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The practical application of lithium (Li) metal anode has been hindered by the fast Li depletion and shallow cy-
cling conditions. Herein, a universal and scalable approach for current collectors combining an enhanced lithio-
philic surface and a conductive inner core enables a promising pathway for high—performance Li metal battery
(LMB). The interface between anode and electrolyte accelerates Li ions self—concentration and enhances the elec-
trokinetic surface conduction with suppressed Li concentration polarization. With Cu@Cu;N as an example, a
fast Li plating/stripping at 20 mA cm~2 for 10,000 cycles and a stable full cell under the near realistic conditions
with a high active material loading (19.1 mg cm~2), a low electrolyte/active materials ratio (2.3), and a limited

Li resource (10.24 mAh cm~2:
LMB.

equivalent to 50 um Li foil) are achieved for broadening the commercialization of

1. Introduction

With regards to the high—energy density storage systems research,
lithium (Li) anode has been attracting wide attention due to its highest
specific capacity (3860 mAh g~!) and lowest redox potential (—3.040 V
vs standard hydrogen electrode), and it has been regarded as the “Holy
Grail” of Li metal battery (LMB) electrode material. [1-9] However, the
growth of Li dendrites is caused by uncontrolled repeated Li plating and
stripping, leading to the electrode volume expansion, internal short cir-
cuit and other serious safety risks, which greatly hinder the development
and commercialization of LMB. [10-14] Extensive efforts in recent years
have focused on current collector engineering, which is considered as
a promising and pragmatic approach to stabilize Li anode because of
its ability of inhibiting the dendrite growth and buffering the unlimited
volume expansion of Li. [15-24]

In particular, 3D-structured electrode materials have been attract-
ing great attentions, which feature high specific areas with abundant
active sites, enabling the homogenization of Li ion concentration near
the electrode surface as well as the acceleration of the uniform Li ion
flux deposition and rapid re—distribution even at high current densities.
[25-35] Stimulating by the reinforced SEI with lithium nitride (Li3N),
[36,37] copper nitride (CuzN) has been successfully applied to the inter-
face and current collector engineering for Li metal dendrite suppression
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due to its stable chemical structure, high ionic conductivity and excel-
lent affinity to Li. [38-40] However, the elaborate specific structure of
conductive framework requires complicated and time—consuming con-
struction process, which is keeping it far from industrial applications.
Additionally, growth of metal dendrites is strongly affected by the Li
ion concentration near the electrode surface, which is closely related to
current density. Most reports in literature ignore that Li metal anode cir-
culates at relatively low capacity (< 5 mAh cm~2) and current density
(< 5 mA cm~2), which significantly limits its high energy/power density
and causing ineffective Li utilization (< 1%). [12,41]

Herein, we proposed a facile and scalable strategy to construct an
ultra—lithiophilic CuzN nanoparticles decorated 3D M (M = copper (Cu),
zinc (Zn), Cobalt (Co), nickel (Ni), carbon paper (C), et al.) skeletons
(M@Cu3N) for Li integration (Fig. 1, Fig. S1 and S2). The synergistic ar-
chitecture of Cu@Cu3N combines an enhanced lithiophilic surface with
highly conductive inner core and facilitates uniform and fast Li trans-
portation, reduces the Li nuclear overpotential and extends the lifes-
pan of cells. Because of the superior affinity to Li, the anode/electrolyte
interface could accelerate Li ions self—concentration and promote the
homogeneous Li transport with suppressed Li ions concentration polar-
ization. [42] Furthermore, the interspaces among the skeletons provide
enough space for Li deposition, laying the foundation to achieve higher
Li deposition capacity towards high energy density LMB. By realizing

E-mail addresses: xuxu@whut.edu.cn (X. Xu), yan2000@whut.edu.cn (Y. Zhao), mlq518@whut.edu.cn (L. Mai).

https://doi.org/10.1016/j.ensm.2021.01.012

Received 12 November 2020; Received in revised form 22 December 2020; Accepted 12 January 2021

Available online 14 January 2021
2405-8297/© 2021 Elsevier B.V. All rights reserved.



