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Abstract. A new series of layered oxides, Li3(Li1.5xFe3−(x+1.5x)Tex)O6, (0.1 ≤ x ≤ 1.0) possessing rock-
salt superstructures crystallizing in monoclinic (S.G. C2/m) symmetry is reported here. Investigations based
on single crystal and powder X-ray diffraction studies for the x = 1 member, Li3(Li1.5Fe0.5Te)O6, (a =

5.1834(1); b = 8.8858(2); c = 5.16840(8) Å; β = 110.660(1)◦) confirmed the stabilization of (Li1.5Fe0.5Te1.0
O6)

3− honeycomb arrays with a very high amount of lithium ions. The structure for the x = 0.5 mem-
ber (Li3.75Fe1.75Te0.5O6) has also been confirmed by the powder X-ray diffraction Rietveld refinements.
Li3(Li1.5Fe0.5Te)O6 and Li3(Li0.75Fe1.75Te0.5)O6 oxides exhibited Curie–Weiss behaviour in the temperature
range of 50–300 K with negative θ values. Their respective ionic conductivities were found to be 6.76 × 10−5

S cm−1 and 2.21 × 10−6 S cm−1 at 573 K. The UV-visible diffuse reflectance measurements for the different
members of the series Li3(Li1.5xFe3−(x+1.5x)Tex)O6, (0.1 ≤ x ≤ 1.0) show the expected shifts in their absorption
edges based on the increasing amount of Fe3+ ions starting from x = 1.0 member to x = 0.1 member.

Keywords. Lithium-based oxides; rocksalt superstructures; single crystal XRD; honeycomb ordering; UV-
visible diffuse reflectance.

1. Introduction

The layered oxides of the type AMO2 (A = alkali metal
ion; M = transition or post-transition metal ion) have
been extensively studied by several researchers because
of the wide range of compositions that can be obtained
by various combinations of the A and M cations. The
simplest members LiCoO2 and LiNiO2 are the popu-
larly known cathode materials.1,2 Structures of these
oxides are derived from the rocksalt (NaCl) structure
by the ordering of layers formed by the edge-shared
(MO6) octahedra separated by A+ cations in various
coordinations (figure 1). Different metal ion substitu-
tions at the M site led to further ordered superstruc-
tures such as Li3M2XO6 (M = Mg, Co, Ni, Cu; X
= Nb, Ta, Bi, Sb) and Na3M2XO6 (M = Mg Co, Ni,
Cu, Zn; X = Sb).3–11 The superstructures crystalliz-
ing mostly in space groups P3112, C2/m or C2/c arise
from the additional ordering of the two M and one
X ions, to form an ordered honeycomb array sepa-
rated by interleaving Li+ or Na+ ions (figure 1). This
particular arrangement of ions belong to the struc-
ture type named as O3 corresponding to the octahedral
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coordination (O) and the number of layers (3) found in
the unit cell.12 We recently reported the other examples
Li4MTeO6 (M(II) = Co, Ni, Cu, Zn)13 and Li4MSbO6

(M(III) = Cr, Fe, Al, Ga, Mn)14 accompanied by inde-
pendent reports on Li4ZnTeO6

15 and Li4FeSbO6
16 for

O3 structure type. The Rietveld structural refinements
of the powder X-ray diffraction (XRD) were carried out
for most of the members of the above mentioned Te
and Sb containing oxides and in few cases additional
confirmation has been sought from single crystal XRD
studies as well.13,14 Among these oxides, Li4NiTeO6 has
been reported as a potential cathode material for lithium
ion batteries.17 There exist another interesting series
of oxides represented as Na2M2TeO6 (M = Ni, Co,
Zn, Mg) possessing P2 structures, nomenclature aris-
ing from their two-layer sequence in the unit cell with
prismatic coordination of Na+ ions in the interlayer
region (figure 1).18 They are excellent ionic conduc-
tors and crystallize in hexagonal space groups P6322

or P63/mcm. The exceptions are Na2Cu2TeO6 (S.G.
C2/m) reported by Xu et al.19 and its lithium analogue
Li2Cu2TeO6

20 obtained by us only via low temperature
ion-exchange reaction. Two different polytypes I and
II of Li2Ni2TeO6 were also synthesized respectively by
the low temperature ion-exchange reaction and by high
temperature solid state method.20
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Figure 1. Crystal structures of (a) layered LiFeO2 (O3 structure type, S.G.R-3m), (b) Li4FeSbO6 (O3
structure type, S.G. C2/c) and (c) Na2Co2TeO6(P2 structure type, S.G. P 6322).

