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Experimental Section

Materials and Chemicals: Potassium hydroxide (KOH), sodium chloride (NaCl), and
hydrogen peroxide (H,0O,, 30%) were purchased from Sinopharm Co. Ltd and used
without further purification. Natural seawater was obtained from Qingdao, China.
Natural poplar wood was sourced by Chenlin Industrial Co. Ltd.

Fabrication of CW: Natural poplar wood was cut into small cross-section chips with
dimensions of 2 x 2 x 0.2 cm? (length x width x height). The wood chips were then
subjected to thermal treatment in a tube furnace. Initially, the chips were heated at 260
°C for 2 hours, followed by further and then heated at 1000 °C for 2 hours under an N,
atmosphere to produce carbonized wood (CW). The CW was subsequently modified by
reacting it with H,O, in a reaction vessel containing 60 mL of 1 wt% H,O, solution.
The reaction vessel was heated in an oven for 1, 3, and 5 hours.

Characterization: Electrochemical measurements were performed using a CHI 760E
electrochemical workstation. The surface morphologies of the samples were
characterized with a Hitachi SU8010 field emission scanning electron microscope
(FESEM). Phase and chemical composition analyses were performed using X-ray
diffraction (XRD, Ultima IV) and X-ray photoelectron spectroscopy (XPS, ESCALAB
250XT1). Raman spectra were recorded with a DXR532 Raman spectrometer with a 532
nm laser. Nitrogen adsorption-desorption isotherms were measured using a
Quantachrome Autosorb IQ to determine the Brunauer-Emmett-Teller (BET) specific
surface area. Water contact angles were measured with a JC2000 device.
Electrochemical Measurements: All measured potentials were referenced to a
reversible hydrogen electrode (RHE) using the Nernst equation (Erpg = Eng/igo +0.059
x pH + 0.098 V). The linear sweep voltammetry (LSV) measurements were carried out
at a scan rate of 1 mV s! with an automatic 95% compensation on an electrochemical

workstation. Nyquist plots were obtained over a frequency range of 0.1 Hz to 100 kHz



with an amplitude of 5 mV. Catalyst durability was assessed using the
chronoamperometry method.
DFT calculations
The spin-polarized density functional theory (DFT) calculations were performed using
the Vienna Ab-initio Simulation Package (VASP) [!-2]] which incorporates Projected
Augmented Wave (PAW) pseudopotentials 1. The exchange-correlation energy was
treated using the generalized gradient approximation (GGA) method with the Perdew-
Burke-Ernzerhof (PBE) functional 31, A plane-wave energy cutoff of 450 eV was
employed. The Monkhorst-Pack scheme with a k-point mesh of 3 x 3 % 1 and a k-point
spacing of 0.05 A~ was used to sample the first Brillouin zone (). All atoms were fully
relaxed during the optimizations. A vacuum space of 15 A was applied above the
molecular system to prevent periodic interactions throughout the calculations.
Geometry relaxation was carried out using the Quasi-Newton 1-BFGS method until the
maximum energy and force on each degree of freedom were less than 1.0x10~ eV and
0.01 eV/A, respectively.

To obtain the free energy profile, Gibbs free energies for all states were calculated
based on the ZPE-corrected DFT total energy, set as the enthalpy at 0 K. The free energy
was calculated using the following expression:

298.15K
G=H-TS= Eppr+ Ezpp+ f C,dT - TS
0

where Err is the total energy from DFT optimization, E

ZPE is the zero-point vibrational
energy, Cv is the heat capacity, T is the temperature in Kelvin, and S is the entropy. The
free energy for the gas-phase molecule was calculated using standard thermodynamic

data at the standard state (refer to www.nist.com).
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Fig. S1 High-resolution C 1s spectrum of CW (a), OCW-1 (b), OCW-3 (¢), OCW-5
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Fig. S2 The proportion of oxygen-containing functional groups in different samples.
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Fig. S3 Water contact angle measurements of CW, OCW-1, OCW-3, and OCW-5.
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Fig. S4 EIS plots of OCW-3 in different electrolytes.




Fig. S5 SEM images of OCW-3 after HER.
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Fig. S6 Optimized model structure of DG-OI and DG-OII.

Fig. S7 The structures of G, DG, DG-OI and DG-OII in the electrocatalytic alkaline

hydrogen evolution process.
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Table S1 The content of different oxygen-containing functional groups in CW, OCW-

1, OCW-3, and OCW-5 before the HER test and OCW-3 after the HER test.
Samples O-1 (C=0) O-II (C-0)
CW 3.97 At. % 1.47 At. %
OCW-1 5.00 At. % 1.27 At. %
OCW-3 5.48 At. % 0.99 At. %
OCW-5 4,98 At. % 1.20 At. %




Table S2 Comparison of HER performance of different carbon-based catalysts.

Carbon N1o Tafel slope | Electrolyte Ref.
sources (mV) (mV dec™) s
Silk cocoon 354 310 1 M KOH 7
Luffa sponge 492 253 0.5M 8
H,S0O,4
Catkin 741 179 1 M KOH 9
Catkin 696 180 1 M KOH 9
(NiOOH@C-
MC)
Catkin 523 223 1 M KOH 9
(MoS,@C-
MC)
Cypress leaves 253 286 1 M KOH 10
Cattail spike 363 550 1 M KOH 11
(NBCF)
Wood 245 171 1 M KOH | This work
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