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SUMBIARY

The release of certain chemical gpecies into the upper atmosphere results
in luminous clouds that display the resonance eiectronice-vibraticnale-rotation
spectrum of the releaged species. Such spectra are seen in rocket releases
of chemicals for upper atmospheric studies and upon reentry into the ate
mosphere of artificial satellites and missiles. Of particular ipterest in
this connec*ion is the observed spectra of certain metallic oxides. From
band intensity distribution o° :he spec-.ra, and koowledge of the f-values
for el~ctronic and vibrations! transitisas, the local conditions of the ate
mosphere cen be deiermined.

Prusent theore*ical »7fo.t3 which are dire~ted toward s more complete
and realistiv apnelys:3 ¢f ‘he t:zanspurt eguetions governing atmospberic re-
§ laxstion and the prapaga.iou or am 1flclal distrubances require detailed ine-

E formation of thermal opscilies srd LR gbscrption in regicns of temperature
and pressure wiere molesuler eftects ave important. Because of inherent
difficulties in the experimental dstermination of such properties, a theo-
retizel program {or caleulatling band ghsorpiion and emission coefficieats
was initiated. This theoretical progran is bssed on curremt guantum mechan=-
iral technigues and cepabilities for determining electronic and vibrational
transi<ion probabilities.

calculaticns have been performes [or band- \.;;«-umi trapsition probabilities.
“he systems under siudy were 120, ALD, F29, UO+, U0 end TiO. Electronic wave-
functions have been constranted for sel:roted ctates of these molecules and
expectation values of the ¢lectronic eneray and electric dipole transition
moments have been caleculated. The calculated elaciric dipole transition
moments were ccmbined with accurate mmmerical vibrational-votaticunal wave-
functions, based om RER potential Zfunctiouns, to yleld estimates of the
system f-nuabers, band strengths and intecrated IR band ebsorption coef-
ficients. Data are presented for we transitions (X 2{}‘. ) 4 aﬂ' ) ad
(AR S x4y or 10, (FFEY - x%2") ana (x22% - x28™) or aw,




CE I -X "y ana (x °E* - X °E*) or ve0, (X' - % “IT) of Uo",

for an averaged vihrat.ional-mta? ional band system of U0, and (X 4 -X A ),
(A 30 X ’A ) and (B *ﬂ X 34 ) of TiO. With the exception of the vi-
'brational-mtational band system of the ground state of Al0, the calculated

data are probably accurate to within a factor of wo An 9xamination of the

location of the excited state curves for AlD and Ti0 relative to A0" and
710" indicates that dissociative-recambination will occur in both of these
systems for both theimal and higher energy electrons. A limited study of
U0, and uo; using e multiple-scattering X, approach indicais that the
positive ion is stable in a linear Dmh configuration. The lowest crder
symmetry of 002 is not well defined within this approximation. Further more

detailed theoretical studies of A0 are irdicated as a result of this investi-

gation. Experimental spectroscopic studies of Fe0 are in progress and a final

resolution of the properties of this system should be possible in the near

future.
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SECTION I
INTRODUCTION

The releuse of certain chemical species into the upper atmosphere re-
sults in luminous clouds that display the rescnance electronic-vibrational-
rotation spectrm of the released species. Such spectra are seen in rocket
relcases of chemicals for upper atmospheric studies and upon reentry into
~h- awmosphere of artif :lal satellives and micziles. Of particular interest
n =his connecT ion s WLh vbscrved spectra of certain metallic oxides. From
baud intensity distribution of the spectra, and knowledge of the f-values for

electronic apd vibrational transitions, the local conditions of the atmosphere

can be determined (ref. 1).

Present theoretical efforts, which are directed toward a more complete
and realistic analysis of the transport equations governing atmospheric
relaxation and the propagation of artifical disturbances, require detailed
information of thermal opacities and IWIR absorption in regions of tempera-
ture and pressure where both atomic and molecular effects are important
(refs. 2 and 3). Although varinus experimental techniques ha.ve been employed
for both atomic and molecular systems, theoretical studies have been largely
confined to an analysis ot the properties (bound-bow:d, bound-free and free-
free) of atomic systems (refs. 4 and 5). This has been due in large part to
the unavailability of reliable wavefunctions for diatomic molecular systems,
and particularly for excited states or states of 6pen-shell structures. Only

recently {rafs. 6-8) have reliable procedures been prescribed for such systems

which have resulted in the development of practical couputationa.l programs.

Because of inherent difficulties in the experimental determination of
transition probabilities for metal oxide systems and in light of the afore-
mentioned recent progress in the ab initio calculation of electronic wave-

functions for diatomic systems, a research program was initiated and under-
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taken in order to assers the reliability of theoretically predicting di-
atamic transition probabilities. The systems studied under this progrsm in-
cluded the blue-green system and vibrational-rotational tramsition of aluminum
oxide, the vibrational-rotational systems of lithium oxide, iron oxide, urani-
un oxide and W'. In the cases of FeO and 1i0, transitions were also calculat-
ed between the ground state and an upper state defined from an analysis of

the electronic wavefunctions, as the state giving rise to the stromgest transi-
tion. All of these band systems arise from transitions between electromic
molecular states characterized over a wide range of intermuclear separations
by smooth unperturbed potemtial curves. For such systems, the electronic
transiiion momant is a2 slowly varying function of internuclear separation and
can often be factored from the total tramsition moment integral. This slowly
varying R-dependence can often be accounted for by use of the empirical R-
centroid approximation. However, many molecular banl systems arisce from
transitions between perturbed electromic states. The origin of thesa pertur-
bations may be an avolded crossibg or 8 mixing of ne&rly degenerate electromic

states at some particular intermuclear separgtion. ¥or such wolecular systema ’

the toial transition mokent cannot be cast into & f&.tore& form, and a.
direct calculation of the band strengths,mst be performed.

The gemeral camposition of this report is ‘as lelt,ms;_ In sé;et:l.on i1,
we preseut & review of the current status of quantus mh&niczﬂ. caloalations
for molecular systems. This is followed ﬁy section Iif which deals with &
description of *z.he maﬁhematical methods which vere a@p.!.aye& in this research.
Incladed in seotion XIX wee bub»aections which deal with the constwuction of
~elestivnic wm@fuaf'tions, the cn&cula.timw of expeetatien gropertics, and the
evaluation of wolacular trassition probabilities. 7The calculmted results sad
pertinent discussions are presenied in section IV. Technical papere whitch
haxe vesulted. from these research studics. are presented in the appendixes.
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SECTION II

CURRENT STATUS OF QUANTUM MECHANRICAL
METHODS FOR DIATOMIC SYSTEMS -

The application of qub.ntum mechanical methods to the prediction of
electronic structure has yielded ;nuch detailed information about atomic and
molecular properties (ref. 9). P’articula.rly in the past few years, the
availability of high-speed computers with large storage capacities has made
it possidle to examine bcth atomic and molecular systems using an ab initio
approach, vherein no empirical parameters are employed (ref. 10). Ab initio
calculations for diatomic molecules emplqy a Hamiltonian based on the non-
relativistic electrostatic interaction of the muclei and electrcns, and a
wavefunction formed by antisymmetrizing a suitable many-electron function of
spatial and spin coordinates. For most applications it 1s also necessary
that the wavefunction represent a particular spin eigenstate and that it have
appropriste geometrical symmetry. Nearly all the calculations performed to
date are based on the use of one-electron orbitals and are of two types:
Hartree-Fock or configuration interaction (ref. 11).

Hartree-Fock calculations are based on a single assigmment of electrons
to spatial orbitals, follcwing which the spatial orbitals are optimized,
usually subject to certain restrictions. Almost all Hartree-Fock calculations
have been subject to the assumption that the diatomic spatial orbitals are all
doubly occupled as nearly as possible, and are all of definite geometrical
sympetry. These restrictions define the conventional, or restricted, Hartree-
Fock (RHF) method (refs. 12 and 13). Restricted Hartree-Fock calculations
can be made vith» relatively large Slater-type orbital (STO) basis sets for
diatomic molecules with first or second-rowatoms, and the results are con-
vergent in the cense that they are insensitive to basis enlargement. The
RHF model is adequate to give a qualitatively correct description of the
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«lecurron interaction.in many systems and in favorable cagses can yicld
equillbrium interatomic separations and force constants. However, the double-
orcupancy + striction makes the RHF method inappropriate in a number of cir-
cumstances of practical interest. In particular, it cannou provide potential
surves ror molecules dissociating into odd-electron atoms (e.g., AlO at large
int:rnuclear separation) or into atoms having less electiron pairing than the
original molecule, «.g., A1022:+-+ Al (2P) + 0 (3P); it cannot handle excited
stares having unpaired electrons; and, in general, it gives misleading results
for molecules in which the extent of electron correlation changes with inter

nuclear separation.

Corfiguration-interaction (CI) methods have the capability of avoiding
the limitations of the RHF calculations. If configurations not restricted to
doubly occupied orbitals are included, a CI can, in principle, converge to an
exact wavefunction for the customary Hamiltonian. However, many CI calcula-
tions have in fact been based on a restriction ?o doubly occupied orhitals
and therefore retain many of the disadvantages of the RHF method (ref. 11).
The use of general CI formulations involves three considerations, all of which
have been satisfactcorily investigated: the choice of basis orbitals, the
choice of configurations (sets of orbital assigmnments), and the specific cal-
culations needed to make wavefunctions describing pure spin states (ref. 7).
The last consideration has proved d4difficult to implement, but computer pro-
grams including it bave been prepared, and the CI method has been found of
demonstrablevvalue in handling excited states and dissociation processes

which cannot be treated with RHF techniques.

Either of the above described methods for ab initio calculations re-
duces in practice to a series of steps, the most important of which are the
evaluation of molecular integrals, the construction of matrix elemenis of the
Hamiltonian, and the optimization of molecular orbitals (REF) or configura-

tion coefficients (CI). For diatomic molecules, these steps are all
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comparable in their computing time, so that a point has been reached vhere
there is no longer any one bottlenmeck determining computation speed. In
short, the integral evaluation involves the use uf ellipsoidal coordinates
and the introduction of the Neumann expansion for the interelectronic repul-
sion potential (ref. 14); the matrix element construction depends upon an
analysis of the algebra of spin eigenfunctions (ref. 15); and the orbital

or configuration optimization can be carried out by eigenvalue techniques
(ref. 16). All the steps have by now become relatively standard and can be
performed efficiently on a computer having 32,000 to 65,000 words of core
storage, a cycle time in the microsecond range. and several hundred thousand

words of peripheral storage.

Both the RHF 'a.nd CY methods yield electronic wavefunctions and energies
as a function of the internuclear separation, the RHF method for one state,
and the CI method for all states considered. The electronic energies can be
regarded as potential curves from which may be deduced equilibrium inter-
nuclear separations, d(:_ll.‘gs*ocia.tion energies, and constants describing vibra-
tional and rotational motion (including anharmonic and rotation-vibration
effects). It is also possible to solve the Schridinger equation for the
motion of the nuclei subject to the potential curves to obtain vibrational
wavefunctions for use in transition probability calculations. The electronic
wvavefunctions themselves can be used to estimate dipole moments of individual
electronic states, transition moments between different electronic states, and
other properties. While all of the calculations described in this paragraph
have been carried out on some systems, the unavailability of good electronic
wavefunctions and potential curves has limited actual studies of most of these
properties to a very small number of molecules.

! few studies illustrating the scope of the current work in this field
are cited. Exhaustive RHF calculations have been reported for first and
second-rov hydrides (ref. 17 and 18) for most rirst-row diatomic molecules
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(ref. 19), and for many other molecules containing second-row atoms (ref. 20).
Configuration-interaction calculations restricted to double occupancy are
illustrated by the work of Das and Wahl on Li, and Fa (refs. 11 and 21). They
determined an optimum choice of orbitals for a small number of configurations
designed to permit proper description of the dissociation prcducts, and
obtained highly satisfactory potential curves. Davidson (refs. 22 and 23) has
carried out doubly occupied CI studies with very large numbers of configura-
tions to gain more insight into the description of correlation energy. The
largest of the CI studies not restricted to doubly occupied orbitals have been
carried ocat at UARL. The 62 states of 0, dissociating into low-lying atomic
oxygen states have been described in a qualitatively consistent manner

(ref. 24). Many of these states involve several unpaired electrons, and the
success of the treatment depended critically upon the inclusion of all types
of pertinent configurations and upon proper handling of the spin. Similar
work on the lOElow—lying N2 states has now been completed (ref. 25). In
striking contrast to the recent progress in obtaining electrounic energiles and
wvavefunctions, rather few calrulations of electronic transition moments have
been attempted. Among the few studies in this area is the work of Michels

on He H (ref. 8) and of Henneker and Popkie (ref. 26) on diatomic hydrides
using Hartree-Fock wavefunctions. More recently a theoretical program for
calculating band strengths for the system K, (1 ps), 0, (SR), and NO (5 ) has

been carried out. The results of this program indicate that reliable band
strengths (10 to 25 percent) can be calculated, provided a CI approach is

employed (ref. 27).
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SECTION III
METHOD OF APPROACH

1. Electronic Structure

A spin-free, nonrelativistic, electrostatic Hamiltonian is employed in
the Born-Oppenheimer approximation. In systems containing stoms as heavy as
N cr O, this approximation is quite good for low-lying molecular states. For
a diatomic molecule containing n slectrons, the approximation leads to an

electronic Hamiltionian depending parametrically on the internuclear separa-

tion R:

4 a z,Z |
_ﬁ_-zi+_ﬁil.+'§ -—

. ." \ n 2_“
AR =-53F V-3 S lis i>j3l i) (1)

vhere ZA and ZB are the charges of nuclei A and B, and ru ig the separation
of electron i and nucleus A. #is in atomic units {energy in Hartress, length

in Bohrs).

Electronic wavefunctions ¥ (R) are made to be optimum approximations to

solutions, for a given R, of the Schrodinger equaticn
A(R)¥(R) = E (R}¥(R) (2)
by invoking the variational principle

IV (RLMR)Y (R)o T (3)
JWRW(R) O T

3w(R) = 8

The integrations in Eq. (3) are over all electronic coordinates and the
stationary values of W(R) are approximations to the energies of states describ-
ed by the corresponding ¥ (R). States of a particular symmetry are studied

by restricting the electronic wavefunction to be a projection of the appro-
priate angular momentum and spin operators. Excited electronic states corres-
ronding to a particular symmetry are handled by comstruction of configuration
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interaction wavefunctions of appropriate size and form.

The specific form for Y{R) may be written
wiR) = E Cu ¥, (R) (%)

wheva each ¥ (R) is referred to as a configuration, and has the genmeral
structure

- % (R) =40, B il R, | (5)

where ¢, is 2 spatial orbital, A is the antisymmetrizing operator, 03 is
the spin-projection operator for spin gquantum nuaber S, and &H is 8 product
of ¢ and B cune-electron spin furctions of magnetic quantum muzber M. No
requiremsnt Is {mposced as to the double occupsucy of the spatial orbitals, so
Egs. (&) and (S} can describe & completely geperal wavefunction.

In Eartree-fuck calculstions, ¥ (R} is restricted to a single Wu which
is wsgumed to t:anﬁist as nearly as possible of doubly occupied orbisals. The
orvitals ¥,.: are then selected to be the linear casbinstions of basis ov-
vitals best satisfying Eq. (3). Writing

Yui* g ou ¥ {6)

&1

Cthe s sre detergined by solving the matrix Hartree-Fook eguations

gs&aﬁ 2 ¢ L5, 6, (eoch i) (1)

wi2re €3 is the orbital energy of *‘;g .

M Fock operator ¥y, His been thoroughly discussed &n the litereture
{ref. 28} end depecds upon coe- aal o~ electren moleculsr fotegrals and upon
the &,5 . This wekes Eg. {7) nonlinear and it is therefore sclved iters~
tively. Frogress bap been develiped for solvizg Ea. (7) for both

a2z

. e e
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ciocsed m open-shell systoms, using basis sets comsisting of Bltter-w
atomic orbitals Examples of our use of these programs are in ﬁe literature
(ref. 7).

In configuration interaction calculations, the summation in Bq. {U) Zms
more than cue term, and the Cu are determined by imposing Eq. {3), to obtain
~ the secular eguation ' '

);(g#,-w s,;w) Cy =0 (each p) {8)
waere 7

My = [ QA RV, (RIdT

# (9)
Suy = Y, R ¥, RidT

Equation (7) is solved by matrix Aiskonzlization. The laboratory used a
modified Givens method {ref. 16) or a method due to Besbet (ref. 29}. Both -
of these progrems are available from the Quantum Chemistry Progru Exzchange
(QPCE 62.1, 93).

The matrix elements Hyuy and Sy, may be reduced by eppropriate
operator algebra to the fomms

-3 & <ulgrtny) <8 b (el B vl o

3 <..me> B gnlelf e

where P iz & permutetion and < its parity. The sum is over all persutations.
Qéa‘@spie.> is a "Sanibel coefficient" and the remzining factors ave
spaticl integrals which can be factored into ore- and two-electron integrals.
If the ¢, are orthonomal, Tgs. (10) end (11) become wore tractable and the
H and S uy uay be evaluated by explicit wmethods given in the
literature (ref. 30). Computer progreas have been developed for carrying out
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this procedure, aad they have been used for problems containing up to 40 totel
electrcns, 1O unpaired electroms, and 530 configurations. Ecsuples of the use

of these programs are in the vork on 0, and E2 {refs. 24 and 25).

fhe C¥ stulies can be carried cat for any orthonormel set of ¥iq for
vhich the moleculsxr integrals casn be caliculated. Programs developed at
United Aircreft Hes:arch Laboratories (UAKL) make specific provision for the
choice of the ¥, 4 as Zlater-type atomic orbitals, &s symsetiry moiecular

orbitals, #8 Hartree-Fock orbitals, or as more arbitrvary combingtioms of atomic

orbitals.

In sumemary, coaputer programs have veen developed which <wre capsble of
carrying out all the steps needed to make diatomic Hertree-Fock or CI studies
for closed- or open-gkell systems, including excited states, based on Slater-
type orbitels. These studies lesd to electronic epergies anid wavefunctions
as a function of the intermuclear separation.

2. Vibretional exd Rotaticnel Properties

For an electronic state described by W (R) and WR), the relative
sotion of the nuclei 1s, in the Bora~Cppemheimer approximetion, subject to &
potential beving et internuclear sepsration R the value W{R). By considering
the quentun mechanics of the muclear motion, it is possible from W(R) to cal-
culate the vibrationsl and rotatiomul epergy levels. It is conwvealent to
report the vibration-roustion structure iz terms of parameters Ty De ’“exe’
Be 2a s etc., vhich are zlso availeble by standard reduction of experimental
data. Such &n enelysis can be routiuely carried out for bound electronic
stetes, using & Dunhan apalysis computer program which has been deposited in
the Quantum Chemistry Program Exchenge (QCPE 113).

Wrom WR) it is also poesible to obtein vibraticpal wavefunctiocns by
puwmerical integration of the radial Schrodinger equation for the nuclear
motion. A cosputer program which carries ocut this calculation by the Humerov
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procedure has been developed. Auy WR) can be hupdicd simce the program fits
it by e spline techmigue. Tais progras has besn ussd £or seversl yexrs oo &
variety of probless; & typicel application has besn to emcitation tosmsfer in
collisioss of normal and metastsble He atoms (ref. 31j. Tie soput BK) can

be the caleulated potential corresponding to the elsctronic wewelfwwctions

{R) or it can be derived using an RKR procedure {refs. 32 and 33). e iaput
can B¢ either the basic B{v) and G{v) ésta or the derived exmarimental spectro-
scopic constants based on this data. Programs for implexcating the BER pro-
cedure have been described in the literature (ref. ).

3. Trsusition Probebilities

%he electronic and vibraticasl-rotational wavefunctions of & pair of
states can he used to calculate transition probabilities. I two molecular
states are separeted in emergy by an amount Em=kcr(h=?1mek’acon-
stant, ¢ = welocity of light, v = frequency in wave mumbers), the semi
classical theory of radiation {refs. 35 and 36) yields for the probmbility of
a sponténecus transition from an upper state n to & lower state i

3
Aam = F Fa3 Bn (12)

Bere Am is the Einstein coefficient for apontaneous trapsition fram lewel
n~-®, & is the total degeneracy factor for the upper state

Gn= (2 -B54)28" +1M24 +1) (13}

esﬂswuﬂmtotalstrengthefswtnm‘qamfﬁc atate of
polarisation end propagated in a fixed direction. A related guamtity is lae
mesh readiative lifetime of state n defined Yy

(14




the suseation being over all lower levels which offer aliowed compectiops. .
he intensity of the emitted rediation is R

Iom = AEqmNadam {15)

where nn is the number density in the upper state n. This analysis assumes
that all degenerate states at the same level n are equally populated, which
will be true for ientropic excitation. Thae total line strength Sm can be
written as the square of the trausition soment sumsed over &ll degenerate
components of the molecular states u and me

+

Sam = § i (16)

vhere J apd i refer to &ll quantum numbers associasted collectively with upper
and lower electronic states, reapectively.

In the Born-Oppenheimer approximstion, assuming the separadbility of
electronic and nuclear motion, thke wavefunction for a diatomic mtlecule can
be written '

Vs ® Ve lGRIVRIV P, X @) -
i

where ¢, (x, B) is sn electronic wavefunction for state i &t fixed inter-
nuclear separation R, ¢ (R) is @ vibretional wavefunction for level v and
¥ A(g » X» @) refers to the rotational state specified by electronic
anguler momentus A; total anguisr momentum J and magnetic quentum numbor M.
The representation is in a coorﬁinau; syster related to & space-fixed system
by the Balerisn @ugles {6 ,X ,$). %he transition moment M,, can be written,
using the wavefuuction given by Eq. (17), a8

} e n i i 1R
Wi = f Vs rw {‘5 M- }ﬁ"v"r&"%’ deedrydry (28)
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The subscripts e, v,amd r refer to the electronic, vibretiomsl,and sotational

mefnnetiom,mﬁgmlu are the electronic sod muclewr electric dipole

mogits; respectively. Integration over the eleatronic wevefumction in ‘he
Born-Oppenkeimer approximation causes the coantritution of the meclowr
soment 3 to vanish for 1 # J. The electronic dipole moment can de written
(refs. 36 and 37) in the form

e Ee = ..{_ eﬁ: - {%Qﬁ.}‘?‘& x.¢) (19)

‘vhere the primed coordinates refcr to the space fixed systen, the conrdinates
" ¥, Yefer to & molecule-fixed system and D(6,X, ¢) is a group roiatisa tensor

X
vhose elements are the direction®eines related to the Bulerisp rotatics

angles (§,X, ). Using bracket notation, Egs. (18) and (19) can be coubined
to yield for the transiticn moment

Wi = M v -z:%jw‘}(m'w[? (9,581 2“4 (20

e uatrix elements (JA'W[R(6,x,3)" A" D teterntne the group setectisn rules
for an allowed transition and have been evaluated for many tyges of tragsi-
tions (refs. 38,39, and 40). Summing Eq. (20) over the degencrete magmetic
quantum pushers M' and K'', we have Eq. {16)

V'K |
Snm = Spoyrsnd= = § I Pave (22)

iere g": 1s the Honl-london factor {refs. bl and 42) sad

-

Pawe = Z|GVI-Leg| v (=)

is the band strength for the trassition. Combining Eqe. (13, 15 amd 21}, we
bave for the intensity of a single emitting line from ugper level n:
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were! athenueramitymﬁ‘muppermutiomﬁw-ruaw =
{2- B o, X )(23'+1)uﬁeeuctmmmmy. Mnsummge
1 [}
vnlueo!'E: - g.. rwmmmm.(asamhewmmmm

total intessity in the (v', v" ) bamd:
[ LM

v‘] Fw' (24)

Q,.

