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Figure S1. FTIR spectra of dried mimosa tannin and hydrochars obtained with and without addition

of iron (111) chloride, using a Pluronic-127/mimosa tannin mass ratio of 0.5 (FeTHC-R0.5 and THC-

RO.5, respectively).
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Figure S2. FesC lattice fringes for Fe-N-(FeTC-R0.5). Aberration-corrected HAADF-STEM images
and FFT patterns of different FesC particles. The images were recorded using an analytical Titan

microscope.



Figure S3. Aberration-corrected HAADF-STEM images for Fe-N-(FeTC-R0.5). The images were

recorded using an analytical Titan microscope.



Figure S3. (continued)
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Figure S4. XRD patterns of TC-R0.5, FeTC-RO0.5, Fe-N-(TC-R0.5) and N-(FeTC-R0.5).
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Figure S5. (a) Raw first- and second-order Raman spectra for TC-R0.5 and Fe-N-(FeTC-RO0.5).
(b) Deconvolution of first-order Raman profiles into 5 bands. Intensity ratios of deconvoluted

bands D (~1343 cm™) and 2D (~2676 cm™) to G (~1580 cm™) are included in the figures.
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Figure S6. (a) Deconvolution of high-resolution N1s XPS spectra and, (b) high-resolution Fe2p

XPS spectra of tannin-derived electrocatalysts.
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Figure S7. FesC lattice fringes for FeTC-R0.5. Aberration-corrected HRTEM and HAADF-

STEM images of different FesC particles obtained using an analytical Titan microscope.
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Figure S8. Textural properties of Fe-N-(FeTC-R0.5) and reference materials: (a) N2 adsorption

(solid curves) and desorption (dotted curves) isotherms at -196 °C; (b) Pore size distribution

(PSD) determined by applying the NLDFT method to N2 and H> isotherms. The insets show

Zooms.
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Figure S9. LSV curves of FeTC-R0.5 and Fe-(FeTC-RO0.5) in O.-saturated aqueous solutions
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of 0.1 M KOH (left) and 0.5 M H,SOx4 (right) at 5 mV s and 1600 rpm.
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Figure S10. (a) Electron transfer number, and (b) peroxide yields as a function of applied
potential for tannin-derived catalysts obtained using different Pluronic-127/mimosa tannin
mass ratios (R) in O2-saturated aqueous solutions of 0.1 M KOH (left) and 0.5 M H2SO4 (right)

at 5 mV s and 1600 rpm.
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Figure S11. Onset potential and E12 as a function of the relative contribution of surface N
moieties determined by XPS in alkaline (left), and acidic (right) electrolytes, for electrocatalysts

obtained from Fe-containing, tannin-derived hydrochars.
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Figure S12. Nyquist plots for Fe-N-(FeTC-R0.5) in 0.1 M KOH (left) and 0.5 M H2SO4 (right)

aqueous solutions saturated with oxygen at 1600 rpm.
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Figure S13. Tafel plots of tannin-derived electrocatalyst in 0.1 M KOH (a, b) and 0.5 M H2SO4

(c, d) aqueous solutions saturated with oxygen at 1600 rpm.
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Figure S14. Chronoamperometric responses under continuous oxygen bubbling of Fe-N-
(FeTC-RO0.5) catalyst and Pt/C at 1600 rpm and at 0.7 V vs. RHE in 0.1 M KOH (left) and at

0.6 V vs. RHE in 0.5 M H2SO4 (right).
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Figure S15. CV curves of Fe-N-(FeTC-R0.5) before (solid curves) and after (dotted curves)
chronoamperometric experiments at 0.7 V vs. RHE in 0.1 M KOH (left) and at 0.6 V vs. RHE

in 0.5 M H2S0;4 (right) aqueous solutions saturated with oxygen at 20 mV s,
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Figure S16. Methanol tolerance of Fe-N-(FeTC-RO0.5) in O,-saturated electrolytes: 0.1 M KOH
(left) and 0.5 M H2SO4 (right). Insets show zoomed-in current density vs. potential in the mixed

controlled region.
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Table S1. Nomenclature of as-synthesized materials and experimental details in the hydrochar synthesis and carbonization stages.

