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Abstract

The luminescence spectra of MoO,; and WO, at 4.2 K are reported. They are very different. The optical absorption edge
of MoO; is at much higher energy than that of WO,. The Stokes shift of the MoO, emission is about twice that of WO,.
The differences are discussed in terms of the different crystal structures.
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1. Introduction

The luminescence of molybdates and tungstates have
been studied a long time [1-3]. Several of these com-
pounds (MgWO,, CaWO,, CdWO, {3]) show efficient
luminescence and are, or have been, applied as lu-
minescent material in several devices. The optical tran-
sitions in the molybdate and tungstate groups are of
the so-called charge-transfer type and show up in the
spectra as very broad bands. According to expectation
the first molybdate absorption band is always at lower
energy than the corresponding tungstate band.

As far as we are aware, the literature does not contain
any report on possible luminescence of MoO, or WOs.
Only for the latter is there a report on the luminescence
of ill-defined layers [4]. Since the metal-ion polyhedra
are strongly coupled in these trioxides, there is reason
to expect that they do not luminesce at all [3].

Usually MoQO; is reported to be colorless, whereas
WO, is said to be yellow, see for example Ref. [5].
This is an exceptional case, because the colors suggest
that the absorption edge of MoO, is at higher energy
than that of WO,. This was another reason to investigate
these oxides further. It turns out that their optical
properties are very different indeed and that the
differences can be explained by the different crystal
structures.

2. Experimental

The MoO; was obtained from Philips Research (Eind-
hoven) by courtesy of Dr. M. Ouwerkerk; it has been
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prepared by heating high purity ammonium paramo-
lybdate. The color of the powder is white and X-ray
powder diffraction showed it to be the stable ¢ mod-
ification of MoO,. The WO, sample was prepared by
drying high purity WO, (Merck). X-ray powder dif-
fraction showed it to be single phase WO,.

The optical measurements were performed using a
Spex Fluorolog spectrofluorometer equipped with an
Oxford helium flow-cryostat and a Perkin—Elmer
Lambda 7 spectrometer.

3. Results

Both trioxides show a weak photoluminescence below
100 K. Fig. 1 shows the diffuse reflection spectra of
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Fig. 1. Diffuse reflection spectra of MoO; and WO, at 300 K.
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Fig. 2. Emission and excitation spectra of the luminescence of MoO,
at 4.2 K. The parameter ¢ gives the spectral power per constant
wavelength interval in arbitrary units, whereas g, gives the relative
quantum output.
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Fig. 3. Emission and excitation spectra of the luminescence of WO,
at 4.2 K.

the two oxides at room temperature. It is clear that
the optical absorption starts at lower energies (longer
wavelengths) in the case of WO,.

Fig. 2 shows the emission and excitation spectra of
the luminescence of MoO, at 4.2 K. The excitation
spectrum follows the reflection spectrum. The emission
spectrum shows a maximum at about 750 nm. In view
of the decreasing sensitivity of the photomultiplier in
this spectral region, the real value may even be at
slightly longer wavelengths. The Stokes shift of this
emission is estimated to be some 16 000 cm~'. At 60
K the luminescence intensity has decreased to 50% of
the value at 4.2 K.

Fig. 3 shows the same data for WO,. The emission
band shows a maximum at about 700 nm, whereas the
corresponding excitation maximum is at 410 nm. This
yields a much smaller Stokes shift than for MoQ,, i.e.
about 10000 cm~'. The temperature at which the
luminescence intensity has decreased to 50% is 65 K.

4. Discussion

It has recently been argued by Mestl et al. [6] that
there are two ways to interpret the complicated crystal
structure of MoQO;. One is to consider MoOg octahedra
as the building units which are interconnected in one
direction by common edges and corners forming zig-
zag rows which are linked together by corner sharing

in a perpendicular direction. The so-formed layers are
stacked upon each other without having ions in common
(van der Waals gap). An alternative description is based
on MoO; polyhedra. However, a later structure analysis
allows another description [7]. MoO, layers are sep-
arated by a van der Waals gap of about 700 pm. Each
Mo®* ion has four neighbors at distances ranging from
167 to 195 pm. The other two completing the octahedron
are at 225 and 233 pm. In all descriptions the Mo-O
bond pointing to the van der Waals gap is the shortest
one, as is to be expected, since the oxygen involved
has only one molybdenum neighbor. The tetrahedra
are connected by sharing two oxygen corners to form
chains. The angle Mo—-O-Mo is about 140°.

