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1

2 Figure S1. SEM images of silk fibers incubated in 8.8 M of urea for (A-B) 5 days and 

3 (C) 30 days at room temperature. 
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9 Figure S2. (A) Optical and (B) SEM images of silk fiber after incubating in H2O at 25 

10 ºC for 14 days.
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1

2 Figure S3. SEM image of un-dissociated microfibrils. Preparation procedure: 1 g of 

3 degummed silk incubated in 500 g of urea (8.8 M) for 30 days at room temperature, 

4 followed by ultra-sonication at 300 W for 180 s, and centrifugation at 4000 rpm for 10 

5 min to get the sediment.
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10 Figure S4. (A) SEM image and (B) Tapping mode AFM image with height profile of 

11 silk microfibrils. Preparation procedure: 1 g of degummed silk incubated in 500 g of 

12 urea (8.8 M) for 30 days at room temperature, followed by ultra-sonication at 300 W 

13 for 180 s, and centrifugation at 4000 rpm for 10 min to get the supernatant. 
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1

2 Figure S5. (A) Yields of un-dissociated microfibrils, microfibrils, and nanofibrils 

3 obtained at various incubation days. Preparation procedure: 1 g of degummed silk 

4 incubated in 500 g, 8.8 M of urea at room temperature. (B) Total weight loss of silk 

5 fiber calculated from (A). (C) Effect of ultrasonic time on the yield of nanofibrils. 1 g 

6 of degummed silk was incubated in 500 g of urea (8.8 M) at room temperature for 30 

7 days, sonication for various time and centrifugation at 9000 rpm to get the nanofibrils. 

8 (D) Diameter distributions of silk microfibrils acquired at different incubation time. 

9 Preparation procedure: 1 g of degummed silk incubated in 500 g, 8.8 M of urea at 

10 room temperature, followed by ultra-sonication at 300 W for 180 s, and centrifugation 

11 at 4000 rpm for 10 min to get the supernatant.
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1

2 Figure S6. (A) Yield dependence of microfibrils and nanofibrils on the concentration 

3 of urea at 25 oC for 10 days. (B) Yield dependence of microfibrils and nanofibrils on 

4 pH at 25 oC for 4 days, with 8.8 M of urea.
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8 Figure S7. SEM images of silk fibers incubated in formic acid for 30 s at room 

9 temperature at different magnifications.
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1

2 Figure S8. SEM images of silk fibers incubated with NaOH (5 w.t.%) for 24 h at 

3 room temperature at different magnifications.

4

5

6

7

8

9 Figure S9. SEM images of silk fibers incubated in HFIP for 7 h at 80 °C at different 

10 magnifications.
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1

2 Figure S10. (A) Yield dependence of un-dissociated microfibrils, microfibrils and 

3 nanofibrils on incubation temperature. Urea concentration: 8.8 M, reaction time: 10 

4 days. 
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6

7 Figure S11. System pH variation of silk fibers incubated in urea (8.8 M) under 

8 different time and temperature. 

9



S8

1

2 Figure S12. (A) XRD patterns and (B) crystallinity of freeze-dried silk nanofibrils, 

3 microfibrils and degummed silk.
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1

2 Fig. S13 (A) FTIR spectra, (B) standard of assignment amide I and (C) secondary 

3 structures of amide I bands of silk nanofibrils, microfibrils and degummed silk.

4 Fourier deconvolution of the infrared spectra covering the amide I region (1585-1710 

5 cm-1) was performed by the software Peak Fit.1,2 The first derivative was applied to 

6 the original spectra in the amide I region, with 1% of Savitsky-Golay smoothing filter. 

7 Gaussian line shape profiles were used in the fit process. The curve fitting was 

8 proceeded automatically with the software: (1) the initial band positions were fixed 

9 (1626 cm-1 for native β-sheet, 1650 cm-1 for random coil and α-helix, 1672 cm-1 for 
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1 β-turn, and 1695 cm-1 for antiparallel amyloid β-sheet), and the band widths and 

2 heights were unconstrained. (2) The program was initiated to adjust the band widths 

3 and heights automatically to produce a reconstituted spectrum that matched the 

4 original deconvoluted one. (3) The deconvoluted amide I spectra were 

5 area-normalized where the relative area of the single band was used to determine the 

6 fraction of the secondary structural contents. 
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12 Figure S14. (A-C) Optical images of films of silk nanofibrils (A), microfibrils (B) and 

13 un-dissociated microfibrils (C) produced via filtration and air-drying at 60 °C. (D) 

14 Papermaking machine. 
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1

2

3 Figure S15. (A) SEM image of brushite nanoplatelets, (B) TEM image of WS2 

4 nanosheets, and (C) SEM image of CuBDC.

5

6

7 Figure S16. Typical stress-strain curves of composites of silk microfibrils with (A) 

8 brushite nanoplatelets (60-70 w.t.%), (B) WS2 nanosheets (50-70 w.t.%) and (C) 

9 CuBDC (50-70 w.t.%). The corresponding cross-sectional SEM images of the 

10 composites were given as the inset.
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1 Figure S17. SEM images of Ag nanowires at different magnifications.

2

3

4

5 Figure S18. (A-B) Conductivity endurance of composite films of silk microfibrils and 

6 Ag nanowires against folding and twisting. (C) Conductivity endurance of composite 

7 film of silk microfibrils and Ag nanowires against rubbing. The conductive films were 

8 pasted on a glass slide with the two ends connected to a digital multimeter (MS8265, 

9 Mastech Ltd. Dongguan, China), then transferred onto a magnetic stirrer with a 

10 poly(tetrafluoroethylene) coated magnetic stir bar stirring at 60 rpm, and the 

11 resistance variations were recorded and plotted.
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1

2

3 Figure S19. Composite film of silk microfibrils with Ag nanowires producing via 

4 liquid-casting: (A) Insulating silk-rich layer, and (B) conductive Ag-rich layer. 
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8

9 Figure S20. Composite film of silk microfibrils and Ag nanowires as thermotherapy 

10 pads with applied biases of (A) 0 V and (B) 3V. Sheet resistance: 25 Ω/sq.
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1 Table S1. Mechanic analysis of films of silk nanofibrils, microfibrils, and 

2 un-dissociated microfibrils produced via filtration.
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