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Introduction

The study of rotational and vibrational-rotational spectra of polyatomic molecules in the gas phase
has long been of fundamental importance for determining the exact molecular geometry in various vi-
brational states, for obtaining information on the internal force field, vibrational-rotational interaction
parameters, dipole moments, calculating thermodynamic functions from structural and vibrational data,
and, in general, for obtaining information on the relationship between the structure and physical proper-
ties of a molecule.

The importance of studying vibrational-rotational states of polyatomic molecules has recently in-
creased markedly due to the advent of high-resolution spectroscopy and significant advances in theoret-
ical and experimental studies of the fine structure of vibrational-rotational spectra of molecules.

The analysis of the electromagnetic spectrum of a molecule allows us to obtain information about
its energy levels, and the position of these energy levels directly depends on the internal physical char-
acteristics of the molecule. Thus, the analysis of molecular spectra makes it possible to extract a variety
of physical parameters describing the internal properties of molecules. Moreover, the information ob-
tained from spectra is characterized by a high degree of accuracy and is important for a deeper under-
standing of the internal properties of molecules [1].

The structure and properties of a molecule depend directly on its symmetry. This dependence is
displayed in high-resolution spectra, and thus, the study of spectra of molecules of different symmetries
requires the use of special methods and approaches, as well as taking into account known peculiarities
and possible difficulties. For example, when studying the spectra of molecules belonging to the class of
spherical top (for which all three moments of inertia are equal), traditional methods and approaches,
such as the combination difference method, are inapplicable. Due to the high (e.g., tetrahedral, Tq4) sym-
metry of spherical tops, the spectra of such molecules exhibit the so-called “tetrahedral splitting”, which
greatly complicates the mathematical description of such spectra. The presence of “hot” bands in the
spectra complicates the lines interpretation in the spectrum, since the spectrum becomes very dense; the
lines are mixed and sometimes completely overlap.

Molecules belonging to the class of asymmetric top (all three moments of inertia are unequal) have
a weak degree of symmetry. Their study can be complicated by the presence of lines belonging to the
“hot” bands. A correct and complete study of such spectra requires specially selected experimental con-
ditions capable of reducing the influence of the presence of hot bands.

Among molecules of the asymmetric top type, a particular place is occupied by molecules in de-
generate electronic states. The study of such molecules requires a special approach to the description of
non-singlet electronic states. At present, there is a lack of guaranteed accurate methods for describing
the spectra of these molecules to fulfil the need for highly accurate quantitative information on the
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parameters of spectral lines. Therefore, there is a need to develop specific methods that can theoretically
justify the behaviour of the current high-resolution experimental spectra of such molecules.

These difficulties, as well as the mentioned practical significance of the information obtained by
analysing spectra for various fields of physics, chemistry, materials science, biology, astronomy and
atmospheric optics determine the relevance of the topic of the research carried out within the framework
of the thesis. The work is devoted to obtaining new high-precision information by investigating high-
resolution spectra of spherical and asymmetric top molecules, as well as developing new and improving
existing methods for analysing spectra of molecules in non-singlet electronic states. Thus, the aim of
this work was formulated:

+ Obtaining theoretical data on the line positions corresponding to vibrational-rotational transitions
in the spectra of SiF4, CDa4, C2D4, CIO2 molecules and their isotopologues for further solution of the
inverse spectroscopic problem and obtaining the parameters of the effective Hamiltonian for excited
vibrational-rotational bands.

+ Obtaining theoretical spectra of the “hot” bands of the SiFs molecule using the obtained experi-
mental values of the effective Hamiltonian parameters of combination bands.

« Obtaining theoretical data on the line intensities corresponding to vibrational-rotational transi-
tions in the spectrum of SiHs molecules to obtain dipole moment parameters.

Achieving the set goals requires the solution of several tasks:

1. To analyse the line positions of vibrational-rotational spectra of combination bands of SiF4,
CDy4, C2Dg4, ClIO2 molecules and their isotopologues.

2. Solve the inverse spectroscopic problem for the studied bands.

3. Using the obtained spectroscopic parameters for the SiF4 combination bands and XTDS soft-
ware package calculate the positions of the lines and construct the theoretical spectrum of the “hot”
bands of this molecule up to 14 polyad.

4. Obtain new high-precision spectra of the ground state of SiH4 molecule, analyse the intensities
of the spectra lines to improve the data on the dipole moment parameters.

The methods of quantum mechanics, group theory and the apparatus of the theory of irreducible

tensor operators were used to solve the set problems.



6
Chapter 1
Methods of theoretical study of vibrational-rotational molecular spectra

This chapter provides fundamental information related to the theory of vibrational-rotational spec-
troscopy of polyatomic molecules. In particular, the fundamental principles underlying the theoretical
description of a molecule as a quantum system, on which the methods of theoretical modelling of the
energy structure of molecules are based, are discussed, and tools for the analysis of molecular spectra
with low and high degree of symmetry are reviewed. These aspects are considered to be an essential part
of the overall methodology and are the basis for understanding the results and conclusions presented

hereafter.
1.1. The vibrational-rotational Hamiltonian of a molecule

Transitions between different quantum states of a molecule, which are studied in vibrational-rota-
tional spectroscopy, represent the results of time-evolution of a molecular system during non-destructive
interaction with electromagnetic radiation. For an isolated molecule, such processes can be described by

the time-dependent Schrodinger equation:

inl = gy (1.1.1)
at
where W is the total time-dependent wave function depending on the coordinates g of the system of
particles and time t.

Typically, spectroscopy uses non-relativistic Hamiltonians that have the following form:
H = Tnucl + Tel + V, (112)
where Tnuet and Te are the operators describing the kinetic energy of nuclei and electrons; V is the po-
tential energy operator of the molecule, which includes the electric attraction energy of electrons to

nuclei and the repulsion energy between electrons and nuclei. As the potential energy operator V does

not depend on time, we can use the time-independent Schrodinger equation. Let us write the operators

Z o> o (1.1.3)
Truet == my axN ayN 0zz )

Thuel, Ter and V as follows:
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where my and me are the masses of nuclei and electrons, respectively; zn is the charge of the nuclei; rap
is the distance between particles a and b. Note that xn, xi are the coordinates of nuclei and electrons in
the Cartesian space-fixed system (SFS).

Although expression (1.1.2) for the Hamiltonian in terms of space-fixed coordinates of atomic
nuclei and electrons has a simple form, its numerical integration will be very complicated even for a
simple molecular system. Furthermore, we know from physical experiments that bonding electrons hold
the atomic nuclei of a molecule in a configuration with approximately fixed bond lengths and valence
angles. From the point of view of classical mechanics, such a system of atomic nuclei and electrons can
exhibit translational and rotational motion in space: the atomic nuclei can oscillate in the configuration
given by the electronic structure of the molecule; the electrons of the molecule can move around the
atomic nuclei.

The quantum mechanical description of these motions should yield the vibrational, rotational and
electronic energy levels and the corresponding wave functions of the Schrodinger equation for this sys-
tem. The most convenient approach to solving this problem is to develop a model for the motions of a
molecule which would allow for description of such a system in terms of its translation, its overall rota-
tion, the vibration of its atomic nuclei and its electronic motions. This can be achieved by replacing the
space-fixed coordinates of the atomic nuclei and electrons with a new system of coordinates that refer
to a movable system of x, y, z axes fixed at the centre of mass of the molecule. The movable system of
X, Y, z axes will follow the movement of the whole molecule and will be bound to the rigid equilibrium
configuration of the atomic nuclei, i. e. all components of the angular momentum of the equilibrium
configuration with respect to the x, y, z axes will disappear. Therefore, we will call the system of x, y, z
axes a molecular fixed system (MFS).

The resulting Hamiltonian then assumes a more complicated form than that corresponding to eq.
(1.1.2), but a clear physical interpretation can be given to its individual terms occurring. Furthermore,
successive approximations to the complete vibrational-rotational Hamiltonian can be found. This has the
advantage that the Schrédinger equation in the simplest approximation frequently has a simple analytical
solution which can be used in solving the problem to higher approximations by a standard perturbation

or variational approach.
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One of the most successful coordinate transformations, by which it becomes possible to separate

different types of motions in a molecule, is the transformation [1]:
Xng = Ry + Z kapTg, (1.1.4)
B

Xig = Ra + Z kaﬁfiﬁ'
B

Here xy,, and x;, are the components of the vector describing the N atom and the i" electron in
the Cartesian coordinate system; R, is the vector of the origin of the molecular-fixed coordinate system
relative to the space-fixed system; k. are the directional cosines matrices of the angles between the axes
of the old and new coordinate systems (also known as the Euler angle functions). The molecular-fixed
coordinate system is defined so that its origin is at the centre of mass of the whole molecule, which can

be written as:

Z myfyg + Z mefip = 0. (1.1.5)
N i

Here ;z represents the coordinate component of the i electron in the molecularly fixed system;

we give below the expression for the coordinates 7y of the N™ atom:

1
fNﬁ = flsﬁ + Z mNleﬁ,lQ,l, (116)
A

where Q; represents the vibrational coordinates.

The constants 7yz and lyg, are usually arbitrary, but they are chosen based on mandatory condi-
tions:

1. fiyp corresponds to iy, when the configuration of the nuclei are in equilibrium;

2. the axes of the molecular fixed coordinate system coincide with the principal axes of inertia of

the molecule when the configuration of the nuclei are in equilibrium;

3. the vibrations are normal;

4. the Eckart conditions are satisfied.

Since the coordinates of Q are independent, these conditions can be expressed mathematically as

follows:

Z myfyg + Z mefip =0, (1.1.7)
N i

Z MmySaSp = 0,0 % B, (1.1.8)
N



D bvealvay = Sy (119)
1
z m2 Ly, = 0, (1.1.10a)
N
1
> eapymiitglig = 0, (1.1.10b)
NBy

The conditions (1.1.10a) and (1.1.10b) are called the first and the second Eckart conditions [2].

Here g4p, is a completely antisymmetric tensor, i. e..

O0,ifa =B, =yora=y;

1lif a, B,y is a cyclic permutation of indices x, y, z;
Eapy
—1 for all other cases.

Thus, the coordinate transformation (1.1.4) is given explicitly.

However, we note that the presented scheme for introducing new coordinates has a significant
disadvantage: to determine the coordinates of electrons and nuclei, it is necessary at each moment to
know not only the configuration of the nuclei, but also the location of all electrons with respect to the
nuclei, since the position of the centre of the new coordinate system is located at the centre of mass of
the entire molecule. As a result, the problem becomes much more complicated.

Therefore, the most correct definition of the new coordinates is when ryz and r;z are counted from
the centre of mass of the nuclei rather than the whole molecule. In this case, the expressions for the

transformation of coordinates will be written in the following form:

1 m
Xnag = Ry + z kep (rﬁﬁ + Z:mNZleQ/1 _ WO rig | (1.1.11)
B A i

and

«=Re +Zk(w re, MZr]ﬁ , (11.12)

where ryg and r;z are the positions of electrons and nuclei relative to the centre of mass of the molecule’s

nuclei.
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Now that we know the mathematically expressed rules (1.1.11), (1.1.12) for the coordinate trans-

and

: . , .,
formation, we can determine the transformation law for the momentum operators Py, = —ih ™
Na

. Let us use the fact that these formulas were obtained from the polynomial [3]:

m m
L =27€xl?+27’vva+v, (1.1.13)
i N

The transformations for expressing the classical quantities Py, and P;, through the corresponding

. 3]
Pia = —lha

Xia

quantities in the molecular coordinate system are shown in detail in [4]. Thus, the expressions for the

operators take the following form:

m
Py = ﬁePa + Z kapPip, (1.1.14)
P P + Z kaﬁ Z m lNﬁlP)L + Z Z mN/ ZNBAEA“.UWSQHN,; (1.1.15)
vé Au
véx Yox

Here Mn = ),y my is the total mass of all nuclei; P, = —ih a%’ P, = —ih %; Lys are the elements
a A

of the matrix of inverse moments of inertia; &7, are the Coriolis constants expressed through the con-

stants of the oscillation forms:

uzh = z I 155 8 (1.1.16)
()

Iyg = ap Z my Z(rNy)z Z MyTNaTNg > Z ay?Qy; (1.1.17)

N, are operators having the form N, = J, — G, — L., where J,, expresses the components of the total an-
gular momentum; G, = X, (j‘#Q,lPﬂ are components of the vibrational angular momentum; L, =
X.py €apy 2i Tip Py are components of the electronic angular momentum. It should be noted that the ap-
pearance of the last term in eq. (1.1.15) is due to the fact that the centre of mass of the whole molecule
does not coincide with the centre of mass of the nuclei. However, in the further application of the Born-

Oppenheimer approximation, the masses of electrons are assumed to be infinitesimal compared to the
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masses of nuclei, and thus the centre of mass of the molecule coincides with the centre of mass of nuclei,
and the last term in the formula disappears.
To obtain the Hamiltonian expressed through the coordinates of the molecular-fixed coordinate
system, we will use directly the eq. (1.1.11), (1.1.12), (1.1.14) and (1.1.15). After the simplification
procedure, taking into account the symmetry of the matrices (1.1.16) and (1.1.17), we obtain the final

expression for the operators:

Pyo = —P + z kop Z mN lNﬁyP,l — Z mNeﬁ],XrNy )'(’5 INg ¢, (1.1.18)
yéx

Taking into account the fact that at transition to a new coordinate system the normalisation condi-

tions of the wave functions change [5], the final Hamiltonian will take the following form:

H= ZZM zmelsz 21‘1/1N2<2 > Zpl (1.1.19)

+EZ(]a — Gy — La)ﬂaﬁ(]ﬁ - Gﬁ - Lﬁ) +V.
ap

Here, the first term describes the translational motion of the molecule as a whole; the second term
describes the Kinetic energy of the electrons; the third term, due to the difference between the centre of
nuclei mass and the whole molecule, is responsible for the mass isotopic energy shift; the fourth and
fifth terms describe the vibrational motion of the nuclear frame and its rotation in space, respectively;
the operator V represents the potential energy operator of the electric attraction of electrons to nuclei and
the repulsion energy between electrons and nuclei.

It should be remembered that the transformations of the Hamiltonian described above are valid
only for nonlinear molecules. This is due to the fact that, unlike a nonlinear molecule, a linear molecule
can be defined in space not by three but only by two coordinates, which essentially affects the formulas
for transforming the coordinate and momentum operators; in addition, one of the moments of inertia of
a linear molecule turns to zero.

As mentioned above, a molecule can be considered as a set of electrons and nuclei bound by Cou-
lomb forces. The Schrodinger equation for such a general model of the molecule as a whole allows one
to obtain spectroscopic information on molecular states, but it turns out to be inconvenient even for
preliminary evaluations and qualitative discussions. Therefore, in such cases one turns to particular
model which will be discussed further below [6].

The vibrational model describes a molecule as a set of material points bound together by elastic

forces. The rotational model of a molecule can be thought of as a set of material points fixed relative to
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each other in an equilibrium configuration. From the point of view of such a “rotational” model, the
molecule can be considered as a spinning top.

The electron model assumes that nuclei are fixed in an equilibrium configuration and electrons
move in their Coulomb field. In many cases it can be considered that the states of nuclei motion corre-
sponding to a given electronic state are determined by the Schrédinger equation for nuclei, in which the
potential energy operator is taken to be the corresponding adiabatic potential. In a two-atomic molecule,
the displacements of the nuclei from the equilibrium position are described by a single coordinate defin-
ing the change of the internuclear distance, and, in this case, the adiabatic potentials are described as
curves in the plane (Figure 1.1(a)). For a polyatomic molecule, the space of coordinates describing the
displacements of the nuclei relative to each other is multidimensional, and the adiabatic potentials are
hypersurfaces in this space (Figure 1.1 (b)).

The concept of potential hypersurfaces, the intramolecular potential function (IMPF) and the equi-

librium structure of a molecule in quantum mechanics is described using the Born-Oppenheimer approx-

imation.
E F 3
1
E, D »]
a. Adiabatic potential of a diatomic molecule b. Adiabatic potential of

the captopril molecule [7]

Figure 1.1 — Graphical representation of IMPF.

In this approximation, it is assumed that the molecular wave function can be written as

Y = WeWyibProt and thus the energies due to each type of motion are additive:

E= Eel + Evib + Erot (1120)

The application of the Born-Oppenheimer approximation leads naturally to the description of the

molecule as a rigid rotor — the rotation is considered separately from the vibrational motion of the nuclei,
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which will be further described as a perturbation. The largest contribution to the energy of the molecule
is given by the electron motion around the nuclei, followed by the contribution of nuclear vibrations and,
finally, by nuclear rotation. The basis for the possibility of such a classification is the comparative values
of nuclear and electronic masses.

It can be shown that the Hamiltonian in such a case breaks into parts differing by the order of

smallness:
H=He+ Hi+H: (1.1.21)
where
1 2 (1.1.22)
H, = 5m, Z P+ Vg (r,Q), 1
1 2
z.uaﬁ(/a a)(]ﬁ _Pﬁ) +2 m+§2 Py, (1.1.23)
a

2
HZ = ﬁz (Z m) Zz,uaﬁ L LB (]a a)Lﬁ a(]ﬁ Gﬁ)) (1-1-24)

l

Note that the obtained eigenfunctions and the values of the Hamiltonian He depend parametrically
on the distance in Arnk of the molecule. The error introduced by using this approximation is much
smaller than the errors introduced by other approximations.

The fact that in this approximation the IMPF is the same for all isotopic modifications of the mol-
ecule allows us to use experimental information on all possible isotopologues to analyse vibrational-

rotational spectra, thereby increasing the accuracy of the spectroscopic problem being solved.
1.2. Elements of isotopic substitution theory

The concept of “isotopic effects” implies a change in certain properties of the molecules under
study when one type of nuclei is changed from one to another. To solve many problems of vibrational-
rotational spectroscopy, it is necessary to estimate spectroscopic parameters, spectral line parameters,
and knowledge of molecular constants. One of the effective tools for obtaining this kind of information
is the isotopic dependence of the mentioned parameters, which allows one to work under conditions with
no initial data on the molecule under study.

The kinetic isotope effect arises mainly due to changes in the ground vibrational states caused by
isotopic perturbation along the minimum energy path of the potential energy surface, which can only be

explained by quantum mechanical treatment of the system.
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The dependence of molecular parameters on atomic masses such as harmonic frequencies, anhar-
monic constants and others is determined in the potential function according to the fact that the normal

coordinates

1
Vo= Vots ) w03+ ) Kiyn0iQuQy + (L21)
2 v

are functions of atomic masses. Consequently, if we find the relationship between the normal coordinates
of isotopic molecules, we can obtain isotopic relations for the given constants in a general form. Thus,
if we find the relationship between the normal coordinates of isotopic molecules, we can obtain isotopic

relations for the above constants in a general form.

Let
H P (12.2)
() = Z 2my TV O -
and
P}
H'(x) = Z 4V (aw,); (1.2.3)
& 2m'y

are the Hamiltonian of the basic molecule and its arbitrary isotopic modification, respectively. Here xy_

5]

is the coordinates of N™ nuclei of the molecule with my mass, Py, = —ih ”
Na

. The Hamiltonians given

in this form are convenient at studying isotope substitution, since only the kinetic part is a function of
masses. The potential energy does not depend on masses and, hence, is invariant under isotope substitu-
tion.

Thus, the Hamiltonian of an isotope-substituted molecule can be represented as:

H' =H _ MPZ =H h
(x) = H(x) pTe——— (x) + h, (1.2.4)
Ng

where the contribution responsible for all isotope substitution-related effects is explicitly identified. To

solve the problem, it is necessary to make a transition from the Cartesian coordinates x,_ of the space-

fixed coordinate system to the system associated with the molecule.

It is convenient if the corresponding molecular coordinate system satisfies the Eckart conditions
and the requirement of normality of vibrational coordinates. It was shown in [8] that such a transfor-
mation leads the Hamiltonian H'(x) into the Watson Hamiltonian (see eq. (2.1.3)). Similar transfor-

mations of coordinates:
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1
r,Nﬁ = z m,Nzl,NBAQI/D (125)
A
X =Ra+ ) Kapr'ng, (12.6)
B

transform the Hamiltonian of the isotope-substituted molecule H'(x) into the Hamiltonian of Watson's
species. The transformation parameters (1.2.5), (1.2.6) satisfy the corresponding Eckart conditions
(1.1.7)—(1.1.10) and the normality requirement of the coordinates for an isotope-substituted molecule
(Q').

Note that such transformation of coordinates is not the only one leading to the Hamiltonian of the
isotopomer in the Watson form. First one can perform any standard coordinate transformation and ex-
press the Hamiltonian H'(x) in these coordinates. The result will be the so-called “intermediate” Hamil-
tonian. In this case, following that the set of standard coordinate transformations forms a group, then,
consequently, there will be such a transformation that will allow one to pass from the “intermediate”
coordinates to a set of variables satisfying the Eckart conditions for the isotopologue of the molecule. In
this case, the “intermediate” Hamiltonian is transformed to the Watson's one. Thus, the transition from
the H'(x) operator to a Watson's operator can be carried out in several ways with obtaining some “inter-
mediate” Hamiltonian. The possibility of gradual transformation of the Hamiltonian with introduction
of an intermediate becomes important in connection with the following circumstances. As it was shown
in [8], the Hamiltonian of an isotopologue can be represented in the form (1.2.4). Therefore, if the normal
coordinates of the parent molecule are chosen as “intermediate” coordinates, the operator h will depend
only on the constants of the parent molecule and the atomic masses, i. e., the constants of vibration forms
Inw, the parameters of equilibrium configurations réy,, moments of inertia, harmonic frequencies, and
anharmonic constants. By defining the second transformation, one can immediately obtain the Hamilto-
nian of the isotope-substituted molecule in Watson form. If we preserve the dependence of the “inter-
mediate” Hamiltonian on the constants of the basic molecule, then, when comparing it with the Watson
operator of the basic modification, we obtain the desired isotopic relations.

As noted in [8], in the theory of isotope substitution it is very important to know the relations
between the vibration form constants of the basic and isotope-substituted modifications. In this case,

these relations take on the form:

Z N[

m
Uieya = Z K&y m lkauPay- (1.2.7)
N
apu

Here indices N, K denote atoms of the molecule; parameters belonging to the substituted molecule
are marked with “*”; indices a, S, y denote x, y or z components of the corresponding vector quantity;

A, 1, v number different normal vibrational coordinates; my and m'n represent the nuclear masses of the
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original and isotope-substituted molecule, respectively. The values K¢, (the index “€” corresponds to
the equilibrium nuclear configuration of the molecule) are the elements of the matrix defining the rota-
tion of the molecular coordinate system during the transition from the original to the isotope-substituted
modification. The £, values are elements of the matrix inverse of the a;, matrix, where the last defines
the transition from the normal coordinates of the original isotopologue to the substituted one. The ele-

ments of the matrix o can be determined from the following relations:

m
Z Ay Ay = Alu = z m_/I;IVlNa)llNaw (1-2-8)

v Ng
_ !
Z Alvmavu - a/lyW w
v

leading to the known equation:
det{AW — W'} = 0. (1.2.9)

Here A is a matrix with elements A;,; W and W' are diagonal matrices with elements W, = w%8;, and
W', = w'%5;,, respectively; w; and ", are the harmonic frequencies of the original and isotope-substi-
tuted molecules.

Using the isotope substitution theory, the Hamiltonian parameters were theoretically predicted to
simplify the solution of the inverse spectroscopic problem. As an example, the parameter calculations
for the vibrational state (vs = vi2 = 1) of the C2D4 molecule are given.

Due to isotopic substitution, the spectroscopic parameters of the C.D4 molecule vibrational states
undergo significant changes relative to the corresponding parameters of the main modification. To con-
trol the solution of the inverse spectroscopic problem, the values of the main rotational parameters (A,
B, and C) of the vibrational state (vs = vi2 = 1) were theoretically calculated.

Let us use the dependence [9] of rotational constants A, B and C on vibrational quantum numbers
known in the literature:

B, =B§—Zaﬁz(m+@>+'“ (1.2.10)
- 2
The choice of axes is conditioned by the I"-representation (I, < Ix < ly) of the A-reduced Watson

operator. BE are the values of the rotational constants for the equilibrium configuration, o are the co-

efficients taking into account the anharmonicity corrections to the rotational constants, v, are the quan-
tum numbers v1, Va, ..., Viz, d; is the degeneracy multiple of the A™ vibration.

Numerical values of the rotational constants B¢ = 0.976 cm ™ (A parameter), By =0.810 cm ! (B

parameter), B¢ = 4.776 cm™* (C parameter) for the main modification of CoHa, as well as Bf =
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0.716 cm™, B¢ = 0.551 cm™*, B¢ = 2.401 cm™* for the isotopologue C2Da were obtained by solving the
system of equations (1.10)—(1.14) from [4]. The values of the rotational constants A = 4.90502 cm™%, B =
1.006238 cm™%, C = 0.82347 cm* of the vs + vi2 band for the main modification were taken from [10].
Let us take into account that in case of isotopic substitution of C2D4 «— C2H4 the coefficient ag;
for the CoD4 molecule is two times smaller than the corresponding coefficients o for the CoHs molecule
[10], i. e. the relation is valid:

1

Using equations (1.2.10), (1.2.11), as well as numerical values of equilibrium rotational constants
for the main modification of C,H4 and isotopologue C2Da, the values of rotational constants A =
247 cm™, B=0.73cm™, € =0.56 cm™ for the vibrational state (vs = vi2 =1) of the C2D4 molecule were
obtained. As can be seen, the Bs parameters for the main modification differ on average by a factor of
0.6 from the corresponding B parameters for the C2D4 molecule, which further confirms the presence

of a strong isotope substitution effect during deuterium-substitution.
1.3. Irreducible tensor operators theory

Describing quantum systems, the mathematical apparatus based on the theory of operators is used.
The concept of operator is widely used in quantum mechanics and quantum field theory. For application
to the problems of molecular spectroscopy, operators of physical quantities and wave functions are rep-
resented in the form of linear combinations, and such combinations can be transformed by irreducible
representations from the symmetry group of the system under study. Symmetrized combinations of op-
erators are called irreducible tensor operators. Mathematical operations with irreducible tensors differ
from the rules of ordinary algebra. The greatest contribution to the development of the mathematical
apparatus of irreducible tensor operators for application to the problems of molecular spectroscopy was
made by K. T. Hecht [11, 12].

The set of orthonormal functions can be considered as a vector in the n-dimensional vector space
Ln. At operations g from the group G of linear transformations of space L, an arbitrary vector x with
components x; (i =1, 2, ..., n) transforms into some other vector x' = gx, which components are related

to the components of the original vector by the transformation

X'y =gx; = Z Tij(9)x;. (1.3.1)
J
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The products of two arbitrary vectors x (xi) and y (yi) of space L for operations g € G will transform

according to the law:

X'y’ =gy = z Ti(9) Tij (@) Xy = z Ter15(9) X Y1, (1.3.2)
Kl ol

where matrix Ti,ij(g) is the direct product of matrices Tw and Tij. The set of n? quantities transformed by
the operation g, as well as n? products xiyi of the coordinates of two arbitrary vectors x and y of L, is
called a tensor of the second order. Hereafter we will denote it as Aj;.

A tensor Ajj is called symmetric if the equality Aij = Aji holds. If Ajj = —Aji, the tensor Ajj is called
antisymmetric. Any tensor Ajj of the second order can be represented as the sum of its symmetric and
antisymmetric parts.

Similarly, we can introduce a I order tensor Aiir..;, defined as a set of n' quantities

Aititz...it = [Thes xj(,’:), changing at g transformations (1.3.1) of the vector space according to the law:

l
A,iliz---il = z (1_[ Tjkik(g)) Ailiz...il' (133)
k=1

i1i2---il
The entire set of transformation matrices (1.3.3) for different transformations g € G forms a rep-
resentation of the group G. Such a representation is called a I order tensor representation. This repre-
sentation is in general reducible since it is a product of | n-dimensional representations of (1.3.1).

The irreducible symmetry tensor I' of a group G of linear transformations is the set [I'] of values

! transformed under operations g of a group G by the irreducible representation T' of a group G:

¥l = TF = ) Tioul, (13.4)
j

where [I'] is the dimension of the representation. The set [I'] of values s} is called an irreducible tensor
set of functions.

For irreducible tensors, algebraic operations such as tensor summation and tensor binding (convo-
lution) are defined.

As a result of the summation of the tensors ¢ and s transformed by the same irreducible repre-
sentation T of the group G, we obtain an irreducible tensor, which is transformed according to the same
irreducible representation T': ¢! + ¢f = /.

As a result of binding (convolution) the tensors qbl?’ tand LIJ?Z, we obtain an irreducible tensor trans-

formed by an irreducible representation T' € D¥1 x DYz in the form of
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XS [0 X Wl = > @l R, (135)
ij
where 1%/ are the Clebsch-Gordan coefficients [13].

Similarly to the definition (1.3.3), a tensor operator is a set of operators linearly mutually trans-

formable under linear transformations of the space in which these operators act.

An irreducible tensor operator is a set of operators Pl.(r) transformed under the operations R of the

space symmetry group by the irreducible representation T' of this group:

RPOR = Z[TF R)1P". (1.3.6)
k

For irreducible tensor operators, summations and combining are also defined, which have exactly
the same form as for irreducible tensors, if the quantities ¢! + (! and x’ are treated as operators. It is
clear that irreducible tensor operators can be multiplied by numerical constants.

Describing quantum phenomena, the advantages of using the formalism of irreducible tensor op-
erators are largely determined by one of the main theorems of the formalism — the Wigner-Eckart theo-
rem [14]. According to this theorem, any matrix element from the operator of any physical quantity can
be divided into two factors: the Clebsch-Gordan coefficient and the so-called reduced matrix element,
depending on a particular kind of operator basis:

(Wht o IPIWT2 ) = FPn oWt PR g2, (1.3.7)

where v, vz are all other, except for the symmetry indices y and o, indices characterising the function .
The value (qui |PF|¢§§) in equation (1.3.7) is called the reduced matrix element, which is the character-

istic value of the set of matrix elements. Its value does not depend on the choice of the basis of the group
representations. To calculate the reduced matrix element, it is enough to calculate the simplest, from the
point of view of calculations, matrix element (Y}, |Pf|W}?, ), and then, knowing the corresponding
Clebsch-Gordan coefficients, by formula (1.3.7) we can calculate all other matrix elements with the
given values of indices y1, y2 and T'.

Thus, the Wigner-Eckart theorem provides a significant simplification of the procedure for com-
puting matrix elements allowed by the symmetry of the problem and reduces this procedure to the com-

putation of standard sums of products of Klebsch-Gordan coefficients.
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1.4. The vibrational Hamiltonian considering tetrahedral splittings

In the spectra of molecules possessing a high degree of symmetry (which symmetry groups are
isomorphic, for example, to the Tq group), so-called “tetrahedral” splittings are observed. When describ-
ing the spectra of such molecules, it is necessary to use a mathematical model that takes into account
these splittings. The Hamiltonian of a molecule, in accordance with the general vibrational-rotational
theory, can be written in the form of a set of effective operators or the so-called effective operator ma-

trices:

HYO=TOt = N o) [HY, (14.1)
v,vr

where the operators H"" depend only on the rotational operators J,, summing over all degenerate and
interacting states; |v) and (v'| are vibrational functions, which must have the properties of irreducible
tensor sets belonging to the symmetry group of the molecule. In other words, the Hamiltonian can be
written taking into account the symmetry properties of rotational operators and vibrational functions in

the following form:

Hvib-rot. — z Z[(Iv ly) @ (v' I y’l)"F®H;}{y,v,l,y,]A1, (1.4.2)

vly,vrlryr nl*
where, according to the existence of five irreducible representations of the group Tg, the indices y, y’and
I" can take the values A1, Az, E, F1and F.. Thus, different combinations of indices y, y"and I' in expression
(1.4.2) lead to different kinds of rotational operators.

Further we consider in detail the problem of constructing the part of the Hamiltonian which is
responsible for the tetrahedral splittings. In this case, the problem is solved using the operator perturba-
tion theory, where the types of operators are determined from the conditions of the full symmetry of the
Hamiltonian and the knowledge of the symmetry of vibrations.

From the rotational-vibrational theory, it is known that any molecule of n atoms has 3n — 6 vibra-
tional degrees of freedom. However, due to symmetry in XY 4 type molecules, nine vibrational degrees
of freedom correspond to four normal vibrations: v1, v2, v3 and va (this will be shown in more detail in
section 3.1.1). As shown in [15], ten parameters of the tetrahedral splittings G22, Gz, Gaa, Gaa, Saza, Tas,
Taa, Taa, T2z and To4 are sufficient for a correct description. The required operators take the following
form:

1. The operator responsible for G2.-type splittings:

2
Hy = dzzzz(Q%1 + Q%Z) + V35 (1.4.3)
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2. An operator that associates splittings with the parameter Gas, Gaa:

Hy =BG Y &, (QuP, + QuB) + dians, (03, + 03, + 03) + Vs
uv

(1.4.4)

where A = 3 or 4, Vs is the cubic part of the intramolecular potential function V3™, B is the equilibrium

rotational parameter, &, is a completely antisymmetric tensor, and d;;,,, is one of the quartic anhar-

monicity parameters (see [11, 12]);

3. The splittings associated with the parameter Gz4 are represented as:
B 2
H; = 5534 + 2B{3(4 + V3;
4. The operator responsible for the Tss and Tas splittings is signed as:
Hy = da, (@4, + 03, + 03, — 302,02, — 302,02, — 302,03 ) + Vs;

2 takes values of 3 or 4;

5. For Tz and T4, splittings, the operators take the following form (1 = 3; 4):
Hsq = d3344,[3Q2:Q5x + 3Q4,Q3, + 304,03, —
—(Q3x + Q3y + Q3)(Qéx + Q3 + Q) —
—40Q3x03yQax 04y — 403xQ3,04xQaz — 403y03,04yQaz] + V3

and

Hg)p = d2244t[Q12Q22(Q)2lx + Q}ZLy) +(Q3; — Q%z)(Q,%x + Q/%y - ZQ/zlz)] + Vs,
respectively;

6. The operator responsible for Sz4 type splits is written out as:

He = d3344x[(Q3xQ4x + 03504y + QszQ4z)2 -

1
-3 (Q%, + Q3, + 0%,)(Q2, + Q% + Q2,)] + Vs.

1.5. Vibrational polyads

(1.4.5)

(1.4.6)

(1.4.7)

(1.4.8)

(1.4.9)

Consider a molecule with N different normal modes of vibrations (which can be degenerate). The

vibrational level (vi, vo, . . ., vn) belongs to the polyad P if the vibrational quantum numbers vi (i =1, .

.., N) satisfy the relation:

(1.5.1)
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where (i, i2, . . ., in) are N integers chosen to define the polyad scheme. A simple example is the methane
molecule (CH4). This molecule has N = 4 normal modes of oscillation: v1 (non-generated), v2 (doubly
degenerated), v3 and v4 (triply degenerated). It is known that their frequencies satisfy the approximate
relation:

V1= V3= 2vy = 2vs. (1.5.2)
Thus, the vibrational levels of methane are grouped into polyads using a polyad scheme:

(i1, i2, 13, 12) = (2,1, 2, 1), (1.5.3)
In other words, the polyad Pn describes all vibrational states satisfying the condition:
n=2vi+vy+2vs+ vy, (1.5.4)
which leads to the standard polyads for methane (Figure 1.2; see Figure A.1 (Appendix A) for an exam-
ple of polyads for the SiF4 molecule): Py with two vibrational levels (upper states of the v2/vs dyad), P2
with five levels (upper states of the vi/va/2v2/2va/v2 + va pentad), etc.

The polyad scheme, defined by a set of integers (i, iz, . . ., in), allows us to simplify the study of
any system of vibrational levels, even for molecules that do not have a clear polyad scheme.

p—

&%
T—

P

Po

Figure 1.2 — Graphical representation of energy levels grouped into polyads Po — Pa.
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Chapter 2
Theoretical study on high-resolution spectra of asymmetric tops: C2D4 u ClO2 molecules

This chapter is devoted to the theoretical study of asymmetric top molecules, namely, to the study
of the vibrational-rotational spectra of the fully deuterated ethylene isotopologue C2D4 and the molecule
in the non-singlet electronic state chlorine dioxide CIO2. At the beginning of each section, a literature
review is given, as well as information from the theory necessary to describe the spectra of asymmetric

top molecules.

2.1. Ethylene C2D4

As one of the most important objects of study in various fields of science, ethylene is of great
interest for high-resolution spectroscopy. Found not only in the Earth's atmosphere, this gaseous sub-
stance has also been detected in interstellar space, planetary nebulae [16], the atmospheres of giant plan-
ets such as Saturn, Jupiter [17], and the atmosphere of Jupiter's satellite Titan [18, 19]. Ethylene plays a
role as a hormone in plant biochemistry, naturally diffusing into the ambient air and affecting atmos-
pheric chemistry and global climate [20-22]. Therefore, many laboratory studies have been devoted to
analysing the positions and intensities of the spectral lines of this molecule [23-29]. Speaking of the
fully deuterated ethylene isotopologue C2D4, along with other types of deuterated ethylene, it should
always be taken into account for the correct determination of the intramolecular potential function of
this molecule, as well as when analysing the distribution of H and D atoms in the process of isotopic
substitution [30].

2.1.1. Description and theoretical background of the deuterated ethylene molecule

The ethylene molecule C2Ds is an asymmetric top molecule which asymmetry parameter is
k=~ (2B —-A-C)/(A—-C)=-0.817, and the symmetry group is isomorphic to the point group Dzn. This
group is characterised by the symmetry properties shown in Table 2.1, where columns 1-9 show the set
of irreducible representations and characters of the D2n group; column 10 shows the symmetries of the
rotational operators J, and the directional cosines k.4, and column 11 shows the symmetries of each of
the 12 vibrational coordinates g of the molecule C,D4. Absorption transitions in this molecule are pos-
sible only between vibrational states whose symmetries /" and /™ have different indices “U” and “g”
denoting, respectively, symmetric and antisymmetric vibrations with respect to the inversion centre i. In
addition, transitions from the ground vibrational state are only allowed to the upper vibrational level
with symmetry type By, Bou Or Bau. Transitions to the upper vibrational level Ay are forbidden by
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symmetry and can only occur in the spectrum as a result of Coriolis-type resonance. Column 10 also
shows that transitions from the ground state to vibrational co-states like Ag, B1g, B2g Or B3g are completely
forbidden due to symmetry properties and due to the absence of interaction between states with different
indices “U” and “g”.

By analysing Table 2.1, we can describe the selection rules and symmetry type for different bands:

1. The By, < Ag bands belong to the c-type and are characterised by the following selection rules:
AJ =0, +1; AK; = odd; AK. = even.

2. The Bay < Ag bands belong to the b-type and are characterised by the following selection rules:
AJ =0, £1; AKy = AK¢ = odd.

3. The Bay < Ag bands belong to the a-type and are characterised by the following selection rules:
AJ =0, £1; AKa = even; AK. = odd.

Table 2.1 — Symmetry types and characters of irreducible representations of the D2n group.

Repr. | E | oy | ox | oy [ Ca(z) | Cay) | Cax) Rot. Vibr.
1 2 3 4 5 6 7 8 9 10 11
Aq 1 1 1 1 1 1 1 1 d1, g2, O3
Ay 1] -1 1] 1] 1 1 N
Big 1 1 -1 -1 1 1 -1 =1 Jy, ky 0s, Js
By 1| -1 1 1 -1 1 -1 -1 g7
Bog 1| -1 1 -1 1 -1 1 =11 Jx K Os
Boy 1 1 -1 1 -1 -1 1 -1 09, Q10
Bsg 1] -1 -1 1 1 -1 -1 11 Jz kz
Bau 1 1 1 -1 -1 -1 -1 1 011, 012

Thus, the studied states must be described using a Hamiltonian that takes into account resonance

interactions between different vibrational states. This model of the Hamiltonian has the following form:

2
prot—vib. — Z |U>(17|Hm7, (2.1.1)

v,v

where the summation is over all vibrational states, and H"? is represented as follows:

(2.1.2)
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where W are matrix elements of the diagonal operator; F is the Fermi resonance interaction operator; C
is the Coriolis interaction operator. The diagonal blocks of the Hamiltonian describing the rotational
structure of unperturbed vibrational states are taken in the form of the Watson operator [31]:

Y = Y 4 [ -2 > (B + C")]]ZZ + % (B” +C")J* + % (B” + CY)J3, — (2.1.3)
—AR A2 =A%t — SR I% ], — 26717k +

+HJZ + HyyJ2)% + HEJZT* + HPJ® + (Rl + hid2)? + T %), +

HLRJ? + Ling) 21 + L2 1* + L 21® + LJE + URJE +Jkdz)? + Thd 2l + 1708 0% ], +

+PRJ;0 + PRx )2 + PRIST* + Piz]® + Sklz? + Sk Jz°)% +

where J2, = JZ —J; and [4, B], = AB + BA; J,(a = x, y, z) are the components of the angular mo-
mentum operator defined in the molecularly fixed coordinate system; E is the vibrational energy; A, B,

C are rotational constants; A;, A, Ag, 8k, 6k are centrifugal distortion parameters of the fourth degree
and Hy, Hy;, Hj, H;, hy, hyi, by are centrifugal distortion parameters of the sixth degree.

As for non-diagonal blocks, based on symmetry considerations, it can be shown that the three
operators describing the Coriolis interaction (resonance between states of different symmetries) should
be written in the following form [31]:

Hy5(v # ) = YPFy + "PFjZ + YPFJ* + -+ "PF, (JE - J2) + (2.1.4)
+ 1]ﬁFny‘UZZ' (]9% _]32/)}+ + ZvﬁF]xyjz(]J% _]32/) +

1. Coriolis a-type interaction between the (vio = 1, B2y) and (v7 = 1, Byy) states:

= i Hy + e dy] Hog + H3 [ )] + (2.1.5)

+[if, U2 =D Hyy + Hy [0, U2 = 3], + -~

2. Coriolis b-type interaction between the (vio = 1, B2y) and (v4 = 1, Bsy) states:

Hyp = i Hy + H il + [y 1] HY + HZ[)y )] + 2.1.6)

+Hife U2 = J2)], Hey + HiD i U2 = J2)], +

3. Coriolis c-type interaction between the (vio = 1, Bay) and (vi2 = 1, Bsy) states:
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Hyy = i, HY + HDi, + U J 1 HE + H2 [, 1] + (2.1.7)

+ity, G2 = JB HS + HP [y, U2 = J2)], +

2.1.2. Results of the study of the vibrational-rotational structure of the spectra

of the C2D4 molecule. vs + vi2 and vs + v11 combination bands

The spectra of the C,D4 molecule were recorded in the wavelength range 2,900-3,500 cm ™t using
a Bruker IFS 125 HR Fourier spectrometer (Braunschweig, Germany) based on a Michelson interfer-
ometer with a resolution of 0.0025 cm™. The investigated sample was in the gaseous state at room tem-
perature and pressure of 1.05 mbar, the optical path length was 24 m, and the number of scans was 500.
To increase the optical path length, the gas was placed in a stainless-steel White cell. The lines of the
N20O molecule were used to calibrate the spectrum. The average deviation of the N2O line positions from
the line positions published in the current HITRAN database is of the order of 10~* cm™

The recorded spectrum around the vs + v12 band is shown in Figure 2.1, with the centre of the band
located around the value 3,386 cm™. Figure 2.2 shows the spectrum of the band vs + v11 With the centre
near the value 3,203 cm™. Both bands belong to the b-type and are characterised by the presence of
strong R- and P-branches and weak central Q-branches which lines are mostly overlapped by the lines
of the neighbouring R- and P-branches. As described earlier, the following selection rules are used to
analyse b-type bands: AJ =0, £1; AKa= AK¢ =+ (2n + 1), wheren=0, 1, 2, .

The spectra were analysed using the method of combination differences. Note that this method is
one of the simplest, since the exact Rydberg—Ritz combination principle is the only method for line
assignment without any mathematical model representation [32, 33]. The necessary data on the vibra-
tional-rotational energies of the ground state was taken from [34]. The information on the assigned tran-
sitions was then used to determine the energy structure of the (vs = vi2 = 1) and (ve = vi1 = 1) states. The
energies of excited vibrational-rotational levels were calculated as mean values of the energies of several
transitions (P-, Q-, and R-branches) from the ground vibrational state. As an illustration, Tables C.1 and
C.2 (Appendix C) present fragments from the list of assigned transitions for each studied combination
band, where J', K'a, K'c are quantum numbers of the ground vibrational state levels, J, Ka, K¢ are quantum
numbers of the excited vibrational state levels, J is the difference between the experimental value of line
positions and the theoretically calculated one.

As an illustration of the performed assignment, i. e. association of quantum numbers with lines in
the spectrum in Figures 2.1 and 2.2 one can observe the structure of R-branches of the studied band. The
intersection of R-branches for series with different values of the quantum number Ka is clearly tracked.
Along with this, it is necessary to note the following: during the search of JKaJ — Kj
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series one could observe untypical behaviour of lines in Q-branches. For example, for series Ka = 5 the
distance between the lines of the spectrum corresponding to small quantum numbers decreases, and at
J = 13 the Q-branch turns back. This situation appears at close arrangement of energy levels related to
different vibrational states, i. e. in the presence of resonance.

This fact emphasizes the necessity of a comprehensive consideration of correctness of the study
of vibrational states (vs = vi2 = 1) and (ve = v11 = 1) as isolated ones. It is known from the general prin-
ciples of vibrational-rotational theory [4] that the close proximity of bands can lead to a complex spec-
trum picture. Based on this, we can talk about the existence of interactions between the vibrational states
(vs =vi2 = 1) and (ve = vg = 1), which leads to the necessity to use an effective Hamiltonian that takes
resonance interactions into account.

However, without correct theoretical predictions of the parameters of non-diagonal blocks (which
is a nontrivial task), the resonance model of the effective Hamiltonian turns out to be no better (since
the solution of the inverse problem becomes unstable and incorrect) than the model for the isolated state.
At the same time, as shown by the theoretical calculation of the rotational parameters of the band using
the isotope substitution theory method (as mentioned in Section 1.2), the parameters found by solving
the inverse spectroscopic problem (at quantum numbers Ka < 12, J < 22) using the Hamiltonian that
does not take resonance interactions into account and the parameters calculated by the isotope substitu-
tion theory differ insignificantly. On the basis of the above, it is sufficient to consider the investigated
states as isolated ones in order to obtain an appropriate set of parameters.

At the initial stage of solving the inverse spectroscopic problem, the parameters of the ground
vibrational state of the C2D4 molecule were taken from [34] (column 3 in Tables C.3, C.4) as Hamilto-
nian parameters of the first approximation. Then, using a step-by-step substitution of experimental en-
ergies with a weight coefficient of 1, the optimum number of varying parameters was determined (Tables
C.3, C.4, column 2). Thus, 2,080 transitions of the vs + vi2 band and 2,415 transitions of the ve + vi1
band were assigned to the values of the quantum numbers K2 = 12 u K™ = 17, respectively. 529
exact values of the vibrational and rotational energies of the vibrational state (vs = vi2 = 1) and 181
values for the vibrational state (ve = vi1 = 1) were determined. The latter ones were used in the weight
fitting of the parameters of the effective Hamiltonian.

The values of 12 parameters for the vs + vi2 band and 8 parameters for the ve + v11 band obtained
by the fitting method reproduce the experimental energy values with an accuracy of 1.3 - 1073 cm™ for

vs +vizand 1.5 - 1073 cm™ for ve + v11, which is close to the experimental accuracy.
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2.2. Chlorine dioxide ClIO2

Significant interest in the physical and chemical properties of chlorine-containing materials was
observed after the discovery of extremely high concentrations of chlorine monoxide CIO at low altitudes
in the stratosphere above Antarctica [35, 36]. Measurements showing the formation of CIO; at night-
time [37] provided strong evidence that the evolution of the Antarctic ozone hole is chemically driven
by chlorine. However, when viewed in another context, chlorine dioxide is of particular importance as
a useful chemical. It is an oxidising agent that is one of the most effective and fast-acting disinfectants,
capable of eliminating bacteria, viruses, biofilms and moulds [38]. Based on the above, chlorine dioxide
ClO2 has been the object of many laboratory studies in analysing rotational [39, 40], electronic [41-43]
and low-resolution infrared vibrational spectra [44, 45]. As for the high-resolution spectra of the CIO>
molecule, they have been considered in a number of papers [46-51], including a recent paper [52] de-

voted to studies of the fundamental v, band.
2.2.1. Theoretical description of molecules in non-singlet electronic states
The chlorine dioxide molecule ClO; is a stable free radical with the ground electronic state X(%B1),
and its symmetry group in the equilibrium state is isomorphic to the point group Coy. This group is

characterised by the symmetry properties shown in Table 2.2.

Table 2.2 — Characters of irreducible representations of the group Co..

Repr. E C Oyz Oxz Basis
1 2 3 4 5 6
A1 1 1 1 1 z
Az 1 1 -1 -1 R:
B, 1 -1 -1 1 X, Ry
B> 1 -1 1 -1 Y, Rx

The theory and methods used to describe the vibrational-rotational structure of polyatomic mole-
cules in singlet electronic states are well developed and widely approved in a large number of studies of
high-resolution spectra. However, these methods cannot provide high accuracy of the results obtained
when studying molecules in non-singlet electronic states because of the presence of strong interactions
between the rotation of the molecule and the spin of the unpaired electron (or electrons). Therefore, for
a correct description of the energy levels of such molecules it is necessary to use an improved, more
complex model of the Hamiltonian, which takes into account spin-rotational interactions in asymmetric
top molecules:

Heff = grot 4 gsp-rot 4 fgsp. (2.2.1)
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where H™" is the usual vibrational-rotational Hamiltonian of the asymmetric top, corresponding to ex-
pressions (2.1.1)—(2.1.4). The most important in expression (2.2.1) is the second contribution, which
describes various spin-rotational effects of interactions. It can be represented as summands of different

order of smallness:

HSP-—rot. — (2)gsp.—rot. 4 (4)pysp.—rot. 4 (6)ysp.—rot. (2.2.2)
where each of the components can be written as:

@HsPTo = gy (NS) + aN,S, + b(NySyx — N, Sy), (2.2.3)

1
WHsPTot = ATNZ(NS) + EA,SVK (N?N,S, + N,S,N?) + AiyNZ(NS) + AfN3S, + (2.2.4)

1
+On(NE + N2)(NS) + 5 8 [(NF + N2), NS,

1
©psp-rot = HSN*(NS) + EH,{,NK [N* N,S,]; + HinyNZNZ(NS) + (2.2.5)

1
+ EHI{)‘IKK[NZNZZJNZSZ]+ + HI%KNNZ‘L(NS) + HigNZ‘LNzSz +

1 1
5 P [(NE + N2, NZNS)], + 5 iy [(NE + NDNZ NS, 1 + By (NE + NN (NS).

The notations correspond to those generally accepted for the description of spin-rotational inter-
actions. Here N+ = (Nx — Ny)/v/2 and N- = (Nx + Ny)/+/2 are the rotational creation and annihilation oper-
ators, respectively; the coefficients Ay, Ay, Avy, A%, 85 and 83 are introduced by analogy with the
corresponding fourth-order centrifugal distortion coefficients of the rotational operator. The last, third
component (2.2.5) depends only on the spin operators and affects only the vibrational energy, so it was
not studied in this work. A more detailed derivation of the Hamiltonian and its matrix elements is de-
scribed in [52].

The 80 nucleus present in the molecule has zero spin and is thus a boson, and the allowed Pauli
full wave function of the 1*0%CI**0 molecule must have A* or A~ symmetry [53]. If we take into account
the symmetry properties of the ground and excited vibrational states, it is easy to conclude that at the
combination of quantum numbers K, + K¢ = “odd”, only transitions of A2(A*) symmetry are allowed, and
at Ka + K¢ = “even”, transitions of B2(B*) symmetry are observed in the spectrum. All other levels are
absent in the spectrum. Thus, in the CIO2 molecule only transitions of the a-type are possible for the

bands investigated in this work. The selection rules in this case will be written as: AN =0, +1,
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AKa = “even”; AK¢ = “odd”; 4/ =0, + 1; 45 = 0, + 1. Note that the presence of a zero value of the spin
of the 1°0 nucleus leads to the absence of half of all possible transitions.

2.2.2. Analysis of the vibrational and rotational structure of the spectra of CIO2 molecule.

Fundamental band vz and combination band v1 + v3

To study the vz and v1 + v3 bands, two spectra in the wavelength range 700-2,100 cm™* were rec-
orded on a Bruker IFS 125 HR Fourier spectrometer (Braunschweig, Germany) with a resolution of
0.0015-0.0030 cm ™. The ClO, sample consisted of isotopologues of **CIO; and *'CIO; in the ratio 3/1
and was placed in a White cell in the gaseous state at room temperature and pressures of 100 and 250 Pa
for the first and second spectra, respectively. The water vapour (H20), carbon monoxide (CO) and car-
bonyl sulphide (OCS) lines were used for calibration. The optical path lengths were 0.23 and 6.4 m and
the number of scans were 400 and 2,000 for the first and second spectra, respectively.

Figures 2.3-2.5 show the spectra of the studied bands with the indication of their centres. As it
was mentioned earlier, the studied bands are a-type bands, so they are characterised by strong R-, P-,
and Q-branches. The spectra were assigned by the previously described combination difference method,;
the values of vibrational and rotational energies of the ground vibrational state were taken from [52].
Considering that in the recorded spectra a large number of lines are overlapped (due to numerous unre-
solved and weakly resolved doublets), the values of the upper spin-rotation energies were determined
using only isolated, unsaturated and non-weak lines.

Thus, using the improved Hamiltonian model, 37 spectroscopic parameters of the vz band (vibra-
tional energy, 3 rotational parameters, 18 centrifugal distortion parameters, and 15 spin-rotational pa-
rameters) were determined from 2,220 values of vibrational and rotational energies due to 5,200 transi-
tions (Table C.5, Appendix C) with maximum values of quantum numbers K, = 21. This set of parame-
ters (Table C.6) allows us to reproduce the experimental values of the upper energy levels with an accu-
racy of dims = 2.4 - 10* cm™,

Using the obtained data of the fundamental v3 band and data on the v1 band [52], 983 energy values
were similarly obtained by analysing the vi1 + v3 band, due to more than 2,000 transitions with a maxi-
mum value of the quantum number K, = 59. A set of 30 spectroscopic parameters (vibrational energy,
17 rotational and centrifugal and 12 spin-rotational parameters (Table C.7)) allows us to reproduce the
values of experimental energies with a standard deviation drms = 2.5 - 10 cm™?, which exceeds the data

known in the literature [51] by almost 35 times.
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Chapter 3
Theoretical study on high-resolution spectra of spherical tops: CD4, SiF4 and SiH4 molecules

This chapter presents the results of vibrational-rotational spectra analyses of spherical top mole-
cules CDs, SiFs, and SiHs. At the beginning of each section, a literature review is given, as well as

information from the theory of describing the spectra of spherical top molecules.

