s-stretch  1257.8m  Ar IR 1
i 2 1250.6s  Kr IR 1
b 3 MoD a-stretch  1234.0ms Ar IR 1
Ty = 1600 gas PE! ’ 1227.2vs  Kr IR 1

X

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

sym. type of mode meas. 1Z. L. Xiao, R. H. Hauge, and J. L. Margrave, J. Phys. Chem. 96, 636

1992).
Sym. stretch 2200T gas PE 1 ( )
HgH:
NiD.
X D
To = 1600 gas PE! "
References Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
!A. E. S. Miller, C. S. Feigerle, and W. C. Lineberger, J. Chem. Phys.
84, 4127 (1986). nm 2 Bend 773.0 Ar IR 1
77.1
769.7
ZnH, 7692 Kr IR 1
X D 7725 H, IR 1
b t 3 Asym. stretch  1895.8 Ar IR 1
1895.4
Vib. No. Approximate cm~! Med. Type Refs. 1893.1 Kr IR 1
sym. type of mode meas. 1891.2
1889.2
nm, 2 Bend 630.9 Ar IR 1
. H
6253 Kr IR 1 19027 » IR !
3t 3 ZnH, a-stretch  1870.8 Ar IR 1
1861.0 Kr IR 1
HgD.
an2 X th
X D.
b Vib. No. Approximate cm™! Med. Type Refs.
Vib. No. Approximate cm™! Med. Type  Refs. sym- type of mode meas.
sym. type of mode meas. M, 2 Bend 5552 Ar IR 1
%* 3 ZnDyastretch 13579  Ar IR 1 5533
13509 K- IR 1 3558 D, IR 1
5533
nt 3 Asym. stretch  1365.4 Ar IR 1
References 1363.6
) 1362.8
!Z. L. Xiao, R. H. Hauge, and J. L. Margrave, High Temp. Sci. 31, 59 1368.5 D, IR 1

(1991).

J. Phys. Chem. Ref. Data, Monograph No. 3
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References
IN. Legay-Sommaire and F. Legay, Chem. Phys. Lett. 207, 123 (1993).

MnH.™

Threshold for electron detachment from ground-state MnH,™ =
3580(130) gas PE!

MnDQ_

Threshold for electron detachment from ground-state MnD,~ =
3750(115) gas PE!

References

'A. E. S. Miller, C. S. Feigerle, and W. C. Lineberger, J. Chem. Phys.

84, 4127 (1986).

FeH:"

Threshold for electron detachment from ground-state FeH,™
8460(115) gas PE!

FeD.~

Threshold for electron detachment from ground-state FeD,
8375(105) gas PE!

References

'A. E. S. Miller, C. S. Feigerle, and W. C. Lineberger, J. Chem. Phys.

84, 4127 (1986).

CoH;"

Threshold for electron detachment from ground-state CoH,~
11700(115) gas PE!

CoD.~

Threshold for electron detachment from ground-state CoD,~
11820(105) gas PE!

References

'A. E. S. Miller, C. S. Feigerle, and W. C. Lineberger, J. Chem. Phys.

84, 4127 (1986).

NiH:"

Threshold for electron detachment from ground-state NiH,~
15600(65) gas PE!

NiD.~

Threshold for electron detachment from ground-state NiD,~
15540(60) gas PE!

References

'A. E. S. Miller, C. S. Feigerle, and W. C. Lineberger, J. Chem. Phys.

84, 4127 (1986).

BH:

A2B,(I)* Da,

To = 41941 gas AB! A-X 640-870 nm
Vib. No. Approximate cm~! Med. Type Refs.
sym. type of mode meas.

a; 2 Bend 953.6 gas AB 1

B() = 6.13 ABI

X A, 0 Ca Structure: AB!

A, = 41.649; By = 7.241; Cy = 6.001 AB

BD:

A2By(Il)* Du,
B() = 3.2 ABl

X %A, ® (%
A() = 24.1"; B() = 3.64; Co = 3.04 ABl

* The 4 ?B; and X 24, states are perturbed by strong Renner-Teller
interaction. While molecular orbital arguments indicate that the 4
state should be linear, lower members of the bending progression
could not be observed, and there may be a small barrier to linearity in
the A state.

b Assumed value.

References

!G. Herzberg and J. W. C. Johns, Proc. Roy. Soc. (London) A298, 142
(1967).

AlH:
Structure: AB!

1251(”) Dan

T, < 15200 gas AB! A~-X 6584 nm

Other bands were also observed, but their analysis has not been
reported. There is evidence for a predissociation limit at 15450.
B, = 357 AB!

X 2a, Cn Structure: AB!

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

a 1 AIH s-stretch 1766vw IR 2

Bend 760m
AlH a-stretch 1799w

[Nl
%

b 3 IR 2

Ao = 13.6; By = 44; Co = 3.3 AB!

AID,
x 2‘1 C2v
Vib. No. Approximate cm™~! Med. Type Refs.
sym. type of mode meas.
a; 1 AID s-stretch 1275vww  Kr IR 2
2 Bend 560m Kr IR 2
b, 3 AID a-stretch 1320w Kr IR 2
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References

'G. Herzberg, Molecular Spectra and Molecular Structure. III. Electronic
Spectra and Electronic Structure of Polyatomic Molecules, pp. 490491,
583 (Van Nostrand, Princeton, NJ, 1966).

2J. M. Parnis and G. A. Ozin, J. Phys. Chem. 93, 1215 (1989).

GaH:
X Ca
Vib. No. Approximate cm™! Med. Type Refs.

CH:.

4p Ca

To = 74254 gas MPI¥

b

To = 71592 gas AB'MPI* D-X 139.7 nm
¢

To = 70917 gas AB'MPI* C-X 141.0 nm

sym. type of mode meas. 3d ’A; (o Structure: AB’
a, 1 Symstretch  1727.9wm Ar IR 1 To = 70634 gas AB'MPI*® 3d°A;-X 1415 nm
1730.8 Kr IR 1 Diffuse. First member of Rydberg series converging to 83851. Higher
b, 3 Asym. stretch 1799.1s Ar IR 1 members observed (AB?) at 76553, 79241, and 80688.
1796.4 Kr IR 1 By = 6.89* AB!
3p Cy
GaD. Ty = 64126 gas MPI¥’
X Cy t A
gas AB? T-a 330-362 nm
Vib. No. Approximate em~! Med. Type  Refs.
sym. type of mode meas. b'B,® Cy Structure: AB*?
a1  Sym.stretch’ 12451  Ar IR 1 To = 10255(20) gas AB'*PLMRYLF®*%  F_g 490-920 nm
1244.2wm Kr IR 1
b, 3 Asym, stretch 1303.4 Ar IR 1 Vib. No. Approximate cm’! Med. Type Refs.
1302.4s Kr IR 1 sym. type of mode meas.
a, 2 Bend 570T gas AB 3
References

1Z. L. Xiao, R. H. Hauge, and J. L. Margrave, Inorg. Chem. 32, 642
(1993).

CH.*

X 2a, Cx

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

b, 3 CH a-stretch 313137  gas LD 1

¥B + C) = 7.381 LD!

References

‘M. Rosslein, C. M. Gabrys, M.-F. Jagod, and T. Oka, J. Mol. Spectrosc.
153, 738 (1992).

SiH.*

A 2B,(I)
gas PF! A-X 567-659 nm

Predissociation into Si* + H, and into SiH* + H was observed.
B = 3.956(1) PF!

X 2A, Cav
B = 5094(2); C = 3.772(4) PF!

References

M. C. Curtis, P. A. Jackson, P. J. Sarre, and C. J. Whitham, Mol. Phys.
56, 485 (1985).
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7(0,14,0) = 4.6(1) ps LF*¥

7(0,16,0) = 1.3(3) us LFY
38(3) us LF®

B() = 7.74 AB1

Barrier to linearity = 1617%

F'A°Y Cy Structure: AB>¥:3!
7"0 = 3147(5) gas ABl,3.27,28LMR2!.26.3()PE23.24LF32.SH,40SEP32.34
b-a 490-920 nm

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a, 1 CH s-stretch 2806.01(7) gas LFLD 10,20,31
IR 40
2 Bend 1352.6 gas AB,LF  3,27,28,40
b, 3 CH a-stretch 2864.97(2) gas LD,IJR 20,31
7= 18s°

Ay = 20.118(2); By = 11.205(2); Cy = 7.069(2) AB>*"%
Barrier to linearity = 9870 SEP**

X 3B, Co Structure: ESR*-*AB’LMR!*!7IR17:%6

Vib. No. Approximate em™! 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

Ag = 73.811; B, = 8.450; Cy = 7.184 IR%
Barrier to linearity = 1931(30) %
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CD,

4ap Co

Ty = 74228 gas MPI¥

b

T, = 70947 gas AB'MPI* D-X 140.95 nm
c

To = 71510 gas AB!MPI* C-X 139.8 nm

3d %A, Cav Structure: AB’
To = 70591.7 gas AB'MPI* 3d’°A,-X 141.6 nm
By = 3.595 AB!
3p Cav
T, = 64082 gas MPI¥’
b'B,* Cy
gas LF13#4 b-a 510-610 nm

7(0,16,0) = 6.0(7) ps LF?

a'At Cu

Te = 3140(50) gas PEZLF*'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

Ay = 11.37(32); By = 5.476(48); Cy = 3.701(45) LF*SEP*

X 3B, C,,

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

a; 2 Bend 75237  gas DL 19

Ao = 37.787; 4B + C)y = 3.962; #(B — C)y = 0.267 LMR'*?

