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All the isomer shifts for LizO-, MgO-, and BaO-V20s glasses containing 10 mol% Fe;Os are in a range of
0.39—0.37 mm s~1, indicating that iron is present as tetrahedral Fe3* ions. This suggests that all the Fe3* ions
are present at the substitutional sites of tetrahedral V5+ or V4* ions constituting the skeleton of each glass
matrix. Distinct decreases in the quadrupole splitting and the glass transition temperatures are observed when
Li20 is incorporated into V20s matrix, suggesting a gradual change of the glass matrix from the layer structure
originally composed of VOs tetragonal pyramids to a chain structure composed of VOy tetrahedra. This

structural change is essentially the same as that of NazO- and K20-V20s glasses.

On the other hand,

simultaneous increases in the quadrupole splitting and the glass transition temperatures are observed
with increasing MgO or BaO content in the case of MgO- and BaO-V20s glasses. This suggests a gradual
change of the glass matrix from the original layer structure to a highly complicated three-dimensional network
structure composed of VO4 tetrahedra, similarly to the case of P205-V20s5 glasses.

It is well known that V205 has a layer structure
composed of distorted VOs tetragonal pyramids,
which can also be viewed as distorted trigonal
bipyramids.}»? Each V5+ (or V4+) ion is known to be
present at the center of the tetragonal pyramids,
surrounded by five oxygen atoms. An IR study of
several vanadate (V20s-based) glasses performed by
Dimitriev et al.? revealed that introduction of alkali or
alkaline earth oxides into the V2Os matrix results in a
destruction of the layer structure followed by a
formation of tetrahedral VO4 units. Furthermore,
Dimitriev et al.9 elucidated that only VO4 units are
present in the skeleton of metavanadate glasses having
alkali or alkaline earth oxide to V2Os ratio equal to
unity. The same conclusion was obtained by Segel
and Creel? in an NMR study of KVOjs glass.
Considering that alkali metavanadate crystals (e.g.
KVOj3 crystal) have a one-dimensional chain structure
composed of VOy4 tetrahedra,? it is not surprising that
alkali metavanadate glasses have a chain structure
composed of VO, tetrahedra. These results are
consistent with the recent Mdssbauer results of alkali
vanadate (K20-V205® and NazO-V2057) glasses
containing 10 mol% Fe;Os, obtained by the present
authors. In the K20~ and NaO-V20s glasses,®? all
the Fe3+ ions proved to be present at the substitutional
sites of the V5 or V4 ions constituting VO4
tetrahedra. In the recent Méssbauer study of
phosphorus vanadate (P205-V20s) glasses,® it was
concluded that introduction of P20Os into the V205
matrix results in a structural change of the glass
matrix from the layer structure originally composed of
VOs tetragonal pyramids to a three-dimensional
network structure composed of VO4 tetrahedra. In
contrast to these results, a neutron diffraction study
performed by Wright et al.9 showed that V5+ or V4+
ion is surrounded by five oxygen atoms in P205-V20s,
BaO-V20s5, and PbO-V20s glasses and that the
vanadate glasses are composed of interconnected and

distorted VOs tetragonal pyramids. A similar
conclusion was obtained in EXAFS and XANES©
and NMR and ESR! studies of P20s5-V20s glasses.

The present Mdssbauer study was performed in
order to elucidate the structural change of lithium,
magnesium, and barium vanadate glasses, brought
about by incorporating Li2O, MgO, and BaO into
V205 matrix. DTA measurements were performed in
order to examine the structural change, such as a
change in the coordination number of V5+ or V4+ ions
and a formation of nonbridging oxygen atoms,
through the composition dependency of the glass
transition temperatures (7).

