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ABSTRACT: Heteroanionic compounds continue to gain interest in materials design
because the expanded composition space provides opportunities to discover new phases
and tune physical properties. Among heteroanionic materials, oxytellurides comprised of
oxygen and tellurium anions are relatively underexplored despite the significant role of
tellurium in emerging technologies. Herein, we present synthetic strategies toward
oxytelluride Ln,0,Te (Ln = La—Pr), whose layered structure features square nets of
Te>™ anions. Upon heating in H, or air, we find a reversible phase transition between the
oxytelluride and tellurate Ln,TeO4 (Ln = La, Pr), wherein Te is octahedrally coordinated
and a 6+ oxidation state is corroborated by bond valence analysis. We use X-ray
diffraction along with thermogravimetric analyses to confirm the presence of oxytelluride
and tellurate phases and emphasize key structural distinctions. In contrast, we find that
Ce,0,Te decomposes to form CeO, and demonstrate the instability of Ce,O,Te in
ambient conditions by timelapse X-ray diffraction and diffuse-reflectance spectroscopy

experiments. Band gaps of Ln,0,Te (Ln = La—Pr) were estimated from diffuse-reflectance spectroscopy in the semiconducting

range ~2.1—2.7 eV, while band gaps for La,TeOg4 and Pr,TeO4 were much larger at ~4.3 and ~3.7 eV, respectively.

B INTRODUCTION

Heteroanionic systems have emerged as a distinct class of
materials for which exploration of the anion composition
presents an exciting opportunity to strategically target new
materials and tune physical properties.' ™ Greater structural
diversity afforded by the expanded composition space often
results in interesting characteristics otherwise inaccessible
through conventional cation substitution or homoanionic
systems. As a result of modern computationally driven
materials screening techniques, heteroanionic systems are
highlighted as promising candidates in advanced applications
such as transparent semiconductors, solid-state electrolytes,
thermoelectrics, and optoelectronics."”” Work on ternary and
quaternary heteroanionic systems like oxysulfides, oxysele-
nides, oxynitrides, and oxychlorides are well underway;
however, relatively few oxytellurides have been reported.®™""
This lack of attention is perhaps a reflection of the low natural
abundance of tellurium and the invalid assumption that
structure—property relationships of tellurium compounds can
be inferred from those of their lighter chalcogen counter-
parts.12

As an energy-critical element'® prominent in innovative
energy technologies, tellurium is unique from other chalcogens
in terms of its structure, properties, and reactivity.'> Although
chalcogenides are known for their broad range of oxidation
states, from 2— to 6+, the higher oxidation states are more
stable for tellurium because of its lower ionization energy. Te-
centered octahedra are unique to tellurates, whereas sulfates
and selenates are commonly characterized by tetrahedral
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coordination of chalcogen, which bonds more tightly with the
O atoms.'* For instance, the three-dimensional framework of
solid-state paratellurite (@-TeO,) is characterized by Te*" in a
distorted octahedral coordination and is in marked contrast to
the monomeric structure of SO,, which is a toxic gas.12

Oxychalcogenides face some noteworthy synthetic chal-
lenges often because of the ease of volatility of chalcogen
precursors, therefore requiring controlled atmospheres or
alternatives to conventional inorganic synthetic methods. A
common protocol for synthesizing oxysulfides, for example,
uses H,S gas as a sulfurizing agent; however, there is no
analogous protocol for synthesizing oxytellurides. By compar-
ison, H,Te gas is highly unstable, rapidly degrading in the
presence of air or light, and not commercially available.'
Herein, we first attempt to better understand the synthesis and
characterization of mixed O—Te phases, and to the best of our
knowledge, M,0,Te (M = 3" metal) is the only known ternary
oxytelluride.

In this paper, we investigate synthetic pathways toward
Ln,0,Te (Ln = La, Ce, Pr) and demonstrate the reversible
transformation of oxytelluride Ln,0,Te (Ln = La, Pr) to the
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respective tellurates, Ln,TeOg. This reversible phase transition
from oxytelluride to tellurate showcases the broad range of
tellurium oxidation states as well as its unique coordination
and reactivity. We find Ce,O,Te instead to be air-sensitive and
to show gradual degradation. We also present structural and
optical measurements that distinguish the oxytellurides from
tellurates. These are the first quantitative reports of the
physical properties of Ln,O,Te (Ln = La, Ce, Pr).