® Valug given for '*CH,.

®The a4, and b B, states are perturbed by strong Renner-Tellerinter-
action.!*!4? They are also strongly perturbed by interaction with the
X B, state.?2835

¢ Calculated value.!

4 From analysis of perturbations involving combination bands.>!
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SiH:

A'B,* Cp Structure:
Ty = 15530.4(5) gas AB'LF'1.13 A-X 480-650 nm
Onset of predissociation into Si (‘D) + H; near 21450,"

AB!2

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

2 Bend 854 gas ABLF 111,13
T0 = 1.10(17) ps gas LF&™!

Ay = 17.75% By = 4.9% C, = 2.8° AB?
Barrier to linearity = 8000 3

a °B, Ca
Ty = 7340(240)° gas PI*
Barrier to predissociation into Si (3S) + H; between 17070 and 17690."!
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XA C, Structure: AB!?

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

sym. type of mode meas.

a 1 Sym. stretch 197529 gas LF 10,13
1964¢ Ar IR 5

2 Bend 998.62  gas AB,LF 249,13
DL

995 Ar IR 5

b, 3 Asym. stretch 1954¢ gas LF 10,13
1973 Ar IR 5

Ay = 8.099; By = 7.024; C, = 3703 AB’DL*

SiD;

A'B,* C,

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

sym. type of mode meas.

a, 2 Bend 610 gas ABLF 1,11

7 = 0.93(38) us gas LF"

X'a-° Cu

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

sym. type of mode meas.

ay 1 Sym. stretch 14274 Ar IR 5

2 Bend 731 gas LF 11

720 Ar IR 5

b, 3 Asym, stretch 1439 Ar IR 5

GeH:
X Cy
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
GeH stretch 1887wm  Ar IR 1
GeH stretch 1864wm  Ar IR 1
Bend 920wm  Ar IR 1
GeD;
X
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
1338ms
GeD stretch 1329vs Ar IR 1
1325vs
Bend 658m Ar IR 1
References

'G. R. Smith and W. A. Guillory, J. Chem. Phys. 56, 1423 (1972).

NH.*

b 'B, Co
Ty < 20490(160)* gas PE!

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

® Extrapolated values.>

¢ Possibly 6290(240).%

¢In Fermi resonance with 21, observed for SiH, at 2002.7 (gas) and
1993 (Ar) and for SiD, at 1445 (Ar).

<§(2wm).
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Vib. No. Approximate cm~! Med. Type  Refs.
sym. type of mode meas.
a 2 Bend 920(150) gas PE 1
g 'A, Ca
Ty = 10530(80) gas PIP?
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 B, Ca
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a, 2 Bend 840(50) gas PE 1
by 3 Asym. stretch 3359.9 gas LD 3

By = 8.273; Co = 7.644 LD?
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ND.* References
5'B c 'D. G. Leopold, K. K. Murray, A. E. Stevens Miller, and W. C.
! x Lineberger, J. Chem. Phys. 83, 4849 (1985).
¥ A, Ca 2p. R. Bunker and T. J. Sears, J. Chem. Phys. 83, 4866 (1985).
Vib. No. Approximate em™! Med. Type  Refs. SiH,"
sym. type of mode meas.
Threshold for electron detachment from ground-state SiH;™ is
ay 1 Sym. stretch 2210(50) gas PE 1 9070(160).!
2 Bend 940(50) gas PE 1
X %B, Cw
X B, Cy Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
Vib. No. Approximate cm™! Med. Type  Refs.
sym. type of mode meas. a, 2 Bend 1200(160) gas PE 1
a, 2 Bend 660(50)  gas PE 1
References

* Corrected for revision? of first adiabatic ionization potential of NH,.

References

1S. 1. Dunlavey, J. M. Dyke, N. Jonathan, and A. Morris, Mol. Phys. 39,
1121 (1980).

28. T. Gibson, J. P. Greene, and J. Berkowitz, J. Chem. Phys. 83, 4319
(1985).

3M. Okumura, B. D. Rehfuss, B. M. Dinelli, M. G. Bawendi, and T.
Oka, J. Chem. Phys. 90, 5918 (1989).

PH.*

7 °B, Cw
To = 5650 gas PI'?
X A, Cov
References

'J. Berkowitz, L. A. Curtiss, S. T. Gibson, J. P. Greene, G. L. Hillhouse,
and J. A. Pople, J. Chem. Phys. 84, 375 (1986).
%J. Berkowitz and H. Cho, J. Chem. Phys. 90, 1 (1989).

CH:"

Threshold for electron detachment from ground-state CH,~ is
5260(50)."2

X 2B, Cx

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

a, 2 Bend 1230(30) gas PE 1,2
CD:”

Threshold for electron detachment from ground-state CD;~ s
5200(50).!

X 2B, Ca

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

ay 2 Bend 940(30)  gas PE 1

'A. Kasdan, E. Herbst, and W. C. Lineberger, J. Chem. Phys. 62, 541
(1975).

NH:

Rydberg series with members at 93054, 95753, 97193, and 98049,
converging to NH;* (4 /4,) at 100410. PI"

Structure: ABM
AB 1 .B.ZZLF6,21 ,ZS.ZGEM?_S

A2A()°* Cy

Ty = 11122.6 gas A-X 342-2700 nm

Ne,Ar,Kr,Xe® AB235? 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
2 Bend 633 gas AB 1
To00x = 10.0(1.7) us gas LF’
Tos = 10(3) us gas LFY

Approximate v* dependence.™” In another LF study,!? 1 varied from
25 to 46 ps for relatively unperturbed rotational sublevels, and there
was a weaker ca. 100 us component associated with levels which are
substantially perturbed.

By = 8.78 AB!

Barrier to linearity = 730 '

X2B,* Cy» Structure: AB!
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a, 1 Sym. stretch 321937  gas LF.EEM 6,15,16
LD,JR 21,23
3220w N, IR 5
2 Bend 149732  gas UV,LF 1,6,8-10
LMR,IR 13,20
1499m N, IR 5
b, 3 Asym. stretch 3301.11  gas LD,LF 16,21
IR 23

Ay = 23.693; By, = 12.952; C, = 8.173 AB!*LMR?IR¥
Barrier to linearity = 12024 '
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ND:
Aza(IL)* Cy
gas AB! A-X 500-680 nm
Ar AB?Y 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 AB!
X 251 a c;v
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

A() = 13.342; B() = 6.487; C() = 4.290 AB““LMR”MW“

*The A 24, and X 2B, states are perturbed by strong Renner-Teller
interaction.

b 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 approximately 400 cm~!, with no evidence for rotational
structure.

© Assigned® in matrix studies to vy. Gas-phase observation of v at
3219.37 cm~! and demonstration'® that », is more intense than »3 dic-
tate reassignment to vy,
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PH:

Az, Cov Structure: AB*
To = 18276.59(3) gas ABMSEM?3S
18215(4)  Ar ABB¥

A-X 360-880 nm
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

T = 4(1) ps gas LF'2EM?

Au = 20.41; B() = 5.60; C() = 4295(3) AB"ﬁEMs

Barrier to linearity = 6840 7

X2B,* Cu Structure: AB*

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

sym. type of mode meas.

ai 1 Sym. stretch 2310(2) gas PE,Ra 10,21

2 Bend 1101.91 gas UV,LMR 24,14

1103m Ar IR 13

Ao = 9.132; By = 8.084; Cy = 4.214 AB*'*LMR*!*ISMWI"1¥

Barrier to linearity = 25100 7

PD;

A2, Ca

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 2B, ® Co

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

sym. type of mode meas.

a; 2 Bend 795.5 gas EM 2,3

797w Ar IR 13

Ao = 4.857(2); Bo = 4.044(4); Cy = 2.180(2) AB®

* The 4 24, and X ?B, states are perturbed by strong Renner-Teller
interaction.



