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ABSTRACT: A new lithium containing iron(III) phosphite, LiFe(HPO3)2,
has been synthesized via a solvent-free, low temperature, solid-state synthesis
route. The crystal structure of this material has been determined employing
single-crystal X-ray diffraction, which indicates that the compound has a three-
dimensional structure formed by isolated FeO6 octahedral units joined together
via bridging HPO3 pseudopyramidal moieties. This arrangement leads to the
formation of channels along all the three crystallographic directions, where
channels along the a- and b-axes host Li+ ions. The compound was further
characterized by TGA, IR, and Mössbauer spectroscopic techniques.
Additionally, it has been demonstrated that this phase is electrochemically
active toward reversible intercalation of Li+ ions and thus can be used as a
cathode material in Li-ion cells. An average discharge potential of 2.8 V and a
practical capacity of 70 mAh·g−1 has been achieved as indicated by the results of cyclic voltammetry and galvanostatic charge−
discharge tests.

■ INTRODUCTION

In today’s world, there are plenty of avenues of applications
where Li-ion battery has been envisaged as a prime source of
energy storage or power supply.1−4 For all the applications,
safety is the primary concern, but different qualities of batteries
are sought after based on whether the application is focused on
mobile or stationary devices. For example, a battery for
vehicular application has to be high in energy density, while for
smart grid application, a low cost, long cycle life and fast
charge−discharge battery will take precedence over the high
energy density.5 Thus, one may expect to have different
materials in Li-ion battery to fulfill different requirements of
applications, and in this race cathode component merits most
attention because it determines the voltage and the specific
capacity.
In this respect, polyanion compounds of the transition metals

are being actively investigated as cathode materials for Li-ion
batteries.6,7 Because of the strong covalent bonding between
the main group element in the center of the polyhedron and
oxygen atoms in the polyanion moiety, the oxygen atoms are
held tightly in the structure. This imparts structural stability to
the compound and chances of oxygen release upon charging to
high potentials are minimized, thus improving the safety
features of the cathode. Moreover, by changing the electro-
negativity of the central atom in a polyanion one can vary the
iono-covalency of the metal−ligand bond in X−O−M (X = B,
S, P, Si etc.; M = transition metal) linkage through the
inductive effect of X, thereby tuning the redox potential on the
transition metal center.8 This ability of tuning redox potential
makes polyanion chemistry unique when compared to pure
oxides. Another feature of this polyanion chemistry is the

propensity of forming a wide variety of two-dimensional (2-D)
and three-dimensional (3-D) structures through different types
of connectivity between the polyanion and the transition
metals.9 These structures are stabilized under different synthetic
conditions as employed by chemists.10

In this context, various compounds of transition metals have
been synthesized incorporating PO4

3−,7,11 SO4
2−,12−14

SiO4
4−,15,16 BO3

3−,17,18 mixed PO4
3−, and CO3

2−,19,20 etc.
Among the various newly discovered polyanion cathodes,
triplite, LiFeSO4F (3.9 V), is emerging as a strong contender of
cathode for Li-ion battery,21 challenging the most outstanding
polyanion cathode, olivine LiFePO4.

11

Despite the enormous efforts devoted toward polyanion
compounds for their electrochemical properties, phosphite-
based compounds received little or no attention. The only
example was that of Rojo et al., showing very small
electrochemical activity in Li1.43[Fe4.43

IIFe 0.57
III(HPO3)6]-

1.5H2O with a specific capacity of 12 mAh·g−1.22 Recently,
we have shown that a new phosphite polyanion based material,
Li3Fe2(HPO3)3Cl, is electrochemically active with a practical
specific capacity of 70 mAh·g−1 (theoretically 131.4 mAh·g−1)
and an average discharge voltage above 3.0 V.23 The relatively
high voltage observed for this compound can be assigned to the
inductive effects of the phosphite and chloride groups
coordinated to the iron center.
With the above encouraging results, we have focused more

on the synthesis and electrochemical activity of other possible
phosphite-based compounds of iron. In this article, we report
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for the first time the synthesis and structural details of a new
lithium iron(III) phosphite, LiFe(HPO3)2, and demonstrate its
activity toward reversible intercalation of Li+ ions. This new
phase has a theoretical capacity 120.3 mAh·g−1 and exhibits
extremely good capacity retention upon successive cycling.

