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all lose oxygen before melting when heated in air;
the temperatures at which oxygen loss begins is in-

dicated in Table I. Reactions between Na,TeO,-
TABLE 1
CRYSTALLOGRAPHIC? AND STABILITY DATA

Angle? Dec

Compound a, & b, A ¢ A deg dx° dm pt,%°C
MgTeO: 4.6860 5.5848  5.0198 93.211 5.466 5.43 630
CdTeOs 5.0036 12.5254  4.9881 6.458 6.43 630
CaTeOs 5.2299 12.6785  4.9809 4.858 4.84 700
SrTeOs  5.5757 13.1144  5.0032 5.068 5.02 730
BaTeO¢ 5.9224 13,5117  5.0230 93.483 5.444 5.40 790

PbTeO4 5.4129 4.9471 6.0185 99,506 8.333 8.28 740

@ Brrors estimated from standard deviations are =0.0004 A for
the 4-5 A edges, #0.0008 A for 12-13 A edges, and =£0.006° on
the angles. ? The angle is 8 for MgTeQ, and PbTeO4 but v for
BaTeQ;. ¢ Calculated density based on crystallographic data.
¢ Decomposition temperature by tga.

2H,0 and a chloride gave small crystals which were
suitable for single-crystal X-ray diffraction studies.

Single crystals of SrTeO, were found to be orthorhom-
bic with a space group of Pca2, or Pcam. The refined
cell dimensions are given in Table I. CaTeO. and
CdTeO; were judged isomorphous with SrTeO; by
comparison of their X-ray powder patterns; the refined
cell dimensions of CaTeO, and CdTeO, are given in
Table I. Density measurements (Table I) indicate
four formula units per unit cell for these tellurates.

Single crystals of BaTeO, found to be monoclinic
with a space group of P2;/¢c where a = 5.9225 A, b =
5.0229 A, ¢ = 15.0796 A, and § = 116.56°. The cell
may also be described by ¢ = 5.9225 A, b = 5.0229 A,
¢ = 135117 A, B8 = 93.48°, and a space group of P2;/n.
This cell has an obvious similarity to the cells of Cd-
TeO,, CaTeQs, and SrTeO,. Consequently, in Table
I the cell dimensions have been rearranged to facilitate
comparison. It appears that BaTeO, has a distorted
version of the structure which exists for CdTeO,,
CaTeOy, and SrTeO,.

Single crystals of PbTeO; were found to be mono-
clinic, and the refined cell dimensions are given in
Table I.. The space group is C2, Cm, or C2/m, and
there are two formula units per unit cell.

The powder pattern of MgTeO, was readily indexed
by assuming it had a wolframite-type structure. In-
tensities were calculated using the published® positional
parameters for NiWQ;, and a comparison of observed
and calculated intensities supports this structure type
for MgTeO;.

Discussion

Of the tellurates prepared only MgTeO, appears to
be of a known structure type. These tellurates are
clearly not isostructural with the analogous sulfates
and selenates. This is probably due to the preference
of Te!t for octahedral rather than tetrahedral co-
ordination to oxygen. MgTeO, is isostructural with
several tungstates; however, in this structure all
cations are six-coordinated to oxygen. The other A%+-
TeO, tellurates are not isostructural with known
structures of analogous tungstates, molybdates, or
uranates.

X-Ray powder patterns of BaTeO, have been given
by Engelbrecht and Sladky! and by Knyazeva and
Kurapova.? These agree very well with our powder
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pattern, and thus it is certain that we all have the
same phase.

Knyazeva and Kalugina* have reported the prepara-
tion of SrTeO,; however, their powder pattern is
entirely different than ours. Furthermore, their prep-
aration temperature (750°) is very close to the decom-
position temperature of SrTeO,.

Natansohn®® has reported the preparation of Mg-
TeO;, CaTeQ,, SrTeOs, and BaTeO,. However, pre-
parative temperatures of 900-1000° were used, and
such tellurates are not stable under these conditions.

It is possible that the valence states in PbTeO, are
4-4 instead of 2-6. However, PbTeO, is not merely
a solid solution of PbO, and TeO, because it is not
isomorphous with any form of PbO, or TeO,. Further-
more, varying the reactant ratios in the PbOysTeO,
system did not indicate a significant range of
stoichiometry for PbTeO,.
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The study of metal-ligand vibrations!? has played
an important role in the development of coordination
chemistry., However ambiguity in band assignment
has often vitiated the value of such studies. Recently
single-crystal infrared and Raman studies, e.g.,%* have
become more common and present the possibility of
unambiguous band assignment. However, even in such
cases where high-resolution polarized data are obtained,
the number of observed vibrations may be less than
that calculated on the basis of a factor group analysis.
In such circumstances the polarization data may allow
assignment of a vibration to a particular symmetry
species but it may be impossible to distinguish whether
the vibration concerned is internal to a molecular
species in the crystal or is external thereto, i.e., is a
lattice mode.

For example, vibrational studies of red mercuric
jodide®® were recently substantiated by a single-crystal
Raman study. This revealed only four of the six
expected Raman-active transitions down to an ob-
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servation limit of 2.5 cm~!. The factor group analysis
predicts three E, modes (two internal to Hgl, and
one external) and two By, modes (one internal and one
external) as well as an internal A;, mode. Of the four
bands observed, two were assigned to internal E; modes,
one was assigned to an ¢ufernal By, mode, and one was
assigned to the internal A;, mode. No evidence was
presented to substantiate that the E, and B, modes
were in fact internal rather than external. Since the
internal E, modes have energies of 17 and 29 ecm™},
remarkably low for vibrations of a covalent metal-
ligand bond, it was of especial interest, from the view-
point of metal~ligand bonding, to substantiate that
these vibrations were indeed correctly assigned as
internal modes. The conclusions can be confirmed by
an examination of the selection rules of these transla-
tional modes after requiring the crystal symmetry to
ascend from the D% (P4y/mmc) space group to an
equivalent octahedral group.

