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ABSTRACT

Controlling the morphology of metal-organic frameworks to improve their
application in energy storage remains a particular challenge. In this work,
hollow porous Co-MOF-74 nanocuboids consisting of nanothorn (< 7 nm) are
designed through the linker exchange method for the improved MOFs-based
anode of the lithium-ion battery. The Co-MOF-74 inherits the shape of cobalt
acetate hydroxide prism and translates into the hollow structure due to the
Kirkendall effect. The evolutions of morphology depending on temperature
have been investigated further together with the lithium storage performances.
Due to the combined merits from the high surface area inheriting from the
nanocuboids and the coordination defects originating from the ultrasmall nan-
othorns, the Co-MOF-74 with optimized morphology exhibits a high reversible
capacity and excellent cycle stability (up to 900 mAh g~' at 1000 mA g~ ' after
600 cycles). This work demonstrates an effective way for rational design and
synthesis of MOFs-based electrodes for energy storage.
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Introduction

Metal-organic frameworks (MOFs) have attracted
numerous interests in many fields, such as catalysis,
drug delivery, and gas separation because of their
structural diversity, high surface area, tunable pores,
etc. [1-4], especially in energy storage [5]. MOF has
tunable pore and organic—inorganic hybrid properties;
therefore, the direct fabrication of pure MOF-based
LIB electrodes is becoming a rapidly growing field [6].
Early in 2006, Chen et al. [7] first reported MOEF-177 as
an anode material for LIBs. Subsequently, Gou et al. [8]
reported Co,(OH),BDC as the anode electrode in LIBs,
and the capacity of Co,(OH),BDC is 650 mA h g™ ' at
50 mA g~ ' after 100 cycles. Recently, Ni-Me,bpz [9],
Cuz(BTC), [10], and Fe(Zn)-BDC [11] were also been
studied as electrodes for energy storage and all of them
show considerable electrochemical performance.
However, the poor conductivity of MOFs limits its
application in lithium-ion battery [12]. Nowadays,
functionalizing ligand and adding conductive carbon
material are two mains ways to improve the lithium
storage performance of MOFs [13-15]. But only very
few researches mention enhancing lithium storage
properties from rational design morphology. Zhou

etal. [16] designed CPO-27 nanoarrays growing on Ni
foams, which shows a reversible capacity of 834 mAh
g ' at 50 mA g~'. What is important, recent studies
have shown that hollow structure and ultrasmall
nanoparticles can endow MOFs with improved prop-
erties. The hollow structure would distinctly heighten
specific surface area and improve the rate of Li-ion
migration'*. And the ultrasmall MOFs exist coordi-
nation defects, which provided the more active sites
[17, 18]. The electrochemical reaction kinetics can be
improved obviously, leading to the improvement of
the electrochemical performances. Many hollow
MOFs and some ultrasmall MOFs have been reported
[19, 20]. For example, Zhang et al. [21] reported a hol-
low MOF-74 with a dense outer wall and closed ends
for CO, separation, but the closed hollow structure is
unfavorable for the diffusion of electrolyte in the cav-
ity. The ultrasmall MOFs nanoparticles were synthe-
sized by Xiao et al. [18] for the anode of lithium battery
in 2018 with a capacity of 1301 mAh g ' at 0.1 A g™ "
What is important, the linker exchange is a robust
technique for synthesizing hollow MOFs [22]. How-
ever, the combination of hollow structure and ultra-
small MOFs nanoparticles has not yet been invested so
much, and their applications in energy storage have
not been widely reported [23].
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Herein, we report a unique structure which is Co-
MOF-74 hollow porous nanocuboids consisting of
ultrasmall nanothorn (<7 nm) by linker exchange,
and as anode for LIBs. The Co-precursor prism is
firstly prepared through a reflux condensation
method. Due to the differences in linker migration
rate and regulation of nucleation rate, the solid Co
source is gradually converted to hollow porous Co-
MOF-74 during the ion-exchange process. The mor-
phology of Co-MOF-74 is appropriately controlled by
adjusting reaction temperature. Due to the combined
advantages of high surface area, coordination defects,
and multilevel porous, the optimized Co-MOF-74
electrode is conducive to lithium storage which
exhibits a high reversible capacity (820 mAh g™ ' at
1000 mA g~') and cycle stability (996 mAh g~ at
1000 mA g~ ' after 470 cycles). This study introduces
a novel design of hollow MOF structures with coor-
dination defects for efficient lithium storage.

