[bookmark: OLE_LINK20][bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK88][bookmark: OLE_LINK89][bookmark: OLE_LINK64][bookmark: OLE_LINK65][bookmark: OLE_LINK69][bookmark: OLE_LINK11][bookmark: OLE_LINK12][bookmark: OLE_LINK61]Electronic Supplementary Information (ESI) for 
VO2 Nanowires Based Composite Films with Broadband and High Tunable Electromagnetic Interference Shielding Performance
[bookmark: OLE_LINK15][bookmark: OLE_LINK219][bookmark: OLE_LINK220][bookmark: OLE_LINK84][bookmark: OLE_LINK85][bookmark: OLE_LINK5]Shuhui Lianga, Huan Guanb, Hainan Zhanga, Xiangge Han, Sue Haoa[footnoteRef:1], Shuliang Doub*, Haoxin Zhoub, Chenchen Gengb, Tao Zhaob, Jinxin Gua, Hang Weib, Yao Lib[footnoteRef:2] [1: Corresponding author: 
E-mail addresses: haosue@hit.edu.cn (S. Hao), dousl@hit.edu.cn, yaoli@hit.edu.cn (Y. Li).]  [2: ] 

a School of Chemical Engineering and Technology, Harbin Institute of Technology, 150001 Harbin, China 
b Center for Composite Materials and Structure, Harbin Institute of Technology, 150001 Harbin, China
 


[image: 图表

描述已自动生成]
Fig. S1 (a) XRD pattern, (b) Raman spectrum, (c) DSC curve of VO2(M)
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Fig. S2 SEM images of surface for PVDF-HFP and VO2/PVDF-HFP composite films: (a) PVDF-HFP, (b) VP-2, (c) VP-4 
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Fig. S3 SEM images of cross-fracture of various films: (a) PVDF-HFP, (b) VP-1, (c) VP-2, (d) VP-3, (e) VP-4 and (f) VP-5 
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Fig. S4 Conductivity of VO2/PVDF-HFP composite films at a different temperature: (a) VP-1, (b) VP-2, (c) VP-3, and (d) Relative conductivity change versus temperature
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[bookmark: OLE_LINK45]Fig. S5 (a) SER, (b) SEA and (c) SET in X-band of PVDF -HFP and VO2/PVDF-HFP composite films (thickness of 1.8 mm) under different temperatures.
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Fig. S6 Power coefficient (a) A, (b) R and (c) T in X-band of PVDF -HFP and VO2/PVDF-HFP composite films (thickness of 1.8 mm) under different temperatures
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Fig. S7 Density of PVDF -HFP and VO2/PVDF-HFP composite films (thickness of 1.8 mm) under different temperatures 
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Fig. S8 (a) SET/t, (b) SSET/t in X-band of PVDF-HFP and VO2/PVDF-HFP composite films (thickness of 1.8 mm) under different temperatures
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Fig. S9 (a) tensile stress-strain curves (b) Tensile strength and (c) fracture strain of pure PVDF-HFP and VO2/PVDF-HFP composite films 
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Fig. S10 (a) SER, (b) SEA, (c) the average SET, SER, and SEA and (d) SET in Ku-band of PVDF -HFP and VO2/PVDF-HFP composite films (thickness of 1.8 mm) under different temperatures
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Fig. S11 Power coefficient (a) A, (b) R and (c) T, and (d) average power coefficients in Ku-band of PVDF-HFP and VO2/PVDF-HFP composite films (thickness of 1.8 mm) under different temperatures 
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[bookmark: OLE_LINK6]Fig. S12 (a) SET/t, (b) SSET/t in Ku-band of PVDF-HFP and VO2/PVDF-HFP composite films (thickness of 1.8 mm) under different temperatures 
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Fig. S13 (a) SER, (b) SEA in X-band; (c) SER, (d) SEA in Ku-band of VP-5 film under different temperatures
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Fig. S14 Power coefficient (a) A, (b) R and (c) T in X-band of VP-5 film under different temperatures; (d) A, (e) R and (f) T in Ku-band of VP-5 film under different temperatures
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Fig. S15 Cyclicity of ‘‘off’’ and ‘‘on’’ states of EMI shielding for the VO2/PVDF-HFP composite films with different thicknesses in X and Ku band (a, b) 5 times, (c) 1000 times
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Fig. S16 Effect of the temperature on (a) EMI SE, (b) reflection EMI SE, (c) absorption EMI SE in X-band of VP-5 film; Effect of the temperature on (d) EMI SE, (e) reflection EMI SE, (f) absorption EMI SE in Ku-band of VP-5 film 
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Fig.S17 Effect of the temperature on (a) SET in X band, (b) SET in Ku band of VP-5 film
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Fig.S18 Effect of the temperature on power coefficient (a) absorption, (b) reflection and (c) transmission in X-band of VP-5 film; (d) absorption, (e) reflection and (f) transmission in Ku-band of VP-5 film
[image: ]
Fig.S19 Complex permittivity and of impedance matching of VP-5 film (thickness of 1.02 mm) at different temperatures: (a, c) X-band, (b, d) Ku-band
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Fig.S20 Cole-Cole plots of ε" versus ε′ of VP-5 film (thickness of 1.02 mm): (a, c) before and (b, d) after phase transition