B EXPERIMENTAL METHODS

Reagents. La rod (99.9%, Alfa Aesar), Ce rod (99.9%, Alfa Aesar),
Pr rod (99.9%, Alfa Aesar), La,O; (99.9%, TCI America), CeO,
(99.9%, Alfa Aesar), Pr,05 (99.9%, Alfa Aesar), a-TeO, (99.99%, Alfa
Aesar), and Te shot (99.9999%, Alfa Aesar) were used as received
without any additional purification for oxytelluride syntheses. La,O;
(99.9%, TCI America) and Pr,05 (99.9%, Alfa Aesar) were calcined
prior to use in tellurate syntheses.

Ln,0,Te Oxytelluride Synthesis. Bulk samples of Ln,0,Te (Ln
= La, Ce, Pr) were prepared by two different synthetic methods,
which are categorized hereafter according to the furnace used for
heating, either a muffle furnace or a tube furnace. The muffle furnace
method follows a standard solid-state synthetic route, in which fine
shavings of Ln (Ln = La, Ce, Pr) rod and a-TeO, powder were
mechanically mixed in a stoichiometric 2:1 ratio in an agate mortar
inside a drybox with circulating ultrahigh-purity N,. The fine shavings
of each Ln were obtained by filing the as-purchased rods. The
mixtures were placed in graphite crucibles and loaded in a fused-silica
ampule. Ampules were subsequently flame-sealed under vacuum at 4.0
X 1072 Torr and placed centrally inside a muffle furnace. The furnace
was heated to 750 °C at a rate of 90 °C/h, where it dwelled for 48 h,
and then the furnace was turned off and allowed to come to room
temperature for a total of ~3 days. Additional details on the
optimization of this method can be found in the Supporting
Information. Products were visibly dark gray-green for Ln = La and
Pr and red-brown for Ln = Ce, as seen in Figure 2a—c. Typical yields
based on mass were ~97%, with the small loss of material resulting
from multiple transfers.

The tube furnace method employed controlled gas flow through a
one-zone horizontal alumina tube equipped with water-chilled
endcaps on both ends of the tube and gas outlet vented into a
hood. Approximately 1 g of La,0;, CeO,, or Pr,O; was loaded into an
alumina boat and spread evenly to ensure maximum exposure to the
gas flow. The boat was then placed centrally inside the tube furnace. A
separate alumina boat was charged with 15% excess Te shot and
placed adjacent to the rare-earth oxide boat on the gas inlet side of the
tube furnace (Figure S1). H, gas was flowed through the tube furnace
at a rate of 30 L/h for 30 min prior to heating to ensure a controlled
atmosphere. The furnace was then heated at a rate of 338 °C/h to 700
°C, where it dwelled for S h, and then the furnace was turned off and
allowed to come to room temperature. The discrepancy in the
reaction temperatures between the muffle and tube furnace methods
can be attributed to the differences in the diffusion rates. Once the
furnace was cooled, H, gas flow was stopped, and the furnace was
kept closed overnight to continue venting any residual H, into the
hood. After the sample was removed, excess tellurium that had
recrystallized at the cool end of the tube could be mechanically
removed. Warning!Elemental Te is considered hazardous with acute
inhalation toxicity, and therefore removal from the tube interior must be
performed so as not to create dust and should be performed inside a fume
hood. Samples were visibly dark gray-green for Ln = La and Pr and
red-brown for Ln = Ce, similar in color to those prepared by the
muffle furnace method. Typical yields based on mass were ~99%.

Ln,TeO4 Tellurate Synthesis. Bulk samples of Ln,TeO4 (Ln =
La, Pr) were prepared by a standard solid-state reaction in a fashion
similar to that in a previous report.'® La,O; and Pr,O; were first
calcined in air at 900 °C for 12 h. Ln,0; (Ln = La, Pr) and a-TeO,
powder were ground in a 1:1 molar ratio using an agate mortar and
pestle. The mixture was loaded into an alumina boat and placed
centrally inside a muffle furnace. The sample was heated in air at a

rate of 75 °C/h to 900 °C, where it dwelled for 36 h, and the furnace
was subsequently turned off and allowed to come to room
temperature for a total of ~2.5 days. Samples were visibly white for
La,TeOg and pale green for Pr,TeOg, as seen in Figure 5a,b. Typical
yields based on mass were ~98%.