Miere ¥) = I B ummmméamiwmmwvwmm
level v' and where ve make use of the group sumsation property
A . )
ZS.A, (24 +1) (25)

Coaparing Eq. (15) and (24}, we bave for the Einstein spontanecus trensitiocn
coefficient of the bapd (v', v ")

——py! 13 BV’
A [A{;:‘%’] Pmve (26}
VI wthu -

written
! : .
el Lfae e
v . . ‘ :

where the sumation runs over &all v rwe&hlwerstsi:ea. iq {26) can be
mtiaﬁcwmmfom

(21.41759 x &%)
o |

. . $ " o
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shere E U, andp o7, are in stomic units. It s @lso often camentont

torelste the transition probadility to the nomber of dispersica electrone
needed to explain the emizsion strength classically. ﬁis‘w,t_l_nf-
muﬁerqroocillstorsmthforeﬁssm,isgimw

men? v/
fomyive = — =y — Ay o {29)
26| SErv’ |

The inverse process of shsorption is related to the above development
through the Einstein B coefficient. Corresponding to Eg. (15}, ve hawe for
& single line in absorption

Ion: Imwor = | Kiw)dv = AfmaNeBin (30)
e (v viI)

vhere X{ » ) is the absorption coefficient of & beam of photona of freguency

v and
Wl IA’
A A Saw * 4"
Bma = Bavvyear = "W Q2+ (31)

18 the Eipstein sdsorption coefficient for & eingle lines. Sumsaivg over alli
lines in the baed ( v*,v'), sasuming an sverqge bad frequency, we cbtain

m?

ngv aw W
@22 Imgvwr = W g Y
Ty 2 & Lmyu = Hye Weum Pave (32)
. z‘.ﬁ; 1s the totAl muder density o the lover vibvetiomal
cwtev' \:‘amwpan&iagwﬂqu (@)iﬁ{&)ﬁmdﬁﬁm&afmgr
osciliator strengih for morptmnm
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In cosgatatiopal foum, Rq (33) beconss

. "% sla.u) ' .
S yoys = S0 B oBVL 04 (3)
‘m&s::; lﬂﬂ.f-::: are in alomic wnite. Cosbining Bgs. (25) end

(29) and comparing with Xg. (n),mmmmmmwmimf-
musbers are’related by

fmayevs = ‘%’f“#‘v‘ . (35)

Some caution must be observed In the use of f-pukbers given either by Bg. (23) |

or (33) eince botlhs band fenumbers snd systes femumbers are defined in the
litereture. e confusion arises from the several possible band aversging
schames that can be identified.

An integrated absorption coefficient (density corvected) can be defined
frcm Bg. (32) aa
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The total integrated sbeorptiocn is found from

S z Sywv e \
ToTAL §§ Ve ()

where, under nommal temperature con&it.io.ns, an]s the fivet few funiamentals

and overtones contribute to the sumpations.

- The developments glven 'a._hove are ri{gorous for band systeas where an
average basd frequency can be meaningfully defined. Purther approximitions,
however, are often made, For example, the electronic compinent of the dipole
transicion moment can be defined as ' |

R iRy = (’si Z AP | (ko)

This quaatity is often & slowly varying function of R and a1 aversge valpe
can sometires be chosen. Eq. {22) cka then be written approxisately in factor-

ed form &

11" A " ~ oy 2
v =y TR, (R
. ZIR, )

vhere Gty ? the squere of the vibrational overlap integral, i c&llad the
rrmﬂ'ﬁf)&iﬁd rﬁwr .Q is evalusted st some wean value of the mmm_
sepi_n‘i_;ti&a % In amit m, it is sometimes possible to sccoent for o

wegk Redependeuce in ﬁ by & Taylwr seriesd expeusior of this cuastiily aboat
s referente value, ﬁca, uscally referved to the (C,0) basd. Ve have

ﬁlp:t ﬁ?is?[I+G(‘R-R¢3‘§4t}{§-g£ﬁ¥m} {%2)



Substituting into Eq. (2:’) and integrating yields

2

' a3 A —_—— . 2
mvr S Qurye 'Zl | R;i ["'O(Rv'v*’w +b(Ry/yn —Rag) + ] | (43)
where
——— {V|(R-Rgm| V>
(R 1\ -R ) = -
v ~RaB vivd (44)
is the R-centroid for the transition and
(Ryryw - RaB)? = QiR - Rap | v (45)
v &ivd :

is the R -centroid. Note that this last term differs (to second order) from
the square of the R-centroid. An &alternate procedure can be developed by

evaluating Eq. (4C) at each R-centroid, ﬁv'v"" Then
nv’ 2
’mv- ~ qvpvc Z | R‘I(RV'V”)‘ (h6)
L)

Eq. (46) assumes that the vibrational wavefunction product, Vyr ¥y ™ be-
haves like & delta function upon integration

Wby BIR-Ryiye) V|V (47)

The range of validity of Eq. (46) is therefore questionable, particularly for
band systems with bad overlap conditions such as oxygen Schumann-Runge. The
range of validity of the R-centroid approximation has been examined by
Frazer (ref. k3).

The final step in calculating transition probabilities is the deter-

mination of AR 3 i(R)’ the electronic dipole transition moment, for the entire



range of internuclear separations, R, reachel in the vibrational levels to be
considered. This can be expressed in terms of the expansion of Bq. (4) as

RytR = Ey c:".c:, <"#(R)|5e”’v(m> (48)

wvhere ci and c1 are ccefficients for ¥ 21 avd 4 :1, respectively.

An analysis similar to that yielding Egs. (10) and (11) gives

0 1MLy (R =
. (49)
RCACE LG TRT AN o S LD

The spatial integral in Bq. (49) reduces to one-electron integrals equiva-
lent to overlap integrals, and the evaluation of Eq. (49) can be carried out
by the same camputer programs used for Eq. (11). Programs for evaluating

Rﬁ(R) in Bq. (48) have been developed at UARL and examples of their applica-
tions have appeared in the literature (ref. 8).

For perturbted electronic systems, the transition dipole moment will have
a strong R-dependence and R-centroid or other approximations will be invalid.
A direct evaluation of Eq. (22) would thérefore be required using the fully-
coupled system of electroniz and vibrational wavefunctions to properly account
for the source of the band perturbations.
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SECTION IV
DISCUSSION OF RESULTS

The theoretical recearch conducted under this program was concerned
with the determination of f-numbers for selected band systems of certain
me:al oxides for use in the calculation of accurate absorption and emission
roefficients. The band systems under study in this research program were
*he aluminum-oxide blue-green system (B22 +-XZZ ") , the aluminum-oxide
vibrational-rotational transition (XZZ +—x22 +) , thé lithium-cxide vibrational
rotational transition (XEH n ), the lithium-oxide transitions (A2£ en
and A5 *-a2L "), the 1ron-oxide orange system (°L T-x’L*I), the iron-
oxide vibrational rotational transition (X5£+I—X52 +I), the uranium-oxide
vibrational rotational system, and the UO* vibrational rotational system

J L
(X' -x'1).
1. Electronic Transition Probabilities
a. A0

The first metal oxide systems studied were the Al0 blue-green system
and the vibrational-rotational system. Electronic wavefunctions were con-
structed using a single-zeta Slater-type orbital (STO) besis. Optimized SCF
calculations were performed for the £ 1£+ state of Al0' at three internuclear
separations (R = 2.6, 3.0 and 3.4 bohrs). The optimized orbital basis
obrained from these calculations is shown in table 1. The MOs obtained from
~hese calculations were then used as Input transformation vectors to convert
+he original atomic orbital basis to M0 form. The lowest six MOs (1o,

e, 30, 11r+, 11!'-, 40 ) were taken as doubly occupied and a full CI was
performed over the rest of the MOs for the X 2p* and A I states of Al0.
This resulted in a wavefunction expansion as illustrated in Eq. 5, which con-
sisted of 264 configurations for the X 22 * state and 243 configurations for
~he A 2}7 state of A10. Table 2 lists the comfiguration sizes required for
the VCI calculations performed and the mumber of states for other symmetries
of Al10 which were studied. "By far, for all the molééules studied under this

research program, the greatest amount of effort was devoted to construction
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o the electronic VCI wavefunctions. The symmetries of AlO which were studied
are outlined in table 3. All states up to AlzPu+Ong were included in these
valculatiors. The energies of the aluminum and oxygen atomic states which
represent the dissociation limits of the molecular states of AlO which were
studied arc given in table L.

The results of the VCI calculations performed for _uo are illustrated
in several ways. In table 5 we list the calculated eiéctronic energies of
all states of AlO vwhich were studied. These data are also shown as calcu-
lated potential energy curves in figures l-4. The derived spectroscopic
constants for the calculated bound states of AlO are shown in table 6, where
comparisons with experimental data are given wherever possible. A Rydberg-
Klein-Rees (RKR) analysis of the experimental data yields the potential curve

given in figure 5.
The calculated electronic transition probabilities and related properties

for the Al0 blve-green (BG) system and the vibrational-rotational (VR) system
are given in tables 7 through 13. Tables 7 and 8 present the calculated
oscillator strengths for the A10 (BG) and (VR) systems, respectively. The
Franck-Condon factors, k-centroid factors and band strengths are given in

tables 9 through 13 respectively.
The cal:ulated f-numbers for the blue-green system are in good agreement

with the lifetime studies of Johnson, Capelle, and Broida (ref. k). The
strength of this transition now seems to be esta.bl:ished with a maximum error
of about 50 percent. The calculated absorption for the x2£+ (VR) system

of A10 is another matter. After considerable effort and many different

trial vavefunctions, the behavior of the dipole moment of the X°L ' state is
still not well understood. Table 8 shows the results based on the two

most likely possibilities for the dipole moment. The first corresponds to a
wavefunction expansion based on optimized orbitals from s Hartree-Fock
calculation for the 2ﬂ"is‘tate. The second corresponds to the 22 * HF orbitals
from the outer (VB) HF solution. Two Hartree-Fock solutions exist for X °c*
near the equilibrium separation. The outer solution is neutral valence-bond
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in structure; the inber solution is nearly singly ionized AL°0™. These
solutions are degenerate at a geparation slightly greatey than Re and thus
no single determined HF representation exists for this system. The
optimized 23 * orbitals yield nearly a flat dipole moment curve in the region
or R, & resu_“..t‘ similar to that found by the IBN group (ref. 45). Further |
studies are required to assess whether or not this sno@alous result is real
of an artifact of *he orbital expansion for 28 * symetry. Fresent exper-
irental indicstions (ref. 46) are thar A0 has strong IWIR absorption with
& measured f-nuggber of we3 % 10'5. This would be in agreement with our original
valenre-bond treat@ent of this system where no orbital sransformation to MO
form vas carried out.

4 survey of the higher electropic states of AlQ was carried out
to qualitatively study dissociative-reccmbination in this system. AlO has
v low-lying electronic states {ref. 47),& 3;} state which correlates with
£ 35) + o(%p) s & 227 stote vhich correlates vith AL'(3s) + o{}D). Both
stetes lis at shout 9.5 e¥ and thus amé is ¢ steble species wity en ipdicated
dissociaticn ensrgy of~1.5 eV, For either syssetry dissoetative-recocbination

is highly likely sizce there are many repulsive molecular states both doublers

‘zed quartess, which copmect with lov-lying peutrsl states 0f AL + © and whi o

2 geutral X0
e 4

a i

pass through the sintmus of the 410  potential cerve. Sisce the

fr

s

. - o E * & iaa L % -
sazes cap all couple vith e » A0 in first oxder, very sapid (k >
o 3 /sec) dissooistive-recombination should resul:.

b A0

i——

The second metel-axide systes studied vas iithiwm oxide.  Jectromic wave-
functices were construwcted for this aystes usiag s sigglo-zeta Sﬂ basis set,
The seresning parameters chosen for the lithium and oxygea stoaic ordbitals
are given in ishie Iu. The configuration sizes recguired for Mall YOI cal-

culgtings wnd the nmipber of states for the varicys sysesries of LIS which

were studiad is given 1 teble 1%, The symeetries of LI0 vlilch very ziudied
& )]
B 4 s s s 3
are outlined in table I1°. ALl ststes up 20 LI Puse’l’,‘ﬂ vere included in these
- 8
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calculations. The energies of the lithium and cxygen atomse ststes which
represent the dissoéiati@n limits of the caleulsted mlem sistex of IJ.O
are given in table 17. ' ‘ » |

The calculeted electronic energies for 130 are given in table 18. These

data ave also shown as calculated potential epergy curves in figures € threugh '

10. The derived spectroscopic sonstants for the calzulated bound states of
110 ave given in table 19, Comparisons with experimental dsta are given
wherever this is possible. A Rydberg-Klein-Rees (BXR) anslysis of the o~
perimental data yields the potential curve given in figuvre 1l.

The calculated electromic transition probabilitics spd related properties
for the 140 systems: XM -XTI{x-x), £ L -2L (a-8), and L -LFT (A1)
are given in tables "0 through 29. The calculated csecillator strengths are
presented in tables 20 through 22 for the Li0 (X-X), (A-A), and {&-X) systess,
respectively. The Franck-Condon factors, R-centroid factors and bazd sirengths
are given in tables 23 through 29, respectively. These regults are typical of
those expected for an jonic molecule. The calculsted integrated band ab.
sorption coefficient for M1 of 140 1s ~550 ca - ate'. The electranic £ o
number for A-h is 0.0041 which can be compared with the value of ¢.012 (rw)
for the A1O (B-X) systen.

The results reported herein are all similar (£25 percemt) to those czl~
culated by the IBM group (ref. 45). Ir addition, these resulis are in vee-
sonable agreement with the experimental studies carried cat in Jdi0 (refs. 48
aud 49) and no further theoreticel studies are anticipated for this systen.

c. Fel

The third group of metal-oxide systems stulied vere the irca axide
vibrational rotational system and the orange systaus. RBlectinale wavefunctions
vere copstructed for FeO in the single-zeta STO basis approximastica. The
optimized screening paremeters for the atoric orbitais ere glven in table 30.
e configuration siges required for full VCI calculsticns for this system are
giver in table 31. All o the low-lying wolecular states which were studied
are shown in tahle 32. The enzrgies of the separated atdss which represent
the dissociation limits of the low-lying siates of FMeD sve given in table 33.
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All states up te the first ionic limit Fe Sg+0 Pu were included in the

caleulations. The celculated dissociation limits did not always correspond
p 3 3 3

in order ‘o those known experimentally (ref. 50). The Fe Fg+0 Pg, Fe Fg+0 Pg,

and P’e’PngPg have higher calcuizted than experimental energles (see table

33) but appear to yield repulsive potential curves. g
The calculated electronic emergies of Fa0 are given ia the rather ex- |
tensive compilation of table 34. The states dissociating to those calculated
limits at 2 higher energy are also shown. Data of the more interesting
srates have been reduced to potential epergy curves which are shown in

ficures 2 through 16. The derived spectroscopic constants for the calcula-

ted bound states of FeQO are glven in table 35 where comparisons with ex-
perimental data are also shown. A4 RKR analysis of the data yields the po-
tential curve given in figure 17.

The calcuiated electronic tramsition probabilities results for the FeO
vibrational-rotational {VR) system and the orange system (52 +II-X52 +I)
are given in tables 36 through k2. The calculated oscillator strengths are
presented in tables 36 through 37 for the FeQ (VR) and the orange systems,
respectively. The Franck-Condon factors, Re-centroid factors and band
strengths are given in tebles 35 through 42, respectively.-

We have been gble to identify the principal band systcoms of FeO as a '
result of these theoretical studies of the excited electroniec states. The i
ground state of FeO has 5E+ symmetry apd is well separsted —‘i‘rom the pext ‘
lowest electronic state. we calculate an integrated band absorptiom coeffi.
cient of 195 cm-2 e.tm-l, a value scewhat oa the low side for a metal oxide.
The orange system is identifiecd as 58 *reex’ £'1 and we caleulate for the
electronic f-number (foo) the value of 0,004, a result similar to that found
for Li0. Tu addition, ve ldentify the first excited electronic state as
sfil with T, = 1.29 eV. The IR bands of Callear and Norrish (ref. 51) can

[
be identified with this tramsition (’ HI—X§£+). The orange'system corres-

& [
ponds to “FIII-X’E " with the upper state at T = 2.0 eV. A complete res-
olution of the spectroscopy of *he low=-lying excited electromic states of ie0
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now seems pogsible end further work on this system 1s werraatel.

d. W
Tae fourtk metal-oxide system st'xiied was the urantum oxide vibreticnele

rotational system. Electronic wavefunctions vere copstructad using the
effective-z calculation method employing & single-zets (5B} dasis spprox-
instion. The screening parameters for the sicmic orbitals ere giwm in
table b3. The configuration sizes required for full WI calculstioss for
this system are given in table 44k, The symmetries of W0 up toﬂsteos?n:e
outlined in table 45. Only a selectel group of symmetries was studied. Tae
symsetries studied as possibly giving rise to the giund state were
72#’, 5’7ﬂ, 5’73 . ‘The energies of the uranium apd oxyaen atamic states

which represen’ the dissociation limits of the calculatad moiecular atates

. of U0 ave given in table 46.

The compilation of calculated electronic epergies for m is given in
table 47. ‘These data are also shown as potential epergy curves iz figures
18 through 22. These curves represent electronic epergy date odjusted to the
ground state experimental curve. . The derived spectyoscopic constapis for the
adjusted celculsted bound states of UO are given in tabls 48. A BXR sualwsis
of available experimental data (refs. 52, 53, aul Sk) ylelds the potential
curve in figure 23. '

The calculated oscillator strengths for the U0 vibratiogal-rotatioeai
system are given in table 49. The R-centroid factors ami band stremgibs
are given in tables 50 and 51, respsctavely. We find an integrated bamd
absorption coefficient for U0 of 288 cm“2 at.m'l » & value typical of other
metal oxides. Only a limited anulysis of the elzctropic structure of B0 was
attempted owing to the great number of low-lying stetes belongimg to this
system. We find a similar chemistry for all of the UD astxtes waich have
the 51’3 electrons quartet coupled and a different chauistry for those gtates
(which are much higher in emergy) where the 51’3 electyons are doublet
coupled. This effect seemed to dominate tihe interacticn potentisl more thas
sny effects of total spin or angular momentum. uWe d4d mot iuvestigate spin-
orbit coupling effects in this first study of the UD syetem, but previous




-studie_s on U {ref. 55) have indicated that the 5f electrous are very nearly

" L-8 coupled. A \mique_gzmnd state symnetry camnot be assiéned on the basis
of tiese calculations. All of the symmetries studied ylelded similar potential
curves, A reasonable approximation for the electronic structure of U0 is to
assume 8 single state as mdicated in figure 23, weighted in accordance with
the multiplicities given ip table 45. Further studies on this system are
indicated.

G o e w0, U0, UM, W
- The fifth metal-oxide system which was studied was the U0’ vibrational-

rotational system. Electronic wavefunctions were constructed using the

N effective-z calculation method employing a single-zeta (ST0) basis approx-
- imation. - The screening parameters for the atomic orbitals are given in

table 52. The configuration sizes required for full VCI calculations for
this system are given in teble 53, The symmetries of U0' for the U”qu»o%g
lizit are outlined in table 54. Again, as in U0, only & selected group of
symmetries was studied, The symmetries studied as likely to give rise to

the ground state were 2’“’6$+’-,2’u’6n,2’h’64 , and 20. The epergies

of the uranium ionic and oxygen atomic states which represent the
dissociation limits of the low-lying calculated molecular states of UO+
are given in table 55. |

The celculated electromic emergies for vo" are given in table 56. ‘'he
date are also shown as potential energy'curves in figures 24 through 33.
These curves represent electronic energy data sdjusted to the experimental
ground state dissociation energy. The derived spectroscopic constants for
the edjusted bound states of U0  ave given im table 57. A RKR mnalysis of
availeble experimental data {refs. 52, 53, and 54) yield the potential curve
in figure 23.

fhe calculated oscillator stremgths for the U0  vibrational-rotetdonal
system are given in table 58. The R-centroid factors and band strengths
are given in tables 59 through 60, respectively. We fird hﬁ to bte the lowest L-S
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coupled state for this system, but again the chemistry 1o dosimated by the

5¢ clectrons. o distinct sets of potential curwes arise depemiing on
ubether the 5 electrons-are predominately quartet or douklet coupled. Spin-
orbit effects should ‘be more important in this systes then im UD, but they
were 0ot studled in this vork. Further vork is needed oo this systes.

" the calculated integrated band absorption coeffictent for U0° is

245 ca™ ata™, & velve slightly smaller than that found for-00: e
absorption chavesteristics of this system can be estimated by sseuming two
different electronic states as indicated in figure 23 and veighimg these -
states in accordance with the multiplicities gives in table Sk.

The aystens anﬁ', UOQJ' and U0, were exemined using the mltiple-
-scatteriug {Xg) method. We find anﬁ to be a linear molecule with o JTe*
state a3 the indicated ground state of this system. The mocdel chosen giws
the inner ureniua sphere an excess +2 charge initislly so that the besic
starting charge distribution is U“‘(u’)eo This initial charge distribution

is allowed to relax in the pseudo-SCF X wprocedure. The caiculated ex-

eitation spectras is in good agreement with the kncaln edsoiptics spectra for

R T e
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level disgres for m is given in figum 3.

The eulculatians indicate thst 1502 is -a&so & stable lizagr molscule Wit
we have not been eble to precisely define the syumetry of the gaind state.
The 75 crbitel of uvapiuvm is bighly relativigtic and (5?375 1 is the th
akd correct gmuné state for U, Howevey, (51’3795&) 14 elightly lover in
energy for U in a noaevelativistie caleulation asd ve LBwo mob yet de-
valoped & relativistic X, prograa for molecules. Holezular calculations
waich {ovolve extensive hybridization of the Te orbitad, sush &5 U0,
el 502 » probably will need a relmtivistic trvestient fop dafizitive celeulss
ticns of tiw spaetries.

£ 0
Tha sixth metal-oxide systew stulied ves titantus cefde. Electroais
vaveluactioneg were coustiucted for this systum unizg @ sisgle-gota S¥0 basde
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get. The screening paremeters chosen for the titasium apd oxygen atamic ar-
bitals are given in table 61. The configuration sizes required for full
vel calcumioqa and the nusber of states for the varfous symetries of Ti0
which were studied is given in tedle 62. The symnetries of T10 which were
studied are outlined in table 63. matatamtouamnbolMurem- |
" cluded in these calculations. The epergies of the titanium end cxygen etomic
states vhich represent the dissociation limits of the calculated wolecular
states of T40 are given in tsble 64,

The calculated electronic epergies for TiD are giver in table 65. These
date are also showm as calculated potential energy cusrves in figures 35 through
52. The derived spectroscopic constants for the celeulated bound ctates of
T10 are given in table 66. Comparisous vith experimental dats are given wheres:
ever this 15 possible. A Rydberg-Klein-Rees (RKR) analyeis of the experimen-
tsl data yields the potential curve im figuve 53.

