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A facile rapid hydrothermal method was developed to prepared CH3NHsPbBr; and CHsNH3Pbls. The
as-prepared products were utilized into lithium batteries as anode materials with good performances
obtained. Considering the structural diversity, more hybrid perovskites can be targets for further
optimization, indicating their promising potentials in Li-ion battery applications.
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A facile hydrothermal method was developed to prepare CH;NH;PbBr; and
CH3NH;Pbl;. The as-prepared products were utilized into lithium batteries
as anode materials with good performances obtained. Considering the
structural diversity, more hybrid perovskites can be targets for further
optimization, indicating their promising potentials in Li-ion battery

applications.

Organic-inorganic hybrid materials, based on a molecular scale
composite of inorganic and organic components, have
potential applications in many fields such as solar cellsl'3, field-
effect transistors (FETs)4' 3 light-emitting devices (LEDs)G,
lasers’, photodetectorss'10
the properties of inorganic materials (such as high carrier

and so on. These materials combine

mobility and a wide range of bandgaps) and those of organic
(such as diversity, high efficiency
luminescence and plastic mechanical propertiesll’ 12). Some
works have attempted to use hybrid organic-inorganic

materials structural

materials (composed of a conducting organic material and an
active inorganic material) as lithium storage materials in Li-ion

. 13,14
batteries.

However, to date only poor performances were
obtained typically such as a specific capacity of less than 50
mAh/gB.

Organic-inorganic hybrid perovskites, generally expressed as
AMX; (A=organic ammonium cation, M=metal cation and
X=halide anion), have attracted much attention especially in
the field of solar cells with the photoelectric conversion
efficiencies of perovskite solar cells increasing from 3.81 % up
to 20.1 % within only 5 yearsl'3’ 1517 The structure of
organometal halide perovskite is a three-dimensional
framework of corner-connected MXg (M=metal cation, X=Cl,
Br, 1) octahedrons with organic ammonium cations located
between the octahedrons. Scheme 1 is a schematic crystal
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Scheme 1 Schematic Crystal structure of organometal halide perovskite CH3NHsPbBrs.

structure of cubic perovskite CH;NH;PbBr; , showing that
PbBrg octahedrons form the framework with CH;NH;" locating
at the eight vertexes of a cube. As organometal halid
perovskite AMX; can be regarded as a layered perovskite
structure of the alternative arrangement of organic layers and
inorganic Iayersn, similar in topology to Li*-insertion
compounds such as LiCoOZ13 and graphite19, it may be possible
to use these materials as lithium storage materials in Li-ion
batteries. To the best of our knowledge, the lithium storage
performance of organometal halide perovskites has not been
investigated to date. Moreover, although CH;NH3;PbBr; has
been prepared by several methods such as spin coatingz, dip-
coating3, thermal evaporation”, solid-state reaction®® and
precipitation reactionu, these methods require the use of
organic solvents 2317, 20, or long time for reaction 23,20, 21, or
careful adjustment of reaction conditions 231 14 date, a
facile and rapid method is still needed to synthesize
organometal halide perovskite materials.

In this paper, CH3;NH;PbBr; and CH;NH;Pbl;
synthesized by a facile hydrothermal method at
temperature. Furthermore, the as-prepared materials were
applied into Li-ion batteries as active materials with lithium
storage capabilities investigated. To the best of our knowledge,
this is the first time that lithium storage performance of
organometal halide perovskites has been reported. The first
discharge capacity for CH3NH;PbBr; is up to 331.8 mAh/g. The

were
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capacity of CH3NH3;PbBr; fades rapidly in the first 30 cycles, but
after that it decreases slowly from 157.4 mAh/g (31* cycle) to
121

Sommic s

Journal Name

Further investigation was carried out by X-ray diffraction
method to examine the crystal structure of the as-prepared
powder and the corresponding result is shown in Fig. 2 with

EDX Intensity (a.u.)
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Fig. 1 Morphology and composition characterizations of the hydrothermally
synthesized CH3NH3PbBr3: (a-c) SEM images with different magnifications; (d)
Corresponding EDX spectrum with the photograph of CH;NH;PbBr3 inset.
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Fig. 2 XRD patterns of the prepared CH3NH3PbBr;, which can be indexed as cubic
perovskite CH;NH;PbBr; (space group=Pm-3m, a=5.9394 A).

mAh/g (200th cycle) with a relative capacity retention of 76.9 %
in the next 170 cycles. Rate performance of the material has
also been investigated and the discharge capacities can keep
above 210 mAh/g in the first 15 cycles at a smaller current of
20 mA/g or 50 mA/g.