ENERGY LEVELS OF POLYATOMIC TRANSIENT MOLECULES 23

References

'D. A. Ramsay, Nature 178, 374 (1956).

H. Guenebaut and B. Pascat, Compt. Rend. Acad. Sci. (Paris) 259,
2412 (1964).

3H. Guenebaut, B. Pascat, and J.-M. Berthou, J. Chim. Phys. 62, 867
(1965).

“R. N. Dixon, G. Duxbury, and D. A. Ramsay, Proc. Roy. Soc. (London)
A296, 137 (1967).

5B. Pascat, J. M. Berthou, J. C. Prudhomme, H. Guenebaut, and D. A.
Ramsay, J. Chim. Phys. 65, 2022 (1968).

§J. M. Berthou, B. Pascat, H. Guenebaut, and D. A. Ramsay, Can. J.
Phys. 50, 2265 (1972).

"T. Barrow, R. N. Dixon, and G. Duxbury, Mol. Phys. 27, 1217 (1974).

P. B. Davies, D. K. Russell, and B. A. Thrush, Chem. Phys. Lett. 37,
43 (1976).

M. Vervioet and J. M. Berthou, Can. J. Phys. 54, 1375 (1976).

p_F. Zittel and W. C. Lineberger, J. Chem. Phys. 65, 1236 (1976).

R, E. Huie, N. J. T. Long, and B. A. Thrush, J. Chem. Soc., Faraday
Trans. 2, 74, 1253 (1978).

2C. L. Sam and J. T. Yardley, J. Chem. Phys. 69, 4621 (1978).

13M, Larzilliere and M. E. Jacox, Proc. 10th Materials Research Sympo-
sium on Characterization of High Temperature Vapors and Gases, J.
W. Hastie, Ed., Natl. Bur. Std. Spec. Pub. 561, 529 (1979).

14p B. Davies, D. K. Russell, B. A. Thrush, and H. E. Radford, Chem.
Phys. 44, 421 (1979).

15G, W. Hills and A. R. W. McKellar, J. Chem. Phys. 71, 1141 (1979).

16F. W. Birss, G. Lessard, B. A. Thrush, and D. A. Ramsay, J. Mol.
Spectrosc. 92, 269 (1982).

7Y, Endo, S. Saito, and E. Hirota, J. Mol. Spectrosc. 97, 204 (1983).

8M. Kajita, Y. Endo, and E. Hirota, J. Mol. Spectrosc. 124, 66 (1987).

R. Withnall, M. McCluskey, and L. Andrews, J. Phys. Chem. 93, 126
(1989).

2C. N. Xuan and A. Margani, J. Chem. Phys. 93, 136 (1990).

2P, Abraham, A. Bekkaoui, J. Bouix, and Y. Monteil, J. Raman Spec-
trosc. 23, 379 (1992).

AsH;

Az, Cy
To = 19907.8 gas AB'EM?
Predissociated above 23300 !

Structure: AB!
A-X 390-650 nm

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a 2 Bend 851.4 gas AB 1

7 = 130(20) ns gas EM?
Ao = 19.48(1); Bow = 4.97(1); Coo = 3.71 AB!

X 2B, Cw Structure: AB!

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

a, 2 Bend 981 gas EM 2

Ay = 7.549(4); By, = 7.162(4); Cy = 3.617(3) AB!

AsD;

A 2A, Cx

Ty = 199049 gas AB! A-X 390-490 nm

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

a, 2 Bend

615.9 gas AB 1

x 28 1 C2v
References

'R. N. Dixon, G. Duxbury, and H. M. Lamberton, Proc. Roy. Soc. (Lon-
don) A305, 271 (1968).

2T. Ni, Q. Lu, X. Ma, S. Yu, and F. Kong, Chem. Phys. Lett. 126, 417
(1986).

SbH:

A 24, Ca

T, = 19438 gas AB'EM? A-X 403-700 nm

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

sym. type of mode meas.

a, 2 Bend 695(3)  gas AB 1

T = 70(20) ns gas EM?

X Ca

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

sym. type of mode meas.

b, 3 SbH; a-stretch  1840.5 Ar IR 3

SbD.

X Ca

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

sym. type of mode meas.

b, 3 SbD, a-stretch  1320.2 Ar IR 3
References
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H.O0*

B 2B, Cn
Ty = 36757(12) gas PE°

MARILYN E. JACOX

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a; 1 Sym. stretch 2968° gas PE 9

2 Bend 1596* gas PE 9
A2A(M)® Doy Structure: PE*’EM’

Toso = 13409.3 gas EM!'SABM

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
T = 10.5(1.0) ps gas EF®
Bos() = 8.57 EMS
X2B,®* Cap Structure: EM*’LMR®LD''CC"*
Vib. No. Approximate cm~! Med. Type Refs.
sym. type of mode meas.
a; 1 Sym. stretch 321286  gas PELD 09,11
PLLCC 13,15
3182.7 Ne IR 16
2 Bend 1408.42  gas EM,PE 159
DL 12
1401.7 Ne IR 16
b, 3 Asym. stretch 3259.04 gas LD,CC 11,15
3219.5 Ne IR 16

Ay = 29.036(2); Bo =
Barrier to linearity = 91877

D.O*

B B, Ca
To = 37430(50) gas PE**
38498(12) gas PE’

12.423; Cy = 8.469 LMRPLD"'DL**CC"

Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a; 1 Sym. stretch 22820 gas PE 2,9

2 Bend 1099* gas PE 9

A2A(I)° Dy

Toso = 10456(30) gas PE*EMY A-X 490-670 nm
Vib. No. Approximate cm~! Med. Type Refs.
sym. type of mode meas.
ay 1 Sym. stretch 2531(8)  gas PE 9

2 Bend 640(9) gas PE 9

7 is ca. 12% greater than for H,O+.?

J. Phys. Chem. Ref. Data, Monograph No. 3

X2B,®* Cup 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); Co = 4.407(3) EM!

* Best fit of simulated photoelectron spectrum.
® The 4 24, (I1,) and X 2B, states are perturbed by strong Renner-
Teller interaction.
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H.S*

E 232 C2v
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
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A2, Co Structure: EPF?

To = 18518 gas EF“PE?* A-X 400-500 nm
Predissociated above 23300 into H; + S*.'?

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

a; 2 Bend 910(20) gas PE 2,5

T =42(4) ps gas EF
Bow = 503 EP

A 25, Ca
To = 20270(70) gas PE!?

Vib. No. Approximate cm™! Med. Type  Refs.
sym. type of mode meas.
ay 2 Bend 863(100) gas PE 1,2

Barrier to linearity = 6450 2

Barrier to linearity = 4600 ! X %8B, Ca
Vib. No. Approximate cm™! Med. Type Refs.
X 2B, ® Cx Structure: EF'? sym. type of mode meas.
Vib. No. Approximate cm™! Med. Type Refs. a; 1 Sym. stretch 2267(40) gas PE 1,2
sym. type of mode meas. 2 Bend 1017(60) gas PE 2
a 1 Sym. stretch 2570(40) gas PE 5
2 Bend 11590 gas  EF 3 References

Ao = 10.18(2); By = 8.63(1); C, = 4.60(6) EF?

D.S*

A 2A, Ca
To = 18574 gas EF®
B():w = 246 EF3

A-X 400-500 nm

X 2B, Ca

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

ay 2 Bend 838.6 gas EF 3

Ao = 5.37(2); By = 432(1); Co = 234(2) EF

" The A 24, and X 2B, states are perturbed by strong Renner-Teller
interaction.
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H.Se*

E sz Czy
To = 34060(40) gas PE!?

Vib. No. Approximate cm~! Med. Type Refs.
sym. type of mode meas.
2 1 Sym. stretch 1950(40) gas PE 2

2 Bend 580(100) gas PE 2

'A. W. Potts and W. C. Price, Proc. Roy. Soc. (London) A326, 181
(1972).

2K. Borlin, M. Jungen, L. Karlsson, and R. Maripuu, Chem. Phys. 113,
309 (1987).

HzTe +

B 2B, Co
To = 31470(160) gas PE!

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

a 1 Sym. stretch 1694(100) gas PE 1

A 24, Ca

To = 20090(160) gas PE!