Among the rocksalt-based oxides, the Fe3+ con-
taining metal oxides are specifically investigated
to study the arrangement of Fe3+ (electronic
configuration of d5 in high spin) ions in the triangu-
lar network and also as possible cathode materials
for lithium ion batteries. For example, Li4FeSbO6

containing magnetic (LiFeSbO6)
3− honeycomb arrays

separated by non-magnetic Li+ ions show antiferro-
magnetic order at TN ≈ 3.6 K.16 During the investi-
gation of the Na2O–Fe2O3–Sb2O5 phase diagram, the
corresponding sodium-containing Na4FeSbO6

21 has
also been found to adopt a superstructure of the
α-NaFeO2 type based on the ordering of the
(NaFeSbO6)

3− honeycomb slabs. Recently, Schmidt
et al.22 reported Na3LiFeSbO6 oxide with a similar
rocksalt superstructure and showed that both
Na4FeSbO6 and Na3LiFeSbO6 oxides exhibit Curie–
Weiss behaviour consistent with the presence of high
spin Fe3+, but without any long range magnetic order-
ing. Reduction in the ratio of the interlayer Na+ ions
to the total number of cations in the honeycomb array
(i.e., (NaFeSbO6)

3− or ((LiFeSbO6)
3−) of the men-

tioned oxides from 3:3 to 2:3 resulted in a different
superstructure type. A tellurium-containing layered
oxide Na2LiFeTeO6

23 crystallizing in P212121 was
synthesized and found to be related to the known P2
type Na2M2TeO6 (Ni, Co, Zn, Mg) (S. G. P63mcm or
P6322)18 oxides. Our objective has been to explore
the formation of new layered oxides specifically by
arranging the (LiFeTeO6)

3− honeycomb layers with
alternating Li+ ions instead of Na+ ions. In this pro-
cess, we recognized that we could even vary the
amounts of Li+, Fe3+ and Te6+ ions in the honey-
comb array and for the first time arrived at the series
Li3(Li1.5xFe3−(x+1.5x)Tex)O6, (0.1 ≤ x ≤ 1.0) of
oxides. We report the synthesis and characterization
of these new oxides with rocksalt superstructure and
honeycomb ordering.

2. Experimental

Single crystals corresponding to the structure solution
Li3(Li1.5Fe0.5Te1.0)O6 were initially obtained by heating
a mixture of Li2CO3, Fe2O3, TeO2 in the ratio of 3Li:
1Fe: 1Te, to a temperature of 1250◦C followed by cool-
ing to 1150◦C at 2◦C/h and then 1000◦C at 5◦C/h and
finally cooled to 700◦C at 10◦C/h after which the fur-
nace was switched off. Bulk polycrystalline samples for
the obtained stoichiometry Li3(Li1.5Fe0.5Te1.0)O6 from
the single crystal studies along with the other mem-
bers of the series Li3(Li1.5xFe3−(x+1.5x)Tex)O6, (0.1 ≤

x <1.0) were synthesized starting from high purity
(Sigma Aldrich ≥99%) Li2CO3, Fe2O3 and TeO2 by
solid state method. Thoroughly homogenized stoichio-
metric quantities of the reactants were heated at 650◦C
for 12 h and finally at 900–950◦C for 12–24 h.

