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Supplementary Figures and Tables 

EMI shielding effectiveness (EMI SE), which is defined as the logarithmic ratio of 

incident power (PI) to transmitted power (PT) and described as decibels [S1], evaluates 

the performance of materials to shield electromagnetic waves. In general, the higher the 

EMI SE in dB, the less the EM wave transmits through the shields. Experimentally, the 

EMI SE is derived from, the scattering parameters, S11 and S21, which are measured by 

a vector network analyzer (N5234B, KEYSIGHT) in the frequency range of 8.2–12.4 

GHz, and their relationship is shown as [S2, S3]： 

                  EMI SE= 10 log (PI/PT) = -10 log (1/|𝑆21|
2) 

When the electromagnetic wave is incident on the surface of the shielding materials, 

the sum of the three power coefficients, namely, reflection (R), absorption (A), and 

transmission (T) must be conservative. They can be calculated by scattering parameters 

and expressed as: 

R + T + A = 1           

R = |𝑆11|
2   T = |𝑆21|

2 

The total EMI SET is the sum of reflection (SER), absorption (SEA) and multiple 

internal reflections (SEM): 
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SET = SER + SEA + SEM   

Generally, the multiple internal reflection (SEM) can be neglected when SET is higher 

than 15 dB. Thus, the relationship can be simplified as [S4, S5]： 

SET = SER + SEA            

The SER and SEA can also be deduced using the following equations: 

SER = 10 log(1/(1-R))    

SEA = 10 log((1-R)/T) 

The EMI SE can be converted into the EMI shielding efficiency (%) to depict the 

shielding capability in unit of percentage, and relationship can be calculated based on 

the following equation:  

Shielding efficiency (%) = 100 × [1-(1/10EMI SE/10)] 

 

Fig. S1 (a-c) SEM images of EGaInSn metals. (d) SEM image and corresponding 

elemental distribution of EGaInSn sample  

It can be seen from the scanning electron microscopy (SEM) images the EGaInSn 

droplets acquire spherical and rod-like morphologies, and the energy-dispersive X-ray 

spectroscopy (EDS) mappings indicates the Ga, In and Sn elements are uniformly 

dispersed in liquid metal droplet.   

 

Fig. S2 High-resolution XPS spectra of (a) Ga 3d, (b) In 3d, (c) Sn 3d and (d) O 1s in 

the EGaInSn metal  

https://www.springer.com/journal/40820


Nano-Micro Letters 

S3/S11 

Based on the high-resolution XPS spectra of Ga 3d, In 3d, Sn 3d and O 1, one can notice 

that the existence of gallium oxides can be observed in the surface of EGaInSn liquid 

metal.  

 

Fig. S3 XRD patterns of PVA/EGaInSn-Ni hydrogels with different Ni contents 

With increasing Ni contents, the intensity of diffraction peaks attributed to Ni will be 

enhanced while no other diffraction peaks from additional materials are observed, 

which is similar with PVA/EGaInSn-8Ni sample.  

 

Fig. S4 FTIR spectra of PVA/EGaInSn-Ni hydrogels with different Ni contents 

All PVA/EGaInSn-Ni hydrogels present similar absorption peaks in FTIR spectra, 

which indicate they have same functional groups. Moreover, the strong and wide 

spectra peaks located at 3200-3500 cm-1, illustrate the formation of intense hydrogen 

bonds in these PVA/EGaInSn-Ni composite hydrogels. 
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Fig. S5 High-resolution XPS spectra of (a) In 3d, (b) Sn 3d and O 1s in the 

PVA/EGaInSn-8Ni hydrogel  

 

Fig. S6 The water contents of PVA-liquid metal composite hydrogels 

 

Fig. S7 Frequency dependencies of storage modulus (Gʹ) and loss modulus (Gʹʹ) for 

(a) pure PVA, PVA/EGaInSn and PVA/EGaInSn-8Ni hydrogels, and (b) 

PVA/EGaInSn-Ni hydrogels with different Ni contents 
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Fig. S8 The magnetic hysteresis loops of PVA/EGaInSn-8Ni composite hydrogel 

 

Fig. S9 Conductivity of PVA/liquid metal hydrogels with various Ni contents 

 

Table S1 Comparison of the EMI shielding and sensor properties of recent hydrogels  

Sample SET 

(dB) 

Thickness 

(t) 

SE/t 

(dB/mm) 

Effective 

absorbing 

range 

Applications in the 

fields of smart skin, 

sensors and wearables 

Refs. 

