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1. Nickel phosphide has different phases, namely NiP3, NiP2, NiP, Ni5P4, Ni2P, Ni12P5, and  Ni3P. Those compounds have very complicated structures with different sites and various Ni-Ni and Ni-P distances.
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Fig.  S1(a). Bulk structures of NiP3, NiP2, NiP, Ni5P4, Ni2P, Ni12P5, and Ni3P.
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Fig.  S1(b). Two different Ni sites of bulk Ni2P with different Ni-P and Ni-Ni bond distances.
	
	

	




2. Figure S2 shows Ni K-edge XANES spectra of Ni2P reference sample compared with the FEFF8 calculated spectra of Ni2P with different FMS radius. The experimental and theoretical XANES spectra of Ni2P showed the same three peak features A, B, and C. 


Fig.  S2. Comparison of Ni K-edge experimental and theoretical XANES spectra: a) Ni2P (black line), b) Ni2P FEFF (cluster size 3Å) (red line), and c) Ni2P FEFF (cluster size 5Å) (blue line).





3. Figure S3 shows the Ni K-edge XANES spectra of the Ni-P/SiO2 catalyst with different initial Ni:P ratios of 1:1, 2:1, and 3:1. Ni-P (1:1) shows the main three features A, B, and C in different eV, where the peak became small and blurred with the increase of initial Ni and P ratios. 
	
	
	
	












Fig.  S3. Comparison of Ni K-edge experimental XANES spectra of Ni-P/SiO2: a) Ni:P = 1:1 (black line), b) Ni:P =  2:1 (red line), and c) Ni:P = 3:1 (blue line).









4. Theoretical XANES spectra of reference compounds: NiP3, NiP2, NiP, Ni5P4, Ni2P, Ni12P5, and Ni3P. The XANES spectra of different nickel phosphide catalysts are characterized by several peaks and shoulder at different eV. 




Fig.  S4. Comparison of Ni K-edge theoretical XANES spectra of reference compounds: a) FEFF NiP3 (black line), b) FEFF NiP2 (red line), c) FEFF NiP (blue line), d) FEFF Ni2P (pink line), e) FEFF Ni5P4 (green line), f) FEFF Ni12P5 (navy line), and g) FEFF Ni3P (violet line),
5. The XANES spectra of different nickel phosphide catalysts are characterized by several peaks and shoulder at different eV. Here we indicated the peak positions of experimental XANES spectra of the reference Ni2P, Ni-P/SiO2 catalyst with different initial Ni:P ratios of 1:1, 2:1, 3:1, and theoretical XANES spectra of  Ni2P, Ni12P5, Ni3P, NiP3, NiP2, NiP, and Ni5P4, respectively.




































Fig.   S5. Peak Position of Ni K-edge XANES spectra of Ref. Ni2P, experimental samples Ni-P/SiO2: Ni:P = 1:1, Ni:P = 2:1, Ni:P = 3:1, and theoretical Ni K-edge XANES spectra of  Ni2P, Ni12P5, Ni3P, NiP3, NiP2, NiP, and Ni5P4 respectively.










6. Pre-edge comparison of the theoretical XANES spectra of reference compounds: NiP3, NiP2, NiP, Ni5P4, Ni2P, Ni12P5, and Ni3P. The pre-edge peak intensity gradually changes concerning Ni:P ratios.















Fig.   S6.  Pre-edge comparison of Ni K-edge theoretical XANES spectra of reference compounds: FEFF NiP3 (black line), FEFF NiP2 (red line), FEFF NiP (blue line), FEFF Ni5P4 (pink line), FEFF Ni2P (green line), FEFF Ni12P5 (violet line), and FEFF Ni3P (violet line) respectively.

7. The second derivative peak positions of Ni-P/SiO2 (Ni:P = 3:1) XANES spectra indicated three different peak features in the spectra. 


Fig.  S7.  Second derivative of the experimental XANES spectra of Ni-P/SiO2 (Ni:P = 3:1).