The calcuiated electronic transition probabdilities end releted propere |
ties for the ™MD systems: vibretiosal-rotationsl X 3& -« X 3& (XeX), gumun
4 %9- x 38 (ax), d gume prine B 3f- x 4 (B-X) are given in tebles
67 through 77. The cealculmied osciliator strengtho are presented in tables
67 through 69 for the TIO (X-X), (AX) aud {B-X) eystems, respectively. The
Franck-Condos- factore, Rwhmﬁmm aud band strengtis ave given in
tables 70 through TT, respectively., The celouisted (A-X) or gumsa systen P-
mamber 15 somevhat mealler {factor of ~4) than that regorted by Price, et.
al. (ref. 113). ™o INIR elaorption strength fvva the X 3& state {8 typieal |
of most of the distomic wetal oxides stuifed erein. ‘here wre 1o experimental
data with which to coupare the gumss prise systenss. |




APPENDIX I
AB INITIO CALCULATION OF THE B 22 Y ox 2): * OSCILLATOR STRENGTES IN ALO

A theoretical calculation of the oscillator strengths for the B 2}: v
X 22 * transitions in A10 (blue-green system) has been made. This system has
often been labeled A °L ' - x 2£+, a designation which has been corrected
since the discovery of Imnes (r<f. 56 ), of a low-lying 217 state now labeled
A2n . The pertinent potential curves are shown in figure I-l1.

The calculation of oscillator strengths is dependent primarily on the
knowledge of: (1) accurate vibration-rotation wavefunctions for the elec-
+ronic states of interest, and (2) the dipole transition moment as a function
of internuclear seperation. Vibration-rotation wavefunctions can now be ob-
tained from numerical solutions of the Schrddinger equation with accuracies
such tha: many band spectra can be reproduced to within 1-2 wavemumbers.
Electronic wavefunctions cannot be obtained to such a high degree of
accuracy. Nevertheless, recent experience indicates that CI wavefunctions
can be constructed with sufficient accuracy to yield reliable estimates of
*he ele~tronic transition moment for diatomic molecular systems.

The electronic wavefunc:.ion is written in CI‘ form as { cidl 1 where
each ‘1’1 differs by 1ts orbi*al occupancy. In the Hartree-Fock model there
is but one wi and in the limit of a full CI there are all !hi vhich can be
constructed *o span the orbitals which are Included ia the calculation. In
practice, Hartree-Fock calculations prove to be too restrictive and a full
CI becomes impossible to comstruct when large basis sets are considered. For
the studies performed here, the basis set was first transformed to Hartree-
Fock form and the inner six Hartree-Fock orbitals were held frozen in all
configurations; The wavefunction was reoptimized for each internuclear sepa-
ration chosen for study. The final calculations included 190 configurations
constructed for 2£+ symmetry. A detailed report on the calculation pro-

cedure is in preparation (ref. 57 ).
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These CI electronic wavefunctions were then used to evaluate the dipole
rransition moment, M (R). The calculated moment was fitted numerically
using a spline fit and tabulated at 2000 mesh points in the internuclear
separation. Integration of M (R) over the accurate vibrational wavefunc-
tions yields directly our estimate of the band strengths.

The calculated f-numbers for the B-X transitions are shown in table I-1.
ror comparison, calculated Franck-Condon factors are also shown. These F-C
factors are in good agreement with previous studies on this system {ref. 58);
~he differences are due to our use of slightly more accurate RKR potentials
based on band origin data (raf.59 ).

These data indicate an f-number of(0.012 for the strongest (0,0) transi-
‘ion, in agreement with previous theoretical studies on this system which
were performed with less sophisticated wavefunctions (ref. 60 ). Previous
*alculations on N, IPS and NO- 8 band systems indicate an expected error of
¢.='0 percent for the analysis performed here.

The calculated result for foo is in disagreement with the experimental
resul*s reported by Hooker and Main (ref. 61 )(f =0.0035), by Vanpee .
(ret.62 )(t‘ =0.0027) and by Daiber, et al (ref. 63 )£, =0.13). Part of
<he: discrepancy can be traced to their neglect of the low-lying A rI state
in 'he experimental analysis of number demsity. A 30 percent correction at 14006°K
mus*. be made for intensity measurements in absorption. This correction, how-
ever, is not large enough to fully account for the diff-rences between the
various experimental values and our calculated result. In contrast, a study
of relative band intensities by Hebert and Tyte (ref.6l4 ) yields a transition
moment va.riauion (1 - h6 R) in excellent agreement with our calculated vari-
ation over the range 1.5 - 1.85 1.

Results of lifetime studies for the AlO0 blue-green transition have been
reported by Johnson, Capelle, and Broida in this issue (ref.65 ). Their
s-udies yleld a lifetime for B 22 * (v' = 0) of 129 nec, in reasonable agree-
men. with our calculated lifetime of 234 n=uc, considering the complexity of

Ll



this metal oxide system. The calculated lifetime includes the contribution
of the B-A transition which 1is characterized by f = 0.0001k, I 0.2h4,
indicating that only 2 prercent of the radiation :ls to this lower A H state.
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f-Numbers and Franck-Condon Factors for Al10 B

v" vt 0 1
0 1.171-2%  L.h17-3
7.234-1% 2 2671
1 3.146-3 5.380-3
2.1‘26-1 3-388.1
2 3.299-4 L.h35-3
3.193-2 3.518-1
3 1'367°5 70688“1‘
1.837-3 7.653-2
I\ 1.k55-7 ° % .246-5
3.450-5 5.854-3
5 5.045-12° 4.095-7
5059‘5'9 1.208‘,5
*f-Numbers;

Table 1-1

- ants J

Franck-Condon factorcs.

b7

1.718-k
6.101-3

2.171-3
9.466-2

5.612-3
2.964-1

6.m‘h
3.983-2

4.504-3
3.764-1

1.578-3
1.673-1

I -X

2.519-5
7-%1‘1"

5.262-h
1.903-2

3.136-3
1.389-1

L.757-3

"2.5h9-1

6.864-5
4.565-3

4.069-3
3.488-1

3.326-6
6.794-5

9.866-5
2.879-3

9.978-4
3.692-2

3.T54-3
1.691-1

30712’3
2.016-1

1.834-5
1.199-3
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- APPERDIX I

ARALYSIS OF DIPOLE-ALIOWED ELECTRONIC TRARSITIONS IN DIATOMIC MOIECULES

If two molecular states are separated in energy by an amount E = hcv
(h = Planck's constant, ¢ = velocity of light, v= frequency in \uve:nberl),
the semi-classical theory of radiation (ref . 66,67 ,68) ylelds for the
probability of a spontaneous transition from an upper state n tc a lower state

sm
Amz % “‘cs " (50)

Here An- is the Einstein ~oefficient for spontaneocus transition from level
n-mn, gn is the total degeneracy factor for the upper state

9 = (2-3.4) (240 (2440 (51)

- and snm is the total strength of a component line in a specific state of polar-
ization and propsguted in a fixed direction. A related quantity is the mean
radiative lifetime of state n defined by

— =3 Apm D (52)

the summation belng over all levels which offer allowed connections. 'The in-
tensity of the emitted radiation 1is

Inm = BE Ny Ay (53)

vhere N 1s the number density in the upper state n. This analysis assumes
that all degenerate states at the same level n are equally populated, which
will be true for isotropic excitation. The total line strength .'-?.m can be
written as the square of the transition moment summed over all degenerate

49
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cospanents of the molecuylar states n and B

- 2 (54)
S = I8 -

vhere | and { refer to all quactum numbers associated collectively with upper
and louer electronic states, respectively.
In the Bormn-Oppenheirer approximation, assuning the separsbility of elec-

tronic snd nuclear motion, the vavefunction for a distomic molecule can be

A oy B T L W
L an VT RN AT ey
otad i " .

vrit.en as

Vs <V LRIV, (@, 9) (:5)

S

PIITERIRATIY

where "él (}:, R} is ar electronic vaverunction Jor state i at £ixsd inter-
ruclear separation R, §_ (R} is & vibrationsl vevefunction for level v and
sy A6, %, %) refers 10 the rotationsl state specified by electronic angular

‘wosentua A, total angular socentws J and msgnetic guantus nmsber B, The

W iplras v AT
Sk

e
e e Aent S L)

reprezentation is in a coordinste syster related to a svewe-~fixed ayetom by
+3e Eulerian angles {8,.X,2 5. The tressition comst xji can be weitten,

- :
- usizg the waverunctios given by Yq. (55); es '

s
[
& Q}

L - £ 5 y ;
o= 2 2 T el Y 2. . ] ) -
R TIRE A AN LS -3 L PN de, g dr, | (24)

The suNsoripts e, ¢ axd © refer to the eiectromic vibrsticosl and rorational

wEvefunsiions and ¥ smd K° sre e electsemic and suclesy eleciris dipole

]

Sorents, Pedpectively. Integratiss gver ks elsctruais wavelumoidow, in the

Som-Opmetse it r agproxine: fon. caises the contritutios of the uwclsar noosnt

ﬁﬁ *o venish Sor 1o« J.  The elscireoie dipole mmmat can be written {rive.s7,
&%) L *he forw
- E3
% : ~— .:5-.&“3 = - 5? = l. - Fa -a
A et SBxl &)
g &
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vhere the primed co-ordinates refer to the spece fixed sysiewm, the co-oriinates
r, refer to z solecule-fixed system el 2(8,X,9) 45 a growp rotation ten-
sor whose clements arve the direction coeires reisted o vhe Bulerian ryotation
angles (8, X,0). Using brecket notation, Egs. (56) wod (57) cam e combined

to yield for the transition moment

i’

L ITRRE VN <§v“§ "%Q{*E i¥¢>'<fﬁ'ﬂ' @(ﬁxcﬁg Jﬁa§§ (58}
An equivalent formulation (within tke Borp-Oppenheimer spproxizstion) yields
for ti: dipele velocity formm of the transiticn moment

oy = b Erm <iv‘ i..% g“g w‘i’\-<J4Aa&4 i%‘@xv“lw@ (59) |

The matrix elements (j%’%ﬁ’i?&x.ﬁh"ﬂ“ﬁ?b determine the group selection
rules for an allowed transition and have been evalusted for asmy types of
trancitions (zefs. 70, 71,72 ). Sumaing Bq. (56) over the degeperate megmetic
quantum nunbers M' and M'', we have from Eq. {5h)
1,140 Ial 1
nvJa J& _av
Som = Sy pugug ° gJ"ﬁ" Pav (60)

Y
vhere ¢ “"i“ i the Homl-Iondon factor {refs. T3 ,Th ) end
J

IW' - . § . s
P v iz'j{<w g %e&lw >! (61)
is the bamd strength for the transition. Ccmbining Bgs. (51), (53), end (60),
ve have for the intensity of a single cmitting line from upper level n:

1.8 4% Iy
av'y A vidh
' 4 [Aﬁmv”f'_i Savi¥gy
Iom © vy o SN,
o it 3 J
mvd ﬁI‘ caﬂﬂ

(62)




where HI" iz the nuwber demsity in the upper rotatiomsl state J° andg
(-8 L A'J) (2s* + 1) is the electronic degenerascy. Taking an average

[}
vajue of E " :,, J., for the whole bami, Eq. (62) can be summed to yield the

total ixztens.ity 1o the {v', v") bend:

‘ E&’ﬁ'ﬁu"g ? o
3 %3y

E Iﬁﬁas (63)

where I&v' = ?‘N‘j, is the total pumber demsity in the upper vibraticmal level v*

and where we make use of the group summation property

%;gj::; = (24 ¢ 1) (6h)

Comparing Eqs. {53) and (63), ve have for the Einstein spontaneous treunsition
coefficient of the bapd (v', v")

3 1
— Qv av
Ans‘ 4 {Aemv”} Py

S = - 65
et 3 T s (63)

Similarly, the lifetime of an upper vibrational level v' of state n can be
wri.-en

where the summation runs over all v" for each lower state n. Eg. (€5) can be

cast in the computational fowm

‘ ) 9 ’ 3 '
A:‘:n (sec™!) = EI.Q'::SXK) ) [AE;::: (O.U.)] P :;'“ (0u.) (67)

L ]
4E nv pz Z,, are in atomic units. It is also often convenient to

relate the .ransition probability to the number of dispersion electrons needed

52
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to explain the emission strength classically. Tals mmber, the f<mpher or
oscillator strengt: for emission, is given by

(68)

The inversc process of absorption is relsted to the alove developmast
through the Einstein B coefficient. Corresponding to Eq. {53), we hewe for
& single line in ebtsorption.

Tao “la* *J  wier ¢ Emabates ()
oo (4!, 41 .

shere K{¥ ) is the absorption coefficient uf a beam of photons of fyguemcy
and

- a”'aﬁa s --g!— ﬁgé"
s my s ke - ﬂ.(&l"#ﬂ (10)

is the Einstein absorption coeificient for a single lipe. Summing over sll
lines in the band (v", v'}, assuming an average band freguency, we obtain

N g’ aw '
ft * 2o s:w T e T (1)

where .ijs f?‘ .~ 18 the tetal musber Gensity in the lower vibretional etete
v". Currespost ing W Egs. {67) and (48) ve can define an f-mimber or oscilla-
tor stesmgts €00 absorptism as

8

¢ 2 Sl

“'
iy "““ﬁ‘w P (12)




In computation form, Eq. { T2) becomes
0.4) | :
fangnt = & “‘ﬂ“‘ poY, ) (73)

vnereﬁ e az\dpn v.. are in atomic units. Combining Eqs. (65) end {68)
and ccmparing with Eq. {1p), we see that the absorption aud esission f-pusmbers
are related by

" ‘
"m’_wl = i&":) fam,v'v¥ P ([h) ‘

Some caution must be observed in the use of f-numbers given either by Eg. (68)
or (72) since both bapd f-numbers and system f-numbers are defined in the
literature. The confusion arises from the several possible band averaging
schemes that can be identified.

An integrated absorption coefficient (demsity corrected) can be defined
from Eq. (T1) as

= i v “heayl' By gty
S T R T T MRy l-ep SSHI ) —HE ()

where the expcnential factor corrects for stimulated emission. Eg. {75) can

be written in temms of the absorption fenumber as

e W u “hey o,
. W ¥ Vv
Setv' = gee T Umep - =l (76)

Using h c/k = 1.43880 cn-KO, we obtain a cosputational formula for the
integrated absorption cgefficieat as

s (em™® aim] = (77)

~1.4 3683y aé@aﬁ)
; (&*ﬁ ) fawiy’

7 (2736
23785 X 10 (ﬂﬂ)( "Hs

Sh




The total integrated absorption is found from
St * L, L, S (78)
\J v

vhere, under normal temperature condi‘ions, only the first few fundamentals
and over:ones contribu‘es *o the summa*ions.

The developmen's given sbove z2re rigorous for band systems where an
average band frequency can be meaningfully defined. Further approximations,
however, are of'ten madc. [or «zumple, the elecironic component of the dipole

transirion moment can be¢ defined as

R, (R} = <j|"§°.!..,i> (79)

This guantity is of:ien a slowly varying function of R and an average value can
sometimes be chosen. Zq. ( 1) can then be written approximately in factored
form as

nv

— -l
P, = qv’v".z, ,ﬂ“(ﬂ)l (80)
]

where Uy0 oo the square 3¢ *he ribra-ional overlap integral, is called the
Franck-Condon fac-or. R_,:i is evaluated at some mean value of the internuclear
separation R. In addi-ion, i: ic some-imes possible to account for a weak R-
dependence in }f by a Taylor se:ries expansion of this quantity about some
reference value, R,z 'lsurlly he reference is to the (0, 0) band. We have

of3

Substituting into Eg. (7i) unu inteorating ylelds

nv’

. B ? 2
Py = qv'v" izj |ﬂ‘;i [I +0 (R, n— R"B) + b(Rv'v"- R‘B) + ] l (&2)
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where

Ry dgp) * <"Z,":'f: 4 (83)

is the Recentroid for the transition and

{|®-reg®|ve>
<v‘-iv"‘>
is the R2-centmm. Hote that this last term differs (to second order) fron

the square of the Recentroid. An elternate procedure can-be developed by
evaluating Eq. (79) at each Recentroid, ﬁv' ™ Then

@ M)z' (84)

= 3
o ™ Gy El% (0 (85)

EQ. (85) aussumes that the vibretional wavefuncticn product, '*v: " behaves
like a delta function upon integration,

Voo = B(R-Egm G (86)

The renge ol validity of Eq. (85) is therefore questiosable, particularly for
bend syetems with bad overlap canditions such as oxygen SchumsnneRunge. The
range of validity of the Recentroid aprroximatian has been exasined by Frezer
(ref.75 ). For pertusbed electronic systams, the transition dipole mowent
vill have & strong Redependence and Recentroid or other agpproximstions will be
invelid. A divect evalustion on Eq. (61) would therefore be required using the
fully-coupled system of electronic end vibretional wavefunctiops to properly
sccount for the souvce of the band perturbations.

et .




rination of RJ 1(rt), the electronic dipole trensition ucaspt, for the eatire
reage of interpuclear separations, R, reached in the vidhratiosal levels to be
coneidered. Expanding the wavefunction in configuretion intsrectios foms

The final step in caloulating transition probebilities is the dster- 1
3
|

CHLU LD YT (81)

ve can write Eq. (79) as

; Gume 3 & 4 (ytmuem @

where c;’, end Cl are expansion coefficients for ‘5::1 w&il, regpectively.
The matrix elements sppearing in Eq. (88) can f£inally be reduced, by egpeo~
priate operator algebre, to products of opeselectron integrels over the
epetial coordinates.

It is clear from Eq. (80) that the FranckeCondon factor playe & Gowinsst
‘vole in the determinstion of intensitiea for & particular trezsition ir ¢ baad
system. The experimentel evidence (vefs. 68, 69, 70-02) iz overvdelaiug that
observed vibrational intensities cen be correlated by & relative intensity
scale detersined from the Franck-Condon factors, modified in sose csues by a
slowly varying fector of the internuclear separetion vhich is required to put
the caleulsted intensities on an absolute scale. This implies that an sccursts
solution to the vibrstionsl-rotational Schrddinger equaticn 8 required for
the moleculsr states of interest, but that the electromic trazition ecwents
are, in general, smooth functions of the internuclear sapiretich sk caa be
conveniently porazeterized. ’

The vibrational-roteticnal vavesusctioas W () satisty

L R UL IR
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vbereuh the mdm:eama, ot (a} 15 totalgot:ent&;zenerg ® interecticn
for the electronic state ¥ wa Sm, are the vinretiml exne¥giss belonging

10 this state. Studies.of tle mitiuty of th‘. ‘VJ to an assumed potentisl
indicate that (with the poseible exception of B, and Bell 'Y theoretical estim~
stes of Ul (R), vhich result from electronie structure calculations for e mole
ecule, are never 85 accurate @5 those obtalnsd frau spectroscopic dats. The
best procedure is to deterwize UNR) a5 s muericel functfon using the RIR
procedure (ref. 83) or modifications to this method proposed by Javeain.

(refs. 8L ,85) Venderslice (ref. 86 ), Zelemnik (ref. 87) and others, The use
of “experimental" RKR potentisl curves is eipecially critical vhere there is

e bad Frenck-Coadan overlap such as is evidenced by the Sebmn»&me sgstaa
of oxygen. Here a chaige in the potential of approxizately 1% reflects in

an oxder-of-magnitude change in predicted FranckCondon fectors. In addition,
tke use of potentisl functicns derived from Hartree-Fock solutions to the elece
tronic vavefunctions will yield increasingly pocrer estimates of the Frenck-
Condon factors for higher vibrational levels ovlng to the lsproper camiections
of Hartree-Fock vavefunctions in both the united and separated atos limits,

The sccurate puserdcal solution of Eq. {85 using RKR potentisl fuactions bas
nov becoae- routine using the procedure of Copley (res.85) based on the Humevov
sethod of mtegmtim. Convenient prograas for accomplishinz this type of cale
cuiation have been wéitten by Zare {refr.89}, Hichcﬁs {m:‘. 9&‘3), and others
for bouni-bouni tragsiticas eni by Allison and Delgsrse (refi 91} wnd Eickolls
(ref. SR} for boundefree traxsitions. Using accurate RER potentials based
oo spectroacopic date, 8g. {69 sin be routinely solved with ervors as'*l en
or Jems in the derived (Kv) wlue.

The ab faitio caleolation of eltctroaic transition mucats has not
schifsved such high accursey. Ustil vecently, culy & few calculstions of ab-
solute oscillator strexgtls hive baen attempied. Mulliken sad Rieke (ref,

93) employed various spprocimate IOA) vevelunctions $n & sxeainsticn of the
ocscilistor strength of the Igman sod Beruer band aystess ins.z Bates

-1
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(ref. ok) ex&s.m.d t&a !‘i fi'k'st pegative batd system usigb EE&) wivefuisCions.,
Stephenson {:‘ef. *_?5 sné Bates {ref. 96} studled the X ﬁ"’» A &tm&tim of
the CH raddesl using ICAS wavefunotions. In 3_95&:;(-&;5&?:, 93} Saall carried
out ca.:&‘mtim i‘ér the ﬁa* ﬁnﬁ}_ﬁﬁgg&tﬁw systas, the fﬁa % bads and the
¢, DiZanires - ¢'Azamberjs band systems using ICA0 vevefweticas vithin both
dipole length and dipole velseity formuistioms. The %, first positive sod
second positive systems were Tirst reported by Freser Crefi99). Sl & 95
(ref 100} repeated, within the dipole veloeity sjprocimetion, the earlier cele
~ culations oo H, of Mulliken and Rieke (ref. 93). A more thorough study was
carried cut for the Lyman bend system by Fhrenson and Philitfpeor (ref.101)
using improved CI wavefunctions. Clesenti (ref.m 2} recaloulated the Swen
bands using the dipole length approxipatioss within an SCF Cruseworis, A

very accuréte anglysis of the £ - 82 cmltirm: in 1;{2 s beey mporte& by

Rothenberg and Davidson (ref. 103},
In the last several years there has been a rupidiy mmimm:ar

&b initio calcelaticas of trensition moments. Among these iz the work of Feo
~ {ref.104) on HE wsd CH, the stulies of tvensitfons in Bell aad K& by Chisn

and Devidson (ne:‘s.les,mﬂ}, end the work of HennsRee and Fopkie oo ByGricss
{ref. 107}, oo the 13 elsetiﬁu systess, C,«, C¥, (O, E;, 83, E?i azd YeF
{ref.108) snd on BeH and NgH {ver. tf.:»:‘;:}A. *‘Sferv sccurete theoretical results
have beeamyome&zcrb&néw-'ewinh? by Solnievics {res. lhiimﬁt‘arm
systess in HeH by Michels s {rer. 1)) asd ‘-.-uz.t:igm-z (e, 213 dlthougs
definitive theorez{cel results can be obraioed for tuo-four a2isetrot wolaculss,
cmulatm 5! elecrtroaic rassition mookhts for beavier systams still cex
culy be expected 10 haw drder-of-magpitude svcurscy. & BAjor rale.of sock
calculstions, however, cud e to gedo dnsight ind e wiidity of Recentroid
or otier wpmprcaisete asslyses of band fntensitics.
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Table 2

Configuration Sizes and Number of States for VCI Cal-
culations of Various Symmetries for AlO

o Symmetry No. Cfgs. No. of States
S (to two lowest
'_ dissociation
limits)
°s 109 3(+)s 3(-)
g 106 1(+), 2(-)
' 2
n 159 _ 5
uﬂ 2
2
- A 3
YA 46 1
2
1

v vt s 2 k0 g semirall i s v




Table 3
Low=-Lying Moleculz: States of AlO and their Dissociation
Iimits
Dissociation limit Molecular States
Al + O
2 3 L 2_ - b - 2+ ;
P (30) + B (20°) 7@, T, g, e,
’ 2 3 e L
(), (2), A (L), A1)
2 L 2 - 2 - 2 2
Pu(3p) * lgg(ZP) s (1), }.+(2)’ m(3), A

% .

