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Synthesis of Tostadas-Shaped Metal-Organic Frameworks 
for Remitting Capacity Fading of Li-Ion Batteries

Yueji Cai, Weikang Wang, Xuanxuan Cao, Lingfei Wei, Caichao Ye, Chunfeng Meng, 
Aihua Yuan,* Huan Pang,* and Chao Yu*

Electrode design strategies that aim to increase the electrochemical perfor-
mance of Li-ion batteries (LIBs) play a key role in tapping into the power of 
the energy transformations involved. Metal-organic frameworks (MOFs) have 
attracted scientific interest as electrode materials for LIBs, while the utilization 
of pristine MOFs is hindered by limited conductivity and stability, partly due to 
their lack of hierarchically structured pores. Herein a hydrothermal-mechan-
ical synthesis is reported by combining the one-pot chemical fabrication of 
Ni3(2,3,6,7,10,11-hexaiminotriphenylene)2 sheets and particles, and the mechan-
ical assembly of these building blocks to improve electrical conductivity is also 
described. The as-prepared ensemble (denoted as NHM) exhibits a Tostadas-
shaped structure with enriched ultramicropores and micropores. The charge-
discharge profile of NHM gives a superior reversible capacity of 1280 mA h g−1 
after 100 cycles at the rate of 0.1 A g−1, surpassing the state-of-art pristine 
MOFs-based anodes. Moreover, NHM is capable of maintaining 392 mA h g−1 
at 1 A g−1 after 1000 cycles, the completion of a stability test in coin cell-powered 
light emitting diodes further visualizes the remitted capacity fading of NHM. 
This work breaks through the limitation of capacity for pristine MOFs, providing 
a new pathway for achieving better energy conversion and storage.
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issues are mainly due to the low theoret-
ical capacity of both commercial graphite 
anodes (372  mA h g−1) and LiCoO2 cath-
odes (172 mA h g−1).[1a,2] Thus, it is neces-
sary to make effort to develop alternatives 
of the LIBs electrode materials with longer 
cycle life, higher specific capacity, and 
better energy storage. Generally, carbon,[3] 
silicon,[4] and stannum[5] based materials 
are the most commonly used pristine 
materials in LIBs, while such pristine 
materials show limited capacity, rap-
idly decaying to lower performance after 
cycles.[3,6] Featured by the unique features 
of composition, pore structure, and func-
tionality, the metal-organic frameworks 
(MOFs) were extensively investigated as 
pristine electrode materials for LIBs.[3,7] 
Controllable synthetic strategies of MOFs 
enable the optimization of metal ions/
clusters, organic ligand linkers, the tuna-
bility of size, dimension, and morphology, 
leading to the improvement of the gravi-

metric/volumetric capacity, energy density, and long-term 
cyclability of LIBs. Although there are more than 20 000 kinds 
of MOFs synthesized so far, pristine MOFs, when utilized as 
electrode materials in LIBs, also suffer from inevitable fading 
in rate capability and electrical conductivity.[8] For example, the 
typical transition metal MOFs such as Zn4O-BTB MOF deliv-
ered a capacity of 105 mA h g−1 in 50 cycles and Ni-NTC MOF 
showed a capacity of 246 mA h g−1 in 80 cycles (Table S1, Sup-
porting Information). The maximum capacity of pristine MOFs 
in the 100 cycles can be achieved at 1085 mA h g−1 by regulating 
the morphology of Ni-BTC MOFs, which highlights the impor-
tance of controlling dimension and structure in optimizing the 
rate capacity of pristine MOFs materials.[9]

Herein, a mechanical ball-milling assisted hydrothermal 
method was exploited to obtain the pristine Ni-MOF based 
electrodes with superior and long-operating LIBs performance. 
First, the Ni3(2,3,6,7,10,11-hexaiminotriphenylene)2 (Ni-HITP) 
nanosheets (NHS) and Ni-HITP particles (NHP) materials were 
both fabricated through a one-pot solvothermal method.[10] The 
structures of NHS and NHP are similar to the Ni-BTC and have 
excellent conductivity. Granular NHP has a high initial specific 
capacity, but the specific capacity is prone to decay. On the con-
trary, the initial specific capacity of NHS is low while the cyclic 
stability is prominent. To integrate both advantages, the fur-
ther assembly of nanosheets and nanoparticles was simply 

The ORCID identification number(s) for the author(s) of this article 
can be found under https://doi.org/10.1002/adfm.202109927.