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

a, 2 Bend 702(20) gas PE 1

X 2B, Co

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

a, 1 Sym. stretch 2100(200) gas PE 1
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NH.~ 6.2. Triatomic Monohydrides
Threshold for electron detachment from ground-state NH,™ is LizH
6220(40).1->7
B Ca Structure: MPI!
X 'A, Ca Structure: CC* To = 18940 gas MPI! B-X 457-528 nm
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 312193  gas cc 4,5 a 1 132 gas MPI 1
2 Bend 1523 Ar IR 6 2 195 gas MPI 1
b, 3 Asym. stretch 319029  gas cC 5 b, 3 309 gas MPI 1
3152 Ar IR 6
Ay = 6.87; By = 0.455; Cy = 0427 MPI
Ao = 23.051(2); By = 13.068(2); Co = 8.115 CC*
References X Co Structure: MPI!
Ay = 13.250; By = 0.750; Cy = 0.710 MPI'

'D. Feldmann, Z. Naturforsch. 26a, 1100 (1971).

2K. C. Smyth and J. I. Brauman, J. Chem. Phys. 56, 4620 (1972).

3R. J. Celotta, R. A. Bennett, and J. L. Hall, J. Chem. Phys. 60, 1740
(1974).

‘L. M. Tack, N. H. Rosenbaum, J. C. Owrutsky, and R. J. Saykally, J.
Chem. Phys. 84, 7056 (1986).

L. M. Tack, N. H. Rosenbaum, J. C. Owrutsky, and R. J. Saykally, J.
Chem. Phys. 85, 4222 (1986).

%S. Suzer and L. Andrews, J. Chem. Phys. 89, 5347 (1988).

’C. T. Wickham-Jones, K. M. Ervin, G. B. Ellison, and W. C.
Lineberger, J. Chem. Phys. 91, 2762 (1989).

References

!B. Vezin, P. Dugourd, D. Rayane, P. Labastie, and M. Broyer, Chem.
Phys. Lett. 202, 209 (1993).

H-F*

X Cw Structure: CC'?

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

a, 1 Sym. stretch 334871  gas CcC 1,2
b, 3 Asym. stretch 3334.69  gas CC 1,2

Ay = 34511; By = 12.885; Cy = 9.080 CC'?
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CrCrH

X 2x+ Cev

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

sym. type of mode meas.

3+ 1 CrH stretch 1507(5) gas PE 1

m 2 Bend 215(15) gas PE 1

I+t 3 CrCr stretch 532(5) gas PE 1

CrCrD

X 23+ Cav

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

sym. type of mode meas.

3t 1 CrD stretch 1092(5)  gas PE 1

n 2 Bend 170(15) gas PE 1

3+ 3 CrCr stretch 532(5) gas PE 1
References
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CrCrH-

Threshold for electron detachment from ground-state CrCrH- =

HCI*
Ca Structure: DLMWZLD?

Vib. No. Approximate cm~! Med. Type Refs.
sym. type of mode meas.
a; 1 Sym. stretch 264322  gas LD 3

2 Bend 1184.13  gas DL 1
b, 3 Asym. stretch 2630.14  gas LD 3
Ay = 11.253; By = 9.124; Cy = 4941 DL'MWZ2LD?
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(1988).

3S. K. Lee, T. Amano, K. Kawaguchi, and M. Oldani, J. Mol. Spectrosc.
130, 1 (1988).
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11890(40) gas PE!

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

It 1 CrH stretch 1170(150) gas PE 1

n 2 Bend 100(20) gas PE 1

3+t 3 CrCr stretch 414(5) gas PE 1
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CrCrD-

Threshold for electron detachment from ground-state CrCrD~ =

11810(40) gas PE!

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

3+ 1 CrD stretch 840(100) gas PE 1

I 2 Bend 70(10) gas PE 1

3+t 3 CrCr stretch 407(8)  gas PE 1

References
1S. M. Casey and D. G. Leopold, Chem. Phys. Lett. 201, 205 (1993).

NaOH*

A2zt Cov
Ty = 28400(1200) gas PE!
X 1" COV
References

!J. M. Dyke, M. Feher, and A. Morris, J. Electron Spectrosc. Relat.
Phenom. 41, 343 (1986).

KOH*

AZx+ Cov
To = 31000(1200) gas PE!
X 21 Ceuv

References

!J. M. Dyke, M. Feher, and A. Morris, J. Electron Spectrosc. Relat.
Phenom. 41, 343 (1986).

YNH

By Dean

Ty = 169925 gas LF! B-X 585-650 nm

X2z Doy

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

n 2 Bend 510 gas LF 1
Xt 3 YN stretch 810 gas LF 1
A=440 gas LF

YND

B3x Dean

To = 16950.0 gas LF! B-X 585-650 nm

X2z Dun

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

sym. type of mode meas.

1 ND stretch 2230 gas LF 1

m 2 Bend 400 gas LF 1

z* 3 YN stretch 770 gas LF 1
References

1B, Simard, W. J. Balfour, M. Vasseur, and P. A. Hackett, J. Chem.
Phys. 93, 4481 (1990).

MgOH

X
By = 0.494 MW!

MgOD

X
By = 0450 MW!

References

'W. L. Barclay Jr., M. A. Anderson, and L. M. Ziurys, Chem. Phys. Lett.
196, 225 (1992).

CaOH

c ZA Cﬂv

T, = 21896T gas LF21 C-X 440470 nm
Vib. No. Approximate cm~! Med. Type  Refs.
sym. type of mode meas.

n 2 Bend 312 gas LF 12

I+ 3 CaO stretch 528 gas LF 12

Bm()n = 0.322 LFlz

B 23+ Cov Structure: LF’

Ty = 18022.268(1) gas CL2LF*6! B-X 555 nm

Absorption maximum at 18236(15) in a krypton matrix.®
B() = 0.339 LF"G

Az Cuv Structure: LF?
Ty = 15998.128(1) gas CL2LF?6410.3 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.

nmn 2 Bend 361.53*  gas LF 13
3* 3 CaO stretch 630.68"  gas LF 13

A = 66.795(1) gas LF*
ew, = —3657 gas LFV
By = 0341 LP>*

J. Phve. Chem. Ref. Data, Monograph No. 3
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BaOH

B 23+ Cov
Tp = 13200.007(2) gas LF*

MARILYN E. JACOX

B-X 710-757 nm

Absorption maximum at 13105(15) in a krypton matrix.?

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

I+ 3 BaO stretch 461.03) gas LF 4

By = 0.213 LF*

z zﬂ CQV

To = 11760(2) gas LF®

A-X 827-874 nm

Absorption maximum at 11892(15) in a krypton matrix.2

A2 Cav
gas LF A’-X 886-889 nm

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

sym. type of mode meas.

nmn 2 Bend 258 gas LF 5

I+ 3 BaO stretch 469 gas LF 5

X 2x+ Cov

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

sym. type of mode meas.

nm 2 Bend 257.6(4) gas LF 4

3+t 3 BaO stretch 482.4(2) gas LF 4
413.6 Ar IR 3

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

sym. type of mode meas.

n 2 Bend 352 gas LF 5

3+t 3 BaO stretch 458 gas LF 5

A = 635(1) LF*

A4 Coy

gas LF° A’-X 848-888 nm

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

sym. type of mode meas.

i 2 Bend 342 gas LF 5

3+ 3 BaO stretch 468 gas LF 2

X 2x+ Cov Structure: LF*MW’

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

sym. type of mode meas.

m 2 Bend 341.6(6) gas LF 4

¥t 3 BaO stretch 492.4(8) gas LF 4
430.1 Ar IR 3

B() = 0217 LFAMW7

BaOD

B 2x+ Cewv
Ty = 13177.318(3) gas
By = 0.19 gas LF*

LF*

B-X 730-759 nm

Azn Cov

To = 11754(2) gas LF° A-X 828-878 nm
Vib. No. Approximate cm™! Med. Type  Refs.
sym. type of mode meas.

n 2 Bend 268 gas LF 5

¥+t 3 BaO stretch 451 gas LF 5

J. Phys. Chem. Ref. Data, Monograph No. 3

By = 0.196 LF*MW’
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Spectrosc. 145, 210 (1991).
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ScOD
X
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
3 ScO stretch 699.2 Ar IR 1
References

3. W. Kauffman, R. H. Hauge, and J. L. Margrave, J. Phys. Chem. 89,
3547 (1985).

NiOH
X
Vib. No. Approximate cm™! Med. Type  Refs.
sym. type of mode meas.
1 OH stretch 3648.7 Ar IR 1
3 NiO stretch 682.7 Ar IR 1
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NiOD *C. N. Jarman, W. T. M. L. Fernando, and P. F. Bernath, J. Mol. Spec-
trosc. 145, 151 (1991).
b 4
ZnOH
Vib. No. Approximate cm~! Med. Type  Refs.
sym. type of mode meas. %
1 OD stretch 2712.4 Ar IR 1
3 NiO stretch 644.3 Ar IR 1 Vib. No. Approximate cm~! Med. Type  Refs.
sym. type of mode meas.
References “ZnO stretch 6496  Ar IR 1
M. Park, R. H. Hauge, and J. L. Margrave, High Temp. Sci. 25, 1
(1988).
Zn0OD
CuOH
) 4
B A’ G Structure: LF'? Vib. No. Approximate cm™! Med. Type Refs.
Ty = 18406.779 gas CL!LF'? B-X 500-560 nm  gym type of mode meas.
Ay = 25.898; By = 0.382; Cy = 0.376 LF'?
%ZnO stretch  648.1 Ar IR 1
AA C. Structure: LF*
To = 15911.546 gas LF* References

Ay = 18.316; By = 0.388; Cy = 0.378 LF*
!J. W. Kauffman, R. H. Hauge, and J. L. Margrave, J. Phys. Chem. 89,

3541 (1985).

