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21 Fig. S1 FTIR spectra of the raw materials (OL) and of these materials subject to 

22 phosphoric acid (PL)
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25 Fig. S2 FTIR spectra of the raw materials (OL) and of these materials subject to 

26 phosphoric acid (PL)
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33 Fig. S3 Basic properties of original lignin (a) DSC spectra and (b) TGA spectra
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37 Fig. S4 (a) O 1s and (b) P 2p XPS deconvoluted spectra of CNFs-3 fibers
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46 Fig. S5 SEM images of CNFs-3 after a certain compression
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49 Fig. S6 Electrical conductivity curve of the free-standing carbon nanofibers

50

51



S5

52 As shown in Fig. S7, PFs framework can be folded repeatedly without fracture, 

53 demonstrating an excellent foldability. The foldability and electrical conductivity of 

54 the biomass-based CNFs are shown in Fig. S7b and S7c. Comparing to many other 

55 flexible electrode materials which can only bear limited bending, this biomass-based 

56 CNFs exhibits a much better mechanical flexibility. Therefore. repeated and 

57 continuous physiological monitoring can be achieved. It has a broad application 

58 prospect in flexible wearable, electronic skin, flexible sensing and other fields. 

59

60 Fig. S7 Optical photographs of nanofibers framework (a) PFs-3, (b) CNFs-3, and (c) a circuit 
61 using the composite as an electrical connection to light a LED under the same states.
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64

65 Fig. S8 Flexibility and mechanical strength testing of wearable biosensors
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67

68 Fig. S9 (a) Demonstration photographs of the wearable biosensors conformably 
69 attached on different parts of human body for practical applications.
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73 Table S1 Element analysis of PFs with different phosphorylated lignin content
Element content (wt%)

Sample
C H O N S H/C O/C

PFs-1 45.92 5.392 45.36 1.74 0.588 0.1174 0.98
PFs-2 46.63 5.507 45.54 1.8 0.523 0.118 0.97
PFs-3 50.7 5.976 42.11 0.92 0.295 0.1178 0.83   
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