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Abstract: All solid-state electrolytes have the advantages of good mechanical and thermal properties for safer energy storage, but their energy
density has been limited by low ionic conductivity and large interfacial resistance caused by the poor Li+ transport kinetics due to the solid–sol-
id contacts between the electrodes and the solid-state electrolytes. Herein, a novel gel polymer electrolyte (UPP-5) composed of ionic liquid in-
corporated metal-organic frameworks nanoparticles (IL@MOFs) is designed, it exhibits satisfying electrochemical performances, consisting of
an excellent electrochemical stability window (5.5 V) and an improved Li+ transference number of 0.52. Moreover, the Li/UPP-5/LiFePO4 full
cells present an ultra-stable cycling performance at 0.2C for over 100 cycles almost without any decay in capacities. This study might provide
new insight to create an effective Li+ conductive network for the development of all-solid-state lithium-ion batteries.

Keywords: all solid-state lithium-ion batteries; metal-organic frameworks; gel polymer electrolytes; ionic liquid; solid electrolyte interphase

 

 1. Introduction

In latest decades, the market demand for lithium-ion bat-
teries (LIBs) as an ideal chemical power sources continues to
expand  with  the  rapid  development  of  electric  or  hybrid
vehicle fields. However, the traditional LIBs with flammable
organic  liquid  electrolytes  have  reached  its  limit  of  energy
density and troubled by the safety issues in practical applica-
tions [1–9]. Consequently, the development of next-era high-
er power density and higher safety rechargeable LIBs is crit-
ically  urgent  [10–15].  Among  various  candidates  that  have
been reported, all-solid-state lithium-ion batteries (ASSLBs)
made up of solid-state electrolytes (SSEs) have caught ever-
growing attentions, which is owing to the SSEs possess good
electrochemical stability and mechanical/thermal properties.
Due to these benefits, SSEs are considered as essential part of
ASSLBs. Thus, the performance of ASSLBs can be directly
influenced by the characteristics of SSEs [16–21]. However,
the existing SSEs also have some shortcomings such as lower
ionic  conductivity  and  poorer  interface  compatibility  with
solid electrodes compared to liquid electrolytes [22–23].

In recent years, more and more studies have been devoted
in  exploring  new  crystalline  porous  materials  as  fillers  in
SSEs. Metal-organic frameworks (MOFs) linked by inorgan-
ic metal clusters and organic linkers can be used as the fillers

tLi+

in SSEs for their high specific surface area, large numbers of
micropores,  and  tunable  topological  geometry  [24–26].  In
addition, the open metal sites (OMSs) of MOFs can effect-
ively  trap  anions  by  Lewis-acid  interaction  to  increase  the
content of freely moving Li+ in SSEs [27]. Based on our pre-
vious  studies  [28–29],  several  SSEs with  different  kinds  of
MOFs (UiO-66-NH2, MIL-100(Fe)) as fillers were prepared,
which presented excellent mechanical properties and electro-
chemical  performances.  However,  the  solid–solid  contact
between the electrodes and the solid-state electrolytes might
lead to large interfacial resistances. Fortunately, ionic liquids
(ILs)  can  also  be  employed  as  the  additives  or  solvents  in
SSEs to prepare gel polymer electrolytes (GPEs) for the reas-
on  that  they  have  relatively  wide  electrochemical  windows
(~6 V) and high ionic conductivity [30–31]. For instance, Xu
et  al.  [32]  proposed  a  rational  design  of  different  kinds  of
composite  GPEs  based  on  [EMIM][TFSI],  rGO-PEG-NH2,
poly(vinylidene)  fluoride-hexafluoropropylene  (PVDF-
HFP), and LiTFSI which showed an ultrahigh electrochem-
ical stability window of 5.0 V and a high ionic conductivity
of 2.1 × 10−3 S·cm−1 at 30°C, indicating that the electrochem-
ical performances of SSEs can effectively be improved by the
IL-based electrolytes. However, the lithium-ion transference
number ( ) in IL is inadequate because anions always travel
in  IL  simultaneously  with  the  cations.  MOFs  with  porous 
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tLi+

structure and plentiful open metal sites (OMSs) have a signi-
ficant adsorption ability on anions, thus it is a highly feasible
technique to load the IL in the pores of MOFs since it could
combine the benefits of the IL and MOFs [33]. Subsequently,
Wang et  al.  [34]  prepared  an  IL@MOFs  composite,  i.e.,
[EMIM0.8Li0.2][TFSI]@MOF-525  (Cu),  which  is  benefited
from the large pore size of MOF-525 (Cu) (7–12 Å) can al-
low the IL into it. The results showed that due to the restric-
tion  effect  of  [TFSI]− by  MOFs,  an  improved  of  0.36
was obtained, implying the enhancement of electrochemical
properties by adding ILs into the pores of MOFs.

