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The high-crystalline scaled-down chitin nanofibers (SD-ChNFs), low-crystalline chitin 

nanoparticles (ChNPs), and all-chitin composite (AChC) films were prepared according to 

previously reported methods. The results of their NMR and XRD measurements are available in 

the previously published papers [1-3]. 

 
1.1. Preparation of SD-ChNF dispersion and film [1,2] 

A mixture of chitin (0.120 g, 0.59 mmol) with AMIMBr (1.00 g, 4.92 mmol) was allowed to 

stand for 24 h at room temperature and then heated with stirring for 24 h at 100 °C to obtain a 

chitin ion gel (10 wt%). This gel was then immersed in methanol (30 mL) for 72 h at room 

temperature for regeneration, followed by ultrasonication (Branson 1510 (42 kHz, 70 W)) for 10 

min to produce a self-assembled ChNF dispersion with methanol. The resulting dispersion was 
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subjected to suction filtration to separate the ChNFs, which were washed with methanol and dried 

under reduced pressure to obtain a self-assembled ChNF film. After a mixture of the resulting 

ChNF film (0.120 g, 0.59 mmol) with aqueous NaOH (30 wt%, 20 mL) was heated for 5 h at 80 

°C, the deacetylated material was isolated by suction filtration, immersed in water (30 mL) for 10 

min via ultrasonication (Branson 1510 (42 kHz, 70 W)), filtered, washed with water, and dried 

under reduced pressure to obtain a PDA-ChNF film. A mixture of the PDA-ChNF film (80.0 mg, 

0.41 mmol) with aqueous acetic acid (1 M, 20 mL) was ultrasonicated using a homogenizer 

(Branson Advanced-Digital Sonifier 450; 20 kHz, 400 W) for 10 min at room temperature to 

produce a SD-ChNF dispersion. For preparing a SD-ChNF film, the abovementioned dispersion 

was subjected to suction filtration and the residue was subsequently washed with water and dried 

under reduced pressure. 

 

1.2. Preparation of ChNP powder [2,3] 

A mixture of chitin (0.100 g, 0.49 mmol)with aqueous NaOH (48 wt%, 20 mL)was incubated 

for 24 h at 4 °C according to method adapted from the literature [4]. After neutralization with 1 M 

hydrochloric acid, the dispersed product was isolated by suction filtration, immersed in excess 
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water, and filtered to be a partially deacetylated low-crystalline chitin in a hydrated gel state. The 

resulting gelling material was lyophilized to yield PDA-LC-Ch film (degree of deacetylation = 

24% for the total repeating units, by 1H NMR spectrum). The obtained PDA-LC-Ch (98.7 mg) was 

further treated with aqueous NaOH (30 wt%, 20 mL) for 5 h at 80°C with stirring and subsequently 

dispersed with ultrasonication using a homogenizer (Branson Advanced-Digital Sonifier 450; 20 

kHz, 400 W). The resulting dispersion was then filtered, and the filtrate was dried under reduced 

pressure to obtain ChNP powder (95.0 mg).  

 

1.3. Preparation of AChC film [2,3] 

A typical experimental procedure for AChC was as follows (SD-ChNF/ChNP weight ratio = 

1/6.6). A mixture of the PDA-ChNF film (5.3 mg) with 1 M aqueous acetic acid (10 mL) was 

ultrasonicated using a homogenizer (Branson Advanced-Digital Sonifier 450; 20 kHz, 400 W) for 

10 min at room temperature to produce a SD-ChNF dispersion. Separately, a mixture of the ChNP 

powder (14.8 mg) with 1 M aqueous acetic acid (5.0 mL) was ultrasonicated using a homogenizer 

(Branson Advanced-Digital Sonifier 450; 20 kHz, 400 W) for 20 min at room temperature to 

produce a ChNP dispersion. The SD-ChNF and ChNP dispersions were then mixed with stirring. 
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After suction filtration of the resulting mixture was conducted, the residue was washed with water 

and dried for 2 h at 60 °C under reduced pressure to produce AChC film.  
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