Powder X-ray Diffraction (PXRD). For all samples, PXRD data
were collected using a PANalytical Empyrean diffractometer with
Bragg—Brentano geometry and Ni-filtered Cu Ka radiation (4 =
1.54060 A) operated at 45 kV voltage and 40 mA current. Data were
collected at room temperature over an angular range of 10° < 26 <
90° at a scan rate of 0.04°/min and a step width of 0.008°. The X'Pert
Plus software package was utilized for X-ray diffraction (XRD) data
analysis, and a previously established structural model was used for
Rietveld refinement. Global profile refinement parameters included a
scale factor, a specimen displacement parameter, and a peak shape
function (U, V, and W, respectively) using the Caglioti equation. The
peak shape was fit using a pseudo-Voigt function, and the background
was manually determined. The unit cell parameters, site occupancies,
and isotropic displacement parameters were refined. The PXRD
patterns for Ln,O,Te (Ln = La, Ce, Pr) and Ln,TeO4 (Ln = La, Pr)
are shown in Figures S2—S6.

Diffuse-Reflectance Spectroscopy (DRS). The optical band
gaps of all synthesized bulk samples were determined by DRS
measurements and Tauc analyses. DRS data were collected from 200
to 1100 nm using a PerkinElmer Lambda 365 spectrophotometer
equipped with an integrating-sphere accessory. The reflectance data
was converted to absorbance data via the Kubelka—Munk equation a/
S = (1 — R)*/2R, where a is the absorption coefficient, S is the
scattering factor, and R is the reflectance at a given wavelength.17
Tauc plots are based on the equation hv = a(hv — E,)", where E,
represents the energy band gap and n denotes the mode of electronic
transition, i.e., n = '/, for a direct transition and n = 2 for an indirect
transition.' '

Differential Scanning Calorimetry (DSC) and Thermogravi-
metric Analysis (TGA). The thermal stability was determined by
DSC/TGA using a TA Instruments SDT650 analyzer. A total of 10
mg of each sample was loaded into an alumina crucible and heated to
1000 °C at 20 °C/min under a constant S0 mL/min air flow.

Electron Microscopy. Measurements were performed by
scanning electron microscopy (Hitachi S-3000N) in conjuction with
energy-dispersive X-ray spectrophotometry (EDS). EDS scans were
collected at an accelerating voltage of 30 kV, a current at S0 mA, and
2KX magnification. EDS was used for elemental analysis, and scans
were collected between 0 and 10 keV.

B RESULTS AND DISCUSSION

Synthesis of Ln,0,Te Oxytelluride in a Tube Furnace.
According to a previous report,'” the Ln,O,Te synthesis can
be described by eq 1, where H, serves as a carrier gas to sweep
Te vapor over Ln,0; (or CeO,).

Ln203(5) + Te(g) + Hz(g) - anozTe(s) + HZO(g)
(1)
In the case of Ce,O,Te,

2Ce0,(s) + Te(g) + 2H,(g) — Ce,0,Te(s) + 2H,0(g)
2)

To test this, we attempted this same synthesis using N, or Ar
gas in place of H,. Formation of the Ln,0,Te product was not
successful with N, or Ar gas flow. Rather, unreacted Ln,0; (or
CeO,) remained in the reaction boat. Furthermore, Te metal
was not deposited at the cool zone of the furnace, which
suggests that H, serves as a reducing agent (to reduce Te’ to
Te’”) and is not simply a carrier gas. The role of hydrogen in
this reaction will be the focus of future studies.

Crystal Structure of Ln,0,Te Oxytelluride. The oxy-
telluride Ln,0,Te (Ln = La, Ce, Pr) crystallizes in the

https://doi.org/10.1021/acs.inorgchem.2c02287
Inorg. Chem. 2022, 61, 18002—18009


https://pubs.acs.org/doi/suppl/10.1021/acs.inorgchem.2c02287/suppl_file/ic2c02287_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.inorgchem.2c02287/suppl_file/ic2c02287_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.inorgchem.2c02287/suppl_file/ic2c02287_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.inorgchem.2c02287/suppl_file/ic2c02287_si_001.pdf
pubs.acs.org/IC?ref=pdf
https://doi.org/10.1021/acs.inorgchem.2c02287?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

Inorganic Chemistry

pubs.acs.org/IC

tetragonal anti-ThCr,Si, structure type, I4/mmm (No. 139)
shown in Figure la. Crystallographic results obtained from

Figure 1. (a) Crystal structure of Ln,0,Te (Ln = La, Ce, Pr) with
alternating [Ln,0,]*" and Te®" layers along [001]. (b) View of the
edge-sharing OLn, tetrahedra along [001].