In a typical process, 1-5 g Pb(CH3;C0O0),-3H,0, 15-20 mL HBr
solution (=40%) and 3-6 mL CH3NH; alcohol solution (27-32%)
were added into a weighing bottle. Then the bottle was put
into a 100 mL Teflon-lined stainless steel autoclave and
reacted at 150 °C in an oven for 1-12 h. Finally, the products
were cooled to room temperature, filtered, washed with
superdry isopropanol and dried naturally.

The morphology of the as-prepared CH3NH3;PbBr; was
characterized by a scanning electron microscopy (SEM). Fig.
la-c show typical SEM images with different magnifications. As
shown in Fig. 1a, the product is composed of some hierarchical
rod-like particles with the size of hundreds of micrometers.
Closer observation demonstrates that the rod terminals are
micrometer-sized head-like spheroids, each with two big eyes
and one mouth below them, which seem like statues
fabricated by artists’ gravers but not a template-free chemical
method. The Energy Dispersive X-Ray Spectroscopy (EDX)
spectrum is shown in Fig. 1d, which confirms the elemental
composition of Pb and Br (Cu from the micro-grid of TEM).
This result is reasonable considering the light elements of C

and N are difficult to detect. The digital photograph inset in Fig.

1d shows that the obtained product is orange, which is
consistent with other reportslz’ 2

A Rigaku D/max-rA12kW X-ray diffraction system was used
to characterize the crystal structure of the obtained powder.

2| J. Name., 2012, 00, 1-3

the blue lines corresponding to the simulated XRD patterns.
The XRD patterns can be indexed as cubic perovskite structure
with a=5.9394 A (space group=Pm-3m, refined details in Table
Sl).12 All XRD peaks can be indexed as cubic perovskte
structure, indicating the obtained sample is pure phase cubic
perovskite CH;NH;PbBr;.
To test if hydrothermal method can be used to synthesize
organometal halide perovskites, CH3;NH;Pbl; was
attempted to prepare by a similar hydrothermal process,
except replacing HBr solution with HI solution. (details in
Supporting Information).

The obtained product is black, shown as the inset in Fig. 3d.
Corresponding SEM images are shown in Fig. 3a-c. The product
is composed of some clusters of micrometer-sized wire-like

other

structures. The microwires seem to be with regular shapes,
with the diameters of tens of micrometers and the lengths of
hundreds of micrometers. XRD characterization was also used
to determine the crystal structure of the hydrothermally
synthesized sample, with the result shown in Fig 3d. The XRD
patterns can be indexed as tetragonal perovskite CH;NH;Pbl;
(space group=l4/mcm, a=8.8048 A, b=12.7411 A), suggesting
perovskite CH3;NH;Pbl; was also obtained by the hydrothermal
method.

Though organometal halide perovskites are considered
sensitive to water?>?, high quality perovskite CH3;NH;PbBr;
with good crystalline was still obtained by the hydrothermal
method here. To the best of our knowledge, this is the first
time that hydrothermal method was used to synthesize
organometal halide perovskites. The successful preparation of
CH5NH3PbBr; and CH3;NH;Pbl; demonstrates that the

This journal is © The Royal Society of Chemistry 20xx



HeEis ChemComimu:lciis

Journal Name

XRD Intensity (a.u.)
316/207/244
252/108

R 20 (degree)
S N

Fig. 3 Characterizations of the CH;NH3Pbl; synthesized by a similar hydrothermal
process: (a-c) SEM images with different magnifications; (d) XRD patterns with the
photograph inset, which can be indexed as tetragonal perovskite CH3;NH;Pbl; (space
group=l4/mcm, a=8.8048 A, b=12.7411 A).
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contribution to the improved capacity. The charge-discharge
voltage plateaus in the charge-discharge profiles indicate that
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Fig. 4 Electrochemical characterizations of the Li-ion batteries made of perovskite
CH3NH;PbBr; and CH3NH;Pbls: (a) Charge-discharge profiles; (b) Cyclic voltammetry
cures; (c) Cycle performances; (d) Rate performance of perovskite CH3NH3;PbBr3.

hydrothermal method developed here is facile but effective to
synthesize organometal halide perovskites.