In the present work, we designed a novel GPE consisting
of activated UiO-66-NH2, [PP13][TFSI], LiTFSI, and PVDF-
HFP  by  a  facile  solution-casting  method.  The  Zr-cluster-
based  MOFs  have  garnered  significant  attentions  owing  to
their  excellent  electrochemical  performances  and  thermal
stabilities, thus UiO-66-NH2 was chosen here. It has a large
specific  surface  area  (~809.45  m2·g−1),  which  means  rich

tLi+

tLi+

channels and short paths can be provided for the migration of
Li+ [35]. What needs to be pointed out is that the anions (TF-
SI−) can be trapped by the OMSs of activated UiO-66-NH2,
thus enhances the  of the GPE, which was reported in our
previous study [28]. Moreover, [PP13][TFSI] has a good sta-
bility with the Li metal [36–38] which can exhibits excellent
electrochemical properties (low viscosity, high conductivity,
wide electrochemical  window),  which is  also considered as
one of the most promising replacement to the conventional li-
quid  electrolyte.  As  expected,  [PP13][TFSI]  is  successfully
added into the pores of UiO-66-NH2 (Fig. 1), which shows an
improved  of  0.52,  and an ionic  conductivity  at  60°C of
4.842  ×  10−4 S·cm−1 with  a  high  electrochemical  stability
window  of  5.5  V.  The  Li  plating/stripping  process  of  the
symmetrical  cell  is  almost  entirely  reversible  while  cycling
and when the GPE was coupled with LiFePO4 (LFP) cathode,
the as-prepared ASSLBs can maintain a discharge capacity of
161.9 mAh·g−1 at 0.2C after 100 cycles.

 
 

Ionic liquid (IL) IL@MOFsMOFs

Fig. 1.    Schematic diagram of IL incorporated into the pores of MOFs (IL@MOFs).
 

 2. Experimental
 2.1. Chemicals

Zirconium  (IV)  chloride  (ZrCl4,  99.9%),  2-aminotereph-
thalic  acid  (BDC-NH2,  98.0%),  1-methyl-2-pyrrolidinone
(NMP, 99.0%), N,N-dimethylformamide (DMF, 99.0%), and
N,N-dimethylacetamide  (DMAc,  99.0%)  were  purchased
from Aladdin; PVDF-HFP (molecular weight ~400000) was
acquired  from  Sigma-Aldrich.  Anhydrous  ethanol  (99.7%)
and  acetone  (99.0%)  were  purchased  from  Sinopharm.  N-
methyl-N-propylpiperidinium  bis(trifluoromethanesulfonyl)
amide  ([PP13][TFSI],  98%)  was  obtained  from  Zhengzhou
Alfa Chemical Co., Ltd., China

 2.2. Synthesis of UiO-66-NH2

The MOF UiO-66-NH2 was synthesized by a facile solvo-
thermal  method  as  our  previous  study.  Firstly,  BDC-NH2

(0.186  g)  and  ZrCl4 (0.240  g)  were  dissolved  in  N,N-thdi-
methylformamide  (DMF,  60  mL),  and  magnetically  stirred
for 45 min at 25°C to acquire a homogeneous mixture. Then,
the homogeneous mixture was transferred into a 100 mL Te-
flon liner via heating at 120°C for 24 h. Finally, the yellow
suspension  was  collected  by  centrifugation  and  washed  re-
peatedly  with  the  mixed  solution  of  DMF and  ethanol,  the
collected product was dried at 80°C under vacuum overnight,
the  yellow  UiO-66-NH2 powers  were  obtained  in  the  end.
The powder was activated overnight at 150°C under vacuum

before each application.

 2.3. Incorporation of [PP13][TFSI] in UiO-66-NH2

The prepared UiO-66-NH2 have been incorporated separ-
ately with 30wt%, 40wt%, and 50wt% of N-methyl-N-pro-
pylpiperidinium  bis(trifluoromethanesulfonyl)imide  ([PP13]
[TFSI]) using mortar and pestle.  And then the [PP13][TFSI]
has  been  incorporated  into  the  micropores  of  UiO-66-NH2,
which  named  as  IL@MOFs  ([PP13][TFSI]@UiO-66-NH2).
The obtained nanocomposites have been heated at 150°C for
12 h to dry off the water content of materials, which is also
beneficial  for  homogeneous  distribution  of  IL  inside  the
pores of MOFs.

