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1. Calibration Curve for Monomer Conversion Measurement
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Figure S1. Calibration curve of acrylamide/standard integral ratio versus acrylamide/standard 

mass ratio based on 1H NMR analysis (DMSO-d6, 500 MHz, 298K) with decanoic acid as 

internal standard. 

2. Polymerization Mechanism

According to some reported mechanisms in literature,1-6 the possible initiation and chain 

growth routes for the formation of chitosan graft copolymers during the preparation of 

chitosan-based hydrogel were illustrated in Scheme S1.
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Scheme S1. Schematic depiction of the possible pathways for the formation chitosan graft 

copolymer during the in situ polymerization of AA and AM initiated by APS-TEMED in the 

presence of chitosan. 
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3. Characterization Results

Table S1. Appearance, elongation and self-healing properties of the chitosan-based hydrogels 

prepared with different formulations and conditions

Entry
T

(oC)

AA

(mol·L-1)

AM

(mol·L-1)

APS

(mol·L-1)



(%)

f

(%)
Appearance

1 50 0.076 0.876 0.0148 108 11 103

2 40 0.076 0.876 0.0148 18225 131

3 30 0.076 0.876 0.0148 274 15 363

4 22 0.076 0.876 0.0148 44212 442

5 30 0.150 0.798 0.0148 1867 0

6 30 0.112 0.836 0.0148 21428 0

7 30 0.056 0.893 0.0148 27733 392

8 30 0 0.950 0.0148 27831 491

9 30 0.056 0.893  0.0148 27844 443

10 30 0.056 0.893 0.0119 34415 613

11 30 0.056 0.893 0.00741 3682 673

12 30 0.056 0.893 0.00444 44212 713

13 30 0.056 0.893 0.00296 62535 883

14 30 0.056 0.893 0.00222 844 16 917

*Chitosan concentration: 2.25 wt%; TEMED: 0.0167 mol·L-1.

 the percentage elongation at break of the original hydrogel sample.

f : the healing efficiency.

Samples of entry 7 and entry 9 were prepared using identical formulation under identical 

conditions.

3.1 Effect of the polymerization temperature

Polymerization temperature will have great effect on the hydrogel’s self-healing ability 

because of the existence of potential chain coupling termination during the in situ 
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polymerization which will cause chemical crosslinking of the chitosan graft copolymer. To 

perform the in situ polymerization at lower temperatures can effectively suppress the 

occurrence of the chemical crosslinking. The variations of the healing efficiency (f) of the 

resultant hydrogels versus polymerization temperature (entries 1-4 in Table S1) were shown 

in Figure S2.
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Figure S2. The variations of the healing efficiency (f) of the resultant hydrogels as a function 

of polymerization temperature. Formulation: Chitosan 2.25 wt%, AA 0.076 mol·L-1, AM 

0.876 mol·L-1, APS 0.0148 mol·L-1, TEMED 0.0167 mol·L-1. Polymerization for 24 h. Each 

point represents the mean value   SD.

3.2 Effect of the feeding amount of acrylic acid

The variations of the healing efficiency (f) of the resultant hydrogels versus initial AA/AM 

molar ratio were shown in Figure S3 (a). The relationship between the rheological property of 

hydrogels and the initial AA/AM molar ratio was shown in Figure S3 (b) (refer to entry 3 and 

entries 5-8 in Table S1 for formulations).
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Figure S3. (a) The variations of the healing efficiency (f) of the resultant hydrogels as a 

function of initial AA/AM molar ratio. (b) The variations of the storage modulus (G’), loss 

modulus (G”) and Tan  of the resultant hydrogels as a function of initial AA/AM molar ratio 

at constant angular frequency ω of 10 rad/s and strain of 1.0 % at 25 oC. Formulation: 

Chitosan 2.25 wt%, total monomer concentration kept around 0.95 mol·L-1, APS 0.0148 

mol·L-1, TEMED 0.0167 mol·L-1. Polymerization at 30 oC for 24 h. Each point represents the 

mean value   SD.