Z. Li, Q. He, C. Zhou et al.

a
M foam
(M=Cu, Zn, Co, Ni, C and
other 3D skeleton)

[—

Cu?* solution

b -
\ i
N;{; ) 9 /n-situ growth
) 3\
Cu foam
(o4

In-situ growth

Cu foam

Cu@Cu,N

Energy Storage Materials 37 (2021) 40-46

Cu@Cu;N
Large-scale production

Spread with Li
2

Spread with Li
——

Cu@Cu;N/Li

Fig. 1. Synthetic strategy. (a) Large—scale fabrication strategy, (b) Schematic of fabrication of Cu@Cu;N/Li anode, (c) Optical images of Cu@Cu;N/Li anode at

different prepare stages.

the infiltration of molten Li into Cu@CuzN (Cu@Cu3N/Li, Fig. S3), the
Cu@CusN realized a stable and dendrite—free Li plating/stripping un-
der restricted conditions. Paired with LiFePO, (LFP) cathode, the full
cell exhibited desirable cyclic stability with high active mass loading,
limited Li resources and electrolyte, showing practical potential for the
next generation of high-energy LMB.

2. Results and Discussion

The lithiophilicity testing process was investigated by in—situ op-
tical observation of molten Li permeating into bare Cu foam (Cu),
nitrogen—doped Cu foam (N-Cu), and Cu@Cu;3N (Fig. 2a—c). It shows
that both Cu and N—Cu have a poor affinity with molten Li, even under
deliberate pressure, the Li still cannot infuse into the substrates over 30
s (Videos S1 and S2). On the contrary, from the beginning of the con-
tact between molten Li and Cu@CusN, Li shows an obvious capillary
infiltration phenomenon and quickly diffuses into the Cu@Cu;N, and fi-
nally leaves a silver colored smooth substrate within 6 s (Video S3). This
rapid Li diffusion behavior is due to the superior lithiophilicity of CusN
and the abundant Li nucleation sites (N-) along the Cu@Cu3N frame-
work. Furthermore, the successful preparation of Zn@CuszN, Co@CusN,
Ni@Cu3N and C@Cu3N and the corresponding excellent lithiophilicity
have further extended the universality of this synthesis strategy in the
protection of Li anode (Fig. S4 and S5).

To probe the Li metal electrodeposition behavior, an in-situ micro-
scopic device was employed to visualize the real-time structure evo-
lution of Li anodes (Fig. S6). At the initial deposition stage, there is no
obvious different deposition behavior between Cu, N—Cu and Cu@Cu3N
within 3 min (Fig. 2d—f). With the extension of the deposition time, both
Cu and N—Cu remain original surfaces without deposited Li, followed by
presenting a large amount of prominent Li dendrites (Fig. S7). In con-
trast, the Cu@Cu3N shows more homogeneous and stable Li deposition
behavior during discharging, which is attributed to that the CusN plays
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a significant role in promoting uniform Li nucleation and constructing
high electronic/Li ion conductivity LisN (CugN + Li = LizN + Cu) inor-
ganic phase. [38] In order to confirm the conversion reaction of Cu;N to
Li3N, the Cu@Cu;N framework after the Li stripping was investigated
by the X-ray diffraction (XRD) and etched X-ray photoelectron spec-
troscopy (XPS) techniques (Fig. S8 and S9). XRD patterns show that the
typical crystalline phases of Cu and Cu3N coexist in Cu@Cu3N, mean-
ing that the Cu@Cu3N has a stable and compatible structure. Notably,
the N-Cu shows the same crystalline phase of Cu, which presents that
the N element is only adsorbed on the surface of Cu. Due to the high
crystallinity of Cu and a thin layer of Cu3N, the typical peaks of Li;N
crystal can not be found by XRD in the stripped sample. However, the
characteristic peaks of CuzN also disappear from the XRD pattern, which
indirectly proves that there was a certain chemical reaction occurring
between the CusN and Li. N1s XPS spectra further show that an obvious
new peak appears at 399.2 eV of Cu@Cu3N, which demonstrates that
the LigN was formed by lithiation of Cu;N.[43, 44]