XA’ C, Structure: LF"?
Vib. No. Approximate cm™! Med. Type Refs. HNB
sym. type of mode meas.
X Cev
a’ 2 Bend 743(1) gas LF 1
7277 Ar IR 2 - . -1
3 CuO stretch 632.7 Ar IR 2 Vib. No. Approximate cm Med. Type Refs.
sym. type of mode meas.
Ao = 23.039; By = 0.392; Cy = 0.385 LF'?
3+ 1 NH stretch 3675m Ar IR 1
NB stretch 2035s Ar IR 1
CuOD
B A" (o} DNB
To = 18422335 gas LF'? B-X 500-560 nm
Ao = 14235; By = 0.354; Cy = 0344 LF'? X c
Aa Cs Vib. No. Approximate cm™! Med. Type Refs.
To = 15911.095(3) gas LF* sym. type of mode meas.
Ao = 10.714; By = 0.361; Cy = 0346 LF*
1 ND stretch 2770m Ar IR 1
3 NB stretch 1963s Ar IR 1
XA Cs
Vib. No. Approximate cm™! Med. Type Refs. References
sym- type of mode meas. IE. R. Lory and R. F. Porter, J. Am. Chem. Soc. 95, 1766 (1973).
a' 2 Bend 537(1) gas LF 1
533.6 Ar IR 2 +
3 CuO stretch 635.1 Ar IR 2 HBS
Ay = 12.426; By = 0.366; C, = 0.354 LF'? B 23+ Cav
= 38000(1 12
References To = 38000(1000) gas PE
M. Trkula and D. O. Harris, J. Chem. Phys. 79, 1138 (1983). Vib. No. Approximate cm™! Med. Type Refs.
2J. W. Kauffman, R. H. Hauge, and J. L. Margrave, J. Phys. Chem. 89, sym. type of mode meas.
3541 (1985).
3C. N. Jarman, W. T. M. L. Fernando, and P. F. Bernath, J. Mol. Spec- I+t 1 BH stretch 2190(100) gas PE 1,2

trosc. 144, 286 (1990).
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A2z Cov

To = 19827 gas EP A-X 479635 nm

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

DRSS | BH stretch 2214.8(4) gas EF 3

I+ 3 BS stretch 1050.9(4) gas EF 3

T 2 2300(200) ns gas EF*

X 21, Cav

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

It 1 BH stretch 2746.8(4) gas EF 3

n 2 Bend 659(1) gas EF 3

t 3 BS stretch 984.1(4)* gas EF 3

Ago = —321.4, ew, = —45(1).2

DBS*

A2z Coov
To = 19913 gas EF®

A-X 462-646 nm

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

It 1 BD stretch 1706.6(4) gas EF 3

I+ 3 BS stretch 1011.1(4) gas EF 3
X2y, Cua,

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

It 1 BD stretch 2071.1(4) gas EF 3

2* 3 BS stretch 933.9(4)" gas EF 3

2975.9(4) in X 2I;; state.
b937-4(4) in X ’H,,z state.
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HCC

3po Rydberg state® C.,
T, = 72100(1300) gas MPI*

Ty = 51387(25)T Ar AB* 195-160 nm

Vib. No. Approximate cm~? Med. Type  Refs.
sym. type of mode meas.
CC stretch 2175(25) Ar  AB 8
Bend 630(25)° Ar  AB 8

J. Phys. Chem. Ref. Data, Monograph No. 3

221m? Doy 22[1-X 250-313 nm

To = 39176 gas LF*%

The observed bands can be assigned™ to transitions between a common
[T upper state and HCC X(0n0),n = 1, 3,5, 7.
r=120ns gas LF*

To=29360 Ar AB*

An absorption band system between 340 and 246 nm, with band spac-
ings of approximately 2700, 1300 and 840 cm~*, which has been ob-
served on vacuum UV photolysis of C;H, in an argon matrix is
tentatively attributed to HCC.

Az Cov
T, > 3400 gas PE*
To < 3800 Ar AB*

In an argon matrix, a complicated absorption band system of HCC ex-
tends from approximately 3600 to 7800.2' 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 spectros-
copy,?* or by time-resolved emission spectroscopy.* Because of the ex-
tensive perturbations and because of the high energy input in the
gas-phase studies, high ground-state vibrational levels are prominent
both in the gas phase!"'41%262732 and jn an argon matrix,2’?!

Quasicontinuous 400-900 nm emission results on 136-110 nm photoly-
sis of C;Hz or HCCBr in the gas phase.>!'"!3!7 The fluorescence life-
times vary from 6 to 20 ps.'"**'7 Unstructured emission from 1 to 5 um
has been detected'® upon 193-nm photolysis of gas-phase C;H,, with
maximum intensity between 3600 and 5000. The HCC fluorescence re-
sulting from the 193-nm photolysis of HCCBr extends from 500 nm to
5 wm,"® with lifetime increasing from ca. 5 ps near 500 nm to ca. 60 ps
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.

X 23+ Cov Structure: MW?!
Vib. No. Approximate em™! Med. Type Refs.
sym, type of mode meas.
n 2 Bend 371.60° gas DL 26,27
I+ 3 CC stretch 1840.57  gas DL 23
1846.2m  Ar IR 1,3,20,
21
A =10 IR"
B()()() = 1.457 MW4'6'7‘9 I..NiRlz
Bow = 1.451 LMR#*
DCC
3po Rydberg state* C.,
Ty = 72100(1300) gas MPI*
To = 51493(25)T Ar AB* 194-170 nm
Vib. No. Approximate cm~! Med. Type Refs.
sym. type of mode meas.
CC stretch 2183(25) Ar AB 8
Bend 520(25)° Ar AB 8
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Fluorescence observed on laser excitation between 34500 and 40000
(250~290 nm) of gas-phase DCC from 2 to 10 ps after its formation by
193 nm photolysis of C;D; has been attributed® to transitions of DCC
between high vibrational levels of the ground state and an undeter-
mined excited state, possibly 2 2/T.

Az Cov

To < 3800 Ar AB%

A complicated absorption band system extends to approximately 7500
in argon-matrix studies of DCC.?' As for HCC, the band system is exten-
sively perturbed by high vibrational levels of the ground state. A few of
the bands, some of which arise from excited ground-state vibrational
energy levels, have been studied in the gas phase using infrared laser
absorption.?>2%.3

X 2z+ Cuy

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

Xt 3 CC stretch 1743.18  gas DL 25

1746.3m  Ar IR 1,3,20,21

By = 1.203 MWw!

* Tentative assignment.

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

¢ Derived from (v; + v3)~[(v2 + v3)—v;]. The detailed assignment of
(v2 + v3) is given in Ref. 27 and that of (v2 + vs)—v, in Ref. 26.
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HCN*

B 2x- Cov

To < 42380(40) gas PE?

A progression with irregular vibrational spacings spanning almost 2 ¢V
in the photoelectron spectrum of HCN has been assigned to this state

of HCN*. A wave packet analysis has been conducted? to provide in-
sight into the structure of the transition.

Ty = 3260(30) gas PE?

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

sym. type of mode meas.

DR | CH stretch 3106(40) gas PE 2

n 2 Bend 428(30)H gas PE 2

3t 3 CN stretch 2098(30) gas PE 2

X Cav

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

sym. type of mode meas.