Experimental section
Synthesis of Co-precursor

PVP (1 g, MW = 58 K) and cobalt acetate tetrahy-
drate (0.512 g, 2.056 mmol) were dissolved in ethanol
(80 mL). Then, the mixed solution was added into the
round-bottom flask to reflux under 85 °C for 4 h;
finally, the cobalt acetate hydroxide (Co-precursor)
was collected following by washed with ethanol and
dried in an oven at 60 °C.

Synthesis of Co-MOF-74-x

20 mg of cobalt acetate hydroxide was dispersed in
10 ml ethanol under sonication for 20 min, and then
the 12 mg 2,5-dihydroxyterephthalic acid (H4Dobdc)
was added into dispersion. The mixture solution was
transferred into the autoclave and severally heated at
100, 120, 140, and 160 °C for 24 h. The final products
were collected and named as Co-MOF-74-x (x = 100,
120, 140, 160).

Characterizations

Powder X-ray diffraction (XRD) of Co-precursor and
Co-MOF-74-x was conducted on Brooker D8 with Cu
ko radiation source as an X-ray diffractometer. The
morphology of samples was represented by scanning
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electron microscopy (SEM, Hitachi 5-4800 scanning)
and transmission electron microscope (TEM, JEOL
JEM-2010F). The surface compositions of the samples
were performed in X-ray photoelectron spectroscopy
(XPS, Thermo VG Scientific ESCALAB 250 spec-
trometer). Barrett-Emmett-Teller (BET) surface area
measurements were measured at Micromeritics
ASAP 2050 instrument. The Fourier-transform infra-
red (FTIR) spectra were conducted on a Bruker Vec-
tor 22 FT-IR. The valence states were collected by a
Thermo VG Scientific ESCALAB 250 spectrometer.

Electrochemical measurements

The lithium storage performances of Co-MOEF-74-
x were examined by using CR2032 coin-type cells.
The counter and the reference electrode, electrolyte,
and separator are Li foils, LiPF (ethylene carbonate/
dimethyl carbonate/dimethyl carbonate = 1: 1: 1 in
volume), and Celgard 2400, respectively. The work-
ing electrode was composed of active material (70
wt%), conductive carbon black (20 wt%), and
polyvinylidene fluoride (10 wt%). And then the
slurry was coated on Cu foils and dried in a vacuum
oven at 105 °C for 10 h. The mass active mass load of
the working electrode is between 0.73 ~0.89 mg. The
charge and discharge measurements were conducted
on the NEWARE battery station between 0.01 and
3.00 V at room temperature. Cyclic voltammetry (CV)
curves were carried out by a CHIZ760C electrochem-
istry workstation with the voltage of 0.01-3 V. Elec-
trochemical impedance spectroscopy (EIS) was
conducted on CHI760D in the frequency range from
100,000 Hz to 0.1 Hz with an alternate current
amplitude of 5 mV.

