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Supplementary Figures
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Supplementary Figure 1. SEM images of Au-UPE at sputtering time of 20 s.
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Supplementary Figure 2. Contact angles of LM on UPE films treated with different methods, including no treatment, Silane treatment, polydopamine (PDA), and Au particles













[image: ]
Supplementary Figure 3. (a) Water contact angles, CH2I2 contact angles and (b) surface energy of UPE films treated with different methods, including no treatment, Silane treatment, polydopamine (PDA), and Au particles
.
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Supplementary Figure 4. Contact angles of LM on UPE films treated with different methods, including no treatment, Pt particles, Ag particles, and Au particles
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[bookmark: _Hlk109394876]Supplementary Figure 5. Surface energies of Au-UPE films with different Au sputtering times.
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Supplementary Figure 6. Rheology curves comparison between LM/Au-UPE gel and H2O/PVA gel at the same liquid contents (90 vol%) with different angular frequency.


[image: ]
Supplementary Figure 7. Strain-stress curves comparison of LM/Au-UPE gels with different LM contents.
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Supplementary Figure 8. SEM images and schematic illustration detailing the structure of LM/Au-UPE gel at different LM contents: (a) 60 wt% LM; (b) 80 wt% LM; (c) 95 wt% LM.



[image: ]
[bookmark: OLE_LINK1]Supplementary Figure 9. Optical photographs of custom liquid cooling loop around computer chip, incorporating the (a) liquid-immersed computer, (b) liquid circulation pipes, and (c) circulation pump.
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Supplementary Figure 10. Thermal distribution images of the heat sink captured by infrared thermal imaging, suggesting the cooling performance of LM/Au-UPE is as good as commercial LM TIMs.


Table S1. Comparison of the mechanical strength and the interface thermal resistance for the LM/Au-UPE gel film with the representative thermal interface materials in previous literatures.
	Materials
	Mechanical tensile strength
 (MPa)
	Interface thermal resistance
(mm²·K·W⁻¹)
	Ref

	Polymer composites thermal grease 

	PDMS/Al2O3/ZnO
	0.00024
（yield strength）
	9.2
	1

	PDMS/SAMs-Al2O3
	4.9
	16.9
	2

	PDMS/LM-Al2O3
	4.6
	36.0
	3

	Polymer composites thermal pad

	Acrylate polymer/BNNS
	3.2
	25.8
	4

	SIBS/Al2O3
	2.2
	85.0
	5

	PDMS/Al
	0.4
	10.4
	6

	PDMS/LM
	0.18
	28.0
	7

	LM and its composites

	GaInSn
	/
	2.5
	8

	GaInSn/AlN
	/
	0.4
	9

	LM/Cu array
	/
	0.7
	    10

	Sn/Bi
	/
	5.7
	11

	In/Bi
	/
	8.1
	11

	Sn/In
	/
	7.2
	11

	Vertically arranged carbon materials

	Graphene monolith
	0.5 
(compressive strength)
	26.9
	12

	Graphene array
	/
	11.8
	13

	CNTs array
	/
	77.0
	14

	This work

	LM/Au-UPE (90 wt% LM)
	117
	7.7
	/


Note: 
PDMS: Polydimethylsiloxane; SAMs-Al2O3: Self-Assembled monolayers-modified alumina particles; LM: Liquid metal; BNNS: Boron nitride nano sheets; SIBS: Poly (styrene-block-isobutylene-block-Styrene); CNTs: Carbon nanotubes.



Table S2. Comparison analysis of the experimental performances of four kinds of mainstream TIMs, suggesting the unique advantage of LM gels in balancing the strength and thermal resistance.
	Type
	Materials
	Tensile strength
(MPa)
	Interface thermal resistance
(mm²·K·W⁻¹)
	Bond line thickness
(μm)
	Ref

	LM Gel
	LM/Au-UPE (This work)
	117
	7~8
	1~3
	/

	LM based composites
	Thermalright Silver King
(Commercial product)
	0
	3~6
	46
	/

	Polymer composite thermal grease
	Shin-Etsu X-23
(Commercial product)
	0
	40
	100
	9

	Polymer composite thermal pad
	Bergquist 5000S35
(Commercial product))
	4
	63
	100
	9


Note:
Shin-Etsu X-23 and Bergquist 5000S35 are commercial thermal grease and thermal pads, obtained from Alibaba. Thermalright Silver King is a commercial LM alloy paste, obtained from Amazon. Their mechanical properties are tested in the lab for comparative studies. The thermal properties of Thermalright Silver King are tested in the lab for comparative studies.
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