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Figure S2. Optical photograph of bare Cu(OH), NW/CF (left), CuO NW/CF (middle), and

Cu-A-TiO; (right).
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Figure S3. XRD patterns of CuO NW/CF, Cu-A-Ti0O; and copper foam. There is no changes

in XRD diffraction peak could be observed after TiO, deposition.
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Figure S4. TEM image of CuO NW/CF.
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Figure S5. Cu LMM Auger spectra for CuO NW/CF and Cu-A-TiO,.
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Figure S6. Exchange current densities for as-synthesized catalysts in 1 M KOH for HER,

which were calculated from Tafel plots by extrapolation method.
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Figure S7. a) Cu 2p spectra of Cu-A-TiO, and A-TiOy(Al). b) Cu 3p-Al 2p spectra of

A-TiO(Al).
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Figure S8. a) iR-corrected polarization curves of Cu-A-TiO; and A-TiO,(Al) at 2 mV s!in 1
M KOH. b) Electrochemical impedance spectra of Cu-A-TiO, and A-TiO,(Al) with

overpotential of 150 mV.
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Figure S9. SEM images of Cu-A-TiO, after long-term durability test in a,b) 1 M KOH and

c,d) 1 M PBS.
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Figure S10. XPS Spectra of Cu-A-TiO, composite after HER stability test. a) Cu 2p, b) Ti 2p,

and c) Cu LMM.
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Figure S11. Electrochemical tests in 1 M PBS solution. (a) Polarization curves and (b) Tafel

plots of Cu-A-TiO, in comparison with CuO NW/CF and CF. (c¢) The Nyquist plots with

overpotential of 150 mV. The inset in (c) shows corresponding equivalent circuit model. (d)

The comparison of the experimentally quantified H, amount gas with theoretically calculated

gas for Cu-A-TiO, at 10 mA cm™. (e) Stability testing of Cu-A-TiO, by chronopotentiometry

at a static current density of 10 mA cm.
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Figure S12. Schematic models with H,O molecule adsorbed on the surface of Cu-A-TiO,.
The dotted line shows the hydrogen bond between the H,O molecule and the surface oxygen

atom.
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Figure S13. XRD patterns of M-Ti0O, and Ti foil.
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Figure S14. a) Low- and b) high-magnification SEM images of M-TiO,.
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Figure S15. Optical photograph of preparation for the working electrode. The as-synthesized
sample with copper foam was cut into a specific shape. And electrochemically inert silicon

rubber was used to precisely define an active geometric area.
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Figure S16. Schematic models of a,b) M-TiO; and c,d) R-TiO,. Color code: Ti: blue; O: red.
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Figure S17. Schematic models of a,b) A-TiO, and c,d) Cu-A-TiO,. Color code: Ti: blue; O:

red; Cu: dark blue.
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Table S1. Comparisons of HER performance of Cu-A-TiO, with other reported

non-noble-metal catalysts.

Overpotential Tafel solbe
Electrocatalysts Electrolyte at 10 mA cm pl Ref.
(mV dect)
(mV)
Cu-A-TiO, 1 M KOH 92 96 This work
OV-high TiO, 1 M KOH ~600 187.5 1
TiO; 23 0.5 M H,SOy4 198 88 2
CFP-FeP HNA 1 M KOH 181 134 3
Fe—O-P NRs 1 M KOH 110 128 4
Cu@NiFe LDH 1 M KOH 116 58.9 5
Co;04@Ni 1 M KOH 130 53 6
CoS, 1 M KOH 193 88 7
NiCoP/CC 1 M KOH 62 68 8
0,Cu—CoP 1 M KOH 72 62 9
MoNiy 1 M KOH 15 30 10
NiS,-MoS, 1 M KOH 204 65 11
Ni,P-Ni3S,
HNAS/NF 1 M KOH 80 65 12
porous MoO, 1 M KOH 27 41 13
Co,M030g4/Co/NF 1 M KOH 50 49 14
N doped Mo,C 1 M KOH 140 65 15
nanosheets
WO, HN/NF 1 M KOH 48 43 16
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Table S2. Mean value (standard deviation) of the electrochemical HER kinetic parameters of

Overpotential at j =10 Tafel slope Jo
Tested cathode

mA cm? (mV) (mV dec!) (mA cm?)

Cu-A-TiO, 90(2.08) 94(1.52) 0.92(0.11)
20% Pt/C 33(0.57) 31(1.15) 0.88(0.007)

M-TiO, >400 163(3.06) 8.4(0.4)x104
CuO NW/CF 236(2.65) 135(1.50) 0.19(0.04)
CF >400 169(2.33) 4.2(0.25)x10-3

tested cathode.
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Table S3. Bandgaps (eV) of TiO; (rutile and monoclinic phases).

Rutile Monoclinic
Our simulations 2.23 3.11
Other simulations 2.2817 3.2217
Experiment 3.0318 3.2017

Table S4. Adsorption energies (eV) of H,O and H on TiO, (rutile and monoclinic phases).

H,O H
Rutile Monoclinic Rutile Monoclinic
Our simulations -0.91 -0.47 -0.42 0.04
Other simulations -0.9320 -0.46%! -0.5520 N/A

Table S5. Adsorption free energies (eV) of H,O and H on TiO, (rutile and monoclinic

phases).

H,0 H

Rutile Monoclinic Rutile Monoclinic

Our simulations -0.25 0.19 -0.18 0.28
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