Table S1
Previous curve fitting results of the Ni K-edge EXAFS spectra for the Ni2P reference and different samples with initial Ni:P ratios of 1:1, 2:1, and 3:1.
Samples


Ni-Ni

Ni-P
R(%)a



CN
R (Å)



CN
R (Å)




Fresh samples
Ni2P ref.


4.00.3
2.620.02
0.0084
5.4

1.0±0.3
2.210.02
0.0050
-5.1
0.5
Ni-P(1:1, 0h)


4.60.6
2.620.02
0.0072
3.4

1.30.3
2.190.02
0.0065
-7.5
0.3
Ni-P(2:1, 0h)


4.20.3
2.520.02
0.0086
-1.1

0.60.3
2.180.03
0.0012
-7.3
0.1
Ni-P(3:1, 0h)


4.69
2.450.02
0.0134
-7.2

2.0
2.280.02
0.0193
-3.6
0.5

Spent samples
Ni-P(1:1, 3h)


4.50.8
2.620.03
0.0067
3.5

1.50.5
2.180.03
0.0070
-9.8
0.5
Ni-P(2:1, 3h)


4.30.3
2.530.03
0.0090
-0.7

0.70.3
2.170.03
0.0033
-8.8
0.3
Ni-P(3:1, 3h)


4.6
2.460.02
0.0136
-6.6

2.1
2.280.03
0.017
-2.3
0.4
Ref.: Al Rashid, M. H. et al. Active Phase Structure of the SiO2-supported Nickel Phosphide Catalysts for Non-oxidative Coupling of Methane (NOCM) Reactions. e-Journal Surf. Sci. Nanotechnol. 18, 24–27 (2020).
a  




Table S2

Some components of feff.inp input file for XANES of Ni2P.


	XANES Calculations

	TITLE
	Ni2P

	EXCHANGE
	0 0 0

	SCF
	5.0       0      100    0.2

	XANES
	5.0     0.07     0.0

	FMS
	5.0         0

	POTENTIALS
	0   28    Ni     -1      -1       0
1   15    P       -1      -1       1
2   28    Ni     -1      -1       2









[bookmark: Table2]
Table S3 
Comparison of R-factors between the EXAFS simulation method and CF method.
	Sample
	R(%) ( EXAFS simulation)
	R(%) (CF )

	Ni2P
	[bookmark: _Hlk76021864]5.8
	0.5

	Ni:P = 1:1
	4.0
	0.3

	Ni:P = 2:1
	10.0
	0.1

	Ni:P = 3:1
	7.2
	0.5





Table S4
Peak positions of theoretical and experimental XANES spectra of different nickel phosphide with experimental Sample Ni-P/SiO2 (Ni:P = 1:1).

Exp Ni:P = 1:1 (eV)
FEFF8 Ni2P (eV)
ΔE (eV)
8332.7
8332.7
0.0
8339.7
8340.1
-0.4
8354.7
8354.7
0.0
Exp Ni:P = 1:1 (eV)
FEFF8 NiP2 
ΔE (eV)
8332.7
8332.5
0.2
8339.7
8339.6
0.1
8354.7
8344.0
10.7
Exp Ni:P = 1:1 (eV)
FEFF8 NiP
ΔE (eV)
8332.7
8332.8
-0.1
8339.7
8342.3
-2.6
8354.7
8355.8
-1.1
Exp Ni:P = 1:1 (eV)
FEFF8 Ni5P4 
ΔE (eV)
8332.7
8332.6
0.1
8339.7
8343.5
-3.8
8354.7
8356.0
-1.3
Exp Ni:P = 1:1 (eV)
FEFF8 NiP3 
ΔE (eV)
8332.7
8332.5
0.2
8339.7
8343.0
-3.3
8354.7
8354.2
0.5
Exp Ni:P = 1:1 (eV)
FEFF8 Ni12P5
ΔE (eV)
8332.7
8332.1
0.6
8339.7
8337.8
1.9
8354.7
8354.8
0.1
Exp Ni:P = 1:1 (eV)
FEFF8 Ni3P
ΔE (eV)
8332.7
8332.8
-0.1
8339.7
8343.7
-4.0
8354.7
8354.9
-0.2
* Peak position estimated error .






































