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Calculations: 

The depth of discharge (DOD) of the Zn anode is calculated as follows:1 

DOD=
y

CZn,volume·x×10-4
×100%=

y

0.585x
×100%                           (1) 

Where x (μm) represents the thickness of the zinc foil used, y (mAh cm-2) is areal capacity, and 

CZn,volume (5854 mAh cm−3) represents theoretical volume capacity.  

DOD=
y

CZn,mass·m×10-3
×100%=

y

x
×100%                                       (2) 

Where x  (mAh cm-2) represents pre-deposited Zn areal capacity, y  (mAh cm-2) represents the 

actual areal capacity used during the testing, CZn,mass (820 mAh g−1) is theoretical mass capacity, 

and m (mg cm-2) represents pre-deposited Zn mass. 

 

 

 
 

Fig. S1 Galvanostatic cycling of symmetric cells of Zn//NCC@CuNCs, Zn//NCC, and Zn//PCC at 

1 mA cm-2, 1 mAh cm-2. 
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Fig. S2 (a) SEM images (b) XRD profiles of PCC and NCC. 

 

 

 

 

Fig. S3 SEM image of NCC and distribution of C, N elements. 

 

 

 

 

Fig. S4 (a) XPS survey spectrum of NCC. XPS high-resolution N 1s spectra of (b) PCC and (c) 

NCC.  

 



 

 

Fig. S5 Raman spectra of PCC and NCC samples. 

 

 

 

 

Fig. S6 XPS high-resolution spectra of NCC@CuNCs: (a) N 1s, (b) O 1s, (c) S 2p. 

 

 

 

 

Fig. S7 SEM image of NCC@CuNCs with EDS mappings of Cu, S, O, and N elements, 

respectively. 

 

 



 

 

Fig. S8 TEM image and partial magnification of NCC@CuNCs. 

 

 

 

 

Fig. S9 Contact angle measurements of the 2 M ZnSO4 electrolyte on PCC, NCC, and 

NCC@CuNCs substrates in the initial state and at rest for 5 and 10 minutes, respectively. 

 

 

 

 

Fig. S10 UV-vis image of NCC@CuNCs substrate after Zn deposition/stripping of equal capacity 

(5 mAh cm-2). 



 

 

Fig. S11 Asymmetric batteries test of Zn//PCC@CuNCs at current densities of 1, 3, and 5 mA cm-

2 respectively. 

 

 

 

 

Fig. S12 Chronoamperometry curves of NCC and NCC@CuNCs at a constant voltage of -150 

mV. 

 

 

 

 

Fig. S13 (a) Galvanostatic cycling of symmetric cell of Zn//Zn at 2 mA cm-2. (b) Cycling 

performance of symmetric cells Zn//Zn and Zn//NCC@CuNCs at 2 mA cm-2. 

 



 

 

Fig. S14 XRD patterns of NCC, NCC@Zn and NCC@CuNCs@Zn. 

 

 

 

 

Fig. S15 Galvanostatic cycling of symmetric cells of Zn//NCC, Zn//NCC@CuNCs at 2 mA cm-2, 

2 mAh cm-2 (attached pictures: Enlarged diagrams of voltage profiles of Zn//NCC and 

Zn//NCC@CuNCs at the 10, 60 and 100 cycles). 

 

 

Fig. S16 Galvanostatic cycling of symmetric cells of Zn//PCC@CuNCs at (a) 1 mA cm-2, 1 mAh 

cm-2 and (b) 2 mA cm-2, 2 mAh cm-2. 



 

 
 

Fig. S17 Impedance diagrams of symmetric cells NCC@Zn//Zn and NCC@CuNCs@Zn//Zn. 

 

 

 

 

 

Fig. S18 Molecular model of single GSH ligand on CuNCs for computation. 

 

 

 

 

Fig. S19 The hydrogen bonding force of glutathione with water at different active sites. 

 

 

 

 



 

 

Fig. S20 XPS spectra of NCC@GSH. 

