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A B S T R A C T

MoS2 three dimensional (3D) architectures with various subunits were synthesized using glycerol to mediate the
growth of MoS2 crystals though a CS2-assisted hydrothermal approach. It has been found that the thickness and
lateral size of subunits can be distinctly reduced by increasing glycerol content in the mixture solvent. A stable
porous MoS2 architecture, composed of nanosheets with a tiny size, ∼3 layers and expanded interlayer distance,
namely MoS2-15, was obtained when the volume proportion of glycerol reaches 15%. The sample MoS2-15
exhibits superior electrochemical performance in lithium ion storage, due to reasonable design as well as smart
organization of MoS2 subunits, featured by a capacity of 1027mAh g−1 at 0.1 A g−1 after 100 cycles and
738mAh g−1 at 5 A g−1 after 300 cycles, exceeding other MoS2 nanostructured materials in this work. More
importantly, the as-prepared various architectures exhibit tunable electrochemical behaviors depending on
structure and morphology evolution, which truly reflects the potential to optimize the microstructure for li-
thium-ion host materials.

1. Introduction

Lithium ion batteries (LIBs) as useful storage devices have been
widely applied in electrical vehicles, portable electronic devices and

other rechargeable equipments because of high energy density, long
cycle lifetime and good environmental benignity [1–4]. However, the
commercial LIBs with graphite-based materials as anodes cannot meet
requirements for higher energy density and faster charging rate [5,6].
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Therefore, a number of alternative materials were draw out in guidance
to meet the ever-growing demand for LIBs, such as Si-based materials
[7,8], transition metal oxides (TMOs) [9,10], and transition metal di-
chalcogenides (TMDs) [11,12]. As the most widely studied TMDs, MoS2
inspired researcher’s interest as a negative electrode, due to its high
theoretical capacity (∼670mAh g−1), outstanding physical and che-
mical properties, in particular, unique structure [13–16]. The MoS2
possesses layered structure that the atoms within each layer are bound
by strong covalent bonds, while MoS2 layers are bound by weak van der
Waals forces, allowing greater accessibility and mobility of Li+ ions
without a significant increase in volume expansion (only 103%)
[17,18]. Therefore, compared to other negative electrode materials,
MoS2 generally displays much better rate capability and lower rates of
cycling induced degradation. Alternatively, MoS2 is non-toxic, non-
polluting, inexpensive and facile fabrication.

Bulk MoS2 crystal has limited performance in LIBs because of kinetic
barrier, scarce exposed active sites and low conductivity. The emer-
gence of nanostructured materials leads to a direct way to enhance
electrochemical performance because of its nano-size effect [19,20].
Unlike most materials, MoS2 draws attention to one very specific fea-
ture of inherited 2D characteristics. Recently, single- or few-layered
MoS2 nanosheets were prepared for high specific surface areas to get
higher storage capacity as anode materials in LIBs. Nonetheless, the
tendency to reduce surface energy makes MoS2 nanosheets easy to
agglomerate during repeated electrochemical process, and the re-
stacked surface is hardly accessible by the electrolyte, resulting in the
loss of active sites or other unusual properties of ultrathin 2D structure
[21]. For instance, Gao et al. prepared the MoS2 nanosheets with 2–8
atomic layers by a simple hydrothermal method, and these MoS2 na-
nosheets achieved a high initial discharge capacity of 1179mAh g−1 at
the current density of 0.2 A g−1, while the discharge capacity was
failing fast and about 50% of the initial capacity after 20 cycles, im-
plying great advantages of the ultrathin nanosheets for high capacity
but still suffer from nanosheets aggregation [22]. In general, assem-
bling MoS2 nanosheets into 3D architectures, which could prevent the
nanosheets from aggregation and provide void space for volume change
accommodation and electrolyte solution penetration, may be the best
strategy for enhancing LIBs performance [23–25]. Recent success
mainly focuses on constructing various nanostructures based on MoS2
nanosheets, including nanotubes [26], nanoflowers [27], nanopheres
[28], nanocages [29] and other complex assemblies [30,31]. As a latest
record, Lou et al. developed MoS2 hierarchical hollow nanospheres by
converting from Mo-glycerate spheres precursors through a subsequent
sulphidation reaction and these nanospheres deliver high capacity,
good rate retention and long cycle life [32]. Until now, few reports have
been found to deal with the optimization of subunits such as large
surface area, ultrathin thickness, small lateral size, structural stability
and novel physical properties, all of which may greatly affect the
electrochemical performance for LIBs [33,34]. Thus, in this paper, we
focus on reducing the size and thickness of subunits by introducing
glycerol to constrain the growth of MoS2 crystals and these subunits
assemble into a stable porous hierarchical architecture. Reasonable
design and smart organization of MoS2 nanosheets is a promising new
avenue for preparing lithium ion host materials with excellent storage
ability and cycling stability.