■ EXPERIMENTAL SECTION
Materials. γ-Fe2O3 (99+% metal basis) was purchased from Alfa

Aesar, LiOH·H2O (98% reagent grade) and H3PO3 (98% extra pure)
were obtained from Acros Organics. All the chemicals were used as
received without further purification.
Synthesis. First, 0.80 g of γ-Fe2O3 (5 mmol), 0.94 g of LiOH·H2O

(23 mmol), and 2.46 g of H3PO3 (30 mmol) were mixed and ground
in an agate mortar pestle, and the resulting high viscosity paste was
then transferred to a Teflon cup. The cup was then closed with a
Teflon cap, placed in a stainless steel Paar reaction vessel, and heated
for 7 days in an oven at 150 °C. After removal from the oven, the
reaction vessel was allowed to cool down to room temperature, and
the product, which composed of uniform small clear crystals, was
washed with hot water followed by filtration to remove the unreacted
reagents and dried overnight in open air.
Single-Crystal X-ray Diffraction. Crystal structure of LiFe-

(HPO3)2 was solved from single-crystal intensity data sets collected on
a Bruker Smart Apex diffractometer with monochromated Mo Kα
radiation (λ = 0.7107 Å). A suitable crystal was selected and mounted
on a glass fiber using epoxy-based glue. The data were collected using
SMART24 software at 298 K employing a scan of 0.3° in ω with an
exposure time of 10 s/frame. The cell refinement and data reduction
were carried out with SAINT,25 while the program SADABS25 was
used for the absorption correction. The structure was solved by direct
methods using SHELX-9726 and difference Fourier syntheses. Full-
matrix least-squares refinement against |F2| was carried out using the
SHELXTL-PLUS26 suit of programs. The structure of LiFe(HPO3)2
was solved in tetragonal system in a noncentrosymmetric space group,
I4 ̅2d. The electron densities of Fe, P, and O atoms were located from
Fourier difference maps and refined isotropically. Subsequently,
electron density for the Li+ ion appeared at a distance of 2 Å from
the oxygen atoms. An anisotropic refinement performed on the located
atoms revealed one more electron density peak, approximately 1.2 Å
away from the phosphorus atom. The latter has been assigned as the
phosphite hydrogen and subsequently refined isotropically after adding
soft constrains to fix P−H bond distance close to the theoretical value.
Details of the final refinement and crystallographic information for

LiFe(HPO3)2 is provided in Table 1. The fractional atomic
coordinates along with the isotropic thermal displacement parameters
are given in Table 2. Selected interatomic distances are listed in Table
3.

Powder X-ray Diffraction. For assessing the sample purity,
powder XRD pattern of the as synthesized product was collected on a
PANalytical X’Pert Pro diffractometer equipped with a Cu Kα1,2

anode
and a linear array PIXcel detector over a 2θ range of 5−90° with an
average scanning rate of 0.025° s. The acquired pattern was then
subjected to quantitative phase analysis via the Rietveld method using
the single-crystal structure solution as the starting model for
LiFe(HPO3)2 to calculate the amount of impurity phase(s).

Mössbauer Spectroscopy. First, 75 mg of the as prepared sample
was mounted on a Pb sample holder and subjected to analysis by 57Fe
Mössbauer spectroscopy at room temperature using a constant
acceleration spectrometer in transmission geometry. The spectrometer
was equipped with a 57Co (50 mCi) gamma-ray source embedded in
Rh matrix and calibrated for isomer shift with respect to a standard α-
Fe foil at room temperature. The collected experimental data were
then fitted to Lorentzian function using the Recoil software.27

Thermogravimetric Analysis (TGA). TGA has been done on
about 15 mg of manually separated crystals of pure LiFe(HPO3)2
using a TA Instruments Q50 TGA in a temperature range of 25−800
°C with a scan rate of 10 °C.min−1 under nitrogen flow.