3.1. Deuterated methane isotopologue CD4

The methane molecule, observed in various regions of our Universe, has been the subject of high-
resolution molecular spectroscopy studies for many decades. More specifically, its spectroscopic prop-
erties play an important role in solving the problems of climate change in the Earth's atmosphere [54],
in studies in astrophysics and planetology [55-60], in understanding chemical reactions in the atmos-
pheres of exoplanets [61], and others. At the same time, many studies of the physical and chemical
properties of the planets' atmospheres in the solar system and interstellar space require high-precision
spectroscopic information not only about the CHs methane molecule itself, but also about its various
isotopologues [62—64]. In the field of chemical physics, methane plays an important role as a prototype
with fundamental importance for understanding the rotational dynamics of spherical top [65], for the
development of chemical bonding theory [66] and intramolecular reactions [67], for understanding the
structure of the potential hypersurface [68-70] and the fundamental dynamics of bimolecular reactions
[71-73]. Isotopic substitution theory, being a powerful method for analysing the spectra of polyatomic
molecules, initially requires highly accurate experimental data on both the basic and various isotopically

substituted species of the molecule under study [74, 75].

3.1.1. Theoretical methods for describing the spectra of spherical top molecule methane CD4

CDys is a spherical top molecule with a tetrahedral structure; its symmetry group is isomorphic to
the Tq group. There are five representations in this symmetry group: A1, Az, E, F1, F2. All irreducible
representations of the group are represented as characters in Table 3.1.

By reason of symmetry, molecules of XY type have four normal vibrations: vi, v2, vz and v4. Two
of them correspond to stretching vibrations (vi(A1) non-generate and vs(F2) triply degenerate) and two
to deformation vibrations (v2(E) doubly degenerate and v4(F>) triply degenerate).

Based on the T4 symmetry of the CD4 molecule, transitions in the absorption spectra of this mol-
ecule are possible only between such vibrational states (v/") and (v'7™), for which the condition is fulfilled

QI € F,. (3.1.1)
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Transitions that do not satisfy this relation are forbidden by the symmetry of the molecule, but

they can occur in the absorption spectrum due to resonance interactions between allowed transitions. In

this section, the “allowed” v4 band and the “symmetry forbidden” v, band are presented.

Table 3.1 — Characters of irreducible representations of the T4 group.

Repr. E 8Cs 3C2 6S4 6o4d Basis
1 2 3 4 5 6 7
A1 1 1 1 1 1
Az 1 1 -1 -1 -1
E 2 -1 2 0 0
F1 3 0 -1 1 -1 (Rx, Ry, Ry)
F 3 0 -1 -1 1 X, Y, Z

The effective Hamiltonian (1.3.1) was used to describe the spectra of the CD4 molecule in the

region of the v2/vs dyad. For the dyad of interacting bands v2 and v4 of a molecule of XY, type (Tq

symmetry), the expression (1.3.1) can be represented in the form of:

vib.—rot. _ pyvib.—rot. vib.—rot.
H - HGS + dead

with

N Q ,
HEP=T = " [0000, 4,(0000, 4, [RIKADYSEAD
QK
Hylbrot = Z Z|0100, E) ® (0100, E|RMKDY NS oom +
r QK

A
) (10001, Fy) ® 0001, E;D"@RYED|MYEED |

r QK

kI
Y'(OIOO,E),(OOOLFZ) +

+ 3" '[(10100, £ @ {0001, F; T @RACD]
r QK

A1Y*Q(K,F)
(0100,E),(0001,F,)"

+ Z z[(IOOOLFz) ® (0100, E)T @RI
r QK

(3.1.2)

(3.1.3)

(3.1.4)

All notations in equations (3.1.4)—(3.1.5) are traditional: |0000, 4,), |0100, E) and |0001, F, ) are

the symmetrized vibrational functions of the ground and two single excited vibrational states; R(D

are symmetrized rotational operators; Q is the total degree of the rotational operator J, (« = X, Y, z) in the

individual operator R; K is the rank of this operator, I" is its symmetry in the group Tq. The sign ®
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YQ(K,F)

denotes a tensor product, and the values Y, ,

are different-type spectroscopic parameters (more
details are given in [76-78]).
The shape and absolute line intensity were analysed to obtain the dipole moment parameters of the

molecule. The intensity of an individual line was described as [78]:

8m3v, hcvy ga E,
- 1- (— )]N (——) B, 3.15
Sv0 = ey [ P\ "Gt NN 70y P\ i, ) T (315)

Here vo = (Eg — Ea)/hc is the wave number of the corresponding transition; Eg and Ea represent
the energies of the excited and ground vibrational-rotational states of the transition; ga is the statistical
weight of the nuclear spin (for the CD4 molecule we have ga1 = ga2 = 15, ge = 12, and gr1 = gr2 = 18 for

the rotational symmetry states A1, Az, E, F1 and F2 [79]); Z(T) is the distribution function. The value of

RE = {Aluz'|B)? (3.1.6)

in equation (3.1.6) is the square of the matrix element of the effective dipole moment operator (more
details are given in [80])

' 4 A2 QK(Rnly
= D ()@ I @RAKERT) ) (L7

ViY1VvuYu Tynl- QKK

on the symmetrized lower (A| and upper |B) ro-vibrational wave functions of transition; the values

QK(Knly)

vy, are the so-called effective dipole moment parameters of the band (vupu) < (viyr); indexes |

and u are related to the lower and upper wave functions, and the effective operators R (R.nl'r) have the
form [81]:

ROK(Rnly) — Z EG#FTUTR;?KU?) = Z EG#FTUT(RQ(K)®A(1))2' (3.1.8)
u u

Here K takes the values K — 1, K or K + 1. From the three kzx, kzy, and kz direction cosines opera-
tors it is possible to easily constrain the irreducible tensorial operators A%, following the rules:
1
AP = kg, = cosb, (3.1.9)

+(kzy, ik Fix
E—,ll) = £( Zx\/_i zy) = Fsinfe V2.
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The matrix elements (A|u;'|B) can be calculated using the results of the theory of irreducible
tensor sets [82, 83]. As shown in [81], in molecules of XY, type (of Tq symmetry) for ro-vibrational

transitions from the ground vibrational state these matrix elements can be written as:

(A |‘UZ’|B) — z ACQTSQT BCuSu :'R"uyui]unuyﬂicusu (3110)

04,,Jgrigr¥gr vyl Junu¥l™ 0AL ] grgrYgriCgrSgr
NgrYgrMuYu

In more details all transformations for obtaining matrix elements of dipole moment operators are
presented in [82, 83].

3.1.2. Results of analysis of vibrational-rotational energies and line intensities of CD4 methane

in the region of the v2/v4 dyad

To analyse the positions and intensities of the lines, three spectra of gaseous CD4 (with a percent-
age of the investigated gas sample more than 99 %) were recorded (Figure 3.1) using a Bruker IFS125HR
Fourier Transform Infrared Spectrometer (Braunschweig, Germany) in the wavelength ranges from 800
to 1,400 cm™?. For this purpose, optical single-pass (spectrum I) and multi-pass White cells (spectrum I
and I11) [84], both made of stainless steel, were used. For all spectra a globar multiband infrared radiation
source together with a KBr beam splitter and an MCT detector have been used at an optical resolution
of 0.003 cm™t. The number of scans of at least 700 for each spectrum allowed to additionally improve
the signal-to-noise ratio. For each of spectra I, I, and 11l the pressures were 80, 100, and 352 Pa, respec-
tively; the optical path lengths were 230.500 + 0.200 mm, 4.052 + 0.002 m, and 24.052 + 0.012 m, re-
spectively; and the aperture values were 1.7, 1.3, and 1.7 mm, respectively.

The total linewidth varied between 0.0030 and 0.0049 cm™2. The total line width is dominated by
the Doppler effect, since the width of the pressure line can almost be neglected. Using the Beer—
Bouguer—Lambert law, the line intensity S can be derived from the area of one Aiine absorption line, the

partial pressure p of the gas samples (**CD4 and 3CDy4), the temperature T and the optical path length L:

kT

S =5 Aiine (3.1.11)

with

__1 L(v)
Ajine = m[ log (](V) ) dv. (3112)
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Line intensities were obtained by direct integration of the measured effective line absorption,
which can be well fitted by the Voigt or Hartmann-Tran line profile.

Previously, a study of the CD4 molecule spectra in the region of the strong-interacting bands of
the dyad va/v4 was first presented in [74]. New results on the investigation of the positions of the dyad
lines of interacting states of the main modification are presented in [84]. In the process of analysis, it
became clear that lines belonging to the **CD. isotopologue are present in the spectrum. For this reason,
it was possible to analyse the positions and intensities of not only the basic but also the isotopole-sub-
stituted molecule.

At the beginning of the present analysis of experimental data, assignments of the **CD4 molecule

YQ(K,F)

iy OF the effective Hamil-

transitions have been made simultaneously with the fit of parameters

tonian (3.1.2) using the SPHETOM software package [85], which was tailored specifically for such
studies. In accordance with the general statements of the isotopic substitution theory, the higher order
effective spectroscopic parameters’>*CD4 molecule should be close to the values of corresponding pa-
rameters of 12CD, (at least, the difference between the corresponding parameters of the 1?CD4 and 3CD4
isotopologues should be no more than 8-10 %). For this reason (taking into account that the values of
higher order parameters are very small), it is suitable to put initial values of such higher order spectro-
scopic parameters of [84] as an initial approximation when analysing the isotopologue substituted mod-
ification. The initial values of the main spectroscopic parameters (band centres, Coriolis interaction pa-
rameter, and additions to the rotational parameters of the upper vibrational states) have been numerically
estimated on the basis of formulas and relations from [8]. On this basis, as the result of the analysis, the
689 transitions were assigned with a maximum value of the quantum number J = 23 (compared to the
results known in the literature of 171 interpreted transitions with J™* =12 from [74]) for the v4 band
and 212 transitions were assigned with a maximum value of the quantum number J = 21 for the v2 band
(no data for this band in [74]). The derived result is a considerable extension of the information known
from the preceding studies about spectroscopic properties of v2/v4 bands of the 3CD4 molecule. The
complete list of assigned experimental transitions for these bands within the study of the 3CD4 molecule
spectra is given in the Table D.1 (Appendix D). The data are presented in the formulation of the STDS
software package.

On the basis of the derived information about transition values, a weighted fit of parameters of the
effective Hamiltonian was made. At the first step of the analysis both an assignment and a preliminary
fit of parameters have been made by use of the SPHETOM code. However, the final fit was fulfilled
using the XTDS software [86, 87]. As the result, 18 fitted parameters (1 parameter of the ground vibra-
tional state, 8 and 4 parameters of the (0001, F>) and (0100, E) vibrational states, and 5 Coriolis interac-
tion parameters) were obtained and are presented in Table D.2 column 5 together with their 1o confi-

dence statistical intervals (the latter are shown in parentheses). For comparison, column 6 presents
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parameters previously known in the literature [74]. Column 4 present the parameters from [84], were the
dyad for the main isotopologue 2CD4 was studied. The obtained spectroscopic parameters allow us to
reproduce the experimental positions of the lines with an error of no more than drms = 2.57 - 10 cm™?,
which is close to the value of the experimental error, despite the weak intensity of the studied lines
(Figure 3.2). The accuracy of the obtained results is also confirmed by the consistency of the parameter
values for the basic 2CD4 and isotope-substituted **CD4 modifications of the deuterated methane mole-
cule.

The absolute line intensities of the v4 band of the 2CD4 molecule were analysed in spectrum |.
Spectrum II was used to analyse the line intensities of the weaker v, band. In the first step of the analysis,
the individual intensities of 777 unmixed unsaturated and not too weak transitions of the v4 band and
780 transitions of the v2 band were determined from fitting the contour of the lines to the Hartmann-
Tran profile [88, 89] (as an illustration, Figure 3.3 shows a sample of the shape and intensity fit of an
individual line belonging to the va4 band). The experimental line intensities of the va band of the 3CD4
molecule were similarly investigated (the transitions belonging to the v2 band had too low intensities
even in the strong Il spectrum, so it was not possible to analyse them). In the Tables D.3, D.4 the exper-
imental values of the lines’ intensities of v2/va dyad of the molecule 2CD4 and of va band of the 1*CD.4

molecule, respectively, are presented. The data on the experiment absolute line intensities were then

used to determine the effective dipole moment parameters pﬁ’;ﬁfﬁ?) of the v4 and vz bands of the 2CD4

molecule and of the v4 band of the 13CD4 molecule from the weighted fit procedure. The obtained values

of the effective dipole moment parameters are presented in column 3 of Table D.5.

v2/v 4 901 transitions
B s =BT ¥ 1074, cm™!

10- 1
— 13CD4 = : X ) & X :
|E | X X 2 X ]
L N A
i X |
X )] §%§§§§ %; ]
g ] A ML
®) ) Xx %25 X X i % 1
| 5' X X Xx%§ BéQXXXgX 4
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Figure 3.2 — Fit residuals for line position values and fit statistic for the v, and v4 bands of **CDa.
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Thus, the individual intensity values of the 131 transitions were determined from fitting their shape

QK (K,nTy)

using the Hartmann-Tran profile and then determining the parameters p,,,, .

of the effective dipole

moment (column 4 of Table D.5). As can be seen from the data presented in Table D.5, only the main
dipole moment parameter was varied for the v4 band of the *CD4 molecule, the values of the other
parameters were fixed by the values of the corresponding parameters of the v4 band of the 12CD4 mole-
cule. The error in describing the experimental contours using the obtained parameters did not exceed
5 % for all bands and all isotopologues. The exact values of the errors are presented in the last row of
Table D.5.

3.2. Silicon tetrafluoride — silane SiF4

Silicon tetrafluoride (SiF4) is interesting from both practical and theoretical points of view. It is
used as a chemical reagent to produce high quality semi-conducting silicon epitaxial coatings [90]. This
molecule is formed during volcanic activity [91], and since this gas is involved in the formation of ex-
tremely poisonous hydrogen fluoride (HF) when in contact with hot water and acids [92], it is necessary
to be able to detect this compound in the atmosphere with high accuracy. Geothermal infrared spectros-
copy, utilising radiation from the volcano itself, allows continuous monitoring of SiF4 content in the air
[93, 94]. Thus, better knowledge of spectroscopic parameters is necessary to determine the exact con-
centrations of this molecule.

From the theoretical point of view, the SiFs molecule is a spherical top molecule (STM). The
particular features of STM, which were initially seen as difficulties to be removed, became the motiva-
tion that led to original modelling methods applicable to a wide range of spectroscopic problems [86].
One of the important and challenging problems in chemical physics is the accurate determination of the
intramolecular multidimensional potential surface and dipole moment surface, which can be used in a
variety of numerous applications. Therefore, knowledge of highly accurate spectroscopic information
not only on the basic (*®SiF4) but also on the isotopically substituted modifications (*SiF4, *°SiF) plays
an important role in the complete description of the properties of molecules in the natural isotopic mix-
ture [95].

One of the first theoretical and experimental studies of silicon tetrafluoride was carried out more
than half a century ago [96-98], and mainly concerned not so much the spectroscopic data of the mole-
cule itself as the construction of vibrational frequencies of XY type molecules, the determination of
force constants, and the re-examination of the molecular structure of gaseous SiF. In later papers [99—
101], the authors describe the study of the fundamental v3 band and the 3v3 band, which were analysed
using diode laser spectroscopy with Doppler confinement and sub-Doppler saturation spectroscopy, at-

tributed to infrared and microwave transitions. The next few years of work devoted to the study of this



45

molecule cover some theoretical calculations, improvement of the Hamiltonian model, measurement of
the double resonance and ground state enhancement with the vz band [102, 103]. Thus, the main attention
of researchers has long been focused on the study of the vz band and the ground state, which has influ-
enced the further development of theoretical and experimental methods to study this molecule.

Subsequently, the authors of [104] presented their results on the calculation of the equilibrium
structure, thermodynamic and kinetic parameters of the silicon tetrafluoride molecule. With the devel-
opment of experimental techniques and the theory of describing spherical top molecules [105], a number
of recent works [106, 107] provided more accurate information on the spectroscopic parameters of the
fundamental and overtone states and their combinations, leading to an accurate determination of the
equilibrium Si-F bond length. The first fit of the dipole moment derivative for the vz band of the funda-
mental isotopologue 28SiF4 was performed. Knowing the fundamental bands data, it became possible to
investigate more complex combination bands of the molecule, which is presented in this section of the

work.

3.2.1. Theoretical methods for describing the spectra of spherical top silane SiF4 molecule

Like the CD4 molecule described earlier in this work, the SiFs molecule is a spherical top molecule
with a tetrahedral structure, its symmetry group is isomorphic to the Tq point group. Also, like the me-
thane molecule, by symmetry, the SiF4 molecule has four normal vibrations: vi, v2, vz and v4. Two of
them correspond to valence vibrations (vi(A1) non-generate and vs(F2) triply degenerate) and two to
stretching (v2(E) doubly degenerate and va(F2) triply degenerate).

Based on the theory of symmetry, group theory and their application to molecular spectroscopy,
the basic theoretical model for the description of molecules belonging to one symmetry group (in this
case a group isomorphic to the point group Tq) has the same form, and therefore we will omit the repe-
tition of the main statements from section 3.1. Instead, we will give some peculiarities encountered in
the description of the heavy highly symmetric molecule SiF.

As it has been said before, the silicon tetrafluoride molecule belongs to the type of spherical top
by the ratio between the moments of inertia, and therefore the results of fundamental studies of the
authors [108, 109], as well as the tensor formalism and methods of group theory from [86, 105] are used
for its description. For this type of molecule, there exist approximate relations between the wave num-
bers of its normal vibrational modes, which can then be grouped into vibrational polyads. This approxi-

mate relation can be described through vibrational states:

K =6vy +2vy + 8vz + 3vs, (3.2.1)
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which, thus, leads to polyads typical to the silane molecule (and its fully fluorinated version SiF4): Po
(ground state), P is absent in this case, P> for the v> band, etc. The complete list of vibrational levels
grouped by polyads is shown graphically in Figure A.1 (Appendix A). It should also be noted that simple
calculations in the first approximation by perturbation theory show that the contribution of interactions
between different ro-vibrational modes is negligible for a SiF4-type molecule. Thus, its ro-vibrational
bands can initially be analysed with sufficient accuracy using the isolated state model. Despite this, the
presence of high symmetry leads to another problem, namely the previously mentioned tetrahedral split-
tings in both vibrational and vibrational-rotational states, which make it necessary to use a more complex
Hamiltonian that takes these splittings into account. The Hamiltonian model used to describe the spectra

of spherical top was presented earlier in Section 3.1.1.

3.2.2. Analysis of combination bands spectra of SiFa4

The spectra were recorded using synchrotron radiation to record the far-infrared range (100600
cm™Y) at the AILES station of the SOLEIL synchrotron, and using a broadband infrared source combined
with a different collimator size for the mid-range (600—-2,400 cm™?). The spectra were recorded using a
Bruker 125HR Fourier transform spectrometer. Due to the weak intensity of many of the studied bands
and the large number of “hot” bands, the sample was placed in a cryogenic cell with a long optical path
with a maintained temperature of 163 K. The optical path length was 3 m (93 m for the spectra recorded
in the v, + v4 band region), and the resolution varied from 0.0015 to 0.004 cmt. The sample pressure
was chosen to avoid saturation in the spectra in the region of the v2 band. The number of scans was
varied from 90 to 1,920. The well-studied line data of the CO, and COS spectra were used for calibration.

At the initial stage of the study of combination bands spectra of the SiF4+ molecule, data on the

fundamental bands [107] of this molecule were used as parameters of the effective Hamiltonian of the
first approximation. The lines were assigned using the SPVEIW software package. The XTDS software
package was used to analyse and calculate the energy structure of the vibrational states (vi =v. = 1),
(vi=va=1), (vi=va=1), (v2=v3=1), (v2=vs=1) and (v3 =vs = 1). Both software packages were
developed at the ICB interdisciplinary laboratory of the University of Burgundy (Dijon, France) [86,
87].
The main difficulty in studying the spectra is the presence of a large number of transitions belonging to
the “hot” bands of the SiF4 molecule, despite the experimental conditions chosen in such a way as to
reduce the intensity of these lines in the studied spectra. The presence of “hot” bands can be clearly seen
in the spectrum of the v + v4 band (Figure 3.4). Despite the close location of the ro-vibrational bands
centres, their interaction appears to be insignificant, and therefore all ro-vibrational bands, presented in
this section, were analysed using a theoretical model for isolated states.
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Statistics on the results of combination bands spectra analyses are given in Table 3.2 (column 5

represents the number of parameters fitted in this work).

Table 3.2 — Statistical data on the results of combination band analysis of SiF4 molecule.

Band Band centre, cm‘l Jmax Ntransitions Nparameters drms - 10_3, cm‘l
1 2 3 4 5 6

vi+ V2 1064.2395 78 1,141 6 0.398
vi+v2+vs | 1454.8007 16 135 16 0.429
vi+v3 1828.3546 82 1,334 9 0.563

“vi+vs | 1819.3854 45 198 8 0.665

0y1 + v3 1810.8235 58 267 11 0.478
vi+ Vs 1189.9905 58 1,131 4 0.417
V2 + V3 1294.5825 70 2,907 22 0.445
V2 + vy 653.3963 54 844 19 0.382
V3 + vy 1418.5583 60 2,194 44 0.633
Total 10,151

For the v1 + v3 band (Figure B.1, Appendix B), due to its high intensity, it was possible to analyse
not only the transitions belonging to the main modification of the 22SiF4 molecule, but also for the isotop-
ologues #SiF4 and *°SiFs. The study of the v2 + v4 band was complicated by the presence of closely
located transitions belonging to the “hot” band v3 — v4 (see Figure 3.4), mixed and overlapped with the
lines of the studied band. The spectrum of the vs + v4 band (Figure B.2) consists of four sublevels, which
makes the spectrum very dense. Thus, analysing this band required taking into account the interaction
of the closely spaced four sublevels, which made the task more difficult. The v2 + v3 band (Figure B.3)
was analysed up to a maximum value of quantum number J = 70; the spectra of this band do not contain
lines belonging to “hot” bands or other combination bands. In the spectrum of the v1 + v4 band (Figure
B.4) it was possible to identify a band centre belonging to the 2°SiF4 isotopologue, but due to its weak
intensity it was not possible to analysed. The spectrum of the weak band vi + v> (Figure B.5), which
centre is located quite close to the centre of the fundamental band vs (less than 40 cm™), was analysed,
as well as other combination bands in this study, with a theoretical model that does not take resonance
interactions into account. At the same time, the spectroscopic parameters obtained by fit allow us to
reproduce the experimental positions of the lines with an accuracy no worse than the experimental one.

The obtained combination band parameters allow theoretical calculations of the spectra of “hot”
bands, such as v3 + v1 — v1, v3 + v2 — vo and v3 + v4 — v4 (Figure 3.5). The data on the positions of the lines
corresponding to the “hot” transitions were recorded in the international spectroscopic database

TFSiCaSDa [110].
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Therefore, the spectra of silicon tetrafluoride were analysed in the region of combination bands,
and data on the energy structure of vibrational states (vi=v2= 1), (vi=vz3= 1), (vi=vs= 1),
(va=v3=1), (v2=vsa= 1) and (vz=vs= 1) were obtained. The 10,151 transitions with a value of
Jmax =82 were assigned, which allowed to solve the inverse spectroscopic problem and obtain sets of
parameters of the effective Hamiltonian (Tables D.6-D.12) describing the experimental positions of the
lines with a standard deviation of a few 10* cm™. Fit residuals for certain combination bands are shown
in Figure B.6. The results obtained are important for further high-precision semiempirical determination
of the intramolecular potency function of the SiF4 molecule, as well as for subsequent analyses of the

line intensities of this molecule.

3.3. Silane SiH4

Interest in studies of high-resolution spectra of silane SiH4 is due to several reasons. First, studies
of the high-resolution spectra of the SiHs4 molecule can be useful in studying the composition of the
atmospheres of giant planets such as Jupiter and Saturn [111-114]. The main isotopologue 26SiH4 has
been reported in the interstellar dust formation surrounding the star IRC+10216 [115, 116], which emis-
sion range lies in the far infrared region. Silane, like its tetrafluorinated analogue, plays an important
role as a precursor for the chemical vapour deposition of silicon layers [117]. Therefore, high purity
silicon production processes require control of gaseous silane [118], more often by spectroscopic meth-
ods. On this basis, silane SiH4, while being the lightest of all stable silicon compounds, has been the
subject of numerous studies over the years [119], including high-resolution spectroscopic methods [120-
125].

3.3.1. Study of the shape and absolute intensity of the spectrum lines of silane SiH4

A large cooled multireflective absorption cell was used to record the spectrum in combination with
synchrotron radiation at the “AILES” station of the SOLEIL synchrotron (France). The optical path
length was 93 m. Three spectra of pure gaseous SiHs were recorded at different pressures (12.5, 25 and
50 mbar) and at a temperature of about 160 K. Thus, spectra of both “cold” (ground state) and “hot”
(vs — va3) rotational lines in the range 45-165 cm were obtained.

The absolute line intensities of silane SiH4 were measured for this range for the first time. For this
nonpolar molecule, the effective dipole moment is very small and is due to the effects of centrifugal
distortion. In the initial stage of the analysis, the individual intensities of about one hundred unmixed,
unsaturated, and non-weak lines were determined from fitting the contour of the lines to the Voigt pro-
file. The experimentally derived absolute line intensity data were then used to determine the effective
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dipole moment parameters from the fit procedure with weighting coefficients. The experimental values
of the shape and absolute line intensities allowed us to obtain a set of effective dipole moment parameters
that describe the experimental characteristics of the spectral lines corresponding to the transitions be-
tween the ground state levels and the “hot” band transitions vz — v3 with an error of no more than 5.7 %.
Figure 3.6 shows an example of a cluster of cold transitions R(18) at different pressures compared

to the theoretical calculation using the obtained effective dipole moment parameters (Table 3.3).

Table 3.3 — Parameters of the effective dipole moment of SiH4 in the far infrared range.

(v, y) @', 7) (Q, K, nl) Value, D
1 2 3
(0000, A1) (0000, A1) 2(2,0F2)10° 0.9946(78)
4(2,0F2)107 0.1910(31)
6(2,0F2)10%° 0.5829(28)
drms 5,67 %
o 28SiHy4, cluster R(18) :
P=25mbar, T=295K, L=96m
Resolution 0.001 cm ™!
T — Experiment )
g 0.3+ ---- Voigt
©
IH
3
g
9 0.2
©
=
8 [}
a)
: |
0.1

.

|
107.0 107.2 107.4 107.6

Wavenumber. cm™!

Figure 3.6 — Comparison of experimental and calculated shape and line intensities in the region
of R-branch between the levels of the ground vibrational state.

Experimental conditions are presented in the upper left part of the figure.
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Conclusion

This thesis presents the results of theoretical studies of the spectra of asymmetric and spherical top
molecules in various regions of the far and mid-infrared ranges. An approach based on the theory of
irreducible tensor operators to describe the high-resolution spectra of asymmetric wavelength molecules
in doublet electronic states, which allows to improve the calculation of the positions of the spectral lines
of the fundamental band of the CIO2 molecule by more than ten times, is proposed.

The following tasks were set and solved in the work:

« For the first time, the combination band transitions of the vs + vi2 and ve + v11 bands of the C2D4
molecule, about 4,500 in total, have been determined up to the maximum values of the quantum numbers
Ko™ =12 and Ko™ = 17 for the vs + v12 and ve + v11 bands, respectively.

* The spectroscopic parameters of the C2D4 molecule have been determined for the first time by
analysing the high-resolution ro-vibrational spectra of the vs + vi2 and ve + v11 bands.

* The transitions of the fundamental v3 and combination vi1 + v3 bands of the ClIO2 molecule have
been assigned for the first time, or with much higher accuracy, using a newly proposed approach based
on the theory of irreducible tensor operators for an improved description of the spectra of asymmetric
top molecules in the nonsinglet electronic state, 7,200 in total, up to a maximum value of the quantum
numbers Ka = 21 and Ka = 59 for the fundamental and combination bands, respectively.

* The parameters of the effective Hamiltonian of the CIO> molecule have been determined for the
first time, or with much higher accuracy, based on the analysis of high-resolution vibrational-rotational
spectra of the v3 and vi + v3 bands using the proposed approach to describe molecules in nonsinglet
electronic states, which takes into account spin-rotational interactions in molecules of this type.

» The transitions corresponding to the v2/va dyad of 3CD4 molecule have been assigned for the
first time; the absolute intensities of the v2/v4 dyad transitions of *2CD4 molecule have been determined
with much higher accuracy, and for the first time for the v4 band of **CD4 molecule.

» The spectroscopic parameters of the *CD4 molecule have been determined for the first time, and
the parameters of the effective dipole moment of the vo/va dyad of *>*CD4 molecule and for the first time
for the v4 band of 13CD4 molecule have been determined for the first time, or with much higher accuracy.

» More than 10,000 transition of the combination bands v1 + vz, vi + V3, v1 + va, v2 + v3, v2 + va and
vz + vs4 of the SiF4 molecule have been assigned for the first time up to J™ =78, 82, 58, 58, 70, 54 and
60, respectively; v1 + v3 band transitions were also determined for the first time for the isotopologues
29SiF, and *°SiF,.

* The spectroscopic parameters of the combination bands vi + vz, v1 + V3, V1 + V4, V2 + V3, V2 + v4
and vz + v4 of the SiF4 molecule have been determined for the first time by analysing high-resolution

vibrational-rotational spectra.
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« For the first time for the SiF4 molecule the positions of the lines were calculated and theoretical
spectra of the “hot” bands vs3 + v1 —v1, v3 + v2 — v2 and v3 + v4 — v4 Were constructed with an accuracy
not worse than the experimental one.

* The absolute intensities of the lines corresponding to the transitions between the levels of the
ground vibrational state, as well as transitions of the “hot” vz —v3 band, have been determined for the
SiH4 molecule for the first time.

* For the first time, the parameters of the effective dipole moment of the SiH4 molecule were de-
termined in the far-infrared range, where the lines corresponding to the transitions between the ground
state levels and the transitions of the “hot” vz — v3 band are located.

Practically, the obtained results can be used as follows:

« Information on the structure of high-resolution spectra of SiHa, SiF4, CDs, C2Ds, CIO2 and their
isotopologues is an essential addition to existing databases of vibrational-rotational spectra of molecules
and can be used in a wide range of practical applications of fine structure information on molecular
spectra.

* The developed approach for the analysis of free radicals of the asymmetric tops in non-singlet
electronic states can be used to analyse the spectra of various molecules belonging to the mentioned
class.

Subsequent studies that serve to develop the selected topic include:

* The study of the combination bands 2vs and 3vs of the SiF4 molecule, so the investigated range
will cover 24 polyads of the SiF4 molecule.

« Obtaining experimental values of intensities of individual lines belonging to the SiF4 molecule,
which will complete the data on the dipole moment parameters of this molecule.

« Publication of papers on new data obtained.
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Appendix A. Figure for Chapter 1
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Figure A.1 — Vibrational levels of SiFs molecule.

The red solid line indicates the previously investigated bands; the blue solid line — the bands that
are planned to be investigated in the future; the dashed blue line — the transitions that cannot be inves-
tigated in the spectra registered for this work due to their weak intensity; the pink solid line — the bands
investigated in this work and the dashed pink line — the theoretically calculated bands for which the

spectroscopic parameters were not varied.
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Appendix B. Figures for Chapter 2
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Figure B.3 — Comparison of the theoretically calculated and experimental spectra of the v2 + v3 band.

The lower part shows a fragment of the P-branch.
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Table C.1 — B-type transitions corresponding to the vs + vi2 band of the CoD4 molecule (part).

TKaKe | 7KK Transﬁlr(r)l[\l, TransmlttancoeA; Enirrgy_/l, Mean vg::lji, 0 i?n M

1376 12 6 7 3427.5131 43.3 3593.7163 | 3593.7164 4
14 8 7 3342.3511 51.4 3593.7165

14 7 7 136 8 3428.8283 48.3 3612.0575 | 3612.0586 9
14 6 8 3410.4701 54.8 3612.0589
158 8 3341.0911 54.1 3612.0579

1578 14 6 9 3430.1396 52.9 3631.7258 | 3631.7265 9
16 8 9 3339.8375 55.4 3631.7272

16 79 | 16 610 3410.4049 68.0 3652.7289 | 3652.7287 3
16 8 8 3360.8389 59.5 3652.7287
17 810 3338.5913 57.9 3652.7284

12 8 4 1175 3430.0677 48.7 3603.7548 | 3603.7547 -2
12 9 3 3357.2948 80.3 3603.7547
1395 3340.3448 56.3 3603.7544

1385 12 76 3431.3909 53.5 3620.7491 | 3620.7490 1
14 9 6 3339.0774 61.3 3620.7489

14 8 6 137 7 3432.7139 56.6 3639.0619 | 3639.0619 5
14 95 3357.3902 73.4 3639.0618
159 7 3337.8139 62.1 3639.0619

1091 9 82 3431.3075 39.0 3604.4008 | 3604.4008 -7
1110 2 3339.6535 48.3 3604.4007

1192 |10 83 3432.6323 41.5 3618.7562 | 3618.7558 -11
11 10 1 3354.0082 82.6 3618.7555
12 10 3 3338.3795 50.1 3618.7559

1293 |11 84 3433.9584 44.6 3634.4227 | 3634.4227 -7
12 10 2 3354.0464 80.5 3634.4227
13 10 4 3337.1089 50.9 3634.4226

1110110 9 2 3436.5359 50.8 3653.0268 | 3653.0268 -2
11 92 3422.2062 79.6 3653.0271
12 11 2 3335.1695 59.8 3653.0264
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Table C.2 — B-type transitions corresponding to the ve + v11 band of the C2D4 molecule (part).

- - 104

J KaKe T K K Transﬁlr;)][\l, Transmlttanc;(; Enggyl, Mean Vg:ﬁ?i 0 i& b

129 3 11 8 4| 3250.3321 52.1 3450.7964 | 3450.7963 1
12 10 2| 3170.4201 58.2 3450.7964
13 10 4 | 3153.4827 63.3 3450.7963

13 9 4 12 8 5| 3251.5536 55.1 3467.6702 | 3467.6701 -3
13 10 3| 3170.3564 83.5 3467.6701
14 10 5| 3152.1095 66.2 3467.6697

14 95 13 8 6| 3252.7683 57.5 3485.8511 | 3485.8510 -5
14 10 4| 3170.1901 82.4 3485.8510
15 10 6 | 3150.7324 67.9 3485.8510

11 10 1 10 9 2| 3253.1920 56.8 3469.6828 | 3469.6826 2
11 11 0| 3167.4468 94.0 3469.6824
12 11 2| 3151.8256 68.9 3469.6825

12 10 2 11 9 3| 3254.4283 59.8 3485.2493 | 3485.2491 2
12 11 1| 3167.3919 91.7 3485.2489
13 11 3| 3150.4645 71.5 3485.2490

13 10 3 12 9 4| 3255.6585 61.7 3502.1184 | 3502.1181 -1
13 11 2| 3167.3336 87.2 3502.1181
14 11 4| 3149.0986 73.6 3502.1182

13 11 2 12 10 3| 3259.7588 57.8 3540.1351 | 3540.1350 -2
13 12 1| 3164.3211 91.9 3540.1348
14 12 3| 3146.0957 68.7 3540.1349

14 11 3 13 10 4 | 3260.9769 61.5 3558.2905 | 3558.2904 -1
14 12 2| 3164.2512 91.5 3558.2904
15 12 4| 3144.7188 72.2 3558.2902

15 11 4 14 10 5| 3262.1860 62.3 3577.7465 | 3577.7469 -2
15 12 3| 3164.1755 89.5 3577.7470
16 12 5| 3143.3354 74.5 3577.7469
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Table C.3 — Spectroscopic parameters of the vibrational state (vs = vi> = 1).

Parameter (vs=vi2=1) CoDg4, cm1* (Ves = 1) CoDs, cm ™ [34]

1 2 3
E 3386.14881(69) -
A 2.46485(25) 2.44158560
B 0.737601(80) 0.73492916
C 0.562587(93) 0.5635243
Ax -10* 0.4648(28) 0.208659
A -10* 0.0049(13) 0.026825
A;-10% 0.01156(86) 0.0080394
Hy 108 0.08354 0.08354
His -108 —0.01244 —-0.01244
Hax -108 0.004030 0.004030
H,-108 0.105(23) 0.00008339
Lk -10% —0.02792 —0.02792
Lok -10*2 —0.0005615 —0.0005615
Lusk -10M —0.87(11) -
L,-10%2 —0.00000430 —0.00000430
Pk -10% —0.2370(62) -
Pkks -10M 0.2407(37) -
ok -10* 0.038845 0.038845
9;-10* 0.0064(16) 0.00214769
hk -108 0.06732 0.06732
hyk -108 0.002895 0.002895
h;-108 0.00004948 0.00004948
drms 0.0013
Nenergy 176

*Here and further in the text: in brackets in columns 2 and 3 are statistical confidence intervals of
1o relative to the last indicated numbers. The parameter values given without confidence intervals were
fixed at the values of the corresponding parameters of the ground vibrational state and were not fit in the

fitting procedure.
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Table C.4 — Spectroscopic parameters of the vibrational state (ve = vi1 = 1).

Parameter (Ve =vi1=1) CoDg, cm? (Ves = 1) CoDs, cm ™ [34]

1 2 3
E 3203.354284(77) -
A 2.457560(84) 2.44158560
B 0.762142(91) 0.73492916
C 0.5991597(24) 0.5635243
Ak -10% 0.23854(90) 0.208659
Ay -10% 0.0301(25) 0.026825
Ay-10°* 0.00782(27) 0.0080394
Hy -108 0.08354 0.08354
Hkj-108 —0.01244 —-0.01244
Hik -108 0.00354(45) 0.004030
H,;-108 0.00008339 0.00008339
Ly -10% -0.02792 -0.02792
Ljk -10*2 —0.0005615 —0.0005615
Lk -10% - -
L;-1012 —0.00000430 —0.00000430
Pk -10% - -
Pkxky-10! - -
ok -10* 0.038845 0.038845
5;-10°% 0.00214769 0.00214769
hk -108 0.06732 0.06732
hyk -108 0.002895 0.002895
h;-108 0.00004948 0.00004948
drms 0.0015
Nenergy 181




Table C.5 — Ro-vibrational term values for the vs band of theClO2 molecule (in cm™1).

| Ka | Ke | E 8 N | Ka | Ke | J E S N | Ka | Ke | J E 3 N | Ka | Ke E S N | Ka | Ke E S
1 2 4 1 2 4 1 2 4 2 4 2 4

1 1 1112.0921 -2 | 10 8 2 - 1234.1396 0 14 14 0 - 1449.6311 0 18 4 14 12371718 0 20 20 0 17953224 -1
0 2 1111.9306 0| 10 8 2 + | 1233.8316 0 14 14 0 + | 1448.9879 1 18 4 14 1237.0579 -1 20 20 0 17943961 0
0 2 1111.9219 0| 10 9 1 - 1258.1144 1 15 1 15 - 1180.4505 0 18 5 13 1249.6795 0 21 1 21 12434513 0
1 1 1113.4440 -3 | 10 9 1 + | 1257.7366 0 15 1 15 | + | 1180.4310 0 18 5 13 12495478 0 21 1 21 1243.4318 -1
1 1 1113.4121 0| 10 | 10 0 - 1284.8649 0 15 2 14 - 1188.0529 -1 18 6 12 1265.1554 0 21 2 20 1253.9089 -1
2 0 1117.5655 1110 | 10 0 + | 1284.4100 0 15 2 14 [ + | 1187.9948 1 18 6 12 1264.9985 1 21 2 20 1253.8459 0
1 3 1115.0140 0 11 1 11 - 1149.5856 -1 15 3 13 - 11959747 0 18 7 11 1283.4860 0 21 3 19 1263.4667 0
1 3 1114.9951 1111 1 11 | + | 1149.5669 0 15 3 13 [ + | 1195.8896 -1 18 7 11 1283.2984 1 21 3 19 1263.3700 -1
2 2 1119.4538 3| 11 2 10 - 1155.6881 1 15 4 12 - 1205.8932 -1 18 8 10 1304.6383 1 21 4 18 1273.7561 1
2 2 1119.3895 2|11 2 10 | + | 1155.6343 -2 15 4 12 | + | 1205.7877 1 18 8 10 1304.4147 0 21 4 18 1273.6375 -1
3 1 1126.4481 0| 11 3 9 - 1163.0618 0 15 5 11 - 1218.5697 0 18 9 9 13285911 1 21 5 17 1286.3258 0
0 4 1116.1446 1] 11 3 9 + | 1162.9835 1 15 5 11 | + | 1218.4392 2 18 9 9 1328.3269 0 21 5 17 1286.1897 0
1 3 1117.8745 -1 11 4 8 - 1172.9633 0 15 6 10 - 1234.0974 1 18 10 8 1355.3265 0 21 6 16 1301.7373 0
1 3 1117.8403 0 11 4 8 + | 1172.8578 -1 15 6 10 [ + | 1233.9355 0 18 10 8 1355.0171 0 21 6 16 1301.5801 1
2 2 1121.8978 0 11 5 7 - 1185.6932 0 15 7 9 - 1252.4552 1 18 11 7 1384.8272 0 21 7 15 1320.0246 0
2 2 1121.8403 0 11 5 7 + | 1185.5533 0 15 7 9 + | 1252.2562 -1 18 11 7 1384.4679 0 21 7 15 1319.8413 0
3 1 1128.8862 0 11 6 6 - 1201.2549 0 15 8 8 - 1273.6233 0 18 12 6 1417.0757 0 21 8 14 1341.1511 0
4 0 1138.9400 1] 11 6 6 + | 1201.0728 0 15 8 8 + | 1273.3819 0 18 12 6 1416.6619 1 21 8 14 1340.9372 0
4 0 1138.7662 0 11 7 5 - 1219.6335 0 15 9 7 - 1297.5859 0 18 13 5 1452.0534 0 21 9 13 1365.0886 0
1 5 1120.2225 0| 11 7 5 + | 1219.4016 0 15 9 7 + | 1297.2960 -1 18 13 5 1451.5806 1 21 9 13 1364.8399 0
1 5 1120.2055 0 11 8 4 - 1240.8153 -2 15 10 6 - 1324.3270 0 18 14 4 1489.7412 0 21 10 12 1391.8154 0
2 4 1124.9022 1111 8 4 + | 1240.5266 1 15 10 6 + | 1323.9834 0 18 14 4 1489.2049 0 21 10 12 13915277 1
2 4 1124.8497 1|11 9 3 - 1264.7876 0 15 11 5 - 1353.8306 0 18 15 3 1530.1187 0 21 11 11 1421.3120 0
3 3 1132.0232 0 11 9 3 + | 1264.4345 0 15 11 5 + | 1353.4278 -1 18 15 3 1529.5148 0 21 11 11 1420.9809 -1
3 3 1131.9296 0 11 | 10 2 - 12915357 0 15 12 4 - 1386.0800 1 18 16 2 1573.1647 -1 21 12 10 1453.5594 0
4 2 1141.9628 -1 11 | 10 2 + | 1291.1116 0 15 12 4 + | 1385.6128 0 18 16 2 1572.4889 0 21 12 10 1453.1813 0
4 2 1141.8133 011 | 11 1 - 1321.0446 -1 15 13 3 - 1421.0568 -1 18 17 1 1618.8571 0 21 13 9 14885385 -1

6.



Table C.5 — Continued.

N | Ka | Ke J E A 3 N | Ka | Ke J E S N | Ka | Ke E 3 N | Ka | Ke E 3 N | Ka | Ke | E 3

1 2 3 4 2 4 2 4 2 4 2 4
5 5 1 - | 1154.7344 | 1 011 | 11 1 + | 1320.5427 0 15 13 3 1420.5203 0 18 17 1 1618.1052 0 21 13 9 1488.1094 0
5 5 1 + | 11545142 | 1 2112 0 12 | - 1156.1672 1 15 14 2 1458.7429 2 18 18 0 1667.1726 -1 21 14 8 1526.2298 0
6 0 6 + | 1122.7340 | 2 -2 | 12 0 12 | + | 1156.1446 1 15 14 2 1458.1316 -1 18 18 0 1666.3407 0 21 14 8 1525.7455 0
6 1 5 - | 11248265 | 1 1112 1 1 | - 1160.5319 0 15 15 1 1499.1173 0 19 1 19 1220.2331 0 21 15 7 1566.6123 0
6 1 5 + | 1124.7850 | O -1 | 12 1 11 | + | 1160.4694 -1 15 15 1 1498.4268 0 19 1 19 1220.2135 0 21 15 7 1566.0691 0
6 2 4 - | 1128.6409 | 3 0| 12 2 10 | - 1164.1767 0 16 0 16 1189.4614 0 19 2 18 1229.6794 0 21 16 6 1609.6646 -1
6 2 4 + | 1128.5864 | 3 0| 12 2 10 | + | 1164.1001 0 16 0 16 1189.4403 0 19 2 18 12296176 1 21 16 6 1609.0589 0
6 3 3 - | 1135.6692 | 2 1112 3 9 - 1170.5059 0 16 1 15 1196.2337 -5 19 3 17 12385787 0 21 17 5 1655.3648 1
6 3 3 + [ 11355828 | 1 0| 12 3 9 + | 1170.4227 -1 16 1 15 1196.1647 1 19 3 17 1238.4859 -1 21 17 5 1654.6924 0
6 4 2 - | 11455996 | 1 0| 12 4 8 - 1180.2788 -3 16 2 14 1200.7204 1 19 4 16 12486729 2 21 18 4 1703.6889 1
6 4 2 + | 11454658 | 2 0| 12 4 8 + | 1180.1748 3 16 2 14 1200.6246 0 19 4 16 1248.5595 -1 21 18 4 1702.9466 0
6 5 1 - | 1158.3642 | 2 0| 12 5 7 - 1192.9936 1 16 3 13 1206.3586 0 19 5 15 1261.2736 0 21 19 3 17546131 0
6 5 1 + [ 1158.1700 | O 0| 12 5 7 + | 1192.8575 0 16 3 13 1206.2596 0 19 5 15 1261.1409 0 21 19 3 1753.7972 0
6 6 0 - | 11739519 | 1 0| 12 6 6 - 1208.5487 0 16 4 12 1215.7121 1 19 6 14 1276.7349 2 21 20 2 1808.1123 -2
6 6 0 + | 1173.6848 | 1 0| 12 6 6 + | 1208.3738 0 16 4 12 1215.6035 0 19 6 14 1276.5780 0 21 20 2 1807.2196 1
7 1 7 - | 1127.7315 | 2 -1 | 12 7 5 - 1226.9230 0 16 5 11 1228.3239 -5 19 7 13 1295.0530 -1 21 21 1 1864.1613 -1
7 1 7 + | 1127.7143 | 1 0| 12 7 5 + | 1226.7023 0 16 5 11 1228.1937 -1 19 7 13 12948675 1 21 21 1 1863.1879 0
7 2 6 - | 1132.7687 | O -2 | 12 8 4 - 1248.1020 0 16 6 10 1243.8371 -1 19 8 12 1316.1980 0 22 0 22 12558738 0
7 2 6 + [ 1132.7190 | 3 0| 12 8 4 + | 1247.8285 0 16 6 10 1243.6778 1 19 8 12 1315.9784 0 22 0 22 1255.8541 -1
7 3 5 - | 1139.9222 | 1 0| 12 9 3 - 1272.0717 0 16 7 9 1262.1875 1 19 9 11 1340.1466 1 22 1 21 1266.4776 0
7 3 5 + [ 1139.8405 | 0 0| 12 9 3 + | 1271.7389 0 16 7 9 1261.9932 0 19 9 11 1339.8884 0 22 1 21 1266.4095 1
7 4 4 - | 1149.8484 | 1 0 12 | 10 2 - 1298.8178 0 16 8 8 1283.3511 0 19 10 | 10 1366.8795 0 22 2 20 1274.0502 -2
7 4 4 + | 1149.7254 | 2 0 12 | 10 2 + | 1298.4192 0 16 8 8 1283.1168 0 19 10 | 10 1366.5784 0 22 2 20 1273.9356 0
7 5 3 - | 1162.6072 | 1 1112 | 11 1 - 1328.3250 0 16 9 7 1307.3109 1 19 11 9 1396.3791 0 22 3 19 1279.7305 0
7 5 3 + [ 11624313 | 1 012 |11 1 + | 1327.8542 0 16 9 7 1307.0311 0 19 11 9 1396.0305 0 22 3 19 1279.5975 0
7 6 2 - | 1178.1890 | 1 -1 12 | 12 0 - 13605767 0 16 10 6 1334.0502 0 19 12 8 1428.6273 0 22 4 18 1287.7373 0
7 6 2 + [ 1177.9495 | 1 0] 12 | 12 0 + | 1360.0277 0 16 10 6 1333.7198 0 19 12 8 1428.2269 0 22 4 18 1287.6066 0
7 7 1 - | 1196.5841 0 13 1 13 | - 1163.8985 -1 16 11 5 1363.5529 0 19 13 7 1463.6055 0 22 5 17 1299.8206 0
7 7 1 + | 1196.2702 0 13 1 13 | + | 1163.8793 0 16 11 5 1363.1668 0 19 13 7 1463.1489 -1 22 5 17 1299.6812 -1
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Table C.5 — Continued.

N | Ka | Ke J E A 3 N | Ka | Ke J E S N | Ka | Ke E 3 N | Ka | Ke E 3 N | Ka | Ke | E 3

1 2 3 4 2 4 2 4 2 4 2 4
8 0 8 - | 1131.6550 1113 2 12 | - 1170.7011 2 16 12 4 1395.8020 2 19 14 6 1501.2943 0 22 6 16 1315.1638 -1
8 0 8 + [ 1131.6335 | 3 2113 2 12 | + | 1170.6450 -1 16 12 4 1395.3551 1 19 14 6 1500.7774 0 22 6 16 1315.0056 1
8 1 7 - | 1134.2766 | 1 0 13 3 11 ] - 1178.2998 1 16 13 3 1430.7789 0 19 15 5 15416732 -1 22 7 15 1333.4302 0
8 1 7 + | 11342273 | 1 -1| 13 3 11 | + | 1178.2189 0 16 13 3 1430.2665 1 19 15 5 1541.0919 0 22 7 15 1333.2473 1
8 2 6 - | 11379124 | 1 0 13 4 10 | - 1188.1986 -3 16 14 2 1468.4652 0 19 16 4 1584.7213 0 22 8 14 13545451 0
8 2 6 + [ 1137.8535 | 1 0| 13 4 10 | + | 1188.0950 4 16 14 2 1467.8822 -1 19 16 4 1584.0713 0 22 8 14 1354.3332 1
8 3 5 - | 1144.8022 2113 5 9 - 1200.9058 0 16 15 1 1508.8402 -2 19 17 3 1630.4158 -1 22 9 13 1378.4757 0
8 3 5 + | 11447222 | 4 -1] 13 5 9 + | 1200.7723 -2 16 15 1 1508.1824 0 19 17 3 1629.6936 2 22 9 13 1378.2305 0
8 4 4 - | 1154.7092 | 1 0| 13 6 8 - 1216.4535 0 16 16 0 1551.8835 0 19 18 2 1678.7341 1 22 10 | 12 1405.1985 0
8 4 4 + | 11545935 | 2 0| 13 6 8 + | 1216.2842 0 16 16 0 1551.1459 0 19 18 2 1677.9351 0 22 10 | 12 1404.9160 1
8 5 3 - | 1167.4616 | 1 -1] 13 7 7 - 12348231 0 17 1 17 1199.2311 0 19 19 1 1729.6515 0 22 11 11 14346931 1
8 5 3 + | 1167.2993 | 1 0| 13 7 7 + | 1234.6113 0 17 1 17 1199.2115 0 19 19 1 1728.7723 0 22 11 11 1434.3692 0
8 6 2 - | 1183.0388 | 0 0| 13 8 6 - 1255.9989 1 17 2 16 1207.7204 1 20 0 20 1231.5346 1 22 12 10 1466.9399 0
8 6 2 + [ 1182.8193 | 2 -4 | 13 8 6 + | 1255.7381 0 17 2 16 1207.6598 -2 20 0 20 12315145 -1 22 12 10 1466.5709 0
8 7 1 - | 1201.4292 | 1 0| 13 9 5 - 1279.9663 1 17 3 15 1216.0738 -1 20 1 19 1240.8879 -2 22 13 9 1501.9195 0
8 7 1 + | 1201.1436 | 2 -2 | 13 9 5 + | 1279.6503 0 17 3 15 1215.9852 0 20 1 19 1240.8190 1 22 13 9 1501.5015 -1
8 8 0 - | 1222.6215 | 1 1113 ] 10 4 - 1306.7105 0 17 4 14 1226.0509 1 20 2 18 12472226 -2 22 14 8 1539.6120 1
8 8 0 + | 1222.2604 -1 13 | 10 4 + | 1306.3334 0 17 4 14 1225.9418 -1 20 2 18 1247.1126 0 22 14 8 1539.1413 0
9 1 9 - | 1137.5247 | 2 1|13 |11 3 - 1336.2163 0 17 5 13 1238.6900 -3 20 3 17 1252.6539 -1 22 15 7 1579.9964 0
9 1 9 + | 11375068 | 1 013 |11 3 + | 1335.7719 0 17 5 13 1238.5597 2 20 3 17 12525324 0 22 15 7 1579.4695 1
9 2 8 - | 1143.0372 2113 | 12 2 - 1368.4671 1 17 6 12 1254.1897 1 20 4 16 1261.1668 0 22 16 6 1623.0514 1
9 2 8 + | 1142.9868 0 13 | 12 2 + | 1367.9495 0 17 6 12 1254.0318 1 20 4 16 1261.0456 0 22 16 6 1622.4642 0
9 3 7 - | 1150.2684 | 2 0 13 | 13 1 - 1403.4447 0 17 7 11 12725310 1 20 5 15 12735071 0 22 17 5 1668.7542 0
9 3 7 + | 1150.1906 | 3 2113 | 13 1 + | 1402.8486 0 17 7 11 1272.3404 0 20 5 15 12733723 -1 22 17 5 1668.1034 -1
9 4 6 - | 1160.1814 | 1 0| 14 0 14 | - 1171.7191 0 17 8 10 1293.6893 0 20 6 14 1288.9290 -1 22 18 4 1717.0819 1
9 4 6 + | 1160.0707 | 1 0| 14 0 14 | + | 11716974 0 17 8 10 1293.4609 -1 20 6 14 1288.7723 1 22 18 4 1716.3639 0
9 5 5 - | 1172.9276 | 1 0| 14 1 13 | - 1177.2342 0 17 9 9 1317.6457 -1 20 7 13 1307.2326 1 22 19 3 1768.0099 0
9 5 5 + [ 11727751 | 1 0| 14 1 13 | + | 1177.1675 -1 17 9 9 1317.3746 0 20 7 13 1307.0483 1 22 19 3 1767.2214 1
9 6 4 - | 1188.5000 | O 1114 2 12 | - 1181.1774 -1 17 10 8 13443834 0 20 8 12 1328.3688 0 22 20 2 18215135 0

18



Table C.5 — Continued.