It 1 CH stretch 3070(30) gas PE 1
3049.9 Ne IR 4

m 2 Bend 760(30)T* gas PE 1

3+t 3 CN stretch 1800(30) gas PE 1,2

DCN*

E 22- CWV

Ty < 41986(40)  gas PE?
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A2x+ Cu, DCP*
To = 3114(30) gas PE?
A 23+ Cev
Vib. No. Approximate cm™! Med. Type Refs. To = 16769.9(2) gas EF? A-X 520-825 nm
sym. type of mode meas.
Vib. No. Approximate cm™! Med. Type Refs.
3t 1 CD stretch 2566(40) gas PE 2 sym. type of mode meas.
n 2 Bend 323(30)H gas PE 2
Z* 3 CNstretch 1904(30) gas  PE 2 3+ 1 CD stretch 2274.4(4) gas  EF 4
i 2 Bend 552.0(1.0) gas EF 4
It 3 C=P stretch 1218.1(4) gas EF 4
X 2" Caev B(] = 0.568 EF3
Vib. No. Approximate cm™? Med. Type Refs.
sym. type of mode meas. Xz Cev
1 CD stretch 23741 Ne IR 4 Vib. No. Approximate cm~! Med. Type  Refs.
3t 3 CN stretch 1686(30) gas PE 2 sym. type of mode meas.
; 1 CD stretch 2356.5(4) gas EF 4
® Ref. * and 2 f .
Ref. 2 gives 298(30) for HCN* and 234(30) for HNC T 5 Bend 499.1(1.0) gas EF 4
References It 3 C=P stretch 1112.4(4) gas EF 2-4
— 3 =
D, C. Frost, S. T. Lee, and C. A. McDowell, Chem. Phys. Lett. 23,472 4 = ~14671(1) EF’, ew, = ~18.7(6) EF*
(1973). B, = 0.528 EF
2C(1§;15‘;h and L. Asbrink, J. Electron Spectrosc. Relat. Phenom. 7, 119 *1159.9 for X 21,

3A. J. Lorquet, J. C. Lorquet, J. Delwiche, and M. J. Hubin-Franskin,
J. Chem. Phys. 76, 4692 (1982).

D. Forney, W. E. Thompson, and M. E. Jacox, J. Chem. Phys. 97, 1664
(1992).

HCP*

A2+ Cav

T, = 16766.4(2) gas EF2* A-X 555-755 nm

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

It 1 CH stretch 2985.6(4) gas  EF 4

nm 2 Bend 706.4(1.0) gas  EF 4
3+t 3 CP stretch 1275.4(4) gas EF 4
72 12(1) us gas EF?

By = 0.669(2) EF°

x z" CQV

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

It 1 CH stretch 3125.1(4) gas EF 4

n 2 Bend 642.3(1.0) gas EF 4

It 3 C=P stretch 1147.1(4)* gas  EF 24

A =-14697(3) EF, ew = —26.4(6) EF*
B() = 0.622(2) EF3

J. Phys. Chem. Ref. Data, Monograph No. 3
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HNC*

In a neon matrix, threshold for photoisomerization to HCN* near
17200.!

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

IR | NH stretch 3365.0s Ne IR 1

n 2 Bend 577.6m Ne IR 1

3t 3 NC stretch 2195.2w  Ne IR 1
DNC*

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

3+t 1 ND stretch 2664.9 Ne IR 1

It 3 NC stretch 2028.1 Ne IR 1
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HFeF HBO
X X Cov Structure: MW?34
Vib. No. Approximate cm™! Med. Type Refs. - N .
sym. type of mode meas. :;l:‘ No. ggzr::xgz(tjee cm Med. ;‘)2:: Refs.
2 Ar IR ‘
gﬁf :ttr';‘:: 1;:(3).0 Pl M 2 Bend 75442 gas DL 6
756.1lm  Ar IR 1,7,8
It 3 BO stretch 1825.56  gas DL 2
References 1822.3s  Ar IR 1,7,8

= 2 3,4
1J. W. Kauffman, R. H. Hauge, and J. L. Margrave, High Temp. Sci. 17, By = 1308 DL'MW

237 (1984).
DBO
HFeCl
X Cov
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. 5+ 1 BD stretch 225353 gas DL S
22589w  Ar IR 1,8
Feflsuetch T8 &r IR 1 I 2  Bend 6076m Ar IR 18
3+ 3 BO stretch 1647.69  gas DL 5
1650.2m  Ar IR 1,8

References By = 1.049 gas MW*

!S. F. Parker, C. H. F. Peden, P. H. Barrett, and R. G. Pearson, J. Am.

Chem. Soc. 106, 1304 (1984). References

'E. R. Lory and R. F. Porter, J. Am. Chem. Soc. 93, 6301 (1971).

%Y. Kawashima, K. Kawaguchi, and E. Hirota, Chem. Phys. Lett. 131,
HFeBr 205 (1986).
%Y. Kawashima, Y. Endo, K. Kawaguchi, and E. Hirota, Chem. Phys.
X Lett. 135, 441 (1987).
*Y. Kawashima, Y. Endo, and E. Hirota, J. Mol. Spectrosc. 133, 116
Vib. No. Approximate cm™! Med. Type  Refs. (1989).
sym. type of mode meas. °Y. Kawashima, Y. Endo, K. Kawaguchi, T. Suzuki, M. Fujitake, and E.
Hirota, 44th Symposium on Molecular Spectroscopy, Columbus, Ohio,
FeH stretch 1738 Kr IR 1 June 1989.

¢J. E. Butler, unpublished data.
’B. S. Ault, J. Mol. Struct. 222, 1 (1990).

References ®L. Andrews and T. R. Burkholder, J. Phys. Chem. 95, 8554 (1991).
1S. F. Parker, C. H. F. Peden, P. H. Barrett, and R. G. Pearson, J. Am.
Chem. Soc. 106, 1304 (1984). HBS
. 1
HFel X Cov Structure: MW
Vib. No. Approximate cm~! Med. Type Refs.
X sym. type of mode meas.
Vib. No. Appioximate cm~! Med. Type  Refs. Z* 1 BHstretch 2735.80  gas IR 2
sym. type of mode meas. 2724 Ar IR 4
3 BS stretch 117239  gas IR 3
FeH stretch 1754 Ar IR 1 1168 Ar IR 4
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DBS
X Cov
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
It 1 BD stretch 207771  gas IR 3
3 BS stretch 1119.98* gas IR 3

* In Fermi resonance with 2v,, at 1098.60 cm ™!
References

!E. F. Pearson and V. McCormick, J. Chem. Phys. 58, 1619 (1973).
2A. G. Maki and R. L. Sams, J. Mol. Struct. 26, 107 (1975).

3P. Turner and I. M. Mills, Mol. Phys. 46, 161 (1982).

“J. D. Carpenter and B. S. Ault, J. Phys. Chem. 96, 7913 (1992).

AIOH

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
To = 40025 gas MPI*
Vib. No. Approximate cm™! Med. Type  Refs.
sym. type of mode meas.
667.5 gas MPI 4
569.3 gas MPI 4
X1z Cov
Vib. No. Approximate cem™! Med. Type Refs.
sym. type of mode meas.
¥ 3 AlO stretch 795.2 Ar IR 1
.

References

'R. H. Hauge, J. W. Kauffman, and J. L. Margrave, J. Am. Chem. Soc.
102, 6005 (1980).

M. A. Douglas, R. H. Hauge, and J. L. Margrave, Metal Bonding and
Interactions in High Temperature Systems, J. L. Gole and W. C. Stwal-
ley, Eds., 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., Fara-
day Trans. 179, 1533 (1983).

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

A GaOH
Ty = 40073 gas MPI* A-X 227-255 nm A'r c
2,3 _ _ . wv
Kr AB A-X 245252 nm A broad absorption with maximum near 256 nm observed in argon and
Vib. No. Approximate om- Med. Type Refs, krypton matrices has been assigned? to this transition of GaOH.
sym. type of mode meas.
X ix+ Cov
OH stretch 32584T  gas MPI 4
807.6 gas MPI 4 Vib. No. Approximate em™! Med. Type Refs.
636.6  gas MPI 4 sym. type of mode meas.
Ir 1 OH stretch 3692 Ar IR 1
X'zt C.. M 2 Bend 4244 Ar IR 1
I+t 3 %Ga0 stretch 613.0 Ar IR 1
Vib. No. Approximate cm~! Med. Type Refs.
sym. type of mode meas.
3+ 1 OHstretch 3719  Ar IR 1 GaOD
3 AlO stretch 895 gas MPI 4
810.3 Ar IR 1 X1zt Cov
Vib. No. Approximate cm™! Med. Type  Refs.
AIOD sym, type of mode meas.
DR | OD stretch 2721 Ar IR 1
B 3 ®GaOstretch 5958 Ar IR 1
To = 41706 gas MPI*
Vib. No. References

Approximate cm™! Med. Type  Refs.
sym. type of mode meas.