 

 

 

 

Fig. S21 XPS spectra of NCC@CuSO4. 

 

 

 

 

Fig. S22 CE comparison diagrams of four different kinds of asymmetric cells based on different 

current collectors at current densities of 3 mA cm-2 and 5 mA cm-2. 



 

 

Fig. S23 SEM image of β-MnO2 cathode material. 

 

 

 

 

Fig. S24 Comparison of electrochemical performance of Zn//MnO2 full cells with NCC@Zn and 

NCC@CuNCs@Zn. (a) CV curves at 0.1 mV s-1. (b) Charge/discharge curves at 1 A g-1. 

 

 

 

Table S1 The content of different types of N in NCC 

 

 

 

Name Pyridinic N Pyrrole N Graphite N 

NCC 11.8% 67.1% 21.1% 



Table S2 Comparison of asymmetric cells of this work and reported other substrates 

 

 

 

 

 

Modified 

current 

collector 

Electrolyte 

Current 

density 

(mA cm-2) 

Capacity 

(mAh 

cm-2) 

Cycle 

number 
CE Ref. 

Ti3C2Tx 

MXene 
2.0 M ZnSO4 1.0 1.0 400 94.13% 2 

  5.0 1.0 400 -  

CNT 2.0 M ZnSO4 2.0 2.0 30 97.9% 3 

LM@CC 2.0 M ZnSO4 1.0 - 500 ＞99% 4 

AgNPs@CC 
1.0 M Zn 

(CF3SO3)2 
5.0 2.0 800 99.5% 5 

TiOx/Zn-NC 2.0 M ZnSO4 5.0 1.0 1000 98.6% 6 

NSH 1.0 M ZnSO4 2.0 1.0 ＞200 99% 7 

CNF-Zn 2.0 M ZnSO4 2.0 1.0 450 99.5% 8 

  5.0 2.0 300 99.8%  

Cu-PAN 2.0 M ZnSO4 2.0 1.0 120 - 9 

NCC@CuNCs 2.0 M ZnSO4 1.0 1.0 1000 99.4% 
This 

work 



Table S3 Comparison of symmetric cells of this work and reported other substrates 

 

 

 

 

 

 

 

 

 

 

 

Host Electrolyte 
Current density 

(mA cm-2) 

Capacity 

(mAh cm-2) 

Cycle 

life (h) 
Ref. 

AgNPs@CC 1 M Zn (CF3SO3)2 2.0 2.0 800 5 

PANI@CC 
3.0 M ZnSO4 + 0.1 M 

MnSO4 
0.25 0.05 250 10 

  2.0 0.1 88  

CC-CNF 2.0 M ZnSO4 0.25 0.25 400 11 

CNT 2.0 M ZnSO4 2.0 2.0 200 3 

  5.0 2.5 110  

LM@CC 2.0 M ZnSO4 2.0 1.0 300 4 

Cu mesh 

1.0 M ZnSO4+0.5 M 

Na2SO4 +1 g L−1 

PAM 

0.2 1.0 350 12 

N-VG@CC 2.0 M ZnSO4 0.5 0.5 150 13 

  1.0 1.0 65  

Ti3C2Tx MXene 2.0 M ZnSO4 1.0 1.0 300 2 

3D porous Cu 

skeleton 
2.0 M ZnSO4 0.5 0.5 350 14 

TiOx/Zn-NC 2.0 M ZnSO4 1.0 1.0 450 6 

Cu mesh@CuO 1.0 M ZnSO4 1.0 1.0 340 15 

CNF-Zn@Zn 2.0 M ZnSO4 2.0 1.0 260 8 

Cu-PAN 2.0 M ZnSO4 2.0 1.0 270 9 

O，N-CC 2.0 M ZnSO4 2.0 2.0 240 16 

ACC-

600@Cu2+ 
2.0 M ZnSO4 2.0 2.0 250 17 

NCC@CuNCs 2.0 M ZnSO4 1.0 1.0 513 
This 

work 

  2.0 2.0 400 
This 

work 
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