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The electronic structure of act1n1de monox1dcs AcO and d1ox1des AcO2
where Ac = Th, U, Np, Pu, Am, Cm and Bk--has been stud1ed by molecular
‘cluster methods based on the: flrst-prlnc1p1es one-electron local density

theory. Molecular orbitals for nearestfnelghbor clusters AC0610- and

Acqslzf representative of monoxidefand dioxidewlattices'wéré obtained
using non~re1at1v1st1c spln-restrlcted and spln-polarlzed ‘Hartree-Fock-
Slater models for the entire series. Fully relat1v1st1c Dirac-Slater
. calculations were performed for ThO, U0 and NpO in order to explore mag-
nitude of spin-orbit spllttlngs and level shifts in vilence structure.
Self -consistent iterations were carried out for NpO, in which the NpO6
cluster was embedded in the{molecular field of the. solid. Finally,a
"moment polarized" model which‘combines both spin-polarization and rélati-:’
v1st1c effects in a conslstent fashlon was applied to the NpO system. -
Covalent mlxlng of oxygen 2p and Ac 5f orbitals was found to increase-
‘rapidly across the actinide series; metal s,p,d covalency was found to be
nearly constant. Mulliken atomic orbital population analysis of cluster
eigenvectors shows that free-ion crystal field models are unreliable,’ex-l
_cept for the light actinides. X-ray photoelectron line shapes have been ..
calculated and are found to compare'ratner well with experimental data on
the'dioxides. .
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Recent advances in one-electrdn local denslty theory have made it
p0551ble to perform quantltatlve f1rst-pr1nc1ples studies of the electron-
ic structure of molecules contalnlng actinide atoms(l -5). Results for
free molecules like UF6 have been compared with photoelectron and Optl-
cal data, show1ng that many features of the spectra can be understood
in terms of simplified orbital models, which differ from the tradltlonal
free 1on approach by the covalent m1x1ng of actinide (Ac) and ligand
levels. Active participation of Ac 5f states in the:metaleligand bond
‘has been defionstrated.

The nature of chemical bonding in solid compounds of the actinides
can be explored through use of molecular cluster models; here we Briefly
present some results from an ongoing study of the monoxides and dioxides.
Wavefunctions and molecular orbital (MO) energies have been obtained for

Acoﬁlo- and Acoalz- clusters representative of the monoxide and dioxide



lattices making use of a discrete variational method described previously
(6). Numerical frce atom wavefunctions were used as a basis set in the

variational procedure; overlap and hamiltonian matrix elements were calcu-

lated by a numerical sampling algorlthm.
Within the local density formallsm one may choose models of varying
degrees of complexity, i.e. nonrelat1v1st1c (spin- restrlcted or spin-pol-
arlzed) and relativistic (restricted or polarlzed). It is useful to com-
%ﬁpare predictions of these models 1n order to identify the source of ob-
'served features in the MO structure ' Complete calculations within a
given model requlre self~consistent 1terations, using the ocCupied'MO's_
the produce a charge den51ty and potentlal Treatment of solids ihVolves
the further compllcatlon of developlng embeddlng constralnts on the
dcluster due to the crystal env1ronment(7) As a first approach we have
con51dered nonself-conslstent models in whlch the 1nput atomic conflgu-
rations were chosen empirically to produce 'reasonable" cluster energy
levels which compare well with available photoelectron data(8). Our flnd-
ings are discussed in deta11 in forthcomlng publlcatlons(9 10). We.can
summarize the results as follows '
Ir a nonself-consistent (NSC) model cluster charge den51t1es were
formed by superposition of free atom den51t1es, and used to construct
the one—electron potential. A satlsfactory MO 1eve1 scheme for the en-
tire AcO and AcO series was found in nonrelat1v1st1c (NR) spin-restricted
and spln-polarlzed models with the use of free atom oxygen . 2522p4 and
actinide Sf° 6d 7s conflguratlons The MO levels can be descrlbed as a
practically constant framework, consisting of Ac 6d,7s, ,7p and O 2s 2p
states in which 5f% and 5f¢ states shift. systematlcally toward greater
binding energies with increasing atomic number. In the NSC model a maxi-
mum‘"Sf"~exchange spiitting of 4.5 eV was found for AmO -corresponding to
the assumed high spin state of the atom. Crystal field splittings of 1. 2-
1.4 eV were calculated for the MO's of predomlnant Sf character. How-
ever when such "5f" levals approach and overlap with the 0 2p band (as for
exampie 5% in Pu0) the free ion crystal field model loses its utility.
In any case a significant amount of 5f and 6d character is found in the