2.1 Characterization

PXRD patterns were obtained using high resolution
PANanalytical Empyrean diffractometer, consisting of
pixel detector employing Cu Kα radiation (λ = 1.5418
Å) with a scan rate of 140 s/step and step size 0.013◦

at 298 K. The fitting of the PXRD patterns was carried
out by LeBail method to obtain the unit cell parame-
ters and the Rietveld refinement of the PXRD patterns
of the x = 1.00 and 0.50 members were also carried out
using GSAS+EXPGUI program.24 SCXRD data for the
x = 1 member was recorded on an Oxford Xcalibur
NOVA diffractometer with a four circle κ goniometer
employing a graphite-monochromatized Mo Kα (λ =

0.71073 Å) radiation at room temperature. The diffrac-
tion intensities were corrected for Lorentz polariza-
tion effects and the absorption corrections were carried
out by multiple scan methods. The data were reduced
using CrysAlisRED (available with the diffractome-
ter). The structure was solved by direct methods and
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refined using SHELXS 9725 incorporated in WINGX
suite.26 UV−Visible diffuse reflectance data was col-
lected in the spectral range 200−800 nm using Perkin-
Elmer Lambda 35 scanning double beam spectrome-
ter equipped with a 50 mm integrating sphere. BaSO4

was used as a reference. For the estimation of the
band gap, the data were transformed into absorbance
using the Kubelka−Munk function. Sintered (at 900◦C)
pellets were used to measure the AC conductivity
in the frequency range 1 to 107 Hz (Alpha N Ana-
lyzer Novocontrol, Pt electrode). The magnetic mea-
surements were performed using a Quantum Design
MPMS SQUID magnetometer under 1T magnetic field
in the temperature range of 4–300 K. The oxidation
state of tellurium in each of the members in the series
Li3(Li1.5xFe3−(x+1.5x)Tex)O6, (0.1 ≤ x ≤ 1.0) of oxides
were verified from redox titrations. Known quantities
of the oxides were dissolved in 2M H2SO4, followed
by the addition of 0.05M FeSO4 solution. The result-
ing solution containing Te4+ produced by the reduction
of Te6+, along with the excess Fe2+, was titrated with
KMnO4 solution.18

3. Results and Discussion

3.1 Crystal structure

PXRD pattern of the powder sample obtained by heat-
ing the reactants (Li2CO3, Fe2O3 and TeO2) in the ratio
of 3Li:1Fe:1Te indicated the formation of a mono-
clinic (S.G. C2/m) layered oxide resembling the PXRD
patterns observed for the oxides Li4MTeO6 (Co, Ni, Cu,
Zn)13 and for Li4FeSbO6.14,16 The single crystal growth
and studies were attempted to ascertain the structure
and stoichiometry according to the details given in the
experimental and characterization sections. The SXRD
data collected for an irregular plate-like brown coloured
crystal confirmed the lattice parameters (a = 5.1413(4),
b = 8.8424(5), c = 5.1468(4) Å, β =110.395(8)◦)
in a monoclinic symmetry (table S1). The systematic
absences pointed towards a C–centred lattice with a
possible C2/m space group. Structure solving by direct
methods yielded the positions of the heavy atoms Te
at 2a and Fe at 4g positions (table 1). The O atoms
(at 4i and 8j) and the Li atoms (at 4h and 2d) were
added subsequently from the electron density in the dif-
ference Fourier map. During the least square refine-
ment cycles, occupancies of each one of the cationic
sites were systematically verified to determine the
cationic mixing while restraining the thermal and posi-
tional parameters. The refinement converged success-
fully (R = 2.79%, wR2 = 4.67% , GOF = 1.065) for

a structural model with Te1 in 2a, Li1 in 4h and a
mixed Li2/Fe2 (0.97/0.03) at 2d and Li3/Fe1(0.76/0.24)
at the 4g sites (table 1). The stoichiometry obtained
was Li3(Li1.5Fe0.5Te)O6. The crystallographic parame-
ters are listed in table S1 and the final positional and
thermal parameters are listed in table 1 along with the
anisotropic thermal parameters in table S2.