( ) Indicates nuzber of states Jor specified symsstry,




Table 4
Fuergles of Alusinum and Oxygen Atomic States
Representing Dissociation Limits of Ilow lying
AIQ States
EneEQr Relative
Atomic States Total Energy (hartrees) ' ta B +}, P_g (ev)
Cale. Exp.
2 3P , ‘
Pu + s "315071%5 O-w 0.00
211u + 198 -315.62503 2.56 1.97
4
Ls

T O
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Table T

Celculnted Os:iliator Strengths (fv'v") for the

Elue-Green System of AL0 (B°Z * - X 23 ¥)

v 0 1 2 3 b 5

0 1.172-02  3.147-03  3.298-04 1.367-05 1.453-07 L.g43-12

1 4.517-03  35.3%2-03  W.h436-03  T7.687-04 L.2kk-05  L.089-07

2 9.955-0% 5.788-03 2,121-03 h4.721-03 1.201-03 8.2L9-05

3 1.718-0 2,172-03 5.613-03 6.133-0b 4,506-03 1.578-03

L 2,519-05 5.262-04 3.136-03 4.759-03 6.882-05 4.070-03
. 5 3,396-06 9.866-05 9.979-04  3.754-03 3.714-03 1.825-05
; 6 3,915-07 1.5L4-05 2,305-0% 1.509-03 L4.034-03 2.724-03
3 7 3.111-68  2.031-06 L,275-05 4.202-04 1.997-03 4.035-03

8 7.549-11  1.970-07 6.614-06 9.154-05 6.565-04 2.411-03

9 1.522-09 7.523-09 8.313-07 1.652-05 1.653-04  9,207-04
| 10 8.799-10 2.288-10 7.269-08 2.4g5-06 3.41L-05 2.645-04
H

v/ 6 T b 9 10

0 7.396-10 2.328-11 5.825-11 1,102-10 3.410-11
; 1 2,297-10 1.674-09 6.285-11 5.467-10 2.674-10
; 2 6.989-C7 7.82k-09 1.445-09 L4,450-10 8.077-10

3 1.274-04 9,138-07 L.Lk2-08 1.638-09 3.3u8-10

L 1.889-03 1.716-04 8.989-07 1.310-07 3.132-09

5 3.570-03 2.135-03 2.110-0k 5.974-07 3.010-07

8 1.889-04  3.091-03 2.323-03 2.hek-oh  1,796-07

7 1.889-03 4.322-04  2.668-03 2.464-03 2.630-0k

8 2,332-03 1.239-03 6.72i-0k 2,315-03 2,569-03

Q 2.726-03 3.499-03 7.616-04 B.738-04 2.032-03

10 1.194-03 2.932-03  3.100-03 %.311-0+ 1.026-03
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Tabie &

for the Vibraﬁ sii-Roé
of 410 (x °5 * - 2: +)

vt vt 0 1 2 3 L 5
o) -
L 1.203-06%
Lk .589.08%%

2 7.879-15 2.514-06
1.978-08  8.014.08

3 3.356-11  2.857-11 _3.938=06
2. TU6-09 5.822-08  "1.075-0T -

4 1.431-1  6.4b7-11 1.461-10  5.463-06
2.319-10  T7.955-09  1.137-08  1.758-07

5 SMT2-12  T.659-13  1.097-11  1.402-10  T.0Th-0R
9.629-11  1.311-09 1.919-08  1.830-07  1.339-0T

6 1.b08-12  5.131-11  4.663-11  4.104.11  3,996.11  8.T7.06
4.391-11  2.886-10 3.586-09  3.498-08 2.61@&? 1.342-07

7 1.543-12  5.360-12  6.439-11  1.101-10  3.303-10  2.680-11
- L,930-12 T.260-11  5.9T0-10  6.936-00  S5.648-08 347107

8 3.286-13  2.307-12  L.687-11  3.430-11  1.709-10  1.148-09
7.976-12 1.085-12 6.52b-11  1.230-09 1.172-03  8.366-08

Q 1.368-12 1.84-13  8.061-13  8.69¢-11  1.828-11  1.879-10
1.350-11  2.730-11 1.138-13 1.c81. 0 2.218.09 1.818.08

10 3.375-12  2.970-13  1.035-11  5.8685.12  1.390-20  5.237-13
b.3l4-12  4.098-11  2,15¢-11  4.288-13  2,068-10  3.610-09

i2l

B S




Table 8 (Continued) .

7 l o(}’}l&-OS
1.278-0T

8 5 ° 3&0‘10 10237-05
4.362.07  1.162-07

2. 396-09 L. 972‘-09 1 -h29'05
1.163-07 5.287-07 9.971-08

O

10 9.522-11  3.786-09  L.46T-09  1.632-05
2.703-08  1.585.0T 6.251-0T  8.004-03

* Using optimized ¥ vectors
** Using optimized o vectors

122




CWOW @IV FLWN O

)

8

<
D B~ AV T W N O ,;Zf’

7.235-01

- 2,268-0

L, 286-02
6.101-03
7.060-04
6.793-05
5.460-06
3.726-07
2.449-08
2.460-09
6.292-10

1.L07-08
1.523.08
248904
1.859-02
3.3k2- ™"
l 1268"'62
1.0%9.01
1.803-01
1,088
4.021.02

Table 9

Calculated Fraack - Condon Factors
(@yryee) for the Blue - Green System

of Al10 (B

1

2,426-01
3.380-01
3.015-01
9.467-02
1.903-02
2.879-03
3:&’88"-0’4
302380"05
2.955-06
2.408-07
2,722-08

7

5.988-11
9.379-08
5.009-07
3.795-04
2.620-02
2,388-01
2,793-01
2.933-02
6,938-02
10%8“91
1.188-01

2

3.193+02
3.518-01
1,358-01
2.965-01
1.388-00
3.692-02
6 0998.03
1.035«0%
1,248-0%
1.283-05
1.262-06

8
7-573~12
1.037-10
3.379=-07
3.224-08
b 7570l
3.358-02
?2,.848.01
2 47g-08
k,593~02
k28902
1.40k-01

123
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3

1.837-03
7.653-02
3.847-01.
3.987-02
2.540.01
1.692-01
5.730-02
1,316-02
2.318.03
3.309-04
4.038-05

-9

2.204=13
? G&%"u
532
8.624-07
1.201-05
%.985-C
L ,02g-02
2.929-0%
223501
5.997-02
2.431.02

Ut

3 [ M“05
5.852-03
1.23h01
3.766-01.
L .577-03
2.047-01
1.846.0,
7.699-02
2.311.02
1,350.03
722708

10

3&73:“‘3}4
3.506-13
3 oﬁ?‘“@
£.006-0%
1.719-06
3.304-03
430204
k.587-02
3.3483.-61
2.07-0%
T L4702

5

5.531=09
1.207-04
1.168-02
1.673-01
3.480.01
1.193-03
1.ho7-02
1.873=01
94802
3.034-02
7 +205-03

A PR P LI
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0]

1.547+00
1.575+00
1.509+00
1.442+00
1.368+00
1.281400
1.171+00
1.027+00
8.763-01
8.848-01
1.127+00

6

1.859+00
=3.113+00
2.215+00

1.97h+00

1.861+00
1.786+00
1.617+00
1.619+00
1.550+00
1.587+00
1.423+00

Calculated R-Centvroild Factors

Table 10

(<&8%_,.n) for the Blue - Green

System of A0 (B 28* - x 22*)

1

1.726+00
1.658+00
1.583+00
1.517+00
1.450+00
1.379+00
1,296+00
1.195+00
1.0A9+00
9.401-01
9,283-01

7

3.025+00
1.932+00
5.107-01
2.277+00
1.991.400
1.873+00
1.799+400
1.641400
1.626+400
1.555+00
1493400

2

1.812+00
1.738+00
1.672+00
1.59140u
1.524+00
1.459+00
1,389+00
1.310+00
1,216+00
1,104+00

9,914-01.

8

1.805+00
k4 .290400
2.003+00
1.154 400
24355400
2,010+00
1.885+400
1.81k+00
1.651+00
1.633400
1.560+00

' ]
)
&=

3

1.924+00
1.824400
1.749+00
1.69%400

1.598+00 -

1.531+00
1.467400
1.500+00
1.323+00
1.235400

1.133+00

9

2.513+00
1,938+00
«1.918+01
2.07640C
1448400
2.463400
2.030+00
1.899+00
1.656+00
1680400

)

2.130+00
1.940400
1.836+00
1.760400
1.765+00
1.605+00
1.538+00
1474400
1.408+00
1.335+00
1.252+00

10

1.644400
3.020400
2.,061+00
6.724-02

2,156400

1.6154+00
2.631400
2,051400
1.513+00
1847400
1.658+00

P)

5.816+00
2,170400
1.956+00
1.848+00
1.773+00
1.478+00
1.612400
1,544+00
1.481400
1,436+00
1,346400




vt/

CovomtoweEwnro

vt

B odbvrwRme

o

-1.623+00

 h.25k-02

«2.492-03

2.4k1.0%
«3,019-05
<&%.763-07

b.9k-08

«3.286.08
1.624-08

1.125%-01

Teble 11

Calculated R-Centroid Factars (<&» yr1yv)

For mvmmw Transition

w5

oulo(xaz* x2gt)

1 2 3
1.63%4400
5.897-02  1.6%4400
«4,339-03  7.245<02  1.655+00
L.910-0k -6.170-03  8.401-02
8. 767-05  7.809-04 -8.010-03
1.001-05 -1,181-04  1.111.03%
«1.283-06  1.877-05 -1.814.04
«3.364-08 .2.495-06  3.078-05
1.300-07 «6.020-08 .4.326-06
«9.132-08  3.019«07 «l.151.0%

T 8 9
L. 7014030
1.204-01 L.TI2400
~1.555-02 1.285-01  L.Th00
2.T50-03  -L.749-02  1.350-0L

-1.666+00

- 9.429-02

-9.865-03
1.479-03
«2.579-0k
L6085
«6.,8kl-06

10

LTI

1.678+00
1.037-0L1
»l. 17402
1.882.03
~3.479-04
6.577-05 -




— e

Table 12

Calculated Band Strengths
(p,o,n) for the Blne . Gmen Systen
of A10 (B 25t . x g%

v/ 0 1 2 3 I 5
0 1.874.01 5.281-02 5.818.03 2.538-04 2.847-06  1.024.10
1 6.7181-02 8.652-02  7.478-02  1.361-02 7.908-0% . 8,032-06
2 1l.A70-02 8.931.02  3.426.02  7.991-02 2,13%-02 1.542.03
3 2.k4.03 3.222-02  8.,703-02 9.948-03 7.657-02 2.81hk-02
L 3.h56-04 7.524.03  L.677-02  7.h12.02 1.171.03  6.941-02
5 kMb10-05  1.361-03 LM3h-02  5.625.02  5.809.02 2.983-0h
6  5.02h.06 2.059-04  3.197-03  2.179-02  6.072«02 L.276.02
7  3.869-07 2.621.05 5,731.0f  5.856-03 2.805-02 6.097-02
8  9.107-10 2.k64-05  3.582-05  1.233-03  9,152-03 3.512.02
9  1.783-08 9.120-08  1.045-05 2.155-0% 2.238.03 128502
9 1,003-08 2.697-09 8B870-07 3.154e05  LAT5-0 3.597-03
vt i 6 7 8 9 10
0 - 1.623.08 542810 LMLT09  2,906-09% 9,710
1 L7670 3.078.08 1.L65-00  1,357-08 7085-0%
2 1.376-05 1.626-07 3.178-08  1.033.08 - 2.003-03
3 2388403 L8005 9,407 360408 g.a01emn
Y o3aareee 3.282.03  1.776.05 “.?3\@.06 6.889-08
5 6.108-02 3.828.02  3.971-83  1,180.05 6.270.05
& 30303 5,308.00  ba7heoo ; ,h 565-03  3.545.03
T 2.577-02 7.110-03  L.589-07  kLss.od  h.982-03
8  5.8:2.02 L.958-02  1L.109.07 3.5 S.60-03
g 3.3:-35@2 5.385.08  1.208402  L.A45.42 3. 50%.00
10 1,686 B0N-02 B,732-07 6.534-03 1.7




Table 13

Catoulnted Band Strengths (p,, .}
for the ?ihmtioml«adtstéanilm
)

of ALO{ X Sg¥

0
T.406.01%

5.976-" L

k.103.0%
3056505

158032
3.3§8-06

3.871-04
2.L54T

R -5 B -
£.0e1-c8

3.8kk10

QR

8.303-11

1381t
9.833-}»3.

>

3.582-1

5.62%-11
G ol =10

123518
L5751

1

7.287.01

-5.950-01

8 «TOE0k
277505

4.580-09

101505
T.5k8-09

E 9.313%?

Gnm“’}ai

L1807

3.659-08
2.058.08

321010

4, 352-09

1.3»93—\153

3:612“&

£.406-12
L.2h5-00

121311

1.6Th.09

T.162.01
5453801

L.383.03

a1 23
263853

L.3045.09

228108

&.18%.00

3:221-07

4.652-09
4, 322,08

2,850-0¢
3.9-.3‘- 5 »»F

k2321
3.57F-12

k796220
1.005-05

2y

L%
*

=% €3

388753

ko2 o
h.0s.06

‘ é JEROL

322803

Y5305

5.565.08

tkigar




N

é 6.625-01
5 0835'01

7 3.934-03
ls."TS«GS

1.095.07
5.210-03

0 fa 4]

&
w
e

* Uglng optinized
5 Using optimtzed

5.485.01
Bok.01

P 1 w3

W

[ S

o

g

<410-05

Table 13 (Continued}

8. 9.
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_A Scre{mng Pararzeters for the Atcaic Gibitals of 110

‘ &&i& :k%ita}s . - | Swe%iﬁnﬁ Parareters
Cw o) e
& (o »' o a8
2‘5*-:.*( :(0} | | - 2.2066
'%*‘.‘t {0} N 2,2266

s (& S 0.6396

L

| 0.5253

N
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Tble 15

Configuration Sizes and Muhew of States for VCI Cale
culations of Variww Symsetries for LID

 Ho. of States
- 264 55 (e
Lt S 18 ' o 1(+), 3 (=}

i ks | 3

L
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16

Lowwlying Molecular States of Li0 and their Dissoclatlon Limits

Disgociatfon Limit

I3+ 0
%5g (23) + g (20")

gpu (20) + 3pg (gpk}

%5, (as) + ', (20")

%ﬁ&l&r States

- b 2 L
s, T Pnay, no.
2570, "2, 22, Y ),
%he, b ), 2aq), “aq.
2 e

iy 8 2
Ak @), 4.

£*2), “nes), 2ace),

g

T5-a), “re.

{ ) Iedicates number of statss for specified symmatry.

AR ARG se 4~ eewa e apen i o




fable 17

Energies of Lithium Atomic and Oxygen Atomic States Rep-
reseating Dissociation Limits of Iow-Lying LiO States

Energy Reistive

! tomic States Total Energy (Havtrees) to asg + 3Pg (gv)
238 + b . -81.95630 0.0000  0.0000
Btk  -81.89089 1.6980  1.8479
233 + % e 8186438 2.5552  1.567k
%, + 0, 8179657 L25e  3.8153
2sS N lsg -81.78339 L7593 4.1899
2?3 . lsg | ~8L.T1598 6.4573 6.03TT
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Table 20

- Calculated Oscilistor Stremgths (f. n)
for the Vibrational - Rotatiaual 'L'ra.nsition
of 140 (X 2m-x %;1)

0
1 2.364-05

2 1.786-07 b, 72705
3 . 2.06300 - 5,329-07
"} '7—175.165"13 506@”09
5 'Qy547-11 3&31010
6  5.940-2h4 8.323-10
7

8

9

Loig-ah -1.558-10 _

1.027-31  9.860-11
) . 90;32“1;3 .0%2"12

v' /" 6 7

0

1

2

3

N

5

6

7  1.h84.04

8 70""99“% ln659’0h
9  8.259-08 9.509~06

4.252-08 2.120-07

B

7.042.05

1.128-06  9.247-05

4.233-08 2.152-06

2,776=09 1.003-09

4,65%=10 2,402.00
2.076-09  5.897-20
0256'12 h.258-09

4,061-10 1.091-09

1 .8,32'01"
1.159-05 2,001-04%

1.125-0k
3 .6%.%
2..541-09
h .1&05-10
5.627-09
1.406-09

1.308-04
5.558-06
1.781-08
106!“9“'08
%.332-09
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=

V'/V"

WO~ AWM PWNNHO

&

3.698.05
3.005.07
k.432.09
1.2L4.20
8.074e11
30&87;11
1,851-15
70227‘12
30306-12
748514

2.L46-04
9.348-06
3.309-07
7.878.08

Tadle 21

Calculated Oceilhtor Strengthe (

fortheAez"'

1

7.329-05
9.135”07
2.216-08
6.193=10
1.191-10
1.103«10
1.551-11
2.085-12
1,256-11

2.736-04
1.267-05
4.869.07

) ")
A2 ¥ System og Lio
2 3 I
1.091-0,4
10821-% lomﬂoh
6.009008 3.029'06 1'799-0h
2.477-09 1.22-07  b4.372-06
1.703-20  7.974-09  1.988.07
2,258-10  1.313-10  2.442.08
4.133-311  4,903-1C  8,554.11
3.372-13 1,909-10  2,160=10
8 9 10
3-012?‘0“
1.618.05  3.285-04

137

2,129-04
6.609-06
2.634-07
5.699-08
1.760-09
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[ d

- ‘
O D=~ N £ W B = O

0

4.138.03
%.816.03
1.515-03
1.260-04
9.288-07
2.203.12
1.137-08
2.438-09
1.273-11
5.215-10
1.324.10

6

-1 566-07
«$.110-06
«1.675 -5
3.551-05
2.081.0%
3-522"65
1'091”03
1.751.03
1.136.02
5.297-03

Calculsated Oscillator
(£ .v..) for the ASS ¥ .

1

8.632-0k4
1.054-03
6.164-03
3.572-03

-k.438-0h

5 .850"'06
1.968-09
4.307-08

7.984-09 -

7."31"'11
1.382-09

T

«1.056-08
«5.507-07
«T.56606
564105
l ] 737"6&
1.884.07
1.405.03
9.531-0k
1.18k.02
6.883.03

fable 22

2

9.960-05
8.480-0k
9.391-05
5.615-03
5.689-03
9.807-0b
2.038-05
3 . 915"08
1.204.07
1.473.03

’&.015'10 .

8

=4.634.08

~3.720-09
"l * lh3"‘%
«1.084-05

~1.346-05

T.576-05
1-_ 352"(3!5
' 1.656-03
3.796-04
1.180-02

3
!-1..860—'05

566504
4.356-05
4.933-03
7.619-03
1.740-03
5.320-05
3.083.07
2.845-07
1.052+08

9

-6.030-08
«1.972-07
«8.813-05
»1.268.08%

- =b.16306
- 9.180.05 _
: 9 ﬁ?‘cﬁ

90250"{}5
1.828-03
5.818.05

21] Systam -of 110

S
-4 .652-06

2,858-06

2.261.0%
3.262-04
3.360-04
3.858-03
9-2&2"03
2.716-03
1.163-C4

1.628.06

6.934-07

10

«3.912.08
«2.852-07
“kn&S"O?
“i -552-03
«2.560-06

*L.336-05 -

9.180-08
1.064.04
6.220-05
2.072-0%
1.400-03

N

5

-1.338.06
«1.15005
1.620-G5
2.206.0%
1.358+04
T.198-04
2.739-03
1.050-02
3.504-03
2.310-04
6.303@06 :
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Bvwotonrwnro

5.81%-01
3.542-01

2.715-03

7.459-06

13.289-09

6.422-08
3.529-10
k.o10.11
2.556-12

298012

17

5. 217-0h

B.237-03
b B56-02 -
317601

1.130.0L

5,691-03

1.1258-01

- Gsk2

355501
18RO
5.805-03

T 1.385<01

Taple 23

wcnmw
‘the A 22 +
1 2
2.766-01 9.886-02
1.327-01 = 2.481-01
L.372-01  8.204-03
1.k33-01  3.988.01
9.546.03 2.2L7.01
5,.346.05  2,108-02
7.563-08 2.037-04
5.333-07  1.4UuT-05
6.618<09 1.473-06
2.625-10  3.194(8
1.161-10 . 3.18L-11
7 S

©9.339-05  1.08T7-05

2,18k.03 -+ 373.04

S0 2.836-02
LLRI-0L 8.000-02

8.13k-02  1.158.QL -
1.275-01  3.697-03
LookS.02 o 1.319-0L
309’22-01 3»:7.. 02
3.787-00

adon Factors {
-an Systenof;g |

3

312562
1.5T%~01
1.553-0L
3.163-0L
2.933-01
3.750-02
593500
8&”3”06
3.87%.06

9.115-08

".,065-07
Y. 18703
1.16F.03
9.553-0%

9 L3k
- 1.058.0L
A2

1 ;255-»@-‘5

1.263-01

.Y

8.957-03
T0TT-02
1.657-01
7.681.00
§.A30.02

2 -2?2*‘&1 :

2.450-01
5. 786.(22
1.832.03

3.578-03

8.957-06

10

5 L0207

3.68T-07

1. hb3-0k

2.335-03
1.k88.02
5. 06702

| 2.082.02
&6‘%’&- :

1.15l-0

. t} fer

P

2.318-03
2.619-02
1.014%-01
1701
2.843-02

8.45e02
1.k81.01
3.786-01

- §.216-02

3.028-03
s e;&sh
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Table 2k

Calculated R-Centroid Factors (<t’> wly ,.)

of Lio a '*w -
o] 1 2
1.705+Q0 :
6.44102 1, 723+00 _
«4,316-03  9,205-02 1.7h2+00
3.221-04 - «7.623-03 -1,140-01
7.951-06  6..84-04 ~1.099-02
=1. %1*65 202‘??‘05 1 ¢05?-03
© 9.879-06 4,.643-05 3.853-05
w3, 43806 2,314-05 «8.795-05
584407 . -8.969-06 4.589-05
3.27%-0, . 2.52%.08 -1.852-0%
2. 11007 -9, 84408 5.928-06
6 7 § -
1.825%:00
1.628-01
3.310-03 ~3.005.08 2.196-01
1.038-0%  5,3%6-03  -3.kL5.00

 for the Vibra’ciona.l Rots.ﬁ. ’l Transitiaa
- X“w)

3.

1.761+00
- -1.332-0L
-1.149.02

1.54%3.03
5.560-05
-1.L57-04%
8.053-05
'3»&‘6?"0:

1.506-01

-L.81302

2.111-03

-2 .252-0’-:

L.257-0% .

10

1781400

180500
?2.-133‘@
2.tEk.03
8.965-05

‘193-&&
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- 6,339-&
57103
68030k

oL 135-0%
2,308-05

«9.84805
I8TT0

~1.253.06
K. 0067

&

Caleutated B-Centrld i
€% .v-) for the A T3 v .

