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Fig. S1: Raman spectra of: (up) Black Phosphorus, obtained by high energy ball milling 
starting from Red Phosphorus (whose corresponding spectrum is the red line) at 500 rpm and 
milling ball /RP mass ratio of 40/1 for 2 hours; the stars show the typical A1g, B2g, A2g modes 
for orthorhombic BP; (down) Black Phosphorus including carbon as used to prepare the anode 
slurry (see the spectra of sample 40:1). Here the spectra of pure BPs and pure Carbon have 
been added for a sake of comparison.



S3

BP

Fig. S2: Sem image of Black Phosphorus (BP), obtained by high energy ball milling starting 
from Red Phosphorus (whose corresponding spectrum is the red line) at 500 rpm and milling 
ball /RP mass ratio of 40/1 for 2 hours. The image of the BP-C used in the anode is discussed 
in ref. 6. Figure reproduced with permission from ref. 29 Copyright 2019 American Chemical 
Society
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Fig. S3: XRD patterns of: (up) Black Phosphorus, obtained by high energy ball milling starting 
from Red Phosphorus (whose corresponding spectrum is the red line) at 500 rpm and milling 
ball /RP mass ratio of 40/1 and 110/1; (down) Black Phosphorus including carbon, in the 
composition as used to prepare the anode slurry. Vertical red and black lines refer to the Bragg 
intensity related to red Phosphorus (RP) and black Phosphorus (BP) as reported by PDF cards 
44-0906 and 76-1958, respectively. Figure reproduced with permission from ref. 6 Copyright 
2020 IOP Publishing.
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Figure S4. Comparison between the 1H NMR spectra (300 MHz, 25°C) of reagent 1 and 
purified polymer 2.
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Figure S5. Comparison between A) the 1H NMR spectra (200 MHz, 25°C) of purified 
polymers 2-5 A) and B) the 13C NMR spectra of purified polymers 3-4.



S7

b)

a)



S8

 

c)

d)



S9

Figure S6. IR spectra of pure PEG227 (MW=10000 Da) (a) and purified polymers 2, 3, 4 and 
5 (respectively b, c, d and e)

e)
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Figure S7. TGA plots of all the investigated UPyPEGnUPy telechelics. The thermogram of 
pure PEO (300 kDa) is also reported as a comparison.
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Figure S8.  a) Optical micrographs of a PEO (MW=300 KDa) film, as cut and after 120 
hours of rest time and b) 4 hours Bending test for the blends 50-50

a)

b)
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Figure S9. Electric resistance measurements of a composite film based on the B50-50 blend 
and carbon (15 vol% of Graphite KS 10), before the damage and during the recovering time. 
The blue and red lines is an illustration of the absence of electric contact caused by the cut.
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Figure S10. TGA plots of all the investigated UPyPEG795UPy - PEO blends. The 
thermogram of UPyPEG795UPy and pure PEO is also reported as a comparison.
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Figure S11. Frequency sweep tests carried out on more thermal cycles from 25 °C to 60 °C, 
performed on 50-50, 50-50_restored (self-healed), 40-60 and 40-60_restored (self-healed) 

membranes.



S15

Figure S12. Comparison of the rate performances of two BP anodes, including the self-
healing binder with a mass loading of 1.26 mg cm-2 (circles, blue: discharge, red: charge; 
light green: efficiency) and of  2.50 mg cm-2 (squares, black: discharge, grey: charge; dark 
green: efficiency).
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Figure S13. Nyquist plots collected a) on the SH BP anode (before the galvanostatic cycling 

tests) and b) on the CMC-PAA BP anode (before and at the end of the galvanostatic cycling 

tests)
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Figure S14. SEM images at two different magnification (5 kx: left and 20 kx: right) of a) 

anode with CMC-PAA binder and b) anode with blend 5050 binder. (pristine: up and after 

galvanostatic cycling test: down)

a)

b)