3.3 Effect of the feeding amount of APS

The variations of the healing efficiency (f) of the resultant hydrogels vesus initial ammonium 

persulfate (APS) concentrations (entries 9-14 in Table S1) were shown in Figure S4.

a)

b)
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Figure S4. The variations of the healing efficiency (f) of the resultant hydrogels as a function 

of initial ammonium persulfate (APS) concentrations. Formulation: Chitosan 2.25 wt%, AA 

0.056 mol·L-1, AM 0.893 mol·L-1, TEMED 0.0167 mol·L-1. Polymerization at 30 oC for 24 h. 

Each point represents the mean value   SD.

3.4 Characterization of representative hydrogel sample

A representative hydrogel (entry 13 in Table S1) was further studied and characterized.

(1) Monomer conversion, hydrogel composition and molecular weight of chitosan graft 

copolymer

Table S2. Monomer conversion for the representative hydrogel, the hydrogel composition 

analysis, and the estimated molecular weight of chitosan graft copolymer a

Monomer 

conversion 

(%)b

Solid 

content

(%)c

Residual 

acrylamide 

content

(%)d

Solid content 

after 

purification

(%)e

Non- grafted 

polymer content

(%)f

Mn

(g/mol)g

94.6 ± 0.7 9.6 ± 0.4 0.35 ± 0.05 9.0 ± 0.3 0.25
150 K

(PDI 2.0)

a Refer to Table S1, entry 13 for the formulations and conditions.
b Calculated by 1H NMR spectroscopy based on the determination of residual acrylamide in 

final hydrogel.
c Solid content = Wd / Wo  100%, where Wo is the original weight of the hydrogel sample, 

and Wd is the weight of the hydrogel sample after dried in vacuum oven at 50 oC for 2 days.
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d Calculated according to calibration curve (Figure S1).
e Solid content after purification = Wd’/ Wo  100%, where Wo is the original weight of the 

hydrogel sample, and Wd’ is the weight of the hydrogel sample after purification and dried in 

vacuum oven at 50 oC for 2 days.
f Non-grafted polymer content = (Solid content) – (Solid content after purification) – 

(Residual acrylamide content)
g The estimated molecular weight of chitosan graft copolymer and polydispersity index (PDI) 

was according to SEC test using HOAc-NaOAc (0.3 M/0.2 M) buffer as eluent.

(2) FTIR 

 Figure S5 shows the FTIR spectra of the representative hydrogel and pure chitosan (CS). The 

FT-IR spectrum of CS exhibits the characteristic peaks at 3445 cm−1 (O-H stretch), 2883 

cm−1 (C-H stretch), 1652 cm−1 (O-H bending), 1000 − 1250 cm−1 (C-O and C-O-H stretch). 

FTIR spectrum of the hydrogel shows additional distinct bands at 1720 and 1671 cm−1 which 

correspond to C=O stretching vibration of the -COOH and –CONH2 groups in synthetic 

polymeric chains. The additional bands at 2973 and 2934 cm−1 are assigned to the 

asymmetric -CH3 and -CH2, respectively.
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Figure S5. FTIR spectra of the dried representative hydrogel and pure chitosan (CS) recorded 

at room temperature.
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(3) Tensile test
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Figure S6. (a) A typical tensile stress-strain curve for original hydrogel sample recorded at 

room temperature. (b) A photo of the hydrogel sample during tensile test.
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Figure S7. (a) A typical tensile stress-strain curve for self-healed hydrogel sample recorded at 

room temperature. (b) A photo of the hydrogel sample during tensile test.
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(4) Purification and regeneration

Figure S8. A typical hydrogel purification and regeneration process by successively soaking 

the hydrogel in ethanol-H2O (1/1, v/v), pure H2O and HOAc-NaOAc buffer (0.1 M, pH 4.5) 

at room temperature.

(5) Dissolution test

Table S3. Dissolution of hydrogel samples under different conditions a

Entry Conditions Results

1
Dilute HCl aq. (1.0 M), 40 oC, 

stirring, 2h
Completely dissolved

2
Dilute HCl aq. (0.2 M), 40 oC, 

stirring, 2h
Completely dissolved

3
Dilute HOAc aq. (0.2 M), 40 oC, 

stirring, 2h 
Completely dissolved

4
Dilute NaOH aq. (0.2 M), 40 oC, 

stirring, 4h
Not dissolved

a Typically, 25 mg of hydrogel sample was treated with 2 mL of acidic or basic solution.
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