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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=0 (light blue),
C=0 (blue); (c) O region with fits for C=0 (blue) and C-OH/C-O-C (red). The background is
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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=0 (blue); (c) O region
with fits for C=0 (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
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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=0 (blue); (c) O region with fits for C=0
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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
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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=0 (blue), T-r" satellites (pink); (c) O
region with fits for C=0 (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.
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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=0 (blue), -1r" satellites (pink); (c) O region
with fits for C=0 (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=0 (blue), T-1r" satellites (pink); (c) O
region with fits for C=0 (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 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=0 (light blue), C=0 (blue); (c) O region
with fits for C=0 (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=0 (light blue), C=0 (blue); (c) O region
with fits for C=0 (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
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the results from fitting the data.

Figure $9. 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),0-C=0 (light blue), C=0 (blue); (c) O
region with fits for C=0 (blue) and C-OH/C-O-C (red). The tables underneath each graph

summarise the results from fitting the data.
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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),0-C=0 (light blue), C=0
(blue), -m* satellites (pink); (c) O region with fits for C=0 (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.
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Figure S$11. 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=0 (blue); (c) O region with fits for
C=0 (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.
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Figure $12. 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=0 (blue); (c) O region with fits for C=0
(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.
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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=0 (light blue), C=0 (blue), -1
satellites (pink); (c) O region with fits for C=0 (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.

S6



(@ (b) {c)

P 120000 11
s ]
000D | 100000+ 9
60000+ ] { 10000
< 800000 =~ F‘ 80000 | < r
. cto A It 1 ; b |
] | oo
§ BOD0OG E‘mao | c‘ 60000+ \I‘ g 9000 f |
& 400000 y 3 “ M'\ 400004 | 3 [y
| —— 20000 ] T 8000 Iy
200000 L | ﬂﬁ‘lv S /ffs' \ LTI LA SR
! — S "J'LM A L o | 7000y —
1200 1000 600 GOD 400 200 O 275 280 266 200 288 300 Se4  G28 S35 540 44 31 395 400 406 410
Binding Energy (eV) Binding Energy (eV) Binding Energy (eV) Binding Energy (eV)
BE range (eV) Area (%) BE (ev) Area (%) . -
s 29502820 P " satellite 2015 2.10 BE (V) Area (%) BE (eV) Area (%)
e = = s 2
; = . . 5 X :
Nis 407.0 - 395.0 195 C'O%‘ED'C 286.2 322 s
C-C 284.7 63.5

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=0 (blue), -r" satellites (pink);
(c) O region with fits for C=0 (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 S$15. 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=0 (light blue), C=0 (blue), -1
satellites (pink); (c) O region with fits for C=0 (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.

(@) {b) (c) {d)
60000 3
O1s
ﬂl 9000
—QUDUDDD —;Ldmx}o ::_, 100000 \‘ —';ﬂ_asm
|
E et £ | E \ fa
& sonooo & 20000 8 so000 \ 38
—/A“I _— \ ) \\ 7500;
R X e e R
o . o R T T '
1200 1000 800 Bo0 400 200 o 275 260 285 250 285 300 524 528 532 536 540 544 380 385 400 405 410
Binding Energy (eV) Binding Energy (eV) Binding Energy (eV) Binding Energy (eV)
BE (eV) Area (%)
BE range (eV) Area (%) m-1* satellite 2914 1.14
BE (V) Area (%) BE (8V) Area (%)
Cis 295.0 - 282.0 285 0-C=0 2879 047
co 532.9 93.8 N-sp2 C 401.1 93.34
Ols 5417 - 5281 2 S 22 i c=0 531.2 5.2 N-sp3 C 399.4 6.66
= . . -sp! . 1
Nis 407.0 - 395.0 132 C-OHIC-0-C 286.2 356
1C-N
-G 284.7 62.1

Figure S$16. 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=0 (light blue), C=0 (blue), -1
satellites (pink); (c) O region with fits for C=0 (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. '3C 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 ps (red).
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Figure S18. 3C 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 ps (red).
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Figure S$19: 2D 'H-'3C HETCOR NMR spectrum of SL lignin

polarisation contact time of 1 ms.
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Figure S20: 2D 'H-'3C HETCOR NMR spectrum of SL lignin, measured with a cross
polarisation contact time of 50 us.
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Figure S21: 2D 'H-"3C HETCOR NMR spectrum of SL-BZ-B lignin

polarisation contact time of 1 ms.
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Figure S22: 2D '"H-"3C HETCOR NMR spectrum of SL-BZ-B lignin, measured with a cross
polarisation contact time of 50 us.
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