570.8° gas MPI 4

J. Phys. Chem. Ref. Data, Monograph No. 3

'R. H. Hauge, J. W. Kauffman, and J. L. Margrave, J. Am. Chem. Soc.
102, 6005 (1980).

M. A. Douglas, R. H. Hauge, and J. L. Margrave, J. Chem. Soc., Fara-
day Trans. 1, 79, 1533 (1983).
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InOH

A'n Cov

A broad absorption with maximum near 271 nm observed in a krypton
matrix has been assigned? to this transition of InOH.

x 12"’ CNV

References

K. M. Ervin and W. C. Lineberger, J. Phys. Chem. 95, 1167 (1991).
2D. Forney, M. E. Jacox, and W. E. Thompson, J. Mol. Spectrosc. 153,
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HCO*
Vib. No. Approximate cm™! Med. Type  Refs. _
sym. type of mode meas. X Ceov Structure: MW?2-*
n 2  Bend 421.8 Ar IR 1 Vib. No. Approximate em~! Med. Type  Refs.
I+ 3 InO stretch 522.8 Ar IR 1 sym. type of mode meas.
3+ 1 CH stretch 3088.74  gas LD,CC 5,6,15,16
InOD 1 2 Bend 829.72  gas DL 10,11
n 3* 3 CO stretch 218395 gas DL 78,14
X ’2"' Cev B() = 1.488 sz-t
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas. DCO*
* 3 InO stretch 595.7 Ar IR 1 X Cos
References Vib. No. Approximate cm~! Med. Type Refs.
sym. type of mode meas.
!R. H. Hauge, J. W. Kauffman, and J. L. Margrave, J. Am. Chem. Soc.
102, 6005 (1980). DR | CD stretch 2584.56  gas DL 12
2M, A. Douglas, R. H. Hauge, and J. L. Margrave, J. Chem. Soc., Fara- /1 2 Bend 647(25) gas  PE 1,13
day Trans. 179, 1533 (1983). Xt 3 COstretch 190406 gas DL 9

HBF*

X Cav Structure: MW?2?

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

It 3 BF stretch 163322  gas DL 1

By = 1212 IR'MW??

DBF*
By = 0972 MW
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HCC"

Threshold for electron detachment from ground-state HCC- =

23950(50) gas PE!

X Cov

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

I 2 Bend 505(20) gas PE 1

I+ 3 CC stretch 1800(20) gas PE 1

1773.0T Ne IR 2

By = 1201 MW2-4
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HCS* DNC
X Cov X Cov
Vib. No. Approximate cm~! Med. Type Refs. Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas. sym. type of mode meas.
DIRS | CH stretch 314168  gas CcC 4,5 It 1 ND stretch 2787.07  gas IR 3,6
n 2 Bend 766.45  gas DL 3 2780.7 Ne IR 9
2769s Ar IR 2
By = 0.712 MW!'2DL*CC* 2733s N,  Ar IR 1
2728s N IR 2
References I 2 Bend 374s Ar IR 2
413s N,  Ar IR 1
!C. S. Gudeman, N. H. Haese, N. D. Piltch, and R. C. Woods, Astro- 432s N, IR 2
phys. Lett. 246, 147 (1984). 3 NC stretch 1938.7 NEs IR 9
M. Bogey, C. Demuynck, J. L. Destombes, and B. Lemoine, J. Mol. 1940w Ar IR 2
Spectrosc. 107, 417 (1984). 1940w N, Ar IR 1
3p. B. Davies and W. J. Rothwell, J. Chem. Phys. 83, 1496 (1985). 1937w N IR 2

“N. H. Rosenbaum, J. C. Owrutsky, L. M. Tack, and R. J. Saykally, J.
Chem. Phys. 83, 4845 (1985).

SN. H. Rosenbaum, J. C. Owrutsky, and R. J. Saykally, J. Mol. Spec-
trosc. 133, 364 (1989).

HNC

ZI

To = 32850 gas AB’ A-X 250-305 nm

Vib. No. Approximate cm~! Med. Type Refs.
sym. type of mode meas.
CN stretch 1005 gas uv 7

X Cay Structure; MW*S

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

sym. type of mode meas.

It 1 NH stretch 3652.66  gas IR 3,6,8
3643.1 Ne IR 9
3620s Ar IR 2
3583s N, Ar IR 1,2
3567s N, IR 2

n 2 Bend 464.24 gas IR 8
477s Ar IR 2
535s N, Ar IR 1
559s Na IR 2

It 3 NC stretch 2023.86  gas IR 8
2025.4 Ne IR 9
2029w Ar IR 2
2032w N2 Ar IR 1
2035w N IR 2

By = 1.512 MW‘IR®

J. Phys, Chem. Ref. Data, Monograph No. 3

By = 1273 MW*
2 Tentative identification.
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HNSI

x CQV

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

sym. type of mode meas.

I 1 NH stretch 3588.44  gas EM 2
3583 Ar IR 1

nm 2 Bend 523 Ar IR 1

Xt 3 NSi stretch 1198 Ar IR 1

By = 0.634 gas EM*MW?

DNSi

x CWV

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

sym. type of mode meas.

3t 1 ND stretch 2669 Ar IR 1

nmn 2 Bend 395 Ar IR 1

I+ 3 NSi stretch 1166 Ar IR 1
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HN.*

b 4 Cai Structure: MW‘IR'®

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

it 1 NH stretch 323396  gas CCIR  511,12,14
n 2 Bend 686.80  gas DL 8,10
3 NN stretch 225787  gas DL 6

By = 1.541 MW!4PDLY[R'?

DN.*

X CQV

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

1 ND stretch 263698  gas LD 7

n 2 Bend 543.18  gas DL 9,10
¥+ 3 NN stretch 2024.04  gas DL 6,10

B() = 1.286 Ni\\ﬁ"3
References

'R. J. Saykally, T. A. Dixon, T. G. Anderson, P. G. Szanto, and R. C.
Woods, Astrophys. J. 205, 1101 (1976).

’T. G. Anderson, T. A. Dixon, N. D. Piltch, R. J. Saykally, P. G. Szanto,
and R. C. Woods, Astrophys. J. 216, L85 (1977).

3K. V. L. N. Sastry, P. Helminger, E. Herbst, and F. C. De Lucia, Chem.
Phys. Lett. 84, 286 (1981).

*P. G. Szanto, T. G. Anderson, R. J. Saykally, N. D. Piltch, T. A. Dixon,
and R. C, Woods, J. Chem. Phys. 75, 4261 (1981).

5C. S. Gudeman, M. H. Begemann, J. Pfaff, and R. J. Saykally, J. Chem.
Phys. 78, 5837 (1983).

®S. C. Foster and A. R. W. McKellar, J. Chem. Phys. 81, 3424 (1984).

"D. J. Nesbitt, H. Petek, C. S. Gudeman, C. B. Moore, and R. J.
Saykally, J. Chem. Phys. 81, 5281 (1984).

¥T. J. Sears, J. Opt. Soc. Am. B 2, 786 (1985).

°T. J. Sears, J. Chem. Phys. 82, 5757 (1985).

0], C. Owrutsky, C. S. Gudeman, C. C. Martner, L. M. Tack, N. H.
Rosenbaum, and R. J. Saykally, J. Chem. Phys. 84, 605 (1986).

13, C. Owrutsky, E. R. Keim, J. V. Coe, and R. J. Saykally, J. Phys.
Chem. 93, 5960 (1989).

!2T. Nakanaga, F. Ito, K. Sugawara, H. Takeo, and C. Matsumura,
Chem. Phys. Lett. 169, 269 (1990).

BW. C. Ho, C. J. Pursell, D. P. Weliky, K. Takagi, and T. Oka, J. Chem.
Phys. 93, 87 (1990).

“E. R. Keim, M. L. Polak, J. C. Owrutsky, J. V. Coe, and R. J. Saykally,
J. Chem. Phys. 93, 3111 (1990).