N | Ka | Ke J E A 3 N | Ka | Ke J E S N | Ka | Ke E 3 N | Ka | Ke E 3 N | Ka | Ke | E 3

1 2 3 4 2 4 2 4 2 4 2 4
9 6 4 + [ 1188.2964 | 1 -1 | 14 2 12 | + | 1181.0910 0 17 10 8 1344.0643 0 20 8 12 1328.1525 0 22 20 2 1820.6509 0
9 7 3 - | 1206.8864 | 1 2| 14 3 11 ] - 1187.1424 0 17 11 7 1373.8852 0 20 9 11 13523123 0 22 21 1 18775670 0
9 7 3 + | 1206.6230 | 1 0| 14 3 11 | + | 1187.0526 0 17 11 7 13735133 -1 20 9 11 1352.0593 0 22 21 1 1876.6272 2
9 8 2 - | 1228.0746 0| 14 4 10 | - 1196.7554 -1 17 12 6 1406.1339 1 20 10 | 10 1379.0425 1 22 22 0 1936.1439 1
9 8 2 + | 1227.7432 | 1 0| 14 4 10 | + | 1196.6503 1 17 12 6 1405.7046 0 20 10 | 10 1378.7485 0 22 22 0 1935.1230 0
9 9 1 - | 1252.0527 | 2 2| 14 5 9 - 1209.4316 1 17 13 5 1441.1112 0 20 11 9 1408.5406 0 22 0 22 1255.8738 0
9 9 1 + | 1251.6446 0| 14 5 9 + | 1209.2999 0 17 13 5 1440.6198 0 20 11 9 1408.2014 -1 22 0 22 1255.8541 -1
10 0 10 | - | 11428058 31 14 6 8 - 1224.9695 -1 17 14 4 1478.7980 -1 20 12 8 1440.7885 0 22 1 21 1266.4776 0
10 0 10 | + | 11427840 | 1 2| 14 6 8 + | 1224.8047 1 17 14 4 1478.2399 0 20 12 8 1440.4001 1 22 1 21 1266.4094 0
10 1 9 - | 1146.1932 | 2 0| 14 7 7 - 12433337 0 17 15 3 1519.1743 0 20 13 7 1475.7673 0 22 2 20 1274.0502 -2
10 1 9 + | 1146.1370 | 2 1114 7 7 + | 1243.1291 0 17 15 3 1518.5451 1 20 13 7 14753251 -1 22 2 20 1273.9356 0
10 2 8 - | 1149.7515 | 1 0| 14 8 6 - 1264.5060 1 17 16 2 1562.2188 0 20 14 6 1513.4572 0 22 3 19 1279.7305 0
10 2 8 + | 1149.6846 | 1 0| 14 8 6 + | 1264.2558 0 17 16 2 1561.5138 0 20 14 6 1512.9575 0 22 3 19 12795975 0
10 3 7 - | 1156.4053 | 4 1114 9 5 - 12884711 1 17 17 1 1607.9092 0 20 15 5 1553.8379 0 22 4 18 1287.7373 0
10 3 7 + | 1156.3258 | 3 0| 14 9 5 + | 1288.1692 -1 17 17 1 1607.1244 0 20 15 5 1553.2767 0 22 4 18 1287.6067 1
10 4 6 - | 1166.2673 | 2 1114 | 10 4 - 1315.2137 0 18 0 18 1209.3982 0 20 16 4 1596.8880 0 22 5 17 1299.8206 0
10 4 6 + [ 1166.1598 | 1 1114 ] 10 4 + | 1314.8547 0 18 0 18 1209.3777 -1 20 16 4 1596.2613 0 22 5 17 1299.6812 -1
10 5 5 - | 1179.0048 | 2 1114 |11 3 - 13447184 1 18 1 17 1217.4663 -4 20 17 3 16425851 0 22 6 16 1315.1638 -1
10 5 5 + [ 1178.8595 | 1 0 14 | 11 3 + | 1344.2963 0 18 1 17 1217.3972 3 20 17 3 1641.8890 -1 22 6 16 1315.0055 0
10 6 4 - | 11945720 | 1 0 14 | 12 2 - 1376.9682 1 18 2 16 1222.7559 1 20 18 2 1690.9061 0 22 7 15 1333.4302 0
10 6 4 + [ 1194.3805 | 1 -1 | 14 | 12 2 + | 1376.4777 0 18 2 16 1222.6520 0 20 18 2 1690.1370 0 22 7 15 1333.2473 1
10 7 3 - | 12129545 | 1 0 14 | 13 1 - 1411.9453 -1 18 3 15 1228.1911 -1 20 19 1 1741.8266 -3 22 8 14 13545451 0
10 7 3 + | 1212.7087 | 1 0 14 | 13 1 + | 14113811 0 18 3 15 1228.0813 0 20 19 1 1740.9809 0 22 8 14 1354.3332 1
22 9 13 | - | 13784757 | 1 0| 24 | 17 7 - 1697.3629 1 26 | 23 3 2056.9938 1 28 23 5 2089.6235 0 30 22 8 20654151 1
22 9 13 | + | 1378.2305 | 1 0| 24 | 17 7 + | 1696.7493 2 26 | 23 3 2056.0191 0 28 24 4 2154.1296 0 30 22 8 2064.5988 0
22 | 10 [ 12 | - | 14051985 | 1 0 24 | 18 6 - 17456979 0 26 | 24 2 21205612 1 28 24 4 2153.1353 1 30 23 7 2126.5419 1
22 | 10 [ 12 | + | 14049160 | 2 1124 ) 18 6 + | 1745.0222 0 26 | 24 2 21195111 0 28 25 3 2220.1546 1 30 24 6 2190.1403 -1
22 | 11 [ 11 | - | 14346931 | 2 1124 )19 5 - 1796.6344 -1 26 | 25 1 2186.5701 -1 28 25 3 2219.0869 1 30 24 6 2189.1939 1
22 | 11 | 11 | + | 14343692 | O 0 24 | 19 5 + | 1795.8933 0 26 | 25 1 21854419 -1 28 26 2 2287.4493 -3 30 25 5 2256.1825 1
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Table C.5 — Continued.

N | Ka | Ke J E A 5| N | Ka | Ke J E S N | Ka | Ke E S N | Ka | Ke E 3 N | Ka | Ke | E 3

1 2 3 4 2 4 2 4 2 4 2 4
22 | 12 [ 10 | - | 14669399 | 1 0| 24 | 20 4 - 1850.1474 0 26 | 26 0 2254.9922 -1 28 27 1 2359.4167 1 30 25 5 22551671 2
22 | 12 | 10 | + | 14665709 | 1 0 24 | 20 4 + | 1849.3376 0 26 | 26 0 2253.7829 -2 28 27 1 2358.1944 -1 30 26 4 23246393 1
22 | 13| 9 - | 1501.9196 | 1 1124 )21 3 + | 1905.3294 1 27 1 27 1326.3743 0 28 28 0 24325951 -1 30 27 3 23954819 3
22 | 13| 9 + [ 1501.5015 [ 0 -1 | 24 | 22 2 - 1964.7984 0 27 1 27 1326.3555 0 28 28 0 2431.2919 -3 31 1 31 1392.6970 0
22 | 14 | 8 - | 1539.6120 | 2 1124 ) 22 2 + | 1963.8421 0 27 2 26 1340.0537 0 29 1 29 1358.4324 1 31 1 31 13926785 -1
22 | 14| 8 + | 1539.1410 | 3 3| 24 | 23 1 - 2025.8830 1 27 2 26 1339.9892 2 29 1 29 1358.4137 -1 31 2 30 1408.5902 -1
22 |15 7 - | 1579.9964 | 1 0| 24 | 23 1 + | 2024.8487 0 27 3 25 1352.1681 0 29 2 28 1373.2158 -2 31 2 30 1408.5256 1
22 |15 7 + | 15794695 | 1 1124 | 24 0 - 2089.4367 1 27 3 25 1352.0629 0 29 2 28 1373.1513 1 31 3 29 1422.7454 3
22 |16 | 6 - | 1623.0514 | 1 1124 | 24 0 + | 2088.3215 -1 27 4 24 1363.6620 1 29 3 27 1386.3276 0 31 3 29 14226369 0
22 116 | 6 + | 1622.4641 | 3 -1 | 25 1 25 | - 1296.5239 0 27 4 24 1363.5277 -2 29 3 27 1386.2208 1 31 4 28 1435.6082 1
22 | 17 | 5 - | 1668.7542 0| 25 1 25 | + | 1296.5049 0 27 5 23 1376.3371 0 29 4 26 1398.4513 1 31 4 28 1435.4651 -1
22 |17 | 5 + | 1668.1034 | 3 -1 | 25 2 24 | - 1309.1090 -2 27 5 23 1376.1852 -1 29 4 26 1398.3123 -2 31 5 27 1448.7089 1
22 | 18 | 4 - | 1717.0819 | 2 1125 2 24 | + | 1309.0449 1 27 6 22 1391.5485 1 29 5 25 1411.2915 2 31 5 27 14485441 0
22 | 18 | 4 + [ 1716.3639 | 1 0| 25 3 23 | - 1320.2881 0 27 6 22 1391.3808 0 29 5 25 1411.1329 -1 31 6 26 1463.8153 3
22 | 19| 3 - | 1768.0099 | 1 0| 25 3 23 | + | 1320.1851 -1 27 7 21 1409.6754 0 29 6 24 1426.4393 0 31 6 26 1463.6359 0
22 1 19| 3 + | 1767.2214 1125 4 22 | - 1331.2677 1 27 7 21 1409.4889 0 29 6 24 1426.2661 -1 31 7 25 1481.7703 0
22 120 2 - | 18215135 | 0 0| 25 4 22 | + | 1331.1385 -1 27 8 20 1430.7027 0 29 7 23 1444.4865 -1 31 7 25 14815758 0
22 1 20 | 2 + | 1820.6509 | 1 0 25 5 21 | - 1343.8559 0 27 8 20 1430.4932 0 29 7 23 14442966 1 31 8 24 15026791 1
22 | 21 1 - | 18775670 0| 25 5 21 | + | 1343.7099 0 27 9 19 14545797 0 29 8 22 1465.4609 0 31 8 24 1502.4656 1
22 | 21 1 + | 1876.6270 | 2 1125 6 20 | - 1359.1382 0 27 9 19 14543435 0 29 8 22 1465.2499 0 31 9 23 1526.4814 0
22 122 0 - | 1936.1437 -1 | 25 6 20 | + | 1358.9752 1 27 10 | 18 1481.2706 4 29 9 21 1489.3051 2 31 9 23 1526.2453 0
22 122 0 + | 1935.1230 0| 25 7 19 | - 1377.3312 -2 27 10 | 18 1481.0038 0 29 9 21 1489.0693 0 31 10 | 22 1553.1253 0
23 1 23 | - | 1268.8823 | 1 0| 25 7 19 | + | 1377.1474 1 27 11 | 17 1510.7466 -2 29 10 | 20 1515.9749 0 31 10 | 22 1552.8631 0
23 1 23 | + | 1268.8631 | 1 0| 25 8 18 | - 1398.4005 0 27 11 | 17 1510.4467 0 29 10 | 20 1515.7113 -1 31 11 |21 15825736 0
23 2 22 | - | 1280.3905 0| 25 8 18 | + | 1398.1913 0 27 12 | 16 1542.9859 1 29 11 | 19 1545.4393 0 31 11 |21 1582.2824 1
23 2 22 | + | 1280.3267 | 1 1125 9 17 | - 1422.3034 0 27 12 | 16 1542.6488 1 29 11 | 19 1545.1444 0 31 12 | 20 1614.7971 0
23 3 21 | - | 1290.7122 | 1 1125 9 17 | + | 1422.0650 0 27 13 | 15 1577.9651 0 29 12 | 18 1577.6717 -1 31 12 | 20 1614.4736 0
23 3 21 | + | 1290.6120 | 1 -1 |25 | 10 16 | - 1449.0093 -4 27 13 | 15 1577.5877 -1 29 12 | 18 1577.3427 1 31 13 19 1649.7702 0
23 4 20 | - | 1301.2925 | 3 1125 |11 15 | - 1478.4953 0 27 14 | 14 1615.6629 -1 29 13 | 17 1612.6489 0 31 13 19 1649.4116 -1
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Table C.5 — Continued.

N | Ka | Ke J E A 3 N | Ka | Ke J E S N | Ka | Ke E 3 N | Ka | Ke E 3 N | Ka | Ke | E 3

1 2 3 4 2 4 2 4 2 4 2 4
23 4 20 | + | 1301.1686 | 4 2125 |11 15 | + | 1478.1878 0 27 14 | 14 1615.2423 0 29 13 | 17 1612.2822 0 31 14 | 18 1687.4691 0
23 5 19 | - | 13138522 | 2 0 25 | 12 14 ] - 1510.7386 0 27 15 | 13 1656.0578 2 29 14 | 16 1650.3479 0 31 14 | 18 1687.0727 0
23 5 19 [ + | 13137114 | 2 -1 25 | 12 14 | + | 1510.3913 1 27 15 | 13 1655.5905 2 29 14 | 16 1649.9407 1 31 15 | 17 17278704 0
23 6 18 | - | 1329.2033 | 5 1125 )| 13 13 | - 1545.7189 2 27 16 | 12 1699.1266 0 29 15 | 15 1690.7461 0 31 15 | 17 1727.4332 0
23 6 18 | + | 1329.0437 | 2 1125 13 13 | + | 15453281 1 27 16 | 12 1698.6096 0 29 15 | 15 1690.2955 1 31 16 16 1770.9503 -4
23 7 17 | - | 13474493 | O 0|25 | 14 12 | - 1583.4151 3 27 17 | 11 1744.8468 0 29 16 | 14 1733.8209 0 31 16 16 17704701 2
23 7 17 | + | 13472664 | O 025 | 14 12 | + | 15829774 1 27 17 | 11 1744.2769 -2 29 16 | 14 1733.3237 0 31 17 15 1816.6861 0
23 8 16 | - | 13685512 | 1 1125 ] 15 11 ] - 1623.8054 0 27 18 | 10 1793.1946 0 29 17 | 13 1779.5486 0 31 17 15 1816.1590 0
23 8 16 | + | 1368.3405 | 2 1125 ] 15 11 | + | 1623.3178 0 27 18 | 10 17925691 0 29 17 | 13 1779.0021 -1 31 19 13 1916.0245 -1
23 9 15 | - | 13924737 | 1 0| 25 | 16 10 | - 1666.8687 2 27 19 9 1844.1459 4 29 18 | 12 1827.9054 -1 31 19 13 1915.3968 -1
23 9 15 | + | 13922313 | 1 0| 25 | 16 10 | + | 1666.3274 -1 27 19 9 1843.4613 0 29 18 | 12 1827.3069 0 31 20 | 12 19695773 0
23 | 10 | 14 | - | 14191917 | 1 -1 | 25 | 17 9 - 17125814 -1 27 | 20 8 1897.6741 -1 29 19 | 11 1878.8668 0 31 20 | 12 1968.8953 0
23 | 10 | 14 | + | 14189138 | 1 1125 | 17 9 + | 1711.9839 1 27 | 20 8 1896.9283 0 29 19 | 11 1878.2132 0 31 21 11 2025.6845 1
23 | 11 | 13 | - | 14486839 | 2 0 25 | 18 8 - 1760.9207 0 27 | 21 7 1953.7548 -1 29 20 | 10 1932.4072 0 31 21 11 20249456 2
23 | 11 | 13 | + | 14483662 | 2 -1 25 | 18 8 + | 1760.2632 0 27 | 21 7 1952.9445 1 29 20 | 10 1931.6958 0 31 22 10 2084.3195 5
23 | 12 | 12 | - | 1480.9300 | 2 1125 ] 19 7 - 1811.8618 0 27 | 22 6 2012.3611 1 29 21 9 1988.5007 0 31 22 10 2083.5206 1
23 | 12 | 12 | + | 14805690 | 1 0 25 | 19 7 + | 1811.1413 0 27 | 22 6 2011.4832 1 29 22 8 2047.1206 1 31 23 9 2145.4538 0
23 | 13 | 11 | - | 1515.9099 1125 ] 20 6 - 1865.3802 5 27 | 23 5 2073.4653 0 29 23 7 2108.2396 1 31 23 9 21445932 -1
23 | 13 | 11 | + | 15155021 | 2 0 25 | 20 6 + | 1864.5931 0 27 | 23 5 20725171 0 29 23 7 2107.3384 0 31 24 8 2209.0611 1
23 | 14 [ 10 | - | 15536035 | 1 025 |21 5 + | 1920.5928 0 27 | 24 4 2137.0403 3 29 24 6 2171.8299 1 31 24 8 2208.1360 1
23 | 14 | 10 | + | 1553.1452 | © 0| 25 | 22 4 - 1980.0425 4 27 | 24 4 2136.0189 1 29 24 6 2170.8604 2 31 25 7 2275.1120 -1
23 115 9 - | 1593.9900 | 2 0 25 | 22 4 + | 1979.1142 1 27 | 25 3 2203.0563 -5 29 25 5 2237.8630 -2 31 25 7 2274.1200 0
23 | 15| 9 + | 15934775 ( 1 0 25 | 23 3 - 2041.1329 1 27 | 25 3 2201.9598 -1 29 25 5 2236.8226 1 31 26 6 23435785 0
23 116 | 8 - | 1637.0476 | 1 0| 25 | 24 2 - 2104.6931 -1 27 | 26 2 2271.4872 2 29 26 4 2306.3103 -4 31 26 6 23425170 0
23 116 | 8 + | 1636.4771 3|25 | 24 2 + | 2103.6120 0 27 | 26 2 22703118 0 29 27 3 2375.9529 -1 31 27 5 24144312 3
23 | 17 | 7 - | 1682.7536 | 1 -1 25 | 25 1 - 2170.6947 -2 27 | 27 1 23423016 1 29 27 3 2377.1432 -2 31 27 5 24132980 5
23 |17 | 7 + | 1682.1224 | 1 0 25 | 25 1 + | 2169.5328 -1 27 | 27 1 2341.0453 -1 29 28 2 2449.0624 -3 32 0 32 1410.6558 0
23 | 18 | 6 - | 1731.0848 | 2 -1 | 26 0 26 | - 1311.1685 0 28 0 28 1342.1251 1 29 28 2 2450.3317 0 32 0 32 14106374 -1
23 | 18 | 6 + | 1730.3889 | 2 -2 | 26 0 26 | + | 1311.1495 0 28 0 28 1342.1063 0 29 29 1 2524.4956 -4 32 1 31 1427.0804 -1
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Table C.5 — Continued.

N | Ka | Ke J E A 3 N | Ka | Ke J E S N | Ka | Ke E 3 N | Ka | Ke E 3 N | Ka | Ke | E 3

1 2 3 4 2 4 2 4 2 4 2 4
23 119 5 - | 1782.0171 | 3 0| 26 1 25 | - 1324.1644 1 28 1 27 1356.2777 -1 30 0 30 1375.2878 1 32 1 31 1427.0153 0
23 1 19| 5 + | 1781.2533 | 2 0| 26 1 25 | + | 1324.0979 1 28 1 27 1356.2120 1 30 0 30 1375.2691 -1 32 2 30 1441.3950 -2
23 | 20 | 4 - | 18355253 | 2 11 26 2 24 | - 1334.4887 -2 28 2 26 1367.9819 0 30 1 29 1390.5815 -1 32 2 30 14412816 0
23 | 20| 4 + | 1834.6902 | 1 0| 26 2 24 | + | 1334.3723 4 28 2 26 1367.8660 3 30 1 29 1390.5161 0 32 3 29 1452.3066 0
23 | 21| 3 - | 1891.5839 4 | 26 3 23 | - 13415359 -1 28 3 25 1376.1310 -1 30 2 28 14036177 -2 32 3 29 1452.1415 0
23 | 21| 3 + | 1890.6741 11 26 3 23 | + | 1341.3841 1 28 3 25 1375.9726 0 30 2 28 1403.5032 2 32 4 28 1460.1654 0
23 1 22| 2 - | 1950.1655 | 2 0| 26 4 22 | - 1348.7689 0 28 4 24 1383.2747 0 30 3 27 1413.0825 0 32 4 28 1459.9738 0
23 | 22| 2 + | 1949.1784 0| 26 4 22 | + | 13486141 -1 28 4 24 1383.1070 0 30 3 27 14129196 0 32 5 27 14695771 0
23 | 23 1 - | 2011.2439 -2 | 26 5 21 | - 1359.9862 -1 28 5 23 1393.8977 0 30 4 26 1420.4232 -1 32 5 27 1469.3907 0
23 | 23 1 + | 2010.1761 -1 | 26 5 21 | + | 1359.8332 -1 28 5 23 1393.7352 -1 30 4 26 1420.2430 0 32 6 26 1483.5800 0
24 0 24 | - | 12824181 | 1 0| 26 6 20 | - 1375.0471 0 28 6 22 1408.7154 0 30 5 25 14304137 0 32 6 26 1483.3947 0
24 0 24 | + | 1282.3988 | 1 -1 | 26 6 20 | + | 1374.8815 0 28 6 22 1408.5444 0 30 5 25 1430.2401 0 32 7 25 1501.3514 0
24 1 23 | - | 1294.2338 -1 | 26 7 19 | - 1393.1961 2 28 7 21 1426.7735 -5 30 6 24 14448867 3 32 7 25 1501.1542 1
24 1 23 | + | 1294.1667 | 2 11 26 7 19 | + | 1393.0107 0 28 7 21 1426.5858 1 30 6 24 14447089 0 32 8 24 1522.2124 1
24 2 22 | - | 1303.1617 | 2 -2 | 26 8 18 | - 14142448 0 28 8 20 1447.7746 0 30 7 23 1462.8232 -1 32 8 24 1521.9972 0
24 2 22 | + | 1303.0453 | 2 11 26 8 18 | + | 1414.0357 1 28 8 20 14475645 0 30 7 23 14626311 0 32 9 23 1545.9899 0
24 3 21 | - | 1309.3781 | 2 0| 26 9 17 | - 1438.1356 0 28 9 19 1471.6361 1 30 8 22 1483.7625 1 32 9 23 1545.7530 0
24 3 21 | + | 1309.2348 0| 26 9 17 | + | 1437.8985 0 28 9 19 1471.4003 0 30 8 22 1483.5503 0 32 10 | 22 15726183 1
24 4 20 | - | 1316.9266 | 1 -1 | 26 | 10 16 | - 1464.8342 -3 28 10 | 18 1498.3170 0 30 9 21 1507.5867 1 32 10 | 22 1572.3563 1
24 4 20 | + | 1316.7847 | 2 1126 | 10 16 | + | 1464.5659 -1 28 10 | 18 1498.0522 0 30 9 21 1507.3509 0 32 1 |21 1602.0568 0
24 5 19 | - | 13286385 | O 0 26 |11 15 | - 14943159 -1 28 11 | 17 1527.7879 0 30 10 | 20 1534.2443 0 32 11 |21 1601.7667 0
24 5 19 | + | 13284931 | 1 026 |11 15 | + | 1494.0125 0 28 12 | 16 1560.0239 0 30 10 | 20 1533.9815 -1 32 12 | 20 1634.2746 0
24 6 18 | - | 1343.8670 0 26 | 12 14 | - 1526.5573 -1 28 12 | 16 1559.6910 0 30 11 | 19 1563.7011 0 32 12 | 20 1633.9533 -1
24 6 18 | + | 1343.7056 | 2 -1 | 26 | 12 14 | + | 1526.2156 1 28 13 | 15 1595.0023 0 30 11 | 19 1563.4083 0 32 13 19 1669.2449 -1
24 7 17 | - | 1362.0831 | 1 0| 26 | 13 13 | - 15615372 0 28 13 | 15 1594.6306 0 30 12 | 18 1595.9294 -1 32 13 19 1668.8900 2
24 7 17 | + | 13618997 | 2 0 26 | 13 13 | + | 1561.1535 -1 28 14 | 14 1632.7009 0 30 12 | 18 1595.6034 0 32 14 | 18 1706.9432 -1
24 8 16 | - | 1383.1694 | 1 0| 26 | 14 12 | - 1599.2343 0 28 14 | 14 1632.2872 0 30 13 | 17 1630.9048 -1 32 14 | 18 1706.5514 0
24 8 16 | + | 13829597 | 1 0| 26 | 14 12 | + | 1598.8058 2 28 15 | 13 1673.0973 -1 30 13 | 17 1630.5426 1 32 15 | 17 1747.3456 -2
24 9 15 | - | 1407.0829 1126 | 15 11 ] - 1639.6272 3 28 15 | 13 1672.6388 0 30 14 | 16 1668.6039 -1 32 15 | 17 17469146 2
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Table C.5 — Continued.

N | Ka | Ke J E A 3 N | Ka | Ke J E S N | Ka | Ke E 3 N | Ka | Ke E 3 N | Ka | Ke | E 3

1 2 3 4 2 4 2 4 2 4 2 4
24 9 15 | + | 1406.8432 5126 | 15 11 | + | 1639.1498 -2 28 16 | 12 1716.1693 1 30 14 | 16 1668.2026 2 32 16 16 1790.4286 -1
24 | 10 | 14 | - | 14337955 | 2 0| 26 | 16 10 | - 1682.6929 0 28 16 | 12 1715.6625 -1 30 15 | 15 1709.0038 0 32 16 16 1789.9550 0
24 | 10 | 14 | + | 14335213 | 2 1126 | 16 10 | + | 1682.1645 0 28 17 | 11 1761.8932 0 30 15 | 15 1708.5600 -2 32 17 15 1836.1679 1
24 | 11 | 13 | - | 1463.2846 | 0 0| 26 [ 17 9 - 1728.4096 1 28 17 | 11 1761.3357 1 30 16 | 14 1752.0814 0 32 17 15 1835.6494 1
24 | 11 | 13 | + | 14629725 | 1 1126 | 17 9 + | 1727.8265 0 28 18 | 10 1810.2452 -3 30 16 | 14 17515928 0 32 19 13 19355169 1
24 | 12 | 12 | - | 14955295 | 2 1126 | 18 8 - 1776.7529 0 28 18 | 10 1809.6339 -1 30 17 | 13 1797.8130 0 32 19 13 1934.9004 -1
24 | 12 | 12 | + | 14951757 | 3 0| 26 | 18 8 + | 1776.1121 -1 28 19 9 1861.2014 -1 30 17 | 13 1797.2766 0 32 20 | 12 1989.0759 0
24 | 13 [ 11 | - | 15305096 | 1 0| 26 | 19 7 - 1827.6988 0 28 19 9 1860.5331 -1 30 18 | 12 1846.1743 -2 32 20 | 12 1988.4069 0
24 | 13 | 11 | + | 1530.1109 | 2 1126 | 19 7 + | 1826.9973 0 28 | 20 8 1914.7359 -1 30 18 | 12 18455877 0 32 21 11 2045.1903 3
24 | 14 [ 10 | - | 1568.2045 | 0 0| 26 | 20 6 - 1881.2221 0 28 | 20 8 1914.0081 1 30 19 | 11 1897.1412 -1 32 21 11 2044.4655 -2
24 | 14 | 10 | + | 1567.7572 | © 1126 | 20 6 + | 1880.4567 0 28 | 21 7 1970.8231 1 30 19 | 11 1896.5009 -2 32 22 10 2103.8325 2
24 | 15| 9 - | 1608.5930 | 1 026 |21 5 - 1937.2967 0 28 | 21 7 1970.0326 1 30 20 | 10 1950.6877 0 32 22 10 2103.0503 0
24 115 9 + | 1608.0936 | 1 026 |21 5 + | 1936.4646 1 28 | 22 6 2029.4358 0 30 20 | 10 1949.9914 -2 32 23 9 21649758 3
24 | 16 | 8 - | 1651.6532 | 1 -1 26 | 22 4 - 1995.8963 0 28 | 22 6 2028.5801 0 30 21 9 2006.7879 0 32 23 9 2164.1330 -1
24 | 16 | 8 + | 1651.0986 [ 0 1126 | 22 4 + | 1994.9945 1 28 | 23 5 2090.5470 -3 30 21 9 2006.0330 0 32 24 8 22285914 -1
32 | 24| 8 + | 2227.6867 3134 ] 23 11 | - 2205.8467 0 37 5 33 1575.5605 1 39 16 | 24 19438121 2 42 10 | 32 1801.2569 0
32 |25 7 - | 2294.6520 0] 34| 23 11 | + | 2205.0370 -1 37 5 33 1575.3784 -1 39 16 | 24 19433726 2 42 10 | 32 1800.9838 0
32 | 25 | 7 + | 2293.6819 | 1 1134 | 24 10 | - 2269.4813 1 37 6 32 1590.8548 2 39 17 | 23 1989.5745 1 42 11 |31 18305141 0
32 126 6 - | 2363.1281 -1 ] 34 | 24 10 | + | 2268.6124 2 37 6 32 1590.6547 -1 39 18 | 22 2037.9781 1 42 11 |31 1830.2208 0
32 |1 26| 6 + | 2362.0904 -1 | 34 | 27 7 - 24749427 -1 37 7 31 1608.5105 0 39 18 | 22 2037.4620 -2 42 12 | 30 1862.6158 -1
32 |27 5 - | 2433.9912 2|34 | 27 7 + | 2473.8823 2 37 7 31 1608.2983 0 39 19 | 21 2088.9964 1 42 12 | 30 1862.2997 -1
32 127 5 + | 2432.8836 1135 1 35 | - 1467.8422 1 37 8 30 1629.1356 -1 39 20 | 20 2142.0015 -2 42 13 | 29 18975167 -1
32 129 | 3 + | 2581.5039 0| 35 1 35 | + | 1467.8240 0 37 8 30 1628.9093 0 39 21 | 19 2198.7699 -3 42 13 | 29 1897.1754 0
32 | 31 1 - | 2740.7147 2|35 2 34 | - 1485.9608 0 37 9 29 1652.7481 0 39 21 | 19 2198.1232 -2 42 14 | 28 1935.1802 -1
32 | 31 1 + | 2739.3054 1135 2 34 | + | 1485.8961 0 37 9 29 1652.5041 0 39 22 | 18 22574712 -3 42 14 | 28 19348113 1
33 1 33 | - | 14291673 | 1 1135 3 33 | - 1502.2870 -2 37 10 | 28 1679.2693 0 39 23 | 17 2318.6785 -2 42 15 | 27 19755747 1
33 1 33 | + | 1429.1489 | O -1 | 35 3 33 | + | 1502.1777 1 37 10 | 28 1679.0044 0 39 24 | 16 2382.3633 -1 42 15 | 27 1975.1755 0
33 2 32 | - | 1446.1728 | O 0| 35 4 32 | - 1516.9096 0 37 11 | 27 1708.6391 1 39 24 | 16 2381.5660 -2 42 16 | 26 2018.6704 0
33 2 32 | + | 1446.1081 | 1 0| 35 4 32 | + | 1516.7605 0 37 11 | 27 1708.3503 0 39 25 | 15 24476460 4 42 16 | 26 2018.2395 3
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Table C.5 — Continued.

N | Ka | Ke J E A 3 N | Ka | Ke J E S N | Ka | Ke E 3 N | Ka | Ke E 3 N | Ka | Ke | E 3

1 2 3 4 2 4 2 4 2 4 2 4
33 3 31 | - | 14614029 | 1 0| 35 5 31 ] - 1530.8666 1 37 12 | 26 1740.8142 0 39 26 | 14 2517.0509 0 42 23 19 2392.9596 -3
33 3 31 | + | 1461.2941 2| 35 5 31 | + | 1530.6899 1 37 12 | 26 1740.4991 1 40 0 40 1574.1683 0 42 21 | 21 2273.0855 -2
33 4 30 | - | 14751037 | 1 0| 35 6 30 | - 1546.0264 2 37 13 | 25 1775.7608 -1 40 0 40 1574.1502 -1 42 24 | 18 2457.3924 0
33 4 30 | + | 14749573 | 1 -1 | 35 6 30 | + | 1545.8335 0 37 13 | 25 1775.4164 0 40 1 39 1595.0011 1 42 24 | 18 2456.6285 0
33 5 29 | - | 14885742 | 3 1135 7 29 | - 1563.7773 1 37 14 | 24 1813.4496 -1 40 1 39 1595.0658 1 43 1 43 16445684 0
33 5 29 | + | 1488.4032 -1 | 35 7 29 | + | 15635715 -1 37 14 | 24 1813.0736 1 40 2 38 1614.0178 0 43 1 43 16445503 -1
33 6 28 | - | 1503.6778 | 1 0| 35 8 28 | - 15845117 -1 37 15 | 23 1853.8537 2 40 2 38 1614.1287 -1 43 2 42 1667.1336 1
33 6 28 | + | 1503.4923 | 3 2| 35 8 28 | + | 1584.2905 0 37 15 | 23 1853.4433 1 40 3 37 1630.6129 0 43 2 42 1667.0688 0
33 7 27 | - | 15215321 | 1 0| 35 9 27 | - 1608.1999 0 37 16 | 22 1896.9466 0 40 3 37 1630.7735 0 43 3 41 1687.9226 -1
33 7 27 | + | 15213323 | 1 0| 35 9 27 | + | 1607.9594 0 37 16 | 22 1896.4999 3 40 4 36 1643.3122 0 43 3 41 1687.8125 2
33 8 26 | - | 1542.3610 | 4 -2 | 35 | 10 26 | - 1634.7704 -1 37 19 | 19 20415337 0 40 4 36 1643.5265 -1 43 4 40 1706.7523 2
33 8 26 | + | 1542.1443 | 3 1135 ]| 10 26 | + | 1634.5075 0 37 | 20 | 18 2095.0803 0 40 5 35 1652.9613 -1 43 4 40 1706.5976 3
33 9 25 | - | 1566.1120 -1 |3 |11 25 | - 1664.1722 0 37 | 21 | 17 2151.8489 0 40 5 35 1652.7213 1 43 5 39 1723.7601 0
33 9 25 | + | 1565.8742 | 1 035 |11 25 | + | 1663.8838 0 37 | 21 | 17 2151.1840 2 40 6 34 1663.9877 0 43 5 39 17235666 0
33 | 10 [ 24 | - | 15927232 | O 0| 35 | 12 24 | - 1696.3676 0 37 | 22 | 16 2209.8170 0 40 6 34 1664.2190 0 43 6 38 1740.0835 0
33 | 10 | 24 | + | 15924611 | © 0| 35 | 12 24 | + | 1696.0509 0 37 | 23 | 15 2271.7205 0 40 7 33 1680.2491 0 43 6 38 1739.8633 -2
33 | 11 | 23 | - | 16221510 | 1 1135 ] 13 23 | - 1731.3260 0 37 | 23 | 15 2270.9522 0 40 7 33 1680.4758 1 43 7 37 1757.6581 1
33 | 11 | 23 | + | 1621.8616 | 2 035 | 13 23 | + | 1730.9783 0 37 | 24 | 14 2335.3842 -4 40 8 32 1700.7358 0 43 7 37 1757.4233 -1
33 | 12 | 22 | - | 16543621 | 1 035 | 14 22 | - 1769.0201 0 37 | 24 | 14 23345614 0 40 8 32 1700.5001 -1 43 8 36 1777.8955 0
33 | 12 | 22 | + | 1654.0428 | 1 035 | 14 22 | + | 1768.6388 -1 37 | 25 | 13 2401.4961 0 40 9 31 17241922 1 43 8 36 1777.6499 -2
33 | 13 21 | - | 16893291 | 1 -1 |35 | 15 21 | - 1809.4245 0 37 | 25 | 13 2400.6159 0 40 9 31 1723.9417 2 43 9 35 1801.1908 0
33 | 13 | 21 | + | 1688.9769 | 0 0| 35 | 15 21 | + | 1809.0072 1 37 | 27 | 11 2540.9460 1 40 10 | 30 1750.3497 -1 43 9 35 1800.9321 0
33 | 14 | 20 | - | 1727.0265 -1 | 35 | 16 20 | - 18525141 -1 37 | 26 | 12 2469.0869 0 40 10 | 30 1750.6190 0 43 10 | 34 1827.4980 -1
33 | 14 | 20 | + | 17266387 | O 0| 35 | 16 20 | + | 1852.0581 0 38 0 38 1529.9860 0 40 11 | 29 1779.9274 0 43 10 | 34 1827.2229 0
33 | 15 19 | - | 1767.4298 -2 | 35 | 19 17 | - 1997.6444 -2 38 0 38 1529.9679 -1 40 11 | 29 1779.6366 0 43 11 | 33 1856.7264 1
33 | 15| 19 | + | 1767.0037 | 3 -1 35 | 19 17 | + | 1997.0576 -1 38 1 37 1549.7698 0 40 12 | 28 1812.0630 0 43 11 | 33 1856.4317 1
33 | 16 | 18 | - | 18105152 | 2 ;113 | 20 16 | - 2051.2235 -1 38 1 37 1549.7051 0 40 12 | 28 1811.7479 0 43 12 | 32 1888.8088 0
33 | 16 | 18 | + | 1810.0482 1135 ] 20 16 | + | 2050.5880 -2 38 2 36 1567.6809 -2 40 13 | 27 1846.9853 0 43 12 | 32 1888.4919 0
33 | 17 | 17 | - | 1856.2583 | 3 113 |21 15 | - 2107.3599 0 38 2 36 1567.5699 1 40 13 | 27 1846.6435 0 43 13 | 31 1923.6972 -1
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Table C.5 — Continued.

N | Ka | Ke J E A 3 N | Ka | Ke J E S N | Ka | Ke E 3 N | Ka | Ke E 3 N | Ka | Ke | E 3

1 2 3 4 2 4 2 4 2 4 2 4
33 | 17 | 17 | + | 1855.7475 113 |21 15 | + | 2106.6737 0 38 3 35 1582.9760 -1 40 14 | 26 1884.6612 0 43 13 | 31 1923.3558 0
33 | 19 [ 15 | - | 19556174 | 1 -2 | 35 | 22 14 ] - 2166.0265 -1 38 3 35 1582.8140 2 40 14 | 26 1884.2901 0 43 14 | 30 1961.3533 1
33 | 19 [ 15 | + | 19550119 | 2 0 35 | 22 14 | + | 2165.2871 0 38 4 34 1594.2024 2 40 15 | 25 1925.0609 0 43 14 | 30 1960.9848 0
33 | 20 | 14 | - | 2009.1832 0| 35 | 23 13 | - 2227.1960 1 38 4 34 1593.9900 2 40 15 | 25 1924.6584 1 43 15 | 29 2001.7438 0
33 | 20 | 14 | + | 20085263 | 1 0 35 | 23 13 | + | 22264011 1 38 5 33 1603.1511 -1 40 16 | 24 1968.1568 0 43 15 | 29 2001.3464 2
33 | 21|13 | - | 20653050 | 5 435 | 24 12 | - 2290.8403 2 38 6 32 1615.1004 -1 40 16 | 24 1967.7204 0 43 16 | 28 20448391 2
33 | 21 | 13 | + | 2064.5940 0| 35 | 25 11 | - 2356.9306 2 38 6 32 1614.8831 0 41 1 41 1597.0850 0 43 16 | 28 2044.4105 6
33 | 22 | 12 | - | 21239551 | 3 2135 ] 25 11 | + | 2356.0178 1 38 7 31 1631.9116 0 41 1 41 1597.0669 -1 43 20 | 24 22437038 -3
33 | 22 12 | + | 2123.1880 | 3 0 35 | 26 10 | - 2425.4385 4 38 7 31 1631.6939 0 41 2 40 1618.5400 0 43 23 |21 2419.8886 -3
33 | 23| 11 | - | 2185.1065 0] 35| 26 10 | + | 24244631 0 38 8 30 1652.3841 0 41 2 40 1618.4753 0 43 23 |21 2419.1821 -2
33 | 23 | 11 | + | 21842811 | 1 0| 35 | 27 9 + | 2495.2946 0 38 8 30 1652.1548 1 41 3 39 1638.2097 -1 43 24 | 20 24836172 -2
33 | 24 | 10 | - | 22487317 | © 1135 ] 29 7 - 2645.1723 3 38 9 29 1675.9464 1 41 3 39 1638.0996 1 43 24 | 20 2482.8629 -3
33 | 24 | 10 | + | 2247.8452 0| 35 | 29 7 + | 2643.9972 -1 38 9 29 1675.7002 0 41 4 38 1655.9385 3 43 25 | 19 2548.9943 0
33 125( 9 - | 2314.8021 31 36 0 36 | - 1488.0059 0 38 10 | 28 1702.4386 -1 41 4 38 1655.7840 -2 43 26 18 2618.4017 0
33125 9 + | 2313.8521 0| 36 0 36 | + | 1487.9877 -1 38 10 | 28 1702.1725 0 41 5 37 1672.0374 1 44 0 44 1669.1350 0
33 126 | 8 - | 2383.2885 31 36 1 35 | - 1506.6736 -1 38 11 | 27 1731.7899 0 41 5 37 1671.8469 0 44 0 44 1669.1169 0
33 | 26 | 8 + | 2382.2730 2| 36 1 35 | + | 1506.6089 0 38 11 | 27 1731.5007 0 41 6 36 1687.9024 1 44 1 43 1692.2541 0
33127 7 - | 2454.1618 1136 2 34 | - 15234151 -2 38 12 | 26 1763.9532 0 41 6 36 1687.6885 -1 44 1 43 1692.1894 0
33 |27 | 7 + | 2453.0782 -1 | 36 2 34 | + | 1523.3036 2 38 12 | 26 1763.6382 0 41 7 35 1705.4517 1 44 2 42 17135874 0
33 129 | 5 - | 2602.9515 -1 | 36 3 33 | - 1537.2936 1 38 13 | 25 1798.8927 0 41 8 34 1725.8228 0 44 2 42 17134769 2
33 |1 28| 6 + | 2526.2390 -2 | 36 3 33 | + | 1537.1295 0 38 13 | 25 1798.5494 0 41 8 34 17255842 -1 44 3 41 1732.7610 0
33 |30 | 4 - | 2680.8084 0| 36 4 32 | - 1547.1405 -1 38 14 | 24 1836.5779 0 41 9 33 1749.2397 1 44 3 41 1732.6029 0
33 | 31| 3 - | 2760.9330 -3 | 36 4 32 | + | 1546.9327 0 38 14 | 24 1836.2037 0 41 9 33 1748.9863 -2 44 4 40 17486612 0
33 |31 | 3 + | 2759.5563 11 36 5 31 | - 1555.9531 0 38 15 | 23 1876.9808 -1 41 10 | 32 1775.6305 0 44 4 40 1748.4489 -1
34 0 34 | - | 1448.2288 | 1 0| 36 5 31 | + | 1555.7385 1 38 15 | 23 1876.5736 1 41 10 | 32 1775.3595 0 44 5 39 1760.1040 0
34 0 34 | + | 1448.2106 | 1 -1 | 36 6 30 | - 1568.6492 0 38 16 | 22 1920.0752 0 41 11 | 31 1804.9145 0 44 5 39 1759.8463 0
34 1 33 | - | 1465.7773 | 1 -1 | 36 6 30 | + | 1568.4441 0 38 16 | 22 1919.6322 1 41 11 | 31 1804.6224 -2 44 6 38 17705628 -1
34 1 33 | + | 1465.7124 | O 0| 36 7 29 | - 1585.8822 0 38 19 | 19 2064.6826 -1 41 12 | 30 1837.0339 -1 44 6 38 1770.3012 0
34 2 32 | - | 14813235 | 2 0| 36 7 29 | + | 1585.6722 0 38 | 20 | 18 2118.2373 -1 41 12 | 30 1836.7185 0 44 7 37 1785.3238 1

88



Table C.5 — Continued.

N | Ka | Ke J E A 3 N | Ka | Ke J E S N | Ka | Ke E 3 N | Ka | Ke E 3 N | Ka | Ke | E 3

1 2 3 4 2 4 2 4 2 4 2 4
34 2 32 | + | 1481.2110 1136 8 28 | - 1606.5176 0 38 | 21 | 17 2174.3499 -1 41 13 | 29 1871.9462 0 44 7 37 1785.0754 1
34 3 31 | - | 1493.7282 | 2 0| 36 8 28 | + | 1606.2938 1 38 | 22 | 16 2232.9932 0 41 13 | 29 1871.6047 0 44 8 36 1804.9334 1
34 3 31 | + | 14935631 | 2 1] 36 9 27 | - 1630.1665 1 38 | 23 | 15 2294.8953 -2 41 14 | 28 1909.6162 -1 44 8 36 1804.6826 -4
34 4 30 | - | 1502.4317 0| 36 9 27 | + | 1629.9242 0 38 | 23 | 15 2294.1395 2 41 14 | 28 1909.2464 0 44 9 35 1828.0996 0
34 4 30 | + | 1502.2309 | 1 0 36 | 10 26 | - 1656.7133 0 38 | 24 | 14 2358.5697 -1 41 15 | 27 1950.0136 0 44 9 35 1827.8378 0
34 5 29 | - | 1511.4204 | 2 -2 | 36 | 10 26 | + | 1656.4495 0 38 | 24 | 14 2357.7601 1 41 15 | 27 1949.6130 1 44 10 | 34 1854.3547 -3
34 5 29 | + | 1511.2202 | 1 036 |11 25 | - 1686.0999 0 39 1 39 1551.8021 0 41 16 | 26 1993.1095 -1 44 10 | 34 1854.0777 2
34 6 28 | - | 1524.8228 | 2 0] 36 |11 25 | + | 1685.8114 0 39 1 39 1551.7839 -1 41 16 | 26 19926758 -2 44 11 | 33 18835514 0
34 6 28 | + | 15246283 | 2 1136 | 12 24 | - 1718.2857 0 39 2 38 1572.1459 1 41 20 | 22 21913514 -1 44 11 | 33 1883.2549 -2
34 7 27 | - | 15423673 | 1 1136 ] 12 24 | + | 1717.9698 -1 39 2 38 1572.0812 0 41 21 | 21 2248.1222 -2 44 12 | 32 19156128 0
34 7 27 | + | 15421639 | 1 -1 |36 | 13 23 | - 1753.2386 -1 39 3 37 1590.6969 -1 41 21 | 21 22474914 0 44 12 | 32 1915.2952 2
34 8 26 | - | 1563.1291 1136 | 13 23 | + | 1752.8928 0 39 3 37 1590.5869 2 41 22 | 20 2306.8417 0 44 13 | 31 1950.4875 0
34 8 26 | + | 1562.9099 | 1 0| 36 | 14 22 | - 1790.9304 0 39 4 36 1607.3485 0 41 22 | 20 2306.1649 0 44 13 | 31 1950.1455 -3
34 9 25 | - | 1586.8488 | 1 0| 36 | 14 22 | + | 17905519 0 39 4 36 1607.1951 1 41 23 | 19 2368.0687 0 44 14 | 30 1988.1351 0
34 9 25 | + | 1586.6097 | 1 1136 | 15 21 | - 1831.3347 0 39 5 35 1622.6273 -1 41 23 | 19 2367.3441 0 44 14 | 30 1987.7671 0
34 | 10 [ 24 | - | 1613.4405 | © 0] 36 |15 21 | + | 1830.9212 1 39 5 35 1622.4407 -2 41 24 | 18 2431.7748 -2 44 15 | 29 20285214 1
34 | 10 | 24 | + | 1613.1781 | 2 0| 36 | 16 20 | - 1874.4262 0 39 6 34 1638.1523 2 41 24 | 18 2431.0005 -1 44 15 | 29 2028.1252 4
34 | 11 | 23 | - | 1642.8560 0| 36 | 16 20 | + | 1873.9750 1 39 6 34 1637.9450 -2 41 25 | 17 2497.1057 1 44 16 | 28 2071.6155 2
34 | 11 | 23 | + | 16425672 | 5 0| 36 |19 17 | + | 2018.9919 -1 39 7 33 1655.7350 0 42 0 42 1620.5517 0 44 16 | 28 2071.1886 5
34 | 12 | 22 | - | 1675.0600 2136 | 20 16 | - 2073.1561 -2 39 7 33 16555157 0 42 0 42 1620.5336 -1 45 1 45 1694.2513 0
34 | 12 | 22 | + | 16747420 | 2 1136 | 20 16 | + | 2072.5303 -2 39 8 32 1676.2378 0 42 1 41 1642.5608 1 45 1 45 1694.2331 0
34 | 13 | 21 | - | 1710.0227 | 2 -1 36 |21 15 | - 2129.3001 -2 39 8 32 1676.0056 0 42 1 41 1642.4960 0 45 2 44 17179253 0
34 | 13 | 21 | + | 1709.6730 -1 36 |21 15 | + | 2128.6251 1 39 9 31 1699.7601 0 42 2 40 1662.7633 0 45 2 44 1717.8606 0
34 | 14 | 20 | - | 17477188 | 3 -1 | 36 | 22 14 | - 2187.9753 -1 39 9 31 1699.5118 0 42 2 40 1662.6526 1 45 3 43 1739.8330 0
34 | 14 | 20 | + | 17473345 | 1 0| 36 |23 13 | - 2249.1539 0 39 10 | 30 1726.2219 1 42 3 39 1680.6967 0 45 3 43 1739.7227 1
34 | 15 19 | - | 17881229 | 1 0] 36 | 23 13 | + | 2248.3729 1 39 10 | 30 1725.9542 0 42 3 39 1680.5375 -1 45 4 42 1759.7782 0
34 | 15 19 | + | 1787.7014 | 1 0| 36 | 24 12 | - 2312.8080 1 39 11 ] 29 17555527 1 42 4 38 1695.0327 0 45 4 42 1759.6231 0
34 | 16 | 18 | - | 1831.2105 | 0 0| 36 |24 12 | + | 2311.9706 1 39 11 | 29 1755.2626 -1 42 4 38 1694.8186 1 45 5 41 17777678 2
34 | 16 | 18 | + | 1830.7491 | 1 0| 37 1 37 | - 1508.7208 0 39 12 | 28 1787.7028 0 42 5 37 1705.0585 0 45 5 41 17775718 2

68



Table C.5 — Continued.

N | Ka | Ke J E A 3 N | Ka | Ke J E S N | Ka | Ke E 3 N | Ka | Ke E 3 N | Ka | Ke | E 3

1 2 3 4 2 4 2 4 2 4 2 4
34 | 17 [ 17 | - | 18769571 | 1 1137 1 37 | + | 1508.7026 -1 39 12 | 28 1787.3878 0 42 6 36 1716.0369 -1 45 6 40 1794.6695 1
34 | 19 [ 15 | - | 19763267 | 1 -2 | 37 2 36 | - 1527.9523 0 39 13 | 27 1822.6342 0 42 6 36 1715.7906 0 45 6 40 17944436 -1
34 | 19 | 15 | + | 1975.7306 -4 | 37 2 36 | + | 1527.8877 1 39 13 | 27 1822.2918 1 42 7 35 17316016 0 45 7 39 1812.3477 3
34 | 21| 13 | - | 2086.0279 | 1 -1 | 37 3 35 | - 1545.3878 1 39 14 | 26 1860.3150 -1 42 8 34 17515818 1 45 7 39 1812.1051 -1
34 | 21 | 13 | + | 20853299 | 1 -1 | 37 3 35 | + | 1545.2777 0 39 14 | 26 1859.9428 2 42 8 34 1751.3391 0 45 8 38 1832.4595 1
34 | 22 | 12 | - | 2144.6867 4 | 37 4 34 | - 1560.9991 0 39 15 | 25 1900.7167 0 42 9 33 17749081 -2 45 8 38 1832.2067 -1
34 | 22 | 12 | + | 2143.9335 -2 | 37 4 34 | + | 1560.8478 0 39 15 | 25 1900.3118 0 42 9 33 17746522 -2 45 9 37 18556177 1
45 9 37 | + | 1855.3529 0| 48 | 15 33 | + | 2141.3189 4 52 10 | 42 2091.4158 -2 56 7 49 2163.9251 -1 60 8 52 23248998 0
45 | 10 | 36 | - | 18818270 | 1 -1 | 48 | 16 32 | - 2184.7963 0 52 10 | 42 2091.1152 -3 56 7 49 2163.5881 1 60 8 52 23245453 -1
45 | 10 | 36 | + | 18815471 -2 | 49 1 49 | - 1800.2100 -1 52 11 | 41 2120.2453 -1 56 8 48 21789191 -1 60 9 51 23435243 1
45 | 11 | 35 | - | 19109896 | 1 0| 49 1 49 | + | 1800.1918 0 52 11 | 41 2119.9312 0 56 8 48 2178.5982 1 60 10 | 50 2368.1803 -1
45 | 11 | 35 | + | 19106914 | 1 -1 | 49 2 48 | - 1826.0985 1 52 12 | 40 2152.0611 -1 56 9 47 2199.6657 3 60 10 | 50 2367.8491 -4
45 | 12 | 34 | - | 19430282 | 1 11 49 2 48 | + | 1826.0338 0 52 12 | 40 2151.7303 0 56 9 47 2199.3553 2 60 11 | 49 2396.3233 1
45 | 12 | 34 | + | 1942.7090 -2 | 49 3 47 | - 1850.2378 -1 52 13 | 39 2186.7709 3 56 10 | 46 2224.8082 -2 60 11 | 49 2395.9848 -1
45 | 13 | 33 | - | 19778877 | 1 0| 49 3 47 | + | 1850.1278 0 52 13 | 39 2186.4204 -1 56 10 | 46 2224.4936 0 60 12 | 48 2427.3526 0
45 | 13 | 33 | + | 19775455 | O 0| 49 4 46 | + | 1872.2789 -1 52 14 | 38 22243104 1 56 11 | 45 2253.0243 -1 60 13 | 47 2462.1148 1
45 | 14 | 32 | - | 20155259 | 3 0| 49 5 45 | - 1892.5386 -2 52 14 | 38 2223.9393 4 56 12 | 44 22849777 2 60 13 | 47 2461.7497 1
45 | 14 | 32 | + | 2015.1582 | 1 11 49 5 45 | + | 1892.3398 -2 52 15 | 37 2264.6321 5 56 12 | 44 22846374 -1 60 14 | 46 2499.4503 2
45 | 15| 31 | - | 20559073 | 3 2| 49 6 44 | - 1910.9363 0 52 15 | 37 2264.2371 3 56 13 | 43 2319.5580 -1 61 1 61 2170.7326 0
45 | 15 | 31 | + | 20555115 | 3 11 49 6 44 | + | 1910.7017 0 53 1 53 1914.9509 0 56 13 | 43 2319.2013 2 61 1 61 2170.7146 0
45 | 16 | 30 | - | 2098.9996 | 2 3| 49 7 43 | - 1929.1230 1 53 1 53 1914.9326 0 56 14 | 42 2357.0102 1 61 2 60 2203.2350 3
45 | 16 | 30 | + | 20985734 -3 | 49 7 43 | + | 1928.8657 -3 53 2 52 1943.0488 0 56 14 | 42 2356.6342 4 61 2 60 2203.1733 -1
46 0 46 | - | 17199170 | © 0| 49 8 42 | - 1949.0677 1 53 2 52 1942.9846 0 57 1 57 2038.4627 1 61 3 59 2233.9136 1
46 0 46 | + | 1719.8989 | 1 0| 49 8 42 | + | 1948.7986 0 53 3 51 1969.4117 0 57 1 57 2038.4443 1 61 4 58 2262.9429 -2
46 1 45 | - | 17441448 | 1 11 49 9 41 | + | 1971.6372 1 53 3 51 1969.3023 0 57 2 56 2068.7651 0 61 4 58 2262.7932 -2
46 1 45 | + | 17440801 | 1 1149 | 10 40 | - 1997.8823 0 53 4 50 1993.8616 -1 57 2 56 2068.7017 -2 61 5 57 2289.8138 0
46 2 44 | - | 1766.6024 | 1 -1 | 49 | 10 40 | + | 1997.5913 -1 53 4 50 1993.7070 -1 57 3 55 2097.2351 2 61 5 57 2289.6183 -3
46 2 44 | + | 1766.4921 | 0 1149 | 11 39 | - 2026.8783 -1 53 5 49 2015.9945 -3 57 4 54 2124.0368 3 61 7 55 2336.8657 0
46 3 43 | - | 1786.9802 | 1 1149 | 11 39 | + | 2026.5719 0 53 6 48 2036.2172 -1 57 4 54 2123.8838 1 61 7 55 2336.5839 2

06



Table C.5 — Continued.

