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Figure S1. XPS spectra collected for unmodified Sonichem lignin: (a) survey spectrum; (b) C 
region with fits for C-C sp2 (red), C-C sp3 (dark red), C-OH/C-O-C (purple), O-C=O (light blue), 
C=O (blue); (c) O region with fits for C=O (blue) and C-OH/C-O-C (red). The background is 

shown in green. The tables underneath each graph summarise the results from fitting the data.

Figure S2. XPS spectra collected for SL-BZ-aniline: (a) survey spectrum; (b) C region with fits 
for C-C sp2 (red), C-C sp3 (dark red), C-OH/C-O-C/C-N (purple), C=O (blue); (c) O region 
with fits for C=O (blue) and C-OH/C-O-C (red); (d) N region with fits for N-sp2 C (red) and N-
sp3 C (blue).The background is shown in green. The tables underneath each graph 

summarise the results from fitting the data.

Figure S3. XPS spectra collected for SL-BZ-A: (a) survey spectrum; (b) C region with fits for 
C-C sp2 and sp3 (red), C-OH/C-O-C/C-N (purple), C=O (blue); (c) O region with fits for C=O 
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(blue) and C-OH/C-O-C (red); (d) N region with fits for N-sp2 C (red) and N-sp3 C (blue).The 
background is shown in green. The tables underneath each graph summarise the results from 

fitting the data.

Figure S4. XPS spectra collected for SL-BZ-B: (a) survey spectrum; (b) C region with fits for 
C-C sp2 and sp3 (red), C-OH/C-O-C/C-N (purple), C=O (blue), π-π* satellites (pink); (c) O 
region with fits for C=O (blue), C-OH (purple) and C-O-C (red); (d) N region with fits for N-sp2 
C (red) and N-sp3 C (blue). The background is shown in green. The tables underneath each 
graph summarise the results from fitting the data.

Figure S5. XPS spectra collected for KL: (a) survey spectrum; (b) C region with fits for C-C 
sp2 and sp3 (red), C-OH/C-O-C/C-N (purple), C=O (blue), π-π* satellites (pink); (c) O region 
with fits for C=O (blue) and C-OH/C-O-C (red).The background is shown in green. The tables 
underneath each graph summarise the results from fitting the data.
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Figure S6. XPS spectra collected for KL-BZ-aniline: (a) survey spectrum; (b) C region with fits 
for C-C sp2 and sp3 (red), C-OH/C-O-C/C-N (purple), C=O (blue), π-π* satellites (pink); (c) O 
region with fits for C=O (blue), C-OH/C-O-C (red); (d) N region with fits for N-sp2 C (red) and 
N-sp3 C (blue). The background is shown in green. The tables underneath each graph 
summarise the results from fitting the data.

Figure S7. XPS spectra collected for KL-BZ-A: (a) survey spectrum; (b) C region with fits for 
C-C sp2 and sp3 (red), C-OH/C-O-C/C-N (purple), O-C=O (light blue), C=O (blue); (c) O region 
with fits for C=O (blue), C-OH/C-O-C (red); (d) N region with fits for N-sp2 C (red) and N-sp3 
C (blue). The background is shown in green. The tables underneath each graph summarise 
the results from fitting the data.
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Figure S8. XPS spectra collected for KL-BZ-B: (a) survey spectrum; (b) C region with fits for 
C-C sp2 and sp3 (red), C-OH/C-O-C/C-N (purple), O-C=O (light blue), C=O (blue); (c) O region 
with fits for C=O (blue), C-OH/C-O-C (red); (d) N region with fits for N-sp2 C (red) and N-sp3 
C (blue). The background is shown in green. The tables underneath each graph summarise 

the results from fitting the data.

Figure S9. XPS spectra collected for SL-Ph: (a) survey spectrum; (b) C region with fits for C-
C sp2 (red), C-C sp3 (dark red) C-OH/C-O-C (purple),O-C=O (light blue), C=O (blue); (c) O 
region with fits for C=O (blue) and C-OH/C-O-C (red). The tables underneath each graph 
summarise the results from fitting the data.

