
32JA oral contribution C 2 Ein-Gedi. 19-22 March 2002

PECULIARITIES OF THE CHEMICAL BOND IN THORIUM
COMPOUNDS AND FINE X-RAY PHOTOELECTRON AND
O45(Th) EMISSION SPECTRAL STRUCTURE
Yury A. TETERINa. Vladimir A. TEREHOVb, Mikhail V. RYZHKOVC, Anton Yu.
TETERINa, Igor O. UTKINa, Kirill E. IVANOVa, and Labud J. VUKCHEVICHd

aRussian Research Center "Kurchatov Institute", 1, Kurchatov Square,
Moscow 123182, Russia

"Voronezh State University, 1, Universitetskaya Square,
Voronezh 394693, Russia

" cIristifuteof'Solid-StateChemistry;91,'Pervomaiskaya Street, - -
Ekaterinburg 620219, Russia

dNatural-Mathematics Department, "Veljko Vlahovich" University, Zetinski Put B.,
YU-81000 Podgorica, Yugoslavia

IVMO OVMO

ThO,

ThR

On the basis of the XPS (0 - -1000 eV),
X-ray O4,5(Th) low-energy (0 - ~50eV)
emission fine spectral structure parameters,
and theoretical calculations results for elec-
tronic structure of Th, ThC^, and ThF4, the
study of the Th6p-,5f- electronic states was
carried out. As a result, despite the absence
of the Th5f electrons in atomic Th, the Th5f
atomic orbitals were established to be able to
participate in the molecular orbital formation
in thorium dioxide and tetrafluoride. In the
MO LCAO approximation it enabled to sug-
gest that the filled Th5f states exist in tho-
rium compounds. It was suggested to be one
of the main reasons for the significant inten-
sity of the outer valence molecular orbitals
(OVMO) XPS spectral bands in the range (0
- ~15 eV), and the peaks at -80 and -87 eV
(Th5d<—Th6p,5f transitions according to the

-dipole. selection .rulesi.Al=±l, Aj_=Q,.±Uĵ O.)
in the X-ray O4,5(Th) emission spectra from
ThO2 and ThF4 (Fig. 1,3). It has to be noted
that the considered peaks can be partially
associated with the presence of the filled
Th6p states in the outer valence molecular
orbitals (OVMO) (0 - -15 eV). From the
theoretical data also follows that the atomic
Th5f orbitals can participate weakly in formation of the inner valence molecular orbitals
(IVMO) (15 —50 eV), which are built mostly from the Th6p and O(F)2s electrons of the
neighboring thorium and ligand ions [1]. On the basis of the X-ray O45(Th) emission
spectral parameters the formation of such IVMOs was confirmed. This phenomenon
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Fig. 1. X-ray photoelectron spectra of
the low-energy electrons from Th©2 and"
ThF4. The MO energies for the ThO8

12"
(Oh) cluster calculated in the SCF
Xa-DV approximation [1] are shown as
dashed lines under the spectrum of
ThO2.
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Fig.3. X-ray O4,5(Th) emission spectra of
Th reflecting the Th5d<—Th6p,5f,np
transitions in: TI1O2 (a); TI1F4 (b), meas-

Fig.2. Schematic for the energetic levels ured at 3 kV (2mA) [3],
of atomic Th (a) and ThO8

12' (On) cluster
(b), built with account of the experimental
(Eb, eV given to the right) and theoretical
data. Electronic transitions are shown as
arrows.

was discovered earlier [2] on the basis of the XPS fine spectral structure parameters.
Indeed, for example, the O^OTh) fine X-ray emission spectral structure (Fig. 3) can not
be described only by the atomic transitions (Fig.2a), but it can be described by the tran-
sitions from IVMOs (Fig.2b, [3]). In particular, the low-energy shoulder in the spectrum
from ThCh at 63.5 eV (Fig. 3a) can be explained only by the transitions like
Th5d5/2^-ltu. The absence of such a shoulder in the spectrum from TI1F4, can be ex-
plained by low contents of the filled Th6p3/2 states in the F2s binding energy region.
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