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Figure S1. The amount of Hofmeister series of the NaCl, Na2SO4 and Na3Cit.

Table S1. The mechanical properties of PVA/PAM treated by various concentration 

of Cit3-

Concentration 

of Cit3- (M)

Tensile 

strength 

(MPa)

Tensile 

modulus 

(MPa)

Toughness 

(MJ/m3) 

Compressive 

strength 

(MPa)

Compressive 

modulus 

(MPa)

1 3.5 ± 0.3 1.1 ± 0.1 8.6 ± 1.3 11.6 ± 1.3 1.4 ± 0.5

Saturate 18.9 ± 1.6 10.6 ± 2.1 66.2 ± 4.2 102.3 ± 7.9 8.9 ± 0.8

Table S2. Comparion of tensile strength and modulus of PAM/PVA-Cit to the reported 

PVA and PVA bsed DN hydrogels 

Composition Tensile strength 

(MPa)

Tensile modulus 

(MPa)

 References 

PAM/PVA-Cit 18.9 ± 1.6 10.6 ± 2.1 This work

PVA 0.2-0.4 0.1 1, 2

PVA (SO4
2-) 15.5 2.5 3

PVA/AG 14.6 3.7 4

PVA-HA/PAA 1.0 3.7 5

PVA-HA/HACC 3.1 0.7 6

PVA/CS 4.0 2.1 7



MCC-PVAGMA 1.3 0.4 8

PVA/SA 0.2-0.4 0.5-1.9 2

AG/PVA 1.4 2.2 9

PVA/AG (SO4
2-) 17.8 7.5 1

PVA/CPBA (Ca2+) 2.0 0.5 10

PGCB-OH 17.3 2.3 11

PVA-M-H 16.6 8.6 12

Table S3. Comparion of toughness of PAM/PVA-Cit to the reported PVA and PVA 

bsed DN hydrogels 

Composition Toughness 

(MJ/m3)

References

PAM/PVA-Cit 66.2 ± 4.2 This work

PVA 0.2-0.4 1, 2

PVA/SA 4.9 2

PVA (SO4
2-) 153.4 3

PGCB-OH 9.2 11

PVA-M-H 39.2 12

PAM/PVA 0.2 13

PVA/GO 1.1 14

PVA-HA/HACC (Cit3-) 13.5 15

PVA/PAA 12.0 16

PVA-GMA/MSi 1.1 17

PVA/CS 22.1 18



Table S4. Comparion of compressive trength and modulus of PAM/PVA-Cit to the 

reported PVA and PVA based DN hydrogels 

Composition Compressive strength 

(MPa)

Compressive modulus 

(MPa)

References

PAM/PVA-Cit 102.3 8.9 This work

PVA 0.2-2.1 0.5-0.8 1, 19-21

PVA/AG 3.7 0.1 4

PVA/CPBA 

(Ca2+)

26.0 5.5 10

PVA-HA/PAA 1.3 0.3 5

PVA-HA/HACC 40.2 0.9 6

PVA/CS 18.0 1.5 7

PVA-HA/HLC 5.6 6.8 22

PVA/PAA 22.0 2.1 16

Figure S2. Cyclic compressive of PVA (A), PAM (B), and PVA/PAM (C).

Figure S3. The differentiation of BMSCs to chondrocytes activity of the PVA, PAM, 

PVA/PAM and PVA/PAM-Cit hydrogels.



References

1  L. Zhang, J. Zhao, J. Zhu, C. He, H. Wang, Soft Matter, 2012, 8, 10439-10447.

2  X. Li, M. Shu, H. Li, X. Gao, S. Long, T. Hu, C. Wu, RSC Adv., 2018, 8, 16674-

16689.

3  J. Xie, W. Wang, R. Zhao, W. Lu, L. Chen, W. Su, M. Zeng, Y. Hu, J. Mater. Sci-

Mater., 2021, 32, 2-13.

4  Y. Hagiwara, A. Putra, A. Kakugo, H. Furukawa, J.P. Gong, Cellulose, 2010, 17, 

93-101.

5  K. Chen, G. Chen, S. Wei, X. Yang, D. Zhang, L. Xu, Mat. Sci. Eng. C-Mater., 

2018, 91, 579-588.

6  S. Gan, W. Lin, Y. Zou, B. Xu, X. Zhang, J. Zhao, J. Rong, Carbohyd. Polym., 

2020, 229, 115523.

7  X. Xiang, G. Chen, K. Chen, X. Jiang, L. Hou, Int. J. Biol. Macromol., 2020, 142, 

574-582.

8  M. Pei, X. Peng, T. Wan, P. Fan, H. Yang, X. Liu, W. Xu, Y. Zhou, P. Xiao, Eur. 

Polym. J., 2021, 160, 110786.

9  M. Sabzi, N. Samadi, F. Abbasi, G.R. Mahdavinia, M. Babaahmadi, Mat. Sci. Eng. 

C-Mater., 2017, 74, 374-381.

10  Y. Zhao, M. Li, B. Liu, J. Xiang, Z. Cui, X. Qu, D. Qiu, Y. Tian, Z. Yang, J. 

Mater. Chem. B, 2018, 6, 1351-1358.

11  R. Guo, Y. Bao, X. Zheng, W. Zhang, C. Liu, J. Chen, J. Xu, L. Wang, J. Ma, Adv. 

Fun. Mater., 2023, 33, 2213283.



12  B. Guo, Y. Wu, S. He, C. Wang, M. Yao, Q. Yu, X. Wu, C. Yu, M. Liu, L. Liang, 

Z. Zhao, Y. Qiu, F. Yao, H. Zhang, J. Li, J. Mater. Chem. A, 2023, 11, 8038-8047.

13  R. Bai, J. Yang, X. P. Morelle, Z. Suo, Macromol. Rapid. Comm., 2019, 40, 

1800883.

14  Y. Huang, M. Zhang, W. Ruan, J. Mater. Chem. A, 2014, 2, 10508-10515.

15  S. Gan, W. Lin, Y. Zou, B. Xu, X. Zhang, J. Zhao, Z. Rong, Carbohyd. Polym., 

2019, 229, 115523.

16  Y. Cheng, Y. Hu, M. Xu, M. Qin, W. Lan, D. Huang, Y. Wei, W. Chen, J. Biomat. 

Sci-Polym. E, 2020, 31, 1836-1851.

17  C. Zhang, K. Liang, D. Zhou, H. Yang, X. Liu, X. Yin, W. Xu, Y. Zhou, J. Xiao, 

ACS Appl. Mater. Inter., 2018, 33, 27692-27700.

18  P. Jiang, P. Lin, C. Yang, H. Qin, X. Wang, F. Zhou, Chem. Mater., 2020, 32, 

9983–9995.

19  M. Tavakolizadeh, A. Pourjavadi, M. Ansari, H. Tebyanian, S.J. Seyyed Tabaei, 

M. Atarod, N. Rabiee, M. Bagherzadeh, R.S. Varma, Green Chem., 2021, 23, 

1312-1329.

20  Y. Meng, L. Ye, P. Coates, P. Twigg, J. Phys. Chem. C, 2018, 122, 3157-3167.

21  J.L. Holloway, A.M. Lowman, G.R. Palmese, Soft Matter, 2013, 9, 826-833.

22  J. Xie, D. Fan, Int. J. Polym. Mater., 2020, 69, 928-937.