Cycling stability of symmetric cells directly reveals the
performance—enhancing effects of the CusN coating. Specifically,
the molten Li cannot be spread easily into the Cu and N—Cu skeletons
due to their inferior wettability with Li as illustrated above, the fabrica-
tion details of Cu/Li and N—Cu/Li electrodes can be found in Supporting
Information. The cycling performances of Cu@Cu3N/Li, Cu/Li, and
N-Cu/Li at a current density of 1 mA cm~2 with a capacity of 1 mAh
cm~2 are shown in Fig. 3a. The symmetric cell with Cu@Cu;N/Li
displays a stable voltage response with only around 16 mV over 3,000
h (Fig. S10). In contrast, Cu/Li and N-Cu/Li show severe voltage
hysteresis in the initial few cycles, and followed by steep increases
and drops, leading to the cell short—circuit. It indicates that Cu@CusN
not only induces the uniform Li deposition, but also promotes highly
reversible Li charge and discharge. In order to broaden the application
of Cu@Cu;N/Li in various electrolyte systems, the symmetric cells
in conventional 1M LiPF¢ in ethylene carbonate/diethyl carbonate
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Fig. 2. In-situ microscope. (a—c) Optical images of spreading molten Li with Cu, N—Cu and Cu@Cu;N, respectively, (d—f) In—situ microscopy images of Li electro-

chemical deposition behavior with Cu, N—Cu and Cu@Cu;N, respectively.

a 0.50 bo.so
CulLi CulLi
0.25 4 — N-CulLi 0.25 - —— N-CuLi
= — Cu@CuNLI [ o —— Cu@Cu,N/Li
- ~
@
Eﬂ 0.00 e gn 0.00
= 3
0.25 0.25
1 mAcm2/1 mAh cm? 5mA cm2/10 mAh cm?2
-0.50 T T T T T T -0.50 T T T T T
0 500 1000 1500 2000 2500 3000 0 200 . 600 1000 1200
Time (h) Time (h)
Cos d 0.50
0.25 - 0.25 4
5 B
£ 0.00 £5 0.00 |
S S
$ $
0.25 0254
1 mA cm2/ 20 mAh cm? 20 mA cm2/ 1 mAh cm?
-0.50 T T T T T -0.50 T T T T T T T T T
0 200 400 600 800 1000 1200 0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Time (h) Cycle number
e :
Sy P — S0 4
€ -
2 80 . % 80" .
2 604 2 60 L .
g g -
py o .
2 404 2 404 .
‘E " Cu 'E . Cu
= 20 = N-Cu < 204 = N-Cu
S 1 mAcm?2/1 mAh cm? = Cu@Cu;N S 2mAcm?2/1 mAh cm? = Cu@Cu,N
9 T T T 0
0 100 200 300 400 0 50 100 150 200 250 300
Cycle number Cycle number
g h l j
10 Cu 10 Cu 3000 This work 150
— N-Cu —ncu | 2400 -~
951 —— Cu@Cu,N 9“ —— Cu@Cu,N, Z a0 wi20
E . E“ H ) This work E 9 )
s Loa i 1200 This work é .
2 s 600 g 60
2 o 02 2 Cul/Li||LFP
Capacity (mAh cm )’ oo bt Capacity (mAb cm’) 0+ Q 30 - N-CU/LI"LFP
urr s 8 1 = CU@CU,N/LI[|LFP
02 de'lsi,y 5 5 2 4 (mAb ) 0
0 15 20 25 30 0 1 2 3 A 5 (g, O Capacity 0 10 20 30 40 50 60
Capacity (mAh cm?) Capacity (mAh cm”) ") Cycle number