IR Spectroscopy. The IR spectrum was collected using Thermo
Nicolet Nexus 470 FT-IR spectrometer over 500−4000 cm−1 on
manually separated pure sample embedded in KBr pellet.

Table 1. Crystal Data and Structure Refinement Parameters for LiFe(HPO3)2

empirical formula LiFe(HPO3)2 Z 8
formula wt (g·mol−1) 222.75 ρcalc (g·cm

−3) 2.644
crystal system tetragonal F(000) 872
space group I4̅2d temperature (K) 298(2)
a (Å) 10.593(6) GOF on F2 1.159
b (Å) 10.593(6) R [I > 2σ(I)] R1 = 0.0250
c (Å) 9.971(4) wR2 = 0.0675
α = β = γ (deg) 90 R [all data] R1 = 0.0259
V (Å3) 1119.0(3) wR2 = 0.0679

Table 2. Atomic Coordinates and Equivalent Isotropic Displacement Parameters of the Atoms (Ueq = 1/3rd of the Trace of the
Orthogonalized U Tensor)

atom Wyckoff site occ. x/a y/b z/c Ueq [Å
2]

Fe1 8d 0.2. 1 0.2819(1) 0.2500 0.1250 0.008(1)
P1 16e 1 1 0.4463(1) 0.2511(1) 0.4013(1) 0.011(1)
O1 16e 1 1 0.3444(2) 0.1902(2) 0.4886(2) 0.014(1)
O2 16e 1 1 0.4259(2) 0.2121(2) 0.2543(2) 0.013(1)
O3 16e 1 1 0.5774(2) 0.2164(3) 0.4483(2) 0.015(1)
Li1 8d 0.2. 1 0.5627(8) 0.2500 0.1250 0.024(2)
H1 16e 1 1 0.4440(4) 0.3736(2) 0.4090(4) 0.007(1)

Table 3. Selected Bond Lengths for LiFe(HPO3)2
a

bonds distances (Å) bonds distances (Å)

Fe1−O3 ×2#1 1.969(2) P1−O3 1.511(2)
Fe1−O1 ×2#2,#3 2.010(3) P1−H1 1.299(2)
Fe1−O2 ×2#4,#5 2.037(2) Li1−O1 ×2#8 2.026(6)
P1−O1 1.529(3) Li1−O2 ×2 #6,#7 1.982(7)
P1−O2 1.539(2)

a#1: x +0, −y +1/2, −z + 1/4. #2: −y, x, −z. #3: −y +0, −x +1/2, z
+1/4. #4: y +1/2, −x + 1/2, −z + 1/2. #5: y +1/2, x, z −1/4. #6: −y
+1/2, x −1/2, −z +1/2. #7: −y +1/2, −x, z −1/4. #8: x +0, −y −1/2,
−z +1/4.
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Electrochemical Testing. For electrochemical studies of LiFe-
(HPO3)2, a cathode film was prepared. In this regard, the active
material, LiFe(HPO3)2, was first milled with super P conductive
carbon vigorously in a SPEX 8000 miller for 2 h followed by addition
of poly vinylidene fluoride (PVDF) as binder dissolved in N-methyl-2-
pyrrolidone (NMP). The resulting mixture was further ball milled for
20 min until a homogeneous, viscous slurry was obtained. The ratio of
the active material, conducting carbon, and the binder in cathode mix
was 65:25:10. The cathode mix was then spread as a film of uniform
thickness onto a flat sheet of aluminum current collector with a glass
rod and dried in a vacuum oven for 12 h at 80 °C. The milled cathode
mix was also tested for structural stability by powder X-ray diffraction,
and the XRD pattern clearly showed the retention of the crystal
structure during the cathode mix preparation (Supporting Information,
Figure S1). The SEM images of the pulverized (ball-milled) sample
mixed with carbon after 2 h of milling are presented in the Supporting
Information (Figure S2). The sizes of the particles as estimated from
the SEM images range from submicrometer particulates to particles of
several micrometers in diameters. However, the size distribution of the
majority of particles is approximately in the range 2−5 μm in diameter.
For electrochemical tests, CR2032 type coin cells were fabricated

