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Figure S1. XRD patterns of as-cast Mn 35 at.% Cu alloy sheets (a) before and (b)
upon electrochemical dealloying in the 5 wt.% H,SO, solution at the potential of -0.2
V(SCE) for 60 min.



Flgure S2. SEM i 1mages showing the microstructure of NPC by chemical dealloymg
of the as-cast Mn 35 at.% Cu alloy in the 5 wt.% H,SO, solution for 24 h. Part b is the
corresponding high-magnification image.
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Figure S3. SEM images showing the microstructure of 2D PC@Cu,0 MPs electrode

by two-step heat treatments of 2D planar copper at 550°C for 1 h under ambient

atmosphere following at 700°C for 2 h under Ar atmosphere. Part b is the

corresponding high-magnification image.



Supplementary Note 1

In Figure Se-h, we present the original models and normalized von Mises stress
distributions after Li* insertion of the NWNs and MPs electrodes by molecular
dynamics (MD) simulation. The dimensions of the shown MD simulation domains are
14x14x24 nm? and 22x22x22 pm?® for NWNs and MPs, respectively. Each domain
contains 6 NWs/MPs. The diameter and length of Cu,0O NWs are 2 and 22 nm,
respectively. The diameter of Cu,O MPs is set as 10 um. Correspondingly, the
densities of simulation domains of Cu;O NWNs and Cu,O MPs are 0.6 and 2.1 g/cm?.
The construction of Li,O takes into account the constant number of atoms of each
element before and after Li" insertion reaction. Herein, the LAMMPS package is
employed to carry out MD simulations.! The third-generation charge optimized many-
body (COMB3) potential”> is used to model interatomic interactions in Cu,O
NWNs/MPs. The FIT-EMP potential form,>* which is one of Buckingham-type
pairwise potential models, is adopted to describe the interatomic interactions in Li,O
NWNs/MPs. The van der Waals interactions are described by the Lennard-Jones (LJ)
potential.’ Periodic boundary conditions were applied in all directions. The time step
is set as 0.5 fs. Starting from pre-optimized geometries, after initial equilibration in
NVT ensemble, the systems are run in the NVE ensemble for 5 ns, from which the
atomic stresses are extracted and post-processed.

The von Mises stress is introduced to estimate the stress distribution in systems.

The von Mises stress (o)) for each atom can be calculated as:®



oy = \/(ax -0, )2 + (Jy -0, )2 +(o. -0, )2 +6(7,+7,+7,,)° (1)
Where oy, o, and ¢, are the normal stresses along the three directions, and 7,,, 7,. and
7., are the shear stresses in three planes, respectively. As can be seen explicitly from
Figure 5e-h, the NWs were just subjected to slightly large stress in the outmost layer
(relative to low one in the interior), while the markedly greater stress can be found
throughout the whole MPs (from outside to inside), clearly manifesting the relatively
large stress concentration existing in the MPs. Besides, compared to the
indistinguishable mussy structure of MPs after Li* insertion reaction, it is still so easy
to discern six independent NWs, fully indicative of its good structure integrity and
stability. As a result, the relatively large stress concentration and poor structure
integrity can be identified in the MPs electrode after Li" insertion, which would be

undoubtedly easier to cause the failure of electrode in comparison with the NWNss.



Table S1. Chemical compositions of the initial Mn-Cu alloy sheets by EDX analysis.

Elements (at.%)

Precursor
Mn Cu

Initial Mn-Cu alloy 64.78 35.22




Table S2. A detailed comparison of Li storage properties of various Cu-based oxides
and their nanocomposites with different structure designs.

Materials Structure Capacity Cycles Capacity retention  Ref.
NF/CuO* nanorod 0.72 mAh cm 150 38 % 7
3DGN/CuO* composite 0.39 mAh cm 50 71 % 8
Cu,O/Cu massif-like 1.8 mAh cm™2 100 30 % 9
CNT-Cu,O* hybrid 0.23 mAh cm? 15 60 % 10
SnO/Cu;Sn/Cu,O/Cu composite 7.4 mAh cm™ 20 67 % 11
Cu@Cu,O nanoporous 1.45 mAh cm™ 120 61 % 12
Cu,0-Cu nanoparticle 0.76 mAh cm 100 36 % 13
CuO nanowire 0.75 mAh cm 120 80 % 14
Cu,O/Cu nanopillar 0.06 mAh cm 20 50 % 15
Cu,0/Cu nanopillar 0.13 mAh cm™ 50 73 % 16
CuFe,04 nanoparticle 0.14 mAh cm™ 3 68 % 17
Cu,O nanoparticle 350 mAh g! 100 583 % 18
CuO hollow sphere 91 mAh g! 50 16.5 % 19
Cu,0 porous film 213 mAh g'! 50 63.4 % 20
CuO/Cu,O hollow polyhedron 440 mAh g’! 100 58.6 % 21
CuO nanohexagon 575 mAh g! 100 57.1 % 22
Cu,0 nanorod array 358 mAh g'! 200 33 % 23
Cu,0/Cu nanorod array 385 mAh g! 100 36 % 24
CuO/Cu,0/Cu cypress-like 534 mAh g! 100 52 % 25
CuO-Cu,0/G* nanosphere 487 mAh g’! 60 46 % 26
Cu,0/Cu core-shell 360 mAh g! 50 52% 27
Cu,0/rGO* octahedron 348 mAh g'! 50 45 % 28
3D NPC@1D Cu,0 1D/3D nano 1.63 mAh cm™? 150 60.2 % Our
NWNs heterostructure (=627 mAh g!) work

* NF: Ni foam; 3DGN: 3D graphene network; CNT: Carbon nanotube; G: Graphene; rGO: Reduced

graphene oxide.
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