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1. Background subtraction and baseline correction of XRD patterns:
The background pattern was obtained as mentioned in the experimental section (measure the XRD pattern without samples), and the baseline was fitted as a first-order polynomial after background subtraction as shown in Fig. S-1.
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Fig. S-1 Background subtraction and baseline correction process of XRD patterns, cellulose transitioning (cellulose treated with 10% NaOH without ball milling) as an example.

2. Deconvolution of XRD patterns
For cellulose I and II, there are only the characteristic crystalline peaks for cellulose I and II, respectively. However, for the cellulose transitioning and cellulose mixed, the XRD patterns could be considered composites of the cellulose I and cellulose II profiles, that is, patterns having the amorphous intensity curves and crystalline peaks of cellulose I and cellulose II, respectively. 
The three main crystalline peaks for cellulose I had Miller indices of (11 (_)0), (110), and (200); and for cellulose II had Miller indices of (11 (_)0), (110), and (020). As shown in Fig. S-2, the crystalline peaks of cellulose I denoted as peak1, peak2, peak3, and that of cellulose II denoted as peak4, peak5, peak6 (consistent with the manuscript), respectively.
The deconvolution including crystalline peaks and amorphous intensity curves of all patterns, were carried out with a curve-fitting process using a pseudo-Voigt profile, which is a linear combination of a Gaussian curve and a Lorentzian curve as shown in the following equations:



where  and  are the Gaussian and Lorentzian curves, respectively (Wada et al. 1997); Imax is the peak intensity; 2θmax is the peak position; and β is the full width at half maximum (FWHM).
The positions (2θ) of the crystalline peaks of the cellulose I profile were fixed in ranges of 15° ± 0.5°, 16.5° ± 0.5°, and 22.75° ± 0.25°, which corresponded to Miller indices of (10), (110), and (200), respectively. For the cellulose II profile, the crystalline peaks were fixed in ranges of 12° ± 0.5°, 20° ± 0.5°, and 21.5° ± 0.5°, which corresponded to Miller indices of (10), (110), and (020), respectively. The amorphous intensity curves of cellulose I and cellulose II were fixed at 20.6° and 16°, respectively. The other parameters, namely, the FWHM, peak intensity, and coefficient μ, were all determined via curve fitting. Fig. S-2 shows the deconvolution process of the 10% NaOH–treated cellulose sample, where all the crystalline peaks and amorphous intensity curves of cellulose I and cellulose II were fitted as a pseudo-Voigt profile. 
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Fig. S-2 The deconvolution process of the cellulose transitioning (cellulose treated with 10% NaOH without ball milling) as an example.
3. Original, SNV and smoothed, and 2nd derivative THz absorption spectra
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Fig. S-3 (a)-(d) The original THz absorption spectrum, (e)-(h) THz absorption spectra after SNV and smoothing from 0.2 THz to 3.25 THz, (i)-(l) THz 2nd derivative absorption spectra which shown in the manuscript from 1.15 THz to 3.25 THz.
As shown in Fig.S-3, the measured THz time-domain signal was Fourier transformed into the frequency domain, and the absorption coefficient α was calculated using the following equations:


where φ is the phase difference between the reference and measured samples (φreference − φsample), R is the ratio of the amplitude in the frequency domain of the measured samples to the reference, c is the speed of light (3 × 108 m/s), v is the frequency, and L is the thickness of the samples. The original THz absorption coefficient spectra from 0.2 THz to 3.25 THz were all corrected for baseline fluctuations with a standard normal variate (SNV) algorithm and then smoothed by the application of a Savitzky–Golay filter with a second-order polynomial and 31 smoothing points to remove the noise.
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