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Fig. 1 XRD patterns of the as-prepared catalysts with different Cu amount.
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Fig. 2 FTIR spectra of the as-prepared catalysts with different Cu amount.
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[bookmark: _Hlk67594887]Fig. 3 Time-dependent PNP conversion of the as-prepared catalysts with different Cu amount under full spectrum.
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Fig. 4 SEM image of BNNF-Cu.
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Fig. 5 SEM, typical TEM and HRTEM images of BNNF.
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Fig. 6 FTIR spectra of BNNS, BNNF and BNNF-Cu.
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Fig. 7 Raman spectra of BNNS, BNNF and BNNF-Cu.
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Fig. 8 SEM image of BNNS.
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Fig. 9 XPS survey spectra of BNNF and BNNF-Cu.
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Fig. 10 The element HAADF mapping of B, N, Cu in BNNF-Cu.
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Fig. 11 N2 adsorption−desorption isotherms at 77 K and pore size distributions of BNNS, BNNF and BNNF-Cu



Table 1 The specific surface area of BNNS, BNNF and BNNF-Cu.

	Materials
	BNNS
	BNNF
	BNNF-Cu

	Specific surface area (m2 g-1)
	67
	132
	153





[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Table 2 Values Range of fitting space.
	
	k space
	R space

	Cu foil
	3.0≤k≤12.5
	1.0≤R≤3.0

	Sample Cu
	3.0≤k≤11.2
	1.0≤R≤3.0

	CuO
	3.0≤k≤12.0
	1.0≤R≤3.0

	Cu2O
	3.0≤k≤12.0
	1.0≤R≤3.0





Table 3 Fitting results.
	
	Path
	CN
	ΔE (eV)
	R (Å) *102
	σ2 (Å2) *103
	R-factor

	Cu foil
	Cu-Cu
	12
	3.42(0.56)
	253.8(0.4)
	8.54(0.46)
	0.003

	Sample-Cu
	Cu-B
	2.56(0.74)
	4.54(1.28)
	264.1(2.2)
	3.33(1.29)
	0.004

	
	Cu-N
	6.26(0.97)
	5.08(1.59)
	199.5(1.5)
	3.25(1.35)
	

	CuO
	Cu-O
	4
	2.44(0.36)
	194.4(1.2)
	5.23(1.24)
	0.009

	Cu2O
	Cu-O
	2
	4.44(1.29)
	183.5(0.9)
	5.23(1.27)
	0.006

	
	Cu-Cu
	12
	8.94(0.86)
	305.0(1.2)
	6.94(1.63)
	


Note: S02= 0.84, coordination number (CN), bond distance (R), Debye-Waller factor (2), inner potential shift (ΔE0).
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Fig. 12 The high-resolution spectra of Cu for BNNF-Cu.
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Fig. 13 EXAFS fitting curve in K space.
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Fig. 14 Structure model of BNNF-Cu.
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Fig. 15 The UV-Vis absorption spectra of initial PNP and after addition of NaBH4.
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Fig. 16 XRD pattern and TEM image of BNNF-Cu NP. Cu NP were prepared referring to the method reported by Liu Q. et al.1 and the BNNF-Cu NP were obtained by physical mixing BNNF with Cu nanoparticles in water.
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Fig. 17 Kinetic curves of PNP reduction of BNNF-Cu a under full spectrum light, b light with a 400 nm filter and c in darkness.
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Fig. 18 a XRD patterns of BNNF-Cu before and after reaction. b FTIR spectra of BNNF-Cu before and after reaction.
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Fig. 19 a The element HAADF mapping of B, N, Cu and b HAADF-STEM image of BNNF-Cu after reaction.
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Fig. 20 Typical UV-vis spectra of BNNF and BNNF-Cu.
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Fig. 21 Bandgap energies of BNNS, BNNF and BNNF-Cu.
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Fig. 22 XPS valence band (VB) spectra of BNNF and BNNF-Cu.
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Fig. 23 The free-energy diagram of PNP reduction of BNNF

Table 4 Comparison of the catalytic activities of some reported catalysts for PNP reduction

	Compared with nonprecious-metal-based catalysts

	[bookmark: _Hlk71750882]Catalysts
	Reductant 
	Reductant/PNP
(molar ratio)
	Reaction 
Time (min)
	Conversion (%)
	Kapp 
(min-1 or s-1)
	Metal content (wt%)
	TOF 
(mmol g-1 min-1)
	Irridiation
	Ref.