The latter structure description seems to be the more
suitable one to understand the relatively high energy
position of the absorption edge. It is reasonable to
assume that the bonds with the shorter Mo-O distances
play the more important role. The 140° angle prevents
favorable wavefunction overlap, so that the tetrahedra
remain more or less electronically isolated. In fact the
absorption edge of MoO; is at only some 5000 cm™!
lower energy than in CaMoO, with isolated and regular
tetrahedra [1]. For comparison, the value of this dif-
ference is about 16 000 cm ™! for WO, and CaWO..

The low energy position of the absorption edge of
WO, is ascribed to energy band broadening which is
not unexpected in a perovskite-like crystal structure
with corner sharing tungstate octahedra [3]. The ex-
ceptional difference between the optical absorption of
MoO; and WO, is, therefore, ascribed to the difference
in crystal structure. In MoO, the molybdate polyhedra
remain electronically isolated, whereas the tungstate
polyhedra do not.

With this in mind, we turn now to the emission. The
emission band of MoO, shows a Stokes shift of about
16 000 cm ™. This is actually a characteristic value for
the Stokes shift of the tetrahedral molybdate group
luminescence [1-3]. That of the octahedral molybdate
group luminescence is considerably smaller, i.e. about
8000 cm~* [8]. This confirms the description of MoO,
as consisting of molybdate tetrahedra.

The low efficiency and quenching temperature of this
molybdate emission is undoubtedly due to the energy
position of the first excitation band, which lies lower
than for CaMoQO,, in which compound thermal quench-
ing of the luminescence starts at 200 K [1]. Lowering
of the energy levels leads to a drastic increase of the
role of radiationless transitions [3].

It should be remarked that there are also other ways
possible to describe this luminescence. For example,
K,Mo00,F,-H,O shows an emission band with a max-
imum at 680 nm and an excitation band at about 330
nm [9). This luminescence is due to the MoO, group,
but is very similar to that of MoO,. Large Stokes shifts
have also been observed for the luminescence of
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Table 1

Some data on the luminescence of perovskite-like compounds with an octahedrally coordinated d’-ion; all values for 4.2 K

Compound Excitation Emission Stokes shift Ty Reference
maximum maximum (10° cm™Y) (K)
(nm) (nm)
S1TiO; 380 500 7 35 [12]
BaTiO, 340 490 9 45 [10]
KNbO, 335 530 11 35 [13]
KTaO, 330 490 10 35 [13]
NbO.F 370 500 8 - [14]
TaO,F 365 500 8.5 - [14]
WO, 410 700 10 65 This work

* Quenching temperature as defined in the text.

M(d®)~O groups with short bonding distances like titanyl
[10]. Therefore, it cannot be excluded that there are
even less than four oxygens of the molybdate polyhedron
in MoO; involved in the luminescence process. Ab-
initio calculations for the case of isoelectronic vanadate
have confirmed this view [11].

The luminescence of WQ, is of a different nature,
as is already clear from the much smaller Stokes shift.
In Table 1 we have compiled some data on the lu-
minescence of perovskite-like compounds containing
octahedra with a central ion with d° configuration.
Given the nature of the d%ion octahedron, the ab-
sorption edges (approximately equal to excitation max-
ima) are all at relatively low energy [1-3]. The similarity
between isostructural and isoelectronic NbO,F, TaO,F
and WO, is striking. The emission is usually ascribed
to a self-trapped exciton on the d%ion octahedron
[3,12,13]. At higher temperatures the exciton becomes
mobile and migrates to quenching centers. In MoO,
this is not possible due to the large Stokes shift of the
emission. The structural difference between MoO; and
WO, has a striking consequence for their luminescences,
which are also different: that of MoO, corresponds to
a more localized situation than that of WO,.

Finally we note that the spectral data for WO; show
a certain similarity to those of the [W;,0;,]'~ complex
in which corner sharing of tungstate octahedra also

occurs. The complex emits with an emission maximum
at 660 nm, but the Stokes shift of this emission is 25%
larger than in the case of WO, [15].
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