The distortion of the red mercuric iodide lattice
from an octahedral space group is very small. Cubic
close packing would be perfect if the ratio ¢/a were
2.828 rather than the observed® 2.84. The removal
of the tetragonal distortion from each sublattice results
in the ascent in symmetry of the mercury sites from Dy,
to O and of the iodide sites from Cq, to T, symmetry
(Figure 1). The new octahedral space group is un-
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Figure 1.—The ascent in symmetry of the Dy space group to
O,

equivocally O;® (Fm3m) in which all Hg-Hg, I-I,
and Hg-I distances, respectively, become equal.

Since the wavelength of infrared radiation is very
long compared to the unit cell dimensions, it is usually
assumed® that propagation takes place only at the
center of the Brillouin zone. This point may correspond
in either the Dy, or the O, factor groups to the center
of the face adjoining two unit cells in the ¢ direction.
The relevant vibration unit in the octahedral space
group is a cluster of six mercury and eight iodine atoms
(Figure 2). A previous assignment® used only a part
of this unit and it appears that the modes described
as By, are essentially ungerade in character with respect
to motion of the mercury atoms (see Figure 2). Since
four of these atoms lie in the horizontal plane of the
factor group, they cannot move parallel to the z axis
in any gerade mode.

(8) R. W. C. Wyckoff, “Crystal Structures,” Vol. 1, Interscience, New
York, N. Y., 1963.

(9) S.S. Mitra and P. J. Gielisse, Progr. Infrared Spectrosc., 2, 47 (1964).

Inorganic Chemistry, Vol. 11, No. 5, 1972 1159

Figure 2.—The Brillouin zone of the Dy% space group for wave
propagation parallel to the z axis: mercury, small circles;
iodine, large circles. The atoms labeled A-F are the subgroup
of the Bravais unit cell used for vibrational analysis in ref 2.

The upgrading of this zone to an octahedral factor
group results in the addition of two orthogonal four-
fold axes to the symmetry of this vibration unit. The
correlation of D, vibrational wave functions (Table I)
to those of the O, factor group displays the effects of
the additional operators. Some of the allowed modes
correlate into partly forbidden representations in the
higher symmetry. The vibrational wave functions
have been normalized in the O; group to preserve the
correct number of modes, under the initial assumption
that equal parts of each 0, mode are required (foot-
note ¢, TableI).

We propose that the selection rules governing the
intensities of the octahedral modes are preserved on
descent in symmetry to the D, factor group. This
selection rule correlation has recently been discussed®
with respect to electronic spectroscopy and magnetic
phenomena and appears to be relevant to vibrational
spectroscopy. Since Dy, is a subset of O, the wave
function basis set is unchanged!! on descent in sym-
metry from O, to Dy If the representation in the
subset is related to more than one representation of the
generic octahedral group, then the intensity of the Dy,
vibration is determined only from the proportion of
the allowed generic mode.
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TaBLE I
THE CORRELATION OF VIBRATIONAL MODES
FROM THE Dy TO Op FacTOrR GROUP
Mode? Dypd 0pd

Internal A (U/v2)[JA0+) + |E0+)]

raman [Bigt)  (1/4v/2)[|Az0—) + |E0—))
active 9 % {[ng?) (1/42)[[T1g — 14) 4 [Ty + 1-)]
- [Eee)  (1/v2)[|Tie + 14) — [Ty — 1=)]
Internal [Aa)  [TrO4+)
infrared [Bow) | Tol04)
active 2 % [[Baf)  1/v2)[|Twe — 14) + [Tow + 1))
Bee) (/v [T + 14) — [Ton — 1))
Acoustic Asw)  [Ti0+)
infrared But)  (1/v2) T — 14) + [T + 1))
active [Buey  (1/v2){ITw + 14) = [T = 1=)]
Lattice Bigt)  (1/v2)[|Ag0—) — |Eg0—)]
raman [Eef)  (1/v2)[|Tig — 14) + |Tee + 1))
active [Bee)  (1/vV2){|Tig + 14) — [Toe — 1)}

@ Activity in Dy,. ° Representation in the Dy, factor group.
°c Wave functions assume complete coupling (see text). Note
that ELf\lx*\b dr = 18 in agreement with the total number of de-
grees of freedom in the Dy, factor group. ¢ For the derivation of
these functions see ref 10.

On ascent in symmetry to the octahedral Brillouin
zone, the correlation of some of the Dy, representations
into more than one octahedral mode can be regarded
as a resolution of the motion implied by the Dy, mode
into those implied by the O, mode. For example, the z
axis directed motion of the iodine atoms in the By,
mode is resolved in the O, group into a motion at 45°
to the z axis corresponding to an A,, mode and into
one in the wxy plane corresponding to the E, mode
(Figure 3). The former forbidden mode corresponds
to the lattice translation since it causes planes of iodine
atoms to interact while the allowed E, mode of O,
can be regarded as internal. A similar analysis for

Notes

Figure 3.—The resolution of the B, mode of the D% iodine
sublattice (denoted Q) into the A:; mode at 45° to the 2z axis
(forbidden) and the E, mode in the xy plane (allowed) of 0.

the E, modes of D, reveals again that the lattice mode
is the forbidden Ty, vibration in O, and thus confirms
that the experimentally observed E; modes are indeed
internal.

The application of selection rules appertaining to a
higher group than that actually present has been rec-
ognized informally in the past.!?> It is hoped that
the publication® of a mathematical formalism to deal
with this problem will lead to a more rigorous applica-
tion in the future.
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