Fig. 3. Electrochemical performance. (a and b) Voltage profiles of Cu/Li, N-Cu/Li and Cu@Cu,N/Li at 1 mA ¢cm~2 for 1 mAh cm~2 and 5 mA ¢cm~2 for 10 mAh
cm~2, respectively, (¢ and d) Cycling stability of Cu@Cu,N/Li under deep and ultra—fast Li plating/stripping, respectively, (e and f) CE comparison of Cu, N-Cu
and Cu@Cu;N at 1 and 2 mA cm™2 for 1 mAh cm™2, respectively, (g and h) Initial voltage profiles comparison of Cu, N-Cu, and Cu@CusN at 1 mA cm~2 for 3 mAh
cm~2 and 5 mAh cm~2, respectively (inset is magnified voltage profiles), (i) Comparison of cycling stability in this work and a variety of previous reports on 3D Li
current collector, (j) Cycling test of Cu@Cu;N/Li||LFP under near real practical conditions at a current density of 1.6 mA cm™2.
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(1:1 by volume) carbonate electrolyte were investigated (Fig. S11).
Obviously, the Cu@Cu3N/Li shows the lowest voltage polarization
with only around 18 mV over 300 h, while the Cu/Li shows an ex-
tremely voltage response and the N—Cu/Li presents a serious voltage
polarization (40 mV). According to Sand’s model prediction, [45] the
Li dendrites is more likely to grow under more faster and deeper
charge/discharge. However, the operation of LMB under moderate
conditions would render its high energy advantage meaningless and
restrict its application potential for high—power density systems (such
as electric vehicles). [46,47] To illustrate this point, Fig. 3b shows
the Cu@Cu;N/Li, N-Cu/Li and Cu/Li cycling stability at 5 mA cm~2
for 10 mAh cm~2. Obviously, Cu@Cu3N/Li shows a more resilient
cycle life and displays a negligible voltage polarization of around
24 mV compared to N—Cu/Li and Cu/Li, which benefits to meet the
urgent requirements of high—energy/power LMB (Fig. S12). For a
higher purpose of practical application, a deeper stripping/plating
capacity of 20 mAh cm~2 under a constant current density (1 mA
cm™2) was evaluated here (Fig. 3c). The Cu@Cu3N/Li shows a sable
overpotential of 25 mV without any signs of failure over 1,200 h.
Remarkably, the fast charge/discharge measurement of Cu@Cu3N/Li
exhibits an ultra—stable trend under a high current density of 20 mA
em~2 for 10,000 cycles (Fig. 3d, Fig. S13). Such quick and stable Li
plating/stripping is mainly attributed to that the electrokinetic effect
[42] accelerates the Li ions flux self-concentration and the highly ionic
conductive Li3N reduces the cell polarization.

In addition, the Coulombic efficiency (CE), determined by the ratio
of Li stripping capacity to plating capacity, is another important indi-
cator to measure the performance of Li anode. As illustrated in Fig. 3e
and 3f, the Cu@CusN shows a high reversible ratio of Li stripping ca-
pacity to plating capacity. When setting the capacity at 1 mAh cm2,
CE of 99.2% and 98.3% were delivered after 400 cycles at 1 mA cm™2
and after 300 cycles at 2 mA cm~2, respectively. However, the CE of Cu
and N-Cu sharply decreases to < 30% only in short cycles, suggesting
that uncontrollable Li plating/stripping occurred inside the cells. Even
under deep charge and discharge, CE of 98.5% and 98.4% and stable
charge-discharge profiles were obtained at 1 mA cm~2 for 3 mAh cm~2
and 5 mAh cm~2, respectively (Fig. S14). Moreover, the corresponding
voltage gaps of 42 and 46 mV at 1 mA cm~2 for 3 and 5 mAh cm~2 were
realized of Cu@Cus3N, much lower than those of Cu (133 and 96 mV)
and N—-Cu (98 and 60 mV) (Fig. 3g and 3h). Compare with other latest
reported current collectors (Table S1), Cu@CusN shows obvious advan-
tages in cycle life and faster charging and discharging ability (Fig. 3i).
These findings demonstrate that the Li is seeded due to the presence
of CuzN with highly reversible abundant Li nucleation sites for whole
Cu@CusN, which boosts bright development of LMB for high—energy
electric vehicles application.

The electrochemical performances the full cells
paired Cu@CusN/Li, N-Cu/Li and Cu/Li anodes with sulfur
(Cu@Cu3N/Li||S, N-Cu/Li||S and Cu/Li||S), LiNiygMng;Cog ;04
(Cu@Cu;N/Li|[NMC811, N-Cu/Li||[NMC811 and Cu/Li||[NMC811) and
LFP (Cu@CugN/Li||LFP, N-Cu/Li| |LFP and Cu/Li||LFP) cathodes were
evaluated. In the unstable Li||S and Li|[NMC811 (cut-off voltage is
4.5 V) systems, the Cu@CusN/Li||S and Cu@Cu3N/Li||[NMC811 full
cells show enhanced cycling stability compared to those of Cu/Li||S,
N-Cu/Li||S and Cu/Li||NMC811, N-Cu/Li|[NMC811 full cells, respec-
tively (Fig. S15). This finding indicates that the improvement of Li
anode is an effective approach to improve the lifespan of LMB. In the
stable LFP system, the batteries became invalid directly only after 200
cycles with Cu/Li and N—Cu/Li anodes, which is mainly attributed to
the failure of the anode side. On the contrary, Cu@Cu3N/Li||LFP shows
a persistent cycling ability and desirable rate performance (Fig. S16),
especially under 3.0 C rate, a capacity retention of 86% was obtained
after 3,000 cycles, implying the Cu3N is the optimal choice to solve
various unstable issues of Li anode and improve the LMB life of great
significance. Furthermore, the electrochemical impedance spectroscopy
(EIS) results show that the Cu@CugN/Li||LFP has a lower charge