using the above composite cathode film cut into circular disks (3/8 in.
diameter) with 5.0−6.0 mg of active material loading. The cells were
assembled in an argon filled glovebox with oxygen concentration
below 2.0 ppm. The cathode disk and Li anode (0.75 mm thickness Li
ribbon cut into circular disk) were mounted in the cell using a Celgard
2325 circular sheet placed between the two electrodes as the separator.
The electrolyte, 1 M solution of LiPF6 in DMC-EC (1:1) was then
added and the cell was sealed with a coin cell crimper. The prepared
cells were aged for equilibration for several hours before electro-
chemical testing.
Cyclic voltammograms were obtained using a PAR EG&G

potentiostat/galvanostat model 273 in the potential range of 2.0−4.0
V (vs Li+/Li) with a scan rate of 0.05 mV·s−1. Voltage-composition
profiles were obtained using galvanostatic charge−discharge experi-
ments on an Arbin Instruments battery tester, model BT2043, in the
potential range 2.0−4.0 V with a constant current charge and discharge
modes at various C-rates.

■ RESULTS AND DISCUSSION

Synthesis. The initial ratio of the reactants had a crucial role
on the percentage yield of the major product and identity of the
byproducts formed in this reaction. It has been found that the
highest purity of LiFe(HPO3)2 could be obtained when
Fe2O3:LiOH·H2O:H3PO3 were mixed in 1:4:6:6 molar ratio,
with Fe2(HPO3)3 as the only major impurity phase. Ratios of
acid to base greater than the above increases the Fe2(HPO3)3
mass fraction in the final product while smaller ratios yield an
unknown impurity phase (Supporting Information, Figure S3).
A quantitative phase analysis via Rietveld refinement performed
on the reaction products obtained under optimized conditions
revealed that the product contained 85% LiFe(HPO3)2 and
15% Fe2(HPO3)3 by mass, as demonstrated in Figure 1. It is to
be noted here that ex situ time-dependent PXRD evolution of
the reaction product(s) indicated that the optimized synthesis
of 85% LiFe(HPO3)2 and 15% Fe2(HPO3)3 can be achieved in
72 h. In fact, LiFe(HPO3)2 as the major product can be formed
during the first 6 h of the synthesis, and further heating was
required to remove/reduce the intensity of impurity peaks
(Supporting Information, Figure S4). However, 7 days of
reaction was required to grow crystals suitable for single-crystal
X-ray diffraction. Because the identity of the impurity phase was
known, this sample was used for electrochemical studies rather
than the one with unknown impurities (Supporting Informa-
tion, Figure S3).

Crystal Structural Description. LiFe(HPO3)2 is a three-
dimensional open-framework structure made from vertex-
shared FeO6 octahedra and HPO3 pseudopyramidal units
incorporating Li-ions within its channels. The structure of
LiFe(HPO3)2 is isostructural to a recently published vanadium
analogue, LiV(HPO3)2.

