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ABSTRACT

The electronic spectra of the f* systems Ba;NpO4(0,), Li;UO,(~0,), Na,NpO,(D,;) and
Li,NpO(D,,) are interpreted and assigned within the angular overlap model and radial para-
meters of interest are extracted from the spectra. The relationship between the angular overlap
model parameters and the conventional ligand-field parameters is derived. For comparison
molecular orbital calculations are performed on NpO2~ and UQ;™ ions using the relativistic

X, approach.

INTRODUCTION

HE angular overlap model (AOM) was first
Tintroduced by Jorgensen et al! to understand
the weak ligand field observed for various complexes
of the lanthanide series. In the early model, only the
o-type interactions between the metal f and ligand
orbitals were considered. Later other types of
interactions (m, d,...) were incorporated in the
theory* 3. The model is also applied to the d4-
transition metal complexes. A full description of the
AOM can be found elsewhere* *, According to this
approach, the matrix elements between the metal
orbitals ¢, due to the perturbation of the ligands,
are expressed in terms of certain radial parameters
e, (u=0o,n,9,...)

Chullyme ) =22 Cle, (w).

Summattion over w is carried out when different
ligands are preseat. Here C; are the angular parts of
the above integral, which are determined from the
symmetry of the complex via group theory. The
radial integrals e, are related to the group overlap
integrals G, (4} between the metal and the ligand
group orbitals by the relation®

e, = Hf . Gy (1 /(Hy— Hy),

where H, and H, are the orbital energies of the
ligand and the metal respectively. The advantage of
using this model in the treatment of f* systems over
the conventional ligand field model is evident from
the following discussion especially for systems of
lower symmetry. Optical spectra of f! systems of the
D, symmetry are described within the ligand-field
approach by using five radial parameters® (A, 0, 1, 7,

d). In most cases the relative magnitude of these
parameters cannot be guessed beforehand. It 1s
possible within the AOM to restrict the interaction
between the metal and the ligands to the o and =
types only; the other types of interactions (9, ¢) are
expected to be weak, and sometimes the ligands are
not capable of forming the d and ¢ types of bonding
(e.g. oxygen, fluorine). Thus, by adopting this
approximation, the parameters can be reduced to
four (two for the axial and two for the equatorial
ligands). On the other hand, the e, parameters are
generally expected to exhibit the trend e, > e, > e;.

RESULTS AND DISCUSSION

Since the D, symmetry is common among the
actinide complexes, eg. UOX:~ (X=F, Cl, Br)’,
Cs,NpO,Cl8 and MO%~ (M = U, Np, Pu)®, we will
concentrate on this type of symmetry, other
symmetry types can be treated in an analogous
manner. Each of these complexes can be considered
to have an octahedral configuration with an axial
distortion (either elongation or compression). The
matrix elements for the f orbitals in MX, (D,) were
constructed by adding together the matrices of the
axial field case MX,(D.,) and those of the
tetragonal case MX,(D,,) (because the additivity
principle is readily applied within the AOM). Apart
from a constant term the matrix elements for the D,
case are:

< x3|] £3> = 5/d e, (eq)+15/8 e, {eq) (1)
< £2[| 22> =5/4e.(eq) (2)

< x1|] £1> =2¢.(ax)+3/d e, (eq)+1/8 e (eq)
(3)
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<0]} 0> =2e,(ax}+3/2 ¢, (eq) (4)
< +2|| ¥2> =5/4e.(eq) (3)
<23|| F1>=15/4]e,(eq)—1/2¢,(eq)]. (6}

Here, ¢,(eq) and e¢,(ax) are the parameters corre-
sponding to the equatorial and the axial ligands
respectively. By comparing the orbital energy
differences in this model with those previously
expressed in terms of A, 8, 1, y and §°, the following
interrelations can be obtained:

A= 5/2 e, (eq), 0=2 e, (C(I) €y (eq):
t=(2/21)d,+(1/7)d,,

y =(6/77)d,+(2/7)d,,
6 = (10/231)d,—(5/77d,,

where A and & are the Reisfeld and Crosby
parameters'® for the O, case, and 4, stands for

[en (ax) — €, (cq)]*

Optical spectra of f* octahedral complexes

Before discussing the spectra of the tetragonally
distorted systems, we will first mention the more
symmetric structures of the 0, symmetry. In this
case, three radial parameters including one effective
spin-orbit coupling constant are needed to describe
the spectrum. Four electronic transitions can take
place in this symmetry between the split components
of the f manifold. These are, in order of increasing
energy, I',—»Ig, I'y—»I,, I'y=T"g and I';-T.
Denoting these transitions by E;, E,, etc. and
utilizing the previously published crystal field and
spin-orbit coupling matrices? !, we get the following
relations:

A=(E2—12¢(3+1/28=5)2e,
and
0=[(E; - E,*—45/4£*)} +¢=(2¢,—¢,)

where £ is the effective spin-orbit coupling parameter.
A good fit between the experimentally observed
transitions and the parameters A, 0 and ¢ can be
obtained by varying the value of £ from which A and
0 are calculated, then using the set (A, 0, {) to
calculate the electronic transitions, and repeating the
whole process unti] we get the best fit between the
calculated and observed spectra. The clectronic
spectra of Ba,NpO,(0,) and Li,UO, {~0,) were
treated by the above approach; the results are shown
in table 1. For the sake ol comparison, MQ
calculations were performed on NpO2~™ and UO]!~
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Table ¥ Ligand-field and angular overlap parameters for
Ba,NpOg and LiUO,. ( All values are in em™?,)

Ba;NpOg Li,UO,

e

exp?® cale? X, exp.? calc? X,

I,=Ig 7690 7696 4677 4283,4821 5021 4358
I';-Iy 11760 143560 12461 10386 10858 11748
[,=T 16500 16500 15072 12647 12640 14204

A =7959 3620 A = 5093 3325
86 = 4702 6760 8 =3714 6616
e, = 3184 1448 e, = 2037 1330
e, = 3943 4104 e, = 2876 3973
§ = 1785 & = 1625

*Reference 9; PCalculated using the parameters obtained
from the fitting of experimental data.

anions by using the relativistic version of the X,
method2, The different ff transition energies were
calculated by assuming a spin-orbit parameter &(5f)
of 1625cm™! for U and 1785cm™! for Np. The
results of these calculations are also presented in
table 1. The parameters extracted from experi-
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Figure 1. Transition enerpies of f! systems as a
function of the extent of tetragonal distortion,
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TaMe 2 Angular overlap parameters for s?me tetragonal complexes. (Values are
inecm="'))

LI‘ NpO; Nﬂ: NPO‘_ Li3 U04

exp®  calc®  exp®  calc®  exp?  calcd
[,-,(T) 6116  S987 8130 7796 4283 4328
oI, 8547 8856 9615 8603 7072 6844
[y = Co(T's) 10363 9416 = — 429 4821 5016
Iy Fg(ls) 12210 13759 10310 10434 10386 10343
[, T (T%) 15152 15153 12500 12956 10419
r,—T, 18700 18482 15150 15003 12647 12346
e, teq) = 3408 3465 2498
e, (ax) = 5019 764 3143
e (eq)= 2532 3320 1800
¢, (ax)= 4382 2100 2079
;= 1785 1785 1625

3.bSee footnote of table 1.

mental data and those obtained theoretically are 1n
agreement with the expected trend Np®*t > Us*, It
is observed that the X, method underestimates the
¢, parameter in both UO/~ and NpQO¢~.