 2.4. Preparation of GPEs membranes

The GPEs membranes were prepared by a facile coating
technique. Firstly, a certain mass of PVDF-HFP and LiTFSI
were  dissolved  in  a  mixture  solution  of  N,N-dimethylacet-
amide (DMAc) and acetone (volume ratio, v : v is 1:2). Fol-
lowing that, the solution was magnetically stirred at 70°C for
3 h until no large particles were presented. And then, a cer-
tain amount of IL@MOFs was added to the slurry and stirred
overnight at 50°C. Next, coating the slurry evenly on the PT-
FE plate with a scraper and following which is  drying it  at
60°C  for  24  h.  Finally,  the  dried  GPEs  membranes  were
punched into ϕ18 mm disks and put it  in the glove box for
further use.
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 3. Results and discussion
 3.1. Material characterization

Fig.  2(a)  presented  the  schematic  illustration  of  fabrica-
tion process of IL@MOFs via a facile mixed grinding meth-
od  (details  can  be  seen  in  the  supplementary  information).
Fig. 2(b) revealed a phenomenon that with the increase of the
amount of IL, the color of the powder changes from light to
dark,  which  means  IL  has  been  absorbed  into  the  pores  of
MOFs. In addition, MOFs after adding 30wt%, 40wt%, and
50wt% of IL is powdery, but when the adding-proportion is
more than 50wt%, the powder becomes argillaceous, which
might be caused by too much of IL (Fig. 2(b)). It should be
noted that the addition of excessive IL (>50wt%) will make
the IL@MOFs nanoparticles into a sticky state, which intro-
duces  more  uncertainty  in  the  experimental  operation,  so
more IL in MOFs is not considered in this work. The X-ray
diffraction  (XRD)  patterns  of  four  kinds  of  IL@MOFs
powders are depicted in Fig. 2(c). The remarkable crystallin-
ity  of  UiO-66-NH2 is  demonstrated  by  the  two  prominent
characteristic  peaks at  roughly 7.4° and 8.5°,  which corres-

pond  to  the  (111)  and  (002)  planes,  respectively.  From the
scanning  electron  microscope  (SEM)  images  in  Fig.  S1,
nicely  ordered  distribution  of  UiO-66-NH2 nanoparticles
with  50wt%  IL  can  be  observed,  and  there  are  also  some
granular agglomerated particles presented, which might form
mesopores in the nanocomposite system [39]. In order to fur-
ther prove that [PP13][TFSI] were successfully added into the
pores  of  UiO-66-NH2,  nitrogen  (N2)  adsorption/desorption
tests were conducted, which were presented in Fig. 2(d)–(f).
It  can be concluded that  as  the weight  percentage of  IL in-
creases, N2 adsorption at low relative pressure falls because
the IL preferentially entrap in the MOFs’ micropores rather
than their mesopores [40], which significantly decreases the
total surface area of UiO-66-NH2 (Fig. S2). The N2 adsorp-
tion/desorption  isotherms  are  significantly  influenced  when
IL is confined in the micropores of MOFs. Furthermore, the
total surface area also decreases with the increased concen-
tration of IL in the nanocomposites along with N2 absorbed
sites,  which are given in Table S1.  According to the above
results,  it  can be preliminarily concluded that the IL is suc-
cessfully loaded into the pores of MOFs.
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Fig.  2.      (a)  Schematic  diagram of  the  preparation  process  of  IL@MOFs.  (b)  Digital  photos  of  IL@MOFs  (with  30wt%,  40wt%,
50wt%, and >50wt% IL of IL@MOFs). (c) XRD patterns of four kinds of IL@MOFs powders. (d–f) N2 absorption/desorption iso-
therms of IL@MOFs (with IL of 30wt% (d), 40wt% (e), and 50wt% (f)).
 

