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Table S1 Materials used for the preparation of LM ferrofluid and conductive LME 

composite. 

LM Ferrofluid 

Materials Usage 

EGaIn 1.0 mL 

Fe@Cu Particles 2.8 g 

HCl （2M） 4.0 mL 

Conductive LME 

Materials Usage 

Ecoflex 0030 Part A 3.0 g 

Ecoflex 0030 Part B 3.0 g 

LM Ferrofluid 9.0 g 

 

 

 

 

Table S2. Comparations of the stretchability and composition of our LME composite with that in 

the previously reported works. 

Materials Strain Mass ratio Reference 

PDMS:LM 125% 1:6.6L Ref. 1 

PVC:LM 600% 1:2.64 Ref. 2 

PU:PLM  500% 50:33 Ref. 3 

LM:Fe: PDMS 20% 1.25:2:1 Ref. 4 

LM:Fe:PDMS 30% 1.25:4:1 Ref. 5 

PDMS:LM 50% 1:1.32 Ref. 6 

PDMS:LM 90% 1:1.32 Ref. 7 

PDMS:LM 400% 1:1.98 Ref. 8 

EVA:Ag:LM 900% 1:0.7:2 Ref. 9 

SEBS:LM 800% 1:2 Ref. 10 

Ecoflex:Fe@Cu:LM 650% 1:0.17:0.43 Our work 

 

 

 

 

 

 



 

Figure S1. (a) The SEM image of the Cu@Fe particle with a diameter of 8.6 μm. (b) The EDS 

images of the Cu@Fe particle.  

 

 

 

 

Figure S2 SEM and related EDS images of the LM ferrofluid surface with dispersed Cu@Fe 

microparticles (a) and Fe microparticles (b). Scable bar: 10 μm for (a) and 30 μm for (b). 

 

 

 

 



 

Figure S3. （a）The LM can maintain the shape of spheroidicity. （b）The photographs of the 

contact angle when the Cu@Fe particles at a mass ratio of 0% (left) and 40% (right). 

 

 

 

 

 

 

 

Figure S4. Optical photograph of conductive LME pre-gel under stirring at 800 rpm for 10 min. 

 

 

Figure S5. (a) The SEM image of the LME composites applied with the magnetic field shows that 

the MLM particles merge together.  (b) The SEM image of the composite without the magnetic field 

shows the LM ferrofluid particles were evenly dispersed to the elastomer. 

 



 

Figure S6. The photographs of the LM ferrofluid at different mass ratios. The conductive LME 

composite can be conductive with the mass ratio of LM ferrofluid above 0.6. 

 

 

 

Figure S7. The photography of the pure LM at different mass ratios. When the mass ratio reached 

2.0, the composite losses its mobility. 

 

 

 

Figure S8. Schematic illustration of the electric measurement of the LME composite by contacting 

the Cu taper with the bottom conductive layer. 

 

 



 

Figure S9. (a) Optical image of tensile test standard. (b) Schematic of the Cu@Fe ferrofluid and 

Cu@Fe and liquid metal (c) The photograph of the Cu@Fe ferrofluid in Ecoflex when the strain 

was 200%. (d) The photograph of the Cu@Fe and liquid metal in Ecoflex when the strain was 200%. 

 

 

 

Figure S10. LED array circuit fabricated on two-layered Janus films. 

 

 

 

 

 

 

Reference：  

1 Fassler, A. & Majidi, C. Liquid-Phase Metal Inclusions for a Conductive Polymer Composite. 

Advanced Materials 27, 1928-1932 (2015). 

https://doi.org:https://doi.org/10.1002/adma.201405256 

2 Wang, H. et al. A Highly Stretchable Liquid Metal Polymer as Reversible Transitional 

Insulator and Conductor. Advanced Materials 31, 1901337 (2019). 

https://doi.org:https://doi.org/10.1002/adma.201901337 

3 Zheng, R.-m. et al. Advanced stretchable characteristic of liquid metal for fabricating 

https://doi.org:https:/doi.org/10.1002/adma.201405256
https://doi.org:https:/doi.org/10.1002/adma.201901337


extremely stable electronics. Materials Letters 235, 133-136 (2019). 

https://doi.org:https://doi.org/10.1016/j.matlet.2018.10.010 

4 Yun, G. et al. Liquid Metal Composites with Anisotropic and Unconventional 

Piezoconductivity. Matter 3, 824-841 (2020). 

https://doi.org:https://doi.org/10.1016/j.matt.2020.05.022 

5 Yun, G. et al. Liquid metal-filled magnetorheological elastomer with positive 

piezoconductivity. Nature Communications 10, 1300 (2019). https://doi.org:10.1038/s41467-

019-09325-4 

6 Markvicka, E. J., Bartlett, M. D., Huang, X. & Majidi, C. An autonomously electrically self-

healing liquid metal–elastomer composite for robust soft-matter robotics and electronics. 

Nature Materials 17, 618-624 (2018). https://doi.org:10.1038/s41563-018-0084-7 

7 Saborio, M. G. et al. Liquid Metal Droplet and Graphene Co-Fillers for Electrically 

Conductive Flexible Composites. Small 16, 1903753 (2020). 

https://doi.org:https://doi.org/10.1002/smll.201903753 

8 Yao, B. et al. Highly Stretchable Polymer Composite with Strain-Enhanced Electromagnetic 

Interference Shielding Effectiveness. Advanced Materials 32, 1907499 (2020). 

https://doi.org:https://doi.org/10.1002/adma.201907499 

9 Wang, J. et al. Printable Superelastic Conductors with Extreme Stretchability and Robust 

Cycling Endurance Enabled by Liquid-Metal Particles. Advanced Materials 30, 1706157 

(2018). https://doi.org:https://doi.org/10.1002/adma.201706157 

10 Silva, C. A. et al. Liquid Metal Based Island-Bridge Architectures for All Printed Stretchable 

Electrochemical Devices. Advanced Functional Materials 30, 2002041 (2020). 

https://doi.org:https://doi.org/10.1002/adfm.202002041 

 

https://doi.org:https:/doi.org/10.1016/j.matlet.2018.10.010
https://doi.org:https:/doi.org/10.1016/j.matt.2020.05.022
https://doi.org:10.1038/s41467-019-09325-4
https://doi.org:10.1038/s41467-019-09325-4
https://doi.org:10.1038/s41563-018-0084-7
https://doi.org:https:/doi.org/10.1002/smll.201903753
https://doi.org:https:/doi.org/10.1002/adma.201907499
https://doi.org:https:/doi.org/10.1002/adma.201706157
https://doi.org:https:/doi.org/10.1002/adfm.202002041