of
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transfer resistance (80.18 Q) than those of Cu/Li||LFP (392.25 Q) and
N-Cu/Li||LFP (126.39 Q), which is owing to the fast and homogeneous
Li ions supplement from the Cu@Cu3N/Li anode (Fig. S17). The higher
diffusion coefficient D;+ of the Cu@Cu3N/Li||[LFP shows that the
Cu@Cu3N/Li promotes the Li ions transportation between the cathode
and anode, resulting in stable and high reversible electrochemical
reaction inside the battery (Table S2).

Ultimately, however, to achieve the high—energy LMB, the active
materials loading, Li anode areal capacity utilization, negative/positive
(N/P) electrode capacity ratio, and the electrolyte/active mass loading
(E/A) ratio are critical factors. [48-50] Firstly, a high cathode capacity
requires a large amount of Li plate/strip in each cycle, thus, constructing
a stable Li anode is essential. Secondly, in normal cycles, the electrolyte
would be fast consumed in the first few cycles due to the formation of
SEI, so stabilizing the circulation in such a barren electrolyte is such a
huge challenge. Here, the Cu@Cu;N/Li||LFP and control full cells with
LFP mass loading of 19.1 mg cm~2 (3.25 mAh cm~2), N/P of 3.2 (Li
capacity is limited to 10.24 mAh cm~2) and the E/A of 2.3 were fabri-
cated. The cycling test shows that the Cu/Li||LFP and N—Cu/Li||LFP full
cells are rapidly depleted in a short term, while the Cu@Cu3N/Li||LFP
presents a stable cycle life almost with no capacity fading at a current
density of 1.6 mA cm~2 (Fig. 3j). The corresponding CE maintained at
as high as 99.3%, indicating the excellent electrodes structure stabil-
ity and electrochemical reversibility of both cathode and anode. The
charge/discharge profiles of Cu@CugN/Li||LFP show no obvious change
during cycling, and a lower overpotential (around 0.23V) indicates that
the Li/electrolyte interface is highly stable (Fig. S18). Furthermore, an
excellent rate performance was achieved under such demanding test
conditions, and the cell did not breakdown even at 5.0 C rate with a
reversible capacity up to 60 mAh g~!. With the decrease of the current
density, the capacity is also gradually recovered, which further indicates
the good stability and compatibility of the whole Cu@Cu3N/Li||LFP full
cell. All these findings reveal that the Cu@Cu3N/Li anode can match
well with different cathodes and display promising potential industrial
availability for high—energy LMB.

To further confirm the stable structure and Li dendrite—free feature
of Cu@Cu3N/Li anode, the electrodes after different Li plating/stripping
cycles were investigated by scanning electron microscope (SEM) mea-
surement. It is clearly observed that Cu/Li (Fig. 4a—d) and N—Cu/Li
(Fig. 4e—h) electrodes present severe degradation within short cycles
(10 th), and the dense structure of the whole electrode appears to be
highly porous, indicating a lot of “dead Li” were produced and SEI was
broken. In addition, the thickness of the Cu/Li and N—Cu/Li electrodes
expanded from initial 300 ym to 532 um (77% increase) and 493 um
(64% increase) after 100 cycles, respectively, and a large number of
Li dendrites and “dead Li” generated on the electrode surface (Fig. 4d
and 4h, and Fig. S19). As consequences of the lithiophobic materials, the
severely increased thickness of Cu/Li and N—Cu/Li electrodes are mainly
caused by the following issues: (1) low CE, (2) internal Li stripping and
preferred surface deposition, and (3) the electrolyte penetration of the
porous electrode, resulting in consumption of extra Li and more side re-
actions. On the contrary, the integrity of the Cu@Cu3N/Li anode struc-
ture has no obvious change throughout the 100 cycles (Fig. 4i—k). Af-
ter completing 100 cycles, the thickness only increased to 318 um (6%
increase) and a small amount of Li pieces were observed on the sur-
face (Fig. 41), which proves the well-regulated 3D structure of lithio-
philic Cu@Cu;N effectively promotes the uniform Li plating/stripping
and maintains the anode safety and stability.