"o 2p" valence band, leading to effective Ac ion configurations quite



different  from those of the free ion. -
Decomposition of cluster eigenvectors into atomic orbital contri-
butions was carried out using Mulliken population analysis. The result-
ing atomic orbital populations provide a quantitative (but basis depen-
dent) picture of the effective atomic configuration in the solid, and can
‘be used to define”an approximate self-consistent-charge (SCC) scheme for
1teratlon(6) Populatlons determlned for individual MO levels have been
used to calculate X-ray photoelectron line shapes, which compare well with
exper1menta1 data on the d10x1des(8) . The main dlscrepancy concerns rela-‘
tlve 1nten51ty of Ac 5f and 0 2p contributions to the photoem1551on."It
remains an interesting problem to determlne whether this dlscrepancy is
altered by self-consistent: 1terat10ns (1t seems unllkely) or whether the
theoretical atomic cross- sections used in the llneshape calculation repre-
sent an inadequate approxlmatlon. ;
Table 1. Total actinide valence atomlc orb1ta1 populatlons for spin-u unres-
tricted Ac0610 and Ac0812- clusters, using potentlals generated from

superimposed free atom charge densities.

monoxide dioxide

5¢ 6d 7s 7p 5¢ 6d 7s 7p
Th 2.37 0.87 0.0l 0.02 | 0.48 1.02 0.0l  0.02
U 4.44 0.8  0.02  0.02 2,71 1.07  0.01  0.02
Np 5.44 0.81 0.03  0.03 4.00 © 1.08 0.0l  0.02
Pu 6.5 0.83 0.03 0.03 | 5.21 1.07 0.0l  0.02
an 7.18  0.79  0.04  0.03 6.60 1.08  0.01  0.02
cm 8.3 0.77 0.04  0.03 7.3 1.08  0.01  0.02
Bk 9.95 0.75 0.04  0.04 8.16  1.07 0.01  0.02
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In Table 2 are shown the valence MO levels for Npé obtained by

SCC spin-polarized iterations, for a cluster embedded in6the potential
field of the NpO lattice represented by superposition of Np2+and 02-
charge densities. Some quantitative differences can be noted in com-
parison with the NSC results(10), but the overall level structure is
rather similar. In principle we intend to continue iterations by modi-
fying the crystal environment until mutual consistency is reached. It

should be noted that there is no reason to suppose that the iterated



groundbstate will provide a better model for.binding energies than NSC mo-

dels, because of the rather large Coulomb corrections and relaxation shift

-associated with the ionization process. The position of Ac 5f levels is |

notably sensitive to configuration changes. Slater' swtfenéition state
scheme _provides a feasible method for SC treatment of these effects, but

in principle 1ndependent calculations must’ be done for each ionization

’ level(ll)

- Table 2. Self-con51stent—charge spin-polarized valence levels (1n eV)

for Np0610- clusters embedded in the NpO lattice. o
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MO 4 spin § Mo 3 sp1n { Mo 4 spin 1
,"7eg“0.2:,: 0. 0 . ;ltlui;yﬁ .2. (Sf)6 4 . 9t1u 10 2 ”Cr “10. 4'g,

: 10.8 .0
StZg 3.9 3.8 1tlg 8.4 8,9~>" l+t2\g ?0 C ; ;0 0
12t 5 7 4 3- I 10tlu 8.4 '8.6 Btlu ‘20.? ZC.S :
?tz 6 4 (5£)5.3 : thn 8.9 ‘.e 952k | 8;18 23.1 43.5 -
10a,,5.5 5.7 o 9aj, 9.4 ‘9v.6’ Sey 22.2 235

Zazu7.0 (5£)5.9 ‘6eg | 959 10.2 7tlu 24.3 24.4
a) Arbitrary zero of energy' ,ez 'b) first'occnpied leyels :
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Space 11m1tat10n prevents dlscu551on of SC relat1v1stlc results obtained

to date; these w111 be publlshed elsewhere.
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