PXRD pattern of the polycrystalline oxide syn-
thesized using the above stoichiometry Li4.5Fe0.5TeO6

derived from the single crystal solution indeed con-
firmed the formation of a single phase (figure 2a).
Rietveld refinement for the PXRD data was attempted
and a structure similar to that from SXRD was obtained
(table 1). The structure resembled that of Li4FeSbO6

16

and those of the various Li4MTeO6 (M = Co, Ni, Cu,
Zn)13 oxides, wherein the interlayer region was occu-
pied only by Li+ ions, separated by honeycomb layers
formed by TeO6 octahedra and (Li/M)O6 octahe-
dra. As compared to these mentioned oxides, in the
present Li3(Li1.5Fe0.5Te)O6 oxide, the additional 0.5
lithium could be introduced at the cost of Fe3+ ions
(present only in 0.5) leading to the formation of the
honeycomb layers by the edge sharing of (TeO6) octa-
hedra, and (Li3/Fe1)O6octahedra (figure 3). The struc-
ture has been noted with the formation of almost reg-
ular TeO6 octahedra with Te–O bond lengths ranging
between 1.914 and 1.929 Å. The bond lengths matched
well with those reported earlier. These TeO6 octahe-
dra share edges with the (Li3/Fe1)O6 octahedra whose
bond lengths vary between 2.069 and 2.122 Å (table 2).
The corresponding bond valence27values obtained from
these bond distances matched well with those expected
bond valences for Li+, Fe3+ and Te6+ ions based on
their oxidation states (table 2). The verification of occu-
pancies in the Rietveld refinement of the PXRD pattern
indicated the presence of only lithium ions (Li1 and
Li2) in the interlayer region, as compared to the results
from the SXRD refinements showing the presence of a
small amount of iron (Fe2, 0.03) along with Li2 (0.97)
(table 1). The Ag+ ion-exchange experiments carried
out using Li4.5Fe0.5TeO6 with excess AgNO3 around
250–300◦C did not result in complete phase pure Ag+

ion-exchanged product. Although, results from PXRD
structural refinements indicated the presence of only
Li+ ions in the interlayer region (table 1), the results
from ion-exchange reactions seemed to suggest the
presence of a small amount of Fe3+ ions, thus coincid-
ing with the SXRD refinement results. This behaviour is
similar to that observed for Li4CuTeO6 oxide stabilized
with a much higher amount (0.68) of Cu along with 0.32
of lithium at the 2d site.13 Thus, the exercise undertaken
to determine the structure of Li4.5Fe0.5TeO6 resulted in a
stoichiometry possessing the highest amount of lithium
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Table 1. Positional parameters, occupancies and thermal parameters of Li4.5Fe0.5TeO6 from SXRD (bold) and PXRD
measurements.

Atom Wyck x/a y/b z/c SOF U(iso)Å2

Te1 2a 0 0 0 1 0.0064(1)
Te1 2a 0 0 0 1 0.0204(5)
Li1 4h 0 0.1729(10) 0.5 1 0.017(1)
Li1 4h 0 0.1945(16) 0.5 1 0.032(5)
Li2/Fe2 2d 0.5 0 0.5 0.97/0.03 0.014(1)
Li2 2d 0.5 0 0.5 1 0.025(7)
Li3/Fe1 4g 0 0.3341(2) 0 0.76/0.24 0.0062(4)
Li3/Fe1 4g 0 0.3284(4) 0 0.731(1)/0.269(1) 0.021(1)
O1 4i 0.2303(7) 0 0.7772(7) 1 0.0105(7)
O1 4i 0.2467(9) 0 0.7789(9) 1 0.016(1)
O2 8j 0.2314(5) 0.1544(3) 0.2326(5) 1 0.0104(5)
O2 8j 0.2232(6) 0.1530(2) 0.2380(7) 1 0.025(1)

ions, three in the interlayer region and 1.5 in the hon-
eycomb array (i.e., Li3(Li1.5Fe0.5Te)O6) (figure 3). Li+

with an octahedral ionic radius of 0.76 Å forms the
octahedrally edge-shared honeycomb array with Te6+

(ionic radius (VI) = 0.56 Å) along with the differ-
ent M2+ ions whose radii vary between 0.65 and 0.74
Å in the Li3(LiMTe)O6 (M + Co,Ni, Cu,Zn)13oxides
and with Fe3+(0.645Å) and Sb5+(0.60 Å) in the related
Li3(LiFeSb)O6 oxide.14,16 Accordingly, based on the
identification of Li3(Li1.5Fe0.5Te)O6, we considered the
possibility of varying the amounts of Li+, Fe3+ and Te6+

ions in the honeycomb array as well as the interlayer
region leading to the series Li3(Li1.5xFe3−(x+1.5x)Tex)O6,
(0.1 ≤ x ≤ 1.0).