The above four kinds of IL@MOFs nanocomposites were
gradually added into the PVDF-HFP matrix to prepare vari-
ous GPEs (according to the amount of IL, denoted as UPP-0,
UPP-3,  UPP-4,  and UPP-5,  respectively)  (Fig.  3(a)),  which
are  all  smooth  and  flat.  To  better  observe  the  microscopic
morphology  of  these  as-prepared  GPEs,  the  representative
SEM images of UPP-5 are presented in Fig. 3(b) and (c). Fig.
3(b)  shows  the  surface  SEM  image  of  UPP-5,  which  is
clearly that  some irregular  blocks and gaps are  present.  On
one hand,  the irregular  blocks are attributed to the fact  that
polymer  matrix  swells  and  encloses  LiTFSI,  [PP13][TFSI],
and  UiO-66-NH2.  On  the  other  hand,  the  gaps  are  may  be
ascribed  to  the  loose  arrangement  of  PVDF-HFP  matrix.

While in the cross-sectional image (Fig. 3(c)), the membrane
is  continuous,  free  of  visible  pore  structures  but  with  some
wrinkles, which in accordance with Fig. 3(b). In addition, it
can also be clearly seen that the thickness of the membrane is
about  75 µm.  What’s  more,  the  uniform distribution  of  the
elements  F,  S,  Zr,  and  N  in Fig.  3(d)–(g)  further  demon-
strated  that  the  50wt%  [PP13][TFSI]@UiO-66-NH2 nano-
particles  are  dispersed  evenly  throughout  the  PVDF-HFP
matrix and without noticeable agglomeration.

 3.2. Electrochemical performance

The GPEs were sandwiched between two steel electrodes,
and  electrochemical  impedance  spectroscopy  (EIS)  tests
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were  performed  to  test  the  ionic  conductivity  of  different
GPEs. From the results described in Fig. 4(a) and Fig. S3, the

impedance  of  the  UPP-5  is  minimal  at  all  temperatures,
which is owing to the IL being fixed in the pores of MOFs,
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thus the proper addition of IL plays a positive role on the pro-
motion  of  Li+ transport.  Compared  with  the  other  GPEs
(UPP-0,  UPP-3,  and  UPP-4),  UPP-5  has  the  highest  ionic
conductivity at 60°C (4.842 × 10−4 S·cm−1, Fig. 4(b)). It can
be  clearly  seen  that  the  ionic  conductivities  of  another  two
GPEs with IL@MOFs (UPP-3, UPP-4) were relatively lower
(4.52  ×  10−4 and  4.64  ×  10−4 S·cm−1,  respectively).  Such  a
high  ionic  conductivity  of  UPP-5  might  be  resulted  in  the
reasons as follows. Firstly, uniformly distribution of UiO-66-
NH2 (Zr)  significantly  decreases  the  crystalline  phase  of
PVDF-HFP in the polymer matrix, which further suppresses
the fractional reconfiguration of the polymer chains and this
leads to more amorphous phases in the polymer matrix and
thus promote the transfer of lithium-ion, because the mobil-
ity of Li+ relies on the amorphous phases in the PVDF-HFP
polymer  [28].  Secondly,  there  are  many  sub-nanopores  in
UiO-66-NH2, which could provide fast channels for Li+ mi-
gration; Thirdly, the addition of [PP13][TFSI] can weaken the
correlation between TFSI− of lithium salt and Li+ by binding
anions effectively and produce more free Li+, which further
promotes  the  migration  of  lithium-ions  [41–42].  What’s
more, the contact between the electrodes and the GPE could
also be improved by the IL. Fig. 4(c) presents the Arrhenius
plots of the GPEs and according to the linear fitting results,
the ionic conductivity complies with the Arrhenius equation
[43]. According to the slope of the fitting line in Fig. 4(c) and
Eq. (1), the activation energy (Ea) can be obtained.

σ = σ0exp(− Ea

RT
) (1)

where R represents  the  molar  gas  constant  (8.314  J·K−1·
mol−1) and the σ0 is the pre-exponential factor.

It  can be found that  the Ea of  UPP-0 (0.652 eV),  UPP-3
(0.648 eV), and UPP-4 (0.615 eV) are all higher than that of
UPP-5  (0.549  eV).  It  was  concluded  in  our  previous  study
that the bigger the value of Ea, the higher the lithium-ion mi-
gration barrier is [44], which implies adding [PP13][TFSI]@
UiO-66-NH2 nanoparticles into GPEs is a conducive way to
provide a fast channel for Li+ transportation.

