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The shape and near edge structure of the L,,, absorption discontinuity of tungsten in some rare earth tungstates, 
RE,(WO,), , were studied using a 40 cm Cauchois-type transmission x-ray spectrograph. Molecular orbital theory 
was used to interpret the fine structure. 

INTRODUCTION 

In recent years the study of rare earth metals and their 
compounds has attracted considerable interest because 
of their technological potential.'-4 Amongst the rare 
earth compounds, the HRET (heavy rare-earth 
tungstates) system is particularly important. The com- 
pounds of this family are typical insulators at room 
temperature and they become semiconductors at ele- 
vated  temperature^.^,^ 

As is well k n o ~ n , ~ . ~  the study of x-ray absorption 
discontinuity provides valuable information on the elec- 
tronic structure and chemical bonding in various types 
of materials. Several theories have been put forward to 
explain the fine structure observed close to the discon- 
tinuities, which is called XANES (x-ray absorption near 
edge structure). Molecular orbital theory is particularly 
useful, especially when the absorbing atom is sur- 
rounded by ligands in such a way that one can think in 
terms of the existence of molecules in the materials. 

We report in this paper an x-ray absorption study of 
rare-earth tungstates, Gd2(wO4)3 and Dy,(WO,), , 
which show insulator to semiconductor transition. 
These compounds have similar structures, usually 
described as a defect scheelite s t r u c t ~ r e , ~ ~ ' ~  in which the 
tungsten atom exists in the radical (W04)2- form with 
a coordination number of four and the rare-earth ion 
has a coordination number of eight.'' The radical 
(WO,)'-, with tetrahedral symmetry, is common to all 
compounds of the system and the near environment is 
basically the same in each case. 

EXPERIMENTAL 

The compounds were prepared and characterized at the 
Physical Laboratory of the Mineral Exploration Corp., 
Nagpur. 

The L,,, absorption spectra of the compounds were 
recorded on a Cauchois-type 40-cm, bent crystal x-ray 
spectrograph. An x-ray tube with a copper target, oper- 
ated at 20 kV and 10 mA, was employed as the source 
of radiation. The (100) reflecting planes of mica were 
used for recording the spectra. Several spectra for each 
sample were recorded using different absorption thick- 
nesses, and that giving the best contrast and structure 
was selected. Several spectra using the proper absorp- 
tion thickness were recorded for each sample to ensure 
reproducibility. 

Microphotometer traces with a magnification of 
x 100 were taken on a Carl-Zeiss (MD 100) micro- 
photometer for each spectrum at different heights on 
the same film. The reference lines used for measurement 
of the wavelength of the L,,, discontinuity of tungsten 
were WL,, and WL,, whose wavelengths were taken 
from the International Tables for x-ray wavelengths.I2 

RESULTS 

The structure associated with the L,,, discontinuity of 
tungsten in the tungstates as observed on the micro- 
photometer traces was studied. The discontinuities had 
similar shapes in both compounds. A typical curve 
showing the near edge fine structure associated with the 
LIl1 discontinuity of tungsten in Gd2(W04), is given in 
Fig. 1. 

The shape of the tungsten L,,, discontinuity in these 
compounds is different from that observed in either 
tungsten metal or its oxides, W 0 2  and W 0 3 ,  for which 
the discontinuity shows the usual arc tangent absorp- 
tion curves. It can therefore be inferred that the shape in 
Fig. 1 is a unique feature of the (W04)2- radical. 

The maxima and minima on the curve (Fig. 1) corres- 
pond to the minima and maxima of the absorption coef- 
ficient, respectively. A prominent white line labelled b is 
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Figure 1. Tungsten L , , ,  absorption discontinuity in Gd,(WO,),. 

obtained, along with other maxima c, d and e. The 
energy differences between a, the inflection point on the 
main edge, and the other maxima are given in Table 1. 

Table 1. Positions of the peaks, in eV 
a b C d e I A 0 - d  

0 10.1 17.7 21.3 44 7.6 

DISCUSSION 
~ 

For the interpretation of the different features of the dis- 
continuity, we shall make use of the molecular orbital 
diagram for (ReOJ, as given by Pendharkar and 
Mande.13 Such an approach was used by Apte and 
Mande14 to interpret the shape and the near edge struc- 
ture associated with the K absorption edge of man- 
ganese in its compounds and more recently by Sugiura 
et aLi5 to study the Llll and K edges of ruthenium and 
chlorine, respectively, in some complex compounds. 

For the formation of molecular orbitals, the tungsten 
atom contributes 6 electrons and the four oxygen atoms 
contribute 24 electrons. Since the (W04)2- ion has a 
double negative charge, we have to distribute 32 elec- 
trons in the molecular orbitals, which are formed by 
taking into consideration the metal 5d, 6s and 6p 
orbitals and the ligand 2s and 2p (0, n) orbitals. After 
distributing the 32 valence electrons in the la, I t2,  le, 
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Figure 2. Qualitative molecular orbital energy level diagram for 
the tetrahedral (WO,)*- ion. 

2t2, 2a, 3t2 and t, orbitals, the 2e, 4t2, 5t2 and 3a, 
orbitals are left entirely vacant, as shown in Fig. 2. 

The molecular orbital diagram for (W04)’- shown in 
Fig. 2 is only qualitative, built on considerations of 
LCAO and molecular orbital formulation with respect 
to the first coordination shell, without taking into 
account the several complicating effects discussed by 
Pendharkar and Mande.’ 

The white line corresponding to absorption 
maximum b is very intense, since it corresponds to the 
transition 2P,,, to the molecular orbital level 2e, which 
has strong d symmetry contributed by the absorbing 
tungsten atom. 

The maxima c, d and e correspond to the transitions 
from 2P3,, level to 4t2, 5t2 and 3a, respectively. 

It is possible to obtain an estimate of the crystal field 
splitting BE, the energy separation between the two 
non-degenerate MO levels of d symmetry (t2 and e) 
from our experimental curves. This energy separation is 
found to be 7.6 eV. Since no optical data on these com- 
pounds were found in the literature, no comparison 
could be made. However, this value is approximately 
the same (6.4 eV) as that obtained with tetrahedral com- 
pounds of rhenium,I3 which is not surprising since the 
rhenium (75) and tungsten (74) are adjacent in the 
Periodic Table. 
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