Results and discussion

Scheme 1 demonstrates the preparation process of
Co-MOF-74-x. Firstly, prism-shaped cobalt acetate
hydroxide was prepared via oil bath by using sur-
factant PVP as a soft template. Subsequently, cobalt
acetate hydroxide was selected as the Co source,
while HyDobdc as organic ligand (permutoid) to
synthesize Co-MOF-74-x by a facile solvothermal
method. The molecular radius of HsDobdc is bigger
than acetate, leading to the low migration rate for
H4Dobdc inside the material. Therefore, the Hy;Dobdc
will despoil and coordinate with cobalt in the surface
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Scheme 1 Schematic H
illustrating the preparation ‘
process of Co-MOF-74-160.
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of cobalt acetate hydroxide due to coordination
competition and differences in linker migration rate.
The nucleation rate and molecular migration rate
were significantly affected by the reaction tempera-
ture. Finally, the hollow porous Co-MOF-74-x con-
sisting of nanothorns was controllably synthesized.
The crystal structures of the as-prepared Co-pre-
cursor and Co-MOF-74-x were revealed by XRD. As
shown in Fig. 1a, the crystal structure of the Co-pre-
cursor is similar to the tetragonal cobalt acetate
hydroxide phase (Cos(OH)(CH3;COO)g-2H,0) that

(a)
Co-MOF-74-160

W PSRl ko
A A . . .. Co-MOF-74-120
h A A Co-MOF-74-100
l L Co-precursor

1 Simulated

Intensity (a.u.)

Iy JCPDS NO.22-0582

10 20 30 40 50
20 (degree)

matches well with the standard data (JCPDS NO.
22-0582). After reacting with HyDobdc under differ-
ent reaction temperature, all the samples of Co-MOF-
74-x show two broad peaks ~ 6.5° and 11.6°, which
is consistent with the simulated peak pattern in a
previously reported lecture [16]. What's more, the
characteristic peaks of the Co-precursor are disap-
peared, which indicates that the synthesized material
is exactly the Co-MOF-74-x. With the increase in
reaction temperature, this peak shifts slightly, indi-
cating the reduced space of crystal planes. Namely,
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Figure 1 a XRD pattern of the Co-precursor and Co-MOF-74-x and b FTIR spectra of Co-precursor, 2,5-dihydroxyterephthalic acid

(H4Dobdc) and Co-MOF-74-x.
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the high reaction temperature is equipped to con-
tribute microscopic defects on these MOFs control-
lably meanwhile the overall structure was not
excessively affected [24].

The FTIR spectra of Co-precursor, 2,5-dihydrox-
yterephthalic acid, and Co-MOF-74-x are compared
in Fig. 1b. The absorption peak at 1178, 1428, and
3080 cm ™' can be assigned to C-O, C=C ring, and O-
H of non-ionized HyDobdc ligand, respectively [25].
For the Co-MOF-74-x, the characteristic absorption
peak of the benzene ring out-of-plane vibration is
also observed at 848 cm™'. The characteristic bands
(O-H and C=0) of 2,5-dihydroxyterephthalic acid are
changed obviously, which is caused by the formation
of Co-O band between Co”" and HyDobdc ligand.
The FTIR spectras of Co-MOF-74-x are well consistent
with the results reported in the literature [26]. The
broadband at 3435 cm ™" can be attributed to the C—
O-H and interlayer H,O. This suggests that Co from
Co-precursors is successfully coordinated with the
2,5-dihydroxyterephthalic acid ligand.

As shown in Fig. 2a, the Co-precursor inherits a
nanoprism structure with a smooth surface and uni-
form shape, which benefits from the soft template.
The as-prepared Co-precursor was employed as the
templates and reacted with HyDobdc through a
solvothermal method to prepare Co-MOF-74-
x samples.

Compared with Co-precursor, a notable and dis-
ciplinary change in morphology was discovered on
temperature-dependent reactions. The SEM images
are presented in Fig. 3. The surface of the Co-pre-
cursors becomes rough, and nanothorns are grown
on the entire surface of the Co-precursor. And the
stuffed Co-precursors are gradually transformed into
nanocubic and finally become hollow nanocubes with