The  electrochemical  stability  windows  of  GPEs  were
tested  at  room  temperature  by  linear  sweep  voltammetry
(LSV) (Fig. 4(d)). The pure PVDF-HFP electrolytes without
the additives are decomposed at about 4.2 V according to a
previous study [45], while the GPEs with 30wt% and 40wt%
IL@MOFs (UPP-3  and  UPP-4)  are  decomposed  at  ~5.0  V
vs.  Li/Li+.  More  importantly,  the  electrochemical  stability
window of UPP-5 is up to ~5.5 V, which could be owing to
the facts that the structural stability of GPEs at high voltage is
strengthened by the Lewis acid-base interaction and the hy-
drogen bonds between –NH2 groups of MOFs and F atoms
on PVDF-HFP chains [28], and meanwhile the [PP13][TFSI]
with a wider electrochemical window has positive effects as
well. The results show that adding [PP13][TFSI] into the nan-
opores  of  UiO-66-NH2 can effectively  improve the  electro-
chemical stability of GPEs.

Based on the above results, UPP-5 has the best perform-
ances,  so  UPP-5  was  chosen  for  further  characterizations.

tLi+

tLi+

The  of UPP-5 was evaluated through a potentiostatic po-
larization  way,  symmetric  cells  with  UPP-5  sandwiched
between two Li foils were characterized by using the direct
current (DC) polarization and EIS measurements. The result
is shown in Table S2. It is noteworthy that UPP-5 has a relat-
ively higher  of 0.52 than that of traditional liquid electro-
lyte (~0.40) [46], which is simultaneously superior than oth-
er  IL-based  electrolytes  in  previous  studies  [47–48].  This
might be due to that on one hand, lithium salt (LiTFSI) can be
dissociated  and  dissolved  more  quickly  by  cooperating  the
lone pair electrons in high density electron-donating groups
for the high dielectric constant of PVDF-HFP. On the other
hand,  the  anions  of  TFSI− are  confined  and  bonded  by  the
open metal sites (OMSs) of the MOFs, which allows lithium-
ions to a more easily pass through the channel.

For further determine the stability of lithium anodes and
IL@MOFs-based GPE, the electrochemical stability of UPP-
5 coupled with Li metal using symmetric Li/UPP-5/Li cells
was  tested  at  0.05  mA·cm−2,  which  was  presented  in Fig.
5(a). It  can be demonstrated that the UPP-5 has a gentle Li
plating and stripping plateaus with a minor nucleation over-
potential  as tiny as 50–60 mV during cycling, and can per-
form highly stable for up to 1000 h without experiencing an
internal short circuit, which indicates the UPP-5 GPE has re-
markable stability against lithium metal and it can achieve re-
versible  lithium  deposition,  which  could  be  due  to  the  fol-
lowing  factors:  (1)  the  appropriate  amount  of  [PP13][TFSI]
added into the pores of UiO-66-NH2 can promote an uniform
deposition of lithium-ions effectively; (2) the IL [PP13][TFSI]
has a superior stability against  Li metal  [38].  What’s more,
the cell was run for 2 h per cycle under various current dens-
ities  from  0.05  to  0.4  mA·cm−2 at  60°C  (Fig.  5(b)),  which
maintains  a  small  polarization  voltage  7.6,  16.9,  33.9,  and
72.6 mV, respectively. As the current density rises, all of the
voltage  plateaus  remain  steady  without  experiencing  too
many notable changes. Undoubtedly, UPP-5 has an excellent
interfacial stability with metallic lithium, which was demon-
strated by an EIS test before and after cycling in symmetric
Li  cells  (Fig.  S4).  It  can be  clearly  found that  the  interface
resistance has become lower after 30 cycles (~72.52 Ω) than
that before cycling (~82.24 Ω), which might be for the reas-
on that  a  stable  solid  electrolyte  interphase (SEI)  layer  was
formed [38]. In addition, Fig. S5 compares the EIS results in
symmetric Li cells with two kinds of GPEs before and after
100 cycles (UPP-0 and UPP-5), which further illustrates the
stable SEI was formed as a result of the appropriate addition
of IL. These results might be attributed to that [PP13][TFSI]
can improve the lithium-ion diffusion capacity and act  as  a
bridge for the transfer of Li+ at the electrolyte/electrode inter-
face [49].