Rietveld refinements are summarized in Tables S1 and S2. In
this structure, the anions segregate into alternating [Ln,0,]**
and Te’” layers. Puckered two-dimensional [Ln,0,]*" layers
contain fluorite-like OLn, tetrahedra, a common structural
feature among oxychalcogenides,””’ with edge-sharing con-
nectivity (Figure 1b), and these are related by an ab mirror
plane along [001]. The symmetry of the [Ln,0,]*" layers in
Ln,O,Te differs from that of Ln,0,Q (Q = S, Se), where
[Ln,0,]*" layers are simply translated along [001] (with no
mirror plane).” The larger interlayer spacing of ~4.14 A in
Ln,0,Te, compared to ~3.89—4.11 A in Ln,0,Q (Q =S, Se),
can accommodate larger Te’” anions. The Te®” layer is
characterized by square nets of Te atoms, a distinctive
structural motif in polytelluride compounds.”’ The Te—Te
distances of ~4.1 A are much larger than those of other square-
net-containing polytellurides (2.8—3.4 A) but still within the
van der Waals contact distance (4.2 A), indicating weak Te—

Te interactions.”” Each Te?” anion is coordinated by 8 Ln
atoms with a Te—Ln distance of ~3.6 A (Table S3), which is
expected for a 2— oxidation state for Te according to bond
valence models.”” The Ln>" site is coordinated by eight atoms
(40 + 4Te) in a distorted square antiprism with Ln—O
distances of ~2.4 A, similar to the Ln—O distances in other
heteroanionic systems.“’25

Optical Properties of Ln,0O,Te Oxytelluride. The DRS
spectra of the as-prepared Ln,0,Te (Ln = La, Ce, Pr) are
shown in Figure 2. Tauc plots display optical transitions, as
shown in the inset of Figure 2, and were used to estimate the
energy band gaps. The large drop in reflectance with
decreasing wavelength corresponds to the valence —
conduction band absorption edge. The band-gap values for
La,0,Te, Ce,0,Te, and Pr,O,Te were determined to be E, =
2.7, 2.1, and 2.6 eV, respectively, consistent with calculated
values of indirect optical transitions (taking into account that
the calculated band gaps tend to be underestimated).”® The
results for La,0,Te also agree with a previously reported DRS
measurement.”” For Pr,0,Te, small absorption peaks in the
450—600 nm range (marked by asterisks) result from
characteristic intra-4f electronic transitions of Pr’*.

Ln,O,Te Oxytelluride to Ln,TeO4 Tellurate Phase
Transition. Each Ln,0,Te (Ln = La, Ce, Pr) sample was
subjected to thermal analysis and TGA under an air flow. The
resulting DSC/TGA first heating curves are shown in Figure 3,
with thermal events labeled numerically. Surprisingly, each
rare-earth oxytelluride analogue has a unique thermal curve.

For La,0,Te, the first two exothermic peaks centered at 400
and 540 °C in Figure 3a are collectively associated with a 9%
weight gain due to oxidation and suggest possible metastable
phases, such as the hypothetical La,TeOg stoichiometry
speculated by Kent and Eick."” Peaks 1 and 2 could not be
resolved using slower heating rates without significantly
reducing the DSC sensitivity, and our initial attempts to
quench the crystalline samples at these temperatures were
unsuccessful. Investigations into possible metastable phases are
underway. A glass transition is observed at the endothermic
peak 3 with an onset of 750 °C, indicating an amorphous
transition. Finally, an additional small weight gain linked to the
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Figure 3. DSC (red) and TGA (green) curves for (a) La,0,Te, (b)
Ce,0,Te, and (c) Pr,0,Te.