Name

THC-R0.5
FeTHC-RO
FeTHC-RO0.5
FeTHC-R1
FeTHC-R2
Fe-N-(FeTC-RO0)
Fe-N-(FeTC-R0.5)
Fe-N-(FeTC-R1)
Fe-N-(FeTC-R2)
FeTC-R0.5
N-(FeTC-R0.5)
Fe-(FeTC-R0.5)
TC-R0.5

Fe-N-(TC-R0.5)

Description

Tannin-derived hydrochar

Tannin-Fe(l11)-derived hydrochar in the absence of Pluronic-127
Tannin-Fe(l11)-derived hydrochar using R = 0.5
Tannin-Fe(l11)-derived hydrochar using R = 1
Tannin-Fe(l1)-derived hydrochar using R = 2

FesC@Fe-N-C catalyst using FeTHC-RO as the carbon precursor
FesC@Fe-N-C catalyst using FeTHC-RO0.5 as the carbon precursor
FesC@Fe-N-C catalyst using FeTHC-R1 as the carbon precursor
FesC@Fe-N-C catalyst using FeTHC-R2 as the carbon precursor
Partially graphitized carbon containing Fe from the direct carbonization of FeTHC
FesC@Fe-N-C catalyst using FeTHC-RO0.5 as the carbon precursor
FesC@C catalyst using FeTHC-RO.5 as the carbon precursor
Amorphous carbon from direct carbonization of THC

FesC@Fe-N-C catalyst using THC-RO0.5 as the carbon precursor

Hydrochar synthesis (stage 1)

Pluronic-127/
tannin ratio
0.5

0.0
0.5
1
2
0.0
0.5
1.0
2.0
0.5
0.5
0.5
0.5

0.5

FeCls

2L L 222 2 2 2 2 2 2 1

Carbonization (stage 2)

Urea FeCl3 900°C
VoA A
VoA A
VoA A
VoA
: -
Voo
N N
-
VooV
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Table S2. Chemical composition of tannin-derived electrocatalysts determined by elemental analysis and ICP-AES.

. EA and ICP-AES / wt. %
Material
C H N Fe

Fe-N-(FeTC-RO0) 82.03 1.22 1.48 1.50
Fe-N-(FeTC-R0.5)| 85.66 1.50 2.95 1.80
Fe-N-(FeTC-R1) 90.09 0.59 1.50 2.10
Fe-N-(FeTC-R2) 89.49 0.40 1.62 1.20
FeTC-R0.5 90.35 0.62 0.24 0.52
N-(FeTC-R0.5) 93.47 0.52 0.93 1.30
TC-R0.5 95.03 0.71 0.20 0.00
Fe-N-(TC-R0.5) 91.39 0.51 1.13 1.50

20



Table S3. Total Fe and N contents by XPS and distribution of nitrogen species (considering the total N content by XPS) in tannin-derived

electrocatalysts, from deconvolution of the N1s XPS spectrum.

Catalyst Fe-N-(FeTC-R0) Fe-N-(FeTC-R0.5) Fe-N-(FeTC-R1) Fe-N-(FeTC-R2) | N-(FeTC-R0.5)  Fe-N-(TC-R0.5)
Fe/at.% 0.5 0.3 0.3 0.6 0.7 0.8
N/ at.% 1.0 1.4 16 0.9 0.7 1.0
Pyridinic N / at.% 0.14 0.29 0.21 0.17 0.12 0.21
N-Fe / at.% 0.25 0.35 0.30 0.19 0.13 0.31
Pyrrolic N/ at.% 0.38 0.55 0.72 0.33 0.32 0.35
Graphitic N/ at.% 0.17 0.16 0.29 0.16 0.09 0.05
NOx / at.% 0.06 0.04 0.07 0.06 0.04 0.10
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Table S4. Results of fitting the Mdssbauer spectrum of Fe-N-(FeTC-R0.5) with two sextet and two doublet components. The table reports values of

isomer shift (1S), quadrupole splitting (QS), linewidth (LW) and hyperfine field (HF).

Component / mlri ol / QOSS'l / rrl;r\r/1vs4 ll_I.F Assignment Relative absorption area / %
Sextet 1 0.30 - 0.57 26 FesC 76
Sextet 2 0.72 - 0.72 50 Fe O3 10
D1 0.53 0.90 0.86 - Fe(111)-Ny 6
D2 0.53 2.83 2.10 - Fe(11)-Nx 8
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Table S5. Main textural properties of tannin-derived electrocatalysts.