Herein, we report the structure-controlled synthesis of 3D archi-
tectures with well-tailored secondary architectures by a CS2-assisted
hydrothermal approach. Compared to the much more common hard-
template techniques, which is complicated (template synthesis and re-
moval) and wasteful (template removal), the emulsion templating (CS2
oil droplets), could be finally removed by washing easily, and what’s
more, the method shows advantages on tuning the morphology of the
nanostructures [35,36]. It is found that the size and morphology of
sheet-like subunits can be tuned by using glycerol, and when the vo-
lume proportion of glycerol increases, the average thickness of subunits
decreases from 7.3 nm to 2.9 nm as well as lateral size

drastically decreases. Meanwhile, adding the glycerol into solution can
improve monodispersity and size uniformity of nanostructures. A
porous hierarchical architectures composed of nanosheets with ∼3
layers, tiny size and expanded interlayer spacing can be obtained when
the volume proportion of glycerol reaches 15%. The obtained optimal
structure exhibits an enhanced initial capacity of 1345mAh g−1 at
0.1 A g−1 and high cyclic stability with the capacity as high as
1027mAh g−1 after 100 cycles, and even 738mAh g−1 at 0.5 A g−1

after 300 cycles.

2. Experimental section

2.1. Chemicals

Ammonium heptamolybdate ((NH4)6Mo7O24·4H2O, AR) and carbon
disulfide (CS2, AR), were supplied by Sinopharm Chemical Reagent Co.
Ltd. (Shanghai, China). Glycerol (C3H8O3, AR), ethanol (C2H6O, AR)
and ethylenediamine (EN, AR) were purchased from Yasheng chemical
Co. Ltd. (Wuxi, China). All the chemicals were used as starting mate-
rials without further purification.

2.2. Preparation of 3D MoS2 architectures

The MoS2 architectures were prepared with modifications according
to the following established procedure [37]: Ammonium heptamo-
lybdate ((NH4)6Mo7O24·4H2O, 0.28mmol) and ethylenediamine (EN,
1mL) were dissolved in 60mL water-glycerol solution and the mixture
solution was stirred for 20min. Then carbon disulfide (CS2, 2 mL) was
added into the solution, followed by agitating the solution using a high
shear emulsification machine. The solution was transferred to a 100mL
Teflon-lined autoclave, sealed and heated in an oven at 200 °C for 24 h.
After being cooled to room temperature, the products were collected
and washed with water and ethanol several times. The final products
were dried in a vacuum oven at 60 °C for 12 h. Depending on glycerol
volume proportion of 0%, 10%, 15% and 20% in the mixture solvent,
the final samples of MoS2 nanostructures were denoted as MoS2-0,
MoS2-10, MoS2-15 and MoS2-20, respectively.

In contrast, MoS2 nanosheets were synthesized by a hydrothermal
method following the procedure. 1 mmol of (NH4)6Mo7O24·4H2O and
20mmol of thiourea were dissolved in 60mL deionized water. Then,
the solution was transferred into a 100mL Teflon-lined autoclave and
kept at 200 °C for 24 h. MoS2 nanosheets were collected and washed
with water and ethanol, then dried in a vacuum oven at 60 °C for 12 h.

2.3. Characterization

The as-prepared products were investigated by an X-ray dif-
fractometer (SmartLab, 40 kV/30mA, λ=1.5418 Å/Cu Kα) for iden-
tification of crystal phases and crystal parameters. The chemical va-
lence states of products were analyzed by an X-ray photoelectron
spectroscopy (XPS, ESCALAB 250). Raman spectra were detected by a
DXR Raman microscope with Ar laser source of 532 nm wavelength
(NEXUS670). The morphology was characterized using a field emission
scanning electron microscope (FESEM, Hitachi S-4800 and JEOL JSM-
7600F), and transmission electron microscopy (TEM, JEOL JEM-2100F)
was taken to observe microstructural details. The mesopore structure
and specific surface area were determined using the Brunauere-
Emmette-Teller (BET) method based on N2 adsorption measurements
(Micromeritics ASAP 2020 surface area and porosity analyzer) at 77 K.

2.4. Electrochemical measurements

The electrochemical performances of as-prepared products were
tested with the half-cell of CR2032 type. MoS2 active materials (70 wt
%), carbon black (20 wt%), and polyvinylidene fluoride binder (10 wt
%) in N-methylpyrrolidone were mixed into a homogeneous slurry and
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