exothermic peak 4 centered at 900 °C is related to the
crystallization of La,TeOg. This composition was confirmed by
XRD (Figure 4) and indicates a stepwise temperature-
dependent oxytelluride-to-tellurate phase transition with
increasing temperature in air. Bi,O,Te, which is isostructural
with La,O,Te, also exhibits an oxytelluride to Bi,TeOg
tellurate phase transition upon heating in air.”®*’ In
Bi,TeOg, Te®" is octahedrally coordinated with 0.*%*°
Pr,0,Te shows a similar oxytelluride-to-tellurate phase
transition, as seen in Figure 3¢, but only two major thermal

events linked to weight change are observed. The exothermic
peak 1 centered at 440 °C is associated with an 11% weight
gain due to oxidation and also suggests a metastable phase with
Pr,TeO; stoichiometry. The exothermic peak 2 centered at
835 °C is accompanied by a small weight gain and indicates
the crystallization of Pr,TeOg, which was confirmed by XRD
(Figure S7).

To further investigate the oxytelluride-to-tellurate phase
transition, Ln,TeO4 (Ln = La, Pr) samples were prepared
directly from metal oxides, as described in the Experimental
Section. Heating Ln,TeO4 (Ln = La, Pr) to 700 °C under a H,
gas flow results in a phase transition back to Ln,0,Te (Ln =
La, Pr), as identified by XRD in Figures 4 and S7. Thus, the
transition between the Ln,O,Te and Ln,TeOg phases is
reversible by warming in the appropriate oxidizing/reducing
atmosphere. To the best of our knowledge, this phase
reversibility is not reported for other chalcogen analogues
and showecases the versatility of tellurium.

Crystal Structure of Ln,TeQ, Tellurate. Ln,TeO4 (Ln =
La, Pr) tellurate crystallizes in the orthorhombic structure type
and P2,2,2, (No. 19) space group. The crystallographic results
obtained from Rietveld refinements are summarized in Tables
S1 and S2. The tellurate structure, displayed in Figure Sa,
differs from the oxytelluride structure primarily in the cationic
role of Te. In this structure, Te is octahedrally coordinated
with O and can be assigned the 6+ oxidation state. Although
chalcogenides are known for their broad range of oxidation
states, from 2— to 6+, these Te-centered octahedra (Figure Sb)
are unique to tellurates. By contrast, sulfates and selenates are
commonly characterized by tetrahedral coordination of
chalcogen, which bonds more tightly with the O atoms."*

Unlike the layered oxytelluride, the tellurate structure is
three-dimensional and constructed from distorted TeOyq
octahedra and LnO, polyhedra. Bond distances and bond
angles for the TeOg octahedra and LnO, (Ln = La, Pr)
polyhedra are listed in Tables S3 and S4. The TeOg4 octahedra
are trigonally distorted from idealized octahedral symmetry, as
seen in Figure Sb. The Te—O distances range between 1.84
and 2.03 A, comparable to those of other tellurate compounds
with Te®*-to-O?~ distances (1.83—1.95 A).>"** A bond valence
analysis using local interatomic distances is presented in Table
SS. The bond valences around Te sum to 6.23 and 5.82 in
La,TeOg and Pr,TeQq, respectively, close to a 6+ oxidation
state. The slight over or under bonding for Te is compensated
for by the two rare-earth sites Lnl and Ln2. The O—Te—O
bond angles (Table S4) also demonstrate deviations from ideal
octahedral symmetry and range from 80.2 to 100.1°. Each
TeOg4 octahedron is surrounded by a total of nine LnO,
polyhedra, so that TeOg4 octahedra are completely isolated
from each other, thereby distinguishing the rare-earth Ln,TeOg
tellurate from Bi,TeOg Three of the nine LnO, polyhedra
share an edge with the TeOg octahedron through 02-05,
02—-06, and O3—0S5 pairs, and the remaining six LnO,
polyhedra share a corner with the octahedron. The
coordination around the two rare-earth sites is shown in
Figure 5c. Ln10; and Ln20O; polyhedra share an edge through
O1-0S. The Ln—O interatomic distances in the LnO,
polyhedra range between 2.23 and 2.69 A and reflect distances
in the LnO, polyhedra of Ln,O; rare-earth sesquioxides.’”

