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Figure S1. (a) FTIR spectra of samples i–iv, and (b, c) the deference spectra obtained by subtracting the FTIR spectrum of sample iii from that of sample iv in the (b) OH and (c) C=O regions. The absorption at ~1720 cm−1 was assigned to the C=O stretching of the surface carboxy groups forming hydrogen bonds1, and the red shifting in the deference spectra showed that the hydrogen bonds in sample iv were stronger than those in sample iii.
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Figure S2. (a) XRD diagram of samples i–iv set parallel to the beam. The DO values show the degree of orientation calculated from the diagrams.
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Figure S3. Nitrogen adsorption–desorption isotherm of sample i.


[image: ]









Figure S4. Repeatability of the crystallinity recovery. Sample iii was disintegrated into CNFs in water, and dried again through the same freeze-drying process as adopted in the preparation of sample i; thus, it is coded here as reproduced sample i, re-i. The sample re-i was then swelled in water and dried again through the same drying process as adopted in the preparation of samples iii; thus, it is coded here as reproduced sample iii, re-iii. (a) XRD profiles and (b) CP/MAS 13C NMR spectra of samples i, iii, re-i, and re-iii. (c) Crystal sizes of the (2 0 0) plane calculated from the XRD profiles. (d) Crystallinity indices of the C4 and C6 carbon atoms calculated from the NMR spectra. 
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Figure S5. Crystallinity recovery of the chemically unmodified CNFs. The CNFs were produced from a raw pulp solely by wet disintegration. These CNFs were assembled through the same drying process as adopted in the preparation of samples i, ii, and iv; thus, they are coded here as samples i’, ii’, and iv’, respectively. (a) XRD profiles and (b) CP/MAS 13C NMR spectra of the raw pulp and samples i’, ii’, and iv’. (c) Crystal sizes of the (2 0 0) plane calculated from the XRD profiles. (d) Crystallinity indices of the C4 and C6 carbon atoms calculated from the NMR spectra.
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Figure S6. Crystallinity recovery of α-chitin fibrils. The chitin fibrils were dispersed in water according to a previous report2, and were then assembled through the same drying process as adopted in the preparation of samples i, ii, and iv; thus, they are coded here as chitin i, ii, and iv, respectively. (a) XRD profiles of chitin i, ii, and iv. (b) Crystal sizes of the (0 2 0) plane calculated from the XRD profiles.
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Figure S7. (a) Comparison of the XRD profile of sample iv with the simulated profiles of (b) the antiparallel CNF models #1–8.
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Figure S8. (a) Thermal diffusivities, α’, and (b) conductivities, k’, divided by their bulk densities for samples i–iv as a function of the crystallinity index of the C4 carbon atoms.
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