;&wﬁ"”,
8@9??'63 X 7.
'fﬁM
-*@%&ﬁ&
T.020-08 -

2. %503
G. 371G

LG8 1

% e s
2 THOR0G

678103

Tabie 25

%&a&mﬁ

s e
3.&27"63

1712400
1.571.01

- bLS0e03

S b e T

*2-133"@ ) ;



Table 26

Calculated R-»cogtroia Factars (<23
for the & ' -Xaﬂs.yatemof{}.o

it 0 1 k- 3 oo 5
0 1.658+00 1.572:00  1.510+00  1.L59+00 1.412400 1.363+00
1 1.708+00 1.893400  1.583+00  L.516400  L.A63:00  1.L15+00
2 1.87h+00 1.766400 1.853¢00  1.5398:00 1.523+00 1.468:00

2.120+00 1.887400 1.783+90  L.AL82+02  1.013400  1.531«0
3.328:00 2,126400  1.901400  1.510+00  1.607+00 1.657%00
1.387400 - 3.054400  2.133400 L.9L7+00 1841400 L.ELGH0O
1. 751400 2670400 2,863400 2.14100  1.934400 1.880400
1.831400 | 2.478+00 2.73%+00 :..ﬁsme 1.553:00
3.100400 S.160-0L T 1.915400  2.038:00 26843400 2.169:00
1.586+00 3528400 7.02%-01  2.003+00 2,&&&2 2.377450

QW0 el NN &
]
(o
8
&

1 1868400  2.662:00 1.235+0L  T.312-0L  2.002«00  2.k56400
vt fer 5 ' 7 8 9 ©ie
0 L3950 1.223:00 L.OR900 «5.518.01  1.81Ls00
I 126640 LLERGD L2294 ,.':J.:”»ee «1. 125480
2 1.hi9end LOETOR0Y L3200 L.228:00  L.0h1G0
3 nbhe00 4200 L3700 L3I0 L2330
L RSLIeS LAT9ND 1,530 1?3% 1300480
§ LTG0 1.3500 L zma:{_,' 1.A36e00 0 1.385:0
& 16830 «6.U5000 L AESeR ;mﬁi’#&j LRG0
T L9120 5 LI 4 T i"&m» LS00 3A90e0
B L9700 - 201030 L.TRWE LATRRX 550X
g . Z2.155400 193400 2,175+00 L 793500 L.E3H0
19 2.5« 233400 2.0156DD L.2204000  L.BROWD
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Caleulated Band Stresgths (p,,,,n)

mmvmummmmmam(xzwx%}

0

: ?;lSGV.ﬁ y

9.422.03
- 2,820.07
5.385-11
8.068.09
L.267.12
2.579%-12

- 4.563.11

192 - 1210

732302

1.859.0%

,-s.,“i~95l ’

1

7.312400
1.938.02

l -m«ﬂh
Q607

3.696-08

© 7.118.08

Iu-l. 151"&
6.385<02

L.99310
: 3,328-6‘9

- B3R
z.hss0%

f 2

00

2.988.02
2.k3204
6.183.07
3.052.87

421908

358810
242608

90& ‘m :

’*‘c?l-wé‘i 330503
.‘.l_;..

3

7 .63?*&3

k. 052.02
L.rgs-0k
1.515-07
2. 750,07
5.535.08
3.39307

Ta5Gk-08

8.888.

L

7805400
5.008.02

8.498.04

2 110y
5. 56300
5 LTB-OT
1.162.0F

8.537R0G

' zé&m

1.326.03

285500

Q-M!i) &
L.379.97



Tabla 28

Calculated Band Strengtis (pyr.n) for
the A2 ¢ ¥4 °g ¥ System of 140

vt 0 1 2 3 4 . g

5.698+00

1.428.02  5.353+00 __

5.351.05 2.873-02 6.074:0Q0

5.,789.07 1.805-0% L.345«02 C.272+00

1.208.08  2.942-06  3.657-06  5.8:8-02 661700

6.432.00  6£.217.08 B8.105-06 6.132-0% T.370-08 6.683+00
2.333-09 Q,6h6-09 2.528-07 1.675-0% Q.udsol  &,9iku2
1.070-13 7.502-00 1.402-08 8.275-07 2.7T.05  1.3G5.03%
3.688.10  9,12:.10  1.562.08  1.000.08 25770 3.T305
1512410 1.082.10  2.472.05 345008 T7.285.00  6.121.06
3.107.32 5. 851.10 1 PTGl 1.102.03  1.58708 1.526-07
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Table &9

Caleulated Band S%rength (Pyeyn)

v

1

3.749-01
2.826-0L
1.265+00
5.828.01

©.026-02 -

G.818-0%
2,01k-07
3.934-0C
£.593-07
5,515.09
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3

1.530-02
1.533-01
2.36T-0
1.18, o2
1.005+80
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- ‘ Tablz 30
Screening Parameters for tne Atomic Orbitals
: of Fed
Atomie Grhitals Screening Parameters i
t
1s (Fe) . 25,3810 5
5 25 (Fe) 92995
K 2pg (Fe) 11.0408
! 2p*t (Fe) , 11.04k4
' 2pw~ (Fe) 11,0544 i
s (o) 146519
3 (Fe) 45587 |
‘ pe (P} 52593
’ 3pe * (Fe) 4.2593
; 3o+~ (Fej 4,2593
i 2s { 2) 2,2458
% v ¥ ( 0} 2.2266
i gpe- { 0) 2.2266
i ke (ra) 1.3585
! e (Fe) 3.7266
: 36+ (M) _ 3.7266
| R&~ {re) : 37266
?* 2pe [ 0} - 2.2066 ;
A e+ (Pe) 3. 7266 .
, L 3w (pe 3. 7265 ;
: . }
|

r aswpervie titis

e 1
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Table 31

Contizuration Sizes and Nuwber of States for VCI Caleulations of Variscus
Syumetries for Fel

Symmetry %galifcgfgs, (gﬁaazg :thes
onte Tovel)
's 380 8(+}, 4()
’3 28" 13(+), 8(-)
°s 182 £7{+), 20(-}
T 18 6(+), 4{-}
g %3 n
34 Loa™* 19
& 166 2k
T il 1€ 9
YA A 2R 10
3 VAN 396 16
> A 25 19
! A 10 | 6
te 20k T |
2 5
& 275 10
73 50 12
Te ‘ 3
lr 127 5

# Actual €3 used was 329 which included all configurations of the
type Pe+4?, Fet +07, and Fe*++o'“,
##fctual CT used was 157 normal valence (Fe+0) configurations.

T
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Table 32

Low=Lying Molecular States of FeDd and “heir Dissoclaticn i

th:!.ts
 Dissociatton Iimit o lecular States ’
fo 4 0 o
», (%) + % (@t i, T, T,
| ) %, e,
103, 7033, B0,
3a(2), a2y, Tace),
e1), B0, Tl).
%%, (sy + 2 (23" '), °¥(2), T2,
T T, T (v,
303, SR B (3),
38035 %8(3), T4 (3,
30(2), "2, "8 (2),
| 3r, “r), Tra.
¥ ) s B (") Te), e, s @, 'To),

2, - 3
A, rwW, G, ne),

- i
- ) 52@(3), A (3), 3A (3), 56(3). 16(2)9
- | A 38 (2), 5@(2), : T (1), 3!‘(1). 51‘(1).

() Indiestes ni: er of states for specified symmetry,

- W




: Tsble 32 - (Contimued)
Disovcistion L4nst < | N Molecular States ) r

| ¥ + 0 | | )
5% (353 , r, (2p") G, s, R, ‘

o %A, e ), e,
5Pg (3a"ke) ".3Pg (25" | e E e, He, |
. - 3_z'(1)._5;f(,1),__ 7,;'(;)! o
ny’ae@), e,
, MR
A (1), A (1), A (1).

L e T ) '@, ’e),
5= ), ’s ), ’s" w,
RS NOREE WO | (2),

la@,3a w,’ a ).
v (2)» 32* (), 52 ' (2),
T kT, %,
ln (3)’ 31'1 (3)y 5U (3):

1l
at3) %a(3), *a3), % (3),

03, %0 (3), T (3), 3re3),
h

’r(3) "B, H(2), o),

‘1), 31, *1q).

( ) Indicabes nuuber of states for specified symmetry.

150
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Table 32

Dissociation Limit

Fe + 0

3 6, 2 o L
Fg(3d s)+3Pg(f_p)

+ -
Fe 4+ 0

6, 5, 2 2 5
Sg (387°4s7) + Pu(ep )

(Continued)

Moleculay Stgtes

et @) it @), i,
7w s, (3), 33(3):
>2 (31 'a) 2A03), *a (),

L (2), 38(2), ¥ (2), T (),

Sra), °ra).

sfw, gy, iY@, Mo

( ) Indicutes number of states fer specificd symmetry,

151
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Table 33

Energies of Iron and Oxygen Atomic States Representing
Dissociation Limits of Lowelying FeOQ States

Energy Relative to

Atomic Statas Total Energy (Bartrees) 51) +g§p (ev)
| (Cale.) | Calc.  Exptl. @
e -1333.62565 0.0000  0.0000
5 | .

F + p «1332.83456 21.5268  0.9464
¥+ 3% -1332.82618 21,7095 1.5499
v+ -1333.53173 2.5557  1.96T3
43 ~1332.73559 24,2200  2.1986
ed -13°3.47896 39917 2.3956
L ~1333.49520 3.5498  2.4298
e ~1333.47411 L1236  2.5849
b + 2% -1333.46338 LUIS6  13.297

%.E. Moore, “Atomic Energy Levels®, Nat. Bur. Std. {U.S.) Cire. No. 467(1949)
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Sble 35

Caleulsted Gpeillator Strengths (feye)
for the Vibrationsl-Eotationsl
Transition of Ped (£ °Z¥ 1 -X g 1)

vt/ 0 1 2 3 L 5
0

1 6.523.06

2 8.693-08 120605

3 L.0W2-02  2.578-07  1.521.05

L 3.585-10 118808 &.G0I-0T  2.523.05

5 2.752.12 5.181.10  2,355.08 T.80L ¥z 3.110.08

6 »258-10  5,707-11 R.510.10 4.385.08 111405 3.653.05
7 2.335-11 2,801.10  2.712-11  1.311-06 755508 1.b32.06
8 2.208-12 6,016-~11  3,381.10 3.867-10 8.588.10  1.k5%-07
9 3.801.11 7.63%.12 3701 6,220.10 £,303-20 2.028.10
1) 5.988-1L L.TiI-il 6.658.12 1.165.180 6.08%.10  4.088.10
v fe® & 7 8 2 16

2

2

3

B LEET-08 L.935.m

] 2L85.07  L.850.00 5.545.05

10 3.130-87 2.39%-06  6.050-05

ot
=~
fud




b v el PR NSNS EPEYS

Table 37

Caleulsted Oscillator Streagths
(t‘v.v,.) for the Orange bywtem of FeQ
(?£*11 - x %gty)

""""“""""".“'mm

Y N

v/ 0 1 2 3 L 5
0 5.0%3-03  3.076~03  1.326-03  3.534.0%  6.L04-05 7.697-06
1 2.083.03  8.002.0h  2.998-03  2.452.03  9.332.04 2.15504
2 L.106.04  2.306-03  3.808-05  2.196-03  3.151-03  1.5G%.03
3 2.501-05 8.312.04 1.955-03 5.652405 1.428.03 3.529.03
13 2.683-07  7.159-05  1.173-03  1.608-03  2.4G0-0h 8.6T2.05
5 1.433.06  1.148.06  1.260-0k  1.L11.03  1.282.05  4.200.0%
é 3.64k.07  6.579-06  3.563-06  1.7hLeO%  1.571.03 1.0%4-03
7 1.160.08 1.767-06  1.802-05  9.315.086  2.081.04 1.669.03
8 2,211-02  5.004-08  L.GhT-086  3.777.05  2.155-05  2.221.0%
9 1.903-09  2.847-08  7.926.08  1.005-05  6.73305  L.kg2.05
10 R.037.20  2.57%-08  1.737<07  5.33508 1.686-05  1.082.04
iy ite ) 7 8 g 10

v} $.478-07  3.L6h08 180809 128500 3.98ll)

3 3-073-05 - 2.807-05 188607 1.977-08 L.B0%-1D

2 LLUBBLY 7.357-05 BL026.00 5.867-07 L.3ak.ol

3 2.256-03 T.930-0%  1.350-0%  1.697-05  1,155.00

L 3 HELT 286503 1.117-03 2.0050% 2.8%3-05

S §.039-0%  3.918.05  3.506-03  1.51303  3.090-C%

6 5-2708  2.816-0%  L.036-93 L.083.03  1.922.03

7 8.352.04 5.855-08  1.M85.0% L .o307.03  L.585.03

8 1.710-03 8.032-0%  6.1%0.0% 7 u805  L.502.03

g 2.133-05  1.70N-03 TLARNGON B MGG 3.502-05

10 8.265<05  1.B17.0%  1.656-93  T.Aleeth  6.693.0u

W e T b e,




taile 3B

(q o) for the Orenge Systeas of |
h Vo (5t o X5pvy) |

o
{

%

o
W3l

1 2 3

$.030-00 3.288.01 1.108-2 2,312 3.233-03  2.78%.0%
3.5%401 1.00040F  2.852-0F  1.035-01  5.658-08  1.Quo-®
9.23%-02  3.739-01  L.59%-03  1.883-01  2.204%.03  B.858.
S.A50-03 176881 3.303-06  5.845.03 1.067-00  2.357-00 S
2.478-02  2.W2.01  Z2.530-01  2.295.02 5.072.02 ?
2.6A08  2.762+05 L.2IT-O2 2.7500) 1.G3.0  3.hE% "
1.16008 1.155-03  7.088.06 3.020.80 5.E20-01  1.58k01
8.982-06  5.584.00 3.853.03 6.778.02 A.MEY 3123

L.385-07  3.9%%-0%  1.597.03 L. Agsah LIS 7.8

1080408 L.SB3-06 9.3kBeE 1.276.02 1.276-02 1.G96.03 _
10 3.033«07  9.h65~00  2.570-05  5.388.03 5.388.83 2.095.%

DTN D W D O
[

v i 6 7 8 o 10
0 1.568-05  L.235.07 6.495.03 3.053.20 155010
1 1.00%03 6.350-08 1.515.55 3.:208 8.237-10
2 1.908.02  2.118.03 L5008 2706 1.LSE
4 2.3686+01 1.39%81 koMW L.dsraan Lool3on
2 226102 2.299.01  LATAl S5 558503
f 3. 8082 6.11603 22580 1.5630 5. 0000
7 1.357-01 3.956.02 L.ShgnOh 226300 1.8%E
& TAIQL 12203 3.005F 6.AE30% 2,200
§  SSTR Lot LT 23R L
0 567103 6. 055=02 2.681-01 130008 L. B5eacs




C ot e e e e rent e v e e

Table 39

. Calculated R-Centroid Mectors
(ca>v'y") for the Vibratjonal-Rotatiocnal
Transition of Feo (X A%1 - x71'1)

vl[vﬂ 0 l 2 3 h
0 1.630+00

1 3.931-02  1.63%.00

2 -2.102.03  5.573«02  1.648.00

> BO7-0L  -3.652-03  6.843-02  1.657400

gs

s
4

1
«2.210-05 3.777-0b  <5.179-03 7.%21.02 1 <00
2.916.006 -L.939-05 6.043-0L  -6.712-03 8.878-02
-3.675-07 8.319-06 -8.828-05  8.595-0%  -8.255.03
1
1

n Qo

EY

4103
33-04

«2,000-06  1.5%0.05 -

D b

3

Y

«2.721-07  S.084-07  .3.522.06 2.k80-05 -

1.280.07 «9.623.08  B.355-07 <-5.083-06 3.692-05
<4 . 285.09 5.589G-08 1.097-06  -7.642-06

B2 ND O o~3 AN
&y {3
¥ \) %

<
o
-
T
"é.:.

o
~
'ﬁ.,"
':S
o]
~
(s
Y
[
(]

L e R B SRRV T gl PET SR S

1.645:00
1.066.01  2.695:00
«1.136.20 10 1.70600
1.780-03  -1.205.42 130001 17100
4] «3.360-3%  =.138.05 ~1.h52.00 137231 L.734.00




Tatle L0

Calo :lated K-Centroid Factors
\.4> ..) e the Orange System
of‘FeC(LII-X 1)

vt 9 1 o 3 L 5

0 1.866G-00 1.723+00 1.769.00 1.824400 1.878+00 1.651-00
1 1.811-00 1.655-50 1.7342+0C 1.780+0C 1.838+00 1.890-00
z 1.551+u0 1.616:00 1.527.00 1.757+00 1.753+:00 1.85L:00
3 1. 56400 1.95R500 . ¥a) 1.352+00 1.791+09 1.800+00
& -2.191-01 1,255507 1.5601:50 1.615+00 1.831+00 1.326-00
5 1.9076+00  -£.143-01 1.560.00 1.568.2) 1.608+00 1.85C:00
6 1.519-0C 1.664+00 -%.932.00 1.6654¢." 1.572+00 1.598-00
7 1.2%:+00 1.5Gk4+20 1.642-70 5.298+00 1.468+00 1.574+00
ot 2.163:00 1.250:00 1.L96-0n 1.633+00 2.71,+00 1.470.00
v 1.585+00 1.9%3+00 1,199 50 1.487-00 1.618+00 2.158.00
12 1.359+00 1.566-90 1. AES- 1.113+00 1.462:00 1.60L-0C
v 6 7 d 9 10

8) 2.022+07 2,151 59 2.20%.00 1.028-00 1.545+00

1 1.970-50 2,034+ 0 2.25%-00 2.110+00 9.823-01

2 1.902-4" 1.0%: 55 2.055:00 2.360+00 1.968+00

z 1.%71-C" 1.9%e-70 2.019 70 2.0L9.90 2.558+00

& 1.50%-"7 S S 1.623-n" 2.05+50 2.0k2+00

5 1.902 -7 1.01e % 1.913-0% 1.931+00 2.095+00

6 1.:9C+5% 2 11900 1.-17-00  1.93G9+00 1.936+00

7 1.5%5L+77, 1.942-00 3.372407% 1.517+00 1.971+00

5 1.577-%; 1.571-00 202550 1.286-90 1.816+00

9 1.+69-7%7 1.5%5-59 1 5607 2.125-00 9.900-01

1 1,229 1.L87.99 1..%5+57 1.553 09 2.245+00
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Teble 41

ralculated 3and Strengths (pv'v")
for the Vibratiomal-Rotztiounal Trans-
ftion of P20 (X 25+ I - X727 I)

RO

v /v 0 1 2 3 L 5

0 2.37k+00

N 2.465-03 2.L.2400

2 1.651-05 k.,952.02 2,432400

3 5.109-07 L,951-05 T419-%7 2 .4162+00

i 3.441-00 1.5h2-56 9.514~05 9.849-03 2.493+00

7 z.125-15 £, 029-07 3.082-06 1.531-0k 1.228-02 2.525+G7
6 3.393-09 5.236-09 8.254-0% 5.763-06 2.210-0k 1.hb75-0z
7 5 .208-0Q 1.872-0% 2.141-09 1.301-97 1.057-0% 2.376-0%
g 1.082-10 3.899-09 2.20L-0% 2.625-09 3.619-00 1.956-.
9 1.567-09 3.790-10 2.112-09 L 22808 3.549-08 2,058-0%
10 2.353-09 4 ,334-09 3.336-10 6. Thk-09 4.127-06 5.347-0%

vt [ 6 7 2 9 10
0
; 1

2

3

4

5 .

£ 2.559+00

7 L.736-02 2.596+0%

8 3.425-0k 2.0L5=02 2.534400

g 3, 326-05 L, 001-0k 2.291-02 2.671+00
10 1.432-07 L, 310-0% 4 .,975-0k 2.536-02 2.706+00
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Calculated Band Strengiths (pv‘v")

for the Qramge System of FeQ
(°S*II - X507

' /V" 0 1 2 3 Ll' 5

7.452-02 5.959-02 2.706-02 7.616-03 1.461-03 1.863-04

1 3.701-02 1.492-02 5.8377-02 5.065-02 2.035-02 lk,975-03

2 7.046-03 L, 1k6-02 7.18k-0k l,355-02 6.583~02 3.517-02

2 ¢,152-0k 1.45L-02 3.629-02 1.079-03 2.865-02 7.462-02

b 4,314-06  1.2C2-03 2,061-02 2.959-02 4, 810-03 1.761-02

5 2.235-05  1.468-05  2.141-03  2.509-02  2.387-02 8.209-03

6 5.217-06  1,038-0L4 5.565-05  2.999-03  2.827-02 1.967-02

7 1.680-07  2.709-C5  2.B77-04  1.552-0k  3.420-03  3.039-02

5 3.170-00 7.459-07 7.674-05 6.105-04 3,.632-04 3.911-03

9 2.660-08 4,131-07 1.196-0F 1.576-0k 1.101-03 7.665-01

10 5.490~09 b 07 2.552~1i 6.145- 2.615-0k 1.791-03

v /Y 6 7 3 9 10

0 1.592-05  9.536-07 5,598-05 . L.087-09  1.363-09

1 7.525<04 7.L76-05 5.255-06 L.711-07 1.545-08 ;
2 1.042-02  1.624-03  2.118-0k  1.65%-05  1,313-06 i
3 5.037-02  1.779-02  3.462-03  Lk.533-04  3.296=05 f
L 5. 016-02  6.543-02  2.672-02  5.595-03  7.686-0k f
5 1.036-02  £.k8k-G2  8.017-02  3.67k-02  7.942-03 E
6 1.0542-02  5.457-03  5.976-02  9.Lh16-02  1.042-02 :
7 1.696-02 1.172-02 3.126-03  9.553-02 1.696-02 :
8 3.150-02 1.551-Cc 1.252-02 1.559~03 3.150-02 ;
9 3.611-02  3.177-02  1.B%<-02  1.302-02  3.811-03 :
10 1.433-02  2.278-93  2.153-02  1.466-02  1.433-03 :

AN




Table 43

Screening Parsmeters for the Atomic Orbitels of UD

Atomic Orbitals

1s (o)
2s  (0)
s (V)
s¢d (U)
5¢¢ (V)
528" (V)
58" (U)
5¢-" (V)
5t~ (U)
5te (U)
6as" ()
6a8 (u)
6aw (U)
6a= (U)
6a0 (V)
2pr (0)
2p= (0)

2pe  (0)

ScreeniggﬁParameter

T.6563
2.2472
3.0630
5.T200
5.T200
5.7200
57200
5.7200
5.7200
547200
2.4240

2,42k

2.k2ko
2.k240
2.2262
2.2262

2,2262
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Confipuration Sizes and jwrbor of Jtavsr yor VCI Calculations of
Various Symuctri:s ror U0

Symmetry 0. OF I, o, of States
(rule CI) {Lotund (to the Tirst

) two dissociation
limits) '
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Table Uh

88
748
1148

k59

173
234

T8

[OAN

A1
199

30

180

(Continued)

No. of States
{to the first
tvwo dissociation
1imits)
6

6

[@x}
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Table Ly

Iow-lying Molecular States of' U0 and their Dissociation Limits

Dissociation Limit Molecular States

U+ 0

L

‘3 - 3 !
L, (5857s%6a) + P (2p")

c
Pl

“T7w), 2ste), i),

272, 5Ty "o,
: N T
703), 'R(3), N(3), “a0),

"A(3), 35(3), “03),

16 T o o,
), Yae), Ca ), Tae),
21, M@, Ty,

i, (griraa) - % (e 1@, P, Ty T@), o,

Ts @), Ts%), 30(3), “103),

Te /.. 2 vy, v
1.(3), [\A(‘), 'f-i:(3), '-/3(3)!

% (2),

.
P Tt o

"3 (2),
T,
L0,
(),

fha.