Optical Properties of Ln,TeO, Tellurate. The DRS
spectra of the Ln,TeO4 (Ln = La, Pr) samples are shown in
Figure 6, and Tauc plots are displayed in the inset. The energy-
band-gap values for La,TeOg and Pr,TeO4 were determined to
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Figure 4. PXRD patterns demonstrating the oxytelluride-to-tellurate phase transition of samples, in which (a) La,O,Te synthesized by the tube
furnace method was heated in air to form (b) La,TeOg, which was then heated in H, to form (c) La,0,Te. Tick marks show Bragg reflections, and

a dashed line has been added as a guide for the eye.
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Figure S. (a) Crystal structure and unit cell of Ln,TeO4 (Ln = La, Pr). Local environments of (b) a distorted TeOg4 octahedron and (c) a LnO,

polyhedron.

be 4.3 and 3.7 eV, respectively. For Pr,TeOy, the characteristic
intra-4f electronic transitions of Pr’* are more clearly seen due
to Stark splitting. According to the energy-level diagram
proposed by Dieke and Crosswhite,”* the group of absorption
bands located at 448, 477, and 490 nm can be assigned to *H,
— °P; (] = 2, 1, 0) transitions. The peak at 600 nm can be
assigned to the *H, — 'D, transition.

Decomposition of Ce,0,Te Oxytelluride. The stability
of Ce,0,Te is markedly different from those of La,O,Te and
Pr,0,Te, as seen in Figure 3b. The exothermic peak 1 centered
at 200 °C is associated with a ~12% weight gain, indicating
oxidation corresponding to ~Ce,Os;Te stoichiometry; how-
ever, we were not able to experimentally isolate this phase. In
contrast with the La,0,Te and Pr,0,Te samples, a large 23%
weight loss linked with the endothermic peak 2 centered at 790
°C denotes melting. XRD and EDS analyses confirmed the
presence of CeO, in post-TGA samples; absorption edges
associated with tellurium were not observed in the EDS spectra
(Figures S8 and S9).

18006

To probe the instability of Ce,0,Te, a timelapse experiment
was conducted in which a single sample synthesized by the
muffle furnace method was monitored by XRD and DRS in
ambient conditions over the course of 1 year. A timelapse of
the XRD patterns (Figure 7) shows that the most intense
peaks for Ce,O,Te at 26 = 30.2° and 31.0° gradually decrease
in intensity, concurrent with the peaks corresponding to
CeO, 405 (PDF 01-075-7751) and CeO, 495 (PDF 01-089-
8429) increasing as the sample ages. Furthermore, a timelapse
of the reflectance data (Figure 8) show the emergence and
growth of a secondary peak at 465 nm, which is in agreement
with the optical properties previously reported for CeQ,.>"*°
We also observed that the sample color faded from dark red to
light red-brown over the course of 1 year.

B CONCLUSION

The outstanding versatility of Te in terms of its structure,
properties, and reactivity is showcased in the oxytelluride and
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Figure 6. DRS spectra and Tauc plots (inset) for Ln,TeO4 (Ln = La, Pr) and photographs of (a) La,TeOg4 and (b) Pr,TeO.
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Figure 8. Timelapse DRS spectra of Ce,O,Te. The blue highlighted
region emphasizes the gradual emergence and growth of a secondary
peak. Photographs of the sample show the color change over time.

tellurate phases presented here. Ln,0,Te (Ln = La, Ce, Pr)
was synthesized by a standard solid-state method, wherein Te
is reduced from 4+ to 2— oxidation state, and by a H, gas flow,

wherein Te is reduced from 0 to 2— oxidation state. Heating
the oxytelluride in air to temperatures above 850 °C results in
a stepwise phase transition to tellurate Ln,TeO4 (Ln = La, Pr),
in which Te is oxidized to 6+, with the exception of Ce,0,Te,
which proved to be unstable and degraded to CeO,. The
synthetic conditions detailed here demonstrate that the broad
range of the Te oxidation states from 2— to 6+ can be accessed
by heating in the appropriate reducing/oxidizing atmosphere
and, if exploited creatively, may facilitate an expansion of Te-
containing compounds. The optical properties for Ln,O,Te
(Ln = La, Ce, Pr), which fall in the semiconducting range, and
for Ln,TeOg (Ln = La, Pr) are presented here for the first time.
We anticipate that the reversibility of an oxytelluride-to-
tellurate phase transition, which has not been observed for
lighter oxychalcogenide analogues, could advance materials
science research with regard to tellurium chemistry and band-
gap control via reductive/oxidative reactions.
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