Fig. 5a shows the mechanism of Li deposition on Cu or N-Cu sub-
strates. Due to their poor—lithiophilicity, neither the molten Li nor the
Li ions enable bounded to their skeleton, and Li is prefer rigidly de-
positing on the surface after long—time infusing. The lower Li ions dis-
tributions near the surface of current collector than that at other parts
will lead selective deposition of Li ions, causing the growth of dendrite
during repeated Li plating/stripping. Moreover, the severe deformation
of the electrode leads to the continuous consumption of electrolyte and
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Fig. 4. Morphology evolution after cycling. (a—c), (e—g) and (i—k) Side SEM images of Cu/Li, N—Cu/Li and Cu@CugN/Li end with 10, 50 and 100 cycles at 1 mA
cm~2 for 1 mAh cm~2, respectively, (d, h and 1) Top view of (c), (g) and (k), respectively, and each inset is the corresponding magnified image.

uncontrollable SEI formation on the refresh Li anode surface. On the
contrary, the Li dendrites and SEI is significantly restricted due to the
self-concentration of Li ions at the anode/electrolyte interface, resulting
in uniform Li ions flux distribution and homogenous Li plating/stripping
(Fig. 5b).

As the advantages of Cu@Cu;N were presented above, first princi-
ples calculations are performed here for developing a thorough under-
standing of the lithiophilic nature of CusN. Fig. S20 shows the surface
energy of Cu and CusN. According to its definition, the material grows
preferentially along the crystal surface with low surface energy. There-
fore, Cu (111) and Cu3N (100) with the lowest surface energies are se-
lected for the study of Li binding. The binding energies (Fig. 5¢ and Fig.
S21) of Li to Cu (111) and CuzN (100) are —0.79 eV and —1.12 eV,
respectively, showing that CuzN has a stronger affinity to Li. In addi-
tion, Li has a shorter bond length with Cu;N (1.88 10\) than Cu (2.28 /o\),
indicating that Li is more willing to get close to Cu;N. Bader charge anal-
ysis also proves the stronger bonding of Li to CuzN than Cu by a more
positive charge of the adsorbed Li (+0.88 and +0.66, respectively). The
differential charges (Fig. 5d) also display that the weak physical interac-
tion (Li—Cu) is mainly between Li and Cu, while the stronger ionic bond
(Li—N) exists in in LizN resulting from the reaction of Li and CugN.[51]
The migration paths of Li in Cu and Cu3N intuitively show that CusN
has broader one—dimensional transport channels (Fig. S22). The cor-
responding migration energy barrier curves show that Li has a much
lower migration energy barrier in CusN (Fig. 5e), indicating the Li ions
on the surface of CuzN can further diffuse and redistribute. Finally, a
“radar” model was proposed here for safe Li metal alternatives, which
should meet the following 6 characteristics: lithiophilicity, conductivity,
stability, specific area, flexibility, and scalability (Fig. 5f).

44

As a whole, the mechanism of uniform Li ions transfer can be re-
vealed in the following three aspects: (1) Due to the strong affinity be-
tween Li and CusN, Li ions will self-concentration on the electrode sur-
face, which means that after Li depositing on the electrode surface, the
Li ions in the electrolyte will replenish immediately, leading to high Li
ion concentration at the electrode/electrolyte interface. (2) Low migra-
tion energy barrier accelerates fast adsorbed Li ions detach along the
entire electrode surface, resulting in dendrite—free Li metal anode. (3)
Because of the synergistic effect of this compatible structure, the uni-
form Li ions distribution and minimized polarization are achieved in
long lived anode.

3. Conclusion

In summary, this ultra—lithiophilic Cu@Cu3N has been successfully
prepared via a facile and novel scalable method. The compatible struc-
ture can not only effectively reduce the local current density due to
its large surface area, but also provide enough space to minimize the
theoretical infinite volume expansion of Li. Furthermore, the electroki-
netic effect significantly promotes the Li ions transport, which is induced
by the enhanced electrokinetic surface conduction owing to the lithio-
philic CuzN. Compared with Cu and N-Cu, an enhanced lithiophilic-
ity and homogeneous Li deposition for the Cu@Cu;N has been demon-
strated by in—situ microscopic measurement. Under near practical con-
ditions, Cu@Cu3N exhibited surprising electrochemical performance in
both half— and full cells. The first principles calculations give a deep
understanding of the lithiophilicity nature of Cu3N, offering theoretical
support to our design concept for current collector, which provides a
promising prospect to high—energy and long—life LMB.
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