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Supplementary Figures and Tables
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Fig. S1 Digital photographs of (a) carrageenan-M hydrogel, (b) after freeze drying; and (c, d) porous sulfides/carbon composites
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Nano-Micro Letters
[bookmark: _Hlk139487245]Fig. S2 SEM and SAED images for (a-a2) CAs, (b-b2) Co-CAs, (c-c2) Ni-CAs, and (d-d2) Co/Ni-CAs
S2/S8
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Fig. S3 (a) TEM images of Co/Ni-CAs; (b) Lattice information taken from the figure (a), showing that a number of (b1-b6) vacancy sites exist in Co9S8/Ni9S8 heterointerfaces for Co/Ni-CAs  
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[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Fig. S4 XPS spectra of (a) survey, (b) C 1s and (c) Ca 2p, and (d) Nyquist plots for M-CAs and CAs 
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Fig. S5 EMW absorption performance of samples. (a, a1) CAs; (b, b1) Co-CAs; (c, c1) Ni-CAs; (d, d1) Co/Ni-CAs
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[bookmark: _Hlk162607035][bookmark: _Hlk162607060][bookmark: _Hlk147670745]Fig. S6 EM parameters of samples. (a) ε′, (b) ε″, (c) Tanδε, (d) μ′, (e) μ″, and (f) Tanδμ
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Fig. S7 (a) Cole-Cole semicircles of samples. (b) CAs, (c) Co-CAs, (d) Ni-CAs and (e) Co/Ni-CAs
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[bookmark: OLE_LINK42]Fig. S8 (a-d) 2D plots of impedance matching degree for samples
[bookmark: _Hlk95733075][bookmark: _Hlk96760733][bookmark: _Hlk95734093]Generally, the normalized impedance Z can measure materials’ impedance matching level, and it is appraised by following equations according to the Maxwell′s equations:
	 	
where Z0 and Zin embody the input impedance of the air and absorber, d is the thickness of absorber, f is the frequency of an electromagnetic wave and c represent the velocity of light in a vacuum. 
[bookmark: _Hlk147827850]The larger area between Z= 0.8 (black solid lines) and Z= 1.2 (red solid lines), the better impedance matching characteristic of absorber.
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Fig. S9 Constructing Co9S8(220)/Ni9S8(114) heterointerface model by Quantum ATK software
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[bookmark: _Hlk162600859]Fig. S10 (a) Front and (b) top view, (c) charge density difference as well as (d) the planar-averaged charge density difference along the Z direction Δρ(z) and (e) electrostatic potential of Co9S8-Vs/Ni9S8 models
Table S1 Phase composition of M-CAs
	Samples
	CAs
	Co-CAs
	Ni-CAs
	Co/Ni-CAs

	Products
	CaS
	CaS
Co9S8
	CaS
Ni9S8
	CaS
Ni9S8
Co9S8


Table S2 Binding energies (eV) of all samples and the shift values of binding energy of Co/Ni-CAs, Ni-CAs and Co-CAs relative to CAs
	
	Binding energy of samples
	
	Shift values of binding energy
relative to F-0
	

	Samples
	S 2p3/2
(eV)
	Co 
2p3/2
(eV)
	Ni 2p3/2
(eV)
	Ca 2p3/2
(eV)
	ΔS2p3/2
(eV)
	ΔCo 2p3/2
(eV)
	ΔNi 2p3/2
(eV)
	ΔCa 2p3/2


	CAs
	162.43
	--
	--
	347.19
	0
	--
	--
	0

	Co-CAs
	162.26
	780.23
	--
	347.32
	-0.17
	0
	--
	0.13

	Ni-CAs
	161.62
	--
	854.56
	347.60
	-0.81
	--
	0
	0.41

	Co/Ni-CAs
	161.48
	781.13
	855.26
	347.73
	-0.95
	0.90
	0.70
	0.54


Table S3 Binding energies (eV) of S 2p and the calculated sulfur vacancy concentration, -C-S=C bond for samples
	[bookmark: _Hlk154502994]
	
	
	S 2p
	
	

	
	163.3(eV)
	162.5(eV)
	161.4 (eV)
	
	

	Samples
	[bookmark: OLE_LINK13]-C-S=C-
	S2p1/2
	S2p3/2
	S2p1/2/Total (%)
	-C-S=C/Total (%)

	[bookmark: OLE_LINK12][bookmark: _Hlk138106773]CAs
	299.6
	559.3
	987.3
	30.3
	16.2

	Co-CAs
	95.6
	163.6
	252.7
	32.0
	18.7

	Ni-CAs
	84.2
	156.3
	154.5
	39.6
	21.4

	Co/Ni-CAs
	196.5
	231.1
	137.9
	40.9
	34.8


Table S4 Comparison of EMW absorption performance of some representative sulfides-based absorbers
	Absorber
	RLmin (dB)
	EAB (GHz)
	Matching
Thickness d (mm)
	Refs.

	[bookmark: OLE_LINK29]NixSy/CoxSy@C
	-47.20
	3.70
	2.50
	[S1]

	WS2/NiO
	-53.31
	4.88 
	2.22
	[S2]

	ZnO/ZnS/CuS
	-43.88
	5.10
	1.59
	[S3]

	CuS/MXene
	-45.30
	5.20
	2.00
	[S4]

	NiS2@MoS2
	-18.13
	5.17
	1.60
	[S5]

	CuCo2S4/C
	-52.60
	6.00 
	2.00
	[S6]

	Cu2S/Cu31S16
	-15.10
	6.20
	2.30
	[S7]

	CoS2@MoS2/rGO
	-58.00
	6.24 
	2.40
	[S8]

	CaS/Ni9S8/Co9S8@C
	-48.30
	6.76
	1.80
	This work



Table S5 Electrostatic potential of samples
	Samples
	Ni9S8
	Co9S8
	electrostatic potential   difference (eV)

	Co9S8/Ni9S8 
	-8.01
	-8.34
	0.33

	Co9S8/Ni9S8-Vs
	-7.52
	-9.65
	2.13

	Co9S8-Vs/Ni9S8
	-7.998
	-9.52
	1.52
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