Experimental

Lithium, magnesium, and barium vanadate glasses
containing 10 mol% Fe;Os were prepared by melting the
individual mixtures (1 g) of commercially available Li2COs,
MgCQOs, BaCOs, V205, and FezOs, of guaranteed reagent
grade. Each of the mixture was melted at 950—1000 °C for
lh in an electric muffle furnace under the ambient
atmosphere. Ten mol% Fe:Os was incorporated into the
individual mixture as a Mdssbauer probe. After the fusion,
each melt in a platinum crucible was quenched with ice-
cold water. All the vanadate glasses prepared in the present
study are almost black in color, having a metallic luster.
Méssbauer and DTA measurements were performed on the
pulverized glasses, according to the procedures reported in
the previous papers.&-® A piece of metallic iron foil enriched
with 57Fe was used as a reference for the isomer shift. Pow-
der of Al2Os was used as a standard material in the DTA
measurements.

Results and Discussion

A Méssbauer spectrum of LizO-V20s glass mea-
sured at room temperature is shown in Fig. 1, which
indicates only the presence of paramagnetic Fe3+ ions
of high spin state.12:1% No absorption peak due to
Fe2*+ ions nor magnetic species is observed in any of
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Fig. 1. Mdssbauer spectrum of 30LizO*60V20s-
10Fe20s glass measured at room temperature.
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Fig. 2. Composition dependencies of the isomer shift
(6) of Fedt ions in (a) LizO-, (b) MgO-, and
(c) BaO-V20s glasses containing 10 mol% FezQa.

the Mdssbauer spectra. The linewidth (FWHM) is
characteristic of the absorption peak due to iron in
glasses, being in a range of 0.59—0.46 mm s-1. All the
isomer shifts of Fe3+ ions are located in a small range
of 0.39—0.37 mm s—! with respect to metallic iron, as
is shown in Fig. 2. Earlier Mdssbauer studies of
several glasses!4-1® have shown that Fe3+ ions are
present at tetrahedral environments in borate and
silicate glasses. This is the case for the recent
Mdssbauer results on borate!”-20 and borosilicate20-22
glasses obtained by the present authors’ group. In
these glasses,17-22 all the isomer shift values are
located in a range of 0.38—0.22 mm s-1 with respect to
metallic iron. The experimental error for the isomer
shift is usually estimated to be £0.01 mm s—1. Judging
from the experimental results shown in these reviews
and papers,!4-22 it is concluded that all the Fe3+ ions
are present at tetrahedral environments in the LizO-,
MgO-, and BaO-V:0s glasses, forming FeQs tetra-
hedra. This conclusion indicates the presence of
tetrahedral VO4 units, because Fe3+ ions should be
present either at the substitutional sites of the V5+ (or
V4+) ions constituting the skeleton of the glass matrix
or at the interstitial sites in the glass matrix. (The
presence of V4+ ions has already been confirmed by
ESR measurements of several vanadate glasses, e.g.,
P205-V20s glasses.®) It is considered that coordina-
tion number of metal ions present at interstitial sites is
usually larger than that of the metal ions at
substitutional sites. The same conclusion on the
presence of VO tetrahedra has been -obtained in the
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Fig. 3. Composition dependencies of the quadrupole
splitting (A) of Fe3*t ions in (a) Li2O-, (b)
MgO-, and (c) BaO-V:0s glasses containing 10
mol% Fez0s.

