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1. Characterization of liquid crystallinity 1 

Fig. S1 DSC thermograms of (a) M1/2(40), (b) M1/2(50), and (c) M1/2(60). The transition 2 

temperatures were taken at the peak tops. 3 
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Fig. S2 XRD pattern of M1/2(50) at room temperature. 1 

The number of molecules (n) per cross-sectional slice of the column for M1/2(50) was 2 

estimated as 10 using the equation n = (√3NAa2hρ)/2M, where NA is Avogadro’s number 3 

(6.02×1023 mol–1), ρ is density, M is molecular weight, and h is the average height of the 4 

stratum; h was estimated as 4.4 Å from the position of a halo at 2θ = 20°. ρ was estimated as 5 

1.0 g cm–3. 6 
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2. In situ photopolymerization of the LC mixtures 1 

Fig. S3 Polarizing optical micrographs at room temperature: (a) M1/2(50) and (b) P1/2(50). 2 

Fig. S4 Photograph of a free-standing polymer film of P1/2(50). 3 
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Fig. S5 FT-IR spectra of 2 (green line), 1 (black line), and P1/2 (50) (red line) at room 1 

temperature. 2 

 3 

 4 

 5 

 6 

 7 

 8 

 9 

 10 

 11 



S6 
 

3. Ionic Conductivity 1 

Fig. S6 Ionic conductivities of M1/2(x) and polymer films P1/2(x) at room temperature. 2 

 3 

Fig. S7 POM images of aligned M1/2(50) between comb-shaped gold electrodes at ambient 4 

conditions: (a) perpendicular orientation of the columnar axis to the direction of electrodes 5 

(⊥); (b) parallel orientation of the columnar axis to the direction of electrodes (//). 6 
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 1 

Fig. S8 Nyquist plots of M1/2(50) with random orientation and uniaxially planar orientation 2 

of columns between comb-shaped gold electrodes at ambient conditions. // and ⊥ indicates 3 

that the columnar axis is parallel and perpendicular to the direction of gold electrodes, 4 

respectively. 5 

 6 

4. Actuation Performance 7 

 8 

Fig. S9 Cycle stability of the bending actuation for the P1/2(50)-based actuator under 2 V at 1 Hz. 9 
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 1 

 2 

Fig. S10 SEM images of the cross-section of the P1/2(50)-based actuator before and after long-term 3 
actuation experiment. 4 

 5 

Fig. S11 Photograph of the P1/2(50)-based actuator under an AC voltage of 2 V at 0.1 Hz. 6 

The thickness of actuator is 68 μm. 7 
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Fig. S12 Cyclic voltammograms of the P1/2(50) actuator under a potential window between 1 

+2 and –2 V at scan rates of 200, 100, and 50 mV s–1 under ambient condition. The electrolyte 2 

thickness of P1/2(50) is 57 µm. 3 
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Table S1. Summary of bending strains and blocking forces between different actuators. 1 
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a: Normalized force (FNor.) is calculated using the following equation [S1] 	𝐹Nor. = 𝐹exp.𝑙/𝑤𝑡!, 1 

where Fexp. is the measuring blocking force, w, t, and l are the width, thickness, and free 2 

length of the actuator, respectively. 3 

b,c,d: blocking force was measuring under applying AC voltage. 4 
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