Optical spectra of f! tetragonal complexes

The splitting pattern due to the symmetry descent
0,— D, follows the scheme

r1=r7, r3=r7+r6,
=T+ T and Iy =T

From equations (1-6), it is clear that if the AOM
is used to parametrize the optical transitions in D,
systems, only five parameters including one effective
spin-orbit coupling constant are required to describe
the spectra (compare with the conventional ligand-
field approach where six parameters are required to
describe the transition energies!®), even though it is
difficult to extract reliable values for the AOM
parameters from experimental transition energies. In
order to get a qualitative estimate of these para-
meters we propose the following scheme. As a first
step of approximation, we assume that the ratio
p =e,(ax)/e,(eq) will not be far from the e, (ax)/
e, (eq) ratio. In figure 1, a plot of the energies of the
split levels of the f manifold as functions of p for
the NpO¢~ system characterized by the ¢, and e,
parameters previously obtained for Ba;NpQOg (0,) 1s
displayed. From the figure one finds that the first
transition is always of the type I'; =TI, for the case
p>1, but for the second transition one has the
possibility of either I';—» I, or I';» I, depending
on the extent of distortion from the O, symmetry.
An interesting result is also evident from figure I; the

ground state is of the I'¢ type under the condition
p < 0.6. The extent of distortion can also be judged
from the difference I, (I'g)—g(I'y) observed ex-
perimentally while no crossing is expected between
the T5(I's) and Tx(I'g) levels. For example, for
Li;UO, the T,-15(Tg) and I'y-»Ig(I'y) are
observed experimentally (table 2) as one absorption
peak at 10386 cm ™!, and we may conclude that the
extent of distortion i1s weak. By utilizing a plot like
figure 1, we can assign the different /~f transitions of
the tetragonal complexes, based on our estimate of
the extent of distortion expected in the system under
consideration. Then we can fit the observed energies
with the AOM parameters. In this step the condition
e, (ax)/e,(eq) = e (ax)/e.(cq) can be relaxed. The
above approach was performed for L1;UQ,, Li,NpO;,
and Na,NpQO, systems, all of which are known to
have MO%™ tetragonal structures®, The results of the
fitting are given in table 2, The fitting was done
using the complete AOM plus spin-orbit coupling
matrices for the tetragonal case. The AOM para-
meters obtained in table 2 are in good agreement
with the X-ray data*® for the compounds. In
Li,NpQ,, the axial Np—O bond is shorter than the
equatorial bonds; so it is expected that e, (ax)>
e,(eq) and e, (ex)>e,{eq). Note that the reverse
situation is observed in Na,NpQO,, where the axial
Np-O bond is longer than the equatorial bonds.
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ANNOUNCEMENT

INDIAN NATIONAL SCIENCE ACADEMY
New Dethi 110 002

INVITATION FOR NOMINATIONS—199%

Nominations are invited for the award of Indira
Gandhi Prize for Popularization of Science for the
year 1990.

The prize will be awarded for outstanding work
by an individual for the popularization of science in
any Indian language, including English. The nominee
must have had a distinguished carcer as a writer,
editor, journalist, lecturer, radio or television
programme director, film producer, science photo-
grapher or as an illustrator, which has enabled
him/her to interpret science (including medicine),
research and technology to the public. He/she
should have a knowledge of the role of science,
technology and research in the enrichment of
cultural heritage and in solution of problems of
humanity. Work already recognized for any other
award will not be accepted.

The prize is open to any Indian national residing
in the country and will carry Rs. 10,000/ in cash
and a bronze medal. The prize winner will be
expected to deliver a lecture at the venue to be {ixed
by the Academy. Nominations for the award of prize
may be made by the Fellows of INSA, Vice-Chance-
llors, Deans, Principals, Directors of leading sctentific
institutions and National Laboratories and Editors
of Indian Science Journals in the prescribed
proforma which will be supplied on request.

The Nomination form duly completed in all
respects may be sent so as to reach the Executive’
Secretary, Indian National Science Academy,
Bahadur Shah Zafar Marg, New Delhi 110 002 latest
by July 15, 1989 indicating on the envelope’
“Nomination for Indira Gandhi Prize for Populari-’
zation of Science.”