Table S1 Conductivity of VP composite films at 30℃ and 100℃
	Samples
	VP-1
	VP-2
	VP-3
	VP-4
	VP-5

	30℃ (S m-1)
	2.99E-08
	2.76E-07
	1.24E-06
	0.07
	0.13

	100℃ (S m-1)
	5.02E-04
	0.00501
	0.0946
	32.73
	199.90



Table S2 Average EMI SE, SET, thickness and temperature range of existing variable EMI shielding materials with temperature responsiveness
	[bookmark: _Hlk115188319][bookmark: OLE_LINK7]Composites
	EMI SE (dB)
	SET (dB)
	Thickness (mm)
	Range
	Ref.

	CF/SiO2
	11.7-12.4
	0.7
	2.5 
	30-600 ℃
	[1]

	r-GO/SiO2
	34.5-37.5
	3
	1.5
	50-200 ℃
	[2]

	GN/Al2O3
	22.8-37.4
	14.6
	1.5
	25-400 ℃
	[3]

	[bookmark: _Hlk119008860]PDMS/TSM/CNT
	42.3-36.5
	-5.8
	1.9
	RT-120 ℃
	[4]

	Sb2Te3
	55.5-74.8
	19.3
	1.36
	40-300 ℃
	[5]

	SiC/Ti3SiC2
	20-46
	26
	3.0
	25-600 ℃
	[6]

	Ti3C2Tx MXene/aramid nanofiber
	49.7-63.2
	13.5
	0.07
	25-300 ℃
	[7]

	SiO2/MWCNT
	23.5-24.5
	1
	2.5
	100-500 ℃
	[8]

	 ZrB2/Al2O3
	31-44
	13
	1.2
	25-600 ℃
	[9]

	G@MgO/PVA
	20.6-27.5
	5.9
	1
	30-120 ℃
	[10]

	β-MnO2
	20.9-21.5
	0.6
	2.18
	20-500 ℃
	[11]

	VO2/CNF
	18.7-53.6
	35.2
	1.9
	25-70 ℃
	[12]

	This work
	1.9-18.4 (X)
3.3-22.0 (Ku)
	16.5
18.7
	0.15
	RT-100 ℃
	/

	
	4.0-24.4 (X)
4.8-27.2 (Ku)
	20.4
22.4
	0.29
	
	

	
	8.2-37.4 (X)
9.5-34.2 (Ku)
	29.2
24.7
	0.60
	
	

	
	9.8-40.6 (X)
10.6-37.7 (Ku)
	30.8
27.1
	0.83
	
	

	
	8.7-51.0 (X)
9.0-53.3 (Ku)
	42.3
44.3
	1.02
	
	

	
	12.3-57.1 (X)
10.5-69.9 (Ku)
	44.8
59.4
	1.80
	
	






Table S3 Comparison of average EMI SEand maximumSET, of existing variable EMI shielding materials 
	Composites
	EMI SE (dB)
	SET (dB)
	Stimuli
	Range
	Ref.

	PANI/MXene/cotton fabrics
	24-15
	9
	Acid/Alkali
	/
	[13]

	graphene/non-woven spacer
	20-35
	15
	Humidity
	0-6 wt%
	[14]

	polyimide/CNT foam
	17.7-37.8
	20.1
	Humidity
	0-35 wt%
	[15]

	CNT/CNF foam
	72-33.5
	38.5
	Angle
	0-90 °
	[16]

	CNF/MXene aerogel
	63.1-36.5
	26.6
	Angle
	0-90 °
	[17]

	MXene@AgNW/PEG
	30.5-12.4
	18.1
	compression
	0 - 50%
	[18]

	wood/CNT sponge
	1.4-27.6
	26.2
	compression
	0 - 75%
	[19]

	WF/CNT foam
	40.1-13.9
	26.2
	compression
	0-75%
	[20]

	liquid metal/PDMS
	20.6-80.7
	60.1
	Stretching
	0-400%
	[21]

	MXene organohydrogel
	32.8-37
37-20
	4.2
17
	Stretching
	0-0%
30%-100%
	[22]

	PU@Cu Film
	52.31-0
	52.31
	Stretching
	0-50%
	[23]

	liquid metal/EcoFlex
	41.5 - 81.6
	40.1
	Stretching
	0-400%
	[24]

	CNT
	38-25
	13
	Stretching
	0-30%
	[25]

	TPU/CNT
	34.57-12.8
	21.77
	Stretching
	0-200%
	[26]

	This work
	12.3-57.1 (X)
10.5-69.7 (Ku)
	44.8
59.2
	Temperature
	RT-100℃
	/
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