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Figure S1. XRD patterns of different NiCo,Zny-LDH samples.
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500 nm

Figure S2. SEM images of (a-b) NiCo-LDH, (c-d) NiCo,,-LDH, (e-f) NiCo,,Zn; -
LDH, and (g-h) NiCo,,,Zn;,-LDH.

600 nm

Figure S3. SEM images of (a, ) NiCoP, (b, f) NiCo,P3/4, (c, g) NiCo,,Zn;sPsss, and
(d, h) NiCo,;Zn;,P. (a-d) Low-resolution SEM images, and (e-h) high-resolution

SEM images.



Figure S4. Elemental mappings of NiCoP.

Figure S5. Elemental mappings of NiCoy,P3/4.
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Figure S7. Metal element contents of NiCoxZnyP (1 1x+y)n.

Table S1. Metal and phosphorus element contents of NiCoyZnyPj1+yyn.

Materials Atomic (%)
Ni Co Zn P
NCP 29.04 24.56 — 46.40
NC12P34 39.82 18.80 — 41.38
NC12Z1/6Ps/6 27.12 16.98 6.35 49.55

NCi»Zy,P 27.62 12.58 17.82 41.98




Table S2. Summary of BET results.

Materials BET surface area (m?g') Average pore diameter (nm)
NCP 31.96 10.29
NCy2P34 22.15 10.53
NC12Z1/6Pss6 37.05 11.47
NC,Zy,P 42.77 11.99
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Figure S8.XPS analysis of NiCoxZnyP(jixiyy2 (NCyZyP(14x+y)2) samples. (a) Full

spectra, (b) high-resolution spectra of C 1s.

The calculation of Li™ values from the EIS results:

w = 2xf S(1)
Z,=R+oc,w!? S(2)

where w and f are the angular frequency and frequency, o, is the Warburg factor that
can be fitted through the slope of Z,—w !~
R*T?
D ,=————
LT 24°n*FiCa} S3)

D
Li* is the Li* diffusion coefficient, 4 is the surface area of the electrode (1.13 cm?),

R is the gas constant, T is absolute temperature, n is the number of electrons per
molecule during the reaction, F' is the concentration of Li* and C is the Faraday

constant, respectively.!



Current (mA)

Current (mA)

1st
2nd

Current (mA)

NCy Py NC,,Z, P
0.3 . . . . . -0.3 . + . . . 03 < . L . .
0.0 0.5 1.0 L5 2.0 5 3.0 0.0 0s 1.0 L5 2.0 15 3.0 0.0 0.5 1.0 L5 20 25 3.0
Potential (V.vs.Li/Li") Potential (V.vs.Li/Li") Patential (V.vs.LI/Li")
Figure S9. CV curves at 0.1 mV s!. (a) NiCoP, (b) NiCo;,,P34, and (c) NiCo;,,Zn;,P.

1200

1000 |
s00f

400+ °

300

NCP
NC,,Py

NCI/ZZINDPﬁﬂ‘G
NCHZZI/ZP

99%

Specific Capacity (mA h g)

200

100

Coulombic efficiency (%)

104%
98% |
Current density: 1 A g”!

600

Figure S10. The cycling
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performance of NiCowZnyPiixiyy2 (NCiZyP(11xty)2)

electrode-based LIBs at 1.0 A g! (details of the 600-715 cycles in Figure 6d).
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Figure S11. Electrochemical performance of NiCoyZnyP(iixiyy2 (NCYZyP(11x4y)2). (a)

Nyquist plots of fresh LIBs (dots: raw data; lines: fitting data), (b) Nyquist plots after

different cycles (dots: raw data; lines: fitting data) of NiCo,,,Zn;sPs/s electrode-based

LIBs.
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Figure S12. Charge-discharge curves at different current densities. (a) NiCoP, (b)

NiCo,P34, (¢) NiCoy/,Zn;6Pss6, and (d) NiCoyZn,,P.

Figure S13. Ex-situ SEM images of (a,e) NiCoP, (b,f) NiCo;,P34, (c.g)
NiCoyZny6Pss, and (d,h) NiCo;,Zn;,P. (a-d) fresh electrode plates, and (e-h)

electrode plates after 400 cycles.
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Figure S14. Electrochemical characterizations and behavior analysis of

NiCoyZnyP 1441y €lectrodes. (a-c) CV curves at different scan rates, (d-f) fitting plots
of the peak current and scan rate, (g-i) capacitive and diffusion-controlled charge
storage contributions at 1 mV s!: (a, d, g) NiCoP, (b, ¢, h) NiCo;,P34, and (c, f, 1)
NiCoy,Zn;,P.

Table S3. LIBs performance of NiCoP electrodes reported in the literature

Material Ref.

Current
density (A g'1)
1.0
0.2
0.1
1.0
0.1

0.2

Specific capacity
(mAh g)
431.2
638.8
659.8
526
858.5
577

Cycle
number
1600
500
170
600
120
140

Co,P QDs/NPC
CoP@C/C-0.5
Ni/Ni,P@C-NCNTs
Co,P@NC
P-NiCoP-NC-600
CoP@CCPCF/NCNT
S
NiCoP
Ni;2Coy.sP
Ni,PcpGN

0.1
1.0
0.1

567
260
514

400
3000
250



0.2 624 400
NiC01/2ZH1/6P5/6 1.0 292 2000
5.0 145 10000
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