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It is regulated by the deacetylation and deprotonation of sodium hydroxide. Sodium hydroxide can deacetyl CS, and the increase of free amino groups (-NH₂) can reconstruct the hydrogen bond network, disrupt the ordered arrangement of chitosan and expand the crystal structure (increase the interfacial spacing d)[1, 2]. After adding 20% lysine, CrI at 10.4° significantly increased from the initial 2.67% (in HA40) to 3.6%, the CrI at 15.8° increased from 3.93% to 4.93%, and the CrI at 22.62° increased from 3.02% to 3.57%. The ε -amino functional group (-NH₂) of lysine participates in the cross-linking reaction, thereby increasing the intermolecular cross-linking density[3].

Supplementary Table 1 Peak analysis of XRD spectra of hydrogels

	[bookmark: _Hlk195020249]Sample
	Conditions
	Peak
	FWHM
	CrI (%)

	HA20
	20% HA/0.1 M NaOH
	10.28
	2.06
	1.89

	
	
	15.80
	3.14
	4.36

	
	
	20.04
	0.72
	0.13

	
	
	22.61
	1.63
	3.78

	
	
	26.73
	0.23
	0.15

	HA60
	60% HA/0.1 M NaOH
	8.85
	0.18
	0.07

	
	
	10.51
	1.83
	1.22

	
	
	16.04
	2.64
	0.54

	
	
	19.97
	1.40
	1.32

	
	
	22.67
	1.32
	1.84

	
	
	26.74
	0.24
	0.09

	HA40
	40% HA/0.1 M NaOH
	10.39
	2.33
	2.67

	
	
	15.73
	3.00
	3.93

	
	
	20.07
	1.00
	0.38

	
	
	22.66
	1.45
	3.02

	
	
	26.75
	0.38
	0.08

	0.2 M
	40% HA/0.2 M NaOH
	10.38
	2.22
	3.81

	
	
	15.75
	3.01
	3.19

	
	
	19.97
	1.09
	0.37

	
	
	22.65
	1.44
	2.65

	
	
	26.74
	0.24
	0.08

	0.7 M
	40% HA/0.7 M NaOH
	10.40
	2.25
	6.81

	
	
	15.71
	2.88
	2.85

	
	
	19.99
	1.03
	0.42

	
	
	22.66
	1.45
	2.79

	
	
	26.74
	0.27
	0.09

	Lys
	40% HA/0.1 M NaOH/20% Lys
	10.31
	2.20
	3.60

	
	
	15.74
	3.13
	4.93

	
	
	22.62
	1.57
	3.57

	
	
	20.00
	0.85
	0.18

	
	
	26.73
	0.27
	0.09



Supplementary Table 2: Tdm and IAWL analyses of hydrogels within the range of 30-500℃

	Sample
	Temperature range (℃)
	
	Tdm
	IAWL

	HA20
	30-190
	
	130
	28.36

	
	190-400
	
	265
	326.18

	
	400-500
	
	457
	3.11

	HA60
	30-190
	
	93
	58.11

	
	190-400
	
	253
	349.45

	
	400-500
	
	453
	2.31

	HA40
	30-190
	
	109
	48.66

	
	190-400
	
	256
	343.01

	
	400-500
	
	449
	1.57

	0.2 M
	30-190
	
	111
	47.88

	
	190-400
	
	254
	331.86

	
	400-500
	
	455
	3.24

	0.7 M
	30-190
	
	119
	30.38

	
	190-400
	
	256
	340.52

	
	400-500
	
	456
	3.73

	Lys
	30-190
	
	103
	45.21

	
	190-400
	
	256
	357.65

	
	400-500
	
	468
	2.62




[bookmark: OLE_LINK3]Supplementary Table 3 Peak analysis of FTIR spectra of hydrogels in the range of 3000-4000 cm-1

	[bookmark: _Hlk196895880]Sample
	Peak No.
	Wavenumber (cm-1)
	FWHM
	Hight
	RIA (%)
	Note

	0.1 M
	1
	3118
	140.07
	8.76
	5.61
	[bookmark: OLE_LINK22]Protonated -NH2

	
	2
	3281
	248.93
	29.29
	33.83
	Inter H-bond

	
	3
	3504
	256.72
	43.64
	52.15
	Bonded -OH

	
	4
	3612
	109.16
	16.55
	8.41
	Unbonded -OH

	0.2 M
	1
	3109
	134.55
	8.99
	5.07
	Protonated -NH2

	
	2
	3267
	250.44
	31.70
	33.87
	Inter H-bond

	
	3
	3495
	263.91
	46.20
	52.27
	Bonded -OH

	
	4
	3610
	117.60
	17.43
	8.79
	Unbonded -OH

	0.7 M
	1
	3244
	300.52
	26.00
	33.40
	Inter H-bond

	
	2
	3505
	286.68
	44.17
	55.39
	Bonded -OH

	
	3
	3620
	118.73
	21.60
	11.22
	Unbonded -OH

	Lys
	1
	3252
	302.22
	31.21
	39.49
	Inter H-bond

	
	2
	3487
	251.12
	43.99
	47.21
	Bonded -OH

	
	3
	3606
	123.32
	25.26
	13.31
	Unbonded -OH






Supplementary Table 4 Peak analysis of FTIR spectra of hydrogels in the range of 1250-1900 cm-1
	Sample
	Peak No.
	Wavenumber (cm-1)
	FWHM
	Hight
	RIA (%)
	Note

	0.1M
	1
	1321
	56.11
	12.70
	6.42
	Amide III

	
	2
	1377
	43.42
	16.23
	6.36
	

	
	3
	1423
	52.98
	22.69
	10.85
	[bookmark: OLE_LINK25]-COOH/-COO-

	
	4
	1463
	30.26
	9.61
	2.62
	

	
	5
	1570
	74.19
	21.08
	14.11
	Amide  II

	
	6
	1660
	126.81
	49.63
	56.78
	Amide  I

	
	7
	1777
	82.03
	3.88
	2.87
	

	0.2 M
	1
	1322
	59.85
	17.79
	8.25
	Amide III

	
	2
	1375
	37.82
	18.72
	5.49
	

	
	3
	1419
	58.06
	30.14
	13.58
	-COOH/-COO-

	
	4
	1463
	33.00
	11.25
	2.88
	

	
	5
	1550
	41.88
	21.15
	6.88
	Amide  II

	
	6
	1591
	51.21
	19.52
	7.76
	

	
	7
	1656
	122.75
	57.90
	55.16
	Amide  I

	0.7 M
	1
	1323
	59.96
	11.94
	6.15
	Amide III

	
	2
	1377
	42.61
	13.75
	5.03
	

	
	3
	1423
	55.66
	19.63
	9.39
	-COOH/-COO-

	
	4
	1465
	32.12
	9.29
	2.56
	

	
	5
	1547
	36.28
	11.78
	3.67
	Amide II

	
	6
	1585
	56.07
	13.66
	6.58
	

	
	7
	1664
	147.24
	52.67
	66.62
	Amide I

	Lys
	1
	1322
	56.86
	13.59
	6.91
	Amide III

	
	2
	1376
	40.45
	16.10
	5.83
	

	
	3
	1422
	55.63
	22.87
	11.39
	-COOH/-COO-

	
	4
	1464
	31.83
	9.45
	2.69
	

	
	5
	1549
	41.70
	16.82
	6.28
	Amide II

	
	6
	1589
	51.41
	17.26
	7.94
	

	
	7
	1657
	123.32
	53.38
	58.95
	Amide I
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