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Experimental methods

Nano AuTiO,, electrode was prepared by simple thermal decomposition method in Scheme S1.
In a typical synthesis process, 0.4 mmol tetrabutyl titanate (Ti(OC4Hy)s) was added to 3.0 mL
alcohol (C,HsOH) under vigorous stirring using a magnetic stirrer. Then, the pH value of solution
was adjusted to 8, and the solution was slowly stirred for 2 h and aged for 24h to form solution A
(TiO, sol). Subsequently, 0.8 mmol chloroauric acid (HAuCly-4H,0) was added to 3.0 mL alcohol
(C,Hs0OH) to form solution B. Solution A and B were mixed according to the volume ratio of 1:1
and stirred at room temperature for 1 h to obtain a clear and transparent orange Au-TiO,
composite precursor sol. Next, 50 pL of the mixed solution was uniformly dropped on the surface
of carbon paper (CP) (pretreated in HNOj; for 12 h) and dried naturally. The above coating process
was repeated 6 times until the loading of Au on CP was about 15 mg cm2. Finally, the sample was
annealed at 500 °C for 2h at a heating rate of 5 °C min™! in Ar atmosphere. Au electrode were
prepared by the same thermal decomposition method described above except that solution A was
not added. Pt electrode were prepared by the same thermal decomposition method described above
with H,PtClg solution.

X-ray diffraction (XRD) patterns were acquired on an XRD-7000 X-ray diffractometer.
Transmission Electron Microscopy (TEM) were conducted on an JEOL-2100F. Scanning Electron
Microscope (SEM) images were taken with a Zeiss XIGMA field-emission SEM. X-ray
photoelectron spectrometry (XPS: ESCLAB 250Xi, Thermo Scientific) with monochromatized Al
Ka radiation was used to analyze the electronic properties. Analysis of the composition of the
electrode was carried out by X-ray fluorescence (XRF: EDX-7000, Shimadzu, Japan).

The electrochemical experiments were carried out in a typical three-electrode electrochemical
glass cell with a carbon paper as a counter electrode and Hg/Hg,SO4/K,S04(0.1 M) as the
reference electrode. Cyclic voltammetry (CV) measurements were performed in Ar-saturated 0.5
M H,SO, solution at the scan rate of 100 mV s'!. The HER polarization curves were obtained by
sweeping at a scan rate of 5 mV s, Electrochemical impedance spectra (EIS) were recorded at
overpotentials of 80 mV with the frequency ranging from 100 mHz to 100 kHz with a constant ac
voltage amplitude of 10 mV.

First-principles calculations were performed using the Vienna Ab Initio Simulation Package
(VASP, version 5.3) within a RPBE (Revised Perdew Burke Ernzerhof) generalized gradient
approximation (GGA) to the exchange and correlation functional. A projector augmented wave
(PAW) basis along with a plane-wave kinetic energy cutoff of 408 eV was employed for all
computations. During the geometry optimization, the adsorbate layer and the top three layers of
the slab were allowed to relax. The energies were converged to 1x10-3¢V per atom and ionic
relaxations were allowed until the absolute value of force on each atom was below 0.02 eV/A.
AEy = E(H/M) — E(M) — 1/2E(H,), such that the negative value indicates the dissociation of H, on
the studied surface being thermodynamically spontaneous, whereas the positive means the

opposite.



Figure S1 SEM images of CP (a), Au/CP (b, ¢) and AuTiO,./CP (d-f).
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Figure S2 SEM-EDS elemental maps (Au, Ti and O) of AuTiO,_, nanoparticles.
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Figure S3 XRD images of Au and AuTiO,_ nanoparticles.
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Figure S4 The XPS survey spectrum of AuTiO,  electrodes.
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Figure S5 The cyclic voltammogram (CV) of the Pt electrode.
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Figure S6 The HER activities of AuTiO, electrodes with different calcination

temperatures and Au-Ti mole ratios.
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Figure S7 The HER activities of AuTiO,., Au and Pt electrodes.
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Figure S8 The equivalent circuit of the impedance of AuTiO,_ and Au electrodes



Table S1 ED-XRF analysis of AuTiO, electrode before and after stability tests

Electrode Au / mol% Ti/ mol%
AuTiO, 47.69 52.31
AuTiO, after 1000 segments CV 4548 54.52

AuTiO, after10000s @-0.15V 48.30 51.70




Table S2 The activity and stability of Au nanohybrids catalysts for HER in acid
medium
n (mV) @ Tafel

j (mA cm?)
Catalyst Active center @ potential current slope Stability Ref.
density (mA (mV
(mV) 5 .
cm2) dec!)
Au-Mo,N Au and Mo,N - 200@ 10 67 - 1
particlesq)
Au-MoS, --- --- 289 @ 10 68 --- 2
nanosheet2
Au-Mo,N2 Au and Mo 029 @250 - 106 + - 3
4
Au-Mo,N-BP2  Auand Mo 243 @250 - 63+3 -
Au-aerogel-CN,  Au and CNy - 185 @ 10 53 The J reduced by 4
composites2 30% at n = 150
mV after 10h
MoS,-Au MoS, - 66 @ 10 40 The J reduced by 5
nanohybridsg (Au: conductivity) 11% decrease at 5
= 70 mV after
12h
WSy/Au hybrids WS, 145 @400 - 5749 - 6
2 (Au: conductivity)
MoS,/Au MosS, 22.6 @400 - 5697 -
hybrids2 (Au: conductivity)
Core/Shell NiAu/Au --- --- 36 --- 7
NiAwAu2
9 Au@Zn-MOF 1.5 @ 100 - 86.5 --- 8
Au@Zn-MOF
Au-Ag Au-Ag - - 39 - 9
icosahedra
AuTiO, 2 Au 3.5@ 100 134 @ 10 60.34  No change after  This
32 @ 200 10000s @150  work
mV.

Electrolyte Solution: 20.1 M H,S0,, 20.5 M H,S0,, 301 M HCIO.
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Table S3 Impedance parameters of AuTiO,_, and Au electrodes obtained by

fitting the experimental data to Ry(R/C/)(R.Ca) equivalent circuit

Ry Ry Cr R Ca
Electrocatalyst
/Q cm? /Qcm?  /uFem? /Qcem?  /mF cm??
AuTiO, 0.78 0.78 2.69 51.21 9.56

Au 0.38 1.32 0.97 210.6 0.0246