Figure S10. XPS spectra collected for SL-PhBZ-aniline: (a) survey spectrum; (b) C region with 
fits for C-C sp2 (red), C-C sp3 (dark red) C-OH/C-O-C/C-N (purple),O-C=O (light blue), C=O 
(blue), π-π* satellites (pink); (c) O region with fits for C=O (blue), C-OH/C-O-C (red); (d) N 
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region with fits for N-sp2 C (red) and N-sp3 C (blue). The tables underneath each graph 
summarise the results from fitting the data.

Figure S11. XPS spectra collected for SL-PhBZ-A: (a) survey spectrum; (b) C region with fits 
for C-C sp2 and sp3 (red), C-OH/C-O-C/C-N (purple), C=O (blue); (c) O region with fits for 
C=O (blue), C-OH (purple) and C-O-C (red); (d) N region with fits for N-sp2 C (red) and N-sp3 
C (blue). The tables underneath each graph summarise the results from fitting the data.

Figure S12. XPS spectra collected for SL-PhBZ-B: (a) survey spectrum; (b) C region with fits 
for C-C sp2and sp3 (red), C-OH/C-O-C/C-N (purple), C=O (blue); (c) O region with fits for C=O 
(blue), C-O (red); (d) N region with fits for N-sp2 C (red) and N-sp3 C (blue). The background 
is shown in green. The tables underneath each graph summarise the results from fitting the 
data.

Figure S13. XPS spectra collected for KL-Ph: (a) survey spectrum; (b) C region with fits for 
C-C sp2 and sp3 (red), C-OH/C-O-C/C-N (purple), O-C=O (light blue), C=O (blue), π-π* 
satellites (pink); (c) O region with fits for C=O (blue), C-OH/C-O-C (red); (d) N region with fits 
for N-sp2 C (red) and N-sp3 C (blue). The background is shown in green. The tables 
underneath each graph summarise the results from fitting the data.
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Figure S14. XPS spectra collected for KL-PhBZ-aniline: (a) survey spectrum; (b) C region with 
fits for C-C sp2 and sp3 (red), C-OH/C-O-C/C-N (purple), C=O (blue), π-π* satellites (pink); 
(c) O region with fits for C=O (blue), C-OH/C-O-C (red); (d) N region with fits for N-sp2 C (red) 
and N-sp3 C (blue). The background is shown in green. The tables underneath each graph 
summarise the results from fitting the data.

Figure S15. XPS spectra collected for KL-PhBZ-A: (a) survey spectrum; (b) C region with fits 
for C-C sp2 and sp3 (red), C-OH/C-O-C/C-N (purple), O-C=O (light blue), C=O (blue), π-π* 
satellites (pink); (c) O region with fits for C=O (blue), C-OH/C-O-C (red); (d) N region with fits 
for N-sp2 C (red) and N-sp3 C (blue). The background is shown in green. The tables 
underneath each graph summarise the results from fitting the data.

Figure S16. XPS spectra collected for KL-PhBZ-B: (a) survey spectrum; (b) C region with fits 
for C-C sp2 and sp3 (red), C-OH/C-O-C/C-N (purple), O-C=O (light blue), C=O (blue), π-π* 
satellites (pink); (c) O region with fits for C=O (blue), C-OH/C-O-C (red); (d) N region with fits 
for N-sp2 C (red) and N-sp3 C (blue). The background is shown in green. The tables 
underneath each graph summarise the results from fitting the data.
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Figure S17. 13C CP MAS NMR spectra of Sonichem lignin, functionalised with phenol and/or 
benzoxazine, detected with a CP contact time of 1 ms (black) and 50 µs (red).
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Figure S18. 13C CP MAS NMR spectra of Kraft lignin, functionalised with phenol and/or 
benzoxazine, detected with a CP contact time of 1 ms (black) and 50 µs (red).
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Figure S19: 2D 1H–13C HETCOR NMR spectrum of SL lignin, measured with a cross 
polarisation contact time of 1 ms.
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Figure S20: 2D 1H–13C HETCOR NMR spectrum of SL lignin, measured with a cross 
polarisation contact time of 50 µs.
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Figure S21: 2D 1H–13C HETCOR NMR spectrum of SL-BZ-B lignin, measured with a cross 
polarisation contact time of 1 ms.
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Figure S22: 2D 1H–13C HETCOR NMR spectrum of SL-BZ-B lignin, measured with a cross 
polarisation contact time of 50 µs.
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