Figure 2 a SEM and b TEM
images of the Co-precursor.
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openings at both ends. The Co-MOF-74-100 shows a
microprism shape with a diameter of ~ 1 pm and a
height of ~ 2 pm, consisting of nanothorn (Fig. 3a).
The micromorphology of Co-MOF-74-100 was ran-
domly dense, aggregated, and enclosed. The raised
reaction temperature progressively led that the par-
ticle size of Co-MOF-74-120 (Fig. 3b) and Co-MOF-
74-140 (Fig. 3c) decreased as well as the nanothorns.
The morphology is gradually transformed to nano-
cuboids morphology with a diameter of ~ 0.5 um
and a height of ~ 1 um. The inner diameter and
the wall thickness of nanocuboids are ~ 150 nm
and ~ 120 nm, respectively, as highlighted in the
yellow lines in Fig. 3c. Finally, the Co-MOF-74-160
was completely transformed into nanocuboids with
an inner diameter of 160 nm and a wall thickness of
70 nm as shown in Fig. 3d.

The formation of hollow structure can be briefly
described as the following process. (i) The diameter
of HyDOBDC molecules is bigger than the channel of
cobalt acetate hydroxide. (ii) The cobalt acetate
hydroxide is transformed to MOF-74 from outside to
inside. (iii) The Co atoms of cobalt acetate hydroxide
are not enough to fill in the space of the original. (iv)
Finally, the hollow MOF-74 particles were formed.
Whereas the specific surface area and more active site
of Co-MOF-160 are much higher than others, which
facilitates contact between the electrolyte and elec-
trode, the active sites provide more storage space for
lithium ions and a more positive reaction. Interest-
ingly, the wall got thinner and nanothorns become
smaller as the reaction temperature increases because
the nucleation rate and molecular migration rate all
increase with the increase in temperature.

Figure 3e and f shows the TEM images of Co-MOF-
160, hollow sea-urchin-like nanocuboids structure
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Figure 3 SEM images of a Co-MOF-100, b Co-MOF-120, ¢ Co-MOF-140, d Co-MOF-160 samples, and e and f TEM images of Co-

MOF-74-160 sample.

can be observed, which is in good accord with the
SEM results. The nanothorns with a width of ~ 7 nm
interconnects and generates highly porous nanocu-
boids. A light number of mesopores are observed in
Fig. 3f. The porous hollow structure was conducive
to promoting the diffusion of lithium ions in the Co-
MOF-160 electrode and the intimate contact of nan-
othorns facilitated electron transfer, which is benefi-
cial for the remarkable rate capability. What’s more,
the ultrasmall nanothorns would exist many coordi-
nation defects and lattice defects due to unsaturated
coordination, which is more favorable for ion storage
[27]. Therefore, the porous hollow Co-MOF-160
nanocuboids are favorable for  Li-storage
performance.

To further investigate the textural properties of the
Co-MOF-160 electrode, the surface area and the pore-
size distribution were measured by the nitrogen
sorption analysis. The surface area calculated from
the Brunauer-Emmett-Teller (BET) model is 529.6
m” g~'. The amount of N, adsorption in the P/
Py < 0.01 region suggests the presence of micropores
(Fig. 4a). And the hysteresis loop in the middle
region proved the presence of mesoporous [28, 29].
From Fig. 4b, it can be observed that the pore

diameter is distributed at both micropores (1.7 nm)
and mesopores (10-30 nm), demonstrating that Co-
MOF-74-160 possesses a hierarchical pore, which
facilitates the entry and storage of electrolyte.

The electronic structure and coordination envi-
ronment of Co-MOF-74-160 were further analyzed by
XPS (Fig. 5). The survey spectrum (Fig. 5a) indicates
the existence of Co, C, and O elements. The peaks at
binding energies of 797.3 and 781.4 eV belong to Co
2p1/2 and Co 2p3/2. And the peaks at 802.3 and
785.8 eV are assigned to the satellite peaks [30]. The
gap between Co2pl/2 and Co 2p3/2 is 159 eV,
confirming that the Co®" is the main existence form
in Co-MOF-74-160 (Fig. 5b). The XPS spectrum of C
1 s demonstrates three Gaussian peaks at 284.6 eV,
285.7 eV, and 288.5 eV corresponding to C-C, C=0,
and O-C=0, respectively (Fig. 5¢c) [31]. The distinct
peak of C-O species and the O 1s peak (Fig. 5d)
located at 531.1, 531.8, and 533.15 eV could be ascri-
bed to C-O-Co, C=0, and -O-H [32].