28 The asymmetric unit of LiFe(HPO3)2
contains six non-hydrogen atoms and one hydrogen atom
(Figure 2a). There is one crystallographically distinct iron

center, located at the special position, 8d, and adopts an
octahedral coordination with oxygen atoms from phosphite
groups. The Fe−O distances fall in the range 1.969(2)−
2.037(2) Å, which agree well with the reported Fe3+−O bond
lengths.29 The phosphorus of the phosphite group is in +3
oxidation state and bonded to three oxygen atoms and one
hydrogen atom in a distorted tetrahedral (or pseudopyramidal)
unit. The P−O distances are in the range 1.511(2)−1.539(2) Å
and the P−H bond length is 1.29(4) Å (constrained), all
corroborating well with the reported values for P−O and P−H
distances in many reported metal phosphites.22,29,30 The Li
atom is located in the special position, 8d, and is coordinated by

Figure 1. Rietveld refinement on the powder XRD of the as-
synthesized product. Open circles, observed intensity; black line,
calculated intensity; green line, difference curve; diffraction position
indicator, LiFe(HPO3)2−, purple tick mark; Fe2(HPO3)3−, red tick
mark.

Figure 2. Connectivity pattern and coordination spheres of atoms in
LiFe(HPO3)2 as obtained from single-crystal X-ray structure solution.
Thermal ellipsoids are given at 80% probability. Only atoms present in
the asymmetric unit are labeled (a); connectivity pattern of FeO6 and
HPO3 units along the c-axis (b).
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four oxygen atoms (from two crystallographically distinct O
atoms) in an irregular nonplanar geometry with Li1−O1 and
Li1−O2 bond lengths of 2.026(6) and 1.982(7) Å, respectively.
The results of the bond valence sum calculations (BVS)31 for
Fe1 (BVS = 3.09) and P1 (BVS = 3.97, disregarding hydrogen)
confirms the oxidation states Fe and P as 3+. It is to be noted
that the proof of oxidation state of +3 for P in phosphite group
from BVS value is indirect because of the lack of reliable bond
valence parameters for pure P(III)−O bonds.32 The BVS
calculation actually represents the oxidation state of (PH)4+

group rather than P in HPO3 moiety as also noted by Rojo et
al. in an iron phosphite compound.29

Each Fe atom makes six Fe−O−P linkages and similarly each
P atom makes three P−O−Fe linkages. Thus, the crystal
structure is composed of strictly alternating FeO6 octahedra
and HPO3 units sharing vertices. The vertex linking polyhedra
form four-membered rings (connecting only P and Fe atoms)
through the two bridging HPO3 units between the two FeO6
octahedra; these four-membered rings are further corner-shared
along the c-axis to form a chain (Figure 2b). These chains are
further connected through HPO3 units laterally along a- and b-
axes, creating interconnected channels in all three crystallo-
graphic directions (Figure 3). Two types of channels are
formed when viewed along the a- or b-axes. Li+ ions can be
seen occupying the slightly elongated zigzag channels, while the
straight hexagonal-shaped channels are left empty. On the other
hand, channels along the c-axis are also empty and have larger
diameter formed by the eight-membered ring, and the
hydrogen atoms of the phosphite moiety are protruding into
the channel. It is to be noted here that Li-ions prefer the
channels where inner walls are exclusively built by oxygen
atoms.
Thermogravimetric and Spectroscopic Characteriza-

tion. The TGA plot of the pure sample exhibits an initial mass
loss of 0.15% up to a temperature of 300 °C, which can be
assigned to the removal of adsorbed moisture (Figure 4). The
structure remains stable up to 320 °C, after which it loses 3% of
its mass, indicating the decomposition of the delicate HPO3
groups. As the temperature increases from 450 to 800 °C, a
considerable mass gain can be observed, which can be assigned
to the oxidation of P(III) to P(V) to form a phosphate or
pyrophosphate as a result of oxygen impurity in the N2 purge

gas, similar to other phosphite based materials reported in the
literature.22,33

Figure 5 depicts the FT-IR spectrum of LiFe(HPO3)2. The
spectrum is composed of the signature sharp P−H stretching

mode at 2450 cm−1 and the P−O stretching modes prevailing
in the region 900−1100 cm−1 overlapping with the bending
vibrations of P−H bond.22 The low frequency part of the
spectrum shows moderate absorption peaks assigned to the
bending modes of P−O bonds. The absence of strong
absorption peaks in the 3200−3500 cm−1 region indicates

Figure 3. Perspective view of the packing diagram of the crystal structure of LiFe(HPO3)2 as viewed along the a-axis (a) and c-axis (b). Blue, FeO6
octahedra; green, HPO3 pseudo pyramidal units.