1. Introduction

Currently, Li-ion batteries (LIBs) are the most popular energy 
storage source for high-tech applications such as portable 
electronic devices and power backup systems.[1] However, 
the cycle life and energy density of commercial LIBs still have 
not reached the specification demanded by customers. These 
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achieved by the mechanical electrostatic assembly among the 
ball-milling treatment, resulting in a hierarchical Ni-MOF 
nanostructure (the ensemble of NHS and NHP, denoted as 
NHM), with optimized pore and channels. Compared to pre-
vious reported pristine MOFs anodes, NHM, benefiting from 
the multiscale integration of 2D nanosheets and 1D nanopar-
ticles, affords an ultrahigh capacity (1280 mA h g−1 at 0.1 A g−1 
after 100 charge-discharge cycles) and remitted capacity fading 
(392 mA h g−1 at a high rate of 1 A g−1, after 1000 cycles), which 
is comparable with most of the composite materials applied in 
LIBs anode (Table S1, Supporting Information).

2. Results and Discussion

Scheme 1 illustrates the hydrothermal-mechanical synthesis 
process of NHM architecture. In a typical synthesis process, 
2,3,6,7,10,11-hexaaminotriphenylene hexahydrochloric acid 
(HITP⋅6HCl) solution was transferred to NiCl2/NH4OH solu-
tion and the reaction mixture was heated under constant stir-
ring at 65 °C for 2 h, and then without stirring for 13 h. Due to 
the gravity and surface tension, two morphologies of obtained 
Ni-HITP MOF were self-layering with Ni-HITP nanosheets 
(NHS) up in the liquid phase as well as Ni-HITP particles 
(NHP) settling down at the bottom. Mechanical ball-milling 
was introduced and mechanical ball-milling induced assembly 
of NHS and NHP was attempted in different conditions, using 
an SFM-1 mixer mill (50-mL agate milling jar with 5, 8, and 
12-mm diameter agate ball). As shown in Figure S1, Supporting 
Information, electrostatic assembly of building blocks, namely 
NHS and NHP, is driven by the mechanical force through 
precise regulation of milling parameters under N2 protection. 
An organized structure that resembles the Tostadas shape, 
arises from opposing interactions between controlled moving 

components that exist out of initial equilibrium and subse-
quently reduce its free energy and move towards a new state. 
The unique integration of NHS and NHP into NHM can pro-
vide the channels that generate the special framework and 
which can contribute to facile ion transport. The conductivity of 
each NHM structural model was determined through the par-
tial density of states (PDOS) calculation. The structural charac-
teristics prove that the Ni metal coordination of N contributes 
to improving the adsorption capacity for Li (Figure S2, Sup-
porting Information). The transmission electron microscope 
(TEM) images in Figure S3 and Figure S4, Supporting Informa-
tion, show the morphology of NHM. As shown in Figure S3a,  
Supporting Information, the interconnected nanosheets of 
Ni-HITP were closely wrapped with the nanoparticles with a 
size of ≈10  nm. Moreover, the lattice fringes of NHM can be 
well detected (Figure S3b, Supporting Information), and the 
diffraction rings along the distinct bright spots confirm the 
polycrystalline nature in the prepared Ni-HITP-based MOFs 
(Figure S3c, Supporting Information). According to the selected 
area electron diffraction (SAED) pattern in Figure S3d, Sup-
porting Information, the measured d-spacing of 10 Å and 
d-spacing of 2 Å corresponds to the crystalline (200) and (100) 
plane of Ni-HITP in NHM, respectively.[11] Consequently, the 
crystalline nature of Ni-HITP can be easily recognized from the 
high-resolution TEM image of the NHM and SAED pattern.

The as-synthesized NHP, NHM, and NHS were further 
analyzed by X-ray Diffraction (XRD) in the 2θ range of 4°–40°. 
In Figure 1a, the dominant peaks observed at 4.7°, 9.5°, 12.6°, 
and 16.5° indicates the long-range crystallinity order along the 
ab plane.[12] All the three samples reveal-well defined (100) and 
(200) planar peaks at 4.7° and 9.5°. Meanwhile, a broad peak 
at 27.3° matching the (001) crystal plane of NHM indicates 
the poorer long-range order along the c-axis, which is com-
monly observed in covalently bonded layered materials.[13] The 