The lithium storage mechanism of MOF-74-160
was explored by CV in the range of 0.01-3.0 V at the
scan rate of 0.2 mV s~ (Fig. 6a). The first CV curve
exhibits three cathodic peaks (~ 1.58, 1.1, and 0.58 V)
corresponded to multistep lithiation of the organic
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Figure 4 a Nitrogen adsorption/desorption isotherm and b pore-size distribution of Co-MOF-160.
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Figure 5 XPS spectra of a survey spectra, b Co 2p, ¢ C 1 s, and d O 1 s of Co-MOF-74-160 sample.

ligands including carboxylates and phenyl rings and
the formation of SEI layer [33, 34], respectively.
Meanwhile, two anodic peaks at 1.21 and 1.82 V are
observed in the anode scan, which is attributed to the
reversible delithiation of C=O and phenyl rings. A
similar electrochemical reaction mechanism is also

@ Springer

proofed by density functional theory in our group’s
previous work [35]. Compared with the first curves,
the second CV curve changed. The peak intensity of
both cathodic and anode gradually weakens and the
peak position shifted slightly due to some irreversible
reaction. The curves overlap well after 2 cycles, which
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three, 10th, and 50th discharge/charge curves of MOF-74-160 at

indicates good reversibility of the electrochemical
reactions [36].

The galvanostatic charge/discharge cycles are
displayed in Fig. 6b. The first discharge (charge)
specific capacity is 2503 mAh g~ ' (972 mAh g~ ') with
first Coulomb efficiency of 38%. The huge capacity
fading in the first cycle is mainly attributed to the
formation of solid electrolyte interface (SEI) layer [37]
and the decomposition of electrolyte [30]; what more
important is that some “dead active site” leads to the
irreversible conversion reaction. The shape of lines
almost overlaps the second one, indicating that Co-

02 A g~ '; cycle performances of MOF-74-160 at 0.2 A g~
(c)and at 1 A g~' (e); rate performances and the corresponding
Coulomb efficiency of MOF-74-160 at various rates (d).

MOF-160 has reversible electrochemical properties.
And the Coulomb efficiency gradually increases and
eventually approaches 100%. The profile was chan-
ged after 50 cycles that may be due to lithiation-in-
duced reactivation and collapsing of large particles
and aggregation of small particles.

The stable cycle performance of the MOF-74-160
electrode has been further investigated in LIBs; the
cells were cycled for 200 cycles at 0.2 A g~' and 600
cyclesat 1 A g™, as presented in Fig. 6c, e. The MOF-
74-160 electrode performs a high specific capacity of
705 mA g~ (the second cycle) at a current density of
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02Ag ', and 571 mA g ' at 1 A g~'. The capacity
experiences a steep fading, a rapid increase, and a
slight increase whether at a high current density or a
low current density. As shown in Fig. 6e, firstly, the
capacity of MOF-74-160 gets 419 mA g~ ' (1 A g™ ') at
the 10th cycle and then displays 750 mA g~ ' at 80th
cycle. Finally, the capacity increased to 970 mA g~
after 400 cycles and remained stable until the 600th
cycle.

Basing on our experience results and the previous
reports, the trend of decline followed by a rise may be
put down to the following reasons. Firstly, the capacity
decreases in the first several cycles, it may be caused by
the incomplete lithium insertion reaction and the
growth of SEI layers. During long-term cycling, the
large porous nanocuboids undergo pulverization and
gradually collapsed into smaller particles due to
mechanical stress, leading to the increase in active
sites. And, internal gradients of structure canresultina
fracture that changes porosity; thus, it is easier for the
electrolyte to participate in the reaction. Whether the
increase in active sites or the changes of porosity,
reaction kinetics will enhance, subsequently, the
capacity will increase with cycling [35, 38].