Formation of the remaining members belonging to
the series Li3(Li1.5xFe3−(x+1.5x)Tex)O6, 0.1 ≤ x ≤ 0.75
was verified by attempting the synthesis of polycrys-
talline samples. The PXRD patterns for the various
members (x = 0.75, 0.67, 0.5, 0.33, 0.25 and 0.1)
confirmed the formation of rocksalt-related structures
similar to the x = 1.0 member. The refined lattice
dimensions from the LeBail fit of the PXRD patterns
(figure 2) are listed in table 3. The intensities of the
superstructure reflections corresponding to the rock-
salt superstructure in the 15◦ ≤ 2θ ≤ 25◦ region
systematically have been found to decrease (figure 2).
Rietveld structural refinement was undertaken for the
intermediate x = 0.5 member. The structure showed a
clear distinction from the x = 1 member in the dis-
tribution of various Li+/ Fe3+/ Te6+ ions in the avail-
able crystallographic sites. Te6+ (Te1) and Fe3+(Fe1)
ions shared the 2a site approximately with equal occu-
pancies; and similarly, Li+ (Li3) and Fe3+ (Fe3) ions
occupy in equal amounts at the 4g site. The remain-
ing Fe3+ (Fe2) ions have been found to share the
2d site with Li+(Li2) ions to an extent of 0.78 and

0.22. Li+ (Li1) ions alone occupy the 4h site; thereby
confirming the stoichiometry Li3(Li0.75Fe1.75Te0.5)O6

for the x = 0.5 member of the series, Li3(Li1.5x

Fe3−(x+1.5x)Tex)O6. Refinement results are listed in
table 4 and the selected bond distances are given in
table 5. The appropriate bond distances and corre-
sponding bond valences that are derived reaffirm the
structural model and the distribution of cations in
the various crystallographic sites. Detailed structural
refinements for the rest of the members of the series
Li3(Li1.5xFe3−(x+1.5x)Tex)O6 are currently underway.

The coexistence of lithium ions segregated aptly in
the interlayer region for ion-exchange reaction along
with the M2+ and Te6+ ions in the honeycomb ordered
array as found in the Li4MTeO6 (M(II) = Co, Ni, Cu,
Zn)13,15 oxides or with M3+ and Sb5+ ions as found in
the Li4MSbO6 (M(III) = Cr, Fe, Al, Ga, Mn)14,16 oxides
serve as a prelude for the current series of oxides iden-
tified in this study. The surprisingly higher amount of
incorporated lithium ions together with the continuous
variation of all the three cations (Li+, Fe3+, Te6+) are
the additional significant features for studies involving
lithium ion batteries and to identify analogous structural
members with other suitable metal ions.

3.2 Optical properties

UV–Visible diffuse reflectance spectra were recorded
for the different members belonging to the Li3(Li1.5x

Fe3−(x+1.5x)Tex)O6, 0.1 ≤ x ≤ 1.0 series of oxides
(figure 4). The diffuse reflectance data were converted
to absorbance using Kubelka–Munk function.28 The
spectra clearly matched with the colour observed for
the various members starting from x = 1.0 (buff
colour) and all the members up to x = 0.1 (reddish
brown). The resulting band gaps vary from 3.24 eV for
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Figure 2. Full pattern fitting of PXRD patterns of Li3(Li1.5xFe(3−(x+1.5x)Tex)O6 for x = (a) 1.00,
(b) 0.75, (c) 0.66, (d) 0.50, (e) 0.33, (f) 0.25 and (g) 0.10; red, experimental data; green line, calcu-
lated profile; pink line below, difference profile; vertical bars, Bragg positions. The corresponding
Reitveld fittings are shown in the insets of (a) and (d).

Li4.5Fe0.5TeO6 to 1.95 eV for Li3.15Fe2.75Te0.1O6. Par-
ticularly, the x = 1 member differs from the rest of
0.25 ≤ x <1.0 members because of the increase in the
amount of Fe3+ ions. Accordingly, the band gaps for
these members do not differ much and range narrowly
between 2.00 and 1.95 eV (figure 4).