HOC*
X Coav Structure: MW!-3
Vib. No. Approximate cem™! Med. Type  Refs.
sym. type of mode meas.
DA | OH stretch 3268.03  gas LD 4
By = 1492 MW'!?LD*
DOC*
X Cay
By = 1274 MW?
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HOSI*
X Cey Structure: LD,DL!
Vib. No. Approximate cm™! Med. Type  Refs.
sym. type of mode meas.
it 1 OH stretch 3662.36  gas LD 1
3 SiO stretch 1127.01  gas DL 2
By = 0.609 LD'DL?
DOSi*
X CEV
Vib. No. Approximate cm™! Med. Type Refs,
sym. type of mode meas.
1 OD stretch 2716.56  gas LD 1
3 SiO stretch 1103.11  gas DL 2
By = 0.541 LD'DL?
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HCO X 2A' —Continued
3pcH Cav Vib. No. Approximate cm~! Med. Type Refs.
To = 45540.1(3.3) gas MPI*2028 3p?I-X 187-222 nm sym. type of mode meas.
Vib. No. Approximate  cm™! Med. Type  Refs. 2 Bend 1080.76  gas UVLMR ;’363
sym. of mode meas. LS, )1
e LF 25,26
I 2 Bend 799.9(1.4)° gas  MPI 28 1087s Ar IR 5
3* 3 CO stretch 2177(3) gas MPI 20 1090s CO IR 24
3 CO stretch 1868.17  gas IR 12,23
A =093); e =007l gas MPI LMR 13,25
1861vs CO IR 2,4
B2’ C, Ao = 24329, By = 1494; Cy = 1399 UV'SMW!*

Ty = 38695.453(3) gas EMCLF®*MPI®SEP¥

B-X 235-410 nm

38595(35) Ar  ABSM B-X 210-260 nm DCO
38567(35) CO AB® B-X 210-260 nm
Vib. No. Approximate  cm™! Med. Type  Refs. 3p 20 Cav
sym. type of mode meas. To = 45444.0(3.6) gas MPI**2 3p?M-X 187-229 nm
a’ 1 CHstretch 2597.1(20) gas  EMLF 6,25,30 Vib. No. Approximate  cm~! Med. Type  Refs.
MPI 29 sym. type of mode meas.
2570(29)  Ar AB 5,11
257029) CO  AB 5 oI 2  Bend 645.5(1.6)* gas  MPI 28
2 Mixed 1381.6(2.0) gas LF,MPI 25,29,30 3+ 3 CO stretch 1900(5)  gas MPI 20
1375(35) Ar  AB 511
1375(35) CO  AB 5 A = 09Q3); € = 0069 MPI*
3 Mixed 1065.6(2.8) gas LF,MPI 25,29,30 B = 1.221(12) MPI*
1035(35)  Ar AB 5,11
103535) CO AB 5
B’ C.
Ay = 16.039(5); i(Bo +27Cu)= 1.151; }(Bo - Cu) = 0.022 LF* To = 38628.4(2.0) gas MPI®
™ = 432)ns gas LF 38568(70)  Ar ABS B-X 200-260 nm
38569(35) CO AB? B-X 204-260 nm
A2A"(I) C..,
To = 9297(3) gas AB'*LF*? A-X 460-860 nm  Vib. No. Approximate cm~! Med. Type  Refs.
Bands with K' > 0 are diffuse. sym. type of mode meas.
Vib. No. Approximate  cm™! Med. Type  Refs. a’ 1 CDstretch 1944.2(2.0) gas  MPI 29
sym. type of mode meas. 2 Mixed 1212.9(2.5) gas MPI 29
1150(35) Ar AB 5
a’ 1  CHstretch 3319(3) gas  AB 1,38 , 115035) €O AB 5
2 Bend 805 g AB 138 3 Mixed 922.1(1.6) gas MPI 29
3 COstretch 18122 gas AB 138 925(35) Ar AB 5
925(35) CO AB 5
T = 46(4) ns LF¥
By = 1.34 UVI3#
A2 () Ca,
X2 Cs Structure: MW7’ UV* To = 9162(3) gas UV!'3SLF22 A-X 460-860 nm
Bands with K’ > 0 are diffuse.
Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas. Vib. No. Approximate cm™! Med. Type Refs.
sym. type of mode meas.
a’ 1 CH stretch 243448  gas LF,PE 17,18,25
DLLD 22,26 3t 1 CD stretch 2547(2) gas uv 1,3,8
IR 23 T 2 Bend 641.7(7) gas UV 138
2483m  Ar IR 5
2488m (6] IR 4 By, = 1.10 UV
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X 2a’ C,
Vib. No. Approximate cm~? Med. Type Refs.
sym. type of mode meas.
a’ 1 CD stretch 1909.77  gas LMR,LF14,26
1926s Ar IR 5
1937s (6[0) IR 4
2 Bend 846.5 gas UV,LF 13,826
850s Ar IR 5
852s CO IR 2,4
3 CO stretch 179459  gas LMR,LF14,26
1803m Ar IR 5

1800m Cco IR 24

Ao = 14.734; By = 1.281; Cy = 1.171 UVI38MW2!

u(l)z.
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HCF*

X o}

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

sym. type of mode meas.

a’ CF stretch 1368m Ar IR 1

DCF*

X ol

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

sym. type of mode meas.

a’ 3 CF stretch 1369m Ar IR 1
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HNO*

X ol

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

a' 2 Bend 1090(40) gas PE 1

3 NO stretch 1960(29) gas PE 1

DNO*

X G

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

a2 Bend 870(40) gas PE 1

3 NO stretch 1920(40) gas PE 1
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HCF

Structure: AB'LF>¢
Ty = 1727747 gas AB!CL’LF>* A-X 429-635 nm
17320(15) Ar AB? A-X 469-546 nm

Evidence has been obtained®® for perturbation of the 4 state by high
vibrational levels of the ground state and by the low-lying triplet state.

AAr C

XA’ (o
Vib. No. Approximate cm™! Med. Type  Refs.
sym. type of mode meas.
2 Bend 1046m Ar IR 2
3 CF stretch 1193(25) gas PE 12,14
1183m Ar IR 2

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

sym. type of mode meas.

a’ 2 Bend 1021.26  gas ABLF 17
1000(20) Ar AB 2

Ay = 25.69; By = 1.162; Cy = 1.107 AB'LF®

mn = 2.45(10) ps gas LF*

7 = 2.57(16) us; 7» = 12.5(8) ps gas EM"

aca C,

Ty = 5210(140) gas PE'214

Vib. No. Approximate cm~! Med. Type Refs.
sym. type of mode meas.
a’ 2 Bend 1047(25) gas PE 14

3 CF stretch 1232(25) gas PE 14

X C.  Structure: AB'LF*SSEP"
Vib. No. Approximate cm~! Med. Type Refs.
sym. type of mode meas.
a’ 1 CH stretch 2643.04  gas SEP 11
2 Bend 1403.20  gas AB,LF 1,7
SEP 11
1406vw  Ar IR 2
3 CF stretch 1189(25) gas PE 12,14
1181.5m  Ar IR 2

Ay = 15.563; By = 1.223; Cy = 1.129 AB'LF°SEP!!

DCF

A A" Cs

Ty = 17293.426(3) gas CL’LF® A-X 460-585 nm

Ao = 8.828; By = 1.120; Cy = 0.990 LF®
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HCCI

z 1 A" Q

Ty = 12274 gas AB'LF* A-X 550-820 nm
Ar  AB? A-X 570-750 nm

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

sym. type of mode meas.

a’ 2 Bend 865T gas AB 1

855(50) Ar AB 2

Barrier to linearity = 2250 !

a ‘A C,
= 5,6
Vib. No. Approximate cm~? Med. Type Refs. Ty = 1470(880) gas PE
sym. type of mode meas.
Vib. No. Approximate cm™! Med. Type Refs.
a’ 2  Bend 780(5) gas  CL 3 sym. type of mode meas.
Ay = 15.10; By, = 1.014; C, = 0.945 LF® a' 3 CClstretch 850(60)  gas PE 5,6
aA C,
Ty < 5140(700) gas PE'? XA’ C:  Structure: AB'LF’
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’ 2 Bend 834(25) gas  PE 12,14 a’ 2 Bend 120lwm  Ar IR 2
3 CFstretch 1216(25) gas  PE 12,14 3 CClstretch 810(25) gas  PE 56
815s Ar IR 2
Ag = 15.759; By = 0.605; Cy = 0.581 AB!LF?
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DCCI
A ar G

Ty = 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
XA C,

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

a' 3 CCl stretch 805s Ar IR 2

Ay = 8.75; By, = 0.557; Cy = 0.525 AB!
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HCBr

a ‘A" C,
T, = 910(770) gas PE!?

HCI

a’'a Cs
To < 3150(700) gas PE'?

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

a’ 3 CI stretch 637(80) gas PE 2

<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>