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Fig. S1. The XRD result and the digital photo of the 14 h high-energy ball-milled Ni:P (1:1)
mixed powder.
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Fig. S2. The XRD pattern evolution of the ball-milled Ni: Ge: P (2: 1: 1) mixed powder after milling 8,
14, and 24 h.



Table S1. Structure parameters for Ni,GeP/NigGe,P as determined by Rietveld refinement of powder

XRD data at room temperature.

NiGe 5Py s:
Atom Wyckoff site x/a /b z/c Occupancy
Ni 4a 0 0 0 1
Ge 4c 0.75 0.310 0 0.5
P 4c 0.75 0.310 0 0.5

Space group: Amam (63); a =5.1288 A, b =5.9995 A, c=3.4286 A, a ==y =90°, wt.% =
65.56%.

NiyGeg 5P s:
Atom Wyckoff site x/a v/b z/c Occupancy
Nil 3f 0.2580 0 0 1
Ni2 3g 0.5886 0 0.5 1
Gel b 0 0 0.5 0.5
P1 b 0 0 0.5 0.5
Ge2 2c 0.3333 0.6667 0 0.5
P2 2¢ 0.3333 0.6667 0 0.5

Space group: P-62m (189); a=b=5.9077 A, ¢ =3.3656 A, a = =90°, y = 120°, wt.% = 34.44%.

Table S2. Structure parameters for Ni,P as determined by Rietveld refinement of powder XRD data at

room temperature.

Atom Wyckoff site x/a /b z/c Occupancy
Nil 3e 0.2575 0 0 1
Ni2 3f 0.5957 0 0.5 1
P1 1b 0 0 0.5 1
P2 2d 0.3333 0.6667 0 1

Space group: P321 (150); a=b=5.8923 A, c=3.3478 A, a = =90°, y = 120°.
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Fig. S3. (a) XRD refinement result of the Ni,P. (b) The bond length of Ni—P/Ge in Ni—Ps, Ni—

(Geo,5P0.5)5, Ni—P4, and Ni—(GCO.5P0'5)4 polyhedron.



Table S3. Crystal structure parameters of NiP, NiGe, 5P 5, Ni,P, and Ni,Ge 5P s.

Space

Volume Volume/Atom

Phases aroup a(A) b (A) c(A) a B Y (A) (A%
NiP Pbca 6.0500 4.8819  6.8900 90°  90° 90° 203.5 12.7
NiGepsPps Amam  5.1288  5.9995 34286  90°  90° 90° 105.5 13.2
Ni,P P321 5.8923  5.8923 33478 90° 90° 120° 100.7 11.2
Ni,GegsPps P-62m  5.9077 59077 33656 90° 90°  120° 101.7 11.3
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Fig. S4. Full XPS spectra of (a) Ni,P and (b) NiGe( sP(s/Ni,GegsPgs. (¢c) Ni 2p and (d) P 2p high-

resolution XPS spectra of Ni,P. (e) Ni 2p and (f) P 2p, Ge 3p high-resolution XPS spectra of

NiGey 5Py s/Ni,Geg 5Py s.
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Fig. SS. The Ge 3d high-resolution XPS spectrum of Ni,Gep/NigGe;P.
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Fig. S6. Galvanostatic charge—discharge curves of Ni,P composite at 50 mA g! using 1 M LiPF¢ in EC:
DMC (1:1 by Vol% with 5% FEC) as the electrolyte. (b) Cyclic voltammetry curves of the first three
cycles of Ni,P anode at 0.1 mV s,



1050

100

—. 900 1 pessrs : : L
Z B ) CE of NiGe, P, s/Ni,Ge, Py s [75
j:l) 750 4= 1CE of NiGe, ;P s/Ni, Gey 5Py 5: 64.2% —9— CE of Ni,P L 50
< ICE of Ni,P: 40%

g 6009 . P . 2
= Electrolyte: LiPF, in EC/DEC/FEC Lo
.3\ 4504 Current density: 1A g"

)

3 4

00 -
5- 2
1504 L-75
04— [ [ T . . . : . , -100
0 100 200 300 400 500 600 700 800 900 1000

Cycle number

Fig. S7. cycle performance of the Ni,P and NiGe, 5P, 5/Ni,Geg 5Py s anode at a current of 1 A g-!.
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Fig. S8. Cross-sectional SEM images of the (a) Ni,P electrode, (b) 50" cycled Ni,P electrode, (¢)
NiGe 5Py s/Ni,Ge 5Py 5 electrode, and (d) 50" NiGe, 5Py 5/Ni>Gey 5Py 5 cycled electrode.
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Fig. S9. (a) CV curves at different scan rates of Ni,P. (b) The corresponding log(i) vs log(v) plots. (c)
CV curve with pseudocapacitive contribution at 1.0 mV s~! (d) Normalized ratio of pseudocapacitive
and diffusion-controlled contribution at different scan rates.
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Fig. S10. (a) CV curves at different scan rates of NiGe sP( s/Ni,Ge( 5Py 5. (b) The corresponding log()
vs log(v) plots. (¢) CV curve with pseudocapacitive contribution at 1.0 mV s~! (d) Normalized ratio of
pseudocapacitive and diffusion-controlled contribution at different scan rates.
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Fig. S11. XRD results of ball milled Ni-P; and Ni-Ge-P,.




Table S4. Structure parameters for NiGeP, and NiP as determined by Rietveld refinement of powder

XRD data at room temperature.

NiGeP,:
Atom Wyckoff site x/a y/b z/c Occupancy
Ni 8c 0.25 0.25 0 1
Ge 24¢g 0.34218 0.13511 0 0.3333
P 24¢g 0.34218 0.13511 0 0.6667
Space group: Im-3 (204);a=b=c=7.9284 A, a ==y =90°, wt.% = 78.13%.
NiP:
Atom Wyckoff site x/a /b z/c Occupancy
Ni 8c 0.04077 0.57306 0.20326 1
P 8c 0.2406 0.62704 0.57452 1

Space group: P-62m (189); a = 4.9446, b = 6.8736 A, ¢ = 6.0831 A, a= =y =90°, wt.% =

21.87%.
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Fig. S13. Cyclic voltammetry curves of the first three cycles of (a) Ni-Ge-P, and (b) Ni-P; anode at 0.1
mV s,
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Fig. S14. Normalized charge—discharge curve comparison of the Ni-P; vs. Ni-Ge-P, at third cycle with
average discharge/charge potential and polarization gap.
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Fig. S15. Cycle performance of the Ni-Ge-P, and Ni-P; anode at a current density of 50 mA g!.
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Fig. S17. Discharge—charge curves of the Ni-Ge-P,/C at 0.5-10 A g
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Fig. S18. (a) Rate and (b) cycling performance comparison of the Ni-Ge-P,/C and previously reported
Ni-, Ge-, and P-based anode.!-¢
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