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The force analysis of LMPs was conducted (simplified to the sedimentation 

process of uniformly dispersed LMPs in the solution, ignoring the impact of solvent 

loss). The LMPs are primarily subjected to three forces: their own gravity Fg , the 

buoyancy Fb exerted by the solution on the LMPs, and the friction Fd during the 

sedimentation process. The formula for each force is as follows:

The gravity of the LMPs is:

             (1)gρπdF LMg
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where d is the diameter of the LMPs, ρLM is the density of the LMPs, and g is the 

gravitational acceleration.

The buoyancy of the solution on the LMPs is:

             (2)gρπdF PPSb
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where ρPPS is the density of the PVA-PEDOT:PSS solution.

Due to the viscosity of the liquid, the frictional force experienced by the LMPs 

during sedimentation in the solution is:

                 (3) πdηνFd 3

where η is the viscosity coefficient of the solution and v is the sedimentation 

velocity of the LMPs. When the LMPs begin to sediment, v is initially small, resulting 

in a small Fd. As gravity causes v to gradually increase, it eventually reaches a certain 

value, at which point the LMPs achieve force equilibrium, given by:

                                 (4)  0 dbg FFF

Substitute equations (1) to (3) into equation (4):

       (5) 03
6
1 3  πdην)gρ(ρπd PPSLM

            (6) 2

18
gd

η
)ρ(ρν PPSLM 



From equation (6), it is evident that the sedimentation velocity of the LMPs is 

proportional to the square of their diameter.



Figure S1. Activation of the LM conductive layer via shear stress.

Figure S2. Resistance values of activated and deactivated parts of PPS2LM1.5 film.



Figure S3. SEM image of cross-section of PPSLM film with different LM contents 
(Scale: 40 μm).

Figure S4. Resistance-Strain curve of PPSLM film with different LM contents.



Figuer S5. SEM image of the bottom of the PPS2LM1.5 film under different strain 
(Scale: 100 μm).

Figure S6. Resistance changes of PPS2LM1.5 film under Torsion a), Pressure b), and 
Bending c).



Figure S7. PPS2LM1.5 film thickness.

Figure S8. Fitting curve of weight and capacitance response.



Figure S9. Capacitance response of a sensor based on a, b)PPS0LM1.5 and c, d) 
PPS2LM0 hydrogel films.

Figure S10. Schematic diagram of electric field lines in crossed finger electrodes.



Figure S11. Stability of PPS2LM1.5 contactless capacitive sensor.

Figure S12. Detection of human bioelectrical signals by PPS2LM1.5 film electrodes. a) 
Eye signal response. b) Heart signal response before and after exercise.



Table S1. Comparison of our PPSLM hydrogel with some previously reported  

conductive hydrogels

Materials Tensile strain
Tensile stress  

(MPa)
Conductivity  

(S/m)
Ref.

LM/PEDOT:PSS/PVA  
(LMPP)

380% 0.088 4.85 1

LM/PAA/PVA 600% 1.5 10.3 2

PVA/EGaInSn–Ni 800% - 0.04 3

PVA-LMPs - - 0.375 4

PEDOT:PSS-PVA 300% - - 5

DFS PEDOT:PSS-
PVA

600% 0.84 0.32 6

PEDOT:PSS/PVA 150% 0.75 1000 7

LM-CNF-PVA 140% 0.3 3.1 × 105 8

AgNWs-LM-PVA 3000% 33 24 9

PPSLM 818% 24.6 1.67×105
This  
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