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Supplementary Figures and Tables
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Fig. S1 Li-ionic diffusion barrier energies: a and b the cation-mixed GaSiP; ¢ GaP; and d Si.
Note: In terms of diffusion coordinates, the “1” and “3” are transition states and the “07, “2”,
and “4” are stable states
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Fig. S2 a Change of the X-ray diffraction (XRD) patterns and b the corresponding XRD main
peak of the ball-milled intermediates GaP+Si+P@xh mixture, in which “x” refers to the ball
milling at “x” h; ¢ the XRD patterns and d comparison of the main peak of the cation-mixed
GaSiP,, GaP and Si, respectively
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Fig. S3 GaSiP; supercell for Raman analysis
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Fig. S4 High-resolution XPS spectra of full spectrum and C 1s: a Cation-mixed GaSiP,

compound; b GaP+Si+P mixture
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Fig. S5 Element concentrations of the cation-mixed GaSiP, compound measured by Inductively
Coupled Plasma Optical Emission Spectrometer (ICP-OES)
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Fig. S6 a XRD; b Raman spectrum of the GaSiP, compound and after sintered at 400 °C for 24
h in the air. The unchanged signals indicate the stability of the cation-mixed GaSiP, compound
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Fig. S7 Electrochemical characterizations of the cation-mixed GaSiP, compound, GaP, Si and
the GaP+Si+P mixture: a First three discharge and charge profiles; b Cycle performance
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Fig. S8 Supplementary information of the galvanostatic intermittent titration technique (GITT)
of the cation-mixed GaSiP,, GaP and Si: a Voltage vs. capacity curves achieved by imposing a
pulse time of 10 min and followed by a relaxation time of 1 h at a current density of 0.1 A g';
b Detailed voltage response over time during a single step of GITT test; and ¢ Linear fit of the
voltage change with the Vt in the first 100 seconds
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Fig. S9 Supplementary information of GITT in the ball milled intermediates: a Voltage vs.
capacity curves achieved by imposing a pulse time of 10 min and followed by a relaxation time
of 1 h at a current density of 100 mA g'; b Detailed voltage response over time during a single
step of GITT test; and ¢ Linear fits of the potential change with the \t in the first 100 seconds
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Fig. S10 Li-ionic diffusion coefficients of the cation-mixed GaSiP, and the corresponding ball
milled intermediates during the first discharge and charge process
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Fig. S11 a Electrochemical impedance spectroscopy of the cation-disordered GaGeP»
compound, GaP, and Si. b Equivalent circuit diagram
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Fig. S12 a Ex-situ XRD along with b the selected working potentials
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Fig. S13 Ex-situ XRD patterns of the pristine GaSiP, and LixGaSiP,
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Fig. S14 High-resolution XPS spectra of full spectrum
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Fig. S15 Thermogravimetric analysis (TGA) curves: a Pristine GaSiP, compound; b
GaSiP,@C composite

Worth noting that the carbon content is calculated based on the following equations:

Assume that the carbon content in the composite is x and GaSiP; isy.

(S1)
(82)

x+y=l1

0.97y = 0.66

Based on the above equations, the carbon content (x) is about 32.0% and consistent with the
compositionratio of the two materials.
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Fig. S16 Electronic conductivity of the pristine cation-mixed GaSiP, compound and the
GaSiP,@C composite
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Fig. S17 a Discharge and charge profiles of the GaSiP,@C, which is related to the Fig. 7j.
(Note that: 1stat 100 mA g!, from 5th to 300th at 200 mA g!) b Discharge and charge profiles
of the GaSiP,@C at 1,000 mA g!, which is related to the Fig. 7k.
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Fig. S18 Full cells assembled by the LiNigsCoo.1Mng 1O, cathode and the GaSiP,@C composite
anode: a Schematic image of the full cell; b Typical charge and discharge profiles; ¢ Cycle

performance

Table S1 Li-ionic diffusion barrier energies of the cation-disordered compound of GaSiP,, GaP,

and Si
Mater. . sip, GaP Si
Path
ap— az 0.76 0.43 0.63
a2— as 0 0.61 0.63
bo — b2 0 0.43 0.63
b, — bs 0.56 0.61 0.63
Average 0.33 0.52 0.63
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Table S2 Elastic constants of the cation-mixed GaSiP,, GaP and Si