Material ABeT SNLDFT | SMESNLDFT | SpNLDFT VnNLoFT | VMESNLDFT |V NLDFT W,av- WMES,av- Way-
Im>gt | Im?g? /m?g*t Im?2gt | femigt | /femPgl | /emigt NLDFT NLDFT NLDFT
/nm /nm / nm
Fe-N-(FeTC-R0) 321 340 58 282 0.40 0.28 0.12 0.97 17.58 13.23
Fe-N-(FeTC-R0.5) 760 849 71 778 0.65 0.36 0.29 0.87 16.19 9.43
Fe-N-(FeTC-R1) 446 519 55 465 0.42 0.25 0.16 0.84 15.34 9.59
Fe-N-(FeTC-R2) 670 780 59 720 0.52 0.27 0.25 0.83 15.07 8.21
FeTC-R0.5 539 882 91 790 0.44 0.22 0.22 0.68 8.17 4.41
N-(FeTC-R0.5) 421 630 85 544 0.39 0.23 0.16 0.73 9.08 5.73
TC-R0.5 612 1068 149 919 0.62 0.37 0.25 0.65 5.23 3.43
Fe-N-(TC-R0.5) 289 355 76 279 0.49 0.39 0.09 0.78 17.36 14.34

Ager: BET area from the N adsorption isotherms. Sniorr and S, niorr: Specific surface area and micropore surface area, respectively, by the 2D-NLDFT-HS model
from N2 and CO, adsorption isotherms. Syesniorr: mesopore volume (Swesniorr = Sniort - Suneoet). Vieorr and Vniorr: total pore volume and micropore volume,
respectively, by application of the 2D-NLDFT-HS model to N, and CO; adsorption isotherms. Vuesniorr: mesopore volume (Vmvesniorr = VNLDFT = ViNLDFT). Way-
NLDFT, Wwmes av-NLDFT @and W, av-nLoFT: average widths of pores mesopores and micropores, respectively, by application of the 2D-NLDFT-HS model to N> and CO;

adsorption isotherms.
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Table S6. ORR parameters of tannin-derived electrocatalysts and Pt/C catalysts in alkaline (0.1 M KOH) and acidic (0.5 M H2SO4) media.

Catalyst Alkaline Acidic
Onset potential /V | Eip Ju H.0, /1% n Onset potential /V Eip Ju H.0- /% n
@ 0.1 mA cm? IV |/ImAcm?| @07V | @07V @ 0.1 mA cm 1V ImAcm?| @05V | @05V
Fe-N-(FeTC-RO0) 0.91 0.80 -4.99 2.7 3.95 0.73 0.51 -4.58 40.1 3.20
Fe-N-(FeTC-R0.5) 0.97 0.87 -4.88 1.5 3.97 0.85 0.74 -4.97 9.6 3.80
Fe-N-(FeTC-R1) 0.93 0.84 -4.34 1.9 3.96 0.78 0.56 -4.56 31.2 3.38
Fe-N-(FeTC-R2) 0.92 0.82 -4.53 1.8 3.96 0.75 0.56 -4.64 31.3 3.37
FeTC-R0.5 0.79 0.68 -3.33 331 3.33 0.56 0.28 -2.98 49.9 3.01"
N-(FeTC-R0.5) 0.84 0.72 -2.77 24.5 3.51 0.68 0.41 -3.87 11.3 3.77
TC-R0.5 0.80 0.65 -3.20 44.2 3.12 0.46 - - 51.9" 2.96"
Fe-N-(TC-R0.5) 0.88 0.75 -3.51 6.6 3.87 0.69 0.43 -4.33 40.2 3.20
Pt/C 0.96 0.83 -5.37 2.7 3.95 0.92 0.82 -4.97 0.4 3.99

*H,0, orn @0.7 V
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Table S7. Summary of activity (E12) and stability (in terms of current retention after chronoamperometry (CA) tests) in 0.1 M KOH and 0.5 M

H2SO4 of the Fe-N-(FeTC-R0.5) material presented here, and compared with biomass-derived M-N-C catalysts from the literature.