recent Mossbauer studies of K2O-, Na20-, and
P205-V20s5 glasses containing 10 or 5 mol % FeQ3.6-9
The isomer shift values show a distinct decrease with
increasing Li2O, MgO, or BaO content (Fig. 2).
Similar composition dependency of isomer shift
observed in K20-V205® and NazO-V20s5” glasses was
ascribed to a formation of nonbridging oxygen atoms
in VOy tetrahedra, because a simultaneous decrease in
the isomer shift and the quadrupole splitting of Fe3+
ions was observed with increasing K20 or Naz:0
content. This is true in the case of Li20O-V20s glasses
studied in the present paper, where a simultaneous
decrease in the isomer shift (Fig. 2) and the
quadrupole splitting (Fig. 3) is observed with
increasing Li2O content. The experimental error for
the quadrupole splitting is estimated to be
+0.02 mms-1. The decrease in the quadrupole
splitting of Fe3+ ions is well ascribed to an increased
symmetry of the iron-oxygen tetrahedra, because
high-spin Fe3t ions have a symmetric electron
configuration of 3d% in the outermost orbital and the
electric field gradient brought about by the neighbor-
ing atoms or ions should primarily cause the nuclear
quadrupole interaction. The simultaneous decrease
in the isomer shift (Fig. 2) and the quadrupole
splitting (Fig. 3) observed in LisO-V20s5 glasses is
therefore ascribed to a formation of nonbridging
oxygen atoms in VOy tetrahedra. Also, it is considered
that a structural change of the glass matrix occurs
from the two-dimensional layer structure originally
composed of VOs tetragonal pyramids to a chain
structure composed of VOyq tetrahedra, similarly to the
case of K20-V205® and NazO-Vz0s5? glasses.

On the other hand, increases in the quadrupole
splitting are observed in the case of MgO- and
BaO-V:0s glasses (Fig. 3). A similar phenomenon
was observed in P205-V2Os glasses containing 5 mol%
Fe203,® where an increase in the quadrupole splitting
of Fe3t ions, indicating a decreased symmetry of the
FeO4 (and VO,) tetrahedra, was ascribed to a gradual
change of the glass matrix from the layer structure
originally composed of VOs tetragonal pyramids to
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the three-dimensional network structure composed of
VO tetrahedra. The same conclusion was drawn
from the similar composition dependency of the glass
transition temperatures of the P205-V205 glasses.®
The increase in the quadrupole splitting of Fe3+ ions,
observed in the case of MgO- and BaO-V205 glasses
(Fig. 3), is therefore ascribed to a gradual change of the
glass matrix from the two-dimensional network
structure composed of VOs tetragonal pyramids to a
highly complicated three-dimensional network struc-
ture composed of VOy tetrahedra. In contrast to
Li2O-V20s glasses, it is considered that nonbridging
oxygen atoms are rarely formed in the VOyq tetrahedra
constituting the skeleton of MgO- and BaO-V:0s
glasses, because the quadrupole splitting values show
a continuous increase with increasing MgO or BaO
content. It is therefore concluded that fraction of
nonbridging oxygen atoms decreases with increasing
MgO or BaO content in the MgO- and BaO-V320s
glasses. It can be seen from Fig. 3 that the quadrupole
splitting of Fe3+ ions in the MgO-V20s5 glasses shows
a more distinct composition dependency than that of
the Fe3+ ions in the BaO-V20s5 glasses. This will be
due to a large ionic potential of Mg?t ion. (The ionic
potential is generally denoted by Z/7, where Z is the
charge of cation and r is the ionic radius.) It is
speculated that cations having large ionic potential
will bring about an increased chemical bond strength
between the cations and neighboring oxygen atoms.
As a result, the resultant structure will become more
complicated.

Regarding the short-range (local) structure of
vanadate glasses, all the recent®~® and present
Mgéssbauer results are consistent with the IR results
obtained by Dimitriev et al.? and also with the NMR
results obtained by Segel and Creel.? (In these
studies,3:¥ it was reported that all the vanadate glasses
are composed of VOs tetrahedra.) Regarding the
middle- or long-range structure, it is concluded that
structure of the glass matrix (skeleton) strongly
depends on the type of so-called ‘‘network modifier,”
and that the glass matrix of alkaline earth vanadate
glasses has highly complicated three-dimensional
network structure. This structural change is similar
to that of P205-V20s5 glasses.? It is interesting to
compare the present results on MgO- and BaO-V205
glasses with the previous results obtained by different
methods, such as a neutron diffraction® result on
P:Os- and BaO-V:0s5 glasses, an EXAFS and
XANES! result on P205-V20s5 glasses, and an NMR
and ESR! result on P205-V205 glasses. In these
studies, -1V coordination number of V5+ or V4+ ions
was reported to be always 5 irrespective of the
composition. It seems that apparently higher
coordination number (5) was obtained in those
studies®1Y owing to a highly complicated three-
dimensional network structure of the glass matrix.

