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FIGURES 

 

 

Figure S1. a) SEM images of cryo-fractured surfaces of the different biopolymer films. 
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Figure S2. a) STEM images of YE-F. The “new structure” formed during STEM imaging are the 

black areas in the BF image or white areas in the HAADF image. 

 

 

Figure S3. Shore D hardness of the different biopolymer films. Error bars represent standard 

deviations. 
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Figure S4. EIS results for the different biopolymer films: a) AC conductivity (σ); and b) real 

relative permittivity (ε′r). 
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TABLES 

 

Table S1. Bulk resistance (Rb) and ionic conductivity (σdc) calculated from the Nyquist plots of 

impedance, and real relative permittivity (ε′r) at 1 kHz, of the different biopolymer films at RT. 

Sample Rb (×104, Ω) σdc (10−5, S·m−1)  ε′r at 1 kHz 

X-F 6.10±0.22 2.41±0.05 69±29 

XG-F 3.57±0.60 3.93±0.70 130±27 

XE-F 2.23±0.27 6.85±0.78 208±22 

XT-F 2.02±0.24 6.21±0.78 182±34 

Y-F 1.84±0.29 6.63±0.97 183±38 

YG-F 2.80±0.31 3.65±0.41 103±43 

YE-F 3.97±0.30 2.74±0.20 66±13 

XT-F 5.21±2.30 2.29±0.94 64±37 
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NOTES TO FIGURES 

In Figure 3 (FTIR), chitosan displayed characteristic reflections at 1649 cm−1 (amide I), 1591 

cm−1 (N─H bending from amine and amide II), 1420 cm−1 (vibration of O─H in the ring), 1375 

cm−1 (CH3 symmetrical deformation mode), 1319 cm−1 (vibration of C─H in the ring), 1265 cm−1 

(amide III), 1190–920 cm−1 (C─N stretching), 1150–1040 cm−1 (asymmetric C─O─C stretching 

in the glycosidic linkage), and 1024 cm−1 (skeletal vibration of C─O stretching).1-3 Alginate 

sodium exhibited peaks at 1591 cm−1 (asymmetric COO− stretching), 1408 cm−1 (symmetric COO− 

stretching), 1300 cm−1 (skeletal vibration of C─CH and O─CH bending), 1082 cm−1 (asymmetric 

C─O─C stretching in the glycosidic linkage), and 1024 cm−1 (skeletal vibration of C─O 

stretching).1, 4  

In Figure 4 (XRD), within the 2θ range examined, chitosan displayed two strong peaks as 

reported previously.5-6 The peak at 13.2° 2θ ((020) reflection, d-spacing = 0.78 nm) is assigned to 

hydrated crystals due to the integration of water molecules in the crystal lattice and the peak located 

at 23.3° 2θ ((100) reflection, d-spacing = 0.44 nm) is attributed to the regular crystal lattice of 

chitosan.7 Alginate exhibited two broad XRD peaks as observed previously.8-9 The peak at 15.9° 

(d-spacing = 0.65 nm) is due to the (110) plane from the poly(guluronate) unit and the one at 25.1° 

(d-spacing = 0.41 nm) due to the (200) plane from the poly(mannuronate) unit.10-11  

Figure S4(a) shows that for all the biopolymer films, AC conductivity (σ) increased with 

frequency (f), which is typical of an insulating material (dielectric). Nonetheless, XE-F and YE-F 

had higher σ values at low f (< 30 Hz) than the other samples. In this regard, with [C2mim][OAc], 

it could be that more mobile ions in the bulk material contribute towards conductivity especially 

at low f.12 Figure S4(b) shows that the real relative permittivity (ε′r) of all samples increased 

abruptly with decreasing f, which could be associated with electrode polarization and space charge 
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effects (dipole moment).13-14 For XE-F and YE-F, ε′r increased more sharply with decreasing f. In 

these samples, the mobile ions could be contributed by [C2mim][OAc].  
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