Scheme 1. a) Schematic illustration of the one-pot solvothermal formation of 1D NHP and 2D NMS. b) Mechanical electrostatic assembly of NHP and 
NHS into Tostadas-shaped NHM by controlled ball-milling treatment.
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morphologies of the NHS, NHP, and NHM samples were 
studied by the scanning electron microscope (SEM). Figure 1b 
and Figure S5, Supporting Information, show that the NHP 
sample displays a particle size with an average diameter of 
around 50  nm, while for NHS, the nanosheets-like Ni-HITP 
is constructed in an interwoven pattern (Figure  1c). After the 
pore engineering of ball-milling treatment, the size of NHP 
decreases obviously,[14] smaller than 10  nm, and meanwhile a 
unique Tostadas-shaped pristine NHM is achieved with 1D 
NHP embedded onto 2D nanosheets of NHS (Figure  1d–f, 
Figure S6, Supporting Information). The elemental mapping 
of TEM was then employed to confirm the elemental distribu-
tion of the Ni-HITP in the NHM. As depicted in Figure 1g, the 
characteristic elements for NHM including C, N, and Ni are 
evenly distributed on the surface of the NHM, indicating the 
controllable fine-tuning of mechanical electrostatic assembly. 
After moving, positioning, interconnecting, and contacting 
nanostructures during the ball-milling, the obtained framework 
makes Li+ rapidly accessible to targeted redox-active sites, as 
well as ensures a high-efficiency electron transfer around the 
active center.[12a,15]

The Fourier-transform infrared (FTIR) spectra were used to 
identify the functional groups of each sample. Figure S7, Sup-
porting Information, shows several peaks at 3345, 3180, 1620, 
and 1300 cm−1, corresponding to the stretching vibrations of 

NH and CN and the in-plane bending vibrations of NH, 
respectively. The existence of rich N-containing groups of NHM 
is favorable for improving the conductivity of MOFs mate-
rials.[17] Furthermore, the thermogravimetric analysis (TGA) 
for NHM reveals an apparent weight loss began at 275 °C for 
all samples and also demonstrates that NHM possesses higher 
thermal stability than NHP (Figure S8, Supporting Informa-
tion). In Figure S9, Supporting Information, Raman spectra of 
NHP, NHS and NHM shows that i(D)/i(G)NHM > i(D)/i(G)NHS = 
i(D)/i(G)NHP corresponding to more defects and active sites in 
NHM. The chemical states of surface elements in Ni-HITP 
based materials were characterized by X-ray photoelectron spec-
troscopy (XPS). As shown in Figure 2a,b and Figure S10, Sup-
porting Information, Ni 2p peaks for NHM can be fitted with 
four prominent peaks at binding energies of 854.36, 860.30, 
871.94, and 878.30  eV, corresponding to Ni 2p3/2, Ni 2p3/2 sat-
ellite, Ni 2p1/2, and Ni 2p1/2 satellite (Figure 2a).[16]Accordingly, 
the spectra of N 1s for NHM display two prominent peaks at 
399.0 eV and 400.2 eV, belonging to NC, NNi, respectively 
(Figure  2b), in good agreement with the FTIR results. The N 
1s peaks for NHM can be resolved into two components cen-
tered at ≈398.98 (NC), and ≈400.18  eV (NNi). Specifically, 
Ni metal centers attached with HITP−2 ligands in the woven 
net pattern form a highly porous morphology, increasing the 
surface area of the MOF.[17] Thereby, the content of active sites 

Figure 1. a) XRD patterns of the Ni-HITP; b) SEM images of NHP; c) SEM images of NHP; d–f) SEM images of Tostadas-shaped NHM in the scales 
of 500 and 200 nm; g) Energy Dispersive Spectrometer elemental mapping of the NHM.
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can be defined as the ratio of peak areas (NNi/NC).[18] The 
XPS results manifest the existence of active sites in NHP, NHS, 
and NHM, and the corresponding active site contents are 1.03, 
1.09, and 1.11 in the order of NHP < NHS < NHM. Compared 
with the NHP and NHS, the Ni 2p peaks of NHM obviously 
shift toward low binding energy (Figure  2a) after electrostatic 
assembly by ball-milling process. The lower binding energy of 
exposed active Ni sites indicates the gained electrons from adja-
cent N atoms, leading to the decreased valence state of Ni of 
NHM. The nearly metallic state of Ni species generated in the 
construction process of NHM is conducive to charge transfer 
and tuned redox potential.[19]