Méssbauer and DTA of Vanadate Glasses
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Fig. 4. Composition dependencies of the glass
transition temperature (T5) of (a) Li2O-, (b) MgO-,
and (c) BaO-V30s glasses containing 10mol%
Feq0s.

Each DTA curve of the Li;O-, MgO-, and
BaO-V30s glasses containing 10 mol% FezOs consists
of an endothermic peak due to glass transition and
one or a few exothermic peak(s) due to crytallization,
similarly to the case of several vanadate glasses studied
recently.6-® All the glass transition temperatures (7Ty)
are plotted in Fig. 4 against Li2O, MgO, or BaO
content. Previous Mdssbauer and DTA studies of
K20-V205% and Na2O-V205? glasses revealed that T
shows a distinct decrease when coordination number
of V5+ or V4t jons decreases from 5 to 4 and when
nonbridging oxygen atoms are formed in the VOq
tetrahedra. This is the case for the LisO-V2Os5 glasses
studied in the present paper, where the T, shows a
continuous decrease from 236 to 209°C with
increasing Li2O content (Fig. 4). Considering the
NMR result on KVOs3 glass? described above, i.e. the
glass has a chain structure composed of VOq
tetrahedra, the present Mgssbauer and DTA results on
the LizO-V20s5 glasses lead to the conclusion that a
gradual structural change occurs from the two-
dimensional layer structure originally composed of
VOs tetragonal pyramids to the one-dimensional
chain structure composed of VOy tetrahedra. (This
corresponds to the decrease in the coordination
number of V5+ and V4+* ions from 5 to 4.) It can be seen
from Fig. 4 that a formation of nonbridging oxygen
atoms in the VO4 and FeOy tetrahedra is also reflected
as a continuous decrease in Ty of the Li2O-V20s
glasses. On the other hand, an increase in Tj is
observed with increasing MgO or BaO content in the
MgO- and BaO-V20s5 glasses (Fig. 4). This is in good
agreement with the Méssbauer results described above,
i.e., a gradual change of the glass matrix occurs from
the original layer structure composed of VOs tetra-
gonal pyramids to the three-dimensional network
structure composed of VOyq tetrahedra. It should be
noted that the T, shows a distinct increase in spite of
the decreased coordination number of V5+or V4+ ions
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from 5 to 4, as described above. Similar results were
obtained in the DTA measurements of P205-V20s5
glasses® having a three-dimensional network struc-
ture. The difference in the structural change between
alkali and alkaline earth vanadate glasses will be
caused by the different positive charges of alkali (+1)
and alkaline earth (+2) metal ions present at the
interstitial sites. Itis also considered that higher ionic
potential of alkaline earth metal ions (e.g. Mg2* ions)
causes the formation of highly complicated three-
dimensional network structure.

It is concluded that all the Fe3*+ ions are
tetrahedrally coordinated with oxygen atoms and are
present at the substitutional sites of V5+ or V4+ ions,
which constitute the skeleton of vanadate glasses in
the form of VOy tetrahedra. It is also concluded that
introduction of Li2O into V20s matrix results in a
gradual change of the glass matrix from the original
layer structure composed of VOs tetragonal pyramids
(or trigonal bipyramids) to the chain structure
composed of VO4 tetrahedra. It is considered that VO4
tetrahedra have some nonbridging oxygen atoms and
that the structural change of LizO-V205 glasses is
essentially the same as that of Na;O- and K20-V20s
glasses. On the other hand, it is concluded that
introduction of MgO or BaO into the V2Os matrix
results in a gradual change of the glass matrix from
the original layer structure composed of VOs
tetragonal pyramids to the highly complicated
three-dimensional network structure composed of VO4
tetrahedra, similarly to the structural change of
P20s5-V20s5 glasses.
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