To investigate the lithium storage performance of the as-
synthesized samples,
assembled in an argon-filled glove box with the moisture

standard RS2032 coin cells were

content less than 1 ppm. The test electrodes were composed
of CH3NH3PbBr; (or CH3;NH;5Pbls), conductive carbon black and
PVDF binder with an 80:10:10 mass ratio. The corresponding
SEM images and photographs of perovskite CH3NH;3;PbBrs
electrodes are shown in Fig. S1-2 (Supporting Information).
Lithium metal was used as the counter electrode and 1 mol/L
LiPFg solution in ethylene carbonate + ethylmethyl carbonate +
dimethyl carbonate (EC+EMC+DMC, volume ratio=1:1:1) was
selected as the electrolyte. Constant current charge-discharge
performance of the coin cells were carried out with a LAND
BT2013A 8-channel battery test system (Wuhan Rambo
Testing Equipment Co., Ltd.) in the voltage range of 0.1-1.5 V.
Cyclic voltammetry was measured on a CHI660C
electrochemical workstation at a sweep voltage range of 0.01-
2.0 V with the rate of 1 mV/s.

First charge-discharge profiles of the prepared perovskite
CH3NH3Pbl; and CH3NH3PbBr; at a constant current density of
200 mA/g are shown in Fig. 4a. The first discharge capacity of
CH3NH;3Pbl; is 43.6 mAh/g, which is comparable to that of
other organic-inorganic hybrids with capacities less than 50
mAh/g.ls’ 1 While the first discharge capacity of CH3;NH;PbBr;
can be up to 331.8 mAh/g, which is much larger than that of
CH3NH3Pbl3. Although the detailed reasons for the improved
performance of CH3;NH3;PbBr; are unknown, the lower
molecular weight of CH3NH;PbBr; and larger first charge-
discharge efficiency shown in Fig. 4a, must make a significant

This journal is © The Royal Society of Chemistry 20xx

the oxidation or reduction reactions may happen at the
corresponding voltages, which can be well corresponding to
the oxidation or reduction reaction peaks in the cyclic
voltammetry curves shown in Fig. 4b.

The cycle performances of the two compounds are also
compared in Fig. 4c. Both of the capacities decay much in the
first 30 cycles, but decrease slowly after that. Only a capacity
of 9 mAh/g is left after 100 cycles for perovskite CH;NH;Pbls.
While the 100" discharge capacity for the corresponding
perovskite CH3;NHs;PbBr; is 133.7 mAh/g, and the 200"
discharge capacity is still as large as 121 mAh/g. For
CH3NH3PbBr3;, the discharge capacity decreases slowly from
157.4 mAh/g (31th cycle) to 121 mAh/g (200th cycle) with a
relative capacity retention of 76.9 % in this 170 cycles.
Compared with CH3NH3Pbl;, we just replaced I with Br in the
perovskite CH;NH3PbX; (X=halide anion), but the performance
of perovskite CH3;NH;PbBr; was significantly enhanced.
Considering the structural diversity of organometal halide
perovskite AMX; (A=organic ammonium cation, M=metal
cation and X=halide anion), achieving much better
performance is possible for Li-ion battery applications.

To characterize the rate performance, cycle performances at
different charge-discharge current densities were also tested
and the corresponding results are shown as Fig. 4d. When the
test current is 20 mAh/g or 50 mA/g, the discharge capacities
are above 210 mAh/g in the first 15 cycles. When
charged/discharged at a much larger current density of 200
mAh/g, the 15% discharge capacity can still retain 175.5 mAh/g,
which is equivalent to the theoretical capacity of commercial
LisTisO,, (175 mAh/g).Zs' % The good rate performance
indicates that CH;NH;PbBr; can be charged/discharged at
different rates without much capacity decay, showing
structural stability for Li-ion battery applications.

J. Name., 2013, 00, 1-3 | 3
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Conclusions

In conclusion, CH3NH;Pbl; and CH3NH;PbBr; were synthesized by
a facile hydrothermal method and utilized as active materials in Li-
ion battery with reversible charge-discharge capacities. The first
discharge capacity for CH3NH3;PbBr; (331.8 mAh/g) is much larger
than that for CH;NH;Pbl; (43.6 mAh/g) at a current density of 200
mA/g. Both capacities decay rapidly in the first 30 cycles but
decrease slowly after that. The 15" discharge capacity of
CH3NH3PbBr; is 175.5 mAh/g, which is equivalent to the theoretical
capacity of commercial Li,TisO,,. After 200 charge-discharge cycles,
the capacity is still 121 mAh/g, with a 76.9 % relative capacity
retention to the 31% discharge capacity (157.4 mAh/g). Compared
to CH3NH;Pbl;, the significantly enhanced performance of
CH3NH3PbBr; indicates that the composition of organometal halide
perovskite AMX; plays an important role in the lithium storage
performance. Considering the structural diversity, better
performance may be achieved by tuning the composition, which
suggesting that organic-inorganic perovskite materials have
promising potentials in lithium storage applications.
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