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S1 Analysis and characterization of polymerization degree.
The degree of polymerization (DP) was measured according to the ISO 

5351/2010 standard method. Measure the intrinsic viscosity ([η]) of the 

cellulose dissolved by copper(II) ethylene diamine, then DP were calculated 

according to the Mark-Houwink-Sakurada equation,1 all experiments were 

repeated. The intrinsic viscosity [η] of the solution and the average Dp satisfy 

the Eq. (1).

[η] = KDpa                                                      (1)

The test environment temperature is 25 °C, K=1.7 g/mL, a=0.8.

S2 The calculation of crystallinity (Cr) and crystallinity 

index (CrI).

The crystallinity (Cr) and crystallinity index (CrI) were calculated according 

to Eq. (2) and Eq. (3), respectively.2

                                             (2)
𝐶𝑟 =  

𝐴𝑐𝑟 

𝐴𝑐𝑟 + 𝐴𝑎𝑚
× 100

Where Acr and Aam are the integrated area of the crystalline and 

amorphous phases, respectively.

                                             (3)
𝐶𝑟𝐼 =

𝐼002 ‒ 𝐼𝑎𝑚

𝐼002
× 100

Where CrI is the degree of crystallinity, I002 is the maximum intensity of the 

(002) lattice diffraction and Iam is the intensity diffraction at 18 2θ degrees.

S3 The degree of oxidation (DOFT-IR) was measured by 

ATR-FTIR spectroscopy.

The DO FT-IR was calculated based on Eq. (4).2



                                      (4)
𝐷𝑂𝐹𝑇𝐼𝑅 = 0.01 + 0.7 (

𝐼1730

𝐼1060
) 

S4 The carboxyl group content titration method.

The carboxyl group of cellulose reacts with weak acid salts such as calcium 

acetate to form cellulose salts and release the same amount of weak acid. 

Based on this, the following method was used to determine the carboxyl 

content. A 0.5 g sample was treated with 0.01 M HCl for 1 h, and then washed 

thoroughly with water. In the next step, add 50 mL distilled water and 30 mL 

0.25 M calcium acetate solution to the sample，and then sonicated for 2 h to 

facilitate the completion of the exchange. After 2 h treatment, use 

phenolphthalein indicator to titrate 30 mL of liquid with 0.1 M sodium hydroxide. 

The carboxyl content was calculated based on Eq. (5).3

                                      

[𝐶𝑂𝑂𝐻] =  

80
30

× 0.01𝑀 × 𝑉(𝑁𝑎𝑂𝐻)

𝑚 × (1 ‒
𝑤

100
)

(5)

At the same time, substitution degree (DS) of carboxyl groups was 

calculated by Eq. (6).4 

                               
𝐷𝑆 =  

162 × [𝐶𝑂𝑂𝐻]
𝑀(𝐶𝑂𝑂𝐻) × 100 ‒ [𝑀(𝐶𝑂𝑂𝐻) ‒ 1 × [𝐶𝑂𝑂𝐻]

(6)

Where 162 is the molecular weight of the anhydrous glucose units.

Figure S5. The TEM and AFM images. 



Figure S5. The micro morphology of COOH-CNFs TEM and AFM images.

Video S6. The light scattering phenomenon of COOH-

CNFs film.
(See attached video)

Video S7. The quenching phenomenon with hydrogen 

peroxide. (See attached video)

Figure S8. BET-BJH pore distribution of COOH-CNF film



Figure S8. BET-BJH pore distribution of COOH-CNF film.
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