N | Ka | Ke J E A 3 N | Ka | Ke J E S N | Ka | Ke E 3 N | Ka | Ke E 3 N | Ka | Ke | E 3

1 2 3 4 2 4 2 4 2 4 2 4
46 3 43 | + | 1786.8224 -4 | 49 | 12 38 | - 2058.8042 -1 53 7 47 2055.6220 3 57 5 53 2148.6373 1 61 8 54 2358.2277 -3
46 4 42 | - | 1804.3826 | 2 1] 49 | 12 38 | + | 2058.4793 -1 53 7 47 2055.3524 -1 57 5 53 2148.4389 1 61 8 54 2357.9172 0
46 4 42 | + | 1804.1723 | 4 1] 49 | 13 37 | - 2093.5883 -2 53 8 46 2075.6319 1 57 6 52 2170.7669 -1 61 10 | 52 24054616 -3
46 5 41 | - | 1817.2511 1149 | 13 37 | + | 2093.2427 0 53 8 46 2075.3472 0 57 7 51 2191.6203 3 61 10 | 52 2405.1288 -4
46 6 40 | - | 18277726 | 1 2| 49 | 14 36 | - 2131.1781 0 53 9 45 2098.1635 0 57 7 51 2191.3420 0 61 11 | 51 24335993 -1
46 6 40 | + | 1827.4965 | 2 0| 49 | 14 36 | + | 2130.8093 2 53 9 45 2097.8701 0 57 8 50 2212.0720 4 61 11 | 51 24332578 -3
46 7 39 | - | 1841.6829 -2 | 49 | 15 35 | - 21715307 0 53 10 | 44 21235184 0 57 8 50 22117724 0 61 12 | 50 24649171 -3
46 7 39 | + | 18414214 | 1 0| 49 [ 15 35 | + | 2171.1366 1 53 11 | 43 21525970 -1 57 9 49 22343770 1 61 12 | 50 24645644 -1
46 8 38 | - | 1860.8059 1149 | 16 34 | - 22146100 0 53 11 | 43 2152.2802 0 57 9 49 2234.0672 0 61 13 | 49 2499.2804 -3
46 8 38 | + | 1860.5468 0| 50 0 50 | - 1828.0723 0 53 12 | 42 21843711 -1 57 10 | 48 2259.6739 -2 61 13 | 49 2498.9137 2
46 9 37 | - | 1883.7717 | 1 0| 50 0 50 | + | 1828.0541 0 53 12 | 42 2184.0382 0 57 10 | 48 2259.3561 -1 61 14 | 48 2536.5819 0
46 9 37 | + | 1883.5034 | 4 -1 | 50 1 49 | - 18545135 1 53 13 | 41 2219.0519 1 57 11 | 47 2288.1636 -3 61 14 | 48 2536.1976 -3
46 | 10 | 36 | - | 1909.9160 -4 | 50 1 49 | + | 1854.4489 0 53 13 | 41 2218.7002 0 57 11 | 47 2287.8353 0 62 0 62 2205.1670 0
46 | 10 | 36 | + | 1909.6340 1] 50 2 48 | - 1879.2069 -1 53 14 | 40 2256.5720 0 57 12 | 46 2319.7385 -1 62 0 62 2205.1493 0
46 | 11 | 35 | - | 1939.0411 -1 | 50 2 48 | + | 1879.0970 1 53 14 | 40 2256.1999 3 57 12 | 46 2319.3959 -2 62 1 61 2238.2180 -2
46 | 11 | 35 | + | 1938.7412 0| 50 4 46 | - 1922.0986 -1 53 15 | 39 2296.8809 1 57 13 | 45 2354.2812 0 62 1 61 2238.1574 -1
46 | 12 | 34 | - | 1971.0547 | 2 -1 | 50 4 46 | + | 1921.8925 -4 54 0 54 1945.0071 1 57 13 | 45 2353.9224 1 62 2 60 2269.4482 0
46 | 12 | 34 | + | 1970.7345 | 1 0| 50 5 45 | - 1938.2250 -1 54 0 54 19449889 2 57 14 | 44 2391.7070 0 62 3 59 2299.0310 2
46 | 13 | 33 | - | 2005.8980 | 2 11 50 5 45 | + | 1937.9612 -2 54 1 53 1973.6566 1 57 15 | 43 2431.5550 4 62 3 59 2298.8819 -3
46 | 13 | 33 | + | 20055549 | 1 0| 50 6 44 | - 1949.9992 -2 54 1 53 1973.5926 1 58 0 58 2070.7094 0 62 4 58 23264419 0
46 | 14 | 32 | - | 20435256 | 1 0| 50 6 44 | + | 1949.6991 0 54 2 52 20005731 0 58 0 58 2070.6913 1 62 4 58 2326.2474 0
46 | 14 | 32 | + | 2043.1580 | 1 2| 50 7 43 | - 19624719 0 54 2 52 2000.4640 0 58 1 57 2101.5624 1 62 5 57 2351.3519 0
46 | 15 | 31 | - | 2083.9013 4 | 50 7 43 | + | 1962.1795 1 54 3 51 2025.5697 0 58 1 57 2101.4996 0 62 5 57 2363.6681 3
46 | 15 | 31 | + [ 2083.5064 51 50 8 42 | - 1980.2008 0 54 3 51 2025.4154 2 58 2 56 2130.6922 1 62 7 55 2388.3397 3
47 1 47 | - | 17461322 | 1 0| 50 8 42 | + | 1979.9212 -1 54 4 50 2048.0761 2 58 2 56 2130.5848 -1 62 7 55 2387.9785 0
47 1 47 | + | 1746.1140 | © 0| 50 9 41 | - 2002.5879 2 54 5 49 2067.6440 -1 58 3 55 2157.9397 -1 62 8 54 2401.9634 1
47 2 46 | - | 17709140 | 1 0| 50 9 41 | + | 2002.3050 2 54 5 49 2067.3864 3 58 3 55 2157.7875 0 62 8 54 2401.5930 0
47 2 46 | + | 17708493 | 1 0| 50 [ 10 40 | - 2028.4428 0 54 6 48 2082.0386 1 58 4 54 2183.0376 -2 62 11 | 51 24715203 1
47 3 45 | - | 1793.9386 0] 50| 10 40 | + | 2028.1488 0 54 6 48 2081.7262 1 58 4 54 2182.8390 0 62 11 |51 24711751 -2
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Table C.5 — Continued.

N | Ka | Ke J E A 3 N | Ka | Ke J E S N | Ka | Ke E 3 N | Ka | Ke E 3 N | Ka | Ke | E 3

1 2 3 4 2 4 2 4 2 4 2 4
47 3 45 | + | 1793.8283 | 3 050 |11 39 | - 2057.3861 0 54 7 47 2094.1127 -1 58 5 53 2205.3207 -1 62 12 | 50 2502.7481 2
47 4 44 | - | 1815.0077 | 5 ;1150 | 11 39 | + | 2057.0769 -2 54 7 47 2093.7890 2 58 6 52 2222.7832 1 62 12 | 50 2502.3922 -1
47 4 44 | + | 18148525 | 3 1150 | 12 38 | - 2089.2777 -1 54 8 46 2110.0097 -2 58 7 51 2236.3006 0 62 13 | 49 2537.0575 -2
47 5 43 | - | 1834.0344 | 3 1150 12 38 | + | 2088.9509 -1 54 8 46 2109.7042 0 58 7 51 2235.9519 1 62 13 | 49 2536.6885 1
47 5 43 | + | 1833.8366 0 50 [ 13 37 | - 2124.0389 -1 54 9 45 2131.4373 -1 58 8 50 2250.5452 0 62 14 | 48 25743225 2
47 6 42 | - | 1851.6309 | 4 2|50 | 13 37 | + | 2123.6919 1 54 9 45 2131.1371 0 58 8 50 2250.2076 0 63 1 63 2240.1479 -1
47 6 42 | + | 1851.4000 | 1 -1 |50 | 14 36 | - 2161.6136 3 54 10 | 44 2156.8692 1 58 9 49 2270.4616 3 63 1 63 2240.1302 0
47 7 41 | - | 1869.5082 | 1 1]50 ] 14 36 | + | 2161.2438 1 54 10 | 44 2156.5617 0 58 9 49 2270.1399 0 63 2 62 22736876 -1
47 7 41 | + | 1869.2583 0[50 [ 15 35 | - 2201.9566 1 54 11 | 43 2185.5660 2 58 10 | 48 22952418 -2 63 3 61 2305.5286 1
47 8 40 | - | 18895170 | 1 2150 ] 15 35 | + | 2201.5625 2 54 11 | 43 2185.2460 0 58 10 | 48 22949190 -4 63 4 60 2335.6667 1
47 8 40 | + | 1889.2567 | 4 0| 51 1 51 | - 1856.4834 0 54 12 | 42 2217.2938 -1 58 11 | 47 23236013 0 63 4 60 23355191 0
47 9 39 | - | 19125245 | 1 0| 51 1 51 | + | 1856.4651 0 54 12 | 42 2216.9586 -1 58 11 | 47 2323.2691 -3 63 5 59 2363.4749 -1
47 9 39 | + | 1912.2532 0| 51 2 50 | - 18834771 0 54 13 | 41 2251.9434 0 58 12 | 46 2355.1132 -1 63 7 57 24125995 1
47 | 10 | 38 | - | 1938.6207 -1 |51 2 50 | + | 1883.4126 0 54 13 | 41 22515902 1 58 12 | 46 2354.7682 0 63 10 | 54 2482.0850 -4
47 | 10 | 38 | + | 1938.3355 | 1 -2 | 51 3 49 | - 1908.7295 1 54 14 | 40 2289.4428 2 58 13 | 45 2389.6151 1 63 11 | 53 2510.0241 -4
47 | 11 | 37 | - | 1967.7063 | 1 -1 | 51 3 49 | + | 1908.6197 1 54 14 | 40 2289.0690 0 58 13 | 45 2389.2538 -2 63 11 | 53 2509.6766 -2
47 | 11 | 37 | + | 1967.4042 | O -1 |51 4 48 | + | 1931.8982 -1 54 15 | 39 2329.7380 4 59 1 59 2103.5036 0 63 12 | 52 25408316 -2
47 | 12 | 36 | - | 19996929 | 1 -1 | 51 5 47 | - 1953.2634 0 55 1 55 19756110 -2 59 1 59 2103.4855 1 63 13 | 51 2575.4453 -3
47 | 12 | 36 | + | 19993713 | 1 0| 51 5 47 | + | 1953.0638 -2 55 1 55 1975.5928 0 59 2 58 2134.9066 1 63 13 | 51 2575.0743 2
47 | 13 | 35 | - | 20345181 | 2 1151 6 46 | + | 19723170 -2 55 2 54 2004.8121 1 59 2 58 2134.8442 0 63 14 | 50 26126712 -1
47 | 13 | 35 | + | 2034.1742 | 2 -1 | 51 7 45 | - 1991.1697 0 55 2 54 2004.7483 1 59 3 57 2164.5882 -2 63 14 | 50 2612.2841 0
47 | 14 | 34 | - | 20721342 | 1 0| 51 7 45 | + | 1990.9061 -1 55 3 53 2032.2834 1 59 3 57 2164.4816 -1 64 0 64 2275.6749 0
47 | 14 | 34 | + | 20717663 | 1 1151 8 44 | - 2011.1085 0 55 3 53 2032.1746 0 59 4 56 2192.3991 -1 64 0 64 22756575 0
47 | 15 | 33 | - | 21125030 | 1 2|51 8 44 | + | 2010.8317 -1 55 4 52 2057.8568 0 59 4 56 2192.2477 0 64 1 63 2309.7640 2
47 | 15 | 33 | + | 2112.1088 | 2 5151 9 43 | - 2033.7944 2 55 4 52 2057.7030 1 59 5 55 2218.1357 -3 64 2 62 23421543 1
47 | 16 | 32 | - | 21555902 | 3 3|51 9 43 | + | 2033.5086 1 55 5 51 2081.3210 -5 59 5 55 2217.9389 0 64 3 61 23726980 0
48 0 48 | - | 17728966 | 1 051110 42 | - 2059.6148 -1 55 5 51 2081.1225 2 59 6 54 22416162 2 64 4 60 2401.2021 -3
48 0 48 | + | 17728784 | 0 0| 51 | 10 42 | + | 2059.3177 -1 55 6 50 2102.6165 -1 59 6 50 22413741 0 64 5 59 24273044 -1
48 1 47 | - | 17982316 | 1 051 (11 41 | - 2088.5076 -3 55 6 50 2102.3748 -2 59 7 53 2263.1027 2 64 7 57 24911253 1
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Table C.5 — Continued.

N | Ka | Ke J E A 3 N | Ka | Ke J E S N | Ka | Ke E 3 N | Ka | Ke E 3 N | Ka | Ke | E 3

1 2 3 4 2 4 2 4 2 4 2 4
48 1 47 | + | 1798.1669 | 1 -1 |51 |11 41 | + | 2088.1963 -1 55 7 49 2122.1748 -1 59 7 53 2262.8219 1 64 5 59 24273044 -1
48 2 46 | - | 18218094 | 5 115112 40 | - 2120.3633 -1 55 8 48 21426254 1 59 8 52 2283.6425 -1 64 10 | 54 25216319 -1
48 2 46 | + [ 18216989 | 1 051 |12 40 | + | 2120.0346 0 55 8 48 2142.3330 -2 59 9 51 2306.2157 -1 64 10 | 54 2521.2828 0
48 3 45 | - | 18433643 | 3 -2 | 51 | 13 39 | - 2155.0996 0 55 9 47 2165.0248 0 59 9 51 2305.8984 1 64 11 | 53 2549.1980 1
48 3 45 | + | 1843.2081 | 2 1151 ] 13 39 | + | 2154.7512 1 55 9 47 2164.7235 -3 59 10 | 50 2331.3250 1 64 11 | 53 2548.8459 -4
48 4 44 | - | 18621913 | 1 0|51 |14 38 | - 2192.6574 0 55 10 | 46 21905073 -1 59 10 | 50 2330.9993 -4 64 12 | 52 2579.8897 0
48 4 44 | + | 18619833 | 5 -1 |51 | 14 38 | + | 2192.2872 3 55 10 | 46 2190.1966 -2 59 11 | 49 2359.6467 0 64 13 | 51 2614.4448 0
48 5 43 | - | 1876.6535 -1 | 51 | 15 37 | - 2232.9903 1 55 11 | 45 2219.1482 0 59 11 | 49 2359.3115 -3 64 14 | 50 2651.6289 -1
48 5 43 | + | 1876.3892 -2 | 51 | 15 37 | + | 22325958 1 55 11 | 45 2218.8256 0 59 12 | 48 2391.1010 2 65 1 65 2311.7480 0
48 6 42 | - | 18876109 | 2 0| 52 0 52 | - 1885.4430 0 55 12 | 44 2250.8293 1 59 12 | 48 2390.7531 -1 65 1 65 2311.7305 0
48 6 42 | + | 1887.3221 1152 0 52 | + | 1885.4248 1 55 12 | 44 22504914 -2 59 13 | 47 24255595 1 65 2 64 2346.4440 1
48 7 41 | - | 1900.7216 | 2 -1 | 52 1 51 | - 1912.9890 1 55 13 | 43 2285.4456 1 59 13 | 47 2425.1966 2 65 2 64 2346.3853 -1
48 7 41 | + | 1900.4452 | 2 0| 52 1 51 | + | 1912.9246 1 55 13 | 43 2285.0905 1 59 14 | 46 2462.5465 2 65 3 63 2379.4258 -2
48 8 40 | - | 1919.2195 1152 2 50 | - 1938.7953 0 55 14 | 42 23229219 -1 60 0 60 2136.8445 -1 65 3 63 2379.3248 -1
48 8 40 | + | 1918.9507 0 | 52 2 50 | + | 1938.6857 0 55 14 | 42 23225475 5 60 0 60 2136.8265 -1 65 4 62 2410.4230 -1
48 9 39 | - | 19419315 | 3 0| 52 3 49 | - 1962.6558 -1 55 15 | 41 2363.2019 -1 60 1 59 2168.7975 1 65 5 61 2439.6950 -2
48 9 39 | + | 1941.6563 | 2 0| 52 3 49 | + | 1962.5006 0 56 0 56 2006.7630 0 60 1 59 2168.7355 0 65 5 61 24395054 -1
48 | 10 | 38 | - | 1967.9443 | 3 -1 | 52 4 48 | - 1984.1219 -2 56 0 56 2006.7448 0 60 2 58 2198.9246 1 65 9 57 2490.8442 1
48 | 10 | 38 | + | 1967.6565 | 3 1] 52 4 48 | + | 1983.9182 0 56 1 55 2036.5150 1 60 3 57 2227.3958 2 65 10 | 56 2561.1934 -1
48 | 11 | 37 | - | 1996.9854 0| 52 5 47 | - 2001.9005 -1 56 1 55 2036.4515 1 60 3 57 2227.2447 -2 65 11 | 55 2588.9250 5
48 | 11 | 37 | + | 1996.6813 | 3 1] 52 5 47 | + | 2001.6391 -1 56 2 54 2064.4310 1 60 4 56 2253.6569 -2 65 11 | 55 2588.5700 -5
48 | 12 | 36 | - | 2028.9427 | 1 -1 | 52 6 46 | - 2014.8417 -2 56 3 53 20905112 4 60 4 56 2253.4603 0 65 12 | 54 2619.9204 1
48 | 12 | 36 | + | 20286195 | 1 0| 52 6 46 | + | 2014.5343 1 56 4 52 21145799 -3 60 5 55 2277.2829 3 65 12 | 54 2619.5567 -2
48 | 13 | 35 | - | 2063.7481 | 1 -1 | 52 7 45 | - 2026.9431 -1 56 4 52 21143796 -1 60 5 55 2277.0355 2 66 0 66 2348.3665 0
48 | 13 | 35 | + | 2063.4035 | 1 0| 52 8 44 | - 2043.7842 0 56 5 51 2135.4476 2 60 6 54 2296.7926 2 66 0 66 2348.3494 0
48 | 14 | 34 | - | 21013517 0| 52 8 44 | + | 2043.4922 -2 56 5 51 2135.1933 3 60 6 54 2296.4834 0 66 1 65 2383.5524 0
48 | 14 | 34 | + | 2100.9833 0| 52 9 43 | - 2065.7515 1 56 6 50 2151.4874 2 60 7 53 2311.1403 0 66 2 64 2417.1407 3
48 | 15 | 33 | - | 21417130 | 1 2| 52 9 43 | + | 2065.4602 0 56 6 50 21511732 -1 60 7 53 2310.7839 2 66 2 64 2417.0407 1
66 3 63 | + | 2448.6909 0| 68 0 68 | + | 2423.2233 -1 70 0 70 2500.2772 -1 72 1 71 2618.0451 -2 76 1 75 2785.2099 -2
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Table C.5 — Continued.

v6

N | Ka | Ke J E A 3 N | Ka | Ke J E A S N | Ka | Ke J E Al 3 N | Ka | Ke J E Al 3§ N | Ka | Ke | J E

1 2 3 4 1 2 3 4 1 2 31 4 1 2 3| 4 1 2
66 4 62 | + | 2478.3261 11 68 1 67 | - 24595775 0 70 1 69 - 2537.7230 -2 72 1 71 | + | 2617.9924 |1 1 76 1 75 | + | 2785.1580
66 5 61 | - | 2505.8724 | 1 2| 68 1 67 | + | 24595214 0 70 1 69 | + | 2537.6689 | 1 1 72 2 70 | + | 2654.7628 3 77 1 7 - | 2787.1233
66 5 61 | + | 2505.6363 | 6 -1 | 68 2 66 | - 2494.2028 3 70 2 68 | - 25734411 | 5 2 73 1 73 | - | 2619.9583 | 2 0 77 1 77 | + | 2787.1047
66 6 60 | - | 2530.1226 | 3 0| 68 2 66 | + | 2494.1052 -4 70 2 68 | + | 2573.3470 | 1 1 73 1 73 | + | 2619.9413 0 78 0 78 - | 2830.2724
66 7 59 | - | 2536.2106 | 1 -2 | 68 3 65 | - 2526.9987 1 70 5 65 | + | 2668.7368 | 1 1 74 0 74 | - | 2660.9343 | 2 1 78 0 78 | + | 2830.2531
66 7 59 | + | 25715753 | 3 -2 | 68 3 65 | + | 2526.8593 | 2 1 70 7 63 | - 2701.9176 1 74 0 74 | + | 2660.9174 0 79 1 79 - | 2873.9643
66 | 10 [ 56 | - | 2602.1879 -4 | 68 5 63 | - 2617.8640 | 1 2 71 1 71 - 25396378 | 2| -1 74 1 73 | - | 2700.5414 -2 79 1 79 | + | 2873.9436
67 1 67 | - | 2385.5308 0| 68 7 61 | + | 2654.2160 | 2 3 71 1 71 | + | 2539.6209 | 2| -1 74 1 73 | + | 2700.4895 | 4 0 80 0 80 - | 2918.1982
67 1 67 | + | 2385.5136 | 2 0| 69 1 69 | - 2461.4948 0 71 2 70 | + | 2577.5588 2 74 2 72 | + | 2738.3501 2 80 0 80 | + [ 2918.1764
67 2 66 | + | 2421.2645 0| 69 1 69 | + | 2461.4778 0 71 3 69 - 2613.8756 | 3 1 75 1 75 | - | 27024541 | 2 0 81 1 81 - | 2962.9748
67 3 65 | + | 2455.3010 1169 2 68 | + | 2498.3230 1 71 3 69 | + | 2613.7829 | 3| -1 75 1 75 | + | 2702.4366 0 81 1 81 | + | 2962.9504
67 4 64 | + | 2487.5036 0| 69 3 67 | + | 2533.4545 2 72 0 72 - 2579.5260 2 76 0 76 | - | 27445171 |1 1 83 1 83 | + [ 3054.1230
67 5 63 | + | 2517.7080 -1 | 69 5 65 | + | 2598.0808 0 72 0 72 | + | 2579.5093 -1 76 0 76 | + | 2744.4995 1 84 0 84 - | 3100.5542
68 0 68 | - | 2423.2402 | 1 1170 0 70 | - 25002939 | 2 1

In Table C.5, 4 is the experimental uncertainty of the energy value, equal to one standard uncertainty in units of 107 cm™; ¢ is the difference,
Eexp — ECal also in units of 1074 cm™1. When the 4-value is absent, the corresponding energy level was obtained froma single transition; J is the quan-

tum number of the ground vibrational state (J = N + 1/2 is denoted as “+”, J = N — 1/2 is denoted as “-”).
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Table C.6 — Spectroscopic parameters of the (vz = 1) vibrational state.

Parameter (v3=1) ClO2,cm™?! (ves=1) ClO2, cm1 [52]
1 2 3

E 1110.106659(12)
A 1.72118217(28) 1.7372487(18)
B 0.330166907(53) 0.33198801(36)
C 0.276569335(54) 0.27799915(31)
/10 0.684340(22) 0.68542(14)
Ank/107 —0.0412950(42) —0.038169(38)
ANI107 0.00299496(29) 0.0029576(29)
ok/104 0.0093636(48) 0.010435(66)
on/1074 0.00078045(13) 0.00077094(54)
Hk/10-8 0.92520(70) 0.9449(61)
Hikn/10°8 —0.073301(93) —0.0867(35)
Hni/10°8 —0.006162(32) 0.00664(92)
Hn/10-8 0.00013197(77) 0.0001349(98)
hk/10°8 0.27125(71) 0.294(35)
hn/10-8 0.00003913(22) 0.0000391(23)
Li/10-12 ~1.9486(92) —2.001(90)
Likn/10712 0.1063 0.1063(66)
Linn/10712 0.000168(38)
Ln/10-12 —0.00003727(73) —0.0000401(83)
/1012 —0.1703(61) —0.251(70)
Ikn/10-12
/1012 0.009753(28) 0.01054(91)
In/10712
Px/10-16 3.570(42) 4.22(56)
Pxxn/10716 0.3792(96)
a0/102 —0.355150(92) —0.35128(57)
a/102 —4.35940(37) —4.2778(12)
b/102 0.375633(60) 0.369986(60)
A5¢/107° 0.3975(17) 0.4023(87)
ASkn/10° —5.821(23) —5.882(91)
ASnk/107° 5.406(22) 5.465(85)
ASn/10°5 —0.004518(88) —0.00315(34)
55/10° —0.1847(76)
O°n/107°
HSk/10-8
HSkkn/10°8 —0.2236(19) —0.2471(79)
HSnkk/1078
HSkn/10°8 0.2577(30) 0.2588(36)
HSni/10°8 —0.00935(24)
HSn/10-8 0.000152(17)
hSkn/10-8 —0.5209(43) —0.491(29)
hSn/10°8 0.5313(25) 0.512(25)
hSnn/10-8 0.0000151(26)
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Table C.7 — Spectroscopic parameters of the (v1 = vz = 1) vibrational state.

Parameter (vi =v3=1) ClO2,cmt (ves = 1) ClO2, cm [52]
1 2 3

E 2038.933801(30)
A 1.7191685(18) 1.7372487(18)
B 0.32817231(29) 0.33198801(36)
C 0.27474737(23) 0.27799915(31)
Ak/107 0.693(29) 0.68542(14)
Ank/1074 —0.040123(22) —0.038169(38)
AN107 0.0030229(21) 0.0029576(29)
ok/104 0.010185(13) 0.010435(66)
on/10 0.00078647(19) 0.00077094(54)
Hk/10-8 1.0290(92) 0.9449(61)
Hkn/10-8 —0.06223(28) —0.0867(35)
Hnk/108 0.00664(92)
Hn/10-8 0.0003534(87) 0.0001349(98)
hk/10°8 0.294 0.294(35)
hnk/10-8 0.00432 0.00432
hn/10°8 0.0001140(81) 0.0000391(23)
Lk/1012 —2.49(33) —2.001(90)
Likn/10°12 0.524(88) 0.1063(66)
Ln/1012 —0.000622(20) —0.0000401(83)
Ink/10-12 —0.0143 —0.0143(28)
/1012 —0.000237(16)
Pkkkn/10-16 0.0913 0.0913
Prin/10°16 —0.0299(13)
Pk/1016 4.22 4.22(56)
a0/102 —0.36125(27) —0.35128(57)
a/10-2 —4.3890(15) —4.2778(12)
b/10°2 0.38215(15) 0.369986(60)
ASk/10°° 0.490(18) 0.4023(87)
ASkn/10°5 —6.683(93) —5.882(91)
ASnk/10-5 6.194(82) 5.465(85)
AS/10°5 —0.003272(76) —0.00315(34)
/10 —0.2739(84)
O°n/107°
HSk/10-8
HSkkn/10-8 —0.281(30) —0.2471(79)
HSnkk/1078
HSknn/1078 0.3325(79) 0.2588(86)
HSnnk/10-8
HSNn/10-8
hSkn/10°8 —0.797(37) —0.491(29)
hSnk/10°® 0.922(52) 0.512(25)
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Table D.1 — Experimental values of v2/v4 dyad line positions of 13CD4 molecule.