Ty (s),
5%(3h
. (),

Tgty,

°r (3),
I'.Q' (3),

Lo(3),

) .'\ ("LI’
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Table L6

Energies of Uranium Atomic and Cxygen Atomic Stytes
Representing Dissociation Idmits of LoweLying UO States

Atomic States

&

Total Bner
hartrees

?62.]-981‘2

-62,20129
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TABLE 48

*
Spectroscopic Comstants for Bound States of UO

D = 62588, cm-l, T.76 ev

e

W = 820. cm'l
€ 1
weXe 2.686 cm )
a, = 0.00149 cm
B = 0.33%1 .
r = la& R
&

*G. DeMaris, R. P. Burns, J. Drowart and M. G. Inghram:
"Mass Spsctrometric Study of Gaseous Molybdenum, Tungsten,
and Uranium Oxides," Journal of Chemical Thysics, Vol. i,
190, p. 1373, '

S. D. dabelnick, G. T. Rredy and ¥. G. Chssancv: "The
Infrared Spectra of Matrixe-Isolated Uranlum Oxide Species.

I. The Streteching Reglop®, 10 be submizted 'o the Journal
= Lo ¥ e r——

of Chomjenl Phvaics.

ook i P 4 i o L
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1.209-C)
2. 29%-07
8.633-09
1.455-09
1.772-10
1.525«11
3.4¢3-12
0.884-11
9.820-11
1.7:0-12
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Table 49

Calculated Oscillator Strengths (fv. w)
for the Vibpational - Rotationsal Teansition
of UO

23905
7.200-07

3.L417-08 QU 4,705-05

3

1
4,L427-09 9.230-08 7 87000 €.8451-2y
1,218-09 1. 3608 005 T-07 3.760-00
i.904-10 5.085-0% 3.47,-08 2,073-07
t,181-11 1.307-99 DL ohaaon 7. 3k -08
1.1kt 1.999 3.3 909 L1038

7

2es38-11

1 L08-10 IV LN

~3
r
L
e
(&

LN R R S P

- -

R B 4 PR PSR Lol -

0.¥91-05
£.345-00
Gl LCTOT
1.2.0-Q07
AT g
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Tablie 50

Calculated R-Tentrold Factors (<& . v) for the
Vibretionai-fotational Tyausition of UO

0

1.843+00
3.709-¢2
~1.50%-03
1.001-0%
8.831.06
1.1453-06
-2.293-07
-2,567-07
3.544-07
-3.247-08
-2.266-07

1.852..00
2.91)-00
<8.008.03
Q.323-04
-1.238.04

1.850+00
5.253-02
«2.613-03
2.028-04
«2.012-05
1.061-06
6.972.07
«5.217-08
-1.629-07
1.027-07

1.856+00
6.hhk o2
«3.711-03
31700
=3.190.83
3.30L-05
2.987-07
L.307-08
~£.01G-07

[e 7]

'UBSR 00
1.178.m0
~1.0310

1.863+00
7.455-02
-4 ,799-03
L.b76-04
-4 .823-05
6.5443-06
-1,282.06
1.121-07

3710k
}F‘l a!

el
“a

&

1.869+00
8.349-02
~5.835-03
5 .986~0h
~7.159-0%
$.317-06
-1.682-06

10

1,300

5

1.876+00
9,160-02
-6.650-03
7.5G7-0k
=5, T0T7-C5
1.286-05
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F£87-01
L11-07
.508-03
.26k =0k
JTHI-05

Table 51

falculated Pand Strengths (p, ., »)
for the Yibrational-Rotational Wranoitlon

of U0
1 2
7.150-01
2.754-03 7.059-01
1.469-04  1.457-02
L.665-06 2,995-04
L ,5L8-07  1.269-05
~+1.,005-07  1.436-~06
1.313-08 L4,722-07
3.630-09 9.491-08
5.852-00 1.194-08
2.569-09 3,.872-09
7 8
A .50R-01
2,R8R.02 4,506-01
1.926-03 4,350-02
17860k 2 .376-03

188

6.959-01
1.940-02

5.110-04 -

2.8L6-05
3.620-06
1.039-06
2.775-07
1.195-08

1.266-0L
1.763-05

6.866-01
2.4k29-02
7.832-0L
5.396-05
7.702-06
1.752-06
3.390-07

10

6.317-01

6.776-01
2.922-02
1.121-03
8.792-05
1.284-05
2.156-0€



Mble 52 -

Screeaing Paraumeters for tihe Atocic Crbitals of vo*

Atemic mxtals Screenizg Parameters

is  (0) 7.6568

2e (0} ' 2.2472

s (1) ‘ 3.0630
see® (U) | 5,720
519" (U) ‘ 547200
523 (u) 57200
5¢6  (U) 57200
58«2t (4 5+ T200
e (V) 57200
2pr’ (0} 2.2262
2pe - (0) 2.2262
2po (0) 2.2262

189




Takle 53

Sonfiguration Siges and Rusdber of States rwmcas.-
calations of Various Symeetries for Og*

| gy 5;;1?(3. O(U+4'0) %%%% level)
ﬂ g
i; 25 4= 483 ug* 2 {+), A=)
] bge- 3 3 204, 1)
6 5- ' _ AR 13 _é @)y L)
: 2w : 4o Ty -3
: b . 33 * 3 .
{ § *
f ™ 13 3
N ka7 105" 3 '
L ha 293 65* 3 .
| 64 63* 11 3
* 2s 358 8" 3
by 2ks 53 3
: 6y 51% 9 ' 3
, 2¢ " 295 69 3
? b g 15k 40 3
| 6r | 38 6 ’
| 2g ' 2zp 50 3
by 139 27 3
) 6 26 4 3

190
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Cete

b et et P < < et Tt e A e b T e e - s o - PO —

Ko, of States

(to I, + Eg level)

21 154 33 2

#Indicates actusl configuration list used.
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%eble Sk

b1, 66308 + (2 °2°0), 22 %), ‘270,
: b3 %2), S5 (1), 63 *(e),

a0 ‘n o), G0,
2203, “at3), b2 3),
%003 ‘e (3), %o (3),
2 Y 6

rGl 1), ri),
2‘ {3), kﬂ (3), 6! (3),

L

1), 1(2), 6_: @,
2w, "k, %)

192
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Teble 55

Energies of Uranium Tonic amd Oxygen Atomlc States Representing
Dissociation Limits of LoweLying UO* States

Atomic States Total Enerpy (hartiees)

Iu + ;)Pg '79.66736
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Table 58

Calculated Nscillator Strengths (£, ") for
the Vibrationel-Rotational Transition of w"()"’n -V )

vo" 0 1 2 3 N 5

0

1 1.031-05

2 7.093-08 2.0L1-05

3 7.07h-10 2,003-07 3.036-05

4 2.598-11 2,900 3.877-07 L,017-05

5 6.028-12 A.191-12 7.806-09  6.249-07 4,987-05

6 1.015-11 6.438.12 1.016-12 1.614.08 ©.121-07  5.945<05

7 1.119<11 4,369-12 9,378-12 1.867-11 2.848-08 1.251-06

8 3.812-13  1.05¢-11 1.488.11 1.698.11 1.950-16  L.385.0f

9 7.778-12 1.766-12 1.639-11 3.911-11 5.753-11 7.026-10

10 6.21417 2.462.12 4.805-12 1.798-11 4.092-11 8.k25-11

viy" 6 7 8 g 10

0

1

2

3

L

5

6 :
i 6.683-.05 |
8 1.643-06 7.816~05 '
9 6.303-08 2.081-06 8.728-05

b
Q

1.501-00 B8.585-08 2.567-06  9.623-05
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10

10

the

1.845 400
3.6Lk2a00
B ) b
3,487.0%
=7 .672 <OF
Q,607-07
«2.237-07
«2.5%:-08
7.294-08
-2 .086-08
-1.797-08

1.88L+00
2.734-00
<7.A12-03
8. w80k
~1.171-04%

b jonu-"atar {onal

1.953400
5.100:07
-2.543-017
1.92L-04
=1,77h=05%
1.90%=06
-7, 98807
'700%"09
8.44L.08
L, 72.08

-

1.8Q1+00
1.042.01
-8 gLR-0%
1,074-03

‘able

Y B5G400
6.330-02
3, ,£35=-00
3. 054 -0
L,305-04
<k, 755-0¢
5. L3b-0f
-5, 5%6~07
-1,165-08

1

1.P97600
1.108.01
-1.003-0°

ransition of 0"

1.855+00
7.3°1-0"
b 66601
4,330-0L
b 75505
5, b3be08
«3.59%-07
=1.165-08

g A Y
rgimlated R-rentrold actors -':&»v,"..e for

Rats

P

1.A72400
£.199.03
=5.730~03
5. T43-Ch
-, 73805
R 10808

-~

+5 2%-07

L3

1.9:100

o ok 4 e B TL AT € 31 SN TN

A

1.2784C0
R, 29702
5,798 -03
7.283-0L
-9,0%3<05
1.1°2205

e nsbo—— oy, W




Table '»»

Calculated Band Strengths (p,',"
for the Vibrational-Rotational
Transition of Uo* (X"n - x‘*w)

o™

[ ¥4

199

vt /v o 1 » ' 4 5
v} 1.931.00
1 4.018-03 1.956.0C
2 1.387-05 6.010-03 1.983400 .
3 9.253-08  3.9L3-05° 1.199-02 S TR
b 2.558-09 3.939-07 7.683-05 1.5¢ =02 -, 237400
5 4.763-10 6.13k-10 1.035-06 1.0 - 1.596-02 2.0€5+00
6 6.704-10 5.120-10 1.013-10 2.1 -7 1.:32-04 2.396-02
7 6.358-10 2.926-10 7.508-10 1,874 . 325=06 2.529-04
8 1.901-11 6.055-10 9.961-10 1.3¢ - i . 272=08 5.931-06
9 3.459-10 8.867-11 9.434-10 2.6% -(ry : . 66E=-09 7.150-08
10 2.1496-11 1.102-10 2.429-10 1.06 - .TTT-09 6.883-09
v /v 6 7 8 ' 1¢
0
1
2
3
4
5
6 2.093+00
7T 2.795-22 2.121+00
8 3.34L4-0l 3.193-02 2.151+00
9 8.582-06 4 .265-04 3.590-02 2.180:00
10 1.538-07 1.177-05 5.296-04 3.985.02 . 094X

o

o,
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Soree ndin, Parametcrs o 1he Atomi~

Toarbieals

" ————_ i —

(1)
(0)
(1)

)

(71)
(1)
(11)
(1i)
(11)
(T1)
(1)
(0)
(0)
(0)
{T1)
(T1)
(11)
(11)
(1)
(Ti)

TABi& t.]
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Orbitals ot ™0

Scrcening Parameters

£1
7
T

e

9
9

-

3.

o

e

.
L=

l'

2
2
2
2

-
‘)

9.

3
3.
3

.hho9
-6579
.6883
2ks8
L0324
.0324
0324
6777
- 3679
3679
-3679
.2266
.2266
L2266
2042
.7138
.7138
.7138
.7138
.7138



TABLE 62

Configuration Sizes and Number of States for YOI Calculations
of Various Symmetries for TiC

Symmetry No. of Cfas. Mo of States
{(to 3F8 + ]Dé‘: level)
Lgts- 754 w0y, =) 7
IS Atk 1,110 15(+}, 1{-)
I At 4o 1(+), ()
Tgt- 61 4{+), 2(=)
n T00 1n
3n 1,050 27
oM o 16
n 56 5
4 597 10
34 861 23
°A 324 1
a 30 4
‘e k3 7
3¢ 626 16
@ 214 9
T® 20 2
o r 287 b
’r 382 9
or 120 5
r 8 1
_ 1y 152 1
3y 200 3
a 50 1
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Digsociation Limit

T+ 0

3. ,..2, 2 3 4
F 543 P (2
g(Jd )+ g(_p)

r;'Fg( 3&3hs) + 3?3(;.;')
2, 2 3 4
ng(Sd 4s7) + Pg(?p )

3Pg( 38°4s°) + 3pg( 257

SFg( 3&3148) + 3P8(2pb')
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Nalecw Btates
3g%ey, "N, Tgh@), g7,
BT, W, Ee), BWe),
ey, 38w, T8, )
e, CEW, T, e
3£7(2), °£°(2), W3, WY,
%03, *8(3), J8(3), *8(3),
903), B3, ‘6(3), T2
Py, ), fr(, daq,
7H(1) '

38, 327, Y|y, Js ),
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T4BIE 64

Energies of Titznize Atosic and Ouygen Atohic Stetes

Representing Dissocistics Limits of lzewIyinz O States

.

Aoaic States

3 +3
g8 8
Sy + p
g g
b o+ 3% §21,29370
3 __ e pias
P 31:8 9£1.28385
3 3 _ .
PR «921,00951
1
c, * 3193 921,260
 + 33 <920.9485C
g g
3
«420,9%126
Gg + 3P8 20,9412
3 .
) 921,262
P+ ’ng 921,2€211

Baergy Bel#tive

to 3F + 3p (73
& 2

Czle.
G000

9.1235
1.6364
1,964k
9.4296
2.6131
11.0876
11.2863

2.5559




GST46° 026 TS600° 126~ TG600°T26= TS600"T26~ mwmmm.amm.
. - - . 09
- » 2eBLT Te6~ 90TgT 126~ ~Ammm.amm. 0°G
(- - 98899t *T 26~ T62LiT1°T26~ Légnz 126~ ¢ q
PONST TS5~ g6gsT T26~ gTECT  T26- 090LT "T26~ 96042 126~ T4
THLYT *T26= LO26T 126 X% & /0 TETLT 126~ 064t 126 6°¢
792+ 136~ CTHHT “TS6~ 05K T26- £00LT TS5~ 2goee 1e6" L€
G99ET " T26~ GOLET 126~ LT6ST 126~ 0666T T26~ £gET2 126~ G'¢
6°62T 126 TQTET T26 £209T *Y26- 6049t *Tcb= GoogT 16~ £°€
guioT 126~ qreet " 1c6™ 9lget - £26- G60ET ThH- TSHET 186~ T°€
LIHMO 126~ #£060° 126~ 62660° Teh~ £61L0° 126~ £50G0°T26" 6°2
289£6°026 6TgE6° 026~ £2196° 026 #60L6° 026~ 66 06~ Lz
- 066£L° 026 ¢alal-cz6~ TTTLL 026~ €Ly 06~ 62
d
+37 -¥t +31 + 37 -2
cgege 126 ¢ptea° 126~ HO94GE * 126~ ©096€ * 126~ #09GE *12h~ o
- - - - IR o0 0°9 s
€0z92° 126" GO0ES2 126> THOSE “T26~ 22EEE Tb- 0LEEE "T26= 0°¢ «
Tens2 126~ ¢ogse 126 cTozE *126- CgEzE12h- oégct " 126~ S h
1162 126" LLLGZ 16 9.80¢ 126~ HEOTE " T26~ g96£ € 126~ T°%
ogl%iz 126~ ognse 126~ oTTOE *T26~ 9602f " 126~ STLSE "T2E~ 6°€
0oEE2° 26~ 656Y2° 126~ gOT62°T2 gEoct *T26~ ToHEE * 126~ L€
62022 126 66922 126> 0cllz 126~ Q0LEE *126~ 9202t 126~ G €
 HLigET2oe GIEET 126~ G062 126~ QEEEE *TS6~ CTgsH 126~ €<
 GRGHLTSEe 20IST T2~ 60622126~ HogTE ‘126~ HE06N 126~ 1€
gllotTe6~ §680T° 126~ 989LT 126~ ClTlz 126 CQHOS Tk 62
. tR6En° TI6~. 92040 T26- H6L0° 126~ CeTLT 126~ HEERY 126~ Lz
Y XM &gECE 026~ 66806°026- 6e%86°026- HoL6E *TE26- $-2
. i tr .A. . . m
ety +% -7 +37 +37
R R ﬂ 2IGOE BT IOUSISTP IeSTINMI3IVE 8321108y UT 48 gaTdrauy)
w0 T OFL JO 893835 OTHOIIETE Jo SIFRISM PIARINITH)

A _ 59 STaEL




TTese 126~

TESES TS6>
lozzz a6~
#EgT2 126~
4©6L02° 126+

2lSoT 126~
RE9LT 126~

TgHL6 026~

OQM

DuL62°T26~

-

52652 126~
GriGc2 126~
20652°12h=
ggine Te6-
TS0E€2 126~
ING6T T2hH~
T6EST 126~
£6STT 126~

09840 126~

ageEQe 126~
£Lgh2 16~
otREa T26-
26022 126=
ggEt2 126~

OTé91 126
TaLET 16~

22HR6 026
- 4 'y

0Le62°T26~

L6662 T26~
2BH52 126~
telsz tes-
TLGn2 TSh»
Ll2Ez 126
8o502° 126~
CLECT T26-
GLOTT T26~
TEé50° 126~

o3¢

SQfRe 126~

2g19e 1ch=
wegte 126~
G262 126
1eote 126~

Clelt 126=
0994 *Tch=

6lLag6° 0z6~

oam

#095€ *T26~

T66TE *T26=
T2L0£ 126~
t€elbe 126~
06tg2 126
g0292° 76~
gCot 2 126~
WSET Te6-
800S5T *TE6-
9czlo 126~

oﬂm

(penurjucp) 59 arquy

Ggtge Teh"

g6tse 1e6=
9LlInz 126~
OLES2 T26=
eltzz 126~

QELLT T26~
orosT Tek-
OTH#60 " T26~
©LT66° 026~
o3¢

M95E *Teb

FISTE Teh=

QoUTE Tas~
loGTE T2he
STzt *teb~
£S0LE *T26-
LOEES TS~
TEPLE ‘126~
gsale iz6~
Lu2lt Tet

+¥¢

OLt62 126>

629562126~
Téme 126~
digEe teb~
ELyza Tt
EMH02° 125>
SESRT " T6-
COZET T26
geETI 126~
TLESO Teh-

-I¢

005E *T26-
S2UNE " T26~
LOEEE T26-
A B
TEpeE 126
ZHSEE TG
S8l 126~
LB09EL “teh-
GLLGE 126>
BOJEE *REb~
B9 T2~
THEES tEbe

I ot W B WL N
L 4

s

-
M Y

ﬁmﬁmoo

»

NN

bd\v-fmm

o

$

.o\.-tu.\oo
= 3 BN\\Y

»
WL MMy n

-

®

206




R5EH6° 026~
€9TH6" 026~
ZLIE6°026=
égLz6 026~
€T606° 026~
2EB6Q° 06
89088 ° 026~
66268’ 026~
8L808°0c6™
gEQEL 026~
9£929° 026~
£62Eq* oo
eqlt 026~

+3)
cQEge 126~
#6662 TchH~
96932136~
0.0 1A €A €5( 0
62T6T T26~
CLEOT T26™

0064T " T26=

26269 026=

+ 3¢

QegH6° 026~
o6 026=
88LE6° 026~
H0626° 026~
GOET6026=
TE668° 026~
15TER 026~
2GH5Q° 0c6*
H80T] 026~
g604L 026
H#TTEH* O2h-
9909%* 026=
0Sg6T 026™

+3)

.

cQfge 126
gr092° 126~

olLz42 126-
Yw2ls 2 126
fglze 126~
ofoTZ2 126~
€906 T T 26~

HOLL 026~

2

SLo2o 126~
6LETO°TS6~
90£00° 126
£TE66° 036~
GTELE 026~
28L96° 026"
Loghb0e6-
962T6° 026
20,69 025~
TGOLL 026"
9neES O~
Lzioh 026
H666T 026~

©095€ 126~

620LL * 126~

JGO0E *T26-
¢TgRc 126"
hetle Tehb-
gtlhe 126~
THIOT * (26~

$200g° 026~

|&

(penurjuop) G9 sTaBEL

94020 Th~
TgET0 " Teb~
90£00 Tc6~
12566 0eh~
646L6° 06~
CqR96° 0eh
#9166 Ok~
42 A RO S
TIE8n 026~
890£0° 026~
wggel02b-
6QE6h *cSh~
LYGGE 026

)

‘_

095§ *Te6- |

O6TEE *TehH=
46LTE T2k
9,00k *T2hb~
grege 126-
LI AR
SHlywz 126~
26112 12h=
gLEST 126~
LHCOT T26-
0SLE6° 06~
09208026~

+ 3¢

9LOED "t ek~
g2lT01E6-

LGOTO T2s~

T " Te6~
LESRE 026~
#aTl6 026~
286 02he
$5826° 026~

526G uShb

299ty 0eb
cegnl och-
L5509 026"

oElgtoet~

« 3y

0958 126~

gelys *Teke

ZHIEL 126~

P74 € Tl €2
OHETE “TTE
T0L0L 185~
aeg6e b~
Tlolz Teh~
wihe ' Tdb=
996LT 126~
TH0ET 126
BRGS0 126w
£E£9E6"0E6"

oﬂm

N RO ARNG G
" - * - - 1
NN NN = O

. - - (3 .

(1]

-

- . . - Y

v

(TN ol o W B W T oW S s N I oW o W e )
NN NN My Y

4

207




"

gITH6" 026
6264T 126~
LTGHT 16~
Lyt 126~
mINT Te6~
ALEET 126~

6g02T° 126 .

mmmm«.amm...
9g9ln TSH»
05120° 126
gengn Geb~

Ligo9 ozb-
X ﬁ,n

cgEQz T2h

9Tic2S Tch~

nGoH2 126
66TE2 126

€lee2 126~ .

EEat2 126>
- CH902°TSH~
LSBT 126~
1629t 126~
1602t 126~
+#6100° 126"
g6LEP 026=

o

gTHE 026>

TQELT Tc6~

GEHOT ' TESh~

EGEST 126"
HeGHT 16~
opptt T2H
62551 126~
gltezrtee
JTLOT 126~

, 66680126~
1£669° 026~

pix- <o MaT/ o

) 14 na
SpEgS 126~

SThH2°T26-
20L42 126~
€9t 1k
¢o622 126~
otz 12hb~
Lt CAl v
651E2° 126~
6Leet 126~
60621 126~
02920°1e6
SgLg*025=

>H§ﬂ

15600 126

HT6LT " T26~
65L9T 126~

glostrtat~
CEShHT " TEhe.

co2aT T3k~

L9 yehe

TIOEL T~
SOSTT ek
TeE i TEbm

09596 036

Lokl cag
ITIA %.a

+H09sE *125-
1965 126~
CBTLE ‘126~
GCOGE *126*
ctlee tete
octga b
Locoe tebe
g9ze2 " 1ehb~
(1L T
-g922° 1=
teheT 126"
T4l00 126~

113 ;m

(vorursuon) ¢9 s{qBL

16600° 126~

LEBLT T akm
SUOLT TEE
Gl " el
Tty e
TOBaT " TEke

kst g zbe

BN 18k
RS0 T b

Gyl o8l

WL OR6e
14 8,
HORLE L 2h~

T A €
TTo2E T2t~
29408 T26=
LEDOE L ab~
gEese 1Th~
Exop2 Tk
X TR o O
geeie teb”
L&LEz Teh"
eTTe s
R W

T

%@m:.@
GETLE
Gl L
TR Lk
LiLY e
Lawiit 1ebe
X Th G €2 7
Lisex xete
mm&hgrﬁ * NN&%
RN AT Tl
Linum pEbe

14 &,«

KL “TEhe
TEAKE " tehe
HBHEE * {Eb~
QETEL *Tabn
GYELS ~ T b

BN Lk

DONOE *T2h~
BEELE 126~
LEEQL *TEG
SotpE " TIw
LGOGEE Tl
GeggR Tk
9007 * 1 oo

H.m&.ﬁ

3 O Q0 NN VS Y Ty L

-«

- x t ®

e R R

&

LY S T

NI B Waa I a W o W JET S Y WY s

*

-

- - - .

el O I B L WA o S S AW o B - T

w0




At i

Rt

IR WA

TTc92 126~

-

€IEE2 Teo-
TOg9TS 16~
61502125~
GTogT " T25~
62E6T 126~
6861t Teh~
6L656°0c6~
X hm

oLEéz 126~

-

GOgee T26~

A T €
6£9E2°T26~
alyge 126
£ogoz 126~
He2LT TS
6clat Tes
Q630126

Al

SN N e e vttt ey

11292 126~

9LECS T2~
oLoc2e 126
LESOR2 ' TE6~
et *T26~
g2l 126~
00T2T " T26~

226L6°026~

ﬁnm

0L£62°T26~

64002° 126~

2aln2S 126~
STSHS TSE=
9g9L2 126"
L9tz 126"
gEHT2 126~
9GoONT *T2be
#L1E01c6~

>H§,m

sgEge 126~

/11 A e
SOTZ2 1k
Lieoz te6~

EeT6T 126~

609.LT 126
e 126~

GELE6 026~

ﬁgﬁm

HO9GE *T26=

HRPTE *TSh=

aLifbe 126~
droge tee~
LBloz 126
6tluz°Tch
29262° 126~
xpta 126~
0E0LT " T2k~

Y,

(vonuziuep) <9 stqmg,

T A et Mgt e o £ i+ o o

sgtge 126~

noonz 126~

gtgze1ehe
1EET2 Teh~
L= o et
Tolgr teb=
SHLAL 126~

S6210° 126~

un@m
0958 " 126~

- #002E *Tehe

TgcbHe 126~
ole6e 126+
CHO62 Teb~
€162 Tehe
g5o82"1ch=
X2 e ST A el T
ono2R Tehe

Ta.