Figure 4. TGA curve for LiFe(HPO3)2.

Figure 5. FT-IR spectrum of LiFe(HPO3)2.
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that the P−H bond is preserved during the synthesis and there
is no sign of oxidation of P−H bond to P−O−H.
The Mössbauer spectrum of the as-synthesized product is

given in Figure 6 and the isomer shift (IS) and quadrupole

splitting (QS) parameters derived from the curve fitting are
given in Table 4. The observed spectrum has been fitted with

two quadrupolar doublets, consistent with the results of powder
XRD, with each doublet representing one crystallographically
distinct Fe(III) in octahedral coordination as in LiFe(HPO3)2
and Fe2(HPO3)3, respectively. Site population analysis as
obtained through the Lorentzian fit suggests that LiFe(HPO3)2
and Fe2(HPO3)3 each contributes 87 and 13% to the area,
respectively, corroborating well with the quantitative phase
analysis results achieved via powder XRD refinement. The IS
values are consistent with Fe(III) ions in octahedral
coordination.34 The Mössbauer spectrum also rules out the
existence of other iron containing impurity species as evident
from the spectra collected over the velocity range from −8.5 to
+8.5 mm·s−1.
Electrochemistry. To evaluate the basic electrochemical

properties of the prepared composite cathode, cyclic
voltammetry (CV) tests were performed on the coin cells
(Figure 7) which demonstrate that the phase is active with
respect to Li intercalation/deintercalation. The cell exhibits an
initial open circuit potential of 3.1 V upon scanning to the
potential of 2.0 V. The reductive lithiation peak for LiFe-
(HPO3)2 appears at 2.71 V, with a weak shoulder at 2.5
assigned to the reduction of Fe2(HPO3)3 phase. On reversing
the scan toward 4.0 V, the corresponding oxidative delithiation
peak can be observed at 3.22 V. Repeating the cycling shows
two obvious events: first, a shift in the LiFe(HPO3)2 reduction
peak toward more positive direction (2.86 V), indicating an
increase in the cell discharge potential; and second, decrease in
Fe2(HPO3)3 phase reduction current. Additional cycling reveals

that the position of oxidation and reduction peaks for
LiFe(HPO3)2 do not shift any more and the magnitude of
the cathodic and anodic currents at the peak potentials is very
reproducible, evidencing the high reversibility of the redox
process.
The galvanostatic charge−discharge curves at C/50 rate for

the LiFe(HPO3)2 phase at room temperature and 40 °C are
shown in Figure 8. To assess the contribution of the

Fe2(HPO3)3 impurity phase toward the total discharge capacity,
coin cells of pure Fe2(HPO3)3 phase was fabricated in the same
manner and the specific discharge capacity was found to be
negligible and also rapidly decaying with cycling. Therefore, the
observed specific capacity can be assigned to the active
LiFe(HPO3)2 phase reliably, albeit corrections were made to
account for the inactive/less-active mass of the Fe2(HPO3)3
phase in the composite cathode mix.
As the iron center in LiFe(HPO3)2 is in +3 oxidation state,

the as-fabricated cells are already in charged state. The cells
were initially subjected to discharge by reductive lithiation at
room temperature (dotted lines) shows sloppy voltage profiles,
indicating solid-solution formation between the oxidized and
reduced phases. At this condition, the discharge terminates after
insertion of 0.3 Li+ ion per formula unit (36 mAh·g−1).
Repeating the test at 40 °C, however, shows considerable
improvement in capacity achievement with intercalation of 0.6
Li+ ion per formula unit (72 mAh·g−1), revealing the existence
of polarization effects which can be thermally activated. Such
findings suggest that the limited achievable capacity may be due
to the poor electronic and/or ionic conductivity of the material,

Figure 6. Mössbauer spectrum of the as-synthesized product,
LiFe(HPO3)2 (85%) and Fe2(HPO3)3 (15%).

