Preparation of amphoteric cellulose nanofibers via betaine-oxalic acid pretreatment and high-pressure homogenization
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Table S1 Relationship between melting point and molar ratio of betaine and oxalic acid
	DES system
	Mole ratio (Moxalic acid : Mbetaine)
	Melting point/oC

	DES-1
	1:3
	95

	DES-2
	1:2
	93

	DES-3
	1:1
	90

	DES-4
	3:2
	80

	DES-5
	2:1
	70

	DES-6
	5:2
	70

	DES-7
	3:1
	75


Conductometric titration: 500 μL HCl (0.1 mol/L) and 500 μL NaCl (0.001 mol/L) were added into 30 mL suspension of CNF (about 0.5 wt.%) and titrated using 0.01 mol/L NaOH by adding approximately 10–20 mL in 15 min intervals. During the titration process, at the beginning stage, the conductivity decreased linearly with the consume of NaOH standard solution. In this stage, the HCl was consumed. Until the first equivalence point, the HCl was just consumed completely. Then, with the further consume of NaOH standard solution, the change of conductivity was small (a platform appears). In this stage, the carboxyl group was mainly consumed. When the second equivalence point was reached, the carboxyl group was consumed completely. At last, with the further addition of NaOH standard solution, the conductivity increases linearly. According to the consumption of NaOH at the first equivalence point and the second equivalence point, the content of carboxyl group can be calculated, which represents the content of all unbound carboxyl groups on the surface of CNFs. The total content of carboxyl group was tested as follow: 30 mL suspension of CNFs (about 0.5 wt.%) and 1 mL NaOH (0.1 mol/L) were mixed and heated at 60 oC for 6 h, then 1500 μL HCl (0.1 mol/L) was added. Lastly, the mixture was titrated by NaOH standard solution (0.01 mol/L).  
The content of all unbound carboxyl group on the surface of CNF mainly come from two parts: one part is from one end of oxalic acid bonded to the surface of CNF, which is marked as Cb-COOH (mmol/g); the other part comes from the adsorbed oxalic acid, which is mainly caused by the presence of cation from betaine bonded to the surface of CNF. The content of betaine is marked as Cbetaine (mmol/g), it is assumed that the adsorbed oxalic acid content is equal to the bonded betaine content, so the carboxyl content from adsorbed oxalic acid is equal to 2Cbetaine. Above all, the content of all unbound carboxyl group (marked as Ca, mmol/g) conforms to the following equation:

Ca = Cb-COOH + 2Cbetaine                                   (1)
The total content of carboxyl group (marked as Cb, mmol/g) contains the content of all unbound carboxyl group and the content of all bonded carboxyl group. The content of all bonded carboxyl group come from bonded oxalic acid and bonded betaine. The total content of carboxyl group conforms to the following equation:
Cb = 2Cb-COOH + 3Cbetaine                                (2)
According to equation (1) and (2), Cbetaine and Cb-COOH can be calculated as follows:                           
Cb-COOH = 2Cb - 3Ca                                                     (3)
Cbetaine = 2Ca - Cb                                          (4)
Ca and Cb can be obtained according to the equation as follow:
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                       (5)
In which, CNaOH―The concentration of NaOH standard solution, mmol/mL;
V1―The consumed volume of NaOH standard solution at the fist equivalence point, mL;

V2―The consumed volume of NaOH standard solution at the second equivalence point, mL;

m―The quality of oven dry sample, g.
Table S2 The content of betaine and bonded oxalic acid calculated according to the conductometric titration results

	Samples
	Cb-COOH /(mmol/g)
	Cbetaine /(mmol/g)
	C’oxalic acid /(mmol/g)b

	CNF-G2
	0.026
	0.015
	0.015

	CNF-G4
	0.038
	0.011
	0.011

	CNF-U4
	0.038
	0.013
	0.013


 a The content of oxalic acid bonded with CNF by ester bond is equal to Cb-COOH.  b C’oxalic acid represents the content of oxalic acid combined with quaternary ammonium ions on the surface of CNF, which is equal to Cbetaine.
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Figure S1 Conductance titration curves: (a), (b) and (c) represent the results without alkaline hydrolysis treatment; (d), (e) and (f) represent the results undergoing alkaline hydrolysis treatment.
[image: image5.jpg]Zeta potential (eV)

3
)

-
-
]

-
O
]

N
-
]

—=— CNF-G2
—o— CNF-G4
—aA— CNF-U4





Figure S2 Zeta potential of amphoteric CNF at different pH value.
Table S3 Thermal performance data of CNF and BSKP

	Sample
	Ton/oC
	Tmax/oC

	BSKP
	246
	374

	CNF-U4
	190
	360

	CNF-G2
	188
	359

	CNF-G4
	188
	363
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