OLEGE "Ti6-

62l52 Te6

e AR
e e  Teh
€912 T2b~
56561 Teb=
£o851 TShb>

g0 126 -

Rﬁm

20558 *Teb~
geiyt  1eb>

Telet ‘126

e R €
ESE “ 126"
THoLE “te6=
TipRt Tebe
ST9PE*TE6
EHRLE Tk
fozle 1ebe

hhmm

8

‘-O.e.

»

B o Lt R T e T L T ST

Ha
»

[N LY -

-

T ON e O N P QR N

(R BA RN N AW e W o
- L] - -
UG MYy N g o N

L4

o TN




{peruzined) ¢9 orquy

gagh6 oe6e gag%6° 026~ LoD T2b= L2y ook GLUB0 1eh
€8TH6° 026 92546° 02H~ LETO 126~ RO 126 EELLO Tebe
#2T$6°026~ 946E6° 06~ 13200 TE6” ZHE00 " TR6" OTELO TG~
b e v 41£€6°026~ €566 06 WISGE Ok GEMD T
99L06° 026 €Ltz6 026 gHhL6: gk SELHE’ Db Lezbb ueke
1869 026~ SE0T6° 026~ L2096 ogb> Helle" 0k~ S Tb ehe
6LL99° 026~ 6216g" 026~ #26E6° CTh™ 2IH56* 026~ gt 0ube
T06€8° 026 TE6L9° 026~ 20L05 oeb> L6gt6 ogke FReHh Gl
clugl-oz6~ 85968 026~ SLE6Q" 026~ 556y ogks LTH weke
61L0L° 026 Tr22l 026 salgl vk - 96tEg 0z~ PR A% I erT g
€L286°026= TLH6S 026~ onilg* 06 T9ZLL. 26> EEC JL pute
SLLLE 026~ 7gTTw 06 2ETTS 06 Ot gLs Db~ LEEYY tebe
4T290° 026~ GEEET *OS6+ Eens e 0eh~ 61998 0Tb 3508 0eh"
A, iy, ﬁa,eh uy, 14,
6gEQ2 TS6 cgtge Teb- HO9GE *TS6~ HOPLE “TEb . HOSLE “Tebe
. o42la Te6~ lgnle 1e6= g9t 126~ AR e £ Gelyk 1ubm
otise 1e6~ 65652126~ 29 2E TSh~ LOTEE “TEh~ enett TEhe
GGSHe TEb gTin2 1Sh= oRLE TS6~ TEETE 126~ #g61E “1b~
GETEe T2 29tEe 126+ hgee Tebe ZE50E Tebn LEQOE “Tebr
4i612 126~ Ztyee 16~ Sesle teb~ A e TOOOE “ T2l
€oT0z° 126~ 69112126~ TETS2 126~ zEoge " tebe trige-1be
#6ELT"TE6~ STL6T 126~ €TLT2 26~ EERS 2 TEb~ . BheE Tk
SONST TE6~ HELIT *T26~ Lszbt 126~ Lenee ek . Shibez: Te6e
£géot “Teb- niIET TSh~ 9EEGT TShw CYIIT “TShHm e R & ol
£19%0°Te6~ #5290° Teb~ OE9LL T2~ Q0060 T b~ THHET 126
86£68° 026 #61e6° 026~ GLEEG OSb PO Th LGEHO TG
H2THY 026~ 0940.° 026 cleal oz SH055* 0ch- peety o> -
AU, au, 11y, na, 1w,

B e O N O

PENY R e et N O O

8

< - -

* -

MU NPT OIS 3 LD

& - -

o

-

“ &

Rl

a = +

K

; Mt‘!‘é oy mmm-:ya:ﬁ Traxts g

'3
%W}

s




USRIV E PPN 4

goeh6° 026

CEHHT 126~
COHET 16~
1962 126~
LEsT 16~
20LTT° 126~
LT TE6"
L2390 T26=
06050 126"
9L0L6* 026~
4©25€9° 026~
L0659 06

%;vﬂ

T6600°T26=
CETYT TcH~
oHELT*TSh~
OTTLT 126~
G62LT 126"
ZHETS 16~
étqe2 126~
Q6TLY T2t~
69049T T26~
KLLOoT26~
£20L6° 026
045LL 26~

xwﬂw

86846° 026

OLOHT *T26~
799€T 126~
LeTs 1 126"
07LZT 126~
CCNET TE6=
KTLIT T 26
LR°001 Ol 0
£grlo 126~
OhLLE 026~
SHERR 026"
£.199°026~

TP,

cgepe Teh-
9£2g2 126~
£gose 136
gerG2°TEt"
gTHG2 TS6"
sLghe Tebe
0622 TShH~
ofEp6t " 126~
94261126~
€oLE0 Tt~
£T9R6" 026
&4q9gL° 026"

MV,

goeH6  0eh

fRLtT Tch~
Z004T 26~

GRET T2k
EEnHl Teh"
ZoafT 126
TEOETL Y26~
£OSTL T2~
g6%50° 126~
61L00* TE6"
6L967° 026
1669026~

HHHbmvﬂ

HO94E 126

62gce *126~
2OHTE 126"
o562 Tehb~
cergeiete
GEELZTEh
THgse ek~
LTTOE “t2b~
HoZDE *12hb~
6igee Teb
CEpsT Tt~
THeL6 Db~

1y,

(ponugiuen) 69 wTaRy

o weages wadishe

15600 126«
GOLLT Tk
tlegt 1oh~
JTELL TEGe
OTLRT " TE6
E4GYT TTh
T O €3
SEET Tobm
FOLBO T a6~
65820 TEb"
OGEG 0P k-
EE9TL 00k~

1LY

OMGE 1ol
FHTEE Teb~
FSETE " T2h-
LLLCE "X &b

E6ent 12t~

SOTOE 126
SASY IS
BOZTE TEb~
R9GT R 5
OTECE " TEb~
&LEw2 T2h~
A A

Hnﬂud

T 156

-

VERLT TEl
AT 554 O S5
O 8.1 Tabhe
CLET T G-
GrEHYL Toke
TR A ST
- T A P
7 ¢ cha A
Gl Teb-
Ut M eTo o
el 08h

Ia ﬁw

HOUSE T 6
GELYE TEhm
anE s Tohe
Camte Trbe
17, T R A O
rauet “Tebe
SEEE T TE0
OLLTE " TEhe
nTOHE < TE6~
Weuk e
G668 Tobe
17280 A I €7
LT TA A €4 ot

Hawa,

3

Qe
SN0

~
-
-
-

- -

[Vl S Y B 1 g IEF S
R e W

-

=

11




Ttc92° 126~
Lalea te6~
sglze*Tob=
gootT2 126~
genoz 126~
SHobT 126~
GoLT 126~
TECET 126~
6a2€0 126~
clyEn Tt~
LT606° 026~
9EETL 026~

MQm

QlEB2 126~

ta2loe 126~

ca952°Teh~
€05H2 TZ6~
=S4 LT
iot€z 16~
g0L22 126~
EnlET 126"
Ltogt 126~
E420T°T26~
ZT066° 026
£L0O6L 026~

>ﬂm

TTE92 TEh
GEoHZ TSh>
QlL6z2 126"
SHire Teh=
HE 602 Tehe
£800z 126"
H6OgT 126~
enlot 126"
0171 126~
LB3t0 16~
LOOTE 06
SHT3L 026~

¥ Qm
0LEGz 126"

Lé6yz t26=
ZT192* 126~
2659216~
tEuge TSk
XS AR ¢
TSEHS 126"
Oté02 126~
TELLT 126
A s ol
699810 T26"
04SP 086

an

TTe92° 16
gNTne 16~
gEtEe 16
LE6Te 16
IR ACAN
OEROZ  Tobe
CTEET 126
SSHLT Tohe
HOFET TEE>
19460 " T26~
N6’ 026~
HOLEL  OLh

I Y,

#0958 *To6=
IR A €
H#6HTE " Teb~
celLéz 16~
19IPT 2b=
LEtag 1ch=
ggco2 teb
UPOE * T76~
05get * 1k~
gepge T Tet~
20261 Tk
26800126

TII ﬁm
{(perayauc)) 69 ITYLY

IS CeDAR €00
gt e TPbe
trata2 Teb-
Lrtee ek
362 Teb
2658 125
SEHET *Lib
LT Tehe
LT Gl S
Caep b
aoale 0o
66701 Ceb-

112 dm
WIH5% T~

PGTES Tob-
IR 5
Thlnt 1k
GREQE ' TIb-
1070 0) Il 70
TR ¢ s v )

65625  tThe

OLBET " Teb
GLT2E * 1k
s A € T
ELERT 126

Lge9e Tib

LTy Tibe
e O A
tegte teb~
Li6ze tibe
tores 1eb-
605t Tab
LRLT Tk
Tagwt Teb
o600 Teb>
eEpLs Ol
m..n. a.q Aw F Ok

H... .qm.

1094E  TEbw
aelng  Teb
GH2EE Y6
Pt tebe
SELIL TE6
G0TE * L ik
Seb2E  Teb
AONE T
Trns T Leb-
gorE Tl
ELLGE " TT6
PIGA S I €2 20
L9502 16

1P, %

1

69

2

O NI Y Ny, Y\ N § 8 N

ey
-
- -

a

WO - O

=

oo

-

-

L W B

-y
~
-

. e . -
NN N MMM N

Al

S
.

e 53

2,

N




R AR TR s R YT R R T TR L S A .

TS600° 16
0gH00° TI6~
0LH00° TT6~
GGa66° 06~
9gr g6° 026~
0L546° 026~
eeTo6° 06
88L£6°026-
L6806~
funeg’oche
4Ee 2L 0E6~
64135 026
Z298E *0ch

me

3L070° 126
95020° 126~
gL6E0 T26=
T0gLo*TE6=
VR TAASE €5
eliqT 126~
CZTLT TCH~
LT69T 126=
HE0LT*T26-
THEE0* T26-
20500° 126~
£9906°026-
0L5g9° 026~

p‘m

T4600° 16
66600 126~
§H000° 16~
P2I00 Y6
REEE6° 026~
TTEE6° 026~
64596 026
£06E6° 026
C6964° 020~
glicproeb~
6zgel. oehb
pRIA s ol X
GGTEE "0k

<

cpEge Tl
oeGle a6
0LE6 2 TE6~
FTEH2 126w
695221126~
Leotz 126~

OHEYT T26~

QOEET *T6-
08T ‘T2b=
2elat 126~
4#£090° 126~
264T6° 0ch
fteel ozb~

aﬂm

14000 Te6~
RN 1ok
L0 Tobe
SUHOD T26
T.3T10° 126~
ReTAN 9 0k o1 0
TEOED 176
IGOL O Tl
S TO TG
6LEL6° 06~
TBLYR 076"
0L7L OG-
> BUAR BT

Ay,

HO95E * T7F=
e T 76
3582€ " 1.6-
LGGTE 16
s A dal e
0" R €A i
G2 Toh
9LTs 2 Tab=
PEL6T T
eHELT 176~
CONB0 TEb-
2BL46° 006~
050fL 026~

Iy,

{vonutiucy) 5o OTqwy

LR T

dOE0 T
L1 (ol &=
CEIO T b
CRIEN TG
AL O Tt

A Rl - 0
TENLLD T .0

m.QOmwO. 1.6
Nm g ‘T m«\,.\l
080" 1rb>
s it Mo oo
BT ARl
TILL e 006~

373 2

"wypid T
CTLHE 106"
X+ s W ol
BrTR SN €1 20
FEO0T 116
1% FA it
LETL T b
AP TR T
geéOT > 1oh
SERGT T r6-
GOTOUT Tobe
GHEB* O 6~
#l16L 0ch

NHQB

4ine0” Téb
et tehe
EHOX " Tebe
e ) TEC
1YY TG
geY " 1eb
9te o 0% Ok ..ﬂmi
T 106
GEALY Tl
PR el Tl 00
L6715 0.0~
w3 Ll Ov6e
Ll 0vbe

H‘@a

;.bn"uwﬂ T a...h..b

A Y S
Fod e % i 4 7
L GLE TCE
RIETe A O
IS L Tl €7 0
gergr Teb.
SE T Tob
HLOrE T~
Y 21~ O i

ET b
BCTRO 176"
Gatf g 0t

1y,

o
&



8-THo oums
aQ 'y m. 4uml
N.w 3 006-
DR favi
U6 oo
OE6y "0 6=
Go6Lg" 076~
0858 000"
R RN
65%aL 0T6=
*®l0L9 0z6=
S98TS 06
9%l Lo 076

In.

b}

9TT4G 66~
28THG° 006
H6TS6 06
16566026~
Lo T 26
B8LL IO T26=
6560 126
Lt e
60 TT T
OPaLL T =
26.86° 026~
glatg och~
SR R S

..Humm

gegu6°026=
76 TH6 026=
65086 026"
06T264076~
64506° 026~
6nL6g°0c6~
gHoRg 026~
92549 026~
7605006
gT6Ed Ccb-
820 0cb
8LL Y’ Ogh
ZEY5T 026~

Rnﬁh

T Tis=
X~ TR

€IGE 7 TG
KT7od T2
TAL58 Tob-
3MQ$H .ﬂﬁ\mi
TeLET 126~
TRPR) b el L
1 TO%T T 26
Fa060° 136~
L5 O

62974026~
L 4. F-

HH:ﬂ

9L020° Tl
6LETO 126~
BT S el st
96166026~
CT0L6 086
Ge0u6° O

656£6° 006~
G9L06t 026
LGRS 026
HIHQL OE6=
SROL ) 06~
grg6n  oet
opeLz o6

my,

{(punugiuns) oo oTqul,

T T
LGOS i ot
T Til=
Lit 22 T b=
e s R 0 )
TONTE T 6~
‘.mwom.ﬂ. ‘o=
LISHT " Tob~
IR OO fV
£get Ty

et B0 b
P66 00k
ol ,._..ww oo -

.n:ﬂ

L ED T
465 TH " TE6"
L0 Tele
To866 06
pEGLG Oeb=
OPRu6 0i'6
XS S AL o T o
b F wm o] um.'
QLR Ol
“w LG 0¢

Gl c.,_.o.
A.ﬁm#& ‘ Gm.mvl
17652026~

Hw,ﬁ~

i Ml ) ST TEA

@6 0l
HTTE 06
G Ty

“Ep0R - oeh-

2t Gg 08b-

LEGLY 0eb~

:ﬁ iﬁ\wneuﬂ@ -

o 900,67
2eLEL Ok
OE N2l 0k
IO 0ale
tgh 0l
TisE o 6=

.
uuﬂ

SLOCR Teh=
BELTO Teb~
Loato 1ebe
02L00 T
YTEGE 02k
€0TCH' O 6~
mmpﬁm.amm.
o T3

..nr\.udm O¢ «wi
GLEoK O &=
OLENL 06~
L0 Qb
I TR Rt A

HQH




]

e T S bt WIS

2FTHE 026"
EeB0T T
ST "TE6~
L00%T ° Y 26
TN €
g0seT " T2o~
THosT et
weser 126
TLGGo Tah=
®O550 126~
gHETo’ 126~
88399 0e6
L9035~

b.@.m

OO0 T2h=
£GETO TIh-
0800 TSh=
6L.566°026-
6946 Q26
LEpLErote.

oggH6° 026~

EGOT6! 026~
07369 026=
g6z9l° 026~
ZHET9° 026~
METH° 026~
90L60 26

TSE00T36-
Q4EET > T26-
T6ELT 126~
05 %9T " 126~
CLSCT 126~
yeeNT*126-
63921 126~

QTTET T26~

OZEET *TSH~
TESST TS~
LOwO Te6-
TG kb 06
gHSEL 026~

bH@vd

$4020° 126~
HILTO0 126~
0£0T0" 126~
09T T6-
£€95g6°0c6-
COpLE 06~
54596 0go~
HLOHE 026~
OHTTE 02k~
6E453° 026~

LTE9L°026= .

OLETY 026~
9ECLE *02h=

19,

TGEC0 TS0
203EL TG~
REGLT " TEH~
SR0LY b~
gvoT 126~
THEGCT *T26~
CHOHT “ T2h~
PP B et i
TEGET *Teb-
6lLT 126~
A88L0 126~
STER6° 026~
26609 ° 026~

IR

(panursiuol; ¢9 ST93L

82TH6°026~
2BLET 16
TatHT *T26=

QTEET 126~

TEQTT 1286~
g6éLoT 126~
£OToT 126~
T19990° 26~
OHoLO T 26~
€E63E0°T26~
86556026~
g60Eg " 026~
26909026

ITAQ,

K09GE *T2A~
oghit * L 26
TS0¢€ 126~
LTCSE " Ts6-
2880€ 126~
0666z T2H~
69¢Q2 126~
Sg192 126~
gntee 126~
60H5T 126~
LOE60 T 26
HOZL0 126~

06€57° 026~

g,

BETHG° 026~
geget 126~
695 4T *T36~
oueT 126~
TiHnST 186~
HHGTT " TS6~
gTE0T TEb~
£460T 136
8RGC50° 126~
#2640 126~
NE6LE CT6~
€826g° 026~
CICT9 026~

149,

4096€ *T26~
IEL4E 126
gTaEE TSk~
092E€ 126~
QlcHE "136~
6HESE TE6~
cogst * 126~
LE4RE " Te6-
A S
S0THE “Tao~
2liee T2h=
Qzal2 16~
95601 " TS6-

Hf

» - [ »

TR R N R R R B S v

U\NO\_F‘IO’\U:P-O\HU\OQ

e

. - -~ -

TN o W B AT ¢ i e AR e N =
NN MY NN o (N0

14

215




TSE00° 1 E6
CHEGD*TEE~
gtEto*TS6"
6NTH0 126~
45966028~
Latg6o026-
85806° 026
LOeuh 0Bd"

Zp2n6' 02k

BTy 026~

b@a

~fe2a2 1ehe
gevse1shb~
outaz 126
guhZ2 1eh
gtz 126~
LEénz 16~
QBL8T° 126~
SO5AT *TEb~
TECHT " T26=
6ot 186~
PRS0 126
0LS%6° 0k~
geeal 026~

A Qm

04020 126~
£I9T0° 126~
#66TO T26~
026%0°T36~
6gHlo 16~
#TOGO TSE™
67201 'TSb
69901 *Te6~
Leh6éo 126~
T2h50° 126~
L6256° 026~
0651g°026=
O%T95 * 026~

?ﬂﬁm

11292 [26-
TE652°T8h~
go2yz° 126~
LR AR £
o6%z2 136~
érliz 1ct-
othG2 L Eh
RST *1eb"
GLAST  TShH~
e TEh~
9G4 126~
Qan568°0E6~
£2TR 06~

ﬁ%m

9.020° 126
65610° 126~
9£020° 126~
Loseo 126~
604890126~
LoLoT 126~
greet 136
. ABSHT 126~
4658 T 126~
L2E60°T26~
26E66° 026~
6529Q° 026~
£T6£9 CE5

I @m

0L£62° 126
L0 A
93DL2 126~
9 X AR
CTameS TS
£Qzec 126~
76612126~
TCERT T26-
6625T 126~
T20%T 126~
B2ELD T 6
ECETOTSE
0gHog 0c6-

Nmm@m
(vsnutawng) o s¥q@l

©095€ *T26~
0gtHE “Te6~
G20EL 126~
hLyTE 126~
Lezbz 126~
gtela 126~
LTTS2 T26-
£6912° 126~
6TLoT 126~
THISGT TS6~
66780° 126~
2HHT6° 0c6-
£QSH9° 026~

HH@m

#096E ° 126~
ogniE ' T36~
£20EE *T26~
000t ° 126~
CEgot ' 126~
2lote ° 128
2682126~
€2992° 126~
Ligzz t1e6-
96491 *T26~
#ORoT ‘126~
2Esto 126~
geTER - 02h~

127 P8

H#00GE * 126~
TeLye 126~
LTTEE 126~
X - R
SONIE " T26~
Zrgot 126~
00géa 26~
GHbl2 Teb-
L A €
gecgi 1t
TL6TT T26~
29en0 185~
ogTlén 026~

H@m

H#09S5E *T36~
gelu2 126~
c6EEE “T2h~
g6gzt ‘126~
ZIGEE 126~
1g6+E *TSE~
HET13L (26~
9ZRLE ‘T2E~
HIG6E "Tc6~
o2lgttc6~
4TGGE *T26-
£6ale Tes
1SE0T 126~

I8¢y

L d
N QNN MM TN N0

nEodMaEanng 9
NAUMMNO NS G NG D
216

*

w




A

bttt

AR fal
. ,\H“.

Slnzo e
T90L6° 06~
RSO TG

gTLD TGk

THHTL 26

G4TYE“TE6~

9EEYT* Teh~

PTEHT 126~
ESTT T~
TEnEu 126
PR v s 0w/
€54%g°026=
ig0E3°026=

H0GSE *T26*

TTEG2° 12k

GETES " TG
olgre a6~
&SEQL *T236e

- &gebe 126~
iz tos-
0BL62 126~
o ongLT TEs-
;1 ¥ 4 & ¢ L
. teE@ERe T
. OFTRH"0z6~

aft‘? ' N

10092° 126~

QL0 Te6>

9zZHEZ TE2H~
¢ET22 126"

9THOS Teh=

61061 126~

f26aT 126~ -

£I9T 126~
Lager-teg-
9960 Tz6~
#lp30°T2h
£5026° 026
069" 026~

Ak,

BETH6* 026+

I

CouHL 126~

T T

iQLTT ek
SRELT 16
HETT .nwme
ORHOT 16
T2p0 T35

IENLO T36e

£2220°T 2567

DECE6 05~
 KETEL 00

1009 126~
QL3016
wehES 126"
ogeSe T26-
22R02* 126~
gRABT " T26~
EHEST  TEb~
GOLTT 126~
LBY9GT T26+
LB800T°T36~
£L650* T8~
0EE26° 026~
Ey2lo o6~

ﬁkm

BTIHEQ36~
56E5T Tes
AR o
HLGeET T26~
o6 T 16~
£IgET 126~
2GLET"L26-
CLEOT "Teh-
TERoT " T26~
L0350 126~
3EECD 125~
ZUL00' 126~
ZTO%L°026-

ITI ._N._..

{pammTamo)) $9 ST4Ly

| § CAA S
Téghes 126~
£0gtc 126~
0292216~
wiére 126~
LEETe 126~
06050126~
oLeRT 126~
b o) B
#9651 T26~
2Eqlo 126~
2100126~
TOTO0g 026~

ea ) 8

16606 126~
OHRaT °T26~
LTELT TSk~
LeeSst 1eb-
$206T *TEh
23T 1286~
TS09T 126~
ToLiT 126~
OTTuT "T126~
GE9eT TEh=
Ot0Llo 126"
£0gno Iese
02661 *026=

HH..N.H

TY292° 126~
69042 1e6~
20THe 1e6~
TE0E2TS6~
0802z 126~
X351 AR €Y
998032136~
L0£02" 126~
COHEL TS6~
groLi 126~
EHHTIT TS6~
£0B00° " TC6~
OETIg 026~

wa«m

®O9GE 126~
TOLYE 126~
o 12 0
6EQTE " TS6~
©620€ * T26~
0gT62° 126"
gt9lz 126~
LiSCz 126~
T | A

LGSt 26

LBEOT T2~
TGSTO TS~
STTE8 026~

Hka

8

. » L] .