To further study the cycling stability of GPEs in ASSLBs,
two different SSEs (UPP-0, UPP-5) were regarded as separ-
ators,  sandwiched with LFP cathode and Li foil  anode, and
the obtained CR2032 coin cells were firstly tested for the gal-
vanostatic  charge–discharge  cycles  at  60°C  (Fig.  6(a)  and
(b)). It can be clearly found that in Fig. 6(a), the ASSLBs as-
sembled with UPP-0 failed to keep a stable Coulombic effi-
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Fig. 6.    Cycling performances in full batteries for various GPEs at 0.2C of (a) UPP-0 and (b) UPP-5; (c) rate properties of the cell
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were operated at 60°C.
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ciency in 100 cycles, which might be attributed to the poor
interface compatibility between the electrodes and the UPP-
0.  By  comparison,  the  ASSLBs  with  UPP-5  can  cycle  for
over 100 cycles at 0.2C (1C = 170 mAh·g−1) without any de-
crease  (Fig.  6(b)),  which  might  be  ascribed  to  a  stable  SEI
can  be  formed  by  adding  moderate  [PP13][TFSI]  into  gel
polymer electrolytes (GPEs) [50]. In addition, the stable SEI
film  is  an  electronic  insulation  and  Li+ conductive  film,
which is also the reason why lithium-ions can be transmitted
rapidly  at  the  electrolyte/electrode  interfaces  [36]. Fig.  6(c)
depicted  the  rate  properties  of  the  Li/UPP-5/LFP  full  cell
between  0.2C  and  3C.  The  first  discharge  capacities  are
147.8, 145.2, 139.0, and 128.0 mAh·g−1 at 0.2C, 1C, 2C, and
3C,  respectively.  After  backing  to  0.2C,  the  capacity  is
without  any  decrease  and  maintained  at  150.3  mAh·g−1,
which suggests that the full cell assembled with UPP-5 has a
superior electrochemical reversibility. In addition, the cyclic
voltammetry (CV) tests of the Li/UPP-5/LFP full cells were
also conducted and presented in Fig. 6(d). From Fig. 6(d), the
reduction and oxidation potentials (3.15 V and 3.69 V) in the
first three cycles overlapped very well, which means that the
formed  SEI  film  can  be  stabilized  during  the  charging/dis-

charging  processes  and  this  is  consistent  with  our  previous
studies  in  the  fields  of  solid  polymer-based  electrolytes
[28–29,44].

 3.3. Mechanisms

tLi+

In  a  word,  the  GPEs  with  [PP13][TFSI]@UiO-66-NH2,
which possibly can effectively promote the growth of a stable
SEI layer and further improve the interface stability between
electrode and electrolyte of ASSLBs, which could be demon-
strated from the SEM images of Li electrodes after cycling in
Li/UPP-0/LFP and Li/UPP-5/LFP full cells (Fig. 7) [51–52].
Meanwhile, the anions (TFSI−) can be trapped rapidly by the
OMSs of activated UiO-66-NH2, thus enhances the  of the
GPE through Lewis acid-base interaction and the hydrogen
bonds between –NH2 groups of UiO-66-NH2 and F atoms of
PVDF-HFP chains can improve the structural stability of the
GPE. More importantly, the addition of ILs will significantly
increase  the  free  Li+ in  the  electrolyte  by  fixing  anions
(Fig. 8). Based on the above discussions, the excellent elec-
trochemical performance of Li/UPP-5/LFP battery makes the
novel  UPP-5  GPE  highly  promising  for  future  solid-state
LIBs.

 
 

10 μm 10 μm

UPP-0 UPP-5(a) (b)

Fig. 7.    SEM images of Li electrodes after cycling in different full cells: (a) Li/UPP-0/LFP; (b) Li/UPP-5/LFP.
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Fig. 8.    Possible mechanisms of the formation of a more stable SEI layer through GPEs and the synergistic effect of IL and MOFs.
 

 4. Conclusion

To  sum  up,  this  work  successfully  introduced  an  IL
([PP13][TFSI])  into  the  MOFs  (UiO-66-NH2)  to  prepare  a
novel GPE UPP-5, which provides a stable electrolyte/elec-
trode interface for Li electrodeposition. The UPP-5 GPE pos-
sesses  an  improved  Li+ transference  number  of  0.52,  and

good compatibilities with Li metal with a high electrochem-
ical  stability  window of  about  5.5  V.  Evidently,  the  UPP-5
can guide uniform Li deposition by forming a protective SEI
film on Li metal, which effectively suppress the growth of Li
dendrite. Furthermore, Li/LFP full cell with the electrolyte of
UPP-5 exhibits a capacity of ~160 mAh·g−1 at 0.2C for more
than  100  cycles  without  any  decay.  We  believe  that  the
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IL@MOFs-based  GPE (UPP-5)  is  a  promising  strategy  for
addressing  problems  of  Li  dendritic  growth  and  promote  a
further development of ASSLBs.
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