	[bookmark: OLE_LINK69][bookmark: OLE_LINK70][bookmark: _Hlk70179551][bookmark: _Hlk70177516]BNNF-Cu
	NaBH4
	50
	5
	~100
	[bookmark: OLE_LINK30][bookmark: OLE_LINK31][bookmark: OLE_LINK59]0.65 min-1
	1
	11.59
	Y
	This work

	Cu2O@ZIF-8
	NaBH4
	320
	14
	~99
	0.28 min-1
	20.7
	0.70
	N
	2

	[bookmark: OLE_LINK14][bookmark: OLE_LINK32]Nanoscale zero-valent iron
	NaBH4
	433
	20
	~100
	7.1×10−4 min−1
	100
	1.43
	N
	3

	Cu/C
	[bookmark: OLE_LINK10][bookmark: OLE_LINK17][bookmark: OLE_LINK34][bookmark: OLE_LINK35][bookmark: OLE_LINK36]NaBH4
	320
	2.5
	~100
	26.7 × 10-3 s-1
	49.1
	1.28
	N
	4

	Cu/α-Fe2O3
	NaBH4
	1000
	0.83
	[bookmark: OLE_LINK64][bookmark: OLE_LINK65]~100
	[bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK68][bookmark: OLE_LINK28]90 × 10-3 s-1 
	20
	0.9
	N
	5

	Cu2O@h-BN
	[bookmark: OLE_LINK42][bookmark: OLE_LINK43][bookmark: OLE_LINK47]NaBH4
	70
	12
	[bookmark: OLE_LINK40][bookmark: OLE_LINK41][bookmark: OLE_LINK44][bookmark: OLE_LINK48]~100
	[bookmark: OLE_LINK54][bookmark: OLE_LINK55]－
	67.5
	0.13
	N
	6

	Faceted Cu NCs
	NaBH4
	165
	3
	~100
	8.2 × 10-3 s-1
	100
	0.59
	N
	7

	Ni/C
	NaBH4
	835
	3
	~100
	1.239
	45.8
	1.97
	N
	8

	DE/Ni/N-C-800
	[bookmark: OLE_LINK29]NaBH4
	400
	1.5
	[bookmark: OLE_LINK38][bookmark: OLE_LINK39]~100
	35 × 10-3 s-1
	21.82
	0.34
	N
	9

	Co0.5Ni0.5/C-600
	NaBH4
	835
	4
	~100
	1.349 min-1
	39.29
	3.82
	N
	10

	Ni/Ni3S2@C
	NaBH4
	791
	6
	99.9
	8.34 × 10-3 s-1
	39.37
	3
	N
	11

	[bookmark: OLE_LINK52][bookmark: OLE_LINK53]MCNF@NiCo2O4
	[bookmark: OLE_LINK12]NaBH4
	100
	45
	~100
	0.604 × 10-3 s-1
	55
	0.05
	N
	12

	CdS/NS- rGO
	[bookmark: OLE_LINK75][bookmark: OLE_LINK76]NH4HCO2
	110
	6
	~100
	－
	3.89
	1.54
	Y
	13

	[bookmark: OLE_LINK33][bookmark: OLE_LINK58]MoS2/SnO2
	NaBH4
	140
	13
	~100
	4.2 × 10−3 s−1
	67
	0.02
	N
	14

	Compared with precious-metal-based catalysts

	[bookmark: _Hlk70179807]Catalysts
	Reductant 
	Reductant/PNP
(molar ratio)
	Reaction 
Time (min)
	Conversion (%)
	Kapp 
(min-1 or s-1)
	Metal content (wt%)
	TOF 
(mmol g-1 min-1)
	Cost per TOF (US$)

	Ref.