Table 4. Lorentzian Deconvolution Fit Parameters of the
Mössbauer Spectrum

IS (mm·s−1) QS (mm·s−1) site population

doublet 1 0.429 (2) 0.644(2) 12.9(7)
doublet 2 0.434(6) 0.431(1) 87.1(7)

Figure 7. Cyclic voltammograms of the composite cathode with
respect to Li+/Li. Cathodic current is negative.

Figure 8. C/50 voltage-composition profiles of LiFe(HPO3)2. Dotted
line, room temperature; solid line, 40 °C; gray, 1st; blue, 2nd; orange,
3rd; red, 20th cycles.
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which can be improved by reducing the particle size and
applying more efficient carbon coating procedures.
The first discharge curve for both room temperature and 40

°C cycled cells starts from the open circuit potential, 3.1 V,
while for the subsequent cycles, the discharge starts at a higher
potential of 3.4 V vs Li+/Li redox couple, in agreement with the
cyclic voltammetry results. In addition, Li+ intercalation for
LiFe(HPO3)2 during the discharge occurs at an average
potential of 2.82 V, which stands higher than some phosphate
based materials, e.g., fluoro tavorite LiFePO4F.

35,36

Despite the limited capacity achievement, LiFe(HPO3)2
exhibit outstanding capacity retention when cycled at different
C-rates for prolonged amounts of time (Figure 9). The cell

cycled at 40 °C exhibits a steady specific capacity of about 70
mAh·g−1 during the first five cycles at C/50. Increasing the C-
rate to C/20 causes a corresponding decrease in the specific
capacity by 15 mAh·g−1. Further increase in discharge rate to
C/10 and C/5 reduces the specific capacity to 50 and 43 mAh·
g−1, respectively. However, returning the discharge rate back to
C/50 recovers the original value of 70 mAh·g−1, indicating that
the drop in capacity at higher C-rates is reversible and
associated with different polarization mechanism inside the cell.
As expected the cell cycled at 40 °C shows higher specific

capacity for all C-rates, but for both systems virtually no
capacity fading can be detected even after 200 cycles. These
results indicate the stability of LiFe(HPO3)2 crystal structure
and the reversible nature of Li+ ion intercalation. The retention
of the structural integrity after electrochemical cycling has been
confirmed by ex situ XRD of the reduced cathode material
retrieved after breaking the button cell (Supporting Informa-
tion, Figure S5). However, it was not possible to refine the
powder pattern or locate the position of the inserted Li-ion due
to the poor quality of the diffraction data. The excellent
capacity retention may be related to the three-dimensional
interconnected channels of the crystal structure. It is well-
known that cathode materials where Li+ diffusion is restricted
to 1-D channels, for example, in olivine LiMPO4 (M = Fe and
Mn), are susceptible to blockage of Li+ diffusion path due to
defects and impurities.37 This blockage eventually causes
capacity fading and reduced cycle-life. This problem is less
likely to occur in materials with 3-D interconnected network of
ionic diffusion paths and thus capable of showing good cycling
stability as in the case of tavorite.38

■ CONCLUSIONS
In this Article, we demonstrated that a novel phosphite with
iron, the most abundant and environmentally benign transition
metal, LiFe(HPO3)2, can be synthesized in a solvent-less low
temperature synthesis route. The phase has been shown to be
electrochemically active for reversible intercalation of Li+ ions,
with an average discharge voltage of 2.8 V and an experimental
capacity of about 70 mAh·g−1, has been achieved at 40 °C.
Simple synthesis, low cost materials, and excellent capacity
retention of this phase may find applications where energy
density is not a concern.
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