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Figure SI-1. Photoanode composed of a TiO,:Nb photocatalyst coated on a FTO glass substrate
measuring 4.0 cm x 4.3 cm. The white strip is the conductive silver paste and is 1 cm wide, resulting

in a photocatalyst area of 3.0 cm x 3.3 cm.
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Figure SI-2. Yield to individual LMPPs over time for lignin oxidation using the photoelectrocatalysis
(PEC) process at different applied cell potentials: (a) vanillin — V, (b) vanillic acid — VA, (¢)
acetovanillone — VO, (d) syringaldehyde — Sy, (¢) syringic acid — SA, (f) and acetosyringone — SO.
Conditions: TiO,:Nb photoanode; [NaOH] = 1.0 M; [Lignin]y =60 g L™!; T=25+1 °C; Re = 1750;
UVA-LEDs illumination system employed (A = 365 nm, irradiance = 12010 mW c¢m2?) under BSI.

All tests were performed in duplicate. Error bars represent error between duplicate trials. P-

Hydroxybenzaldehyde (pHy) was not detected.



Table SI-1. Reported yields in the literature of LMPPs obtained by nitrobenzene oxidation of lignin

isolated from Industrial Eucalyptus globulus Kraft liquor.

T LMPPs, wt%* e
1gnin type pHy VA SA Y Sy VO SO e
KL-G 0.3 0.5 34 34 136 NR NR 111, 2]
KL-Celbi NR NR NR 17 9.5 NR NR 2]
WKL 0.1 03 28 26 105 NR NR 3], [4]
KL-E 0.4 04 30 25 9.4 NR NR [1], [2]
KL NR NR NR 20 4.4 NR NR 5]
KL 0.01 0.2 13 17 6.9 0.09 024  This work

@ Reported on dry weight and corrected to nonvolatile solids weight after deducing inorganics content; KL-G — lignin
isolated from Eucalyptus globulus Kraft liquor by a Portuguese mill at the outlet of the Kraft digester; KL-Celbi — lignin
isolated from Eucalyptus globulus Kraft liquor, supplied by Celbi; WKL — lignin isolated from Eucalyptus globulus
(weak) Kraft liquor by a Portuguese mill before the evaporation stage; KL-E — lignin isolated from Eucalyptus globulus
Kraft liquor by a Portuguese mill after the evaporation stage; pHy — p-hydroxybenzaldehyde; VA — vanillic acid; SA —
syringic acid; V — vanillin; Sy — syringaldehyde; VO — acetovanillone; SO — acetosyringone; NR — not reported.



Table SI-2. FT-IR bands of Kraft liquor lignin and respective assignments.

Experimental band

Raw

lignin

(em™)

Oxidized
lignin

Band assignment

Functional
group

Attribution

Reference band
(cm™)

3385

N/D

O-H

Stretching vibration of phenolic and
aliphatic OH

3500-3200 [6]

2939

2939

C-H

Stretching vibration in CH,

3000-2842 [7]
2960-2925 [8]
2940 [6]
2938-2920 [9]
2937 [10]
2936 [11]

1598

1599

C—CorC=C

Aromatic skeleton stretching vibration

1605-1593 [7]
1600 [8, 12]
1597 [13]

1517

1515

Aromatic skeleton stretching vibration

1515 [8, 14]
1515-1505 [7]
1514 [11]

1459

1459

Aromatic skeleton deformation

1470-1455 [9]
1460 [12]
1459 [10]

1424

1421

Aromatic skeleton stretching vibration

1430-1422 [7]
1426 [13]
1425 [8, 14, 15]

1329

1326

C-0

Stretching of S structure

1335-1320 [9]
1330 [15]
1327 [16]

1326 [8, 12]

1216

N/D

Ring breathing with C—O stretching of
both the S and G structures

ca. 1220 [12]
1219 [11]
1216 [15]

1111

1111

In-plane deformation of S structure

1128-1110 [9]
1115 [8, 12]
1111 [16]

1043

N/D

Stretching vibration of cellulose,
hemicellulose, and lignin

1150-1030 [15]
1041 [13]

N/D

996

Valence vibration

996-985 [9]

913

913

Aromatic ring out-of-plane vibration

915 [12]

828

829

Out-of-plane deformation in G, S and H

83210, 13]
831[11,12]
825 [8, 16]

N/D — Not detected.



Table SI-3. Quantitative analysis (QA), crystallite size, lattice parameters (a, ¢) and preferred

orientation derived from the Rietveld fits of the XRD patterns for unused and used TiO,:Nb thin films.

QA Crystallite size Unit cell Preferred
Sample Phase (Wt%) (nm) volume (8% ¢ A) e@d) orientation
TiO,
TONb AL 50 61.5 456 296  (110), (101)
unused Ti0, 5.4 56 121 354 9.66  (101), (103)
anatase
TiO,
TiO,:Nb rutile 64.7 150 61.1 454 296 N/A
used 1o \r N/F i NF  NF N/F
anatase

N/A — Not applicable. The sample has low crystallinity, not allowing for well-defined diffraction peaks; N/F — Not
found. No evidence of the anatase phase was found on the used TiO,:Nb thin film.