The surface area and pore distribution of NHM, NHS, 
and NHP were studied by N2 adsorption-desorption iso-
therms as shown in Figure  2c. The Brunauer–Emmett–Teller 
(BET) specific surface area of NHM was determined to be 
445 m2 g−1, mainly ascribed to the enriched ultramicropores 
and micropores provided by pore engineering through ball-
milling, as can be seen in pore size analysis within different 
ranges (Figure  2d,e).[20] Obviously, the NHM exhibits a wide 
pore distribution ranging less than 0.6  nm (defined as ultra-
micropore),[21] which could support the storage behavior of 
pseudo-capacitive lithium.[18] Moreover, these ultramicropores 
and micropores of hierarchical NHM could selectively block the 
large anions owing to the size effect, leading to the better redis-
tributing of Li-ion flux.[22] This homogeneous plating/stripping 
process would result in an ultrahigh capacity with remitted 
capacity fading for NHM anode.

Based on the aforementioned characteristics of porous 
structures and chemical properties, the electrochemical per-
formance of obtained NHP, NHS, and NHM anodes was then 
investigated through LAND device. The capacity of NHM with 
10% NHS was superior to that of the other Ni-HITP electrodes 

in control experiment (more details of Ni-HITP with different 
contents of NHS can be seen in Figure S11, Supporting Infor-
mation). Figure 3a shows the cyclabilities of NHP, NHS, and 
NHM. In the first cycle, the discharge capacities for NHP, 
NHS, and NHM are 397, 1787, and 946 mA h g−1, respectively. 
After 100 cycles, their capacities reduced to 105, 1280, and 
497  mA h g−1, respectively. The achieved maximum reversible 
capacity of 1280  mA h g−1 was found for the NHM electrode 
after 100 cycles, suggesting an outstanding LIBs activity. Ni-
based MOF LIBs anodes that can maintain 1000 mA h g−1 after  
100 cycles are rarely reported (Table S1, Supporting 
Information).[8a] This remarkable performance could be 
attributed to the ensemble effect within the Tostadas-shaped 
structure and the decreased valence state of Ni active center.

The rate capabilities of the NHS, NHM, and NHP were also 
evaluated by increasing the rate from 0.1 to 2 A g−1 (Figure 3b). 
The capacity of NHM is 950 mA h g−1 at 0.1 A g−1. As the cur-
rent density increases, reversible capacities of NHM reach 754, 
572, and 366 mA h g−1 at 0.2, 0.5, and 2 A g−1 for the NHM elec-
trode. The NHM electrode retrieves a capacity of 800 mA h g−1 
when the current density restores to 0.1 A g−1. This is a value 
close to its original value of 950 mA h g−1, showing the excel-
lent electrochemical stability of NHM. For the NHS and NHP 
electrodes, their reversible capacities of 716 and 537 mA h g−1 
are delivered at 0.1 A g−1, which decrease rapidly to 129 and 
84  mA h g−1 at 2000  mA g−1, respectively. The corresponding 
charge-discharge profiles of these three electrodes at various 
rates are shown in Figure 3c. The charge-discharge profiles of 
the NHM electrode stay on hold without evident variance even 
at high rates. The charge-discharge profiles of NHS and NHP, 
by contrast, appear severe variances at 2000  mA g−1. These 
results suggest that the rate performance of NHM is consider-
ably improved by tuning its morphology.[23]

Figure 2. a,b) High-resolution XPS spectra of Ni 2p and N 1s on NHM, NHS, and NHP; c) N2 adsorption-desorption isotherm of NHM, NHS, and 
NHP at 77.3 K; d) Barrett–Joyner–Halenda (BJH) pore size distribution of NHM, NHS, and NHP; e) Saito-Foley method pore size distribution of NHM, 
NHS, and NHP.
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We further performed a long-term cyclability at a high rate of 
1000 mA g−1 to test the rapid charging and discharging capacity 
of NHM anode (Figure 3c). Specially, the capacity of the NHM 
electrode increases from 414 to 576  mA h g−1 in the initial 
200 cycles, and remains stable at this value until 380 cycles. 
Subsequently, it descended slowly, reaching 392  mA g−1 at  
1000 cycles, which is still better than theoretical value of 
commercial graphite anodes (372  mA h g−1). Figure  3d and 
Figure S12, Supporting Information, shows the typical charge/
discharge curves of the NHS, NHM, and NHP electrode at a 
current density of 0.1 A g−1. In all the view of Figure  3d and 
Figure S12, Supporting Information, the initial charge/dis-
charge curves of first cycle show the growing formation of 
solid-electrolyte interphase (SEI) layer on the surface of elec-
trodes.[24] In the following cycles, the charge/discharge curves 
of NHM overlap much better than NHS and NHP, suggesting 
good stability and significant reversibility of the NHM electrode 
for the insertion/extraction of Li+, corresponding to Figure S13, 
Supporting Information.[25] Meaningfully, the sloping voltage 
profiles suggest the pseudocapacitive lithium storage behavior, 
which could reduce the polarization of LIB and improve the sta-
bility of the electrodes.[22,26] These results with remitted capacity 
fading are attributed to the Tostadas-shaped architecture of 
NHM built by the strong electrostatic adsorption of NHP on 
the NHS, which shortens the diffusion distance of Li ions, thus 
maintaining the sustainability in the repeated activation pro-
cess of the NHM electrode.