GaSiP; GaP Si
Direction
XX-XX 1386.7933 1343.8246 1570.336
YY-YY 1441.7788 1369.3133 1570.353
77-77 746.8587 1370.8395 1570.356
XY-XY 504.3055 678.6396 733.9069
YZ-YZ 527.4755 680.4182 736.0242
7ZX-ZX 554.5123 680.8765 735.7903
Average 860.2874 1020.652 1152.794

Table S3 Fractional atomic coordinates and isotropic displacement parameter of the as-
synthesized GaSiP, compound

X y z Biso Occ.
P 0.25 0.25 0.25 0.02401 1.0
Si 0 0 0 0.01266 1/2
Ga 0 0 0 0.12614 1/2

Table S4 Main parameters of processing and refinement of the GaSiP, sample

Compound GaSiP;
Crystal System Cubic
Space Group F-43m
v, A3 156.678
a, A 5.391
20-interval 10-120
Z 8
Rwp% 4.36
Rp% 3.45
x 2.62
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Table S5 Comparisons of initial Coulombic efficiency (ICE), cyclic stability and rate
performance of the cation-mixed GaSiP,@C composite with the recently reported Ga-based,
Si-based, and P-based anodes

Materials ICE Cycle performance Rate performance References
GaSiP,@C 90% 1.0 A g 900 cycles, 998 mA hgt 10Ag?, 800 mAhgt This Work

Ga,03-nanorods 60% 1.0 A g?, 400 cycles, 300 mAh gt 1.0Ag%,200mAhg! [S1]
Ga,S;-PAM 68% 0.1 Ag?, 200 cycles, 918 mA h gt 2.0AgtL 474mAhg! [S2]
Ga/Ga,0;@C 59% 1.0 Ag? 200cycles, 542 mAhg! 5.0Ag1 192mAhg? [S3]
n;:nuo(ps)?asties 69% 5.0 Ag?, 600 cycles, 521 mA h gt 2.0Ag? 621 mAhg! [S4]
GaN nanowires 73% 10.0 A g1, 1000 cycles,370mA h gt 10.0A g1, 256 mAhgt [S5]
LMQ;SECS 67% 1.0 Ag?, 1500 cycles, 552 mA h g1 2.0Ag?, 499 mAhgt [S6]
CuGa; 81% 2.0 Ag?, 60cycles, 543 mAhgt 4.0AQg1 463mAhg! [S7]
BPQD/TNS 42% 1.0 A g, 2400 cycles, 520 mA h gt 2.0Ag? 167mAhgt [S8]
L-BP-Shexane 40% 1.0 Ag?t, 200 cycles, 404 mA h gt 5.0Ag%, 273mAhg? [S9]
SiOx-TiO,@C 63% 0.1 Ag?, 600 cycles, 910 mA h gt 6.4Agl 372mAhg? [S10]
Si-CG 84% 8.4 A g, 700 cycles, 1500 mA h gl 8.4Ag? 737TmAhg! [S11]
BP@CNTSs 90% 0.1 Ag?l, 100cycles,750mAhg? 25Ag1 380mAhg! [S12]
SiOx/G/C 84% 0.3 Ag?, 500cycles, 524 mAhg?! 3.0Ag? 524 mAhg! [S13]
SiOC/Sh 59% 0.372 A g1, 200 cycles, 530 mA h gt 2.232 Ag1,549mAhg! [S14]
C-SiOx@Si/rGO 71% 1.0A g%, 100cycles, 925 mAh gt 8.0A g1, 906 mAhg! [S15]
Si@%;zzhe”e 55% 1.0 AgY, 200 cycles, 900 mA h gt 5.0 Agl, 890 mA h gt [S16]

Supplementary Notes

The calculation method of the lithium diffusion coefficient;

The data were collected by using galvanostatic intermittent titration technique (GITT) [S17-
S19]. Specifically, in the process of GITT measurement, a short pulse of 0.1 A g*! was applied
for 10 min, which is followed by a relaxation process of 1 h. The Li-ionic diffusion coefficients
can be calculated according to the transient voltage responses during GITT tests by using the
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. 2 2
following formula: D= i( le) (§) , in which, D stands for the Li-ionic diffusion
m \ZuFs) \AEt

coefficient (cm? s™), i is the current (A) in the process of testing; Vi, represents the molar
volume of the electrode (cm? mol™); Za is the charge number of Li-ion; F is the faraday constant
(96485 C mol™); S is surface area of active materials; AEs stands for the steady-state voltage
change through the current pulse, AEt is the voltage change with a current pulse after deducing
IR drop.
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