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Scheme S1. (a) Deacetylation of ChNCs. (b) Epoxidation of DPNR. (c) The grafting 

of ChNCs onto the ENR. (d) Mechanism of PANI synthesis and its grafting onto the 

ENR/ChNCs.



Figure S1. Deacetylation degrees of ChNCs-0 and ChNCs-90. 

Figure S2.  Zeta potential (a) and particle size distribution (b) of ChNCs-0 and 

ChNCs-90.

Figure S3. 1H-NMR spectra of ENR with epoxidation degree of 28% (A2.69: 0.38, 

A5.12: 0.98 ).



Table S1. The comparison of this work with recently reported flexible conductive 

sensors in terms of mechanical properties, cyclic stretching properties, and sensing 

performance.
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Abbreviations:

/: No direct indication in the related manuscript. CNC: Cellulose nanocrystals. TEMPO-CNF: 2,2,6,6-
tetramethylpiperidine-1-oxy-oxidized cellulose nanofibers. ChCl: Choline chloride. PAA: Polyacrylic acid. 

PAM: Polyacrylamide. PVA: Polyvinyl alcohol. SA: Sodium alginate. EDS: Zinc chloride + glycerol + 

ethylene glycol. BC: Bacterial cellulose. VILs: Vinyl-Cho-AA ILs. MBAA: N, N′-methylene-
bisacrylamide. VSNPs: Vinylfunctionalized silica nanoparticles. HPEC: Hydroxypropyl methyl cellulose. 

PEDOT:PSS: Poly (3,4-ethylenedioxythiophene): poly (styrene sulfonic acid). PUS: Polyurethane sponges. 
CNT: Multiwalled carbon nanotubes. SEBS: Styrene-ethylene-butylene-styrene. BB: boric acid and borax. 
GO: Graphite. PEG: Polyethylene glycol. PANI: Polyaniline. AM-co-BA: Acrylamide-co-Butylacrylate. 

XnG: Xanthan Gum. CS: Chitosan. G: Graphene. Gly: Glycerol. 

Figure S4. The responses of ENR/ChNCs-90/PANI composites sensor.



References
1. Y. F. Lan, W. W. Liu, Z. M. Lv, Z. J. Li, A. Dufresne, L. H. Fu, B. F. Lin, C. H. 
Xu and B. Huang, Nano Energy, 2024, 129, 110047.

2. S. Y. Zong, H. Lv, C. J. Liu, L. W. Zhu, J. F. Duan and J. X. Jiang, Chemical 
Engineering Journal, 2023, 465, 142831.

3. B. Huang, W. Liu, Y. Lan, Y. Huang, L. Fu, B. Lin and C. Xu, Chemical 
Engineering Journal, 2024, 480, 147888.

4. X. L. He, J. Dong, X. N. Zhang, X. Y. Bai, C. Zhang and D. S. Wei, Chemical 
Engineering Journal, 2022, 435, 135168.

5. H. C. Fu, B. Wang, J. P. Li, L. Zhang, J. Xu, J. S. Zeng, W. H. Gao and K. F. Chen, 
Chemical Engineering Journal, 2024, 490, 151917.

6. Y. Li, Y. Liu and X. M. Xie, ACS Appl Mater Interfaces, 2023, 15, 30859-30869.

7. C. J. Huang, Y. Wang, Y. H. Cheng, Z. P. Qi, A. F. Liu, Q. B. Deng and N. Hu, 
Composites Science and Technology, 2022, 226, 109549.

8. L. Xu, S. Liu, L. Zhu, Y. Liu, N. Li, X. Shi, T. Jiao and Z. Qin, Int J Biol Macromol, 
2023, 236, 123956.

9. H. Ding, B. Wang, X. Yang, J. Liu, W. Sang, X. Li, Y. Wen, H. Li and X. Shen, Int 
J Biol Macromol, 2025, 291, 139183.

10. T. Y. Zhu, Q. C. Feng, K. N. Wan, C. Zhang, B. Li and T. X. Liu, Sci China Mater, 
2023, 66, 1527-1538.

11. X. R. Yan, R. R. Zhao, H. J. Lin, X. L. Bao, Z. D. Zhao and S. S. Song, Eur Polym 
J, 2023, 201, 112570.

12. P. J. Sun and Q. L. Li, Macromolecular Materials and Engineering, 2023, 308, 
2200529.

13. M. Sher, L. A. Shah, L. Ara, R. Ullah, M. Khan, H. M. Yoo and J. Fu, Sensors 
and Actuators a-Physical, 2024, 370, 115199.

14. Y. Gong, Y. C. Hu, Y. Z. Cheng, Z. X. Liu, Y. Gu, X. F. Yin, H. X. Ding, H. 
Yang, M. Kang, Y. Wei and D. Huang, Journal of Materials Science, 2022, 57, 12947-
12959.

15. Y. X. Zhang, Q. L. Li, J. W. Chen, Y. Y. Zheng, X. Y. Lu and Q. H. Chen, Journal 
of Applied Polymer Science, 2023, 140, e53566.

16. W. He, F. Xu, S. Lu, Y. Zhang and H. Fan, Next Materials, 2023, 1, 100027.



17. L. J. Zhao, N. Tang, X. T. Wang, M. H. Li and J. Hu, Chinese Journal of Polymer 
Science, 2025, 43, 581-587.