	BNNF-Cu
	NaBH4
	50
	5
	~100
	0.65 min-1
	1
	11.59
	0.8*10-3
	This work

	AuNPs
	NaBH4
	60
	2
	~ 100
	1.51 min-1
	100
	2.91
	21.7
	15

	Au/graphene
	NaBH4
	714
	12
	~ 100
	3.17 × 10−3 s−1
	2.4
	1.76
	35.8
	16

	AuNP-SPEG30K
	[bookmark: OLE_LINK24]NaBH4
	150
	[bookmark: OLE_LINK21][bookmark: OLE_LINK22]0.4 ± 0.1
	[bookmark: OLE_LINK25][bookmark: OLE_LINK26][bookmark: OLE_LINK27]~ 100
	2.1 ± 0.5 min-1
	65
	0.74
	85.1
	17

	Au@TpPa-1
	NaBH4
	1589
	18
	~ 100
	5.35 × 10−3 s−1
	1.2
	0.63
	100.8
	18

	Au/g-C3N4
	NaBH4
	55
	8
	~100
	7.99×10−3 s−1
	5.56
	8.08
	7.8
	19

	Naked-Au–γ-Fe2O3
	NaBH4
	40
	2
	~100
	2.43 min−1
	15
	13.33
	4.7
	20

	Pd@Ru nanosheets
	NaBH4
	67
	14
	－
	0.22 min-1
	100
	3.4
	4.58
	21

	Pd/GDYO
	NaBH4
	1283
	12
	~100
	0.32 min-1
	17.5
	25.52
	4
	22

	NCT@Pd
	[bookmark: OLE_LINK37]NaBH4
	1:100
	0.67
	~ 100
	－
	0.324
	27.8
	3.67
	23

	Ni-Pd/NrGO
	NaBH4
	[bookmark: OLE_LINK61]100
	2.67
	[bookmark: OLE_LINK23]~ 100
	[bookmark: OLE_LINK19][bookmark: OLE_LINK20]17 × 10−3 s−1
	40.6
	1.17
	87.1
	24

	AgPd NC/rGO
	NaBH4
	1428
	3
	95.8
	36.5 × 10-3 s-1
	76.9
	2.9
	33.3
	25

	Commerical Pd/C
	NaBH4
	1428
	9
	~100
	7.67 × 10-3 s-1
	20
	3.89
	26.2
	25

	AgNPs/SiNSs
	NaBH4
	167
	0.67
	~100
	80.19 × 10−3 s−1
	3.26
	27.5
	0.03
	26

	AC-Ag
	NaBH4
	1200
	6
	~100
	[bookmark: OLE_LINK73][bookmark: OLE_LINK74]0.4 min-1
	2.7
	9.26
	0.1
	27

	Ag/Fe oxide
	NaBH4
	100
	28
	~100
	0.351 min-1
	8.35
	8.34
	0.11
	28

	Fe3O4@PPy-MAA/Ag
	NaBH4
	400
	25
	~100
	0.143 min-1
	28.3.
	0.47
	2
	29

	GO-DAP- AgNPs
	NaBH4
	1000
	12
	~100
	0.7548 × 10-3 s-1
	20
	0.08
	11
	30

	Ag/C
	NaBH4
	80
	5
	[bookmark: OLE_LINK56][bookmark: OLE_LINK57]~ 100
	20.2 × 10−3 s−1
	14.8
	4.5
	0.2
	31

	Pt@Ag 
	NaBH4
	111
	8
	~100
	0.355 min-1
	100
	0.67 
	1.37
	32

	MSNCs-MH2-Ag
	NaBH4
	1:833
	4.83
	~ 100
	17×10−3 s−1
	15.43
	20.13
	0.46
	33

	PtNPs@COF
	NaBH4
	1670
	8
	~100
	－
	34.36
	4.37
	10.1
	34

	PtO2/ZnO
	NaBH4
	100
	6.25
	~ 100
	0.521 min-1
	2.8
	0.48
	91.7
	35

	[bookmark: OLE_LINK77][bookmark: OLE_LINK78]Pt/CeO2
	NaBH4
	324
	10
	[bookmark: OLE_LINK71][bookmark: OLE_LINK72]~100
	－
	38
	0.04
	1100
	36

	PtRh
	NaBH4
	1250
	20
	94.02 
	0.209 min-1
	100
	1.0
	44
	37

	[bookmark: OLE_LINK60]Ru/porous carbon
	[bookmark: OLE_LINK3][bookmark: OLE_LINK4]NaBH4
	781
	5
	~100 
	1.29 min-1
	3.49 
	10.18
	1.5
	38

	[bookmark: OLE_LINK9]*Metal prices (US $ per gram): Cu ($ 9.5*10-3), Ag ($ 9.2*10-1), Au ($ 6.3*101), Pt ($ 4.4*101), Pd ($ 1.02*102), Ru ($1.56*101). 
*Relative price: Ag/Cu= 97, Au/Cu= 6608, Pt/Cu= 4630, Pd/Cu=10703 & Ru/Cu=1642.
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