J y n J' Y n' :::il Transr(;olttance, 5&;914’ Band | Spectra
1 2 3 4 5 6 7
19 F, 6 20 F. 3 869.02016 97.8 2.8 ! 11
18 Fy 6 19 F, 3 870.41776 97.1 —0.7 V4 1
19 A, 3 20 A 2 873.72646 98.0 —0.1 V4 11
18 A, 2 19 A 1 875.95377 98.0 -1.7 V4 1
18 F, I 19 F. 3 876.02580 98.0 -1.7 ! 1l
18 E 5 19 E 2 876.05385 98.1 3.2 ! i
17 F, 6 18 F. 2 877.60614 97.2 0.9 ! 1l
17 A, 3 18 A 1 877.61941 97.8 4.4 ! i
18 F, 8 19 F. 4 880.38255 97.2 1.7 ! 1l
19 F, 9 20 F. 4 881.09433 98.2 —4.5 ! i
23 Fi 15 24 F, 4 882.02471 97.6 7.2 ! 1l
17 F, 7 18 F1 3 882.88062 96.9 2.2 V4 1
17 Fi 6 18 F, 3 882.98258 96.0 —0.7 ! 1l
13 Fy 3 14 F, 3 884.27607 94.3 -1.1 V4 1
16 F. 5 17 F, 2 884.72092 96.5 3.5 ! 1l
16 F, 6 17 Fi 3 884.74118 96.4 0.5 ! 1
18 A 3 19 A, 2 884.75148 95.8 1.1 vy i
22 Fi 13 23 F, 5 885.49071 97.1 1.6 ! 1
18 F, 9 19 F1 4 886.26416 97.4 —0.1 vy i
17 Fy 7 18 F, 4 886.81760 98.2 —2.3 ! 1
22 A 5 23 A, 2 887.02960 96.9 3.6 vy i
17 E 5 18 E 3 887.05425 97.6 0.5 ! 1
22 Fy 14 23 F, 4 888.15222 96.6 1.6 V4 i
22 F, 14 23 Fi 4 888.65975 95.6 0.9 ! 1
21 A, 5 22 A 2 889.58122 95.4 0.4 vy i
16 Fy 6 17 F, 3 889.75071 94.7 —4.9 V4 1
16 A 3 17 A, 1 889.90776 95.9 1.5 vy i
21 F, 13 22 Fi 4 889.99905 95.1 1.2 ! 1
21 Fy 12 22 F, 5 890.50439 95.0 —0.9 V4 1
12 F, 2 13 F. 4 891.34041 97.3 -1.1 ! i
22 A, 5 23 A 1 891.38936 97.1 3.8 vy i
21 A, 4 22 A, 2 891.43602 95.9 1.9 V4 1
14 Fy 4 15 F, 2 891.50952 94.0 2.9 vy i
14 A 2 15 A, 1 891.51457 95.6 2.6 V4 11
19 Fy 11 20 F, 5 891.52234 86.5 2.3 V4 i
22 F, 15 23 F. 3 891.56500 96.5 2.5 V4 11
22 E 10 23 E 2 891.64111 97.0 4.1 V4 i
15 Fy 6 16 F, 2 891.78815 95.3 1.6 V4 11
15 E 4 16 E 2 891.80349 95.3 -1.6 vy i
17 F, 9 18 F. 3 891.89203 96.7 3.3 V4 Il
19 F, 10 20 F1 5 891.99271 85.5 2.9 vy 1
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J y n J' Y n' gr:: Transrg}olttance, 5&1]914’ Band | Spectra
1 2 3 4 5 6 7
12 A 1 13 A, 1 892.00148 96.3 0.4 ! 1!
21 Fy 13 22 F, 4 892.94963 94.5 0.7 V4 Il
21 E 9 22 E 3 893.26307 95.3 —0.1 V4 1!
21 Fy 14 22 F, 3 895.94707 93.7 -1.4 V4 Il
16 F, 8 17 F; 4 896.19918 96.3 0.9 V4 Il
15 F, 5 16 F. 3 896.35804 96.6 1.1 Vi Il
18 F, 10 19 F; 5 897.63350 79.3 1.1 V4 1!
18 E 7 19 E 3 897.88238 83.3 0.4 Vi Il
20 F, 13 21 Fi 4 897.90568 91.2 -1.0 V4 1!
18 F, 10 19 F, 5 898.13426 78.3 3.4 Vi Il
14 Fi 5 15 F, 3 898.73465 94.3 0.7 ! 1!
14 F, 5 15 F; 2 898.78884 93.8 1.0 Vi Il
13 F, 4 14 F; 1 898.94651 92.7 1.8 V4 1!
13 F, 4 14 F, 2 898.95371 93.4 1.6 Vi Il
11 A, 1 12 A; 2 899.15957 96.0 4.0 ! 1!
11 Fy 2 12 F, 3 899.60406 97.3 -1.8 V4 Il
21 F, 15 22 Fi 2 899.67384 90.7 2.0 V4 1!
20 E 9 21 E 2 899.87352 94.0 0.2 V4 Il
20 F; 13 21 F, 3 900.08900 87.5 1.1 ! 1!
19 F; 12 20 F, 4 900.26373 86.9 -1.1 V4 Il
20 A, 5 21 A, 1 900.42939 89.9 —0.6 V4 1!
22 E 11 23 E 1 900.53645 91.4 4.8 vy 1
15 A, 2 16 A 2 900.86026 91.0 -1.3 V4 Il
19 E 8 20 E 3 900.94577 90.9 —0.6 ! 1
15 F; 8 16 F, 3 902.40210 96.5 —0.7 V4 1!
23 A; 6 24 A 1 902.71557 93.5 —0.8 V4 1
23 E 12 24 E 1 902.71557 93.5 —0.8 ! 1!
23 F, 17 24 F. 1 902.71557 93.5 —0.8 vy 1
14 A, 2 15 A 1 902.73720 96.8 1.1 ! 1!
19 A; 4 20 A 2 902.76640 86.9 2.3 vy 1
15 A 3 16 A, 1 902.84797 97.0 4.9 V4 1!
14 F, 6 15 F; 3 903.06270 96.3 0.7 V4 Il
14 | E 4 | 15 | E 2 | 903.24069 95.6 2.4 V4 1
17 A, 4 18 A 2 903.51036 73.6 0.7 Vi Il
20 F, 14 21 Fi 3 903.74568 90.6 0.1 Vs 1!
17 F, 10 18 F. 4 903.76501 69.9 0.7 vy 1
17 F, 9 18 F, 5 904.03248 70.0 1.0 V4 1!
19 F, 12 20 F. 3 904.14154 87.0 —0.7 vy 1
17 A 3 18 A, 2 904.31790 70.5 2.1 ! 1!
21 F, 16 22 F; 1 904.36703 89.7 8.4 V4 Il
19 Fi 13 20 F, 3 904.60042 85.8 2.3 ! 1!
18 A 4 19 A; 2 905.28158 81.9 0.0 V4 Il
13 F, 5 14 Fi 2 905.64102 92.3 3.7 ! 1!
18 Fy 11 19 F, 4 905.78362 80.0 0.3 V4 1
12 F, 4 13 Fi 2 906.29301 92.5 2.8 V4 1!
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J y n J' Y n' gr:: Transrg}olttance, 5&1]914’ Band | Spectra
1 2 3 4 5 6 7
12 E 3 13 E 1 906.29852 94.2 —0.8 2 1!
22 Fy 17 23 F, 1 906.31602 91.7 -1.5 V4 Il
22 F, 17 23 F; 1 906.31602 91.7 -1.6 V4 1!
14 F, 7 15 F; 3 906.72865 93.8 1.9 V4 Il
10 F, 2 11 F; 3 907.20321 96.4 2.9 V4 1!
10 E 1 11 E 2 907.27464 97.1 —2.0 Vi Il
18 A, 4 19 A 1 907.58032 81.4 0.0 2 1!
14 E 5 15 E 2 907.60879 94.6 2.5 Vi Il
19 Ay 5 20 A, 1 907.64439 87.9 —0.4 2 1!
19 E 9 20 E 2 907.81666 90.2 —0.1 Vi Il
10 F; 2 11 F, 3 908.21076 95.6 —4.4 2 1!
18 F, 12 19 F; 3 908.72432 78.2 —0.9 Vi Il
18 E 8 19 E 2 909.00490 84.3 -1.4 2 1!
13 F, 6 14 F; 3 909.30802 93.2 2.8 Vi Il
16 F 9 17 F. 5 909.52165 58.4 0.4 V4 "
13 Fy 5 14 F, 3 909.73880 93.6 0.3 V4 Il
16 E 6 17 E 3 909.79049 69.1 0.4 2 1!
21 A 5 22 A, 1 909.91244 82.5 —0.6 V4 Il
21 E 11 22 E 1 909.91244 82.5 -1.0 2 1!
21 F; 16 22 F, 1 909.91244 82.5 —0.9 V4 Il
16 F; 9 17 F, 4 910.09866 54.8 —0.4 V4 Il
17 E 7 18 E 3 911.10884 78.0 —2.0 V4 1
18 F; 12 19 F, 3 911.72330 78.7 —0.7 2 1!
18 F, 13 19 F. 2 911.90765 78.5 -1.1 V4 1
19 F, 13 20 F; 2 912.01786 83.5 —0.4 V4 1!
19 Fi 15 20 F, 1 912.02675 83.4 —0.9 V4 1
17 F, 11 18 F; 3 912.24062 71.6 -1.3 V4 1!
13 | E 4 | 14 | E 2 | 912.72022 96.3 -1.7 V4 I
17 F; 11 18 F, 3 913.44277 70.7 -1.5 V4 1!
11 F, 3 12 F. 2 913.51542 90.1 2.3 V4 1
15 F; 9 16 F, 4 915.27422 38.5 -1.3 V4 1!
15 E 6 16 E 3 915.58060 49.7 —0.8 V4 Il
17 E 8 18 E 2 915.74657 78.3 —0.7 V4 1!
12 F; 5 13 F, 3 915.80593 96.7 3.4 Vi Il
18 E 9 19 E 1 915.83812 82.5 —0.6 V4 1!
18 F; 13 19 F, 2 915.84681 75.3 —0.1 Vi 1
18 A 5 19 A, 1 915.86373 78.7 —0.8 V4 1!
17 F, 12 18 F. 2 915.88759 64.1 —0.7 V4 1
15 F, 8 16 Fi 4 915.89353 37.8 1.1 V4 1!
17 A, 5 18 A 1 916.12110 72.8 -1.0 V4 Il
16 E I 17 E 2 916.63567 68.7 2.0 V4 1!
12 A 2 13 A, 1 916.73439 89.2 0.5 V4 Il
19 A, 5 20 A 1 917.09136 63.7 2.9 V4 1!
19 F, 14 20 F. 1 917.09136 63.7 —0.5 V4 1
19 E 10 20 E 1 917.09136 63.7 0.7 V4 1!
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J y n J' Y n' gr:: Transrg}olttance, 5&1]914’ Band | Spectra
1 2 3 4 5 6 7
16 F; 10 17 F, 3 917.13093 59.9 -1.2 2 1!
16 A 4 17 A, 1 918.08524 64.3 -1.4 V4 Il
12 F, 6 13 F; 3 918.39127 95.0 2.1 V4 1!
11 Fy 5 12 F, 2 919.04799 92.2 0.4 V4 Il
11 E 3 12 E 2 919.15579 92.0 0.9 ! 1!
17 F, 13 18 F. 1 919.65378 67.0 —0.5 Vi Il
17 F; 12 18 F, 2 919.68437 67.2 —0.4 V4 1!
16 Fy 11 17 F, 2 919.78887 58.5 —0.9 Vi Il
16 F, 11 17 F; 3 920.12198 57.2 —0.9 2 1!
10 E 2 11 E 1 920.61801 92.6 1.6 Vi Il
15 A, 3 16 A 2 920.62521 54.3 -1.3 V4 Il
10 F, 3 11 F, 2 920.63509 90.2 3.4 Vi Il
10 A 2 11 A, 1 920.66853 89.7 3.8 V4 Il
18 F, 14 19 F. 1 920.67335 54.4 2.7 Vi Il
18 F; 14 19 F, 1 920.67335 54.4 3.0 ! 1!
14 A 3 15 A, 2 920.75524 39.0 0.0 V4 Il
14 F, 8 15 F, 4 921.38274 32.5 0.1 ! 1!
14 A, 3 15 A 1 921.76923 39.3 0.3 V4 Il
11 F; 6 12 F, 2 922.63783 90.8 —0.7 2 1!
15 A 4 16 A; 1 923.37635 49.1 -2.5 V4 Il
16 F, 12 17 F; 2 923.49006 55.2 —0.4 2 1!
16 E 8 17 E 1 923.51552 66.1 —0.4 V4 1
15 F; 11 16 F, 2 924.06498 41.2 1.0 ! 1!
17 | A 4 |1 18 | A 1 | 924.24966 39.0 9.7 V4 I
17 E 9 18 E 1 924.24966 39.0 -8.4 V4 1!
17 Fi 13 18 F, 1 924.24966 39.0 2.3 V4 1
15 E 7 16 E 2 924.27259 58.8 -0.9 V4 1!
10 F; 4 11 F, 3 925.40465 93.1 2.1 vy 1
10 F, 4 11 Fi 2 925.69167 89.6 0.4 V4 11
14 F, 9 15 F. 3 925.93735 29.6 14 vy 1
14 E 6 15 E 2 926.29655 48.3 —0.6 V4 1!
13 F; 7 14 F, 4 926.38676 90.7 -1.9 V4 1
13 E 5 14 E 3 926.69385 33.7 —0.8 V4 1!
15 F, 10 16 F. 2 927.26655 41.5 —0.2 Vi Il
15 F, 12 16 F, 1 927.35075 42.1 —0.3 Vs 1!
9 F; 3 10 F, 2 927.63436 85.5 1.4 vy 1
14 F, 9 15 F, 3 927.69223 33.1 —0.6 V4 1!
10 F, 5 11 F. 2 928.21584 93.4 1.1 vy 1
14 F, 10 15 Fi 2 928.44738 32.5 —0.8 V4 1!
10 E 3 11 E 2 928.58996 96.3 0.7 V4 Il
13 F; 8 14 F, 3 930.73671 91.3 -1.2 ! |
14 E 7 15 E 1 931.06375 45.0 —0.1 V4 Il
14 F; 10 15 F, 2 931.12896 25.0 2.7 ! 1!
14 A, 4 15 A, 1 931.24559 36.6 —0.2 V4 Il
15 F, 11 16 Fi 1 931.38541 31.3 5.1 ! 1!
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J y n J' Y n' gr:: Transrg}olttance, 5&1]914’ Band | Spectra
1 2 3 4 5 6 7
15 A, 4 16 A; 1 931.39035 45.0 0.7 ! 1!
12 F, 7 13 F. 4 931.71156 88.1 —0.2 V4 i
13 E 6 14 E 2 931.78949 93.7 0.5 V4 |
12 E 5 13 E 2 932.08807 91.6 -1.0 V4 i
13 F, 9 14 Fi 2 932.18109 90.5 -1.4 V4 |
12 Fy 7 13 F, 3 932.46976 88.0 -1.8 Vi i
13 A, 4 14 A 1 932.79643 92.2 -1.9 V4 |
9 Fy 4 10 F, 3 934.28000 93.6 -1.4 Vi Il
8 F 3 9 F; 2 934.42435 88.0 3.3 V4 1!
8 E 2 9 E 1 934.47099 90.5 3.1 Vi Il
13 F, 10 14 Fi 1 934.85747 90.3 —0.5 ! |
14 F, 11 15 F, 1 934.94141 23.0 3.0 Vi Il
14 F, 11 15 Fi 1 934.94885 26.0 0.4 ! 1!
13 F, 9 14 F, 2 935.03143 79.4 —0.9 Vi 1
12 A, 3 13 A, 1 935.32572 90.1 -1.2 V4 |
12 Fy 8 13 F, 3 935.97834 97.1 —0.5 V4 Il
12 F, 8 13 F, 2 936.01528 88.6 -1.2 2 |
12 F, 8 13 F; 3 936.54830 88.1 -1.5 V4 1
11 A, 2 12 A 2 936.74235 86.1 0.9 V4 |
11 F, 6 12 F; 3 937.07443 85.4 —0.8 V4 1
11 F; 7 12 F, 3 937.46769 85.3 —0.3 V4 |
11 A 3 12 A 1 938.00684 87.1 —0.4 V4 |
8 F, 4 9 Fi 3 938.42141 87.2 2.5 ! 1!
13 A 3 14 A 1 938.48430 87.5 —3.0 vy |
12 F, 9 13 Fi 2 938.77114 87.4 —0.7 ! |
12 E 6 13 E 1 938.88598 91.1 0.6 V4 |
8 F; 4 9 F, 2 939.77191 88.8 3.9 V4 11
20 A, 2 20 A; 1 940.13302 97.9 -1.2 2 1
20 F; 4 20 F, 2 940.13985 97.5 2.6 V4 1!
21 A; 2 21 A 1 940.14859 96.1 5.8 vy 1
21 F, 5 21 Fi 2 940.14859 96.1 —0.5 ! 1!
11 F; 8 12 F, 2 940.43168 85.5 —0.8 V4 1
11 E 5 12 E 2 940.73307 88.8 —0.4 V4 |
7 F, 2 8 F, 2 941.00296 90.0 0.3 Vi Il
7 Fi 3 8 F, 1 941.14602 85.6 1.8 Vs 1!
10 F, 6 11 F. 3 941.94000 81.8 0.0 vy |
12 F, 10 13 Fi 1 942.05498 86.8 0.6 V4 |
10 E 4 11 E 2 942.25919 87.3 0.4 vy |
11 Fi 9 12 F, 1 942.75111 84.9 —0.6 ! |
10 F; 6 11 F, 3 942.80837 81.9 0.0 V4 1
7 Fi 4 8 F, 1 944.12504 95.1 —0.6 ! 1!
18 A, 1 18 A 1 945.22215 96.9 2.0 V4 Il
11 E 6 12 E 1 945.56736 88.3 0.4 ! |
11 F, 8 12 F. 1 945.58446 83.3 0.5 V4 |
11 A, 3 12 A 1 945.61700 85.4 0.1 ! |
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J y n J' a n' gr:: Transrg}olttance, 5&1]914’ Band | Spectra
1 2 3 4 5 6 7
10 E 5 11 E 1 946.16753 84.8 2.9 vy 1
10 Fy 7 11 F, 2 946.39984 81.0 0.4 V4 |
10 A, 3 11 A, 1 946.73987 84.2 0.4 vy 1
9 Fy 5 10 F, 3 946.79047 78.4 —0.1 V4 |
9 E 4 10 E 2 947.23554 85.0 —0.3 Vg 1
6 E 2 7 E 1 947.43426 94.5 0.0 vy 1
6 F. 2 7 F, 2 947.53463 89.1 2.5 ! i
9 F, 6 10 F1 2 947.65293 78.6 0.1 vy |
10 Fy 8 11 F, 1 949.09212 80.5 0.5 vy 1
10 F, 8 11 F1 1 949.14290 80.1 0.8 vy |
9 A, 3 10 A 1 949.16915 81.8 0.4 vy 1
9 F, 7 10 F1 2 949,98682 93.1 0.8 vy 11
9 F, 7 10 F. 1 950.00536 78.5 0.0 V4 |
16 E 2 16 E 2 950.23874 94.0 0.2 vy 11
16 Fy 3 16 F, 2 950.24420 93.5 4.1 Vy4 i
16 A 2 16 A, 1 950.24876 94.2 3.2 vy 11
9 Fi 6 10 F, 2 950.39625 78.5 —0.1 V4 |
8 A 2 9 A, 1 951.35457 78.8 —0.1 vy |
8 F. 5 9 F, 2 951.70074 75.5 0.0 V4 1
8 F, 5 9 Fi 3 952.11998 75.5 0.1 vy |
16 F, 4 16 F. 2 952.21465 86.5 3.4 V4 1l
16 Fi 4 16 F, 1 952.21465 86.5 2.0 vy 11
21 F, 6 21 F. 1 952.47540 82.4 —4.5 vy i
21 Fi 6 21 F, 1 952.47540 82.4 —4.2 vy 11
9 A, 2 10 A, 1 952.56266 80.4 0.4 vy 1
9 Fy 7 10 F> 1 952.64544 77.0 0.4 V4 1
9 E 5 10 E 1 952.68205 84.1 1.2 Vy4 1
15 Fi 3 15 F, 3 952.74486 91.3 5.4 vy 11
8 | A, | 2| o | A | 1| 95286729 78.7 0.1 Ve T
8 F, 6 9 Fi 2 954.03985 75.8 0.3 vy 1
8 E 4 9 E 1 954.25349 81.3 0.6 vy 1
15 E 3 15 E 1 954.56648 79.1 —-6.9 V4 11
15 F. 4 15 F, 2 954.56648 79.1 3.2 2 i
15 A 1 15 A, 1 954.56648 79.1 6.9 vy 11
20 F, 6 20 F. 1 955.18050 66.9 -1.4 Va i
20 E 4 20 E 1 955.18050 66.9 -1.2 vy 11
20 A 2 20 A 1 955.18050 66.9 -1.9 ! i
7 Fi 5 8 F, 2 956.09243 73.0 0.1 vy 1
8 F, 7 9 F. 1 956.21923 74.2 0.9 ! 1
7 E 3 8 E 2 956.37919 81.1 0.3 vy |
7 F, 4 8 Fi 2 957.07130 73.0 0.4 7 1
13 F, 2 13 F1 3 957.64147 86.8 -1.9 vy 11
19 F. 6 19 F, 1 957.83888 61.8 —0.5 ! i
19 F, 5 19 Fi 1 957.83888 61.8 -1.0 V4 11
7 F. 6 8 F, 1 958.09755 72.8 0.8 ! 1
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J y n J' Y n' gr:: Transrg}olttance, 5&1]914’ Band | Spectra
1 2 3 4 5 6 7
13 E 2 13 E 1 959.20870 88.7 —0.7 V4 1!
13 F, 3 13 F. 2 959.21289 87.3 —1.1 V4 Il
13 A, 2 13 A 1 959.22051 89.3 1.1 V4 1!
7 F, 5 8 F. 1 959.68042 71.9 0.9 V4 i
7 A, 2 8 A 1 959.80984 75.5 0.7 V4 I
4 F, 2 5 F. 2 959.87264 94.3 —0.1 Vi Il
4 E 1 5 E 1 960.08583 93.0 1.8 V4 1!
18 Fy 5 18 F, 1 960.44484 324 0.4 Vi Il
18 Ay 2 18 A, 1 960.44484 32.4 0.8 V4 1!
18 E 4 18 E 1 960.44484 324 0.2 Vi Il
6 F, 4 7 F; 2 960.46108 71.0 0.4 V4 I
6 E 3 7 E 1 960.96652 79.3 0.4 Vi 1
6 F; 4 7 F, 2 961.32867 71.4 0.5 V4 I
6 A 2 7 A, 1 962.02922 75.1 0.5 Vi 1
17 Fi 5 17 F, 1 962.99170 33.0 1.1 ! 1!
17 F, 5 17 F; 1 962.99170 33.0 1.3 V4 Il
6 F, 5 7 F, 1 963.08787 70.7 1.0 V4 I
6 F, 5 7 F. 1 963.27069 69.7 0.4 V4 1
11 A 1 11 A, 1 963.75574 85.3 0.4 ! 1!
11 F; 3 11 F, 2 963.78450 85.5 -1.3 V4 Il
5 A, 2 6 A 1 964.57778 74.8 0.5 V4 |
5 F 4 6 F. 1 964.92409 70.8 0.8 vy |
5 F, 3 6 F, 2 965.30443 70.7 0.9 V4 |
16 F, 5 16 F. 1 965.47194 88.9 0.0 vy |
16 E 3 16 E 1 965.47194 88.9 -1.0 V4 |
16 A; 2 16 A 1 965.47194 88.9 2.1 V4 |
10 F; 2 10 F, 2 966.01996 84.2 =7.2 V4 1!
10 F, 3 10 F. 1 966.06464 89.6 0.2 vy 1
5 A, 1 6 A, 1 966.29970 74.7 1.0 V4 |
5 F. 4 6 F, 1 966.68849 70.4 0.6 vy |
9 F, 1 9 Fi 3 967.22275 94.7 4.4 ! 1!
19 A 3 19 A 1 967.79295 50.8 2.7 V4 Il
19 E 4 19 E 1 967.79295 50.8 2.7 Va 1!
19 F; 7 19 F, 2 967.79295 50.8 0.8 Vi Il
15 F, 5 15 F, 1 967.87782 87.6 2.4 V4 |
15 F, 4 15 F. 1 967.87782 87.6 4.2 vy |
9 F, 2 9 Fi 2 968.28547 85.5 0.2 V4 1!
9 A, 1 9 A 1 968.33830 98.8 -1.5 vy |
4 F, 3 5 Fi 2 968.87144 72.0 0.7 ! |
4 E 2 5 E 1 969.09716 79.4 1.6 V4 1
18 F, 6 18 Fi 1 969.85631 48.3 -1.9 V4 1!
18 F; 6 18 F, 2 969.85631 48.3 4.1 V4 Il
4 F; 3 5 F, 1 969.92662 71.7 1.0 Vy |
4 F, 4 5 F. 1 970.31147 70.7 0.9 ! |
13 F, 4 13 Fi 1 972.42680 87.6 0.8 V4 |
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J y n J' a n' gr:: Transrg}olttance, 5&1]914’ Band | Spectra
1 2 3 4 5 6 7
13 Fy 4 13 F, 1 972.43066 87.7 1.7 vy 1
3 Fy 3 4 F, 1 972.78515 73.7 0.3 V4 |
3 E 2 4 E 1 973.38536 81.8 0.4 Vy4 1
3 F, 2 4 F1 1 973.60651 74.0 1.2 V4 |
19 F. 8 19 F, 3 973.61585 73.9 2.8 Vg i
16 Fy 5 16 F, 1 973.79832 46.8 0.2 vy 1
16 F, 6 16 F. 2 973.80669 415 1.3 V4 i
3 A, 1 4 A 1 973.88983 66.4 7.5 vy |
12 A, 1 12 A 1 974.54511 86.6 15 vy 1
12 F, 4 12 F1 1 974.55285 84.4 0.8 vy |
12 E 3 12 E 1 974.55684 89.0 1.4 vy 1
23 Fy 10 23 F, 4 975.27430 92.8 —0.3 vy 11
18 A, 2 18 A 1 975.40627 67.8 —6.8 vy i
18 F, 7 18 F1 2 975.43282 514 7.1 vy 11
15 A 2 15 A, 1 975.64626 40.9 0.5 vy i
15 Fy 6 15 F, 2 975.66482 33.3 0.4 vy 11
15 E 4 15 E 1 975.67382 41.1 —3.1 ! i
20 Fy 8 20 F, 3 976.37759 86.0 1.0 vy 11
20 F, 8 20 F. 3 976.43936 81.9 2.6 V4 i
2 A 1 3 A, 1 976.48305 76.6 5.2 vy |
11 F, 3 11 F. 1 976.55293 79.6 1.3 vy 1
2 Fi 2 3 F, 1 976.88222 79.1 0.5 ! 1
22 A 4 22 A, 2 977.06210 89.7 2.4 vy i
17 F, 7 17 Fi 3 977.14099 48.5 3.9 vy 11
19 F, 7 19 F. 3 978.06922 72.8 0.7 vy i
19 A, 3 19 A; 1 978.20556 77.1 —0.7 V4 11
10 E 2 10 E 1 978.42441 84.0 0.6 vy 1
10 F; 3 10 F, 1 978.43863 76.8 0.2 vy 1
10 A 2 10 A, 1 978.46776 80.9 0.5 vy 1
16 Al 3 16 A 1 978.92617 31.3 —4.6 ! 11
13 F, 5 13 F. 2 979.10668 88.4 —0.6 vy 1
13 A, 3 13 A 1 979.17889 90.2 —0.3 V4 |
20 A, 3 20 A 2 979.71492 84.2 —0.6 2 i
18 F, 8 18 F1 3 979.74992 65.1 —0.9 vy 11
20 F, 9 20 F, 4 980.05731 84.0 24 Va "
9 F, 3 9 Fi 1 980.14776 73.9 —0.3 ! 1
9 F. 3 9 F, 1 980.19933 74.1 0.0 ! 1
15 F, 5 15 Fi 2 980.23407 91.7 —0.5 vy 1
1 F. 1 2 F; 1 980.43462 74.3 7.6 7 1
12 Fy 4 12 F, 1 980.59813 85.0 —04 vy |
1 E 1 2 E 1 980.62295 89.2 -1.1 ! 1
12 F, 5 12 F1 2 980.72082 85.2 -1.1 vy |
19 F, 8 19 Fi 4 981.17372 74.0 1.8 7 i
17 E 5 17 E 2 981.25017 63.4 —2.4 ! 11
19 F, 8 19 Fi 3 981.25572 93.6 —6.7 ! 11
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J y n J' Y n' gr:: Transrg}olttance, 5&1]914’ Band | Spectra
1 2 3 4 5 6 7
14 A, 2 14 A; 1 981.45684 91.9 0.8 V4 |
8 A, 1 8 A 1 981.66614 74.9 0.4 V4 i
14 F, 6 14 Fi 2 981.72474 90.9 -1.5 ! |
8 F, 3 8 F. 1 981.74936 69.9 0.3 V4 i
8 E 2 8 E 1 981.79391 79.6 —0.6 Vg |
11 Fy 5 11 F, 2 982.07399 79.4 2.1 Vi i
16 Fi 7 16 F, 3 982.10394 37.7 0.0 V4 1!
11 E 3 11 E 1 982.17551 79.6 —0.6 Vi i
20 | R 9 | 20 | R, 4 | 982.21120 67.7 14 va I
18 F, 8 18 F, 5 982.48988 93.8 1.7 Vi Il
13 F, 6 13 F; 3 982.79683 87.5 -0.9 V4 I
19 A 4 19 A, 2 982.91588 77.1 —0.9 Vi Il
7 F, 2 7 Fi 1 983.08560 67.1 1.2 ! |
13 F, 5 13 F, 3 983.14627 84.9 2.7 Vi Il
15 E 5 15 E 2 983.15649 93.0 —0.9 V4 |
13 Fy 5 13 F, 2 983.18292 88.2 —0.9 V4 1
10 F; 4 10 F, 2 983.21380 76.5 -1.2 2 |
7 Fy 3 7 F, 1 983.22284 68.9 —0.4 V4 1
17 F, 8 17 Fi 4 983.23346 50.3 —0.3 ! 1!
10 F, 4 10 F; 2 983.46447 80.4 3.6 V4 Il
20 F, 10 20 F; 5 983.81357 81.4 2.6 V4 1!
16 A, 3 16 A 2 983.86897 41.7 2.5 vy 1
18 A, 3 18 A, 2 984.01094 63.3 0.9 V4 Il
6 E 2 6 E 1 984.26513 62.9 -1.6 vy |
9 E 3 9 E 1 984.26513 62.9 2.6 V4 |
6 F, 2 6 F, 1 984.36414 66.9 —0.1 ! |
9 F, 4 9 Fi 2 984.43734 74.3 —0.4 V4 |
19 Fy 10 19 F, 4 984.45982 88.7 3.7 vy 1
6 Ay 1 6 A, 1 984.61411 72.0 —0.1 V4 |
13 A 2 13 A; 1 984.64161 88.2 —0.6 vy |
15 A, 2 15 A; 1 984.64944 33.2 3.2 ! 1!
20 E 7 20 E 4 984.66285 87.0 1.4 V4 Il
11 F, 4 11 Fi 2 984.69215 62.0 0.8 Vs |
17 F; 8 17 F, 4 984.76637 53.0 —0.8 Vi Il
12 A 2 12 A, 1 984.94664 86.1 -3.3 Va |
9 A, 2 9 A 1 984.97752 78.1 -1.0 vy |
8 F, 3 8 F, 1 985.13595 70.0 —0.1 V4 |
16 F, 8 16 F. 4 985.14894 41.4 —0.7 vy 1
5 F, 2 5 Fi 1 985.23486 67.2 -1.2 V4 |
14 F, 7 14 F; 3 985.32563 89.8 —0.4 V4 1
19 F, 9 19 Fi 5 985.41895 75.6 0.2 V4 1!
18 F, 9 18 F; 4 985.47673 48.4 -1.9 V4 Il
17 E 6 17 E 3 985.59857 34.4 3.3 ! 1!
11 Fy 6 11 F, 3 985.62888 79.1 -1.3 V4 |
13 F. 6 13 F, 3 985.65919 87.5 -1.0 ! |
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y n J' a n' gr:: Transrg}olttance, 5&1]914’ Band | Spectra
1 2 3 4 5 6 7
15 F, 7 15 F. 4 985.66611 87.1 3.0 vy 1
7 A 2 7 A, 1 985.70648 71.0 0.1 V4 |
8 F, 4 8 F. 2 985.74113 70.0 —0.7 Vy4 1
15 F, 7 15 F1 2 985.77435 40.2 5.9 V4 i
4 A, 1 4 A 1 985.88461 73.2 0.4 Vg |
17 F, 9 17 F1 5 985.93803 53.9 —0.1 vy i
10 F, 5 10 F. 2 985.98791 71.4 -3.0 V4 |
10 F, 5 10 F1 1 986.00686 77.2 0.3 vy i
7 Fy 4 7 F, 2 986.19223 61.9 5.5 vy |
10 E 3 10 E 2 986.37920 74.0 5.7 vy |
7 E 2 7 E 1 986.50591 1.7 2.0 vy 1
12 F, 6 12 F1 3 986.57349 82.9 —04 vy |
11 E 4 11 E 2 986.58128 85.0 2.7 vy 1
3 F, 1 3 F1 1 986.64045 69.6 -1.1 vy |
13 F, 7 13 F. 4 986.69028 85.4 0.2 vy |
9 Fy 4 9 F, 2 986.83790 72.6 —0.5 vy |
8 E 3 8 E 2 986.84592 78.5 —0.8 V4 |
11 F, 5 11 F1 3 986.86354 52.6 -1.7 vy |
12 A, 2 12 A 2 986.96172 79.0 9.5 V4 |
3 Fy 2 3 F, 1 986.97416 71.8 0.2 vy |
6 F, 3 6 F. 1 986.98632 63.2 -1.5 V4 |
5 E 2 5 E 1 987.01667 75.6 -1.0 vy |
2 E 1 2 E 1 987.04211 84.2 0.4 vy |
2 Fi 1 2 F, 1 987.20802 48.6 0.8 vy |
7 F, 3 7 F. 2 987.20802 48.6 -1.5 vy |
5 F, 3 5 Fi 2 987.21414 66.9 -1.2 ! 1
9 A, 1 9 A, 1 987.22208 76.0 —0.5 vy |
1 F, 1 1 Fi 1 987.30138 85.0 1.2 vy |
4 F. 2 4 F, 1 987.32172 64.6 —0.7 vy |
6 A, 1 6 A 1 987.38212 70.7 -1.0 ! 1
3 A, 1 3 A, 1 987.45508 76.4 —0.8 vy |
1 A, 1 0 A 1 990.69485 86.0 0.4 V4 |
2 F, 1 1 F. 1 993.94075 76.1 -1.2 Va |
3 Fy 1 2 F, 1 997.09968 71.0 -1.3 vy |
3 E 1 2 E 1 997.14339 79.5 -1.3 Va |
6 | F 4 6 | F 1 | 997.28734 94.5 0.0 vy 1l
6 E 3 6 E 1 997.79760 92.8 0.9 ! 11
6 Fi 4 6 F, 1 998.15810 71.7 2.1 vy i
5 E 3 5 E 1 998.36065 95.2 4.0 ! 11
7 E 3 7 E 1 998.45423 91.6 0.5 vy 1
17 A 3 17 A, 1 998.65605 94.2 1.0 7 i
6 A 2 6 A, 1 998.85498 78.7 2.6 vy 1
7 F, 4 7 F. 1 999.15397 86.1 15 7 i
9 Fy 5 9 F, 2 999.34834 95.0 0.4 V4 11
10 F 6 10 F. 2 999.73540 95.6 1.4 V4 n
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J y n J' Y n' gr:: Transrg}olttance, 5&1]914’ Band | Spectra
1 2 3 4 5 6 7
9 E 4 9 E 1 999.80633 92.8 0.1 V4 Il
4 A 1 3 A, 1 | 1000.08859 71.0 -1.8 V4 i
7 Fi 6 7 F, 2 | 1000.16525 89.5 1.1 ! 1!
7 Fy 6 7 F, 1 | 1000.17449 81.4 —0.2 V4 Il
4 F; 1 3 F, 1 | 1000.20129 66.2 -1.5 Vg |
9 F, 6 9 F. 2 |1000.21959 90.3 4.7 Vi Il
4 F, 1 3 Fi 1 | 1000.29873 66.4 -1.7 V4 |
11 Fy 7 11 F, 2 | 1000.52037 84.7 3.0 Vi Il
13 F, 8 13 F; 3 | 1000.59634 92.7 2.6 V4 Il
10 F, 6 10 F, 2 | 1000.61766 81.9 -1.9 Vi Il
12 F; 7 12 F, 1 | 1000.76229 86.8 -1.5 V4 1!
11 A 3 11 A, 1 | 1001.05607 88.8 0.1 Vi Il
8 F, 6 8 F; 2 | 1001.34764 65.5 0.3 V4 Il
8 E 4 8 E 2 | 1001.55594 93.5 3.6 Vi Il
9 F, 7 9 Fi 1 | 1002.57482 85.2 0.4 ! 1!
10 F, 7 10 F. 2 | 1002.66426 81.7 0.3 V4 Il
10 F, 7 10 F, 1 | 1002.68288 84.0 0.3 V4 Il
9 Fy 6 9 F, 2 | 1002.92592 92.4 2.9 V4 Il
9 F; 6 9 F, 1 | 1002.96161 79.0 2.5 V4 Il
5 F; 1 4 F, 1 | 1003.08626 58.7 —4.7 V4 1
5 E 1 4 E 1 | 1003.29493 73.9 2.0 V4 |
5 F, 1 4 F. 1 | 1003.37419 59.4 -1.5 vy |
11 F; 8 11 F, 3 | 1003.42288 82.8 0.1 V4 Il
11 Fy 8 11 F, 2 | 1003.45746 88.5 -1.3 vy 1
5 A, 1 4 A 1 | 1003.48926 68.9 -1.9 V4 |
11 E 5 11 E 2 | 1003.71488 91.2 -1.6 V4 1
11 E 5 11 E 1 | 1003.75313 54.5 1.7 ! 1!
13 Fy 8 13 F, 3 | 1004.14404 81.4 —0.1 2 1
10 Fi 7 10 F, 2 |1004.17469 94.2 1.3 ! 1!
10 F; 7 10 F, 1 | 1004.20381 80.9 14 vy 1
15 A, 3 15 A; 1 | 1004.41506 77.5 3.5 ! 1!
12 F, 8 12 F. 2 | 1004.79187 80.8 1.8 V4 Il
15 F, 9 15 Fi 4 | 1004.98182 86.0 —2.8 Va 1!
13 E 6 13 E 1 | 1005.26381 86.8 3.0 Vi Il
17 E 7 17 E 2 | 1005.30502 95.8 2.3 Va 1!
15 Fy 10 15 F, 4 | 1005.55560 83.7 -1.7 vy 1
16 E 7 16 E 3 | 1005.55560 83.7 —3.8 V4 1!
13 F, 9 13 F. 2 | 1005.64728 86.2 —0.5 vy 1
16 E 7 16 E 2 | 1005.70942 93.4 2.0 V4 1!
11 F; 9 11 F, 1 | 1005.78364 78.2 2.3 V4 Il
19 F, 11 19 Fi 5 | 1005.78364 78.2 3.3 V4 1!
6 F, 1 5 F. 2 | 1005.99350 63.0 -1.6 V4 1
6 E 1 5 E 1 | 1006.05538 70.0 -1.3 Vy |
16 Fy 10 16 F, 2 | 1006.18696 87.5 —2.4 V4 1
13 A, 4 13 A 1 | 1006.24824 79.8 -3.7 V4 1!
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J y n J' a n' gr:: Transrg}olttance, 5&1]914’ Band | Spectra
1 2 3 4 5 6 7
17 F, 11 17 F. 5 | 1006.28675 90.9 3.5 vy i
6 Fy 1 5 F, 1 | 1006.38471 63.0 -1.9 V4 |
6 F, 2 5 F. 1 | 1006.53847 50.3 2.7 vy |
12 A, 3 12 A 1 | 1006.72718 82.2 -1.1 V4 i
16 A, 4 16 A, 1 | 1007.10425 89.2 -1.4 Vg i
14 F, 10 14 F1 1 | 1007.11534 78.5 3.0 vy i
12 E 6 12 E 1 | 1007.14355 86.2 —4.7 V4 i
15 A 4 15 A, 1 | 1007.27005 85.1 2.1 vy i
18 F, 12 18 F. 2 |1008.13169 93.0 2.7 vy i
15 E 7 15 E 1 | 1008.14306 92.1 -1.0 vy 1
18 E 8 18 E 2 | 1008.39726 95.1 2.2 vy i
13 Fy 9 13 F, 1 | 1008.50846 87.6 0.1 vy 1
19 F, 12 19 F. 2 |1008.72908 95.0 0.8 V4 1l
7 A, 1 6 A 1 | 1008.76393 67.7 -1.7 vy |
7 F, 1 6 F. 1 | 1008.85849 63.7 -1.8 vy |
7 Fy 1 6 F, 2 | 1008.97025 64.0 -1.8 vy |
7 A 1 6 A, 1 | 1009.39510 68.8 -1.9 V4 |
7 Fy 2 6 F, 1 | 1009.54529 63.7 2.0 vy |
7 E 1 6 E 1 | 1009.59447 74.1 -1.8 V4 |
14 E 7 14 E 1 | 1009.75526 92.1 -1.5 vy 1
14 Fy 10 14 F, 1 | 1009.81912 88.6 —2.4 vy i
17 F, 12 17 Fi 2 |1010.14416 78.2 —0.7 ! 11
15 F, 10 15 F. 1 |1011.16168 82.2 2.8 vy i
18 F 12 | 18 F, 2 |1011.16168 82.2 2.4 Va m
8 F, 1 7 F. 2 | 1011.55494 61.7 2.5 7 1
8 Fi 1 7 F> 2 |1011.80317 62.8 —0.9 ! 1
8 A, 1 7 A, 1 | 1012.00620 68.7 0.3 vy |
8 Fi 2 7 F, 1 |1012.54399 65.0 —2.4 vy |
16 E 8 16 E 1 | 1012.60450 28.1 —3.1 vy i
8 F, 2 7 Fi 1 |1012.62758 65.1 -14 ! 1
20 F, 14 20 F. 2 | 1013.50067 95.2 3.0 vy i
15 E 9 16 E 1 |1013.67357 84.9 -3.8 vy 1
15 A, 5 16 A 1 | 1013.67357 84.9 7.3 Vo i
15 F, 13 16 F1 1 | 1013.67357 84.9 =5.0 v, 1
9 F. 1 8 F, 2 | 1014.26298 68.3 -1.3 Va |
9 E 1 8 E 2 |1014.32754 77.2 -1.6 ! 1
9 F, 1 8 F. 2 | 1014.54223 64.4 -1.2 7 1
9 Fi 2 8 F, 1 |1014.81533 57.8 0.7 vy |
15 F, 14 16 F. 2 | 1015.26652 83.5 -1.6 v, 11
9 E 2 8 E 1 | 1015.57535 77.6 2.3 vy |
9 F, 2 8 F. 1 | 1015.61058 68.3 -1.9 ! |
10 Fy 1 9 F, 2 | 1016.94448 71.5 -1.1 vy |
10 F, 1 9 F. 3 | 1017.04361 72.1 -1.0 7 1
10 A, 1 9 A 1 | 1017.28592 75.8 -1.3 V4 |
19 F, 23 20 F. 2 | 1017.47317 96.7 —0.8 Vs 11
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J y n J' Y n' gr:: Transrg}olttance, 5&1]914’ Band | Spectra
1 2 3 4 5 6 7
10 F, 2 9 Fi 2 |1017.56480 71.8 -1.5 V4 |
10 E 1 9 E 1 | 1017.63531 80.2 -1.6 V4 i
6 Fi 3 5 F, 1 |1018.17619 83.1 —0.9 ! 1!
10 F, 3 9 F. 1 | 1018.63384 72.4 2.1 V4 i
11 Fi 1 10 F, 3 | 1019.49596 75.3 —0.5 ! |
11 E 1 10 E 2 | 1019.59807 72.8 10.0 Vi i
11 F, 1 10 Fi 2 |1019.69233 73.2 —0.2 2 |
14 A 5 15 A, 1 | 1019.86411 94.5 4.8 Vo Il
11 A, 1 10 A 1 | 1019.98004 79.0 —0.4 V4 I
11 F, 2 10 F; 1 | 1020.30777 75.6 -1.4 Vi 1
11 F; 2 10 F, 2 |1020.43122 75.5 -1.3 V4 |
11 A 1 10 A, 1 | 1021.55514 79.2 -1.2 Vi 1
11 F; 3 10 F, 1 | 1021.58831 75.8 -1.8 V4 |
11 E 2 10 E 1 |1021.60373 83.1 -1.9 Vi 1
12 F, 1 11 Fi 3 | 1022.05576 79.7 —0.3 ! |
12 E 1 11 E 2 |1022.11298 82.0 0.3 V4 1
12 Fi 1 11 F, 3 | 1022.25119 79.6 —0.4 ! |
7 A 2 6 A, 1 | 1022.53184 86.4 -1.8 V4 Il
12 F, 2 11 Fi 2 | 1022.61270 41.8 0.8 ! |
7 F; 4 6 F, 1 | 1023.02196 90.2 —0.9 V4 Il
12 E 2 11 E 1 | 1023.10121 85.9 —0.4 2 |
12 Fy 2 11 F, 2 11023.16390 78.5 1.2 vy |
12 Ay 1 11 A, 1 | 1023.26313 82.7 -1.2 V4 I
7 E 2 6 E 1 | 1023.33689 91.1 15 vy 1
13 F, 12 14 Fi 1 | 1024.29898 93.6 1.9 vy 1!
12 Fy 3 11 F, 1 | 1024.53255 80.3 -1.6 V4 |
13 A, 1 12 A 2 |1024.54122 79.4 2.1 V4 |
12 F, 3 11 F. 1 | 1024.55258 80.0 -1.5 vy |
16 E 12 17 E 3 |1024.57801 87.4 -1.2 2 1!
13 F, 1 12 F. 3 | 1024.59955 83.4 0.2 vy |
13 A 1 12 A, 1 | 1024.81810 79.5 —4.3 V4 |
13 F; 2 12 F, 2 | 1025.18458 83.9 0.1 V4 1
16 F; 20 17 F, 2 | 1025.28032 87.3 -1.1 Vo 1!
13 F, 2 12 F. 2 | 1025.88486 84.0 —0.4 Vi 1
13 F, 3 12 F, 1 | 1025.97588 83.6 —0.3 Va |
14 F, 1 13 F. 4 | 1027.04695 87.0 1.8 vy |
8 F, 3 7 F, 1 | 1027.21284 80.6 -1.6 V4 1!
15 Fy 17 16 F, 4 | 1027.40888 86.2 2.3 v, 1
13 F, 3 12 Fi 1 | 1027.47300 78.4 —0.4 V4 |
14 A 1 13 A, 1 | 1027.53749 89.4 0.9 V4 1
15 F, 18 16 Fi 4 | 1027.66384 87.9 3.9 vy 1!
12 F; 11 13 F, 1 | 1027.69329 82.3 3.3 Vo Il
15 F; 18 16 F, 3 |1027.72905 86.9 2.2 vy 1!
15 F, 18 16 F. 3 | 1027.73467 86.4 —3.5 vy 1
14 F. 2 13 F, 2 | 1027.75471 87.2 0.2 ! |
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J y n J' a n' gr:: Transrg}olttance, 5&1]914’ Band | Spectra
1 2 3 4 5 6 7
8 F, 4 7 F. 1 | 1027.82377 74.5 0.2 vy i
14 F, 2 13 F1 3 | 1027.88281 85.0 1.4 V4 |
15 A, 6 16 A, 1 | 1028.12667 87.5 —0.7 v, i
15 Fy 19 16 F, 2 | 1028.13187 85.4 2.8 v, 1
15 E 13 16 E 2 | 1028.13187 85.4 —4.6 vy i
14 A, 1 13 A, 1 |1028.61774 89.3 —0.1 vy |
14 F, 3 13 F. 2 | 1028.68300 87.1 0.3 V4 1
14 E 2 13 E 1 |1028.71104 87.3 1.9 vy |
12 A, 4 13 A 1 | 1028.78153 82.7 2.5 Vs i
15 Fy 1 14 F, 4 | 1029.50070 89.6 1.5 vy |
15 F, 1 14 F. 3 | 1029.63653 89.9 1.7 vy 1
15 Fy 2 14 F, 3 | 1030.03827 90.1 —0.1 vy |
14 Ay 6 15 A, 2 | 1030.33992 79.0 8.1 vy 1l
14 Fy 3 13 F, 1 | 1030.37440 86.9 -1.1 vy |
14 F, 4 13 F. 1 | 1030.38146 87.5 -1.1 Vy4 1
14 F, 16 15 F1 4 | 1030.42246 85.1 1.0 v, 11
15 F, 2 14 Fi 2 | 1030.44518 90.4 0.0 ! 1
15 A, 1 14 A 1 | 1030.56270 91.5 0.4 vy |
15 F, 3 14 F. 1 | 1031.39307 90.4 0.7 V4 |
15 Fy 3 14 F, 2 | 1031.42970 90.3 0.0 vy |
9 E 3 8 E 1 | 1031.58810 81.4 —0.6 vy i
16 Al 1 15 A 2 | 1031.90211 30.2 2.2 vy 11
16 Fy 1 15 F, 4 | 1031.94600 26.6 2.2 vy i
16 F 1 15 F. 4 | 1032.00222 26.8 2.4 Va "
16 A, 1 15 A 1 | 1032.09211 26.0 4.0 vy i
16 F, 2 15 Fi 3 | 1032.48557 20.6 —0.5 V4 11
16 E 1 15 E 2 | 1032.55428 36.0 2.2 vy i
16 Fi 2 15 F, 3 |1032.99121 25.9 1.3 vy 11
16 F, 3 15 F. 2 | 1033.10543 26.6 0.2 vy i
15 Al 1 14 A 1 | 1033.25317 91.6 0.7 ! 1
15 F. 4 14 F, 1 | 1033.25745 87.1 5.3 Vy4 1
13 Fy 15 14 F, 4 | 1033.42840 79.5 3.6 vy 11
13 E 10 14 E 3 | 1033.46449 83.3 3.0 Vo i
13 F, 15 14 F1 3 | 1033.59034 32.0 0.0 v, 11
13 F. 16 14 F, 3 | 1033.72703 77.1 —0.8 2 i
13 E 11 14 E 2 |1034.07163 95.3 2.1 v, 1
16 E 2 15 E 1 | 1034.10933 32.9 0.9 ! i
16 Fy 3 15 F, 2 | 1034.12060 25.8 0.1 vy 11
16 A 2 15 A 1 | 1034.14221 34.1 1.2 7 i
17 Fy 1 16 F, 4 |1034.32142 35.4 3.0 vy 11
17 E 1 16 E 3 | 1034.37275 51.4 2.1 7 i
17 F, 1 16 F1 4 | 1034.42582 93.9 2.0 vy |
17 A, 1 16 A 2 | 1034.78080 47.4 2.2 7 i
17 F, 2 16 Fi 3 | 1034.93622 35.0 -1.9 ! 11
17 F. 3 16 F, 2 | 1035.64381 34.0 0.8 ! 11
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J y n J' Y n' gr:: Transrg}olttance, 5&1]914’ Band | Spectra
1 2 3 4 5 6 7
17 E 2 16 E 2 | 1035.67618 13.6 2.1 V4 1!
10 Fi 4 9 F, 1 | 1035.77914 73.9 1.2 V4 Il
10 F, 4 9 Fi 1 | 1036.05275 69.4 6.0 V4 1!
18 F, 1 17 F. 5 |1036.70258 48.8 1.3 V4 Il
18 E 1 17 E 3 |1036.73742 53.2 2.8 Vg 1!
12 A 5 13 A, 1 | 1036.91729 78.4 —0.3 Vo Il
18 F 2 17 F, 4 |1037.18318 46.7 -1.4 Va "
10 F, 10 11 F. 1 | 1037.26915 92.2 -1.8 Vo Il
18 Fi 2 17 F, 3 | 1037.49461 50.9 5.2 V4 1!
18 F, 3 17 F. 3 |1038.23633 53.8 2.6 Vi Il
19 A, 1 18 A 2 | 1039.04656 69.9 14 V4 1!
19 F, 1 18 F. 4 | 1039.08022 62.2 2.1 Vi Il
19 Fi 1 18 F, 5 | 1039.12299 43.6 4.5 V4 1!
19 A, 1 18 A, 2 | 1039.18857 66.9 0.1 Vi Il
18 A, 1 17 A; 1 | 1039.46878 57.8 2.2 V4 1!
19 Fi 2 18 F, 4 | 1039.54409 61.9 5.6 V4 Il
19 E 1 18 E 3 | 1039.50978 70.5 2.9 V4 1!
11 Fi 5 10 F, 1 | 1039.87768 77.8 0.4 V4 Il
19 F, 2 18 F; 3 | 1039.92591 58.4 8.1 V4 Il
11 E 3 10 E 1 | 1039.98206 84.3 0.0 V4 Il
11 F, 13 12 F; 3 | 1039.99983 67.1 —4.3 Vo Il
19 Fy 3 18 F, 3 | 1040.03319 65.6 3.4 vy 1
11 Fi 13 12 F, 3 | 1040.08381 76.1 2.5 Vs 1!
11 A 5 12 A 1 | 1040.33155 82.1 2.8 vy 1
11 Fi 14 12 F, 2 | 1040.45252 67.9 0.0 vy 1!
11 E 9 12 E 2 | 1040.48700 86.3 2.9 v, 1
8 A 2 7 A, 1 | 1040.75367 87.7 2.2 ! 1!
19 F, 3 18 F1 2 | 1040.77375 62.1 —3.1 2 1
20 E 1 19 E 3 | 1041.44607 70.8 0.9 ! 1!
20 F; 1 19 F, 5 | 1041.48706 74.0 —0.4 2 1
18 F, 5 17 Fi 1 | 1041.72800 28.3 —0.4 V4 1!
18 Fi 4 17 F, 1 | 1041.72800 28.3 3.0 V4 Il
20 A 1 19 A, 2 |1041.78923 71.9 —0.7 Vs 1!
20 Fi 2 19 F, 4 | 1041.91207 72.7 0.3 Vi Il
20 F, 2 19 Fi 4 | 1041.99747 77.3 1.7 Vs 1!
20 A, 1 19 A 1 | 1042.38745 64.0 -1.6 vy 1
20 F, 4 19 Fi 2 |1043.32152 73.7 0.9 V4 1!
10 E 8 11 E 2 | 1043.49954 49.4 3.4 v, 1
12 Fi 4 11 F, 1 | 1043.63011 38.3 —7.5 ! 1!
12 F, 5 11 F. 1 | 1043.75887 32.5 3.3 V4 Il
10 F, 13 11 Fi 2 |1043.86994 77.6 3.4 vy 1!
21 Fi 2 20 F, 4 |1044.11751 82.4 —0.5 V4 Il
10 E 9 11 E 1 | 1044.40936 86.5 2.3 vy 1!
10 A 5 11 A; 1 | 1044.43690 71.6 1.7 vy 1
19 A 2 18 A, 1 | 1044.49373 40.1 2.1 V4 1!
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J y n J' a n' gr:: Transrg}olttance, 5&1]914’ Band | Spectra
1 2 3 4 5 6 7
19 Fy 5 18 F, 1 | 1044.49373 40.1 0.9 vy i
19 E 3 18 E 1 | 1044.49373 40.1 0.4 V4 i
21 F. 3 20 F, 3 | 1044.93440 69.7 3.3 vy i
22 A, 1 21 A 2 | 1046.17088 87.2 —4.7 V4 i
9 F, 5 8 F, 1 | 1046.67550 87.9 0.4 Vg i
22 F, 3 21 F1 4 | 1046.79847 84.2 3.6 vy i
8 F, 8 9 F. 1 | 1046.90624 89.9 3.9 vy i
12 Fy 5 11 F, 2 | 1047.08936 77.6 5.7 vy i
9 E 8 10 E 2 | 1047.21945 83.4 2.1 v, i
20 F, 5 19 F1 1 | 1047.22937 62.1 0.5 vy 1
20 Fy 5 19 F, 1 | 1047.22937 62.1 0.8 vy i
8 A, 3 9 A 1 | 1047.25768 92.2 3.4 v, 1
21 Fy 5 20 F, 1 | 1047.33892 67.2 —5.0 vy i
21 F, 4 20 F1 2 | 1047.33892 67.2 —04 vy 1
13 F, 5 12 F. 1 | 1047.36652 74.8 —2.6 vy i
13 A, 3 12 A 1 | 1047.44332 95.3 3.0 vy |
9 F, 12 10 Fi 1 | 1047.86350 74.5 -3.7 Vs i
9 Fy 12 10 F, 2 | 1047.89281 83.6 5.7 v, 1
23 F, 1 22 F. 4 | 1048.61490 88.9 -0.9 V4 11
23 A, 1 22 A 2 | 1048.61490 88.9 9.9 vy 1
23 Fy 4 22 F, 3 | 1049.81922 85.1 -6.9 vy i
22 E 3 21 E 1 | 1049.91470 74.3 —2.4 vy i
22 A, 2 21 A 1 | 1049.91470 74.3 2.8 V4 1l
22 F, 5 21 Fi 2 | 1049.91470 74.3 —0.7 vy i
21 A, 2 20 A 1 | 1049.93439 68.6 0.5 vy i
21 E 4 20 E 1 | 1049.93439 68.6 0.7 V4 i
21 F, 5 20 F. 1 | 1049.93439 68.6 0.7 vy i
8 A 4 9 A 1 | 1050.78260 70.5 1.6 vy i
8 F. 10 9 F, 2 | 1050.89571 60.6 8.7 vy 1l
14 F; 5 13 F, 1 | 1050.89571 60.6 -1.1 ! 11
8 F, 10 9 F. 3 | 1050.99915 75.9 —3.1 v, i
13 F, 6 12 F1 2 | 1051.04034 83.1 1.8 V4 1
22 F. 5 21 F, 1 | 1052.60790 77.8 3.2 Va i
22 F, 6 21 F1 1 | 1052.60790 77.8 33 vy 1
15 A, 2 14 A, 1 | 1054.33342 74.3 -1.0 Va 11
15 Fy 6 14 F, 1 | 1054.35496 81.3 0.4 vy i
7 F. 9 8 F, 2 | 1054.76663 79.4 2.6 v, 11
14 A, 2 13 A 1 | 1054.90899 85.1 2.3 vy i
7 F, 9 8 F. 2 | 1055.17986 78.5 —3.6 v, 11
14 F, 6 13 F1 2 | 1055.19104 87.4 0.6 vy 1
11 A, 2 10 A 1 | 1057.56308 91.5 —0.9 7 i
6 F, 8 7 F1 2 | 1058.81828 81.8 2.2 vy 1
6 E 6 7 E 1 | 1059.07982 86.5 5.6 v, 11
15 Fy 7 14 F, 2 | 1059.12175 85.6 3.6 V4 11
6 Fi 8 7 F, 2 | 1059.13014 85.8 3.4 Vs "
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J y n J' Y n' gr:: Transrg}olttance, 5&1]914’ Band | Spectra
1 2 3 4 5 6 7
6 A, 3 7 A, 1 | 1059.19761 79.5 2.1 Vs 1!
17 F, 6 16 F. 1 | 1060.95241 84.1 —4.0 V4 Il
17 A, 3 16 A; 1 | 1060.95770 88.8 —0.4 V4 1!
11 Fy 8 10 F, 2 |1061.23213 93.4 —2.2 V4 Il
5 A 2 6 A, 1 | 1061.24025 93.7 2.4 vy 1!
15 E 5 14 E 2 |1061.80620 92.3 4.0 Vi Il
5 A, 3 6 A; 1 | 1063.01011 76.3 —4.7 vy 1!
5 Fy 7 6 F, 2 |1063.25173 85.1 1.1 Vo Il
17 F, 7 16 Fi 2 | 1066.20644 88.6 4.1 ! 1!
17 F, 6 16 F, 1 | 1066.27697 82.6 2.2 Vi Il
4 F, 5 5 F, 1 | 1066.51270 93.1 -6.9 vy 1!
19 F, 7 18 F, 1 | 1067.24953 81.2 1.0 Vi Il
19 A, 3 18 A, 1 | 1067.24953 81.2 8.7 V4 Il
19 E 4 18 E 1 | 1067.24953 81.2 2.9 Vi Il
4 F, 6 5 Fi 2 | 1067.48803 83.1 -7.3 2 1!
13 Fy 7 12 F, 2 | 1068.09845 92.6 3.1 V4 Il
18 A, 2 17 A 1 | 1069.65376 88.3 2.0 V4 Il
18 F, 7 17 F. 2 | 1069.68987 76.5 2.3 V4 Il
20 F, 7 19 F; 1 | 1070.30705 87.1 2.3 V4 Il
20 F; 6 19 F, 1 | 1070.30705 87.1 0.1 V4 Il
3 F, 5 4 F, 1 | 1071.99964 91.6 0.7 Vo Il
20 A 3 19 A 1 | 1076.32595 89.6 5.0 vy 1
19 A, 3 18 A 1 | 1077.65775 91.9 —8.8 V4 1!
16 F, 9 15 F. 3 | 1082.45305 95.9 0.8 vy 1
16 E 6 15 E 2 |1082.72436 96.3 -1.4 V4 1!
15 A; 3 14 A 1 | 1083.13383 90.1 —5.6 V4 1
15 F, 9 14 Fi 2 | 1083.69828 89.0 -1.5 V4 1!
22 Fy 8 21 F, 2 | 1087.67557 96.7 —0.3 vy 1
16 F, 10 15 Fi 2 |1088.6789%4 89.0 —6.0 V4 1!
6 A; 2 6 A 1 | 1092.52864 92.8 —-4.9 vy 1
3 F, 4 3 F; 1 | 1092.69313 93.8 —0.5 vy 1!
5 F, 6 5 F. 1 | 1093.67796 92.7 1.3 Vo Il
4 | R 6 4 | R 1 | 1093.80611 95.1 0.4 v, i
6 E 5 6 E 1 | 1094.07925 87.1 —4.4 Vo Il
8 F, 8 8 Fi 2 |1094.19215 96.4 3.5 Vo |
6 F; 7 6 F, 2 | 1094.24901 93.4 2.7 v, 1
9 A 3 9 A, 1 | 1094.37931 93.4 -1.2 Vo 1!
7 F; 8 7 F, 2 | 1094.79992 92.9 0.9 v, 1
7 F; 8 7 F, 1 | 1094.80910 92.0 -1.0 Vo 1!
5 F; 7 5 F, 1 | 1094.82573 90.0 2.6 Vo Il
8 E 6 8 E 2 | 1095.37358 95.4 0.5 2 1!
6 E 6 6 E 1 | 1095.91087 87.9 5.3 Vo Il
10 Fi 10 10 F, 2 | 1095.93086 94.5 3.3 2 1!
11 A 4 11 A, 1 | 1096.98731 89.4 7.4 Vo 1
10 A, 4 10 A 1 | 1097.14889 90.0 -0.9 vy 1!
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1 2 3 4 5 6 7
7 F; 10 7 F, 1 | 1097.33065 82.0 0.9 Vo Il
11 E 8 11 E 1 | 1097.75577 94.3 1.2 Vo Il
12 F, 13 12 Fi 2 |1098.45270 92.9 —0.3 vy 1!
13 E 9 13 E 1 | 1098.57697 95.2 —0.6 Vo Il
13 F, 13 13 Fi 2 |1098.67919 93.8 —3.8 vy 1!
12 Fy 13 12 F, 2 |1098.71889 91.6 0.9 Vo Il
8 A, 4 8 A; 1 | 1098.74955 75.0 2.3 vy 1!
8 F, 11 8 F. 1 | 1098.80158 77.6 —0.2 Vo Il
8 E 7 8 E 1 | 1098.82079 84.0 1.0 Vo Il
14 A, 5 14 A 1 | 1099.79518 93.1 2.1 Vo Il
9 F, 11 9 F; 2 | 1099.86383 91.9 1.1 Vo Il
9 A, 4 9 A 1 | 1099.97226 88.5 5.2 Vo Il
14 E 10 14 E 2 | 1100.35030 95.5 2.3 Vs 1!
9 F, 12 9 F; 1 | 1100.43337 75.0 0.8 Vo Il
9 Fi 12 9 F, 1 | 1100.45859 76.8 1.1 2 1!
10 F, 13 10 F. 2 |1101.64211 93.9 0.2 Vo Il
10 F, 13 10 F, 1 |1101.66123 87.9 54 vy 1!
16 Fy 16 16 F, 2 |1101.68722 95.6 -1.2 Vo Il
10 F; 13 10 F, 1 | 1102.22304 75.5 0.4 vy 1!
10 A 5 10 A, 1 |1102.23634 78.5 0.5 Vo Il
11 A 5 11 A, 1 |1103.38048 90.2 0.4 Vs 1!
18 Fy 18 18 F, 3 | 1103.86066 96.7 0.2 vy 1
18 E 13 18 E 3 | 1104.05667 93.6 4.0 vy 1!
12 A 5 12 A 1 | 1105.13034 94.3 3.8 vy 1
12 F; 15 12 F, 1 | 1105.44302 89.1 0.6 vy 1!
12 F, 16 12 F. 1 |1106.11502 62.8 —4.4 Vo 1
13 F, 15 13 F; 3 | 1107.07967 95.8 15 vy 1!
13 F, 16 13 F. 2 | 1107.55175 87.5 —0.6 vy 1
13 A, 6 13 A 1 | 1107.56114 86.6 1.0 vy 1!
13 F, 17 13 F. 1 | 1108.20616 67.1 -1.8 vy 1
13 F; 17 13 F, 1 | 1108.20616 67.1 2.1 vy 1!
14 F, 18 14 F. 1 | 1109.73484 86.6 —6.9 Vo Il
14 Fi 17 14 F, 2 |1109.74126 80.7 3.7 Vo 1!
14 A 7 14 A, 1 |1110.37748 67.1 8.0 Vo Il
14 E 12 14 E 1 |1110.37748 67.1 —8.1 Vo 1!
14 F, 18 14 F, 1 |1110.37748 67.1 2.8 Vs 1
15 Fi 18 15 F, 3 |1111.57768 94.6 2.4 2 1!
15 F, 18 15 F. 2 | 1111.61096 94.2 2.5 v, 1
15 Fi 19 15 F, 2 | 1112.00907 91.2 1.3 Vs 1!
15 A 6 15 A; 1 |1112.02049 92.9 1.0 Vo Il
15 F, 19 15 Fi 1 | 1112.62007 71.3 3.2 2 1!
15 F; 20 15 F, 1 | 1112.62007 71.3 4.3 Vo Il
16 Fi 19 16 F, 2 | 1113.97770 95.0 -3.9 2 1!
16 E 13 16 E 2 | 1114.00119 95.1 1.9 Vs 1
16 E 14 16 E 1 |1114.92343 67.1 2.8 Vs 1!
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1 2 3 4 5 6 7
16 F, 21 16 Fi 1 |1114.92343 67.1 2.1 Vo 1!
16 A, 7 16 A 1 |1114.92343 67.1 —0.8 Vo Il
17 F, 22 17 Fi 1 |1117.28043 85.5 4.9 2 1!
17 Fy 22 17 F, 1 |1117.28043 85.5 —-6.9 Vo Il
18 F, 22 18 Fi 1 |1119.14943 97.6 2.2 Vo 1!
18 Fy 21 18 F, 2 | 1119.19395 97.6 3.4 Vo Il
18 F; 23 18 F, 1 | 1119.68504 84.3 -1.1 Vo 1!
18 E 16 18 E 1 | 1119.68504 84.3 1.2 Vo Il
18 Ay 8 18 A, 1 | 1119.68504 84.3 —5.6 vy 1!
19 A 8 19 A, 1 |1121.70644 96.1 2.4 Vo Il
19 Fi 24 19 F, 1 |1122.13070 94.1 2.7 Vs 1!
20 F, 24 20 F. 1 | 1124.57563 94.1 —4.1 Vo Il
20 E 16 20 E 1 | 1124.57563 94.1 -9.5 vy 1!
20 A, 8 20 A 1 | 1124.57563 94.1 4.6 Vo Il
6 F, 7 5 Fi 2 | 1125.33906 92.9 1.8 2 1!
6 Fy 7 5 F, 1 | 1125.82268 94.6 1.0 Vo Il
21 F, 24 21 Fi 1 |1127.07753 97.5 2.3 Vs 1!
6 F, 8 5 F. 1 | 1127.22015 94.8 —0.4 Vo Il
7 A, 3 6 A; 1 | 1131.07777 90.4 0.5 Vs 1!
7 F, 8 6 F. 1 | 1131.41408 91.0 -1.8 Vo Il
8 Ay 3 7 A, 1 | 1135.10691 96.6 -3.1 Vo 1!
8 F, 8 7 F. 2 | 1136.26094 96.5 3.0 vy 1
8 F, 9 7 Fi 2 | 1137.25416 86.6 2.7 Vs 1!
8 Fi 9 7 F, 2 | 1137.66092 89.0 —4.2 Vo 1
8 A 4 7 A, 1 | 1140.18206 94.6 3.1 Vs 1!
8 F, 10 7 F. 1 | 1140.40213 94.9 1.0 Vs 1
9 F; 10 8 F, 2 | 1143.22616 89.7 —0.4 Vo 1!
9 E 7 8 E 2 | 1143.48661 93.9 -1.9 Vs 1
9 F, 10 8 Fi 2 | 1143.62482 86.3 0.4 vy 1!
9 F; 11 8 F, 1 | 1146.93567 92.9 15 vy 1
o | R [1n] 8 [Hr 1 | 1147.18947 94.3 44 v, T
9 A, 4 8 A 1 | 1147.30485 95.0 3.4 Vo Il
10 F, 10 9 F; 3 | 1147.53343 95.5 0.6 Vo 1!
10 A 4 9 A; 1 |1149.12388 87.5 —6.4 Vo Il
10 F, 11 9 Fi 3 | 1149.56157 91.3 0.3 Vo 1!
10 A, 4 9 A 1 | 1149.69987 92.1 0.1 v, 1
11 F, 10 10 Fi 2 | 1153.13569 97.2 2.7 2 1!
11 A, 4 10 A 1 | 1153.21008 89.0 5.8 v, 1
10 E 8 9 E 1 | 1153.86010 96.0 2.8 vy 1!
10 F, 13 9 F. 1 | 1154.23025 95.5 1.3 Vo Il
11 Fi 12 10 F, 3 | 1155.35359 90.8 0.1 2 1!
11 E 8 10 E 2 | 1155.50758 92.8 —0.2 Vo Il
11 F, 12 10 Fi 2 | 1155.66769 91.4 2.2 2 1!
12 F, 11 11 F. 2 | 1158.82790 95.8 0.8 vy 1
11 F; 13 10 F, 2 |1160.91089 95.2 2.3 vy 1!
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1 2 3 4 5 6 7
11 A, 5 10 A, 1 |1161.18023 96.5 2.2 vy 1!
11 E 9 10 E 1 |1161.31320 96.2 1.4 Vo Il
12 F, 13 11 F; 3 |1161.40498 90.3 -1.8 Vo 1!
12 E 9 11 E 2 |1161.60643 94.3 0.5 Vo Il
12 F 13 11 F, 3 | 1161.71004 88.2 1.4 Vs n
13 A, 5 12 A 2 |1167.38101 91.8 2.3 Vo Il
13 F, 14 12 F; 3 | 1167.59662 92.4 —0.5 Vs 1!
13 A 5 12 A, 1 | 1167.82655 93.7 —0.3 Vo Il
12 F, 14 11 F; 2 | 1167.89264 94.6 4.2 Vs 1!
12 F, 14 11 F, 2 | 1168.06455 94.7 2.7 Vo Il
12 Ay 5 11 A, 1 | 1168.17922 95.7 0.9 Vs 1!
12 F, 15 11 F. 1 | 1168.51383 95.5 2.7 Vo Il
14 F, 13 13 F; 3 | 1170.16601 97.5 -2.5 Vs 1!
14 F, 15 13 F. 4 | 1173.61166 93.8 -1.2 Vo Il
14 E 10 13 E 2 | 1173.73131 94.8 1.7 2 1!
14 Fy 15 13 F, 3 | 1173.85549 94.0 -3.0 Vo Il
13 F; 15 12 F, 2 | 1175.13953 96.3 3.1 vy 1!
13 E 10 12 E 2 | 1175.17584 96.8 2.9 Vo Il
13 F, 15 12 F; 2 | 1175.32314 96.7 3.8 Vo 1!
13 F; 16 12 F, 1 | 1175.42702 95.9 1.8 Vo Il
15 F; 14 14 F, 3 | 1177.57003 97.2 2.4 Vo 1!
15 Fi 16 14 F, 4 | 1179.68327 94.3 —0.2 Vo 1
15 E 11 14 E 3 |1179.85294 96.1 —4.3 Vs 1!
15 F, 16 14 F. 3 | 1179.93089 94.4 0.9 Vo 1
14 A, 6 13 A, 1 | 1182.46821 96.9 0.7 vy 1!
14 Fi 16 13 F, 2 | 1182.51532 97.0 0.8 Vo 1
14 F, 16 13 F; 3 | 1182.56297 96.5 1.3 Vo 1!
14 F, 17 13 F. 2 | 1182.78454 96.6 3.3 Vo 1
14 E 11 13 E 1 | 1182.79884 97.3 0.8 2 1!
16 F; 17 15 F, 4 | 1185.87620 96.0 2.5 Vo 1
16 F, 17 15 F; 4 | 1185.97586 95.4 -1.3 Vs 1!
16 A, 6 15 A 1 | 1186.05655 96.1 0.8 Vo Il
17 F; 16 16 F, 3 |1189.20114 98.9 5.8 Vo 1!
15 F, 17 14 F, 2 |1190.03443 97.4 —0.8 Vo Il
15 A, 6 14 A 1 | 1190.05968 97.4 2.9 Vo 1!
15 F; 18 14 F, 2 | 1190.26245 97.1 2.3 Vo 1
15 F, 18 14 Fi 1 | 1190.27908 97.5 2.9 vy 1!
17 A, 6 16 A 2 | 1190.56513 97.6 —4.2 Vo 1
17 Fi 17 16 F, 4 |1191.42110 98.1 0.8 Vs 1!
17 E 12 16 E 3 | 1192.00047 96.9 1.0 Vo Il
17 F, 18 16 Fi 4 |1192.11029 96.8 1.1 2 1!
18 F, 17 17 F. 4 | 1196.47483 97.1 4.4 Vo Il
16 F, 19 15 Fi 2 | 1197.58740 94.3 4.7 2 1!
18 F, 19 17 F. 5 | 1197.96656 97.1 3.1 vy 1
18 E 13 17 E 3 |11198.14450 98.2 3.1 Vs 1!
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1 2 3 4 5 6 7

18 F; 19 17 F, 4 | 1198.19220 97.6 3.4 vy 1!

19 Fy 20 18 F, 5 |1204.25853 98.2 4.4 Vo Il

19 A 7 18 A, 2 | 1204.31583 97.9 2.2 vy 1!

17 A, 7 16 A 2 | 1205.13411 97.6 5.0 Vo Il

17 F, 19 16 Fi 3 | 1205.13411 97.6 15 Vs 1!
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(v, 7) ', 7" Q (K, nl) 12CD4,cm~1[84] 13CD4,cm? 13CD4,cm~1[74]
1 2 3 4 5 6

(0000, A1) | (0000,A1) | 2(0,0A1) 2.63271835(22) 2.6389325(12) 2.632729(8)
(0000, A1) | (0000,A:) | 4(0,0A1)105 —2.758924(83) —2.758924 —2.7635(45)
(0000, A1) | (0000,A:) | 4(4,0A1)107 —7.45145(13) —7.45145 —7.4563(4)
(0000, A1) | (0000,A:) | 6(0,0A1)10%0 7.842(13) 7.842 8.69(90)
(0000, A1) | (0000,A1) | 6(4,0A1)1011 —1.9056(11) —1.9056 —1.9577(43)
(0000,A;) | (0000,A1) | 6(6,0A1)1012 —6.3876(90) —6.3876 —6.1767(87)
(0000,A;) | (0000,A1) | 8(0,0A;1)10 —2.337(69) 2337
(0000,A;) | (0000,A1) | 8(4,0A;1)10%6
(0000,A;) | (0000,A1) | 8(6,0A1)10%6 —2.802(61) —2.802
(0000,A;) | (0000,A1) | 8(8,0A1)1017
(0100, E) (0100, E) 0(0,0A1) 1091.6516918(56) 1091.801144(12) 1091.6619(7)
(0100, E) (0100, E) 2(0,0A1)103 3.110896(55) 2.86032(11) —0.725(7)
(0100, E) (0100, E) 2(2,0E)103 —6.64627(17) —6.87031(19) —9.987(5)
(0100, E) (0100, E) 3(3,0A2)10° —8.2625(51) —8.1621(29) —1.66(10)
(0100, E) (0100, E) 4(0,0A1)107 1.016(24) 1.016
(0100, E) (0100, E) 4(2,0E)107 —3.697(17) —3.697
(0100, E) (0100, E) 4(4,0A1)107 —1.1614(82) ~1.1614
(0100, E) (0100, E) 4(4,0E)107 1.7659(78) 1.7659
(0100, E) (0100, E) 5(3,0A2)10°
(0100, E) (0001, F1) | 1(1,0F) —5.1543227(23) —5.0766147(35) —5.233
(0100, E) (0001, F1) | 2(2,0F»)10? —1.49348(34) —1.47603(22) —1.695(7)
(0100, E) (0001, F1) | 3(1,0F1)10° —4.2580(69) —4.0097(19) —6.90(7)
(0100, E) (0001, F1) | 3(3,0F1)10° 4.0037(41) 4.2716(19) 1.38(7)
(0100, E) (0001, F1) | 3(3,0F2)105 3.6873(19) 3.9029(11) —1.64(5)
(0100, E) (0001, F1) [ 4(2,0F2)107 —3.7924(37) —3.7924
(0100, E) (0001, F1) [ 4(4,0F1)107 2.3788(34) 2.3788
(0100, E) (0001, F1) [ 4(4,0F2)107 2.1929(46) 2.1929
(0100, E) (0001,F1) [ 5(1,0F1)10°
(0100, E) (0001, F1) | 5(3,0F1)10%0 8.947(28) 8.947
(0100, E) (0001, F1) | 5(3,0F2)10° 1.4010(19) 1.4010
(0100, E) (0001, F1) [ 5(5,0F1)10° —1.0681(32) —1.0681
(0100, E) (0001, F1) | 5(5,0F1)10%0 —5.814(21) 5814
(0100, E) (0001, F1) | 5(5,0F»)10%0
(0001, F2) | (0001, F2) | 0(0,0A1) 997.8711014(46) 989.2502435(70) 989.2509(4)
(0001,F2) | (0001, F2) | 1(1,0F1) 3.83980418(95) 4.0296197(13) 4.03241(8)
(0001,F2) | (0001, F2) | 2(0,0A1)103 —2.266577(54) —2.361540(82) 0.004(4)
(0001,F2) | (0001,F2) | 2(2,0E)103
(0001, F2) | (0001,F2) | 2(2,0F2)102 —1.357487(13) —1.345759(12) ~1.0539(4)
(0001,F2) | (0001, F2) | 3(1,0F1)10° 1.66880(74) 1.67052(41) 0.796(4)
(0001, F2) | (0001, F2) | 3(3,0F1)10° 1.00493(68) 0.99070(38) 0.201(3)
(0001, F2) | (0001, F2) | 4(0,0A1)107 —6.125(16) —6.0173(16)
(0001, F2) | (0001, F2) | 4(2,0E)108 7.68(18) 7.68
(0001, F2) | (0001, F2) | 4(2,0F2)10°
(0001, F2) | (0001, F2) | 4(4,0A1)108 5.661(66) 5.661
(0001, F2) | (0001,F,) | 4(4,0E)107 —1.915(12) ~1.8173(17)
(0001, F2) | (0001, F>) | 4(4,0F2)107
(0001, F2) | (0001, F2) | 5(1,0F1)10° 1.0936(17) 1.0936
(0001, F>) | (0001,F;) | 5(3,0F1)10%0 5.307(53) 5.307
(0001, F>) | (0001, F,) | 5(5,0F1)10° 1.2916(63) 1.2916
(0001,F2) | (0001,F2) | 5(5,1F1)108
(0001,F2) | (0001,F2) | 6(0,0A1)10™ 2.467(11) 2.467
(0001,F2) | (0001,F2) | 6(2,0F2)10%2 —4.393(66) —4.393
drms 1.83 2.59 3448

The data in the table are presented using STDS format notations [87]
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Table D.3 — Experimental line positions and strengths in the v2/va dyad of 12CDa.

ex
J y n J y' n' ;’:nX: ijgf ::tlm*I ;; Band
1 2 3 4 5 6
21 F1 11 22 F2 6 883.8316 0.0029 44 V4
21 E 8 22 E 4 884.0828 0.0018 —2.6 V4
21 F2 12 22 F1 5 884.3305 0.0027 31 \Z
20 A1 4 21 Az 2 890.1693 0.0044 10.1 V4
20 F1 11 21 F2 5 890.4368 0.0046 0.3 \Z
20 F2 11 21 F1 6 890.6932 0.0049 6.0 \Z
20 Az 4 21 Aq 2 890.9418 0.0038 1.7 V4
22 F2 13 23 F1 5 891.2513 0.0012 2.9 \Z
22 F1 13 23 F2 5 892.1703 0.0012 0.3 V4
16 F1 5 17 F2 2 892.4152 0.0016 —5.1 V4
16 F2 6 17 F1 3 892.4309 0.0017 -1.5 V4
22 A1 5 23 A 2 893.5006 0.0013 5.4 V4
18 F2 9 19 F1 4 894.2043 0.0010 8.1 V4
22 F1 14 23 F2 4 894.5922 0.0016 8.3 \Z
17 F1 7 18 F2 4 894.7152 0.0009 8.2 V4
18 Az 3 19 A 1 894.7366 0.0010 8.1 \Z
17 E 5 18 E 3 894.9045 0.0013 125 \Z
19 F1 11 20 F2 5 896.6932 0.0079 1.0 V4
21 F2 13 22 F1 4 896.6981 0.0021 -39 \Z
19 E 7 20 E 4 896.9652 0.0049 -3.1 \Z
21 F1 12 22 F2 5 897.1657 0.0022 -1.7 V4
19 F2 10 20 F1 5 897.2289 0.0073 -32 V4
16 E 4 17 E 2 897.5391 0.0012 2.2 V4
16 F1 6 17 F2 3 897.5960 0.0020 8.3 V4
16 A1 3 17 A 1 897.7151 0.0021 2.1 \Z
22 Az 5 23 A 1 897.7380 0.0013 33 V4
21 A1 4 22 A 2 898.0575 0.0018 2.5 \Z
17 F1 8 18 F2 4 898.5474 0.0023 24 \Z
21 F1 13 22 F2 4 899.4246 0.0029 12.0 V4
15 F1 6 16 F2 2 899.5440 0.0024 0.5 \Z
21 E 9 22 E 3 899.7140 0.0018 4.2 V4
12 Ay 1 13 Az 1 901.2696 0.0018 7.2 V4
16 F2 7 17 F1 4 901.5461 0.0018 -33 V4
20 F2 12 21 F1 5 901.7539 0.0041 7.8 \Z
22 F1 15 23 F2 3 901.8883 0.0016 =75 V4
22 F2 16 23 F1 2 901.8975 0.0018 1.3 \Z
21 F2 14 22 F1 3 902.0732 0.0030 8.1 V4
20 E 8 21 E 3 902.0928 0.0028 6.5 V4
21 F1 14 22 F2 3 902.3160 0.0026 =712 \Z
12 F1 3 13 F2 2 902.5740 0.0011 116 V4
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VEXP