To further investigate the electrochemical performance and 
interface resistance of NHM electrodes, more electrochemical 
measurements were performed. Figure 4a displays the cyclic 
voltammetry (CV) of the NHM electrodes for an initial three 
cycles, revealing two reduction peaks and two oxidation peaks. 
For the first cathodic sweep, the current slowly increases in 

the potential range from the open circuit potential (OCP) to 
about 1.4  V versus Li/Li+. This phenomenon corresponds to 
the decomposition of the electrolyte (LiPF6 in ethylene car-
bonate/dimethyl carbonate) on the electrode surface to form an 
SEI layer.[24,27] Furthermore, from 0.95 to 0.7  V versus Li/Li+, 
the cathodic current of NHM continues to increase. This can 
be ascribed to the lithiation of carbonaceous material (Super P 
carbon black, Ni-HITP) to generate LixC or LixO on the surface 
of the electrode. Meanwhile, as Figure 4a shown, two tiny peaks 
at 0.42 and ≈1.4  V can be observed in the second and third 
cathodic scans. They can be assigned to the reduction reaction 
of Ni2+to Ni0. During anodic scanning, NHM shows two oxida-
tion peaks at 1.01 and 2.17 V versus Li/Li+. The two peaks can 
be ascribed to the conversion of Ni0 to Ni1+ and Ni1+ to Ni2+, 
respectively.[28] From the second scanning onward, the cathodic 
curves of NHM appear to be distinct from the first cycle curve. 
This is also attributed to the formation of the SEI film on the 
electrode surface. This result demonstrates that the presence of 
NHM facilitates the alloying and dealloying with Li.[23b]

To clarify the high specific capacity and electrochemical sta-
bility of the NHM and the formation mechanism of SEI layer, 
electrochemical impedance measurements were performed on 
the NHS, NHP, and NHM electrodes, as shown in Figure 4b. 
It is noticeable that the NHM electrode has a smaller charge 
transfer resistance (Rct) than the NHP electrode. Meanwhile, 
Rct of NHS is slightly less than NHM. NHS has the minimum 
impedance among three samples as monolayers of nanosheets 
materials are known for their widely dispersed valence and 
conduction bands, facilitating the charge mobility within the 
2D sheets.[29] To prove the formation of the SEI layer and its 
growth in subsequent cycles, the electrochemical impedance 
spectra of the NHM electrode after 1, 3, 100, and 200 cycles 
were recorded in Figure 4c. The magnitude of the semicircles 

Figure 3. a) Cycling performance of NHP, NHM, and NHS over 100 cycles at 0.1 A g−1; b) Rate capabilities of NHS, NHM, and NHP at the rate from 
0.1 to 2 A g−1; c) Cyclability and corresponding coulombic efficiency of the NHM at the rate of 1 A g−1; d) NHM galvanostatic charge-discharge potential 
profiles at the rate of 0.1 A g−1.

Adv. Funct. Mater. 2021, 2109927



www.afm-journal.dewww.advancedsciencenews.com

2109927 (6 of 8) © 2021 Wiley-VCH GmbH

remains almost unchanged for the first three cycles of charge-
discharge, suggesting a stable SEI layer. Also, the 100th and 
200th cycles of charge-discharge imply that SEI layer could 
be in good condition. Figure  4d demonstrates an ultrahigh 
capacity (1280 mA h g−1 at 0.1 A g−1 after 100 charge-discharge 
cycles) and robust cycling stability of as-synthesized NHM, 
which is surpass the most of reported MOF-based LIBs anode 
materials (Table S1, Supporting Information). In this work, 
Hydrothermal-Mechanical synthesis reduces the size of NHP 
in NHM together with reducing the thickness of NHS to 
increase the proportion of ultramicropores and micropores that 
are critical to providing efficient channels for the Li+ ions perco-
lation towards the electrode.[30]