3.3 Magnetic susceptibility

The DC magnetic susceptibility (χm) and the inverse
susceptibility (1/χm) with temperature plots are given

for the x = 1.0 (Li4.5Fe0.5TeO6) and x = 0.5 (Li3.75

Fe1.75Te0.5O6) members of the series (figure 5). The
respective Curie–Weiss fits yielded magnetic moments
of 6.49 μB and 4.26 μB in the temperature range of
50–300 K as compared to the theoretical moment of
5.92 μB expected for Fe3+ (high spin 3d5). The neg-
ative Weiss constants of −20.32 K for x = 1.0 and
−57.73 K for x = 0.5 suggested the presence of
short range antiferromagnetic interactions.22 However,
no long range interactions were observed as seen in the
case of Li4FeSbO6.16 Detailed study of the magnetism
with varying applied magnetic field and temperature for
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Figure 3. Structure of Li4.5Fe0.5TeO6 and Li3.75Fe1.75Te0.506. (a) Honeycomb array of edge-shared
MO6 octahedra; (b) view perpendicular to the edge-shared honeycomb layers.

Table 2. Selected bond distances (in Å) of Li4.5Fe0.5TeO6 from SXRD (bold) and PXRD measurements.

Interatomic Calculated* and Interatomic Calculated* and
Bonds distances (Å) observed BVS Bonds distances (Å) observed BVS

Te1— O1 1.914(3) × 2 5.88* 6.0 Li2/Fe2— O1 2.310(3) × 2 0.99* 1.06
Te1 – O1 1.99611(3)×2 5.45* 6.0 Li2 – O1 2.26359(4)× 2 0.96* 1.0
Te1— O2 1.929(2) × 4 Li2/Fe2— O2 2.083(2) × 4
Te1 – O2 1.93239(3)× 4 Li2 – O2 2.09907(3)×4
Li1— O1 2.144(7) × 2 0.95* 1.0 Li3/Fe1— O1 2.069(3) × 2 1.41* 1.47
Li1 – O1 2.32599(3) × 2 0.94* 1.0 Li3/Fe1 – O1 2.07204(3) × 2 1.40* 1.52
Li1— O2 2.116(3) × 2 Li3/Fe1— O2 2.093(3) × 2
Li1 – O2 2.07698(3) × 2 Li3/Fe1 – O2 2.05703(3) × 2
Li1— O2 2.192(7) × 2 Li3/Fe1— O2 2.122(2) × 2
Li1 – O2 2.10075(3) × 2 Li3/Fe1 – O2 2.19807(4) × 2

Table 3. Lattice parameters for the various members of the series Li3(Li1.5x

Fe3−(x+1.5x)Tex)O6 (0.1 ≤ x ≤ 1.0).

Amount of x a(Å) b(Å) c(Å) β(◦) Volume(Å3)

1.00 5.1834(1) 8.8858(2) 5.16840(8) 110.660(1) 222.742(5)
0.75 5.1643(1) 8.8397(1) 5.1516(1) 110.653(1) 220.063(6)
0.67 5.1560(1) 8.8295(1) 5.1360(1) 110.612(2) 218.855(2)
0.50 5.1686(2) 8.8362(3) 5.1508(3) 110.610(3) 220.19(1)
0.33 5.1848(4) 8.8331(4) 5.1429(3) 110.521(4) 220.59(2)
0.25 5.1718(5) 8.8442(1) 5.1473(6) 110.730(6) 220.197(2)
0.10 5.1245(2) 8.84182(6) 5.1627(5) 110.478(5) 219.14(2)
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Table 4. Positional occupancies and thermal parameters for Li3(Li0.75Fe1.75Te0.5)O6.

Atom Wyck x/a y/b z/c SOF U(iso) Å2

Te1/Fe1 2a 0 0 0 0.49(1)/0.51(1) 0.030(1)
Li1 4h 0 0.1877(27) 0.5 1 0.011(6)
Li2/Fe2 2d 0.5 0 0.5 0.778(4)/0.222(4) 0.020(4)
Li3/Fe3 4g 0 0.3255(4) 0 0.498(5)/0.498(5) 0.032(1)
O1 4i 0.2290(17) 0 0.7699(20) 1 0.019(2)
O2 8j 0.2260(11) 0.1639(3) 0.2143(10) 1 0.023(2)

Table 5. Selected bond distances (in Å) of Li3.75Fe1.75
Te0.5O6.

