
Tetrahedral Tellurate

Saki Konaka,† Yoshiki Ozawa,*,‡ and Atsushi Yagasaki*,†

Department of Chemistry, Kwansei Gakuin UniVersity, Sanda 669-1337, Japan, and Department of
Material Science, UniVersity of Hyogo, Harima Science Garden City 678-1297, Japan

Received August 7, 2007

A tetraethylammonium (TEA) salt of TeO4
2- was synthesized by

reacting Te(OH)6 with tetraethylammonium hydroxide. X-ray
structural analysis of (TEA)2TeO4·2H2O confirmed that this new
compound consists of discrete TeO4

2- anions of distorted
tetrahedral structure together with TEA cations and water molecules
of crystallization [a ) 8.0820(9) Å, b ) 13.7730(12) Å, c )
20.1590(18) Å, V ) 2244.0(4) Å3, Z ) 4, and space group Pccb].
The 125Te NMR spectrum indicated that water reacts with the
TeO4

2- anion to regenerate octahedral tellurate species in solution.

Almost every textbook of inorganic chemistry states that
tetrahedral telluric acid or tellurate anions do not exist or
are virtually nonexistent.1 Yet the congeneric selenic and
sulfuric acids, oxo acids of the elements that lie just above
tellurium in the periodic table, exist only in the tetrahedral
form.2 Periodic acid, isoeletronic with telluric acid, exists
in both tetrahedral and octahedral forms.3 Thus, the nonexist-
ence of tetrahedral telluric acid or tellurate is inconsistent
with these findings. There has been a report that, in the
confined environment of a mixed oxide Rb6Te2O9, half of
the Te atoms in the compound are tetrahedrally coordinated
by four O atoms.4 There is also a report that all of the Te
atoms in Cs2TeO4 are tetrahedrally coordinated by O atoms,
although the crystallographic data given in the paper fail to
reproduce tetrahedral TeO4 units.5 These reports suggest that
tetrahedral coordination of TeVI by four O atoms is possible.
However, the mixed oxide Rb6Te2O9 has no solution

chemistry and there are anomalously strong Cs-O interac-
tions (2.87 Å) in Cs2TeO4. So, the existence of truly discrete
tetrahedral tellurate ions, especially in solution, remains
unconfirmed.

We now report that discrete tetrahedral tellurate ion exists
in both the solid and solution states. We have successfully
synthesized and structurally characterized a tetrahedral
tellurate as its tetraethylammonium (TEA) salt.

The TEA salt of TeO4
2- was synthesized by reacting

Te(OH)6 with aqueous tetraethylammonium hydroxide
(TEAOH), evaporating the solution under vacuum, and
crystallizing the deliquescent solids thus obtained from
acetonitrile.6 Crystals suitable for X-ray structural analysis
were obtained by recrystallizing these crude crystals from
dimethyl sulfoxide.7 Single crystal diffraction studies re-
vealed that the crystal consists of TEA cations, water
molecules of crystallization, and discrete TeO4

2- anions
having the structure shown in Figure 1. As can be seen from
the figure, the TeO4

2- anion assumes a tetrahedral structure
analogous to that of SO4

2-. There exist significant hydrogen-
bonding interactions between the tellurate anions and the
lattice–water molecules (O1···O12, 2.793 Å; see Figure 2).
As a result, the four Te-O bonds in the TeO4

2- anion are
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meter using Mo KR radiation. The final agreement factors were R )
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divided into two groups: shorter ones (Te-O2, 1.765 Å) and
longer ones (Te-O1, 1.854 Å). This splitting together with
a slight twisting of the tetrahedron reduces the rigorous
crystallographic symmetry of the TeO4

2- anion to 2 from
its ideal j43m. However, there are no significant interactions
between TEA cations and TeO4

2- anions in the current
compound.

The Te-O bond lengths in the anion are significantly
shorter than those observed for the telluric acid and other
tellurate anions where the Te atoms are coordinated by six
O atoms that form an octahedron.8–11 The lengths of the
shorter Te-O2 bonds are comparable to those of I-O bonds
in the tetrahedral IO4

- ion.12,13 These facts are consistent
with the tetrahedral structure of the current anion, where the
Te atom is coordinated by only four O atoms. Yet the Te-O
length in the TeO4

2- anion is long for a tetrahedral oxo anion.
With the exception of the IO4

- anion that transforms into
the octahedral form under certain conditions, all tetrahedral
oxo anions have much shorter bonds. The long Te-O
distance makes the coordination space around the Te atom
relatively uncrowded. All of the O···O distances within the
TeO4

2- anion are significantly longer than 2.8 Å (twice the
ionic radius of O2-), with the longest one as long as 3.024
Å. This openness would make the central Te atom accessible
for small molecules such as water. In fact, the 125Te NMR
spectra indicated that water reacts with the TeO4

2- anion to
form octahedral tellurate species in solution (Figure 1).14 An
acetonitrile solution of (TEA)2TeO4 gave a single 125Te NMR
signal at 610 ppm at 25 °C. This value is comparable to that
reported for Cs2TeO4 in the solid state (601 ppm).5 When
water was added to this solution, another signal assignable
to an octahedral TeO6 species appeared around 0 ppm.15,16

Upon further addition of water, the 610 ppm peak totally
disappeared, indicating a total conversion of the tetrahedral
TeO4

2- anion into octahedral tellurate species.
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Figure 1. Structure of the TeO4
2- anion (top) and the change of the 125Te

NMR spectrum of TeO4
2- with water addition (bottom). O atoms of

lattice–water molecules (O11 and O12) are depicted together with the
TeO4

2- anion. The ellipsoids are drawn to encompass 50% probability
levels: (a) no water added; (b) 10% water; (c) 100% water.

Figure 2. Perspective view of the unit cell along the a axis. The TeO4
2-

units are represented by tetrahedra and the TEA cations by wireframes. H
atoms are omitted for clarity. One of the two crystallographically indepen-
dent TEA cations is disordered in two orientations about the inversion center.
Significant hydrogen-bonding interactions are indicated by broken lines.
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