The excellent electrochemical performance is also
reflected in the multiplier rate properties. The rate
performance at various current densities of MOF-74-
160 is illustrated in Fig. 6d, the average specific
capacities are approximately 606, 466, 393, 332, and
247 mA h g_1 at 0.2, 05,1,2, and 5 A g_l, respec-
tively, and the capacity increased to 839 mAh g™
when current densities returned 0.2 A g~', suggest-
ing the good reversibility of the Co-MOEF-74-160
electrode. The Co-MOF-160 shows better stability and
rate performance, which outperforms almost previ-
ously reported MOF-based electrodes (Table S1).

To further determine the effects of morphology on
the electrochemical behaviors, Co-MOF-74-100, Co-
MOF-74-120, and Co-MOF-74-140 were also chosen
as the anode of LIBs. Figure 7a shows voltage profiles
of Co-MOF-74-x electrodes for LIBs at 0.2 A g~ '. With
the higher active sites and surface area for the elec-
trolyte to contact the electrodes, the prepared Co-
MOF-74-160 electrode releases higher initial gravi-
metric discharge/charge capacities (2503/972 mAh
g~ ') than Co-MOF-74-100 electrode (1403 /545 mAh
g~ 1), Co-MOF-74-120 electrode (1754/677 mAh g ~ ),
and Co-MOF-74-140 electrode (1568 / 633 mAh g™ ).
The initial capacity increases with elevated reaction
temperature.
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In comparison, Co-MOF-74-100, Co-MOF-74-120,
and Co-MOF-74-140 show poorer rate capability
(Fig. 7b). The reversible capacity of Co-MOF-74-140
decreases from 514 to 244 mAh g~' with current
densities increased from 0.1 to 5 Aeg™", respectively,
and the capacity of Co-MOEF-74-100 even drops to 88
mAh g~ ' at 5 Aeg™ . It could be found that Co-MOF-
74-160 shows higher discharge capacity whether in a
high current or a low current, indicating that hollow
porous MOF with defect groomed is an effective
approach to improve the diffusion capability of Li-
ions and enhance rate performance. The improved
electrochemical performances can result from the
abundant reaction sites provided by ultrasmall nan-
othorns and the effective lithium-ion diffusion pro-
vided by porous thin-walled nanocuboids as
indicated in Fig. 7d.

Furthermore, compared with others, Co-MOEF-74-
160 also reveals a better capacity retention rate at a
high current of 1 A g_1 (Fig. 7c). During cycling, the
large nanocubes Co-MOF-74-100/120/140 consisting
of nanoparticles easily collapsed by the mechanical
stress, and the nanoparticles would agglomerate,
leading to attenuation of cycling performance. These
results not only highlighted the favorable perfor-
mance of nanocuboids Co-MOF-74-160, but also
indicated that the reasonable morphology design of
MOFs is a promising strategy for the application of
lithium storage.

The EIS was conducted to further understand the
electrochemical performances difference and esti-
mate reaction kinetics of four materials. The Nernst
plot of EIS consists of the charge transfer resistance
(R¢p) in high-frequency region and skew lines in low
frequency, which are related to charge transfer
resistance (R.;) and lithium-ion migration resistance
(Z.), respectively. The R, of Co-MOF-74-x (x = 100,
120, 140 and 160) is 466, 288, 260, and 249 Q cm™’,
respectively. The R, decreases as the temperature
increases, meaning that the Co-MOF-74-160 possesses
the highest electrical conductivity. More importantly,
the Co-MOF-74-160 exhibits the smallest Z,, among
these four samples. The relatively low R.; and Z,, of
Co-MOF-74-160 elucidate the faster electrochemical
reaction kinetics in comparison with another samples
[39]. The ultrasmall nanothorns with defects would
result in electronic reconfiguration and then enhance
the charge transfer [40], which is more favorable for
improving reaction kinetics and storing lithium ions.
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Figure 7 a The first discharge/charge voltage profiles at 0.2 A g~ !, b rate performance at various rates, ¢ cycle performance at 1 A g~ ' of
Co-MOF-74-x (x = 100, 120, 140 and 160), and d schematic illustration of improved ion/electron transport in Co-MOF-74-160.

