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Fig. S1. XRD pattern of the as-prepared precursor NiFe-LDH. 
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Fig. S2. SEM image of the precursor NiFe-LDH with corresponding phase mapping images (Ni, Fe, C, and O elements).
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Fig. S3. Digital photos of the color change on Se powder and NaBH4 dispersed into deionized water .
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Fig. S4. XRD patterns of the as-prepared NFS and NS (the right presents those of the two samples in enlarged range of 30-40o and 50-60o).
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Fig. S5. Raman spectrum of the as-prepared NFS and NS.
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Fig. S6. (a,b) SEM, (c) TEM, and (d) HRTEM images of the NS.
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Fig. S7. Diagrammatic sketch of the potential change with time in GITT curve. 
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Fig. S8. (a) GITT curves and (b) calculated Mg2+ diffusion coefficient of the NS electrode.
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Fig. S9. The magnification image of discharge GITT curve for the NS electrode between 25 and 40 mAh g-1.
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Fig. S10. Nyquist plots of (a) NS and (b) NFS electrode at 30th cycle (SOD/SOC: state of discharge/charge).
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Fig. S11. Cyclic voltammogram of the NS electrode at a scan rate of 0.5 mV s-1.
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Fig. S12. (a) TEM images and (b) SAED patterns of the NFS electrode at various charge/discharge states. The marks (Ⅰ→Ⅳ) correspond to the marks in Fig. 4b.
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Fig. S13. HAADF images of the NFS electrode at fully discharged state after 30 cycles.
Table S1. XRD refined structural parameters of the NFS.
	Atom
	site
	g
	x
	y
	z

	Ni
	4a
	0.75
	0
	0
	0

	Fe
	4a
	0.25
	0
	0
	0

	Se
	8c
	1
	0.383
	0.383
	0.383


Space group: Pa-3 (No.205). Cell parameter: a=b=c=5.91490 Å. Rwp=1.82 %, Rp=1.40 %. g: occupancy. x, y, and z: atomic coordinates.
Table S2. Summary of electrochemical performance of different oxides and chalcogenides as cathode materials for magnesium batteries.
	Samples
	Electrolyte
	Initial capacity
	Cycling stability
	Ref.

	Mo6S8
	Mg(AlCl2BuEt)2/THF
	85 mAh g-1 at 0.2-0.3 mA cm-2

	~100 mAh g-1 at 
0.2-0.3 mA cm-2 
	1

	TiS2
	APC/tetraglyme
	250 mAh g-1 
at 23.9 mA g-1
140 mAh g-1 
at 47.8 mA g-1 
	115 mAh g-1 at 23.9 mA g-1 (40 cycles, 60℃)
	2

	Ti2S4
	APC/tetraglyme
	~190 mAh g-1
 at 23 mA g-1
	140 mAh g-1 at 23 mA g-1 (40 cycles, 60℃)
	3

	β-Cu2Se
	Mg(AlCl2EtBu)2/THF
	120 mAh g-1 
at 5 mA g-1
	~100 mAh g-1 at 5 
mA g-1 (35 cycles)
	4

	Sponge-like Mn3O4
	APC
	~190 mAh g-1 
at 15.4 mA g-1
	~100 mAh g-1 at 15.4 mA g-1 (20 cycles)
	5

	AC/Mo2.48VO9.93
	Mg(TFSI)2/AN
	114 mAh g-1 
at 4 mA g-1
	~235 mAh g-1 at 2 
mA g-1 (15 cycles)
	6

	WSe2 nanowire
	Mg(AlCl2EtBu)2/THF
	~220 mAh g-1 
at 50 mA g-1
	~203 mAh g-1 at 50 
mA g-1 (160 cycles)
	7

	Peo2-MoS2 
	APC
	75 mAh g-1 
at 5 mA g-1
	~70 mAh g-1 at 5 
mA g-1 (30 cycles)
	8

	Flower-like CoS
	Mg(AlCl2EtBu)2/THF
	120 mAh g-1 
at 50 mA g-1
	120.6 mAh g-1 (40 cycles), 105.9 mAh g-1  (60 cycles) at 50 mA g-1 
	9

	TiSe2
	Mg(AlCl2EtBu)2/THF
	130 mAh g-1 
at 5 mA g-1
	~90 mAh g-1 at 5 
mA g-1 (50 cycles)
	10

	MoO2.8F0.2
	Mg(TFSI)2/PC
	40 mAh g-1 
	~75 mAh g-1 (18 cycles)
	11

	birnessite Mg0.15MnO2·0.9H2O/carbon cloth
	Mg(TFSI)2/
diglyme
	145 mAh g-1
at 2 C 
	~40 mAh g-1 at 2C 
(160 cycles)
	12

	Vanadium
Oxide Nanoclusters
	[Mg2(µ-Cl)2(DME)4][AlCl4]2
	120 mAh g-1 
at 320 mA g-1 

	~90 mAh g-1 at 320 
mA g-1 (50 cycles)
	13

	NiSe2
	APC
	300 mAh g-1 
at 20 mA g-1
	~60 mAh g-1 at 20 
mA g-1 (100 cycles)
	This work

	Ni-Fe bimetallic diselenide 
	APC
	320 mAh g-1 
at 20 mA g-1
	~150 mAh g-1 at 20 mA g-1 (100 cycles)
	This work
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