Table SI-4. O 1s core level XPS fitting parameters.

Sambple Position Areas
p C1/C2/C3 (e¢V) C1/C2/C3 (%)

TiOy:Nb unused 529.8/530.5/531.9 28/22/50
Ti0,:Nb used 531.6/532.5/533.6 71/29/0

Table SI-5. C 1s core level XPS fitting parameters.

Position Areas
C1/C2/C3 (eV) C1/C2/C3 (%)

TiO,:Nb unused 284.9/285.5/288.8 68/26/6
TiO,:Nb used 284.8/285.4/288.7 56/36/8

Sample

Table SI-6. Nb 3d core level XPS fitting parameters.

Position L-S Areas

(eV) (eV) 3d../3d,.(%)

TiO,:Nb unused  206.9 2.8 58/42
TiO,:Nb used 212.8 N/F N/F

N/F — Not found.

Sample

Table SI-7. Ti 2p core level XPS fitting parameters.



Position
(eV)

TiO,:Nb unused 4584

Ti0,:Nb used 462.2

Sample

Table SI-8. Consumed charge and electrical consumption (ECo.) for the total reaction time (7 h).

Charge ECo. Yield
C ZLimin! AhL1 KWhm=3 mgkg!
EC-08V 0.4 0.006 0.004 7
PEC-0V 1.2 0.02 - 11
PEC-05V 2.1 0.03 0.01 19
PEC-0.8V 5.0 0.07 0.06 26
PEC-1.0V 7.7 0.11 0.10 17

PEC-25V 24 0.34 0.87 9




2.5. Analytical determinations

2.5.1. HPLC analysis

A VWR-Hitachi LaChrom Elite® liquid chromatograph with a Merck LiChrospher® 100 RP-18 (5 um)
LiChroCART® 125-4 column and a diode array detector (DAD) set at a A of 280 nm were used. The
chromatographic runs were performed at a temperature of 30 °C and a flow rate of 0.6 mL min~!. A
sample volume of 20 L was injected for each analysis. Since the LMPPs have different polarities, an
elution gradient was employed to achieve separation. The mobile phase was composed of MeOH
(eluent D) and 10 mM oxalic acid (eluent A). The gradient program was as follows: 0-3 min — 12.5%
D, 87.5% A; 7 min — 21.5% D, 78.5% A; 16 min — 32% D, 68% A; 35 min — 51.5% D, 48.5% A; 36-
48 min — 12.5% D, 87.5% A. Under these conditions, the seven compounds eluted at the following
retention times: pHy at 16.1 min, VA at 16.7 min; SA at 18.3 min; V at 19.0 min; Sy at 20.3 min; VO
at 22.0 min; and SO at 22.8 min. To obtain the working calibration curves, standard solutions with all
seven LMPPs (pHy, V, Sy, VA, SA, VO, and SO) were prepared by dissolution in MeOH to an
individual final concentration of 50 mg L~!. These solutions were further diluted with a 12.5:87.5%
(v/v) mixture of MeOH:oxalic acid 10 mM (eluent B) to obtain concentrations between 0.05-

25.0 mg L!. Each standard solution was prepared in duplicate and analyzed in triplicate.

Before HPLC analysis, the resulting LMPPs from lignin oxidation were separated from the KLL
solution using solid-phase extraction (SPE) [17]. SPE cartridges (Supelclean™ ENVI™-Chrom P, 80-
160 um, 500 mg, 6 mL) were employed for this procedure. The cartridge was initially equilibrated
with 7 mL of eluent D, followed by 14 mL of 87.5:12.5% (v/v) mixture of MeOH:oxalic acid 10 mM
(eluent C) and 14 mL of eluent B. The oxidized lignin samples were acidified up to pH 2-3 using a
3 M H,SOq, solution, filtered through a 0.20 um, 25 mm polyethersulfone (PESF) filter, and loaded
onto the prepared cartridge using a syringe. The syringe, collection flask, and cartridge were then

rinsed with eluent B and thoroughly dried. Finally, the LMPPs were eluted with 7 mL of eluent C and



collected in a 10 mL volumetric flask. The volume was adjusted using the same eluent solution. The

extracted LMPPs were subsequently analyzed by HPLC.
2.5.2. pH, temperature, and viscosity

The pH was determined using a Hanna Instruments edge® multiparameter equipped with a HI2020-02
pH electrode. Temperature was determined by a Hanna Instruments HI8424. Viscosity was determined

using a glass capillary following ISO 3104:2020 standard test method [18].



Data for this article, including those used to prepare all figures, are available at the following link:

https://www.dropbox.com/scl/fi/10ygkb77k900hsrwbs5qo/Data.opju?rlkey=d452g8wcqdp8pfx 7pzui

evcbe&st=uzwc0bso&dl=0
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https://www.dropbox.com/scl/fi/10ygkb77k9o0hsrwbs5qo/Data.opju?rlkey=d452g8wcq4p8pfx7pzuievcbc&st=uzwc0bso&dl=0
https://www.dropbox.com/scl/fi/10ygkb77k9o0hsrwbs5qo/Data.opju?rlkey=d452g8wcq4p8pfx7pzuievcbc&st=uzwc0bso&dl=0
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