Calculated* and
Bonds Interatomic distances (Å) observed BVS

Te1/Fe1— O1 1.94149(6) × 4 4.59∗ 4.47
Te1/Fe1— O2 1.94836(8) × 2
Li1— O1 2.10289(8) × 4 0.98∗ 1.00
Li1— O1 2.18814(10) × 2
Li1— O2 2.21850(7) × 2
Li2/Fe2— O1 2.19264(8) × 4 1.55∗ 1.44
Li2/Fe2— O2 2.29399(10) × 2
Li3/Fe3— O1 1.92678(6) × 2 2.03∗ 1.99
Li3/Fe3— O2 2.08130(9) × 2
Li3/Fe3— O2 2.14090(7) × 2

Figure 4. UV–Visible diffuse reflectance spectra data con-
verted to absorbance vs. eV for the various members of the
series Li3(Li1.5xFe(3−(x+1.5x)Tex)O6 (0.1≤ x ≤1.0).

all the members in the current series may provide fur-
ther information on the interactions of the Fe3+ ions in
the honeycomb array as well as the additional interac-
tions arising from a Fe3+ ions present with the Li+ ions
in the interlayer region. It may also provide a reason for
the observed deviation in the magnetic moments for the
x = 1 and 0.5 members.

Figure 5. Temperature dependence of magnetic suscepti-
bility at H = 1T for Li3(Li1.5xFe(3−(x+1.5x)Tex)O6 (a) x = 1.0
and (b) x = 0.5. Insets show the respective plots of inverse
susceptibility with temperature.

3.4 Ionic conductivity

Ion-exchange behaviour for the present series of oxides
seemes to be limited because of the shared occu-
pancy of Li+ ions with Fe3+ ions in the interlayer
region. However, ionic mobilities were checked by
measuring their conductivities. Activation energies
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Figure 6. Arrhenius ionic conductivity plots of Li3(Li1.5x

Fe(3−(x+1.5x)Tex)O6 for (a) x = 1.0 and (b) x = 0.5 for total
(ac) conductivity.

were calculated using the relation σDC = σo exp
(−	Ea/kBT ), where Ea is the activation energy, kB is
the Boltzmann’s constant and σo is pre-exponent factor.
Conductivity values at 573 K for the x = 1.0 and x =

0.5 members were 6.76 × 10−5 S cm−1 and 2.21 × 10−6

S cm−1, respectively (figure 6). The respective acti-
vation energies were found to be 0.70(4) and 0.60(1)
eV. Contribution from the electronic conductivities
could be considered particularly at higher temperatures.

4. Conclusions

The variation of Li+, Fe3+ and Te6+ ions based on
appropriate charge balancing resulted in new rocksalt
superstructure series of oxides Li3(Li1.5xFe3−(x+1.5x)

Tex)O6 (0.1 ≤ x ≤ 1.0) for the first time. Detailed
structural investigation by SXRD and PXRD studies
for the x = 1.0 member and PXRD for the x = 0.5
member confirmed the extent of cationic mixing in the
honeycomb array and also in the interlayer. Prelimi-
nary magnetic susceptibility measurements suggested
Curie–Weiss behaviour for these Li4.5Fe0.5Te1.0O6 and
Li3.75Fe1.75Te0.5O6 members in the range of 50–300 K
with negative θ values. The diffuse reflectance mea-
surements showed systematic shifts in their absorption
edges from x = 1.0 to 0.1 members consistent with the
colour arising from the increasing amount of Fe3+

ions. Ionic mobility based on the conductivity and
activation energies was found to be nominal for the
Li4.5Fe0.5Te1.0O6 and Li3.75Fe1.75Te0.5O6 oxides. Incor-
poration of additional lithium ions along with a red–
ox-type Fe3+ metal ion to yield oxides with rocksalt

superstructure is significant specially for the electrode
material aspects of lithium ion battery research.

Supplementary Information

Tables S1 – S3 are given as supplementary information.
For details, see www.ias.ac.in/chemsci.
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