Sexp

J Y n J v ' cm! cm*21f atlm*1 % Band
1 2 3 4 5 6
20 F1 12 21 F2 4 902.9338 0.0041 3.0 V4
18 F2 10 19 F1 5 902.9889 0.0124 -1.4 \Z!
18 E 7 19 E 3 903.2709 0.0080 2.7 V4
18 F1 10 19 F2 5 903.5531 0.0125 2.2 V4
16 F2 8 17 F1 4 904.2583 0.0022 -3.1 \Z!
20 F2 13 21 F1 4 904.4259 0.0049 9.3 va
16 E 5 17 E 2 904.7910 0.0014 14 V4
21 E 10 22 E 2 906.0061 0.0019 94 \Z!
21 F2 15 22 F1 2 906.0190 0.0032 6.1 va
21 Az 6 22 Aq 1 906.0439 0.0027 6.6 V4
13 F2 4 14 F1 1 906.1053 0.0035 0.9 \Z!
13 F1 14 F2 2 906.1114 0.0035 -0.9 V4
20 E 21 E 2 906.3569 0.0031 16 V4
20 F1 13 21 F2 3 906.5560 0.0047 0.8 V4
14 F1 15 F2 3 906.5740 0.0033 4.2 V4
14 F2 15 F1 2 906.6179 0.0033 2.7 V4
20 Aq 21 Az 1 906.8714 0.0040 0.0 va
19 F1 12 20 F2 4 906.9517 0.0065 -0.2 V4
19 E 8 20 E 3 907.5959 0.0043 —2.4 \Z!
19 F2 11 20 F1 4 908.0897 0.0068 0.2 va
15 Az 16 Aq 2 908.8531 0.0049 7.1 V4
17 Az 18 As 2 909.0336 0.0167 13 \Z!
17 F2 10 18 F1 4 909.3288 0.0192 -1.9 V4
19 Az 20 Aq 2 909.3508 0.0064 3.2 V4
17 F1 18 F2 5 909.6282 0.0188 -2.8 \Z!
17 Aq 18 Az 2 909.9361 0.0159 -0.7 V4
20 F1 14 21 F2 2 910.1237 0.0047 —7.6 V4
20 F2 14 21 F1 3 910.1781 0.0049 =5.7 \Z!
19 F2 12 20 F1 3 910.6981 0.0076 -0.1 V4
14 Az 15 As 1 910.8265 0.0018 6.0 \Z!
14 F2 15 F1 3 911.1168 0.0024 2.0 \Z!
19 F1 13 20 F2 3 911.1420 0.0079 19 V4
15 As 16 Az 1 911.1529 0.0014 5.4 va
14 E 4 15 E 2 911.2697 0.0028 4.7 V4
18 Aq 4 19 Az 2 911.9931 0.0088 -1.1 V4
18 F1 11 19 F2 4 912.4723 0.0105 -39 va
18 F2 11 19 F1 4 913.0286 0.0112 0.0 va
13 E 3 14 E 2 913.5310 0.0030 12.6 V4
13 F2 5 14 F1 2 913.5662 0.0045 8.3 \Z!
12 Az 1 13 A1 1 913.6128 0.0039 4.6 va
12 E 3 13 E 1 913.6286 0.0031 0.2 \Z!
13 Az 3 14 Aq 1 913.6368 0.0046 7.3 \Z!
19 Ay 5 20 Az 1 914.1825 0.0068 —0.6 V4
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VEXP

Sexp

J Y n J v ' cm! cm*21f atlm*1 % Band
1 2 3 4 5 6
18 Az 4 19 Aq 1 914.2176 0.0096 0.9 V4
19 F1 14 20 F2 2 914.2917 0.0080 —4.2 \Z!
19 E 20 E 2 914.3415 0.0053 -53 V4
20 Az 21 A1 1 914.6596 0.0047 -1.4 V4
14 F2 15 F1 3 914.9007 0.0043 5.8 \Z!
16 F2 9 17 F1 5 915.2622 0.0297 -1.2 V4
18 F2 12 19 F1 3 915.3560 0.0122 -0.3 V4
16 E 6 17 E 3 915.5709 0.0195 -1.0 \Z!
18 E 8 19 E 2 915.6328 0.0082 -0.8 Va
16 F1 9 17 F2 4 915.9042 0.0293 —0.6 V4
14 F1 7 15 F2 3 916.3079 0.0018 —6.5 \Z!
10 F2 2 11 F1 3 916.4387 0.0018 8.6 V4
17 F1 10 18 F2 4 917.4625 0.0171 -1.9 V4
13 F2 6 14 F1 3 917.4865 0.0019 —8.7 V4
10 F2 11 F1 2 917.5680 0.0019 3.6 V4
17 E 18 E 3 917.8376 0.0115 -3.1 V4
13 F1 14 F2 3 917.8920 0.0040 -8.2 va
18 F1 12 19 F2 3 918.3480 0.0132 0.5 V4
18 F2 13 19 F1 2 918.5270 0.0131 2.1 \Z!
19 F2 13 20 F1 2 918.5866 0.0090 -2.8 va
19 F1 15 20 F2 1 918.5942 0.0098 53 V4
17 F2 11 18 F1 3 918.9410 0.0178 2.2 \Z!
17 F1 11 18 F2 3 920.1600 0.0195 0.8 V4
12 F1 4 13 F2 2 920.3789 0.0038 -5.9 V4
12 F2 5 13 F1 3 920.4945 0.0061 3.7 \Z!
13 F1 6 14 F2 3 920.5535 0.0039 8.7 V4
11 F2 3 12 F1 2 921.0214 0.0057 2.2 V4
11 F1 4 12 F2 1 921.0392 0.0063 7.1 \Z!
15 F1 9 16 F2 4 921.2183 0.0445 0.2 V4
15 E 6 16 E 3 921.5599 0.0295 0.3 \Z!
15 F2 8 16 F1 4 921.9060 0.0433 -0.6 \Z!
17 E 8 18 E 2 922.4616 0.0134 -1.3 V4
18 9 19 E 1 922.5085 0.0097 -0.6 \Z!
18 F1 13 19 F2 2 922.5165 0.0145 -0.7 V4
18 Aq 5 19 Az 1 922.5321 0.0124 11 V4
16 F2 10 17 F1 4 922.5749 0.0270 -0.6 va
17 F2 12 18 F1 2 922.6034 0.0205 -0.1 va
17 Az 5 18 Aq 1 922.8379 0.0168 -3.0 V4
16 E 17 E 2 923.4106 0.0188 13 V4
12 4 13 E 2 923.8471 0.0013 —2.6 V4
16 F1 10 17 F2 3 923.9130 0.0282 —0.1 \Z!
12 F1 13 F2 3 924.0859 0.0016 -3.8 \Z!
12 F1 13 F2 2 924.1230 0.0016 13 V4
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VEXP

Sexp

J Y n J v ' cm! cm*21f atlm*1 % Band
1 2 3 4 5 6
9 F1 2 10 F2 3 924.1449 0.0023 8.2 V4
16 As 4 17 Az 1 924.8954 0.0244 -0.9 \Z!
12 Aq 2 13 Az 1 924.9476 0.0088 95 va
9 Az 1 10 Aq 1 925.0556 0.0020 49 V4
12 F1 6 13 F2 2 926.3131 0.0030 7.9 \Z!
17 F2 13 18 F1 1 926.4257 0.0221 -1.9 V4
17 F1 12 18 F2 2 926.4555 0.0223 -1.4 V4
16 F1 11 17 F2 2 926.5954 0.0304 -0.7 \Z!
14 Aq 3 15 Az 2 926.8824 0.0552 29 va
16 F2 11 17 F1 3 926.9371 0.0308 -0.9 V4
11 As 2 12 Az 1 927.0018 0.0037 51 \Z!
11 F1 5 12 F2 2 927.1840 0.0056 104 V4
14 F1 8 15 F2 4 927.2227 0.0631 -0.8 V4
11 E 3 12 E 2 927.2807 0.0051 6.3 va
12 Az 2 13 Aq 1 927.3156 0.0016 04 V4
15 Az 3 16 As 2 927.4911 0.0333 -1.9 V4
14 F2 8 15 F1 4 927.5902 0.0627 —-03 V4
14 Az 3 15 As 1 928.0033 0.0523 -0.4 V4
15 F2 9 16 F1 3 928.0748 0.0412 -0.4 \Z!
10 E 2 11 E 1 928.2987 0.0040 -7.8 V4
10 F1 3 11 F2 2 928.3139 0.0071 4.5 V4
10 As 2 11 Az 1 928.3438 0.0065 43 \Z!
15 F1 10 16 F2 3 928.6750 0.0425 0.9 V4
15 Aq 4 16 Az 1 930.2455 0.0358 —2.0 V4
16 Az 4 17 As 1 930.3095 0.0286 1.9 \Z!
16 F2 12 17 F1 2 930.3638 0.0333 -1.5 V4
16 E 17 E 1 930.3896 0.0230 2.0 V4
11 F1 6 12 F2 3 930.9649 0.0028 21 \Z!
15 F1 11 16 F2 2 930.9735 0.0445 -1.1 V4
11 F1 6 12 F2 2 930.9916 0.0052 6.6 \Z!
15 E 7 16 E 2 931.1892 0.0313 3.2 \Z!
8 Aq 1 9 Az 1 931.7948 0.0018 -7.0 V4
13 F1 7 14 F2 4 932.7452 0.0877 -1.7 \Z!
14 F2 9 15 F1 3 932.8891 0.0593 -1.0 va
13 E 5 14 E 3 933.0973 0.0588 0.3 V4
14 E 6 15 E 2 933.2598 0.0398 -1.8 V4
13 F2 8 14 F1 3 933.5428 0.0866 —-1.6 va
10 F1 4 11 F2 3 933.6582 0.0048 8.1 V4
10 F2 4 11 F1 2 933.9320 0.0075 0.3 \Z!
15 F2 10 16 F1 2 934.2410 0.0485 -1.0 V4
15 F1 12 16 F2 1 934.3287 0.0490 -0.4 \Z!
14 F1 15 F2 3 934.6638 0.0621 -1.2 \Z!
9 F2 10 F1 1 935.4316 0.0071 3.8 V4
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VEXP

Sexp

J Y n J v ' cm! cm*21f atlm*1 % Band
1 2 3 4 5 6
14 F2 10 15 F1 2 935.4685 0.0647 0.0 V4
9 F1 3 10 F2 2 935.4831 0.0088 5.7 \Z!
10 F2 5 11 F1 2 936.6703 0.0038 04 va
10 E 3 11 E 2 937.0651 0.0026 11.7 V4
13 F1 8 14 F2 3 937.7945 0.0836 -1.4 \Z!
14 E 7 15 E 1 938.1390 0.0459 -0.5 Va
14 F1 10 15 F2 2 938.2086 0.0686 -1.1 V4
12 F2 7 13 F1 4 938.2808 0.1182 -1.9 \Z!
14 Aq 4 15 Az 1 938.3318 0.0576 -0.9 va
12 E 5 13 E 2 938.7007 0.0817 2.3 V4
13 E 6 14 E 2 938.8574 0.0575 -0.6 \Z!
12 F1 7 13 F2 3 939.1252 0.1157 2.1 V4
13 F2 9 14 F1 2 939.2738 0.0866 -1.6 V4
13 Az 4 14 Aq 1 939.9314 0.0750 -0.1 V4
E 3 10 E 2 940.0538 0.0025 21 V4
F2 4 10 F1 2 940.2293 0.0042 2.9 V4
Az 2 10 A1 1 940.7610 0.0107 1.6 V4
13 F2 10 14 F1 1 942.0337 0.0940 -0.7 V4
14 F1 11 15 F2 1 942.1508 0.0762 -0.8 \Z!
14 F2 11 15 F1 1 942.1589 0.0746 -3.0 V4
13 F1 9 14 F2 2 942.2205 0.0940 -1.6 V4
8 Az 1 9 As 1 942.3552 0.0054 2.9 \Z!
12 Aq 3 13 Az 1 942.4910 0.0935 —2.6 V4
F1 4 10 F2 3 942.8448 0.0015 0.6 V4
F1 4 10 F2 2 942.8732 0.0013 6.3 \Z!
12 F1 8 13 F2 2 943.1939 0.1146 -1.6 V4
11 Az 2 12 Aq 2 943.4958 0.1305 -1.3 V4
12 F2 8 13 F1 3 943.7559 0.1166 -1.9 \Z!
11 F2 6 12 F1 3 943.8773 0.1529 2.7 V4
11 F1 7 12 F2 3 9443178 0.1521 2.0 va
11 As 3 12 Az 1 944.8949 0.1308 0.0 \Z!
12 Az 3 13 Aq 1 945.7205 0.1028 -1.6 V4
13 As 3 14 Az 1 945.7973 0.0862 -1.4 \Z!
13 F1 10 14 F2 1 945.8115 0.1051 0.2 va
13 E 7 14 E 1 945.8184 0.0671 4.2 V4
12 F2 9 13 F1 2 946.0591 0.1240 -1.9 \Z!
12 E 6 13 E 1 946.1831 0.0845 -0.2 V4
F2 4 F1 3 946.8744 0.0063 10.1 V4
F2 4 F1 2 946.8867 0.0033 -1.4 \Z!
11 F1 8 12 F2 2 947.7297 0.1499 -1.9 V4
11 E 5 12 E 2 948.0513 0.1022 -1.1 \Z!
8 E 3 9 E 1 948.1400 0.0011 -0.9 \Z!
10 F2 6 11 F1 3 948.9261 0.1939 2.9 V4
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VEXP

Sexp

J Y n J v ' cm! cm*21f atlm*1 % Band
2 3 4 5 6
10 E 11 E 2 949.2956 0.1315 0.1 V4
7 F1 8 F2 1 949.3210 0.0096 2.7 \Z!
12 F1 9 13 F2 1 949.4497 0.1376 -0.9 V4
12 F2 10 13 F1 1 949.4730 0.1364 2.0 V4
11 F2 7 12 F1 2 949.7518 0.1616 -0.2 \Z!
10 F1 6 11 F2 3 949.8924 0.1926 2.7 va
11 F1 9 12 F2 1 950.1586 0.1601 23 V4
19 F2 4 19 F1 2 951.8772 0.0012 4.4 \Z!
10 F2 7 11 F1 2 952.3208 0.1914 -1.8 va
F1 4 F2 2 952.6558 0.0018 —4.0 V4
F1 4 F2 1 952.6658 0.0025 -1.3 \Z!
7 E 2 E 2 952.9870 0.0039 95 V4
11 E 6 12 E 1 953.0860 0.1180 -0.7 V4
11 F2 8 12 F1 1 953.1048 0.1751 -1.9 V4
11 Az 3 12 A1 1 953.1405 0.1459 2.0 V4
10 E 5 11 E 1 953.6413 0.1323 -1.7 V4
10 F1 7 11 F2 2 953.8964 0.1967 33 va
9 F1 5 10 F2 3 953.9790 0.2354 34 V4
10 As 3 11 Az 1 954.2677 0.1670 —2.6 va
9 E 4 10 E 2 954 4777 0.1591 -1.6 V4
9 F2 6 10 F1 2 954.9483 0.2333 23 V4
9 F2 6 10 F1 1 954.9669 0.0037 10.3 \Z!
6 E 2 E 1 955.7539 0.0037 7.0 V4
6 F1 2 7 F2 2 955.8568 0.0063 -33 V4
10 F1 8 11 F2 1 956.7126 0.2147 -3.0 va
9 Az 3 10 A1 1 956.7228 0.1940 2.2 V4
10 F2 8 11 F1 1 956.7687 0.2153 2.9 va
9 F2 7 10 F1 2 957.5719 0.0026 -2.9 \Z!
9 F2 7 10 F1 1 957.5905 0.2358 2.5 V4
9 F1 6 10 F2 2 958.0151 0.2380 -3.6 \Z!
8 As 2 Az 1 958.7150 0.2322 -3.1 \Z!
6 F2 3 F1 2 958.7928 0.0020 -7.3 V4
8 F1 5 F2 2 959.1134 0.2737 —4.2 \Z!
8 F2 5 F1 3 959.5882 0.2769 -1.7 va
9 Aq 2 10 Az 1 960.2790 0.2155 —2.4 V4
9 F1 7 10 F2 1 960.3715 0.2579 -2.9 \Z!
8 Az 2 9 A1 1 960.3922 0.2360 —-1.6 va
9 E 5 10 E 1 960.4119 0.1731 23 va
8 F2 6 F1 2 961.7525 0.2726 —4.0 \Z!
8 E 4 E 1 961.9855 0.1902 -0.7 Va
15 F1 3 15 F2 3 962.0107 0.0031 54 \Z!
5 F2 2 F1 1 962.1022 0.0031 4.1 va
F1 2 F2 2 962.4378 0.0082 10.6 V4
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VEXP

Sexp

J Y n J v ' cm! cm*21f atlm*1 % Band
1 2 3 4 5 6
7 F1 5 8 F2 2 963.6704 0.3072 -5.0 V4
8 F1 6 9 F2 1 963.9278 0.2936 —43 \Z!
7 E 3 8 E 2 964.0042 0.2069 -3.0 va
8 F2 7 9 F1 1 964.0535 0.2925 -5.0 V4
14 Az 1 14 As 1 964.4434 0.0035 6.5 va
14 F2 3 14 F1 2 964.4890 0.0034 7.8 va
14 E 2 14 E 2 964.5069 0.0022 10.5 V4
7 F2 4 8 F1 2 964.7615 0.3068 =51 \Z!
13 Aq 1 13 Az 1 965.8763 0.0020 8.1 va
7 F1 6 8 F2 1 965.9432 0.3065 4.8 V4
13 F2 2 13 F1 3 966.9143 0.0037 -2.6 \Z!
13 F1 3 13 F2 2 966.9897 0.0026 51 V4
E 4 E 1 967.5201 0.2195 -32 V4
F2 5 F1 1 967.6108 0.3224 —5.6 V4
Az 2 A1 1 967.7539 0.2726 —4.6 V4
F2 4 7 F1 2 968.2174 0.3341 —4.0 V4
12 F1 1 12 F2 2 968.5121 0.0016 9.6 va
13 E 2 13 E 1 968.5396 0.0061 8.3 V4
13 F2 3 13 F1 2 968.5437 0.0078 —5.6 \Z!
13 Az 2 13 A1 1 968.5508 0.0068 0.2 va
1 5 E 1 968.6528 0.0036 -7.3 V4
E 3 E 1 968.7832 0.2241 -34 \Z!
F1 4 F2 2 969.1952 0.3299 —4.4 V4
AL 2 7 Az 1 969.9986 0.2769 -39 V4
12 F1 3 12 F2 1 970.8249 0.0088 2.4 \Z!
12 F2 3 12 F1 2 970.8404 0.0092 58 V4
F1 5 F2 1 971.1092 0.3505 2.8 V4
F2 5 F1 1 971.3114 0.3485 423 va
11 F1 2 11 F2 3 971.8735 0.0025 113 V4
Az 2 As 1 972.4829 0.2877 -35 \Z!
F2 4 F1 1 972.8792 0.3389 —-4.8 va
11 Aq 1 11 Az 1 973.0651 0.0087 6.7 V4
11 F1 3 11 F2 2 973.0956 0.0093 6.2 \Z!
11 E 2 11 E 1 973.1092 0.0059 4.8 V4
5 F1 3 6 F2 2 973.3105 0.3357 =51 V4
10 Az 1 10 As 1 973.9576 0.0042 3.8 \Z!
5 AL 1 6 Az 1 974.3796 0.2943 -39 va
3 F1 2 4 F2 1 974.5687 0.0027 8.2 V4
F1 4 F2 1 974.8222 0.3505 4.4 V4
E 3 E 1 974.9388 0.2371 35 va
10 F1 2 10 F2 2 975.3079 0.0096 6.3 \Z!
10 F2 3 10 F1 1 975.3552 0.0072 0.3 \Z!
9 F2 1 9 F1 2 976.4325 0.0015 —6.5 V4




Table D.3 — Continued.

126

VEXP

Sexp

J Y n J v ' cm! cm*21f atlm*1 % Band
1 2 3 4 5 6
4 F2 3 F1 2 976.9651 0.3261 =5.1 V4
4 E 2 E 1 977.2257 0.2238 -1.5 va
21 F1 7 21 F2 2 977.2821 0.0045 1.0 V4
21 F2 8 21 F1 3 977.2876 0.0042 —-6.4 V4
E 2 E 1 977.5087 0.0056 1.0 va
F2 2 F1 2 977.5449 0.0073 8.3 va
Az 1 Aq 1 977.6029 0.0051 0.7 V4
F1 3 F2 1 978.1265 0.3342 4.8 \Z!
23 F2 8 23 F1 3 978.2794 0.0014 —-8.4 V4
4 F2 4 F1 1 978.5589 0.3355 —4.6 V4
8 F2 2 F1 2 979.7716 0.0053 6.3 \Z!
22 F2 9 22 F1 3 980.2258 0.0025 -7.9 V4
22 F1 8 22 F2 3 980.2487 0.0030 9.1 V4
3 F1 3 4 F2 1 981.0228 0.2925 423 va
16 F1 5 16 F2 1 981.4863 0.0444 58 V4
16 F2 6 16 F1 2 981.4903 0.0396 -5.8 V4
3 E 2 E 1 981.6837 0.2032 -1.6 Va
AL 1 Az 1 981.7353 0.0066 3.7 V4
12 Az 1 12 As 1 981.8729 0.1403 19 \Z!
12 F2 4 12 F1 1 981.8792 0.1760 6.1 va
3 F2 2 4 F1 1 981.9316 0.2987 -3.8 V4
21 E 6 21 E 2 982.1351 0.0029 —8.7 \Z!
21 F1 8 21 F2 3 982.1417 0.0043 —7.6 V4
3 Az 1 4 Aq 1 982.2444 0.2542 2.2 V4
23 F1 10 23 F2 4 982.5539 0.0013 0.3 \Z!
18 Az 2 18 Aq 1 983.0947 0.0171 4.6 V4
18 F2 7 18 F1 2 983.1060 0.0198 19 V4
18 E 5 18 E 2 983.1112 0.0129 -0.5 va
15 Aq 2 15 Az 1 983.4034 0.0505 -1.5 V4
15 F1 6 15 F2 2 983.4152 0.0638 3.9 \Z!
15 E 4 15 E 1 9834211 0.0386 -59 \Z!
6 F1 1 6 F2 2 983.9322 0.0037 -1.8 V4
20 F1 8 20 F2 3 983.9685 0.0081 19 \Z!
20 F2 8 20 F1 3 983.9882 0.0080 74 va
11 F2 3 11 F1 1 984.0548 0.2075 -1.3 V4
11 F1 4 11 F2 1 984.0677 0.2104 0.2 va
22 F1 9 22 F2 4 984.3938 0.0024 —0.6 va
2 Aq 1 3 Az 1 984.8366 0.1992 2.2 V4
17 F2 7 17 F1 3 984.9011 0.0308 1.7 \Z!
17 F1 6 17 F2 2 984.9368 0.0298 0.7 va
14 F1 5 14 F2 2 985.2531 0.0900 2.9 \Z!
2 F1 2 F2 1 985.2848 0.2287 -7.0 \Z!
2 F2 2 F1 1 985.6156 0.2402 2.5 V4
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1 2 3 4 5 6
19 E 5 19 E 2 985.6980 0.0092 3.9 V4
19 Az 3 19 Aq 1 985.8010 0.0111 24 \Z!
23 Aq 4 23 Az 2 986.0385 0.0015 -10.8 va
10 E 2 10 E 1 986.1013 0.1755 1.7 V4
10 F1 3 10 F2 1 986.1139 0.2550 -1.4 \Z!
10 Aq 2 10 Az 1 986.1394 0.2123 -1.3 va
16 E 4 16 E 2 986.6065 0.0316 3.4 V4
16 F1 6 16 F2 2 986.6462 0.0437 2.1 \Z!
16 Aq 3 16 Az 1 986.7282 0.0380 0.8 va
13 E 3 13 E 1 987.0001 0.0816 14 V4
13 F2 5 13 F1 2 987.0274 0.1207 0.7 va
13 Az 3 13 Aq 1 987.0839 0.1012 14 V4
18 F1 7 18 F2 3 987.3083 0.0221 40 V4
20 F2 9 20 F1 4 987.7185 0.0077 0.6 V4
20 F2 9 20 F1 3 987.8265 0.0008 -1.1 V4
20 E 6 20 E 3 987.8675 0.0053 2.2 V4
F2 3 F1 1 987.9975 0.3014 2.2 va
F1 3 F2 1 988.0447 0.2972 -33 V4
15 F2 5 15 F1 2 988.1944 0.0671 —0.1 \Z!
15 F1 7 15 F2 3 988.3524 0.0689 45 va
12 F1 4 12 F2 1 988.6298 0.1611 -0.1 V4
17 As 2 17 Az 1 988.6606 0.0283 23 \Z!
12 F2 5 12 F1 2 988.7332 0.1581 -1.1 V4
17 F1 7 17 F2 3 988.9280 0.0319 0.8 V4
1 F1 1 2 F2 1 988.9443 0.1613 14 \Z!
19 F2 8 19 F1 4 989.0115 0.0143 6.2 V4
1 E 1 2 E 1 989.1555 0.1111 4.3 va
19 F1 9 19 F2 5 989.3057 0.0014 —6.7 \Z!
19 F1 9 19 F2 4 989.4351 0.0130 25 V4
14 Az 2 14 As 1 989.5409 0.0826 0.9 \Z!
8 Az 1 8 Aq 1 989.6844 0.2889 —2.6 \Z!
8 F2 3 8 F1 1 989.7642 0.3383 4.2 V4
14 F2 6 14 F1 2 989.7738 0.0937 -0.2 \Z!
8 E 2 8 E 1 989.8066 0.2349 0.3 Va
14 E 4 14 E 2 989.9137 0.0626 15 V4
11 As 2 11 Az 1 990.0468 0.1786 1.3 \Z!
20 F1 9 20 F2 4 990.0764 0.0104 7.1 va
16 F1 7 16 F2 3 990.1393 0.0495 0.2 V4
11 F1 5 11 F2 2 990.2057 0.2051 -0.9 \Z!
11 E 3 11 E 1 990.2963 0.1396 19 V4
18 F1 8 18 F2 4 990.5343 0.0237 8.9 \Z!
16 F2 7 16 F1 3 990.5616 0.0458 -0.2 \Z!
19 Ay 4 19 Az 2 990.9053 0.0136 0.9 V4
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1 2 3 4 5 6
13 F2 6 13 F1 3 990.9708 0.1349 1.7 V4
7 F2 2 7 F1 1 991.2596 0.3771 -3.7 \Z!
20 F2 10 20 F1 5 991.2782 0.0066 -12.4 va
15 E 5 15 E 2 991.3093 0.0510 21 V4
13 F1 5 13 F2 2 991.3313 0.1203 -33 \Z!
7 F1 3 7 F2 1 991.3952 0.3679 —4.8 va
10 F1 4 10 F2 2 991.4638 0.2561 2.4 V4
15 F2 6 15 F1 3 991.5794 0.0741 5.2 \Z!
18 Aq 3 18 Az 2 991.6538 0.0175 3.9 va
10 F2 4 10 F1 2 991.7007 0.0076 8.2 V4
10 F2 4 10 F1 1 991.7193 0.2557 1.2 va
21 F1 10 21 F2 5 991.8993 0.0045 -33 V4
16 Az 3 16 Aq 2 992.0609 0.0480 3.9 V4
12 E 4 12 E 2 992.1080 0.1180 -0.8 va
12 F1 5 12 F2 2 992.3388 0.1762 3.0 V4
19 E 6 19 E 3 992.5474 0.0084 —4.7 V4
E 2 6 E 1 992.5826 0.2716 -1.5 V4
F2 1 F1 1 992.6059 0.0566 1.2 V4
E 3 9 E 1 992.6210 0.2127 0.8 \Z!
15 Az 2 15 A1 1 992.6368 0.0568 05 va
17 F1 8 17 F2 4 992.6454 0.0310 —0.6 V4
F1 2 F2 1 992.6836 0.3938 -39 \Z!
F2 4 F1 2 992.7919 0.3051 -1.4 V4
18 F1 9 18 F2 5 992.8468 0.0212 7.3 V4
6 Aq 1 6 Az 1 992.9326 0.3305 2.4 \Z!
13 Aq 2 13 Az 1 992.9856 0.1210 0.6 V4
11 F2 4 11 F1 2 993.0700 0.2242 2.1 V4
12 As 2 12 Az 1 993.1557 0.1409 0.3 \Z!
16 F2 8 16 F1 4 993.2022 0.0445 -0.7 V4
16 F2 8 16 F1 3 993.2736 0.0060 5.4 \Z!
9 Az 2 9 Aq 1 993.3083 0.2485 -3.1 \Z!
18 F2 9 18 F1 4 993.4104 0.0229 4.5 V4
14 F2 7 14 F1 3 993.4926 0.0965 0.0 \Z!
8 F1 3 8 F2 1 993.5876 0.3532 -3.5 va
17 E 6 17 E 3 993.6506 0.0241 9.3 V4
5 F2 2 5 F1 1 993.6758 0.3946 -5.0 \Z!
10 Az 2 10 A1 1 993.7096 0.2226 -5.9 va
17 E 6 17 E 2 993.7591 0.0022 8.8 V4
15 F2 7 15 F1 4 993.8531 0.0683 -0.2 \Z!
18 Az 3 18 A1 2 993.8930 0.0198 29 va
15 F2 7 15 F1 3 993.9071 0.0060 8.7 \Z!
13 F1 6 13 F2 3 993.9559 0.1282 0.2 \Z!
11 F1 6 11 F2 3 993.9784 0.2189 0.0 V4
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1 2 3 4 5 6
5 F1 2 5 F2 1 994.0095 0.4043 -1.4 V4
17 F2 9 17 F1 5 994.0164 0.0322 —8.3 \Z!
F2 4 F1 2 994.1913 0.3428 —4.8 V4
AL 2 Az 1 994.2300 0.3257 34 V4
Az 1 As 1 994.4143 0.3186 2.7 \Z!
13 E 4 13 E 2 994.4247 0.0929 0.9 V4
10 F2 5 10 F1 2 994.4389 0.2669 —0.6 V4
10 F2 5 10 F1 1 9944575 0.0116 10.1 \Z!
12 F1 6 12 F2 3 994.5023 0.1711 2.0 va
14 E 5 14 E 3 994.5101 0.0635 -7.3 V4
12 F1 6 12 F2 2 994.5289 0.0092 8.1 \Z!
7 F1 4 7 F2 2 994.7305 0.3780 -5.5 V4
4 F2 2 4 F1 1 994.7419 0.3758 -3.6 V4
9 F2 5 9 F1 3 994.9284 0.3194 -1.5 V4
9 F2 5 9 F1 2 994.9407 0.0074 -3.1 V4
4 E 1 4 E 1 994.9676 0.2549 -1.4 V4
12 F2 6 12 F1 3 995.0126 0.1834 -1.0 va
7 E 2 7 E 1 995.0592 0.2619 2.5 V4
11 E 4 11 E 2 995.0694 0.1529 -1.3 va
13 F2 7 13 F1 4 995.1097 0.1482 2.8 va
F1 3 F2 2 995.2008 0.4008 =51 V4
F2 1 F1 1 995.2579 0.3273 -39 \Z!
11 F2 5 11 F1 3 995.3744 0.2334 -1.4 V4
F1 4 F2 2 995.3991 0.3252 -32 V4
8 E 3 8 E 2 995.4389 0.2481 2.0 \Z!
12 Az 2 12 A1 2 995.4524 0.1560 -1.8 V4
10 F1 5 10 F2 3 995.5659 0.2804 -33 V4
6 F2 3 6 F1 1 995.6166 0.4077 4.9 \Z!
3 F1 2 3 F2 1 995.6242 0.3167 —7.1 V4
5 E 2 5 E 1 995.6698 0.2764 23 \Z!
8 F1 4 8 F2 2 995.7009 0.3650 —4.8 \Z!
2 E 1 2 E 1 995.7127 0.1760 —0.1 V4
9 As 1 9 Az 1 995.8312 0.2778 2.8 \Z!
7 F2 3 7 F1 2 995.8539 0.4014 4.0 va
5 F2 3 5 F1 2 995.8833 0.4071 —4.5 V4
2 F1 1 2 F2 1 995.8951 0.2591 -1.9 \Z!
1 F2 1 1 F1 1 996.0051 0.1671 -0.2 va
4 F1 2 4 F2 1 996.0140 0.3786 -5.1 V4
6 Az 1 6 As 1 996.0599 0.3495 -3.8 \Z!
3 AL 1 3 Az 1 996.1678 0.2810 2.1 va
1 Az 1 0 As 1 999.4944 0.1448 12 \Z!
3 F1 3 3 F2 1 1002.0782 0.0032 35 \Z!
2 F2 1 1 F1 1 1002.8181 0.2735 -1.7 V4
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1 2 3 4 5 6
4 F2 3 4 F1 1 1003.2807 0.0031 —4.0 V4
4 E 2 4 E 1 1003.5406 0.0059 9.7 \Z!
5 F2 4 5 F1 1 1004.4530 0.0041 21 va
5 F1 3 5 F2 1 1004.8823 0.0111 8.3 V4
6 E 3 6 E 1 1005.6117 0.0055 4.3 va
6 F1 4 6 F2 1 1006.0220 0.0091 4.2 va
3 F1 1 2 F2 1 1006.0451 0.3530 4.4 V4
3 E 1 2 E 1 1006.0932 0.2430 -1.1 \Z!
8 F1 5 8 F2 1 1006.4374 0.0041 6.1 va
9 F1 5 9 F2 2 1006.5334 0.0028 4.3 V4
7 F2 4 7 F1 1 1006.8413 0.0106 0.5 \Z!
11 F2 6 11 F1 3 1006.8867 0.0015 4.3 V4
8 F2 5 8 F1 2 1006.9051 0.0094 7.9 V4
13 F2 8 13 F1 3 1007.0270 0.0046 2.8 V4
9 E 4 9 E 1 1007.0450 0.0055 9.1 V4
11 F1 7 11 F2 3 1007.3312 0.0040 2.3 V4
9 F2 6 9 F1 1 1007.5328 0.0023 7.4 va
10 F1 6 10 F2 2 1007.6979 0.0089 -1.1 V4
8 Az 2 8 As 1 1007.7214 0.0104 6.5 \Z!
11 Aq 3 11 Az 1 1007.9399 0.0084 -0.1 va
7 F1 6 7 F2 2 1008.0081 0.0060 -3.1 V4
7 F1 6 7 F2 1 1008.0174 0.0135 2.9 va
8 F2 6 8 F1 2 1009.0571 0.0093 2.3 V4
4 Aq 1 3 Az 1 1009.0862 0.3512 -3.7 V4
4 F1 1 3 F2 1 1009.2080 0.4153 =5.1 \Z!
9 Az 3 9 Aq 1 1009.2702 0.0217 0.9 V4
8 E 4 8 E 2 1009.2845 0.0028 3.0 V4
4 F2 1 3 F1 1 1009.3146 0.4157 -5.0 va
10 F2 7 10 F1 2 1010.0895 0.0129 2.7 V4
10 F2 7 10 F1 1 1010.1081 0.0124 24 \Z!
9 F2 7 F1 3 1010.1224 0.0068 8.5 \Z!
9 F2 7 F1 1 1010.1565 0.0108 -1.7 V4
F1 6 F2 2 1010.5410 0.0031 -1.8 \Z!
F1 6 F2 1 1010.5767 0.0153 0.7 va
12 Aq 3 12 Az 1 1010.6991 0.0195 3.3 V4
11 F1 8 11 F2 3 1010.7166 0.0152 3.7 va
11 F1 8 11 F2 2 1010.7513 0.0091 7.7 V4
21 Az 5 21 Aq 2 1010.9104 0.0019 -7.9 V4
11 E 5 11 E 2 1011.0290 0.0049 0.0 \Z!
13 F1 8 13 F2 3 1011.1968 0.0146 49 va
20 F2 12 20 F1 5 1011.2376 0.0034 0.9 \Z!
18 Aq 4 18 Az 2 1011.2459 0.0058 0.5 \Z!
15 Az 15 Aq 1 1011.2749 0.0120 -1.0 V4
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1 2 3 4 5 6
19 F1 12 19 F2 5 1011.3236 0.0044 —4.6 V4
12 F1 12 F2 2 1011.4097 0.0026 -14.9 \Z!
14 F2 14 F1 3 1011.4810 0.0140 58 V4
16 F2 10 16 F1 4 1011.5188 0.0094 -1.5 V4
17 F1 10 17 F2 4 1011.5605 0.0075 —6.1 va
16 F2 10 16 F1 3 1011.5905 0.0020 6.8 va
10 F1 7 10 F2 3 1011.6388 0.0027 -10.2 V4
10 F1 7 10 F2 1 1011.6964 0.0131 24 \Z!
14 E 6 14 E 2 1011.9038 0.0055 2.2 V4
12 F2 8 12 F1 2 1011.9946 0.0139 40 V4
10 As 3 10 Az 1 1012.0634 0.0128 0.9 \Z!
5 F1 1 F2 1 1012.1358 0.4490 —6.8 V4
E 1 E 1 1012.3596 0.3103 —2.6 V4
18 F2 11 18 F1 3 1012.3896 0.0019 -3.0 V4
15 F1 10 15 F2 4 1012.419%4 0.0062 19 V4
5 F2 1 4 F1 1 1012.4462 0.4505 —6.1 V4
16 E 7 16 E 2 1012.4780 0.0022 —6.1 V4
15 F1 10 15 F2 3 1012.5184 0.0067 4.0 V4
21 As 4 21 Az 2 1012.5542 0.0016 35 \Z!
5 Az 1 4 A1 1 1012.5731 0.3825 —-4.5 V4
13 F2 9 13 F1 4 1012.63% 0.0047 -35 V4
13 F2 9 13 F1 2 1012.7350 0.0095 0.6 \Z!
11 F2 7 11 F1 1 1012.7852 0.0117 18 V4
16 F1 10 16 F2 4 1012.8101 0.0046 -33 V4
16 F1 10 16 F2 2 1012.9632 0.0037 -0.9 va
17 F2 11 17 F1 5 1012.9810 0.0049 0.0 V4
11 F1 9 11 F2 1 1013.1870 0.0124 0.6 V4
17 F2 11 17 F1 3 1013.1945 0.0031 -0.7 \Z!
14 F1 9 14 F2 4 1013.2060 0.0062 15 V4
13 Az 4 13 As 1 1013.3785 0.0105 -11.2 va
12 Az 3 12 Aq 2 1013.8572 0.0040 14 va
16 Aq 4 16 Az 1 1013.9085 0.0067 16 V4
15 As 4 15 Az 2 1013.9422 0.0047 -1.5 \Z!
12 F2 9 12 F1 1 1014.3146 0.0109 7.1 V4
15 F1 11 15 F2 2 1014.8447 0.0065 -3.0 V4
15 E 7 15 E 1 1015.0541 0.0049 23 \Z!
6 F2 1 F1 2 1015.0856 0.4639 —6.8 va
6 E 1 E 1 1015.1518 0.3181 -3.8 va
F1 1 F2 1 1015.5039 0.4692 —4.9 \Z!
F2 2 F1 1 1015.6730 0.4727 —4.6 V4
15 F2 14 16 F1 2 1015.7772 0.0018 3.9 V2
14 E 7 14 E 1 1016.8254 0.0046 45 va
17 F2 12 17 F1 2 1016.8537 0.0042 4.4 V4
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1 2 3 4 5 6
18 F1 12 18 F2 2 1017.779%4 0.0026 —4.8 V4
7 Az 1 6 Aq 1 1017.8888 0.3881 —4.7 \Z!
18 F2 13 18 F1 1 1017.9490 0.0030 25 va
F2 F1 1 1017.9886 0.4553 -6.9 V4
F1 F2 2 1018.1072 0.4637 4.8 \Z!
15 F1 12 15 F2 1 1018.2160 0.0051 13 V4
AL Az 1 1018.5583 0.3848 4.2 V4
F1 F2 1 1018.7228 0.4540 —6.5 \Z!
E E 1 1018.7766 0.3106 —4.0 V4
19 E 9 19 E 1 1018.9311 0.0013 -3.6 V4
19 F2 23 20 F1 5 1019.1656 0.0019 -154 V2
19 F1 24 20 F2 5 1019.2187 0.0016 -1.9 V2
16 F2 12 16 F1 1 1019.4481 0.0038 4.1 V4
16 E 8 16 E 1 1019.4729 0.0024 23 va
14 F1 13 15 F2 2 1020.2725 0.0021 0.6 V2
8 F2 F1 2 1020.7118 0.4281 -7.1 V4
8 E E 1 1020.8653 0.2954 -3.1 Va
F1 1 F2 2 1020.9726 0.4309 -5.9 V4
A1 1 Az 1 1021.1881 0.3662 —4.1 \Z!
18 F2 21 19 F1 5 1021.2865 0.0016 -14.2 V2
18 Aq 7 19 Az 2 1021.3335 0.0027 2.0 V2
18 F1 20 19 F2 4 1021.3680 0.0025 —7.2 V2
18 E 15 19 E 3 1021.5834 0.0016 0.3 v2
F1 F2 1 1021.7602 0.4250 —-6.4 V4
F2 F1 1 1021.8512 0.4251 —6.7 va
13 F1 12 14 F2 1 1023.2315 0.0025 3.6 V2
F1 F2 2 1023.4467 0.3905 —6.1 V4
E E 2 1023.5137 0.2683 2.8 \Z!
F2 F1 2 1023.7371 0.3913 =51 V4
17 F1 19 18 F2 4 1023.9128 0.0033 —8.7 V2
17 E 13 18 E 3 1023.9613 0.0027 -3.7 V2
9 F1 2 8 F2 1 1024.0231 0.3966 —4.0 V4
17 F1 20 18 F2 3 1024.0798 0.0017 -11.2 V2
17 F1 21 18 F2 3 1024.2773 0.0017 -5.0 V2
E 2 8 E 1 1024.8289 0.2639 2.7 V4
F2 2 8 F1 1 1024.8669 0.3871 =52 \Z!
Az 1 8 A1 1 1024.9321 0.3274 -39 V4
10 Aq 1 9 Az 1 1026.0734 0.2901 -3.8 V4
10 F1 1 9 F2 2 1026.1517 0.3438 —-4.9 va
10 F2 1 9 F1 3 1026.2538 0.3424 =5.1 va
16 F2 18 17 F1 5 1026.4278 0.0060 —6.3 V2
16 E 12 17 E 3 1026.4382 0.0038 0.9 V2
10 Az 1 9 As 1 1026.5050 0.2899 2.7 V4
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1 2 3 4 5 6
16 F2 19 17 F1 4 1026.5819 0.0058 1.7 v2
10 F2 2 9 F1 2 1026.7928 0.3458 -35 \Z!
16 F1 19 17 F2 3 1026.8393 0.0038 —4.1 V2
10 E 1 E 1 1026.8661 0.2368 -0.8 V4
10 F1 2 F2 1 1027.8694 0.3379 4.2 \Z!
10 F2 3 F1 1 1027.9211 0.3381 423 V4
11 F1 1 10 F2 3 1028.7217 0.2931 -3.7 V4
11 E 1 10 E 2 1028.8273 0.1993 -1.4 \Z!
11 F2 1 10 F1 2 1028.9225 0.2901 —4.2 V4
12 Az 4 13 Aq 1 1029.1306 0.0027 -32 V2
15 E 12 16 E 3 1029.1684 0.0060 0.5 V2
11 Az 1 10 A1 1 1029.2129 0.2461 2.4 V4
15 F2 18 16 F1 3 1029.4945 0.0057 24 V2
11 F2 2 10 F1 1 1029.5527 0.2914 2.8 va
11 F1 2 10 F2 2 1029.6791 0.2902 -3.2 V4
15 Aq 6 16 Az 1 1029.9630 0.0046 -1.7 v2
11 Aq 1 10 Az 1 1030.8608 0.2388 2.5 va
11 F1 3 10 F2 1 1030.8956 0.2919 -0.8 V4
11 E 2 10 E 1 1030.9118 0.1959 -0.2 va
7 Aq 2 6 Az 1 1031.0531 0.0095 —0.8 va
12 F2 1 11 F1 3 1031.2996 0.2409 2.7 V4
12 E 1 11 E 2 1031.3572 0.1634 -0.8 va
12 F1 1 11 F2 3 1031.4990 0.2408 2.2 V4
7 F1 4 6 F2 1 1031.5574 0.0066 -53 V4
12 F2 2 11 F1 2 1031.8569 0.2413 -1.7 \Z!
14 F1 16 15 F2 4 1031.9297 0.0114 -1.7 v2
14 F2 16 15 F1 4 1031.9849 0.0100 2.7 V2
14 F2 17 15 F1 3 1032.2635 0.0080 -7.2 V2
12 E 2 11 E 1 1032.3606 0.1597 -1.2 V4
12 F1 11 F2 2 1032.4229 0.2380 -1.8 \Z!
12 As 11 Az 1 1032.5226 0.1989 -1.6 va
14 F2 18 15 F1 2 1032.7407 0.0070 12 V2
11 F2 11 12 F1 2 1033.7610 0.0030 -7.9 V2
13 Az 1 12 Aq 2 1033.8011 0.1611 -1.1 va
12 F1 3 11 F2 1 1033.8534 0.2378 0.3 V4
13 F2 1 12 F1 3 1033.8600 0.1833 —-6.4 \Z!
12 F2 3 11 F1 1 1033.8738 0.2318 2.4 va
13 F1 1 12 F2 3 1033.9373 0.1936 —-0.4 V4
11 F1 11 12 F2 1 1033.9832 0.0021 2.2 V2
13 Aq 1 12 Az 1 1034.0844 0.1605 -0.6 va
13 F1 2 12 F2 2 1034.4377 0.1890 2.0 \Z!
13 E 12 E 2 1034.5113 0.1275 -0.8 va
13 F1 15 14 F2 4 1034.8215 0.0139 —4.5 V2
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13 E 10 14 E 3 1034.8648 0.0095 3.4 v2
13 F2 15 14 F1 3 1035.0089 0.0132 2.0 V2
13 F2 2 12 F1 2 1035.1530 0.1870 -1.4 va
13 F1 3 12 F2 1 1035.2406 0.1861 2.0 V4
13 E 11 14 E 2 1035.5662 0.0059 2.8 V2
F1 3 F2 2 1035.6525 0.0018 —0.8 va
8 F1 3 F2 1 1035.6618 0.0121 2.7 V4
8 F2 4 F1 1 1036.2711 0.0106 3.7 \Z!
14 F2 1 13 F1 4 1036.3225 0.1479 -0.9 V4
14 E 1 13 E 2 1036.3954 0.0991 -0.1 V4
14 F1 1 13 F2 3 1036.4678 0.1473 -0.5 \Z!
6 F2 4 5 F1 1 1036.6150 0.0035 8.3 V4
13 F2 3 12 F1 1 1036.7991 0.1761 -5.0 V4
13 Az 2 12 Aq 1 1036.8109 0.1522 -1.3 V4
14 F1 2 13 F2 2 1037.0150 0.1454 -0.8 V4
14 F2 2 13 F1 3 1037.1389 0.1479 0.9 V4
12 F2 14 13 F1 4 1037.8553 0.0171 0.2 V2
14 Az 1 13 As 1 1037.8905 0.1198 -0.1 V4
14 F2 13 F1 2 1037.9502 0.1443 0.3 \Z!
14 E 13 E 1 1037.9760 0.0962 0.3 V4
12 F1 14 13 F2 3 1038.0415 0.0136 4.4 V2
12 As 5 13 Az 1 1038.2013 0.0114 -5.0 V2
10 F1 10 11 F2 2 1038.4350 0.0021 -1.3 v2
12 F1 15 13 F2 2 1038.5062 0.0107 -1.4 V2
12 F2 15 13 F1 3 1038.5601 0.0110 -33 V2
15 F1 1 14 F2 4 1038.7915 0.1107 0.0 V4
15 E 1 14 E 3 1038.8367 0.0738 04 V4
15 F2 1 14 F1 3 1038.9299 0.1110 0.8 \Z!
15 F1 2 14 F2 3 1039.2977 0.1093 -0.1 V4
15 E 2 14 E 2 1039.6365 0.0727 0.9 \Z!
14 F1 3 13 F2 1 1039.6972 0.1433 2.6 \Z!
15 Az 1 14 Aq 1 1039.8112 0.0905 0.5 V4
E 3 E 1 1039.9411 0.0103 0.1 \Z!
F2 4 F1 1 1040.1141 0.0141 0.6 V4
Az 2 Aq 1 1040.6376 0.0112 -0.8 V4
15 F2 3 14 F1 1 1040.6580 0.1055 -0.2 \Z!
15 F1 3 14 F2 2 1040.6897 0.1063 0.6 va
11 Az 5 12 Aq 2 1041.0003 0.0155 —43 V2
11 F2 13 12 F1 3 1041.0834 0.0184 -0.5 V2
11 F1 13 12 F2 3 1041.1793 0.0161 -34 v2
16 As 1 15 Az 2 1041.2076 0.0681 2.3 \Z!
16 F1 15 F2 4 1041.2515 0.0793 -0.3 va
16 F2 1 15 F1 4 1041.3082 0.0798 1.0 V4
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16 Az 15 Aq 1 1041.4038 0.0666 0.5 V4
11 As 12 Az 1 1041.4602 0.0118 —4.5 V2
11 F1 14 12 F2 2 1041.6003 0.0127 —2.7 V2
16 F2 15 F1 3 1041.7496 0.0785 0.7 V4
16 E 15 E 2 1041.8130 0.0526 0.6 \Z!
9 E 10 E 1 1042.2108 0.0020 7.4 v2
16 F1 2 15 F2 3 1042.2558 0.0775 0.3 V4
11 F2 14 12 F1 2 1042.3045 0.0077 -0.2 V2
11 F1 15 12 F2 1 1042.3175 0.0075 -0.4 V2
16 F2 3 15 F1 2 1042.3518 0.0773 0.2 V4
16 E 2 15 E 1 1043.3632 0.0501 -0.2 V4
16 F1 3 15 F2 2 1043.3720 0.0749 -0.5 V4
16 Aq 2 15 Az 1 1043.3888 0.0631 0.5 V4
17 F1 1 16 F2 4 1043.6413 0.0551 -1.0 va
17 E 1 16 E 3 1043.6943 0.0371 0.3 V4
17 F2 1 16 F1 4 1043.7479 0.0547 0.0 V4
10 F1 4 9 F2 1 1044.0254 0.0182 13 V4
17 Az 1 16 Aq 2 1044.0454 0.0469 2.0 V4
17 F2 2 16 F1 3 1044.2045 0.0542 0.8 \Z!
10 F2 4 9 F1 1 1044.2852 0.0175 4.8 V4
17 F1 2 16 F2 3 1044.3056 0.0544 0.9 V4
10 E 8 11 E 2 1044.4276 0.0130 2.3 V2
10 F1 12 11 F2 3 1044.6831 0.0159 -1.2 v2
17 Aq 1 16 Az 1 1044.8284 0.0482 6.6 V4
10 F2 13 11 F1 2 1044.8496 0.0150 -1.7 V2
17 F1 3 16 F2 2 1044.8898 0.0533 0.5 V4
17 E 16 E 2 1044.9147 0.0361 14 va
10 E 9 11 E 1 1045.4586 0.0059 11 V2
10 F1 13 11 F2 2 1045.4699 0.0087 0.2 V2
10 As 5 11 Az 1 1045.4899 0.0076 40 V2
17 F1 4 16 F2 1 1046.0465 0.0502 -3.7 \Z!
18 E 1 17 E 3 1046.0717 0.0261 51 V4
18 F1 1 17 F2 4 1046.1413 0.0374 -0.1 va
10 Az 2 9 A1 1 1046.2569 0.0076 3.7 va
18 F2 2 17 F1 4 1046.4478 0.0378 13 V4
18 E 2 17 E 2 1046.6976 0.0241 —-0.4 va
18 F1 2 17 F2 3 1046.7508 0.0361 05 va
8 F1 8 9 F2 1 1046.8130 0.0037 2.6 V2
18 As 1 17 Az 1 1046.8379 0.0306 -0.5 \Z!
8 Az 3 9 A1 1 1047.4014 0.0048 34 v2
10 E 3 9 E 1 1047.4184 0.0035 9.7 \Z!
18 F1 3 17 F2 2 1047.4373 0.0361 1.2 va
18 F2 3 17 F1 3 1047.4636 0.0360 0.3 V4
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9 F1 11 10 F2 3 1047.8137 0.0209 2.7 v2
11 As 2 10 Az 1 1047.8425 0.0168 0.9 \Z!
11 E 3 10 E 1 1048.0988 0.0113 -11.9 V4
9 Az 4 10 A1 1 1048.2362 0.0133 -0.2 V2
19 Az 1 18 As 2 1048.3952 0.0211 1.7 \Z!
19 F2 1 18 F1 4 1048.4289 0.0246 04 V4
19 F1 1 18 F2 5 1048.4722 0.0241 1.2 V4
8 F1 5 7 F2 1 1048.5116 0.0023 8.1 \Z!
19 Aq 1 18 Az 2 1048.5520 0.0212 10 V4
F2 12 10 F1 1 1048.7360 0.0097 3.6 V2
F1 12 10 F2 2 1048.76% 0.0097 0.5 V2
19 F1 2 18 F2 4 1048.8132 0.0239 2.0 V4
19 E 1 18 E 3 1048.8580 0.0163 0.0 V4
19 F2 2 18 F1 3 1049.1939 0.0240 1.3 V4
19 F1 3 18 F2 3 1049.2619 0.0237 0.3 V4
19 E 2 18 E 2 1049.9867 0.0166 53 V4
19 F2 3 18 F1 2 1049.9926 0.0224 —-4.5 V4
19 Az 2 18 Aq 1 1050.0030 0.0199 2.3 V4
20 F2 1 19 F1 5 1050.7658 0.0154 -0.8 \Z!
20 E 1 19 E 3 1050.8102 0.0106 2.2 V4
11 F2 4 10 F1 2 1050.8386 0.0027 6.1 V4
20 F1 1 19 F2 5 1050.8497 0.0135 -39 \Z!
11 F2 4 10 F1 1 1050.8573 0.0064 —3.6 V4
20 Aq 1 19 Az 2 1051.0563 0.0137 3.9 V4
20 F1 2 19 F2 5 1051.0636 0.0022 2.2 \Z!
20 F1 2 19 F2 4 1051.1930 0.0137 0.1 V4
20 F2 2 19 F1 4 1051.2474 0.0141 -0.5 va
8 As 4 Az 1 1051.3900 0.0169 1.8 V2
8 F2 10 F1 3 1051.6374 0.0156 -1.7 v2
20 E 2 19 E 2 1051.7080 0.0103 40 \Z!
12 F2 11 F1 1 1051.7666 0.0199 11 va
11 F1 10 F2 2 1051.7841 0.0073 5.6 V4
A2 4 As 1 1052.1118 0.0083 —4.1 V2
F2 11 F1 2 1052.1781 0.0099 1.2 V2
E 7 E 1 1052.2019 0.0069 2.2 V2
Az 3 As 1 1052.3378 0.0021 —4.7 V2
21 F1 1 20 F2 5 1053.1058 0.0088 —6.2 va
21 E 1 20 E 4 1053.1263 0.0057 15 V4
21 F2 1 20 F1 5 1053.1972 0.0084 —4.1 \Z!
21 F1 2 20 F2 4 1053.3809 0.0099 3.3 va
21 E 2 20 E 3 1053.6108 0.0058 6.2 \Z!
21 F2 2 20 F1 4 1053.6213 0.0080 52 \Z!
9 F1 5 8 F2 1 1053.8573 0.0059 4.0 V4
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12 E 4 11 E 1 1055.1237 0.0059 -1.7 V4
7 F1 9 8 F2 2 1055.2401 0.0163 -1.5 V2
13 E 3 12 E 1 1055.2537 0.0131 15 V4
13 F2 5 12 F1 1 1055.2828 0.0192 -0.1 V4
7 E 6 8 E 2 1055.3088 0.0102 2.9 V2
12 F1 5 11 F2 3 1055.3257 0.0019 9.6 va
13 Az 3 12 Aq 1 1055.3440 0.0162 15 V4
12 F1 5 11 F2 2 1055.3604 0.0079 2.3 \Z!
22 Aq 1 21 Az 2 1055.4067 0.0048 5.0 va
22 F1 1 21 F2 5 1055.4277 0.0048 2.2 V4
22 Az 1 21 As 2 1055.5928 0.0056 7.9 \Z!
22 F2 1 21 F1 5 1055.6176 0.0035 9.6 V4
7 F2 9 8 F1 2 1055.7113 0.0106 4.5 V2
22 F1 2 21 F2 5 1055.7868 0.0010 -1.4 V4
7 F1 10 F2 1 1055.7941 0.0099 0.5 V2
7 F1 10 F2 1 1055.7941 0.0101 2.6 v2
22 F1 2 21 F2 4 1056.0214 0.0047 -1.6 V4
22 F2 3 21 F1 4 1056.0464 0.0038 -39 V4
12 As 2 11 Az 1 1056.2007 0.0074 19 \Z!
F1 6 7 F2 2 1056.3912 0.0015 4.8 V2
F1 6 F2 1 1056.4005 0.0031 9.0 V2
F2 7 F1 1 1057.0372 0.0023 2.8 V2
E 5 E 1 1057.3750 0.0018 6.0 v2
12 F1 6 11 F2 3 1057.5158 0.0020 —-6.4 V4
F1 7 F2 2 1057.5775 0.0009 10.9 V2
F1 6 F2 2 1057.8550 0.0014 —3.8 V4
23 Az 1 22 Aq 2 1057.8727 0.0031 7.0 V4
23 F2 1 22 F1 4 1057.9066 0.0025 -7.8 \Z!
14 F1 5 13 F2 1 1058.7251 0.0180 13 V4
14 F2 5 13 F1 1 1058.7558 0.0185 4.2 va
23 F2 3 22 F1 3 1059.0036 0.0036 10.6 \Z!
23 F1 4 22 F2 3 1059.0226 0.0032 10.9 V4
6 F2 8 7 F1 2 1059.1552 0.0144 2.0 V2
13 F2 6 12 F1 2 1059.209%4 0.0095 23 va
E 6 E 1 1059.4550 0.0061 -5.6 V2
E 6 E 1 1059.4550 0.0065 18 V2
F1 8 7 F2 2 1059.5111 0.0091 0.1 V2
13 F1 5 12 F2 1 1059.5823 0.0092 53 V4
As 3 7 Az 1 1059.5877 0.0072 —2.6 V2
AL 3 7 Az 1 1059.5877 0.0074 0.0 V2
10 E 4 9 E 1 1059.6488 0.0032 4.6 \Z!
F1 6 6 F2 2 1061.6683 0.0009 115 V2
F1 6 6 F2 1 1061.6735 0.0017 24 V2
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5 E 4 6 E 1 1061.909%4 0.0012 3.0 v2
15 As 2 14 Az 1 1062.0854 0.0128 2.1 \Z!
15 F1 6 14 F2 1 1062.1001 0.0158 1.0 va
15 E 4 14 E 1 1062.1075 0.0098 —6.6 V4
5 F2 6 6 F1 1 1062.1881 0.0014 19 V2
14 Az 2 13 A1 1 1062.9880 0.0085 2.2 va
5 Az 3 6 Aq 1 1063.2211 0.0095 15 V2
14 F2 6 13 F1 2 1063.2350 0.0097 3.7 \Z!
14 E 4 13 E 1 1063.3829 0.0064 2.7 V4
5 F2 7 F1 1 1063.4033 0.0080 —4.7 V2
5 F2 7 F1 1 1063.4033 0.0085 16 V2
F1 7 F2 2 1063.4969 0.0076 25 v2
F1 7 F2 2 1063.4969 0.0077 2.7 V2
11 Az 2 10 A1 1 1064.3087 0.0055 3.3 V4
10 Aq 3 9 Az 1 1064.5590 0.0022 6.2 V4
11 F2 6 10 F1 1 1064.6967 0.0033 -7.4 V4
11 F1 7 10 F2 2 1065.1368 0.0026 -3.2 va
16 F1 5 15 F2 1 1065.3736 0.0134 2.0 V4
16 F2 6 15 F1 1 1065.3801 0.0129 -1.5 \Z!
14 F1 6 13 F2 3 1065.7137 0.0020 8.2 va
4 E 3 5 E 1 1065.7421 0.0002 8.4 V2
14 F1 6 13 F2 2 1065.7506 0.0026 3.6 \Z!
4 F1 5 5 F2 1 1066.4888 0.0020 2.6 v2
15 F2 5 14 F1 1 1066.8567 0.0087 2.2 V4
14 F2 7 13 F1 3 1066.9769 0.0032 —4.1 \Z!
15 F1 7 14 F2 2 1067.0315 0.0090 0.7 V4
F2 6 F1 2 1067.6056 0.0061 —0.6 V2
F2 6 F1 2 1067.6056 0.0064 3.1 V2
E 4 E 1 1067.6528 0.0041 29 V2
E 4 E 1 1067.6528 0.0038 -3.1 V2
12 F2 7 11 F1 2 1069.5441 0.0048 =52 \Z!
15 F2 6 14 F1 2 1070.2364 0.0029 -1.5 V4
16 E 4 15 E 1 1070.4714 0.0051 2.8 va
16 F1 6 15 F2 2 1070.5174 0.0082 3.3 va
16 Aq 3 15 Az 1 1070.6162 0.0068 2.3 V4
15 Az 2 14 As 1 1071.3513 0.0036 2.6 \Z!
3 E 3 4 E 1 1071.3949 0.0012 -0.5 v2
3 F2 4 4 F1 1 1071.6052 0.0008 0.6 V2
F1 5 F2 1 1072.0203 0.0040 -0.9 V2
F1 5 F2 1 1072.0203 0.0041 16 v2
12 As 3 11 Az 1 1073.7441 0.0034 4.6 va
17 F2 7 16 F1 2 1073.9606 0.0065 2.2 \Z!
16 F1 7 15 F2 3 1073.9828 0.0038 0.9 V4
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17 F1 6 16 F2 1 1074.0078 0.0069 3.9 V4
13 F1 7 12 F2 2 1074.4469 0.0040 51 \Z!
2 Aq 2 3 Az 1 1076.6219 0.0019 24 V2
18 Az 2 17 Aq 1 1077.3350 0.0047 6.4 V4
18 F2 7 17 F1 2 1077.3563 0.0052 -1.1 \Z!
18 E 5 17 E 1 1077.3670 0.0037 52 V4
17 Aq 2 16 Az 1 1077.6737 0.0027 -12.0 V4
17 F1 7 16 F2 2 1077.9782 0.0031 —2.6 \Z!
14 F1 8 13 F2 2 1079.3498 0.0028 0.0 va
14 F2 8 13 F1 3 1079.7205 0.0019 11 V4
19 F2 6 18 F1 1 1080.6441 0.0039 -39 \Z!
19 F1 8 18 F2 2 1080.6524 0.0041 21 V4
18 F2 8 17 F1 3 1081.7302 0.0030 -1.1 V4
15 E 6 14 E 2 1084.1039 0.0013 7.2 V4
14 F2 9 13 F1 3 1084.9653 0.0013 2.2 V4
14 F2 9 13 F1 2 1085.0072 0.0014 19 V4
19 Az 3 18 A1 1 1085.2474 0.0022 58 va
16 F2 9 15 F1 3 1088.1820 0.0021 0.6 V4
20 F2 8 19 F1 2 1088.5686 0.0020 9.0 \Z!
2 2 2 E 1 1092.0320 0.0007 6.4 V2
4 E 3 4 E 1 1092.0567 0.0003 -12.6 V2
3 F1 4 3 F2 1 1092.1596 0.0005 21 V2
2 F1 3 2 F2 1 1092.2244 0.0006 10.7 v2
6 Az 2 6 Aq 1 1092.4214 0.0014 2.7 V2
6 F2 6 6 F1 1 1092.4906 0.0009 9.1 V2
3 F2 4 3 F1 1 1092.6596 0.0028 0.6 V2
7 F2 6 7 F1 2 1092.6711 0.0013 -3.1 V2
4 F1 5 4 F2 1 1092.8005 0.0007 8.5 V2
4 F2 5 4 F1 1 1093.0426 0.0026 3.0 V2
4 F2 5 4 F1 1 1093.0426 0.0025 2.9 V2
3 F1 5 3 F2 1 1093.0758 0.0011 0.0 V2
5 F1 6 5 F2 1 1093.2401 0.0008 57 V2
4 Az 2 4 As 1 1093.3149 0.0058 1.0 V2
4 Az 2 4 Aq 1 1093.3149 0.0058 15 V2
5 E 4 5 E 1 1093.4732 0.0020 3.0 V2
6 F2 7 6 F1 1 1093.8473 0.0012 23 V2
4 F2 6 4 F1 1 1093.9213 0.0024 -12.2 V2
4 E 4 4 E 1 1093.9677 0.0024 21 V2
8 F1 8 8 F2 2 1094.0913 0.0020 -34 V2
8 F1 8 8 F2 2 1094.0913 0.0021 0.6 V2
6 E 5 6 E 1 1094.2035 0.0026 —-9.8 V2
6 E 5 6 E 1 1094.2035 0.0030 4.7 V2
8 F2 8 8 F1 2 1094.2819 0.0009 116 V2
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F2 8 F1 1 1094.2996 0.0008 54 v2
F1 7 F2 2 1094.3989 0.0037 2.0 V2
9 AL 3 9 Az 1 1094.4679 0.0030 9.1 V2
14 Az 4 14 A1 1 1094.4851 0.0001 -10.9 v2
9 F1 9 9 F2 2 1094.6123 0.0018 2.2 V2
9 E 6 9 E 1 1094.7235 0.0007 14 V2
8 Az 3 8 Aq 1 1094.7306 0.0037 7.2 V2
7 F2 8 7 F1 1 1094.7806 0.0034 9.6 V2
7 F2 8 7 F1 1 1094.7806 0.0032 3.9 V2
5 F2 7 5 F1 1 1094.9771 0.0056 11.0 V2
10 F1 9 10 F2 3 1094.9984 0.0024 4.1 V2
7 F1 8 7 F2 2 1095.0089 0.0041 8.0 v2
5 F1 7 5 F2 1 1095.0687 0.0069 -0.9 V2
5 F1 7 5 F2 1 1095.0687 0.0070 -0.2 V2
10 F2 10 10 F1 1 1095.1482 0.0003 1.7 V2
7 Aq 3 7 Az 1 1095.2225 0.0084 04 v2
7 Aq 3 7 Az 1 1095.2225 0.0078 —6.5 V2
9 F2 9 9 F1 2 1095.4161 0.0007 =51 V2
8 F2 9 8 F1 2 1095.4276 0.0009 -3.8 V2
8 F2 9 8 F1 1 1095.4451 0.0027 3.6 V2
8 F2 9 8 F1 1 1095.4451 0.0027 2.2 V2
11 E 7 11 E 2 1095.4787 0.0011 24 V2
11 F2 10 11 F1 3 1095.5100 0.0009 -39 v2
11 F2 10 11 F1 2 1095.5329 0.0004 4.4 V2
8 E 6 8 E 1 1095.6645 0.0019 15 V2
8 F1 9 8 F2 2 1095.8832 0.0003 7.5 V2
8 F1 9 8 F2 1 1095.8929 0.0089 35 V2
8 F1 9 8 F2 1 1095.8929 0.0087 1.3 V2
6 F2 8 6 F1 1 1095.9791 0.0011 0.2 V2
12 F1 11 12 F2 2 1095.9863 0.0005 —7.4 V2
10 E 7 10 E 2 1096.0503 0.0015 18 V2
10 E 7 10 E 1 1096.1049 0.0020 2.2 V2
10 F1 10 10 F2 3 1096.1775 0.0005 —6.4 V2
10 F1 10 10 F2 2 1096.2059 0.0023 6.7 V2
9 F1 10 9 F2 1 1096.2675 0.0024 23 V2
6 6 6 E 1 1096.2836 0.0062 =52 V2
6 E 6 6 E 1 1096.2836 0.0065 0.3 V2
6 F1 8 6 F2 1 1096.3379 0.0095 0.5 V2
6 F1 8 6 F2 1 1096.3379 0.0098 3.7 V2
6 AL 3 6 Az 1 1096.4108 0.0096 15 V2
6 As 3 6 Az 1 1096.4108 0.0091 4.2 V2
13 F1 12 13 F2 2 1096.4888 0.0003 10.8 V2
9 E 7 9 E 1 1096.5413 0.0048 2.2 V2
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F2 10 F1 3 1096.6812 0.0021 0.6 v2
F2 10 F1 3 1096.6812 0.0020 5.2 V2
9 F2 10 F1 2 1096.6935 0.0065 0.0 V2
11 F2 11 11 F1 3 1096.7092 0.0020 2.6 V2
11 F2 11 11 F1 1 1096.7944 0.0025 18 V2
11 F2 11 11 F1 1 1096.7944 0.0024 2.0 V2
11 F1 11 11 F2 2 1096.9696 0.0017 4.7 V2
11 F1 11 11 F2 1 1097.0117 0.0019 2.8 V2
10 Aq 10 Az 1 1097.0182 0.0017 —0.6 V2
12 Az 4 12 Aq 2 1097.2673 0.0023 -35 V2
10 F1 11 10 F2 2 1097.2917 0.0050 49 V2
11 Aq 4 11 Az 1 1097.3720 0.0057 0.2 v2
11 Aq 4 11 Az 1 1097.3720 0.0057 —-0.4 V2
7 E 6 E 1 1097.3810 0.0020 -7.1 V2
7 6 7 E 1 1097.3810 0.0022 1.2 V2
12 Az 4 12 As 1 1097.3907 0.0017 -5.1 v2
12 Az 4 12 A1 1 1097.3907 0.0018 14 V2
12 F2 12 12 F1 3 1097.4462 0.0016 10.6 V2
10 F2 11 10 F1 2 1097.4556 0.0021 1.7 V2
10 F2 11 10 F1 1 1097.4742 0.0056 4.2 V2
10 F2 11 10 F1 1 1097.4742 0.0058 7.3 V2
12 F2 12 12 F1 2 1097.5073 0.0004 3.7 V2
12 F2 12 12 F1 1 1097.5660 0.0020 51 v2
12 E 8 12 E 2 1097.5950 0.0008 4.3 V2
10 Az 4 10 As 1 1097.6157 0.0075 0.0 V2
10 Az 4 10 A1 1 1097.6157 0.0073 29 v2
12 E 8 12 E 1 1097.6808 0.0012 11 V2
7 F2 9 7 F1 1 1097.7910 0.0141 0.8 V2
7 F2 9 7 F1 1 1097.7910 0.0145 3.9 V2
7 F1 10 7 F2 2 1097.8589 0.0012 10.9 V2
7 F1 10 7 F2 1 1097.8683 0.0137 04 V2
7 F1 10 7 F2 1 1097.8683 0.0137 0.6 V2
13 F2 12 13 F1 4 1098.0165 0.0018 5.2 V2
11 F1 12 11 F2 2 1098.1067 0.0037 —4.7 V2
11 F1 12 11 F2 2 1098.1067 0.0039 1.7 V2
13 F2 12 13 F1 1 1098.1856 0.0017 57 V2
12 F1 12 12 F2 3 1098.1974 0.0007 8.6 V2
13 F1 13 13 F2 2 1098.2076 0.0005 11.9 V2
12 F1 12 12 F2 2 1098.2240 0.0004 2.0 V2
12 F1 12 12 F2 1 1098.2591 0.0050 —4.5 V2
12 F1 12 12 F2 1 1098.2591 0.0053 0.8 V2
13 F1 13 13 F2 1 1098.3307 0.0016 9.1 V2
11 F2 12 11 F1 2 1098.4355 0.0075 0.9 V2