0.1 M KOH 0.5 M H,SO42 Experimental conditions for CA
Catalyst Carbon precursor Eiz/V vs. Current Ew2/Vvs. | Current retention | Time/ E/V Ref.
RHE retention / % RHE % S

Fe-N-(FeTC-RO0.5) Mimosa tannin 0.87 zg 0.74 32 igggg 8:; x ﬁ EEE :2 8:; m l'j%'a VTvg:f(
Fe—N/Cg-RGO (1) Soybean dregs 0.83¢ 79 - - 3600 | -0.3Vvs.SCE [1]
BP-K-A Banana peels 0.84 95 0.57° 91P 10000 | 0.3V vs. SCE in 0.1 M HCIO4 [2]
NCS-800 Typha orientalis 0.80 77 0.50¢ 80¢ 10000 | 0.1V vs RHE [3]
SC-FeCo-N@N-carbon Sugarcane 0.81 78 - - 10000 | 0.7 V vs. RHE [4]
Fe-N-Cuwood Wood - - 0.70° 85pc 10000 | - [5]
Fe/ChoCI/RGO Sengon wood 0.84 90 - - 16000 | - [6]
Fe-Pani-RGO 2 py Sengon wood - - 0.74° 92b 16000 | 0.53V vs. RHE in 0.1 M HCIO4 [7]
Fe/N/ICNT@PCF Willow catkins 0.72 89 - - 20000 | -0.4 V vs. Ag/AgCI [8]
BY-Fe-A Brewer’s yeast 0.86 96 - - 20000 | 0.68V vs. RHE [9]
RN350-Z(1-2)-1000 Legume root 0.87 92 0.720 68 30000 8;; x ﬁ EEE :2 8:1 m lfgl'a [10]
HDPC-800 Tea leaves 0.79 93 - - 36000 | - [11]
M*S*C900-900 Spinach leaves 0.88 83 0.75 - 36000 | 0.88 V vs. RHE [12]
FeCoNCR-a Rapeseed cake 0.81 90 - - 36000 | 0.5V vs. RHE [13]

2 The electrolyte is 0.5 M H,SO4 unless otherwise specified. ® The electrolyte is 0.1 M HCIO,. ¢ Estimated from figures
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Table S8. Comparison of Fe-N-(FeTC-R0.5) and other biomass-derived M-N-C catalysts in AEMFCs and PEMFCs.

Cathode .
Cathode catalyst Carbon Eiz2/V vs RHE : Anode Membrane | Temp. i° PPD

Y precursor from RDE? Lrggocl:lr?g/ catalyst Membrane thickness/um | /°C /mAcm? | /mW cm? Ref.
AEMFCS
Fe-N-(FeTC-R0.5) | Tannin 0.87 1 PtRu/C | Modified FAA-3 / Fumatech 10 60 330 242 This work
PDCC_ZnCl; Peat 0.83 4 PtRu/C | FAA-3/ Fumatech 50 60 40¢ 51 [14]
Fe-LC-900 Waste leather 0.82 2 Pt/C FAA / Fumatech - - 509 50 [15]
Fe/N-F/CC-C Corncob waste 0.92 0.5 Pt/C Fumatech 50 45 259 38 [16]
NBSCP Bean sprouts 0.84 Pt/C FAA-3 / Fumatech 50 60 200¢ 172 [17]
Fe-N-C-sucrose Sucrose 0.81 4 Pt/C AHA-neosepta 50 RTP 175¢ 118 [18]
L_FeMn Lignin 0.87 0.8 PtRu/C | In-house 10 60 3501 261 [19]
FeCoNCR-a Rapeseed cake 0.81 2 Pt/Ru/C | AF2-HLES8-10-X/ Aemion 10 60 200¢ 131 [13]
Zn/Fesp-PC/950/NH; | Waste pig blood 0.88 1 PtRu/C | FAA-3/Fumatech 20 60 300¢ 230¢ [20]
Fe-N-PDC-HA Peat 0.87 1.1 PtRu/C | Xion Pention 20 80 1500¢ 1060 [21]
PEMFCS
Fe-N-(FeTC-R0.5) | Tannin 0.74 4.1 Pt/C Nafion NRE-211 25 80 414 200 This work
Co-N/C-3(ZnCly) Peat - 4 Pt/C Nafion HP 20 80 3501 210 [22]
CHbMg3s400900 Hemoglobine - Pt/C Nafion N-112 50 80 250¢ 125 [23]
L_FeMn Lignin 0.77 4.4 Pt/C Nafion NR-211 25 80 150¢ 72 [19]

3 RDE tests in 0.1 M KOH or 0.5 M H,SO.. ® RT = room temperature. ¢ j at 0.6 V for AEMFC and 0.4 V for PEMFC. ¢ Estimated from figures
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