PAM/CNF/ 

MWCNT 

hydrogels 

28.5 dB 2 mm 14.25 8.2-12.4 

GHz 

Applied to analog skin 

and precision electronic 

protection 

 [S6] 

polypyrrole –

polyethylene 

glycol-PVA 

hydrogel 

28 dB 2 mm 14 8-12 

GHz 

Applied to wearable 

field 

 [S7] 

PNIPAAm/ 

PPy/cotton 

hydrogel  

40 dB 0.37mm 108.1 8.2-12.3 

GHz 

/  [S8] 

Nanocellulose

/AgNWs 

hydrogel films 

20 dB 52μm 384.6 8.2-12.4 

GHz 

Applied to analog skin  [S9] 
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Fe3O4/ 

PEDOT:PSS/

PVA hydrogel 

46 dB 1mm 46 8-12.5 

GHz 

Applied to stretchable 

strain sensor, human-

computer interaction 

field 

 [S10] 

PAM/SA/ 

C-MXene 

hydrogel 

26.8 dB 1mm 26.8 8.2-12.4 

GHz 

/  [S11] 

MXene 

composite 

hydrogel 

45.3 dB 0.13 mm 348.46 0.2-2.0 THz Applied to analog skin  [S12] 

Ca-PAA-

CNF-MXene 

hydrogel 

32.3 dB 2 mm 16.15 8.2-12.4 

GHz 

Applied to strain sensor, 

speech sensor, signature 

sensor and Morse code 

transmitter 

 [S13] 

MXene 

hydrogel 

33.6 dB 1 mm 33.6 8.2-12.4 

GHz 

Applied to wearable 

field 

 [S14] 

PEDOT:PSS 

hydrogel/ 

EMIM-TFSI 

53 dB 1 mm 53 8.2-12.4 

GHz 

Applied to wearable 

field 

 [S15] 

MXene-

functionalized 

PEDOT:PSS 

hydrogels 

51.7 dB 295 μm 175.3 8.2-12.4 

GHz 

/  [S16] 

PVA/I-P-rGO 

composite 

hydrogels 

32.9 dB  1 mm 32 8.2-12.4 

GHz 

/  [S17] 

PVA-Ni:LM 

hydrogels 

65.8 dB 3 mm 21.9 8.2-12.4 

GHz 

Applied to strain sensor, 

speech sensor, signature 

sensor, magnetic repair 

This 

work 

 

Fig. S10 (a) SEA and (b) SER values of PVA, PVA/EGaInSn and PVA/EGaInSn-8Ni 

hydrogels at X-band 
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SEA values of PVA/EGaInSn-8Ni is highest among three hydrogels while SER is the 

lowest in the whole X band, indicating magnetic Ni addition will beneficial for the 

enhancement of absorption.  

 

Fig. S11 (a) Average SEA and increase percentage, and (b) SER values and increase 

percentage of PVA, PVA/EGaInSn and PVA/EGaInSn-8Ni hydrogels at X band 

Based on average SEA, SER values and the corresponded increase percentages (Fig. 

S11), it can be noticed that SEA and SER values of PVA/EGaInSn-8Ni significantly 

increased and decreased, respectively, in comparison with PVA and PVA/EGaInSn 

hydrogels.  

  

Fig. S12 (a) Power coefficient A and (b) power coefficient R of PVA, PVA/EGaInSn 

and PVA/EGaInSn-8Ni hydrogels at X band 

The power coefficient A of PVA/EGaInSn-8Ni is higher than PVA and PVA/EGaInSn, 

specially, more than 0.5 in one third of X band, indicating absorption also makes 

important contribution to the shielding.  

 

Fig. S13 (a) SEA and (b) SER values of PVA-liquid metal hydrogels with various Ni 

contents at X band  
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With increasing Ni contents, note that the enhanced SEA values of PVA-liquid metal 

hydrogels could be observed while the opposite tendency of SER values can be found, 

indicating Ni particles is helpful for the improvement of absorption and EMI 

shielding.  

 

Fig. S14 (a) Power coefficient A and (b) power coefficient R of PVA-liquid metal 

hydrogels with various Ni contents at X band  

The power coefficient A values of PVA-liquid metal hydrogels gradually increase with 

increasing Ni content, whereas power coefficient A values gradually decrease, 

indicating magnetic Ni is beneficial for the improvement of absorption.  

 

Fig. S15 Power coefficients A and R of healed PVA/EGaInSn-8Ni hydrogel 

As for the healed PVA/EGaInSn-8Ni hydrogel, in the most X band, R value is higher 

than R, indicating reflection is dominant in the EMI shielding   

 

Fig. S16 Storage time-dependent water content of PVA/EGaInSn-8Ni composite 

hydrogel 
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Fig. S17 (a) EMI shielding (SET, SER and SEA) performance and (b) power 

coefficients A and R of PVA/EGaInSn-8Ni hydrogel maintaining for two months  

After placing at air atmosphere for two months, SET and SEA display similar trend 

and have nearly same values. Moreover, power coefficient A is higher than R in the 

most X band, which suggests absorption is main EMI shielding mechanism.  

 

Fig. S18 (a) EMI shielding (SET, SER and SEA) performance and (b) power 

coefficients A and R of PVA/EGaInSn-8Ni hydrogel maintaining for one year  

When placing at air atmosphere for one year, almost same values of SET and SEA 

could be observed. Most important point is that power coefficient A is higher than R 

nearly covering the whole X band, which indicates the absorption is primary EMI 

shielding mechanism.  
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