Table D.3 — Continued.

142

VEXP

Sexp

J Y n J v ' cm! cm*21f atlm*1 % Band
1 2 3 4 5 6
11 F2 12 11 F1 2 1098.4355 0.0076 2.0 v2
14 E 9 14 E 3 1098.6981 0.0007 6.5 V2
14 F1 13 14 F2 4 1098.7286 0.0006 -10.5 V2
14 F1 13 14 F2 3 1098.7752 0.0004 11.8 V2
8 F1 10 8 F2 1 1098.8423 0.0027 4.1 V2
14 E 14 E 1 1098.9236 0.0009 8.3 V2
13 E 13 E 2 1099.0076 0.0009 7.6 V2
13 E 13 E 1 1099.1005 0.0028 2.9 V2
13 F2 13 13 F1 3 1099.1792 0.0016 14 V2
12 E 12 E 2 1099.2333 0.0038 —-0.4 V2
12 E 12 E 2 1099.2333 0.0038 -1.8 V2
12 F1 13 12 F2 3 1099.3155 0.0008 125 v2
12 F1 13 12 F2 2 1099.3419 0.0056 -1.0 V2
12 F1 13 12 F2 2 1099.3419 0.0054 —4.7 V2
15 F2 14 15 F1 4 1099.3700 0.0005 8.9 V2
15 F1 14 15 F2 4 1099.3928 0.0003 —5.5 v2
15 F2 14 15 F1 3 1099.4242 0.0004 25 V2
8 Az 4 8 Aq 1 1099.4411 0.0148 24 V2
8 F2 11 8 F1 2 1099.4827 0.0007 4.2 V2
8 F2 11 8 F1 1 1099.5002 0.0171 1.2 V2
8 F2 11 8 F1 1 1099.5002 0.0174 2.8 V2
8 E 8 E 1 1099.5221 0.0113 2.7 V2
8 E 8 E 1 1099.5221 0.0114 -1.4 v2
15 F2 14 15 F1 1 1099.6671 0.0009 —4.7 V2
14 F1 14 14 F2 4 1099.8244 0.0011 45 V2
13 Az 5 13 Aq 1 1099.9045 0.0021 1.2 V2
14 F1 14 14 F2 2 1099.9613 0.0029 —-6.4 V2
14 F1 14 14 F2 2 1099.9613 0.0032 1.6 V2
14 F2 14 14 F1 3 1100.0245 0.0003 6.7 V2
13 F2 14 13 F1 4 1100.0455 0.0003 10.6 V2
13 F2 14 13 F1 3 1100.0993 0.0035 -9.9 V2
13 F2 14 13 F1 3 1100.0993 0.0039 11 V2
14 F2 14 14 F1 1 1100.1488 0.0024 0.1 V2
14 F2 14 14 F1 1 1100.1488 0.0023 4.2 V2
13 F1 14 13 F2 3 1100.1933 0.0006 4.8 V2
13 F1 14 13 F2 2 1100.2303 0.0045 0.9 V2
13 F1 14 13 F2 2 1100.2303 0.0043 —4.8 V2
13 Aq 5 13 Az 1 1100.3276 0.0047 0.5 V2
9 F1 11 9 F2 2 1100.3680 0.0008 6.9 V2
14 Az 5 14 A1 1 1100.4463 0.0045 11 v2
15 As 5 15 Az 2 1100.5627 0.0011 -5.7 V2
E 8 E 1 1100.5732 0.0035 2.2 V2
E 8 E 1 1100.5732 0.0035 29 V2
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1 2 3 4 5 6
F2 11 F1 3 1100.6455 0.0017 121 v2
F2 11 F1 2 1100.6578 0.0051 95 V2
15 F1 15 15 F2 4 1100.7000 0.0006 -8.0 V2
15 Aq 5 15 Az 1 1100.7540 0.0021 -1.9 v2
Az 4 As 1 1100.7836 0.0064 -3.8 V2
9 Az A1 1 1100.7836 0.0068 19 V2
15 F1 15 15 F2 3 1100.7993 0.0003 4.2 V2
15 F1 15 15 F2 2 1100.8851 0.0022 2.7 V2
15 E 10 15 E 1 1100.9697 0.0013 2.2 V2
15 E 10 15 E 1 1100.9697 0.0014 4.9 V2
14 F2 15 14 F1 2 1101.0042 0.0030 0.0 V2
14 F2 15 14 F1 2 1101.0042 0.0029 -3.1 V2
14 E 10 14 E 2 1101.1283 0.0021 -3.1 V2
14 E 10 14 E 2 1101.1283 0.0020 -9.0 V2
17 F2 15 17 F1 1 1101.1893 0.0005 54 V2
14 F1 15 14 F2 3 1101.2404 0.0042 -35 v2
14 F1 15 14 F2 3 1101.2404 0.0045 3.0 V2
F2 12 F1 1 1101.3019 0.0191 -0.2 V2
F2 12 F1 1 1101.3019 0.0192 0.5 V2
F1 12 F2 1 1101.3309 0.0195 -0.4 V2
F1 12 F2 1 1101.3309 0.0197 0.9 V2
15 F2 15 15 F1 2 1101.4552 0.0039 0.5 V2
15 F2 15 15 F1 2 1101.4552 0.0040 2.8 v2
16 F1 15 16 F2 1 1101.7016 0.0017 -0.9 V2
16 F2 16 16 F1 2 1101.7723 0.0014 -3.7 V2
15 E 11 15 E 2 1102.1331 0.0021 -0.9 V2
15 E 11 15 E 2 1102.1331 0.0021 —43 V2
10 F2 12 10 F1 1 1102.1733 0.0003 —8.8 V2
15 F2 16 15 F1 3 1102.2089 0.0033 19 V2
10 E 8 10 E 2 1102.2137 0.0012 0.1 V2
16 E 11 16 E 2 1102.4289 0.0018 -7.1 V2
10 F1 12 10 F2 2 1102.4888 0.0070 2.0 V2
10 F1 12 10 F2 2 1102.4888 0.0064 —6.6 V2
16 F1 16 16 F2 2 1102.5082 0.0025 0.3 V2
16 F1 16 16 F2 2 1102.5082 0.0024 —2.6 V2
10 F2 13 10 F1 2 1102.6182 0.0022 1.0 V2
10 F2 13 10 F1 1 1102.6368 0.0064 11 V2
16 F1 17 16 F2 3 1103.0664 0.0022 0.6 V2
16 F2 17 16 F1 3 1103.1612 0.0026 6.8 V2
16 Az 6 16 A1 2 1103.2304 0.0023 3.1 V2
16 Az 6 16 As 2 1103.2304 0.0022 -0.3 V2
10 E 9 10 E 1 1103.2612 0.0134 0.3 V2
10 E 9 10 E 1 1103.2612 0.0133 —0.6 V2
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1 2 3 4 5 6
10 F1 13 10 F2 1 1103.2699 0.0194 —4.0 v2
10 F1 13 10 F2 1 1103.2699 0.0207 25 V2
10 Aq 10 Az 1 1103.2856 0.0176 3.0 V2
10 Aq 10 Az 1 1103.2856 0.0167 2.0 v2
17 F2 17 17 F1 3 1103.4187 0.0019 -1.5 V2
17 F2 17 17 F1 3 1103.4187 0.0019 2.9 V2
17 F1 17 17 F2 3 1103.4289 0.0002 3.0 V2
18 F2 17 18 F1 1 1103.4516 0.0008 4.7 V2
18 F1 17 18 F2 2 1103.4846 0.0008 -13 V2
17 F1 17 17 F2 2 1103.5084 0.0016 13 V2
17 F1 17 17 F2 2 1103.5084 0.0016 -0.2 V2
17 Aq 6 17 Az 1 1103.7768 0.0023 3.7 v2
17 F1 18 17 F2 3 1104.0242 0.0016 —43 V2
11 F2 13 11 F1 3 1104.0929 0.0003 55 V2
17 E 12 17 E 2 1104.1111 0.0010 4.2 V2
11 F1 13 11 F2 3 1104.1927 0.0019 —6.7 v2
11 F1 13 11 F2 3 1104.1927 0.0021 5.0 V2
17 F2 18 17 F1 4 1104.2004 0.0019 -0.3 V2
17 F2 18 17 F1 4 1104.2004 0.0019 2.9 V2
11 F1 13 11 F2 2 1104.2274 0.0007 9.8 V2
19 F1 18 19 F2 2 1104.3561 0.0005 3.8 V2
19 As 6 19 Az 1 1104.3969 0.0005 9.1 V2
18 E 12 18 E 2 1104.4109 0.0007 -0.2 v2
18 F2 18 18 F1 2 1104.4154 0.0013 8.2 V2
18 Az 18 As 1 1104.4230 0.0012 -53 V2
11 Aq 11 Az 1 1104.5052 0.0063 —4.6 v2
11 Aq 11 Az 1 1104.5052 0.0067 1.7 V2
11 F1 14 11 F2 3 1104.5871 0.0014 -1.7 V2
11 F1 14 11 F2 2 1104.6219 0.0072 —0.6 V2
11 E 11 E 1 1104.6554 0.0055 11 V2
11 E 11 E 1 1104.6554 0.0056 34 V2
18 F1 18 18 F2 3 1104.8675 0.0019 6.7 V2
18 F1 18 18 F2 3 1104.8675 0.0016 -12.7 V2
19 F2 18 19 F1 5 1105.0385 0.0002 3.1 V2
18 E 13 18 E 3 1105.1631 0.0009 0.0 V2
18 F1 19 18 F2 4 1105.2071 0.0013 -55 V2
20 F1 18 20 F2 1 1105.2786 0.0004 6.3 V2
19 F1 19 19 F2 3 1105.3228 0.0008 8.2 V2
11 F2 14 11 F1 1 1105.3378 0.0192 2.4 V2
11 F2 14 11 F1 1 1105.3378 0.0197 0.2 v2
11 F1 15 11 F2 1 1105.3460 0.0193 2.4 V2
11 F1 15 11 F2 1 1105.3460 0.0195 -1.4 V2
19 F2 19 19 F1 3 1105.9393 0.0012 12.7 V2
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2 3 4 5 6
19 E 13 19 E 2 1105.949% 0.0008 =37 v2
20 F1 19 20 F2 2 1106.3147 0.0005 -0.6 V2
12 F1 14 12 F2 1 1106.3295 0.0005 3.8 V2
20 E 13 20 E 2 1106.3769 0.0004 7.0 V2
12 As 12 Az 1 1106.4094 0.0034 0.3 V2
12 Aq 12 Az 1 1106.409%4 0.0034 -0.1 V2
12 F1 15 12 F2 3 1106.6955 0.0007 0.3 V2
12 F1 15 12 F2 2 1106.7222 0.0003 —4.7 V2
12 F2 15 12 F1 3 1106.7377 0.0004 -10.8 V2
12 F1 15 12 F2 1 1106.7572 0.0076 0.0 V2
12 F1 15 12 F2 1 1106.7572 0.0072 =5.7 V2
12 F2 15 12 F1 2 1106.7988 0.0086 0.2 v2
12 F2 15 12 F1 2 1106.7988 0.0078 9.4 V2
20 F1 20 20 F2 3 1107.0532 0.0008 0.8 V2
20 Az 7 20 Aq 2 1107.2651 0.0008 16 V2
21 F1 21 21 F2 3 1107.8829 0.0002 -0.7 v2
3 F1 4 2 F2 1 1107.9528 0.0010 0.8 V2
21 F2 22 21 F1 5 1108.3674 0.0004 3.5 V2
13 F2 15 13 F1 3 1108.4932 0.0024 54 V2
13 F1 16 13 F2 3 1108.5781 0.0018 8.5 V2
13 F1 16 13 F2 2 1108.6151 0.0020 -1.1 V2
13 F1 16 13 F2 2 1108.6151 0.0020 2.8 V2
13 E 11 13 E 1 1109.0354 0.0053 29 v2
13 11 13 E 1 1109.0354 0.0052 15 V2
13 F2 16 13 F1 2 1109.0451 0.0077 -1.4 V2
13 F2 16 13 F1 2 1109.0451 0.0076 2.1 V2
13 Az 13 Aq 1 1109.0607 0.0069 2.1 V2
13 Az 13 As 1 1109.0607 0.0065 -8.9 V2
22 Az 22 Aq 2 1109.4736 0.0003 4.8 V2
22 F1 23 22 F2 4 1109.6845 0.0002 0.5 V2
14 F2 17 14 F1 3 1110.8555 0.0010 12.8 V2
14 Az 6 14 Aq 1 1110.8598 0.0021 1.0 V2
14 F2 17 14 F1 2 1110.9205 0.0023 12 V2
14 F2 17 14 F1 2 1110.9205 0.0023 0.7 V2
14 E 11 14 E 2 1110.9350 0.0018 —2.0 V2
15 E 12 15 E 2 1113.0685 0.0004 -0.5 V2
15 Az 6 15 A1 1 1113.0810 0.0014 51 V2
15 F2 18 15 F1 4 1113.2573 0.0004 6.3 V2
15 F1 18 15 F2 3 1113.3518 0.0027 -1.2 V2
15 F2 18 15 F1 2 1113.3651 0.0023 13 V2
15 F2 18 15 F1 2 1113.3651 0.0023 16 V2
AL Az 1 1113.4655 0.0023 3.1 V2
AL Az 1 1113.4655 0.0023 2.3 V2
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2 3 4 5 6
15 E 13 15 E 1 1113.8372 0.0043 4.8 v2
15 F1 19 15 F2 2 1113.8420 0.0057 -5.8 V2
15 Aq 6 15 Az 1 1113.8511 0.0049 11 V2
F1 5 F2 1 1113.8559 0.0018 -39 v2
F1 5 F2 1 1113.8559 0.0018 -5.1 V2
F2 5 F1 1 1114.0970 0.0015 8.6 V2
F2 6 F1 1 1114.9757 0.0003 2.8 V2
16 F2 19 16 F1 4 1115.5258 0.0007 8.9 V2
16 F2 19 16 F1 3 1115.5974 0.0005 —8.7 V2
16 Aq 7 16 Az 1 1115.8327 0.0023 3.7 V2
16 F1 19 16 F2 2 1115.8895 0.0022 2.8 V2
16 E 13 16 E 2 1115.9109 0.0014 1.2 v2
16 E 13 16 E 2 1115.9109 0.0014 -3.7 V2
16 F2 20 16 F1 2 1116.3446 0.0045 —8.1 V2
16 F2 20 16 F1 2 1116.3446 0.0050 2.2 V2
16 F1 20 16 F2 1 1116.3540 0.0042 -12.6 V2
16 F1 20 16 F2 1 1116.3540 0.0047 -1.1 V2
17 E 13 17 E 2 1118.1511 0.0005 55 V2
17 F1 20 17 F2 3 1118.2112 0.0006 -7.9 V2
17 F1 21 17 F2 2 1118.4880 0.0016 11 V2
17 F2 20 17 F1 3 1118.5233 0.0017 -0.2 V2
17 F2 20 17 F1 3 1118.5233 0.0016 23 V2
5 F1 6 4 F2 1 1119.5516 0.0035 5.0 v2
5 F1 6 4 F2 1 1119.5516 0.0034 2.9 V2
5 E 4 4 E 1 1119.7881 0.0021 15 V2
5 F2 6 4 F1 1 1120.0740 0.0021 4.2 V2
5 F2 6 4 F1 1 1120.0740 0.0021 4.0 V2
5 Az 3 4 As 1 1121.1083 0.0019 4.4 V2
18 Az 7 18 As 1 1121.1826 0.0011 2.3 V2
18 F2 22 18 F1 2 1121.2005 0.0010 2.5 V2
18 E 15 18 E 2 1121.2156 0.0007 12.2 V2
18 F1 22 18 F2 2 1121.5292 0.0027 0.3 V2
18 F1 22 18 F2 2 1121.5292 0.0025 -53 V2
19 F1 22 19 F2 3 1123.6059 0.0006 22 V2
19 F2 22 19 F1 2 1123.8775 0.0009 -32 V2
19 F1 24 19 F2 3 1124.0975 0.0002 3.1 V2
6 E 4 5 E 1 1124.1052 0.0011 4.5 v2
19 E 15 19 E 1 1124.1346 0.0006 -1.5 V2
19 F1 23 19 F2 2 11241511 0.0012 0.9 V2
19 Aq 8 19 Az 1 11241710 0.0016 -1.5 v2
19 F1 25 19 F2 1 1124.6908 0.0030 3.9 V2
19 F2 24 19 F1 1 1124.6942 0.0027 423 V2
6 F2 7 5 F1 2 1125.4175 0.0055 1.7 V2
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1 2 3 4 5 6
6 F2 7 5 F1 2 1125.4175 0.0057 4.8 v2
6 E 5 5 E 1 1125.7672 0.0025 -5.8 V2
6 E 5 5 E 1 1125.7672 0.0027 24 v2
6 F1 7 5 F2 1 1125.9707 0.0037 25 V2
6 F1 7 5 F2 1 1125.9707 0.0036 0.5 V2
20 Aq 8 20 Az 1 1126.3011 0.0005 -1.2 V2
20 F1 22 20 F2 2 1126.3112 0.0003 4.4 V2
20 F1 23 20 F2 1 1126.8350 0.0009 —8.3 V2
20 F2 24 20 F1 2 1126.9050 0.0008 2.7 V2
20 Az 8 20 Aq 1 1127.2829 0.0015 =5.7 V2
20 F2 25 20 F1 1 1127.3135 0.0017 2.5 V2
20 E 17 20 E 1 1127.3218 0.0012 2.4 v2
F2 F1 1 1127.5529 0.0031 10.9 V2
F2 F1 1 1129.4950 0.0007 1.3 V2
7 F1 F2 2 1129.5510 0.0018 8.6 V2
21 F2 25 21 F1 1 1129.9302 0.0010 -32 v2
21 F1 25 21 F2 1 1129.9519 0.0010 34 V2
7 F2 7 6 F1 1 1130.5708 0.0009 -0.3 V2
7 Az 3 6 As 1 1131.2084 0.0071 2.8 V2
7 Az 3 6 A1 1 1131.2084 0.0069 0.1 V2
7 F2 8 6 F1 1 1131.5907 0.0058 -1.3 V2
7 F2 8 6 F1 1 1131.5907 0.0059 0.8 V2
7 F1 8 6 F2 2 1131.8304 0.0050 115 v2
7 Aq 3 6 Az 1 1132.0456 0.0040 18 V2
7 Aq 3 6 Az 1 1132.0456 0.0038 23 V2
22 E 17 22 E 1 1132.6067 0.0004 24 V2
7 F1 9 6 F2 2 1134.1364 0.0009 04 V2
7 F1 9 6 F2 1 1134.1417 0.0027 -1.8 V2
7 6 6 E 1 1134.2096 0.0023 3.5 V2
8 E 5 7 E 1 1134.9727 0.0008 4.3 V2
8 E 5 7 E 1 1134.9727 0.0008 16 V2
8 F1 7 7 F2 2 1134.9899 0.0013 —4.6 V2
8 F1 7 7 F2 2 1134.9899 0.0013 2.0 V2
8 AL 3 7 Az 1 1135.0274 0.0020 3.1 V2
23 F2 25 23 F1 1 1135.2501 0.0005 2.9 V2
8 F1 8 7 F2 2 1136.1661 0.0006 4.7 V2
8 F1 8 7 F2 1 1136.1760 0.0002 -1.9 V2
8 F2 8 7 F1 2 1136.3481 0.0019 0.2 V2
8 F2 8 7 F1 1 1136.3617 0.0002 57 V2
8 F2 9 7 F1 2 1137.4936 0.0074 0.6 V2
8 F2 9 7 F1 2 1137.4936 0.0067 -9.5 V2
8 E 6 7 E 1 1137.7156 0.0048 04 V2
8 E 6 7 E 1 1137.7156 0.0051 51 V2
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1 2 3 4 5 6
8 F1 9 7 F2 2 1137.9578 0.0046 —4.1 v2
8 F1 9 7 F2 2 1137.9578 0.0049 0.7 V2
8 F1 9 7 F2 1 1137.9671 0.0014 -1.8 V2
9 F2 8 8 F1 2 1140.4545 0.0012 —-8.3 v2
9 F1 8 8 F2 1 1140.4776 0.0019 3.7 V2
8 AL 4 7 Az 1 1140.7834 0.0038 11 V2
8 Aq 4 7 Az 1 1140.7834 0.0038 21 V2
8 F1 10 7 F2 2 1140.9072 0.0012 -1.2 V2
8 F1 10 7 F2 1 1140.9165 0.0027 -0.3 V2
8 F1 10 7 F2 1 1140.9165 0.0027 2.8 V2
8 F2 10 7 F1 1 1141.0341 0.0036 51 V2
8 F2 10 7 F1 1 1141.0341 0.0034 -0.5 V2
9 F1 8 F2 2 1141.9264 0.0011 18 V2
9 F1 8 F2 1 1141.9364 0.0007 4.0 V2
9 E 8 E 2 1142.0225 0.0018 0.9 V2
9 F1 10 8 F2 2 1143.5458 0.0089 0.9 v2
9 F1 10 8 F2 2 1143.5458 0.0088 —0.1 V2
9 E 8 E 2 1143.8403 0.0042 0.8 V2
9 E 8 E 2 1143.8403 0.0039 -7.8 V2
9 F2 10 8 F1 2 1143.9981 0.0069 13 V2
9 F2 10 8 F1 2 1143.9981 0.0070 2.6 V2
9 F2 10 8 F1 1 1144.0157 0.0005 9.1 V2
10 Az 3 9 Aq 1 1145.9337 0.0012 8.9 v2
10 F2 9 9 F1 2 1145.9499 0.0015 34 V2
10 E 6 9 E 1 1145.9564 0.0011 4.9 V2
10 E 6 9 E 1 1145.9564 0.0012 0.5 V2
10 F1 9 9 F2 2 11475527 0.0010 3.2 V2
10 F2 10 9 F1 3 1147.6799 0.0023 3.2 V2
9 E 8 8 E 1 1147.8933 0.0020 13 V2
9 F2 11 8 F1 1 1147.9800 0.0033 4.4 V2
9 F2 11 8 F1 1 1147.9800 0.0032 2.8 V2
9 Az 8 Aq 1 1148.1129 0.0030 0.0 V2
9 Az 8 As 1 1148.1129 0.0029 5.4 V2
10 E 7 9 E 1 1148.6175 0.0006 8.1 V2
10 F1 10 9 F2 2 1148.7318 0.0010 -1.0 V2
10 F1 10 9 F2 1 1148.7675 0.0004 13 V2
10 Aq 4 9 Az 1 1149.5137 0.0083 -2.9 V2
10 Aq 4 9 Az 1 1149.5137 0.0085 -0.3 V2
10 F1 11 9 F2 2 1149.8175 0.0076 -0.8 V2
10 F1 11 9 F2 2 1149.8175 0.0077 -0.2 v2
10 F1 11 9 F2 1 1149.8533 0.0005 8.5 V2
10 F2 11 9 F1 3 1150.0061 0.0066 04 V2
10 F2 11 9 F1 3 1150.0061 0.0061 -6.9 V2
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1 2 3 4 5 6
10 F2 11 F1 2 1150.0183 0.0010 2.3 v2
10 Az 4 Aq 1 1150.1630 0.0065 3.1 V2
10 Az A1 1 1150.1630 0.0063 —0.1 V2
11 F2 10 F1 1 1151.4347 0.0014 54 V2
11 F1 10 10 F2 2 1151.4431 0.0016 2.3 V2
11 F1 10 10 F2 2 1151.4431 0.0015 -3.0 V2
11 E 7 10 E 2 1153.2646 0.0010 3.8 V2
11 F2 10 10 F1 2 1153.3015 0.0016 2.2 V2
11 F2 10 10 F1 1 1153.3201 0.0005 125 V2
11 Az 4 10 Aq 1 1153.3901 0.0030 —0.6 V2
11 F2 11 10 F1 2 1154.5007 0.0006 6.3 V2
11 F2 11 10 F1 1 1154.5192 0.0006 8.8 v2
10 F2 12 9 F1 3 1154.7052 0.0006 0.0 V2
11 F1 11 10 F2 3 1154.7122 0.0017 25 V2
10 F2 12 9 F1 2 1154.7174 0.0038 11 V2
10 F2 12 9 F1 2 1154.7174 0.0038 0.7 v2
10 E 9 E 1 1154.7809 0.0027 -8.9 v2
10 E 9 E 1 1154.7809 0.0030 19 V2
10 F1 12 9 F2 1 1155.0504 0.0028 13 V2
10 F2 13 9 F1 1 1155.2027 0.0032 2.0 V2
11 F1 12 10 F2 3 1155.8491 0.0078 -0.5 V2
11 F1 12 10 F2 3 1155.8491 0.0079 0.9 V2
11 F1 12 10 F2 2 1155.8774 0.0003 7.6 v2
11 F1 12 10 F2 1 1155.9068 0.0003 -3.8 V2
11 E 10 E 2 1156.0240 0.0049 —-6.4 V2
11 E 10 E 2 1156.0240 0.0052 -1.4 V2
11 F2 12 10 F1 2 1156.2041 0.0062 0.1 V2
11 F2 12 10 F1 2 1156.2041 0.0066 51 V2
11 F2 12 10 F1 1 1156.2227 0.0012 2.9 v2
12 F1 10 11 F2 2 1156.9337 0.0013 0.8 V2
12 As 4 11 Az 1 1156.9395 0.0011 -1.7 V2
12 F1 11 11 F2 3 1158.9731 0.0014 —0.6 V2
12 F2 11 11 F1 2 1159.0262 0.0023 16 V2
12 F2 11 11 F1 2 1159.0262 0.0021 -9.0 V2
12 F2 12 11 F1 3 1160.4555 0.0009 8.6 V2
12 F2 12 11 F1 2 1160.4783 0.0010 04 V2
12 E 8 11 E 2 1160.5729 0.0016 15 v2
12 E 8 11 E 2 1160.5729 0.0015 0.1 V2
12 E 11 E 1 1160.6106 0.0005 0.8 V2
12 F1 12 11 F2 2 1161.2455 0.0005 4.8 v2
12 F1 12 11 F2 1 1161.2876 0.0005 10.5 V2
11 Az 10 A1 1 1161.8132 0.0033 —4.6 V2
11 Az 10 Aq 1 1161.8132 0.0035 0.5 V2
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1 2 3 4 5 6
11 F2 13 10 F1 2 1161.8842 0.0007 19 v2
11 F2 13 10 F1 1 1161.9029 0.0033 11 V2
11 F2 13 10 F1 1 1161.9029 0.0033 —0.1 V2
12 F2 13 11 F1 3 1161.9872 0.0077 -1.8 v2
12 F2 13 11 F1 3 1161.9872 0.0081 2.7 V2
11 F1 13 10 F2 2 1161.9983 0.0035 —6.3 V2
11 F1 13 10 F2 2 1161.9983 0.0036 -1.1 V2
12 E 11 E 2 1162.2110 0.0040 0.1 V2
12 E 11 E 2 1162.2110 0.0041 35 V2
12 E 11 E 1 1162.2489 0.0007 14 V2
11 As 10 Az 1 1162.3009 0.0021 1.6 V2
12 F1 13 11 F2 3 1162.3288 0.0066 -1.1 V2
12 F1 13 11 F2 3 1162.3288 0.0069 35 V2
11 F1 14 10 F2 2 1162.3928 0.0003 9.3 V2
11 E 9 10 E 2 1162.4037 0.0003 2.7 V2
13 F2 11 12 F1 2 1162.4305 0.0010 —6.3 v2
13 F1 11 12 F2 1 1162.4356 0.0011 11 V2
11 E 10 E 1 1162.4580 0.0020 58 V2
11 E 10 E 1 1162.4580 0.0019 4.6 V2
13 Aq 12 Az 1 1164.6668 0.0011 -1.1 V2
13 F1 12 12 F2 2 1164.7046 0.0014 -1.5 V2
13 F1 12 12 F2 2 1164.7046 0.0015 -0.3 V2
13 E 8 12 E 2 1164.7175 0.0012 —53 v2
13 F2 12 12 F1 3 1166.2476 0.0008 0.6 V2
13 F1 13 12 F2 3 1166.3970 0.0015 14 V2
13 F1 13 12 F2 3 1166.3970 0.0014 2.1 V2
13 F1 13 12 F2 2 1166.4235 0.0013 11 V2
13 E 9 12 E 2 1167.2684 0.0006 3.7 V2
13 F2 13 12 F1 2 1167.4179 0.0007 -3.8 V2
14 Az 13 As 1 1167.9322 0.0007 -7.8 V2
13 Az 12 Aq 2 1168.0412 0.0061 —4.1 V2
13 Az 12 Aq 2 1168.0412 0.0063 -1.4 V2
13 F2 14 12 F1 3 1168.2768 0.0060 -0.3 V2
13 F2 14 12 F1 3 1168.2768 0.0061 13 V2
13 F2 14 12 F1 2 1168.3381 0.0005 4.9 V2
13 F1 14 12 F2 3 1168.4195 0.0051 -9.7 V2
13 F1 14 12 F2 3 1168.4195 0.0056 -0.8 V2
13 F1 14 12 F2 2 1168.4461 0.0005 2.9 V2
13 F1 14 12 F2 1 1168.4813 0.0003 9.2 V2
13 Aq 12 Az 1 1168.5357 0.0049 —4.7 V2
13 As 12 Az 1 1168.5357 0.0051 -1.0 V2
12 F2 14 11 F1 2 1169.1187 0.0035 0.1 V2
12 E 10 11 E 2 1169.2052 0.0003 —6.1 V2
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VEXP

Sexp

J Y n J v ' cm! cm*21f atlm*1 % Band
1 2 3 4 5 6
12 E 10 11 E 1 1169.2432 0.0020 6.6 v2
12 E 10 11 E 1 1169.2432 0.0018 4.9 V2
12 F1 14 11 F2 3 1169.2814 0.0002 -1.0 V2
12 F1 14 11 F2 2 1169.3159 0.0030 -0.8 v2
12 F1 14 11 F2 2 1169.3159 0.0027 -11.0 V2
12 Aq 11 Az 1 1169.4544 0.0031 -0.5 V2
12 Aq 11 Az 1 1169.4544 0.0029 -93 V2
12 F1 15 11 F2 1 1169.7857 0.0021 0.0 V2
12 F1 15 11 F2 1 1169.7857 0.0021 -0.4 V2
12 F2 15 11 F1 1 1169.8322 0.0023 -1.8 V2
14 F1 12 13 F2 3 1170.3664 0.0002 0.6 V2
14 F1 12 13 F2 2 1170.4033 0.0012 16 v2
14 F2 13 13 F1 3 1170.4180 0.0015 -0.5 V2
14 E 9 13 E 2 1172.1391 0.0006 -14 V2
14 F1 13 13 F2 3 1172.1775 0.0009 -1.5 V2
14 F1 13 13 F2 2 1172.2146 0.0006 -7.1 v2
14 Aq 5 13 Az 1 1172.2820 0.0024 1.9 V2
14 F1 14 13 F2 3 1173.2733 0.0003 8.3 V2
14 F1 14 13 F2 2 1173.3104 0.0006 14 V2
14 F2 14 13 F1 4 1173.4551 0.0011 0.2 V2
14 F2 14 13 F1 3 1173.5087 0.0006 1.7 V2
14 F2 14 13 F1 2 1173.5507 0.0003 9.0 V2
14 Az 5 13 Aq 1 1173.8935 0.0011 6.5 v2
14 F2 15 13 F1 4 1174.3698 0.0052 0.5 V2
14 F2 15 13 F1 4 1174.3698 0.0056 6.4 V2
14 F2 15 13 F1 3 1174.4238 0.0002 25 V2
14 F2 15 13 F1 2 1174.4655 0.0003 5.9 V2
14 E 10 13 E 2 11745045 0.0035 -0.8 V2
14 E 10 13 E 2 1174.5045 0.0035 2.2 V2
14 F1 15 13 F2 3 1174.6427 0.0047 -1.0 V2
14 F1 15 13 F2 3 1174.6427 0.0048 14 V2
14 F1 15 13 F2 2 1174.6797 0.0005 6.8 V2
15 E 9 14 E 2 1176.1155 0.0007 —7.6 V2
15 F2 13 14 F1 2 1176.1224 0.0011 -0.4 V2
15 Az 5 14 Aq 1 1176.1335 0.0010 —4.7 V2
13 F1 15 12 F2 2 1176.5233 0.0027 04 V2
13 F1 15 12 F2 2 1176.5233 0.0026 -1.0 V2
13 E 10 12 E 2 1176.5667 0.0019 04 V2
13 F2 15 12 F1 2 1176.7319 0.0023 -1.1 V2
13 F1 16 12 F2 1 1176.8660 0.0029 -0.9 V2
13 F1 16 12 F2 1 1176.8660 0.0028 -1.3 V2
13 E 11 12 E 1 1177.2890 0.0012 -04 V2
13 F2 16 12 F1 1 1177.3006 0.0019 3.4 V2
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VEXP

Sexp

J Y n J v ' cm! cm*21f atlm*1 % Band
1 2 3 4 5 6
13 F2 16 12 F1 1 1177.3006 0.0019 6.2 v2
13 Az 12 Aq 1 1177.3209 0.0015 -5.9 V2
13 Az 12 A1 1 1177.3209 0.0016 3.8 V2
15 F2 14 14 F1 3 1178.0160 0.0009 —2.6 v2
15 F1 14 14 F2 3 1178.0808 0.0017 5.6 V2
15 F1 15 14 F2 4 1179.3412 0.0005 —6.8 V2
15 F1 15 14 F2 3 1179.3877 0.0007 14 V2
15 E 10 14 E 3 1179.4308 0.0009 -0.9 V2
15 E 10 14 E 2 1179.4956 0.0005 —4.1 V2
15 F2 15 14 F1 2 1180.0583 0.0005 -1.8 V2
15 F2 15 14 F1 1 1180.1174 0.0005 1.2 V2
15 F1 16 14 F2 4 1180.5284 0.0045 -1.5 V2
15 F1 16 14 F2 4 1180.5284 0.0043 5.2 V2
15 E 11 14 E 3 1180.7122 0.0025 24 V2
15 11 14 E 3 1180.7122 0.0026 7.6 V2
15 E 11 14 E 2 1180.7772 0.0004 -1.6 V2
15 F2 16 14 F1 3 1180.8008 0.0040 2.4 V2
15 F2 16 14 F1 3 1180.8008 0.0039 4.4 V2
16 F1 14 15 F2 3 1181.8321 0.0009 13 V2
16 F2 14 15 F1 2 1181.8448 0.0009 6.8 V2
16 F2 15 15 F1 3 1183.9248 0.0008 1.0 V2
16 E 10 15 E 2 1183.9333 0.0008 -1.3 V2
14 Aq 13 Az 1 1184.0021 0.0019 -1.4 v2
14 Aq 13 Az 1 1184.0021 0.0019 19 V2
14 F1 16 13 F2 2 1184.0569 0.0018 -14.5 V2
14 F1 16 13 F2 2 1184.0569 0.0020 -1.7 v2
14 F2 16 13 F1 3 1184.1152 0.0020 -12.0 V2
14 F2 16 13 F1 3 1184.1152 0.0022 0.5 V2
14 Az 13 Aq 1 1184.3068 0.0015 5.0 V2
14 Az 13 As 1 1184.3068 0.0015 8.9 V2
14 F2 17 13 F1 2 1184.3817 0.0021 11 V2
14 F2 17 13 F1 2 1184.3817 0.0023 9.7 V2
14 E 11 13 E 1 1184.4041 0.0015 2.2 V2
16 F1 15 15 F2 4 1185.2874 0.0005 14 V2
16 F2 16 15 F1 4 1185.3652 0.0007 -32 V2
16 F2 16 15 F1 3 1185.4193 0.0009 -2.0 V2
16 E 11 15 E 2 1186.1757 0.0004 0.6 v2
16 F1 16 15 F2 4 1186.1944 0.0005 1.0 V2
16 As 15 Az 2 1186.5952 0.0034 2.2 V2
16 Aq 15 Az 2 1186.5952 0.0032 -3.1 V2
16 F1 17 15 F2 4 1186.8109 0.0029 52 V2
16 F1 17 15 F2 4 1186.8109 0.0029 2.7 V2
16 F1 17 15 F2 3 1186.9098 0.0003 3.4 V2
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VEXP