To investigate the pseudocapacitive lithium storage behavior 
of NHP, NHS, and NHM electrodes, the CV measurements at 
different sweep rates from 0.2 to 1.2 mV s−1 were carried out. As 
shown in Figure 5a and Figure S14a,b, Supporting Information, 
the CV curves of all three samples exhibit a uniform shape. 
Among the NHP, NHS, and NHM, there is no significant redox 
peak in NHS, while CV curves of NHP exhibit two dominating 
pairs of redox peaks, and a pair of further apart redox peaks 
illustrates in CV curves of NHM.[31] Figure  5b presents the 
capacitive contribution areal which occupies about 55% of the 
total capacity for NHM at 0.6 mV s−1.[9a] The peak current in 
the CV curves obeys a power-law relationship with the sweep 
rate according to the formula: i = a vb.[32] In general, the b-value 
of 0.5 indicates a diffusion-controlled process, whereas 1.0 sug-
gests a capacitive process.[33] Consequently, Figure  5c depicts 
the log(i)-log(v) plots for the NHP, NHS, and NHM electrode. 
At the low sweep rates from 0.2 to 1.2  mV s−1, the b-value is 
0.59 for the anodic peaks and 0.57 for the cathodic peaks in 

NHM, suggesting that the capacitive process is dominant. 
The b-value decreases to 0.48 for the anodic peaks and 0.47 for 
the cathodic peaks in NHS at the low sweep rates from 0.2 to 
1.2 mV s−1, suggesting that the diffusion process is dominant. 
Similarly, the b-value decreases to 0.39 for the anodic peaks and 
0.38 for the cathodic peaks in NHP at the low sweep rates from  
0.2 to 1.2 mV s−1, suggesting that the diffusion process is domi-
nant.[34] As shown in Figure  5d, the capacitive domination of 
the total capacity in NHM are 47, 52, 55, 76, 82, and 88% at 0.2, 
0.4, 0.6, 0.8, 1.0, and 1.2  mV s−1, which are much better than 
NHS and NHP. It can be concluded that the electrochemical 
kinetic control of NHS and NHP is diffusion control, while the 
kinetic control of NHM obtained by hydrothermal-mechanical 
synthesis transforms into pseudocapacitance control. This also 
explains the high specific capacity and stability of the NHM 
electrode.[35] Furthermore, actual tests on the battery were 
carried out by assembling coin cells. The change rule of light 
emitting diode (LED) brightness powered by prepared MOFs-
based anodes is consistent with their electrochemical results 
(Figure 5e,f). Compared to NHS and NHP, NHM displays an 
ultrahigh capacity and imperceptible capacity fading visualized 
in the LED lights.

3. Conclusion

In summary, we highlight a hydrothermal-mechanical synthetic 
design to boost lithium storage properties of pristine MOF 
anodes by a facile interface engineering. A Tostadas-shaped 
architecture (NHM) was constructed with Ni-HITP nanosheets 
(NHS) and Ni-HITP nanoparticles (NHP) as building blocks 

Figure 4. a) CVs of NHM electrodes, recorded at the scan rate of 0.1 mV s−1; b) Impedance spectra of NHS, NHM, and NHP electrodes;c) Impedance 
spectra of the NHM electrodes after several cycles of charge-discharge; d) The capacity comparison between NHM electrodes and other MOFs-based 
electrodes in related publications (see details in Table S1, Supporting Information).
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through the combination of one-pot chemical synthesis and 
mechanical electrostatic assembly. Furthermore, the rela-
tionship between the special morphology and pseudocapac-
tive behavior of as-prepared NHM anode was evaluated. The 
optimal reversible capacity of NHM remained 1280  mA h g−1 
after 100 cycles of charge-discharge at the rate of 0.1 A g−1, 
which is superior to those of reported pristine MOFs under 
the same conditions. The kinetic pseudocapacitance control 
of NHM was proved to be a key factor in improving lithium 
storage capacity and stability, which is related to the unique 
pore structure and element state endowed by the formation pro-
cess of Tostadas shape. Actual test that assembled NHM in coin 
cells further showcases its superior resistance to the capacity 
fading as conventional pristine MOFs fail. This work provides 
an ideal alternative anode candidate to optimize the capacities, 
rate, and cycling performances for lithium-ion batteries, further 

paving a new pathway for composite material aiming at record-
breaking performance.
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Supporting Information is available from the Wiley Online Library or 
from the author.
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