The CV with different scan rates (0.2-1.2 mV s~ ')
was also performed to further detect the charge
storage mechanism (Fig. 8a). According to the equa-
tion of i = av’, the linear relationships between log
(scan rate) and log (peak current), the b value
unravels that the lithium storage mechanism. As
presented in Fig. 8b, the b value of Peakland Peak? is
0.81 and 0.89, respectively, which elucidates the sur-
face-dominated and the diffusion-dominated toge-
ther contribution to the electrochemical reaction for
Co-MOF-74-160 (Fig. 8b). As illustrated in Fig. 8c, the
pseudocapacitive contribution is 68.5, 76.9, 80.0, 81.7,
83.3, and 90.7% at scan rate from 0.2 to 1.2 mV s7},

respectively. The quantificative analyses indicate that
the Co-MOF-74-160 electrode processes the highest
pseudocapacitive contribution (Fig. 8d) and derived
the conclusion that the Co-MOF-74-160 has favorable
reaction kinetics and good rate capability.

Conclusion

In conclusion, we have delicately designed and syn-
thesized novel hollow nanocuboids Co-MOF-74 that
consist of nanothorns directly as the anode for LIBs.
The Co-precursor prism is firstly prepared through a

@ Springer



17188 ] Mater Sci (2021) 56:17178-17190

Figure 8 a CV curves of Co- (a) Co-MOF-74-160 (b) did COMOETA160
MOF-74-160 at different scan 14 Peak 2
rates. b The linear relationship z < 0.2
of log (peak current) and log £ 01 E
(scan rate) of Co-MOF-74- - £ 0.0
160. Th i o —0.2mVs" =
. The capacitive = -1 04mVs" 3 0.24
contributions of ¢ Co-MOF- 8 ——0.6mVst - _
: 9 o Dpeakz=0.89
74-160 at different scan rates 2. _g'g mx g 0 04 R?=0.995
—1.UmVs =U.
and d of Co-MOF-74- Peak 1 12mVst 0.6
x (x = 100, 120, 140, and 160) N . . ; . . . . : . . .
at the scan rate of 0.6 mV Sil. 00 05 1.0 1.5 20 25 3.0 -0.8 0.6 -0.4 -0.2 0.0 0.2
Votlage (V) log (scan rate mV s™)
(©
120 (d)
[diffusion  [MMM capacitive 100 - /Co.MOF-74-1 60
9 Co-MOF-74-100 80%
.‘Q‘ ~ 80 75% 78%
5 2
(] E 60
g S 404
& ]
o g
O 204

02 04 06 038 1 1.2
Scan rate (mV s™)

reflux condensation method and it subsequently Technology of Changzhou, China (CZ20190001), and
becomes a Co source converted to form Co-MOF-74 the program for Science and Technology Innovative
by a facile ion-exchange method. The unique hollow  Research Team in Universities of Jiangsu Province.
nanocuboid with both open ends construction offers

a high contact area between electrolyte and electrode,

and the interconnected ultrasmall nanothorns pro-  Supplementary Information: The online version
vide fast channels for Li*/e™ transport. Due to the contains supplementary material available at http
synergy between the hollow nanocuboids morphol-  s://doi.org/10.1007/s10853-021-06341-y.

ogy and interconnected ultrasmall nanothorns, the
Co-MOF-74-160 can harvest an initial specific capac-
ity of 633mAhg ' at a current density of
1000 mA g~', and gradually increases to
970 mA hg™' after 400 cycles and keeps
900 mA hg™' even after 500 cycles, indicting
remarkable reversible capacity and cycle stability.
Therefore, we believe that this attempt can be
expanded research on hollow porous MOF materials
using suitable precursor transform for energy
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