Sexp

J Y n J v ' cm! cm*21f atlm*1 % Band
1 2 3 4 5 6
16 F2 17 15 F1 4 1186.9238 0.0030 -1.2 v2
16 F2 17 15 F1 4 1186.9238 0.0030 2.0 V2
16 Az 15 A1 1 1187.0141 0.0026 -39 V2
16 Az 15 A1 1 1187.0141 0.0027 -1.6 v2
17 As 16 Az 1 1187.5471 0.0006 6.6 V2
17 F1 15 16 F2 2 1187.5604 0.0006 18 V2
17 F2 15 16 F1 4 1189.7142 0.0002 -11.5 V2
17 F2 15 16 F1 3 1189.7858 0.0006 —4.7 V2
17 F1 16 16 F2 3 1189.7921 0.0008 -1.6 V2
17 E 11 16 E 3 1191.2875 0.0003 -7.3 V2
17 F2 16 16 F1 4 1191.2942 0.0005 0.5 V2
17 Az 6 16 Aq 2 1191.3551 0.0012 -3.8 V2
17 F2 16 16 F1 3 1191.3658 0.0004 2.3 V2
15 F1 17 14 F2 3 1191.6345 0.0018 45 V2
15 F1 17 14 F2 3 1191.6345 0.0017 04 V2
15 E 12 14 E 2 1191.7124 0.0010 5.2 V2
15 F2 17 14 F1 2 1191.7458 0.0016 -1.6 V2
15 Az 14 As 1 1191.7955 0.0017 —0.6 V2
15 Az 14 As 1 1191.7955 0.0019 6.6 V2
15 F1 18 14 F2 2 1192.0304 0.0015 —6.1 V2
17 F2 17 16 F1 3 1192.3083 0.0003 5.8 V2
17 F1 17 16 F2 4 1192.3261 0.0008 0.7 V2
17 F1 17 16 F2 3 1192.4208 0.0003 16 v2
15 Aq 14 Az 1 1192.5331 0.0008 2.2 V2
17 Aq 16 Az 1 1192.7898 0.0007 1.0 V2
17 F1 18 16 F2 4 1192.9214 0.0020 —4.1 V2
17 E 12 16 E 3 1193.0251 0.0014 -10.7 V2
17 E 12 16 E 3 1193.0251 0.0015 3.8 V2
17 F2 18 16 F1 4 1193.1443 0.0022 -0.4 V2
17 F2 18 16 F1 4 1193.1443 0.0022 -1.7 V2
18 F1 15 17 F2 2 1193.2798 0.0004 -10.6 V2
18 F2 16 17 F1 3 1193.2883 0.0004 —2.4 V2
18 E 11 17 E 2 1195.6467 0.0004 7.5 V2
18 F1 16 17 F2 3 1195.6546 0.0005 -3.6 V2
18 Aq 6 17 Az 1 1195.6688 0.0005 —0.1 V2
18 F1 17 17 F2 4 1197.2587 0.0005 -1.8 V2
18 F2 17 17 F1 4 1197.3049 0.0009 8.6 V2
18 F2 18 17 F1 5 1198.3329 0.0004 7.0 V2
18 E 12 17 E 3 1198.3369 0.0005 49 V2
18 F2 18 17 F1 4 1198.4202 0.0002 2.5 v2
18 E 12 17 E 2 1198.4453 0.0002 -0.5 V2
18 F1 18 17 F2 3 1198.9989 0.0003 -0.2 V2
19 F2 16 18 F1 2 1199.0109 0.0003 7.3 V2
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Sexp

J Y n J v ' cm! cm*21f atlm*1 % Band
1 2 3 4 5 6
19 Az 6 18 Aq 1 1199.0187 0.0003 104 v2
18 F2 19 17 F1 5 1199.0584 0.0016 -5.0 V2
18 F2 19 17 F1 5 1199.0584 0.0017 -3.2 V2
18 F1 18 17 F2 2 1199.0783 0.0003 7.6 V2
18 E 13 17 E 3 1199.2447 0.0009 2.8 V2
18 F1 19 17 F2 4 1199.3051 0.0016 -39 V2
16 F2 18 15 F1 3 1199.3476 0.0012 2.8 V2
16 E 12 15 E 2 1199.3607 0.0009 94 V2
16 F2 19 15 F1 2 1199.4681 0.0014 0.3 V2
16 F1 18 15 F2 3 1199.4732 0.0010 2.1 V2
16 As 7 15 Az 1 1199.7208 0.0010 —4.6 V2
16 F1 19 15 F2 2 1199.7606 0.0010 -1.7 V2
16 E 13 15 E 1 1199.7759 0.0006 -7.9 V2
16 F2 20 15 F1 1 1200.2344 0.0007 -3.0 V2
16 F1 20 15 F2 1 1200.2414 0.0007 —-6.4 V2
19 F2 17 18 F1 3 1201.5086 0.0004 -3.8 v2
19 F1 17 18 F2 3 1201.5358 0.0004 4.1 V2
19 Aq 6 18 Az 2 1203.2185 0.0003 -11.9 v2
19 E 12 18 E 3 1203.2671 0.0003 —6.8 V2
19 F1 18 18 F2 4 1203.2751 0.0004 6.5 V2
19 F1 19 18 F2 5 1204.3283 0.0004 -7.4 V2
19 F2 18 18 F1 4 1204.4024 0.0004 -1.7 V2
19 F1 19 18 F2 4 1204.4303 0.0004 29 v2
20 F1 17 19 F2 3 1204.7351 0.0002 7.5 V2
20 F2 17 19 F1 2 1204.7432 0.0002 2.9 V2
19 F2 20 18 F1 4 1205.3681 0.0007 -3.1 V2
19 F1 20 18 F2 5 1205.4411 0.0010 14 V2
19 As 7 18 Az 2 1205.5099 0.0009 -0.3 V2
17 F2 19 16 F1 3 1207.1364 0.0008 -33 V2
17 F1 19 16 F2 2 1207.1758 0.0004 —-93 V2
17 F1 20 16 F2 3 1207.2031 0.0002 2.2 V2
17 E 13 16 E 2 1207.2185 0.0007 2.2 V2
17 F1 20 16 F2 2 1207.2613 0.0004 -34 V2
17 Aq 7 16 Az 1 1207.3690 0.0005 -1.1 V2
17 F1 21 16 F2 1 1207.5590 0.0006 6.7 V2
17 F2 20 16 F1 2 1207.5826 0.0007 -0.3 V2
20 F2 19 19 F1 4 1209.2295 0.0003 —8.2 V2
20 F1 18 19 F2 4 1209.2381 0.0002 —14.1 V2
20 F1 19 19 F2 5 1210.3657 0.0003 —3.2 V2
20 Aq 7 19 Az 2 1210.3772 0.0004 —6.7 v2
20 F1 19 19 F2 4 1210.4951 0.0002 2.9 V2
20 F2 20 19 F1 5 1211.0526 0.0007 -6.9 V2
20 F2 21 19 F1 5 1211.5390 0.0003 4.2 V2
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e
J y n J y' n' ;,re;: ijﬁ :tlm*I ;; Band
2 3 4 5 6
20 E 14 19 E 3 1211.549% 0.0004 -3.0 V2
20 F1 21 19 F2 5 | 1211.6628 0.0006 -14 V2
18 F1 20 17 F2 3 | 12149130 0.0004 7.8 V2
18 Aq 7 17 Az 1 1214.9184 0.0007 2.0 V2
18 F2 21 17 F1 4 | 12149331 0.0005 0.4 V2
18 F1 20 17 F2 2 | 12149923 0.0004 8.0 V2
18 F2 20 17 F1 3 1215.0142 0.0006 0.9 V2
18 A 7 17 A 1 | 1215.4230 0.0005 10.0 V2
18 F2 22 17 F1 2 | 1215.4508 0.0004 7.6 V2
21 F1 21 20 F2 5 | 1217.1293 0.0005 0.9 V2
19 F1 21 18 F2 3 1222.7611 0.0004 2.4 V2
19 Az 8 18 Aq 1 1222.8368 0.0004 8.9 V2

Temperatureis 293.85 K.
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Table D.4 — Experimental values of absolute line strengths of the v4 band of 13CDa.

exp exp
J 7 n J y n (\:/m‘i cm‘gv- at,m‘l 05@
1 2 3 4 5
12 A1 3 13 Az 1 935.3257 0.0884 —6.6
12 F1 8 13 Fo 2 936.0153 0.1130 -0.9
11 F2 6 12 F1 3 937.0744 0.1475 -3.0
11 F1 7 12 F2 3 937.4677 0.1470 2.4
11 A1 3 12 Ao 1 938.0068 0.1238 2.2
11 F1 8 12 F2 2 940.4317 0.1493 0.2
10 F2 6 11 F1 3 941.9400 0.1874 -2.6
12 F2 10 13 F1 1 942.0550 0.1295 -1.9
10 E 4 11 E 2 942.2592 0.1262 -0.7
11 F1 9 12 F2 1 942.7511 0.1566 -0.4
10 F1 6 11 F2 3 942.8084 0.1812 -5.4
11 E 6 12 E 1 945.5674 0.1093 -3.0
11 F2 8 12 F1 1 945.5845 0.1694 0.2
10 F1 7 11 F2 2 946.3998 0.1987 1.8
10 A1 3 11 Az 1 946.7399 0.1605 -2.3
9 F1 5 10 Fo 3 946.7905 0.2299 -1.7
9 E 4 10 E 2 947.2355 0.1549 -0.4
9 F2 6 10 F1 2 947.6529 0.2192 -5.2
10 F1 8 11 F> 1 949.0921 0.2060 -1.7
10 F2 8 11 F1 1 949.1429 0.2181 3.8
9 A2 3 10 A1 1 949.1691 0.1846 -3.8
9 F2 7 10 F1 1 950.0054 0.2317 —-0.6
9 F1 6 10 F2 2 950.3963 0.2357 -0.3
8 A1 2 9 Ao 1 951.3546 0.2266 -1.1
8 F1 5 9 F2 2 951.7007 0.2682 -1.9
8 F2 5 9 F1 3 952.1200 0.2629 -3.1
9 A1 2 10 Ao 1 952.5627 0.2120 1.4
9 F1 7 10 F2 1 952.6454 0.2444 -2.8
9 E 5 10 E 1 952.6820 0.1609 —4.2
8 Ao 2 9 A1 1 952.8673 0.2207 -3.9
8 F2 6 9 F1 2 954.0399 0.2903 6.1
7 F1 5 8 F2 2 956.0924 0.2953 —4.3
8 ) 7 9 F1 1 956.2192 0.2814 -3.2
7 E 3 8 E 2 956.3792 0.1994 2.4
7 F2 4 8 F1 2 957.0713 0.3061 -0.7
7 F1 6 8 F2 1 958.0975 0.3491 12.0
7 F2 5 8 F1 1 959.6804 0.3193 -0.9
7 Az 2 8 A1 1 959.8098 0.2664 -1.2
6 F2 4 7 F1 2 960.4611 0.3317 0.2
6 E 3 7 E 1 960.9665 0.2147 -2.8
6 A1 2 7 Ao 1 962.0292 0.2683 2.4
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exp exp
J 7 n J Y n (\:)m*i cm‘gv- at,m‘1 05/0
1 2 3 4 5
6 F1 5 7 F2 1 963.0879 0.3284 -3.9
6 F2 5 7 F1 1 963.2707 0.3642 5.7
5 A2 2 6 A1 1 964.5778 0.2967 4.8
5 F2 4 6 F1 1 964.9241 0.3327 -1.6
5 F1 3 6 F2 2 965.3044 0.3490 3.7
5 A1 1 6 Ao 1 966.2997 0.2849 -1.4
5 F1 4 6 F2 1 966.6885 0.3416 -1.3
4 F2 3 5 F1 2 968.8714 0.3153 -3.1
4 F1 3 5 F2 1 969.9266 0.3272 -1.1
4 F2 4 5 F1 1 970.3115 0.3315 0.0
3 E 2 4 E 1 973.3854 0.1991 2.2
12 A2 1 12 A1 1 974.5451 0.1382 3.6
12 F2 4 12 F1 1 974.5529 0.1670 4.3
12 E 3 12 E 1 974.5568 0.1115 4,5
15 A1 2 15 A 1 975.6463 0.0494 —4.4
15 F1 6 15 F2 2 975.6648 0.0679 9.0
11 F2 3 11 F1 1 976.5529 0.2269 10.5
2 F1 2 3 F2 1 976.8822 0.2336 1.2
10 E 2 10 E 1 978.4244 0.1779 6.5
10 F1 3 10 Fo 1 978.4386 0.2654 6.1
10 A1 2 10 Az 1 978.4678 0.2196 5.6
13 F2 5 13 F1 2 979.1067 0.1169 -1.8
9 =) 3 9 F1 1 980.1477 0.2886 -2.6
9 F1 3 9 F2 1 980.1993 0.2992 1.3
12 F1 4 12 F2 1 980.5981 0.1536 -34
12 ) 5 12 F1 2 980.7208 0.1604 1.7
8 Az 1 8 A1 1 981.6661 0.2765 -2.6
14 F2 6 14 F1 2 981.7247 0.0908 —2.0
8 F2 3 8 F1 1 981.7494 0.3602 6.1
8 E 2 8 E 1 981.7939 0.2213 -1.6
13 F2 6 13 F1 3 982.7968 0.1217 -5.9
7 F2 2 7 F1 1 983.0856 0.3823 2.2
13 F1 5 13 F2 2 983.1829 0.1245 1.1
7 F1 3 7 ) 1 983.2228 0.3569 -3.5
6 A1 1 6 Ao 1 984.6141 0.3267 0.9
13 A1 2 13 Az 1 984.6416 0.1278 10.3
9 A 2 9 A1 1 984.9775 0.2489 0.2
8 F1 3 8 F2 1 985.1359 0.3795 7.9
5 F2 2 5 F1 1 985.2349 0.3870 -1.7
4 A 1 4 A1 1 985.8846 0.3172 2.6
9 F1 4 9 F2 2 986.8379 0.3107 -2.6
8 E 3 8 E 2 986.8459 0.2234 -7.4
3 F1 2 3 F> 1 986.9742 0.3290 2.5
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exp exp
J 7 n J Y n (\:)m*i cm‘gv- at,m‘1 05/0
1 2 3 4 5
9 A1 1 9 Ao 1 987.2221 0.2554 -5.7
3 A1 1 3 Az 1 987.4551 0.2844 5.0
3 F1 1 2 F2 1 997.0997 0.3540 1.9
3 E 1 2 E 1 997.1434 0.2315 0.0
4 F1 1 3 F2 1 |1000.2013 0.4246 3.1
5 A 1 4 A1 1 | 1003.4893 0.3780 0.3
6 F2 1 5 F1 2 | 1005.9935 0.4651 -0.5
7 Ao 1 6 A1 1 | 1008.7639 0.3999 4.1
7 F2 1 6 F1 1 | 1008.8585 0.4574 -0.5
7 F1 1 6 F2 2 |1008.9702 0.4547 -1.0
7 F1 2 6 F2 1 | 1009.5453 0.4880 6.1
7 E 1 6 E 1 | 1009.5945 0.2939 —4.0
8 F1 1 7 F2 2 |1011.8032 0.4925 12.3
8 F1 2 7 F2 1 | 1012.5440 0.4566 5.9
9 F1 1 8 F2 2 |1014.2630 0.3887 -0.8
9 E 2 8 E 1 | 1015.5753 0.2596 0.5
9 ) 2 8 F1 1 |1015.6106 0.4172 7.0
10 F2 1 9 F1 3 |1017.0436 0.3448 1.1
10 Ao 1 9 A1 1 |1017.2859 0.2834 0.3
10 F2 2 9 F1 2 |1017.5648 0.3403 0.1
10 E 1 9 E 1 |1017.6353 0.2189 -3.6
10 F2 3 9 F1 1 |1018.6338 0.3404 0.9
11 F1 1 10 F2 3 | 1019.4960 0.2784 -3.4
11 F2 1 10 F1 2 |1019.6923 0.3283 12.6
11 Ao 1 10 A1 1 |1019.9800 0.2326 -2.9
11 ) 2 10 F1 1 |1020.3078 0.2814 -1.4
11 F1 2 10 F2 2 |1020.4312 0.2832 -0.8
11 F1 3 10 F2 1 |1021.5883 0.2842 0.5
11 E 2 10 E 1 |1021.6037 0.1894 0.4
12 F2 1 11 F1 3 | 1022.0558 0.2258 -3.9
12 F1 1 11 F2 3 |1022.2512 0.2381 1.9
12 E 2 11 E 1 |1023.1012 0.1499 -3.0
12 A1 1 11 Az 1 |1023.2631 0.1910 -1.2
12 F1 3 11 ) 1 | 1024.5325 0.2201 —4.0
12 F2 3 11 F1 1 | 1024.5526 0.2245 -2.1
13 F1 2 12 F2 2 |1025.1846 0.1814 -1.3
13 F2 2 12 F1 2 |1025.8849 0.1823 0.2
13 F1 3 12 F2 1 | 1025.9759 0.1715 -6.2
14 A1 1 13 A2 1 1027.5375 0.1131 -39
14 F1 2 13 F2 2 1027.7547 0.1448 3.2
14 Ao 1 13 A1 1 |1028.6177 0.1202 4.0
14 ) 3 13 F1 2 |1028.6830 0.1509 8.2
15 F2 1 14 F1 3 | 1029.6365 0.1012 -3.6
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exp exp
J y n I 4 n (\:)m*i cm‘gv- at,m‘1 05/0
1 2 3 4 5
15 F2 2 14 F1 2 1030.4452 0.1020 -1.6
15 A2 1 14 A1 1 1030.5627 0.0951 9.1
15 F2 3 14 F1 1 1031.3931 0.1144 10.7
15 F1 3 14 F2 2 1031.4297 0.0994 2.8

Temperatureis 293.85 K.
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Table D.5 — Effective dipole parameters p;: fl(furzr) of the moment of the CD4 molecule.
(Uu, Fu) (Q, K, I’ll—) 1ZCD4, D 13CD4, D
1 2 3 4
(0001, F1) (0,0, A1) 0.088707(29) 0.086582(38)
(1,1, F)10d 0.15368(92) 0.15336
(2,0, A1)10° —0.2413(41) —0.2413
(2,2, F2)10° —0.1570(32) —0.1570
(0100, E) (4,1, F1)104 0.5054(30) 0.5054
(2,2, F2)10° —0.1148(16) —0.1148
drms 4.79 % 421 %
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Table D.6 — Spectroscopic parameters of the vi1 + v2 band of SiF4 molecule.

Level (v, 7) ', ) Q (K, nl) Value, cm!
1 2 3 4 5

GS (0000, A1) | (0000, A1) | 2(0,0A1) 0.13778054(57)
(0000, A1) | (0000, A1) | 4(0,0A1)107 | —0.4138(03)
(0000, A1) | (0000, A1) | 4(4,0A1)108 | —0.336051(05)
(0000, A1) | (0000, A7) | 6(0,0A1)10% | —0.2102(62)
(0000, A1) | (0000, A1) | 6(4,0A1)10% | 0.214(36)
(0000, A1) | (0000, A7) | 6(6,0A1)105% | 0.353(87)
(0000, A1) | (0000, A1) | 8(0,0A1)10% | 0.101(54)
(0000, A7) | (0000, A1) | 8(4,0A)10%8 | 0.115(72)
(0000, A1) | (0000, A1) | 8(6,0A1)10° | 0.36(24)
(0000, A1) | (0000, A1) | 8(8,0A1)10%° —0.544(04)

Vi (1000, A1) | (1000, A1) | 0(0,0A1) 800.66566(20)
(1000, A1) | (1000, A1) | 2(0,0A1)10° | —0.15877(75)
(1000, A1) | (1000, A1) | 4(0,0A1)10° 0.67(08)
(1000, A1) | (1000, A1) | 4(4,0A1)100 |  0.469(99)

V2 (0100, E) | (0100, E) | 0(0,0A1) 264.219525(37)
(0100, E) | (0100, E) | 2(0,0A1)10° | —0.143083(55)
(0100, E) | (0100, E) | 2(2,0E)10* —0.46789(32)
(0100, E) | (0100, E) | 3(3,0A2)10° 0.14181(26)
(0100, E) | (0100, E) | 4(0,0A1)10° | 0.3910(69)
(0100, E) | (0100, E) | 4(2,0E)10° | —0.1008(99)
(0100, E) | (0100, E) | 4(4,0A0)10% | 0.3535(32)
(0100, E) | (0100, E) | 4(4,0E)10 | —0.774(58)
(0100, E) | (0100, E) | 5(3,0A2)102 | 0.322(58)

N (1100, E) | (1100, E) | 0(0,0A) ~2.40189(89)
(1100, E) | (1100, E) | 2(0,0A1)10° 7.50(11)
(1100, E) | (1100, E) | 2(2,0E)10° 5.01(12)
(1100, E) | (1100, E) | 3(3,0A2)107 | —1.918(27)
(1100, E) | (1100, E) | 4(0,0A1)10° 3.14(29)
(1100, E) (1100, E) | 4(2,0E)1010
(1100, E) | (1100, E) | 4(4,0A1)100 | —4.97(60)
(1100, E) (1100, E) | 4(4,0E)10%°

Orms - 10_3, cm! 0.398
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Table D.7 — Spectroscopic band parameters v1 + v2 + va4 of SiF4 molecule.

Level (v, 7) ', ) Q (K, nl) Value, cm1
2 3 4 5

GS (0000, A1) | (0000, A1) | 2(0,0A1) 0.13778054(57)
(0000, A1) | (0000, A1) | 4(0,0A1)107 —0.4138(03)
(0000, A1) | (0000, A1) | 4(4,0A1)108 | —0.336051(05)
(0000, A1) | (0000, A1) | 6(0,0A1)1013 | —0.2102(62)
(0000, A1) | (0000, A1) | 6(4,0A1)10% 0.214(86)
(0000, A1) | (0000, A1) | 6(6,0A1)105 |  0.353(87)
(0000, A1) | (0000, A1) | 8(0,0A1)1016 0.101(54)
(0000, A1) | (0000, A1) | 8(4,0A1)1018 | 0.115(72)
(0000, A1) | (0000, A1) | 8(6,0A1)10%° | 0.36(24)
(0000, A1) | (0000, A1) | 8(8,0A1)10°° | —0.544(04)

vi (1000, A1) | (1000, A1) | 0(0,0A1) 800.66566(20)
(1000, A1) | (1000, A1) | 2(0,0A1)10° | —0.15877(75)
(1000, A1) | (1000, A1) | 4(0,0A1)10° 0.67(08)
(1000, A1) | (1000, A1) | 4(4,0A1)100 | 0.469(99)

va (0100, E) | (0100, E) | 0(0,0A1) 264.219525(37)
(0100, E) | (0100, E) | 2(0,0A1)103 —0.143083(55)
(0100, E) | (0100, E) | 2(2,0E)10% —0.46789(32)
(0100, E) | (0100, E) | 3(3,0A2)106 0.14181(26)
(0100, E) | (0100, E) | 4(0,0A1)10° 0.3910(69)
(0100, E) | (0100, E) | 4(2,0E)10° —0.1008(99)
(0100, E) | (0100, E) | 4(4,0A1)10%0 0.3535(32)
(0100, E) | (0100, E) | 4(4,0E)101° | —0.774(58)
(0100, E) | (0100, E) | 5(3,0A2)10%? 0.322(58)

va (0001, F2) | (0001, F2) | 0(0,0A1) 388.433275(29)
(0001, F2) | (0001, F2) | 1(1,0F1)10F | —0.275717(17)
(0001, F2) | (0001, F2) | 2(0,0A1)103 0.168545(22)
(0001, F2) | (0001, F2) | 2(2,0E)10° —0.117473(42)
(0001, F2) | (0001, F2) | 2(2,0F2)10°% 0.55406(41)
(0001, F2) | (0001, F2) | 3(1,0F1)10°6 | —0.11535(25)
(0001, F2) | (0001, F2) | 3(3,0F1)10° | —0.20262(12)
(0001, F2) | (0001, F2) | 4(0,0A1)10° | —0.2638(35)
(0001, F2) | (0001, F2) | 4(2,0E)10° —0.1842(37)
(0001, F2) | (0001, F2) | 4(2,0F2)101° | 0.787(42)
(0001, F2) | (0001, F2) | 4(4,0A1)1010 —0.1291(76)
(0001, F2) | (0001, F2) | 4(4,0E)10%0 0.821(30)
(0001, F») | (0001, F2) | 4(4,0F»)10° | 0.189(21)

vi+ V2 (1100, E) | (1100, E) | 0(0,0A1) —0.240182(85)
(1100, E) | (1100, E) | 2(0,0A1)10° 0.7515(92)
(1100, E) | (1100, E) | 2(2,0E)10° 0.5265(93)
(1100, E) | (1100, E) | 3(3,0A2)107 | —0.1918(22)
(1100, E) | (1100, E) | 4(0,0A1)10° 0.298(27)
(1100, E) | (1100, E) | 4(2,0E)101° | —0.11(19)
(1100, E) | (1100, E) | 4(4,0A1)1050 | —0.524(76)
(1100, E) | (1100, E) | 4(4,0E)10% 0.75(12)

vi+va (1001, F2) | (1001, F2) | 0(0,0A1) 0.891585
(1001, F2) | (1001, F2) | 1(1,0F1)10? 0.2397
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(1001, F») | (1001, F2) | 2(0,0A1)10 0.1627(18)
(1001, F2) | (1001, F2) | 2(2,0E)10% —0.1108(32)
(1001, F2) | (1001, F2) | 2(2,0F2)105 0.221(44)
(1001, F2) | (1001, F2) | 3(1,0F1)107 0.1054(80)
V2 +va (0101, F1) | (0101, F1) | 0(0,0A1) 0.42552(33)
(0101, F1) | (0101, F1) | 1(1,0F1)108 0.699(26)
(0101, F1) | (0101, F1) | 2(0,0A1)10* 0.1878(99)
(0101, F1) | (0101, F1) | 2(2,0E)105 —0.268(92)
(0101, F1) | (0101, F1) | 2(2,0F2)105 | —0.89(10)
(0101, F1) | (0101, F1) | 3(1,0F1)107 0.882(85)
(0101, F1) | (0101, F1) | 4(0,0A1)107 | —0.1169(23)
(0101, F1) | (0101, F1) | 4(2,0E)108 —0.547(21)
(0101, F1) | (0101, F1) | 4(4,0E)108 ~0.159(15)
(0101, F1) | (0101, F1) | 4(4,0F2)108 0.449(22)
(0101, F1) | (0101, F2) | 1(1,0F1)103 —0.655(26)
(0101, F1) | (0101, F2) | 2(2,0E)10% —0.1564(63)
(0101, F1) | (0101, F2) | 3(1,0F1)106 —0.2671(53)
(0101, F1) | (0101, F2) | 4(2,0E)108 —0.270(11)
(0101, F1) | (0101, F2) | 4(4,0E)108 0.281(12)
(0101, F1) | (0101, F2) | 4(4,0F2)10° —0.253(60)
(0101, F2) | (0101, F2) | 0(0,0A1) 0.64666(16)
(0101, F2) | (0101, F2) | 1(1,0F1)102 —0.1190(14)
(0101, F2) | (0101, F2) | 2(0,0A1)10° | —0.1783(72)
(0101, F2) | (0101, F2) | 2(2,0E)10° —0.1425(82)
(0101, F2) | (0101, F2) | 2(2,0F2)10° 0.611(72)
(0101, F2) | (0101, F2) | 3(1,0F1)108 0.1369(56)
(0101, F») | (0101, F2) | 4(2,0E)108 —0.243(17)
(0101, F2) | (0101, F2) | 4(4,0E)108 0.275(16)
vi+v2tva (1101, F1) | (1101, F1) | 0(0,0A1) 0.9649(20)
(1101, F1) | (1101, F1) | 1(1,0F1) —0.585(24)
(1101, F1) | (1101, F1) | 2(0,0A1)102 0.194(44)
(1101, F1) | (1101, F1) | 2(2,0F2)10° | —0.420(60)
(1101, F1) | (1101, F1) | 3(1,0F1)10° | —0.292(15)
(1101, F1) | (1101, F1) | 3(1,0F1)10° | —0.1148(94)
(1101, F1) | (1101, F2) | 1(1,0F1)102 0.135(13)
(1101, F1) | (1101, F2) | 2(2,0E)10% 0.163(24)
(1101, F1) | (1101, F2) | 3(3,0A2)106 0.94034(48)
(1101, F2) | (1101, F2) | 0(0,0A1) —0.1040(49)
(1101, F2) | (1101, F2) | 1(1,0F1)102 | —0.420(32)
(1101, F2) | (1101, F2) | 2(0,0A1)10% | —0.228(48)
(1101, F2) | (1101, F2) | 2(2,0F2)10° | —0.208(54)
(1101, F2) | (1101, F2) | 3(1,0F1)106 0.221(13)
drms - 1073, cm! 0.429
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Table D.8 — Spectroscopic parameters of the vi1 + v3 band of SiF4 molecule.

Lvl (v, ) (', ) Q (K, nl) 28SiF4,cm™! 29SiF4,cm™t 30SiF4, cm™?!
1 2 3 4 5 6 7

Gs (0000, A7) | (0000, A1) | 2(0,0A1) 0.13778054(14) | 0.13778094(13)
(0000, A1) | (0000, A1) | 4(0,0A1)107 —0.4138(11) ~0.4218(31)
(0000, A1) | (0000, A1) | 4(4,0A1)10° ~0.336051(68) 0.340228(70)
(0000, A1) | (0000, A1) | 6(0,0A)10% | —0.2102(26)
(0000, A1) | (0000, A1) | 6(4,0A1)10% 0.214(23)
(0000, A1) | (0000, A1) | 6(6,0A1)10 0.353(49)
(0000, A1) | (0000, A1) | 8(0,0A1)10%6 0.101(17)
(0000, A1) | (0000, A1) | 8(4,0A1)1078 0.115(13)
(0000, A1) | (0000, A1) | 8(6,0A1)10%° 0.36(18)
(0000, A1) | (0000, A1) | 8(80AI0T | —0544(74)

vi (1000, A1) | (1000, A1) | 0(0,0A1) 800.66566(11)
(1000, A1) | (1000, A1) | 2(0,0A1)10° ~0.15877(24)
(1000, A1) | (1000, A1) | 4(0,0A1)10° 0.67(11)
(1000, A1) | (1000, A1) | 4(4,0A1)10%0 0.469(70)

Vs (0010, F2) | (0010, F2) | 0(0,0A1) 1031.544438(65) | 1022.575194(94) | 1014.164534(80)
(0010, F2) | (0010, F2) | 1(L,0Fy) 0.31312443(17) | 0.307421(10) 0.301736(67)
(0010, F2) | (0010, F2) | 2(0,0A1)10° ~0.29725(13) —0.29208(30) —0.28761(25)
(0010, F2) | (0010, F2) | 2(2,0E)10° 0.2531815(74) 0.24735(26) 0.24274(26)
(0010, F2) | (0010, F2) | 2(2,0F2)10° —0.996048(77) —0.9656(53) ~0.9396(36)
(0010, F2) | (0010, F2) | 3(L,0F1)10° 0.10540(54) 0.1037(68) 0.1018(32)
(0010, F2) | (0010, F2) | 3(3,0F1)107 0.246(14) 0.246 ~0.246
(0010, F2) | (0010, F2) | 4(2,0E)10° ~0574(32) —0.574(86) —0.479(28)
(0010, F2) | (0010, F2) | 4(2,0F2)10° 0.626(32) 0.631(88) 0.631
(0010, F2) | (0010, F2) | 4(4,0A1)10 0.871(60) 0871 0871
(0010, F2) | (0010, F2) | 4(4,0E)10° 0.920(48) 0.920 0.920
(0010, F2) | (0010, F2) | 4(4,0F)10° 0.671(36) 0671 0671
(0010, F2) | (0010, F2) | 5(1,0F1)101T | —0.989(40) 0.989 ~0.989
(0010, F2) | (0010, F2) | 5(3,0F1)1011 | —0.198(61) ~0.198 ~0.198
(0010, F2) | (0010, F2) | 5(5,0F1)1011 0.471(68) 0471 0471
(0010, F2) | (0010, F2) | 5(5,1F1)1011 | —0.913(57) ~0.913 ~0.913
(0010, F2) | (0010, F2) | 6(0,0A)1022 | —0.132(13) ~0.132 ~0.132
(0010, F,) | (0010, F2) | 6(2,0E)10%2 ~0.1462(98) ~0.1462 ~0.1462
(0010, F2) | (0010, F2) | 6(2,0F2)10%2 0.144(10) 0.144 0.144
(0010, F2) | (0010, F2) | 6(4,0A)10% | —0.826(79) —0.484 —0.484
(0010, F2) | (0010, F2) | 6(4,0E)10%2 0.240(15) 0.240 0.240
(0010, F2) | (0010, F2) | 6(4,0F2)10%2 0.174(11) 0.174 0.174

vi+vs | (1010,F2) | (1010,F2) | 0(0,0A1) —3.855453(66) 3.94525(20) —4.00663(17)
(1010, F2) | (1010, F2) | 1(1,0F1)102 2 .9117(45) 2 553(22) —2.366(11)
(1010, F2) | (1010, F2) | 2(0,0A1)10° ~1.472(85) ~1.320(68) ~1.278(43)
(1010, F2) | (1010, F2) | 2(2,0E)10° 3.368(42) 2.16(42) 216
(1010, F2) | (1010, F2) | 2(2,0F2)10° 1.258(14) —1.072(73) ~1.036(82)
(1010, F2) | (1010, F2) | 3(1,0F1)107 ~1.296(38) 1.25(17) 125
(1010, F2) | (1010, F2) | 3(3,0F1)107 1.646(69) 1,646 1.646
(1010, F2) | (1010, F2) | 4(0,0A1)10° 533(22) 533 533
(1010, F2) | (1010, F2) | 4(2,0F2)10° ~4.06(21) ~4.06 4,06

drms - :|.073,Cm*1 0.563 0.665 0.478
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Table D.9 — Spectroscopic parameters of the vi1 + v4 band of SiF4 molecule.

Level (v, 7) ', ) Q (K, nl) Value, cm?
1 2 3 4 5)

GS (0000, A1) | (0000, A1) | 2(0,0A1) 0.13778054(14)
(0000, A1) | (0000, A7) | 4(0,0A1)107 | —0.4138(11)
(0000, A1) | (0000, A1) | 4(4,0A1)10° | —0.336051(68)
(0000, A1) | (0000, A1) | 6(0,0A1)10% | —0.2102(26)
(0000, A7) | (0000, A1) | 6(4,0A0)10% | 0.214(23)
(0000, A1) | (0000, A1) | 6(6,0A1)10% | 0.353(49)
(0000, A7) | (0000, A1) | 8(0,0A1)10% | 0.101(17)
(0000, A1) | (0000, A1) | 8(4,0A)10% | 0.115(13)
(0000, A1) | (0000, A7) | 8(6,0A1)10% |  0.36(18)
(0000, A1) | (0000, A1) | 8(8,0A1)10T° | —0.544(74)

Vi (1000, A1) | (1000, A1) | 0(0,0A1) 800.66566(11)
(1000, A7) | (1000, A1) | 2(0,0A0)10° | —0.15877(24)
(1000, A1) | (1000, A1) | 4(0,0A)10° | 0.67(11)
(1000, A7) | (1000, A7) | 4(4.0A0)100 | 0.469(70)

va (0001, F2) | (0001, F2) | 0(0,0A1) 388.433275(29)
(0001, F2) | (000L, F2) | L(L,OF1) 10t | —0.275717(17)
(0001, F2) | (0001, F2) | 2(0,0A1)10° | 0.168545(22)
(0001, F2) | (0001, F2) | 22.0E)10° | —0.117473(42)
(0001, F2) | (0001, F2) | 2(2,0F2)10° | 0.55406(41)
(0001, F2) | (0001, F2) | 3(L,OF1)10° | —0.11535(25)
(0001, F2) | (0001, F2) | 3(3,0F1)10° | —0.20262(12)
(0001, F2) | (0001, F2) | 4(0,0A1)10° | —0.2638(35)
(0001, F2) | (0001, F2) | 4@2,0E)10° | —0.1842(37)
(0001, F2) | (0001, F2) | 4(2,0F2)10%0 | 0.787(42)
(0001, F2) | (000L, F2) | 4(4,0A1)10% | —0.1291(76)
(0001, F2) | (000L, F2) | 4(4,0E)10% | 0.821(30)
(0001, F2) | (0001, F2) | 4(4,0F2)101° | 0.189(21)

—— (1001, F2) | (1001, F2) | 0(0,0A1) 0.891585(83)
(1001, F2) | (1001, F2) | 1(L,OFD)102 | 0.2397(34)
(1001, F2) | (1001, F2) | 2(0,0A0)10° | 1.628(18)
(1001, F2) | (1001, F2) | 2@,06)10° | —1.109(32)
(1001, F2) | (1001, F2) | 22,0F)105 | 2.21(d4)
(1001, F2) | (1001, F2) | 3(L,0F1)107 | 1.054(80)

drms - 10_3, cm?! 0.417
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Table D.10 — Spectroscopic parameters of the v2 + v3 band of SiF4 molecule.

Level (v, 7) ', y) Q (K, nl) Value, cm™?
2 3 4 5
GS (0000, A1) | (0000, A1) | 2(0,0A1) 0.13778054(14)
(0000, A1) | (0000, A1) | 4(0,0A1)107 —0.4138(11)
(0000, A1) | (0000, A1) | 4(4,0A1)108 | —0.336051(68)
(0000, A1) | (0000, A1) | 6(0,0A1)1018 | —0.2102(26)
(0000, A1) | (0000, A1) | 6(4,0A1)10% 0.214(23)
(0000, A1) | (0000, A1) | 6(6,0A1)105 | 0.353(49)
(0000, A1) | (0000, A1) | 8(0,0A1)1016 0.101(17)
(0000, A1) | (0000, A1) | 8(4,0A1)10%8 | 0.115(13)
(0000, A1) | (0000, A1) | 8(6,0A1)10%° | 0.36(18)
(0000, A1) | (0000, A1) | 8(8,0A1)10° | —0.544(74)
v (0100, E) | (0100, E) | 0(0,0A7) 264.219525(37)
(0100, E) | (0100, E) | 2(0,0A1)10° | —0.143083(55)
(0100, E) | (0100, E) | 2(2,0E)107 | —0.46789(32)
(0100, E) | (0100, E) | 3(3,0A2)10° | 0.14181(26)
(0100, E) | (0100, E) | 4(0,0A1)10° 0.3910(69)
(0100, E) | (0100, E) | 4(2,0E)10° —0.1008(99)
(0100, E) | (0100, E) | 4(4,0A1)10%° | 0.3535(32)
(0100, E) | (0100, E) | 4(4,0E)10%0 —0.774(58)
(0100, E) | (0100, E) | 5(3,0A2)1012 | 0.322(58)
va (0010, F2) | (0010, F2) | 0(0,0A1) 1031.544438(65)
(0010, F2) | (0010, F2) | 1(1,0F1) 0.31312443(17)
(0010, F2) | (0010, F2) | 2(0,0A1)10% | —0.29725(13)
(0010, F2) | (0010, F2) | 2(2,0E)10° 0.2531815(74)
(0010, F2) | (0010, F2) | 2(2,0F2)10* | —0.996048(77)
(0010, F2) | (0010, F2) | 3(1,0F1)106 0.10540(54)
(0010, F2) | (0010, F2) | 3(3,0F1)107 | —0.246(14)
(0010, F2) | (0010, F2) | 4(2,0E)108 | —0.574(32)
(0010, F2) | (0010, F2) | 4(2,0F2)10° | 0.626(32)
(0010, F2) | (0010, F2) | 4(4,0A1)101° | 0.871(60)
(0010, F2) | (0010, F2) | 4(4,0E)108 0.920(48)
(0010, F2) | (0010, F2) | 4(4,0F2)108 0.671(36)
(0010, F2) | (0010, F2) | 5(1,0F1)10% | —0.989(40)
(0010, F2) | (0010, F2) | 5(3,0F1)10* | —0.198(61)
(0010, F2) | (0010, F2) | 5(5,0F1)101 0.471(68)
(0010, F2) | (0010, F2) | 5(5,1F1)10™L | —0.913(57)
(0010, F2) | (0010, F2) | 6(0,0A1)1012 | —0.132(13)
(0010, F2) | (0010, F2) | 6(2,0E)1012 —0.1462(98)
(0010, F2) | (0010, F2) | 6(2,0F2)102 | 0.144(10)
(0010, F2) | (0010, F2) | 6(4,0A1)10* | —0.826(79)
(0010, F2) | (0010, F2) | 6(4,0E)10%2 0.240(15)
(0010, F2) | (0010, F2) | 6(4,0F2)102 | 0.174(11)
v2 ¥ va (0110, F1) | (0110, F1) | 0(0,0A1) —3.0661(27)
(0110, F1) | (0110, F1) | 1(1,0F1)102 0.2079(20)
(0110, F1) | (0110, F1) | 3(1,0F1)107 | —1.24(16)
(0110, F1) | (0110, F1) | 3(3,0F1)10°6 | —1.31(16)
(0110, F1) | (0110, F1) | 4(2,0F2)10° 0.289(25)
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(0110, F1) | (0110, F2) | 1(1,0F1)108 0.307(86)
(0110, F1) [ (0110, F2) | 2(2,0F,)10° 0.595(31)
(0110, F1) | (0110, F2) | 3(1,0F1)107 | —0.123(30)
(0110, F1) | (0110, F2) | 3(3,0A2)108 0.867(67)
(0110, F2) | (0110, F2) | 0(0,0A1) —1.84054(13)
(0110, F») | (0110, F2) | 1(1,0F1)102 0.6149(16)
(0110, F2) | (0110, F2) | 2(2,0F2)10* | —0.123(49)
(0110, F2) | (0110, F2) | 3(1,0F1)10° 0.126(16)
drms - 1073, cm! 0.445
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Table D.11 — Spectroscopic parameters of the v2 + v4 band of the SiF4 molecule.

Level (v, 7) ', y) Q (K, nl) Value, cm™?
2 3 4 5
GS (0000, A1) | (0000, A1) | 2(0,0A1) 0.13778054(14)
(0000, A1) | (0000, A1) | 4(0,0A1)107 —0.4138(11)
(0000, A1) | (0000, A1) | 4(4,0A1)108 | —0.336051(68)
(0000, A1) | (0000, A1) | 6(0,0A1)1018 | —0.2102(26)
(0000, A1) | (0000, A1) | 6(4,0A1)10% 0.214(23)
(0000, A1) | (0000, A1) | 6(6,0A1)105 | 0.353(49)
(0000, A1) | (0000, A1) | 8(0,0A1)1016 0.101(17)
(0000, A1) | (0000, A1) | 8(4,0A1)10%8 | 0.115(13)
(0000, A1) | (0000, A1) | 8(6,0A1)10%° | 0.36(18)
(0000, A1) | (0000, A1) | 8(8,0A1)10° | —0.544(74)
v (0100, E) | (0100, E) | 0(0,0A7) 264.219525(37)
(0100, E) | (0100, E) | 2(0,0A1)10° | —0.143083(55)
(0100, E) | (0100, E) | 2(2,0E)107 | —0.46789(32)
(0100, E) | (0100, E) | 3(3,0A2)10° | 0.14181(26)
(0100, E) | (0100, E) | 4(0,0A1)10° 0.3910(69)
(0100, E) | (0100, E) | 4(2,0E)10° —0.1008(99)
(0100, E) | (0100, E) | 4(4,0A1)10%° | 0.3535(32)
(0100, E) | (0100, E) | 4(4,0E)10%0 —0.774(58)
(0100, E) | (0100, E) | 5(3,0A2)1012 | 0.322(58)
va (0001, F2) | (0001, F2) | 0(0,0A1) 388.433275(29)
(0001, F2) | (0001, F2) | 1(1,0F1) 10! —0.275717(17)
(0001, F») | (0001, F2) | 2(0,0A1)10° 0.168545(22)
(0001, F2) | (0001, F2) | 2(2,0E)10°3 —0.117473(42)
(0001, F2) | (0001, F2) | 2(2,0F2)10* 0.55406(41)
(0001, F2) | (0001, F2) | 3(1,0F1)106 | —0.11535(25)
(0001, F2) | (0001, F2) | 3(3,0F1)10° | —0.20262(12)
(0001, F2) | (0001, F2) | 4(0,0A1)10° | —0.2638(35)
(0001, F2) | (0001, F2) | 4(2,0F2)1000 | 0.787(42)
(0001, F2) | (0001, F2) | 4(4,0A1)101° | —0.1291(76)
(0001, F2) | (0001, F2) | 4(4,0E)1000 | 0.821(30)
(0001, F2) | (0001, F2) | 4(4,0F2)10%° | 0.189(21)
v2 +va (0101, F1) | (0101, F1) | 0(0,0A1) 0.42553(33)
(0101, F1) | (0101, F1) | 1(1,0F1)10° 0.700(26)
(0101, F1) | (0101, F1) | 2(0,0A1)104 0.1879(99)
(0101, F1) | (0101, F1) | 2(2,0E)10° | —0.268(92)
(0101, F1) | (0101, F1) | 3(1,0F1)107 0.883(85)
(0101, F1) | (0101, F1) | 4(0,0A1)107 —0.1169(23)
(0101, F1) | (0101, F1) | 4(2,0E)108 | —0.547(21)
(0101, F1) | (0101, F1) | 4(4,0E)108 —0.159(15)
(0101, F1) | (0101, F1) | 4(4,0F2)108 0.450(22)
(0101, F1) | (0101, F2) | 1(1,0F1)10° | —0.655(26)
(0101, F1) | (0101, F2) | 2(2,0E)10° | —0.1565(63)
(0101, F1) | (0101, F2) | 3(1,0F1)10° | —0.2672(53)
(0101, F1) | (0101, F2) | 4(2,0E)108 | —0.271(11)
(0101, F1) | (0101, F2) | 4(4,0E)108 0.282(12)
(0101, F1) | (0101, F2) | 4(4,0F2)10° —0.253(60)
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(0101, F2) | (0101, F2) | 0(0,0A1) 0.64666(16)
(0101, F2) | (0101, F2) | 1(1,0F1)10%> | —0.1191(14)
(0101, F2) | (0101, F2) | 2(0,0A1)10* | —0.1784(72)
(0101, F») | (0101, F2) | 2(2,0E)10* | —0.1425(82)
(0101, F2) | (0101, F2) | 2(2,0F,)10° 0.612(72)
(0101, F») | (0101, F2) | 3(1,0F1)108 0.1369(56)
(0101, F2) | (0101, F2) | 4(2,0E)108 | —0.243(17)
(0101, F2) | (0101, F2) | 4(4,0E)108 0.275(16)
drms - 1073, cm! 0.382
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Table D.12 — Spectroscopic parameters of the vs + v4 band of SiF4 molecule.

Level (v, 7) (D) Q (K, nl) Value, cm?
1 2 3 4 5

GS (0000, A1) | (0000, A1) | 2(0,0A1) 0.13778054(14)
(0000, A1) | (0000, A1) | 4(0,0A1)10°7 —0.4138(11)
(0000, A1) | (0000, A1) | 4(4,0A1)10® | —0.336051(68)
(0000, A1) | (0000, A1) | 6(0,0A1)10713 —0.2102(26)
(0000, A1) | (0000, A1) | 6(4,0A)10 % | 0.214(23)
(0000, A1) | (0000, A1) | 6(6,0A1)10°15 0.353(49)
(0000, A1) | (0000, A1) | 8(0,0A1)10 6 |  0.101(17)
(0000, A1) | (0000, A1) | 8(4,0A1)10 ¥ | 0.115(13)
(0000, A1) | (0000, A1) | 8(6,0A)10 | 0.36(18)
(0000, A1) | (0000, A1) | 8(8,0A1)10 I | —0.544(74)

va (0010, F2) | (0010, F2) | 0(0,0A1) 1031.544438(65)
(0010, F2) | (0010, F2) | 1(1,0F1) 0.31312443(17)
(0010, F2) | (0010, F2) | 2(0,0A)10° | —0.29725(13)
(0010, F2) | (0010, F2) | 2(2,0E)103 0.2531815(74)
(0010, F2) | (0010, F2) | 2(2,0F2)10* —0.996048(77)
(0010, F2) | (0010, F2) | 3(1,0F1)108 0.10540(54)
(0010, F2) | (0010, F2) | 3(3,0F1)107 | —0.246(14)
(0010, F2) | (0010, F2) | 4(2,0E)108 —0.574(32)
(0010, F2) | (0010, F2) | 4(2,0F2)108 0.626(32)
(0010, F2) | (0010, F2) | 4(4,0A1)1010 0.871(60)
(0010, F2) | (0010, F2) | 4(4,0E)108 0.920(48)
(0010, F») | (0010, F2) | 4(4,0F2)108 0.671(36)
(0010, F2) | (0010, F2) | 5(1,0F1)10TT | —0.989(40)
(0010, F2) | (0010, F2) | 5(3,0F1)10T | —0.198(61)
(0010, F2) | (0010, F2) | 5(5,0F1)10% | 0.471(68)
(0010, F2) | (0010, F2) | 5(5,1F1)10T | —0.913(57)
(0010, F2) | (0010, F2) | 6(0,0A)102 | —0.132(13)
(0010, F2) | (0010, F2) | 6(2,0E)102 | —0.1462(98)
(0010, F2) | (0010, F2) | 6(2,0F2)1012 0.144(10)
(0010, F2) | (0010, F2) | 6(4,0A)10% | —0.826(79)
(0010, F») | (0010, F2) | 6(4,0E)1012 0.240(15)
(0010, F2) | (0010, F2) | 6(4,0F2)1022 | 0.174(11)

va (0001, F2) | (0001, F2) | 0(0,0A1) 388.433275(29)
(0001, F2) | (0001, F2) | 1(LOF1)101 | —0.275717(17)
(0001, F2) | (0001, F2) | 2(0,0A1)10° 0.168545(22)
(0001, F2) | (0001, F2) | 2(2,0E)10°3 —0.117473(42)
(0001, F2) | (0001, F2) | 2(2,0F2)10° 0.55406(41)
(0001, F2) | (0001, F2) | 3(1,0F1)105 | —0.11535(25)
(0001, F2) | (0001, F2) | 3(3,0F1)105 | —0.20262(12)
(0001, F2) | (000L, F2) | 4(0,0A1)10° | —0.2638(35)
(0001, F2) | (0001, F2) | 4(2,0F2)100 | 0.787(42)

Vst va (0011, A1) | (0011, A1) | 0(0,0A1) ~0.5210(26)
(0011, A1) | (0011, Az) | 2(0,0A1)10 0.1185(70)
(0011, A1) | (0011, A1) | 4(0,0A1)10° | —0.2279(48)
(0011, A1) | (0011, A1) | 4(4,0A1)107 —0.212(16)
(0011, A1) | (0011, E) | 2(2,0E)10° 0.185(33)
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(0011, A1) | (0011, E) | 4(2,0E)10’ —0.157(25)
(0011, A1) | (0011, E) | 4(4,0E)108 0.434(89)
(0011, A1) | (0011, F1) | 1(1,0F1)102 —0.682(42)
(0011, A1) | (0011, F1) | 3(1,0F1)10° 0.394(85)
(0011, A1) | (0011, F1) | 3(3,0F1)105 0.164(20)
(0011, A1) | (0011, F1) | 4(4,0F1)107 | —0.223(21)
(0011, A1) | (0011, F2) | 2(2,0F2)103 0.415(29)
(0011, A1) | (0011, F2) | 3(3,0F2)10° 0.119(33)
(0011, E) | (0011, E) | 0(0,0A1) —0.258662(30)
(0011, E) | (0011, E) | 3(3,0A2)10° 0.169(25)
(0011, E) | (0011, F2) | 1(1,0F1)102 | —0.191(84)
(0011, E) | (0011, F2) | 4(4,0F1)108 0.204(57)
(0011, F1) | (0011, F1) | 0(0,0A1) —0.110913(34)
(0011, F1) | (0011, F1) | 1(1,0F1)102 —0.1852(93)
(0011, F1) | (0011, F1) | 2(0,0A1)10° —0.378(34)
(0011, F1) | (0011, F1) | 2(2,0E)10° 0.448(49)
(0011, F1) | (0011, F1) | 2(2,0F2)10° 0.939(59)
(0011, F1) | (0011, F1) | 4(2,0E)108 —0.159(60)
(0011, F1) | (0011, F2) | 1(1,0F1)102 0.1273(39)
(0011, F1) | (0011, F2) | 2(2,0E)10° —0.185(13)
(0011, F1) | (0011, F2) | 2(2,0F2)103 —0.129(16)
(0011, F1) | (0011, F2) | 4(2,0F2)108 0.175(34)
(0011, F2) | (0011, F2) | 0(0,0A1) —0.136510(24)
(0011, F2) | (0011, F2) | 1(LOF1)102 | —0.1166(71)
(0011, F2) | (0011, F2) | 3(LOF1)105 | —0.136(25)
(0011, F2) | (0011, F2) | 3(3,0F1)105 | —0.179(24)
(0011, F2) | (0011, F2) | 4(0,0A1)10° 0.426(52)
(0011, F2) | (0011, F2) | 4(2,0F2)108 0.549(79)
drms - 1073, cm! | 0.633




The work is devoted to obtaining new high-precision information by studying high-resolution
spectra of molecules of the spherical and asymmetric top type, as well as developing new and improving
existing methods for analyzing the spectra of molecules in non-singlet electronic states. The study of
rotational and vibrational-rotational spectra of polyatomic molecules in the gas phase has long been of
fundamental importance for determining the exact molecular geometry in various vibrational states, for
obtaining information on the internal force field, vibrational-rotational interaction parameters, dipole
moments, calculating thermodynamic functions and, in general, for obtaining information on the rela-
tionship between the structure and physical properties of the molecule. In this work, the analysis of the
positions of vibrational-rotational spectra lines of combination bands of the SiF4, CD4, C2D4, CIO2 mol-
ecules and their isotopologues was performed for the first time. The inverse spectroscopic problem was
solved for the studied bands. The obtained sets of spectroscopic parameters allow reproducing the values
of excited energy levels with an accuracy not worse than the experiment. Using the obtained spectro-
scopic parameters of the combination bands of the SiF4 molecule and the XTDS software package, the
calculation of the line positions was performed for the first time and theoretical spectra of the "hot™
bands of this molecule, up to the 14™ polyad, were calculated. In addition, new high-precision spectra

of the SiH4 molecule were obtained and analysed to improve the data on the dipole moment parameters.

La thése est consacrée a I'obtention de nouvelles informations de haute précision par I'étude de
spectres a haute résolution de molécules de type sphérique et asymétrique, ainsi qu'au développement
de nouvelles méthodes et a I'amélioration des méthodes existantes pour l'analyse des spectres de molé-
cules dans des états électroniques non singlés. L'étude des spectres rotationnels et ro-vibrationnels des
molécules polyatomiques en phase gazeuse est depuis longtemps d'une importance fondamentale pour
déterminer la géométrie moléculaire exacte dans différents états vibrationnels, pour obtenir des infor-
mations sur le champ de force interne, les paramétres d'interaction vibrationnelle-rotationnelle, les mo-
ments dipolaires, pour calculer les fonctions thermodynamiques et, en général, pour obtenir des infor-
mations sur la relation entre la structure et les propriétés physiques de la molécule. Dans ce travail,
I'analyse des positions des raies spectrales vibrationnelles-rotationnelles des bandes de combinaison des
molécules SiF4, CD4, C2D4, ClO2 et de leurs isotopologues a été réalisée pour la premiére fois. Le pro-
bléme spectroscopique inverse a €té résolu pour les bandes étudiées. Les ensembles de parametres spec-
troscopiques obtenus permettent de reproduire les valeurs des niveaux d'énergie excités avec une préci-
sion qui n'est pas inférieure a I’expérimente. En utilisant les parameétres spectroscopiques obtenus pour
les bandes combinées de la molécule SiF4 et le progiciel XTDS, le calcul des positions des raies a été
effectué pour la premiere fois et les spectres théoriques desbandes « chaudes » de cette molécule, jusqu'a
la 14°m¢ polyade, ont été calculés. De plus, de nouveaux spectres de haute précision de la molécule SiH4

ont été obtenus et analysés pour améliorer les données sur les paramétres du moment dipolaire.