.

NN MNP~ NN OO
AN AN MY NO

.

w

. Q . .

[ 3 . . .

.

N~k TN~ N0 O
NN MO 3 o N\D

[+ 4

217




8l020°T26~
2£G20° 126~
8580° 126
189i0* 126~
TETZT 126~
e HT 126~
GERIT 126~
w991 126~
ceT16T t2h=
LTSI T26-
0gIRO°T26~
BECHD* D26~

LEHTL 0e6"

1.2,

9.020°T26~
C6ETO°TCE-
£0C00°T26~
20266026~
6T5L6° 026~
€6096° 026~
996€6° 06
6%L06° 026~
26658° 026~
68£QL 026~
81049026~
T0L6Y 026~
€622 026~

H..NN.

HO9SE * 126~
LTk Te6r
202EE 126"
TE6EE *T2h-
e6%0s 26~
gtabe 126
TéogE Tes-
46662126
ge2les 126
62T 126~
TIQet 126~
LL6TO Teh-
ogteg-0z6-

14,

8ITH6° 026~
RBLEGOC6-
LgTE6° 026~
6£626° 026~
HGHT 6 026=
Q6106 026~
0l8gg° 026~
g0ESR 026~
T8028°026=
10L64 026~
006%9° 026~
Lotl 026~
LOTTZ 026~

behm

gTLHE OS6=
46696° 02h=
0galét 026~
Lugl6t0oc6=
QRE66°C26-
N X O N
THANG " T26~-
6L690 T 26~
TEHQO T26~
HTEOO 126~
ZhILy 06~
- G5089°026=
2E0QE *ocH~

MHrmm

(psnurauop) ¢9 sTqQEBL

QT HE" 026
9R%00 126~
4500 126~
04L66° 026~
QcRL6° 026~
6T196°0cc6~
1069£6° 026~
ZT66g 026~
LgsEg och-
2029L° 026~
09469° 026~
€605 * 026~
99€LE " Ok~

AL

8STHE6 =036~
ZTTH6°* 026~
62886° 026~
£6L60° 126~
oQe20° 126~
LigH0" 126~
2£clo 126~
6/060°T26~
B0 " T26-
£0L80° 126~
400R6° 26~
6THEG 026~
819856 °0c6-

II1A ],

T6600°T26~
98500 " Teh~
6gL00° 126~
CHlE6°026-
gepl6° 026~
6119606~
109€6°Ce6~
ZTE68 026~
LTSHG 026~
2199, 02b~
+B0L9 " 026~
660£6 ° 026
£E005 *0oz6~

TILf .

TS600° 126~
$6696°0z6~
ct920°1eh-
eTHSO 16~
TES0T TSE~
9LGZT 126~
OLOYT *T26~
ETSET T b=
SHL60°T26~
LG2LoTeh~
GLige - 0chH-
65949° 026~
EHTT9° 026~

HHbrwm

MR MIN~-®EIND O

. . . -

WA NMOA®®N O SF NG

L]

.

[+

8

» * L3 L .

[

. » .

.

RN Sl ) W LA U AN ool o W B el v B &
N Q0 YN D o N\

*

2 A




~QI3Y €°IIY °*TOA ‘SOTNOSTOW OFWOICT( JBS[ONUOIST0H 9300198 A0 BITs]5U0) O

6200°* G69°'T : H9gH* 0 S H 9g°LEQ
- 2ot qTT2S°0 Nty 69 L16
- L£99°1 £€1906°0 - *Gop
TECO"® %99°T LG0S°0 H6°€ T.°Llog
8200° 59°T €£76+0 sLg L-g16
LEE0O" 009°1T Q6NS°0 . 09 % g'€20t
- 619°1 29€56°0 £6°¢ £° 9101
£00° 029°T geeS 0 1% 2" 00T

m.n..aou D ) = ﬁ.naa& q A.T.Bo SR ﬁ.m..ﬂuq »
O1L 0 Fe8I8 puneyg 30] SJUVIBTCD IKOTLIIAGR

99 s1qBslL

Nttt e e = b oas

#*LERET
€0°0LgT
o ghegt
€264t
9°6681T
€-zoge

0°085

*446T ‘ucy.wacdio) aveds
w.mo.bﬁﬁhuogﬁ ‘preyong ‘S B

Q.MD

Q.n °

219




Table 67
Calculated Oscillator Strengths (f’v,v.,) for

the Vibrational-Rotational 1rausitions of Ti0 (X 3 3&)

v \Y 0 1 2 3 4 5
0
1l 2.,494-05
2 5,029409  4.865<05
3 1.755-08  3.002-08  7.140-05
L 0.492-10 5.004=08  1.120-07  9.333-05
5 1.943-10  7.489-10 9.087-08 2.613-07  1.145-0k4
6 1.377-09 1.745-00  3.620-09 1.337-07  4.819-07 1.349-04
7 2.684<10  5.593+310  3.244~02  1.152-08  1.805-07  8.106-07
8 2,237-11 1.882-11  1.016-09 3.158.00 2.110-08  2.276-07
9 3.5681-10  6.794-11  6.120-11 2.999-09 2.854-09  3.609-08
10 9.602-10  3.553-10  1.217-10  8.537-1%  L.707<09  1.640=09
vV 6 7 8 9 10
0
i 1
| 2
3
4
5
6
; 7 1. 51*5'&
' 8 1.249-06  1.733-04
9 2.787-07  1.827-06  1.911-04
10 5.458-08  3.318.07 2.559-C6  2.081-04
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’ TARLE 68
{ Calculated Oscillator Strengths (fv'v") for
| the Gamma System of Ti0 (A3§-x34)
vV 0 1 2 3 y 5
H
~' 0 3.102-02  8.105-03 1.095«03 & .»89=05 4, 24006 1.413-07
1 1,271=02 1.319<02  1.08ke02  2,.547~0% 2.92¢<04  1.908«05
j 2 2.713=03  1.770«02  4.057-03  1,039-02 3.880<03  6.147-0k
3 3.976=04  6.397=03  1.666«02  4,933-04 3.384=03  4.9%5403
I 4,419-05 1.300=03 9.802-03 1.347-02 1.050«04 5.931=03
5 3.793=06  2.018-04  2.858-03  1.:34.02 9.416-03  1.170-03
6 2.367«07  2.172=05  5.365-04  h./50s03 1.351-07  5.63k-03
7 5.616-09 1.40%e0n 7.124<05 1.105-03 G.198=03 1.338«02
8 2.372<09  1.771-08 ©,0250. 1.762«04 1.943-03% 8.740-03
) 7+299=09 1.028-08 1.360=07 1.5/0=05 3.685«04 3.038-03
10 L.LL9-09  1.358<08  ,754=08  8.1)8.07 L.,66Le05  (.796=04
v' /" 6 7 8 10
a) L.953«09  1.769.00  6.17he1) 5.25.=10 1.775=22
h 9.597-07 4.508.08 1.94%.09 2.92%14 3.768-10
2 5.21105 3,173«06 1.778-07 3.419.99 14010
3 1.024-0% 1.0 P AT 5.1831-0f 1.515.08
L 5.373-03  1.475-03  1,950.00 1.643.)5 1.15%a06
5 3.547+3 541 3003 1.G07-03 3.108-4 3.003-05
G 253503 1.7%3w03 5 00503 2.3 L ,545.04
7 2.703-03 0503 5.1 )=0h L A1He03 2,655-03
! 1.21h.02  8,950-04 B A19-03 6.k 35903
2 1.03%.07 1.015-02 B.152-0% 4 458003 L3570y
10 $.343«03  1.138=02  7.TYL0?  7,685-5 3.567-03

=2l
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0

3.784-02
103&2’@
2.143-03
1.324-04
2.937-07
1.291-08
L LUT-07
5.666-08
5.683-09
2.745-11
3.718.09

6

2,618-09
1.038-07
9.115.07
1.950.0"
3.833.03
8.391-03
3.815-03
2.15k-02
1.052-02
7.L25.04
1.132.04

Table 09

Celculsted Oscillator Strengths (£ys,#) for
the Camma Frise System of Ti0 (B3 - X3)

1

8.530-03
2,020.02
1.966-02
4.667-03
3.627-04%
3.228-G7
6.531-06
2.500-06
2.435-07
5.617-10
6.245-00

7

9.270-10
3.670-09
L. 43-07
2.501-07
1.732-0%
3.987-03
7.578-03
b.340-03
2.139-02
1.023-02
94398-0%

2

1.655=-03
1.083-02
1.150-02
2. 17102
6.893=03
6.036~Ch
1.568~08
2.008+05

 T.254-05
6.023-07

6.568-08

8

| 8.81‘1}"11

2.620-11
5919-09
1.256.06
5.015-08
1,225-04%
3.953-03
6.855-03
4 . 554-03
2, 10402

9.544-03

3

54285«05
2,151-03
1.101-02
7.104-03
2.213~02
8.597-02
792604
2.648-06
4.528.05
1.452-05
107706

9

7.8592.10
3.022-1C
7.0=10
& .052-09
£.3k3-00
1.312.06
5.,017-05
6,181-03
6.254.63
7 QL5e02

4

6,23%-07
1.227-0
2.971-03
1.026=02
%.961~-03
2.198-02
9.743-03
8.884.0k4
1.,496405
8.332-05
2.459-05

10

7.438.12
G.(97-10
2837110
3.0h3-10
1.392-08
3.99:-06
b .387-00
1,007%05
3.009-03
549803
8.179~03

Fee

2

2.,238-08
1.077=06
1,768-04
3,518.03
9.312-03
4,023-33
CelThe2
1.037-02
2.083-04
4,768+05
1.377-04
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Table 70

Calculated Franck-Condon Factors (qv,v..) for
the Gamma System of Ti0 {4 30 X 35 )

0

7.138-01
2,392-01
b4, 155-02
4.759-03
3.739-04
1.809-05
3.055-07
7.133-09
1.126-08
4,571-09
1.566.00

€

7.872-07
1.080-04
4.315.03
5. 850-00
2.387-01
1.57-01
7.914.02
7 EGh-0
2.175-01
3.727-01
4. 1870k

1

2.401-01
3.096-01
3.307-01
1.005-01
l¢691¥-&?
1.831-03
1.209-0k
3.117-06
3.167-08
9.498.08
3.196+08

2

4.109-02
3.337=01
9.635-02
3.271-01
1.568-01
3.703=02
5,242<03
b.526.04
1.734-05
1.197-~03
3.800-07

8

2.509-10
1.£08-0T7
2.058+0%
9. 10204
l.a70.00
1.182-01
2.633-0)
2.318-o»
1.506-01
1,3%1-0%
a0l

3

b.4l1.C3
9.987-02
3.332«01
1.112.02
2,706=01
2.040-01
1. 46-00
1.257-03
6.T16<05
1,0:9-07

92

2.704-10
3.T05-02
7.803-07
6.0R1-09
1.946-03
27320
1.489-01
2.18%.01
£.690-03
1. 4301
3.312-03

4

3.341-04
1.567-02
1.592-01
2.795-01
3.60203
1.933-01
2.295-01
9.h29-02
2.12302
2.88203
2,052.04

10

2.457-12
6.237-10
2.151-08
2, 70706
1485404
3.683-03
L.oBr.ce
1.751-01

16801
1.73:-03

1.353-01

5

1.876.05
1.559-03
3 .ulB"OQ
2.077-01
2.038«01
3.538=02
1. 175"01
2.334-01
1.252-01
3.LTT-02
5.758-03
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2-336-0&

2.7

l.eﬁ.ca A

751355
2.628.05
&.452.08
1.225-07

GLShO8

8.3%-00
lofw’ 9 mg

&

3@3&3*@?

2.5730%

387602

. 1 &:\%‘ ‘(\.
:‘:‘ &b-ai_

FAEgR
142003
3..2994:3

ivgﬁ 8. X

3. Géi-os

foulited Pregedelonion Pactors “v‘v"‘i oy
the Gomeo Fetus System of 50 (5 Saxdsy
b 2 3 &
2.155-01 3.3 2.490-03 7448505
L.053+01 2.920.001  T.13%02 6.406-03
3.361=01 2.30901 311201 1.0%%-01
59174 3.497-01  1423-03  3.066-01
2.838.03  B.73/e02 3.565-01  9.85%-02
b.3T2<05  b.6BR-03  1.086-01  3.535-Q0
1.206-08 18633k SSTI03  1.226-01
2.0T3.05  3.26ke00 3.938.0  6.34%.03
5.355-0T  5.85%-05 6.776-0%  B.855-0k
106807 1.123-06  1.760k  1.185-03
T553.08 5395407 L.350.06  1.908-0k
T g - b i

1:39’? 62 2.701-11  2.003-10  5.501-12
6. &E\*@%{» 2.171-06  6,000-08  1.2315-08
2.319-05  2.0k2-05  L.akkD5  bLG3T-03
"a-»s\w &-n-fe‘a 3-5?5‘&5 S« 307-08
LIPS0l LAY 2130405 LA
29001 3.5%-00 9.293.03 1.%7-%
8.337- 2701 L& 5.562-03
33000 9,882 24701 LSH-
LAWB-0L  2.28k-00 C 1.2B5-03 2.628-01
2.3B-03 A0l 3.FIGF L%l

1.660-08

1.279-02

2.955.01
T.933-02
347901
1.295.01
5. 68503
L. 7k.03
1.8%9-03




Teble 72

Caleulated R-Centroid Factors wov,v..)
for the Vibraticnal-Rotaticnsl Transition of Ti0 (X 3. x 3&)

V'\V“ G 1 2 3 b 5.»- .
¢ 1.626+00
1 3.T40-02  1.633+00
2 -1.701-03 5.301-020  1.6L0O+00 : ;
3 1.228.0% -2,955-03 £.500-02  1.648:00 |
b L1.08%-05 2,531-04 <L.103-03  7.528-02 1.6%5+00 i
4 1.910-06 «2.630-05  L.023-08% <5.431-03  8.L3b-02  1.663+0 j
© 6 «T7.031-07  3.339-06  <L.628.0S 5.715-0% ~0.674.03  9.259-02 :
T ~l.642.08 <T7.208-07  5.923«00 «7.122405  T.504.04  -7.923-03 i
8  2.462.07  7.111-08  9Q.U71-07  9.633«05 -1.015-0h  9.646-04 :
9 -1.079-07 1.999-07  L.31-07 -31.432.06  L.443-05 ~1.368-0
-\'v' 6 7 a 9 10
¢ :
1 ;
2 1
3
4
4 1.870«00
T L0201 LeTRQD
&  <5.180.0%  L.07h-G1 L.aBGe00
9 1.18503  «),0h4-00 1.15%-01 1,683 490G
0 LL.779-00  LEISSDY SLUATe- 10500 1.701+00

L
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1.647+00
1.586+00
1.518+00
1.350:00
1.336+00
31.153+00
5.929-01
3087400
1.698+00
1.556+00
1452400

6

2,032
1.58:30
1.523+00
3.859+0
:515@0

16240
2. 71400
1.6820
35770
1.9158
158160

Tebls 73

Calculated ReCentrsid mwvs mg, o) for
the Gusma System of T40 (A we X 8 )

1

1.715+00
1.654+00
1.59%+00
1.529+00
1.455%+00
1.358+00
1.203+00
7.653-0%
3.709+00
1.756+00
1485400

2.235+0
2.065+00
1,935+
1.531+00
187700
183400
1L.T7e+00
17250

1.608+0

1. 56%+G0
1.525400

1.783%00
1.725+00
1.657+00
1.603+00
1.539+00
LEET+O0
1.376+00
1.238+00
9.029-01
9.295+00
1.828+00

8

2.318vm
2.1how
2,050
1.985%+00
1.533:00
183100
1,783+a0
173240
1.480% 40
1,591

3

1.646+00
1.791+00
1.736+00
1.651+00
1.010+:00
1.509+00
1480400
1.39%+00
1.269+00
1.00L+20
-3.279+0

‘23;0*&0
2 G&..+&3
2.803+0
16564400
1.83«0
1.80%3«2
1.0
179500

"Q 3

%

1.905+00
185540
1.793+00
1.7%5+00
1.753+00
1.617+00
1.559400
1.452+00
1.410+00
1.208 00
1.075+00

i

1.056+00
1.885+a0
2.225:00
2. 1300
201640
2.080+00
1,553
1.500:00
1.848«%0
1.771+00
174900

1.970+00
1.916+00
1.861+00
1.807+00
1.754+00
1.7I7+Q8
1.622+00
1.568+00
1.535+00
1. 426400
1.321+00




Table 74

Celculsted R-Centruid Factors (Gua‘;.v..)
for the samme Prize System of TIO (BYF - X&)

'-
<

foud
"W

3 b 3

S 1.77h+730 1.785+7%G 1.375w0 2.016i0 5. LEL)

J7Be 0 1.L3+00 1.7304% 1725+ O 1.835%0 2.093%C
G 1,580+ 1.5520400 1. Ty 1.805%+:0 1.719+C0

Q 1845w d, 1.031we 1.5659400 Lo 70h+) 1.81640
Q losuT+. 0 1.5%# 0 1. 080+ Jalde 0 1.781w0
, 11eC 2. 3b0ecC 12w 1.0 5544 LT 1.66 3400
" 1 h2Be i 1.7 8w 2.1 1TS54 5 1593900 1.570e00
10 Redt 1.6] e C 1.58%400 2. e 1.253+90 1.L8n00
- vy (s s Tioe=0l 1505 1,508 4. 18300 0 1,120
leliaw 1. 21«3 RLLLL1 1.-88& 1,550 18073

: Lasndeny 1.517+Q0 1831w L el 1e3¢00 1.13500
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Table 75

Calculated Bewd Stxengths (pv,v..) for the Vibrationsle-

Netatienal Toosciticn of Ti0 (X 74 -x %a)

C

2.442+00
1642002
2.662-06
J.v—-» w2
1.082-07

2.601.08
5.880-08
2.550-08
3.897-09
2.703-08
9.476-09

2.357-47
€. 13707
3.0%-0%
1.6k8-08
Q.267-00
1.833-00
107108
S W70
8. he~0%

ES

Triw

1

1.6%2-02
2.345+00
3.290-0
1.003-09
1.137-05
1.25%-07
2. 35707
6.321~0&

1.831.09
5.808-59
2.71-08

1.662-05
3.231-02
2.254+00
578102
3.7187-05
2.045-0%

6.137-0T7.

L .516-07
1.138-07
6.005-09
1.050-08

1.897-09
1.831-9
1.153-07
5.338@-?
3. 63906
ﬁ‘ﬁqg

- ;sé'?«wé
1.8313-01
375000
13801

3

3.884-0%
1.001-05
L.781-02
2.168 00
6.302:02
8.857-05
3.03+-05
1.970-04
k.338-07
3.5448-07
B8.450-12

3

1.082-07
1.137-05
3.767-05
6.302-02
2.087+00
7.798-22
1.648-04
4.13%-05
3.639-06
3.95%-07
955507

10

9 578-09
2.711-08
1.036-48
8.54n.12
5.658-07
2.202-07F
2. 579-0¢
1.580-01

5

2.601-08
1.259-07
2.045-05
8.858-05
7.753-02
2.008+Q0
9.267-02
2.756-04
5.25%9-05
6.278-06
2.292-07

e

e~

" A7 44 R T4, YRR T T




Tedle 76
Calculated Band Strengths (Fv'v") for

the Geme Systen of TO (A% - X°8).

vtiv" 0 - 1 2 3 Rt .5
0 lUs7-00 4.099-01 © 5.995-02  5.180-03  2.773-0%  1.022-05
1 5.624-01  6.255-01  5.538-D1  1.409-01  1.760-02  1.261-03
2 1.135-01  7.688-01 1.944-01 . 5.363-01 2.172-01  3.74%-02
3 1.579~02  2,704-01  7.522-01 = 2.388-02 L.372-0p 2.748-01
ok 1.671-03  5.458-02  4.211-01 6.142-01  5.135-03  3.099-01
-5 1.369-0k  7.709-03 1.158-01  5.325-00  4,539-01  5.802.02
6 8.176-06  7.914-Ch  2.070-02  1.984-01  5.880-01 2.623.01
7 1.861-07  L.975-05  2.623-03  k.307-02 2.811-01  5.8900%
8 7.553-08  5.927-07  2.123-04  6.55L-03  T.690-02  3.651-01
9 2.238<0T7  3.306-07 .. 4.596-06  6.656-0%  1.384-02  1.208.01
10

0 1.316-07  4,205-07  8.945-07  2.799-05  L.677-03  2.580.02

v'[v” 6 7 8 9 0

0 4.CO5-07  1.619-07 6.503-09 6.512-08 2.662-1d
1 7.018-05  4.012-06  1.805-07 3.117-12  4.7%0-08
2 3.461-03  2.346-0%  1.b70-05  3.202-07  1.800-08
3 6.301-02 7.373-03 5.816-0k  4,333-05  1.k35-06
4 3.067-01  9.177-02  1.333-02  1.2k2-03  1.008.0% :
5 1.889-01  3.126-01 1.211-01  2,146-02  2.3u2-03
6 1.316-01 9.381-02 2.953-01  1.483-01  3.173-02
7 1.281~01 1,920«01  3.220-02 2.604-01  1.76-01
8 5.401-01  L4.255-02 2.254-01  3.542-03  2.ik0-01
9 b,360-01  L.562-01  Lk.204-03 2.286-01  2.444.03

10 1.765-01  4.852.01  3.530-01 3.732-03 2.067-01
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1.532«00
5 ° 351‘801
7.836=02
%.618<03
$.955-06
4.121-05
1.362-05
1.667-06
1.609-07
7.4¢2-10
9,792=08
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5]

v iv" 6

1..659-07
6.,062=06
&99‘&‘6'05
9.870=03
1.621-01
3.745-01
1,607=01
8,593=01
3.986=01
2 ,675=02
3.898-03
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Calculated Band Strehgths (pye.») for

fhe Gamms Prime System of T40 (B34-X34)

1

3.637-01
8.279-01
7.612=01
1.. * 718.01
1.273«02
1.083=05
2,226k
7.979=05
70 ZM
1.599=08
1. 714«07

7

6.165-0
2.34ka07
2.380-05
1.395-05
8.818-03
1.502-01
3,399-01
1,753=-01

8.576=01 -

3.864=01
1,956=02

2

4.51h-02
4.751-01
4. 728501
8.462-01
23555“01 -
2.132.02
6.610.07
618604
242070k
1.792«05
108&'07

8
6.856-09

- 1.842-09
- 3.806-07

$.845-05
2, T5LU=06

1..917=01
3,089-01
2.,107-01
8.549-01
3,647-01
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3

2,619-03
1,000-01

4,821-01

2.940-01
8,681-01

2.817-02 .

8,985-05
1.438-03
4,521l

. 3.221.05

5

6.839-08
2.360=10 -
4.995-08

1.327=-07
1,396-0k
7 o 24005
3.1995=03
l . 876"01
2,797-01
2,683.01
8.4£5-01

L

3.332-05
6.127-03
1539801
k.525-01
2,066<01
8,675-01
34655=01
3.17h=02
501M
2:719=03
76950

10

7.382-10

2.,256-08
2.592-08

8. 018+08

2,391=04
24320k
5:6Th=0h
1,783=01
249701
3.50U-01

5

1,299-05
5.803-05

8.889-03

1.659-01
1,132-01

1. 685=01

8.629-01

©3.911-01
- 3,118-02

1,6%5«03
I, 5.1!;903
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