Table S5 
Peak positions of theoretical and experimental XANES spectra of different nickel phosphide with experimental Sample Ni-P/SiO2 (Ni:P = 2:1).

	Exp Ni:P = 2:1 (eV)
	FEFF8 Ni12P5 (eV)
	ΔE (eV)

	8331.7
	8332.1
	-0.4

	8337.7
	8337.8
	-0.1

	8346.7
	8346.4
	0.3

	8354.7
	8354.6
	0.1

	Exp Ni:P = 2:1 (eV)
	FEFF8 Ni5P4 (eV)
	ΔE (eV)

	8331.7
	8332.6
	-0.9

	8337.7
	8343.5
	-5.8

	8346.7
	-
	-

	8354.7
	8356.0
	-1.3

	Exp Ni:P = 2:1 (eV)
	FEFF8 Ni2P (eV)
	ΔE (eV)

	8331.7
	8332.7
	-1.0

	8337.7
	8340.1
	-2.4

	8346.7
	-
	-

	8354.7
	8354.7
	0.0

	Exp Ni:P = 2:1 (eV)
	FEFF8 Ni3P (eV)
	ΔE (eV)

	8331.7
	8332.8
	-1.1

	8337.7
	8343.7
	-6.0

	8346.7
	-
	-

	8354.7
	8354.9
	-0.2

	Exp Ni:P = 2:1 (eV)
	FEFF8 NiP2 (eV)
	ΔE (eV)

	8331.7
	8332.5
	-0.8

	8337.7
	8339.6
	-1.9

	8346.7
	8344.0
	2.7

	8354.7
	8355.5
	-0.8

	Exp Ni:P = 2:1 (eV)
	FEFF8 NiP
	ΔE (eV)

	8331.7
	8332.8
	-1.1

	8337.7
	8342.3
	-4.6

	8346.7
	-
	-

	8354.7
	8355.8
	-1.1

	Exp Ni:P = 2:1 (eV)
	FEFF8 NiP3 
	ΔE (eV)

	8331.7
	8332.5
	-0.8

	8337.7
	8343.0
	-5.3

	8346.7
	-
	-

	8354.7
	8354.2
	0.5


                * Peak position estimated error .














Table S6
Peak positions of theoretical and experimental XANES spectra of different nickel phosphide with experimental Sample Ni-P/SiO2 (Ni:P = 3:1).

	Exp Ni:P = 3:1 (eV)
	FEFF8 Ni3P (eV)
	ΔE (eV)

	8332.7
	8332.8
	-0.1

	8343.7
	8343.7
	0.0

	8354.7
	8354.9
	-0.2

	Exp Ni:P = 3:1 (eV)
	FEFF8 Ni2P (eV)
	ΔE (eV)

	8332.7
	8332.7
	0.0

	8343.7
	8340.1
	3.6

	8354.7
	8354.7
	0.0

	Exp Ni:P = 3:1 (eV)
	FEFF8 Ni12P5 (eV)
	ΔE (eV)

	8332.7
	8332.1
	0.6

	8343.7
	8337.8
	5.9

	8354.7
	8354.6
	0.1

	Exp Ni:P = 3:1 (eV)
	FEFF8 NiP2 
	ΔE (eV)

	8332.7
	8332.5
	0.2

	8343.7
	8339.6
	4.1

	8354.7
	8344.0
	10.7

	Exp Ni:P = 3:1 (eV)
	FEFF8 NiP
	ΔE (eV)

	8332.7
	8332.8
	-0.1

	8343.7
	8342.3
	1.4

	8354.7
	8355.8
	-1.1

	Exp Ni:P = 3:1 (eV)
	FEFF8 Ni5P4 
	ΔE (eV)

	8332.7
	8332.6
	0.1

	8343.7
	8343.5
	0.2

	8354.7
	8356.0
	-1.3

	Exp Ni:P = 3:1 (eV)
	FEFF8 NiP3 
	ΔE (eV)

	8332.7
	8332.5
	0.2

	8343.7
	8343.0
	0.7

	8354.7
	8354.2
	0.5


                * Peak position estimated error .
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