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Materials and methods
1. Chemicals

Thiourea (CH4N,S, 99.0 wt%), ethanol (C,HgO, 99.7 wt%), acetone (C3HgO,
99.5 wt%), nitric acid (HNOs, 66.5 wt%), and phosphate buffer saline (PBS, 0.1 M)
aqueous solutions were purchased from Beijing Chemical Works. Ruthenium chloride
hydrate (RuCl;-xH,0, 38.0 wt%), platinum carbon (Pt/C, 20 wt%), ruthenium oxide
(RuO,, 99.9 wt%), and nafion solution were commercially obtained and purchased
from Aladdin Chemical Co. Ltd. All the chemicals used in this study are of analytical
grade without further purification. Titanium-containing wipe fibers were purchased
from Shanghai Meixin Sanitary Products Co. Ltd.
2. Synthesis
2.1. Synthesis of Ru/g-C;N,4

The synthesis of Ru/g-C5N, was performed by anchoring Ru species on g-CsNy.
Typically, 10 g of thiourea was heated to 550 °C a heating rate of 5 °C min~!, and was
kept at this temperature for 2 h, affording graphitic carbon nitride, g-C3;N4. Then 13
mg of g-C;N, was used as the support to anchor Ru species according to the method
depicted in Experimental Section 2.1.
2.2. Synthesis of Ru/g-C;N4-C

Typically, titanium-containing wipe fiber (TIWF) was first calcinated at 550 °C in
a N, flow for 2 h, yielding carbon-titanium composite, C-TiO,. The obtained C-TiO,
was then washed with HF, affording the carbon material, C. The obtained C (0.2 g)
combined with 1.5 g thiourea was dispersed in 20 mL of water. The mixture was
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transferred into a Teflon-lined stainless steel autoclave and heated at 100 °C for 24 h.
After cooling to room temperature, the solid product was heated to 550 °C in a N,
flow at rate of 5 °C min~!, and was kept at this temperature for 2 h, yielding graphitic
carbon nitride-carbon composite, g-C3Ny4-C. Finally, 13 mg of g-C5Ny-C was used as
the support to anchor Ru species according to the method depicted in Experimental
Section 2.1.
2.3. Synthesis of Ru/C-TiO,

The synthesis of Ru/C-TiO, was performed by anchoring Ru species on C-TiO,.
Typically, 13 mg of the C-TiO, was used as the support to anchor Ru species

according to the method depicted in Experimental Section 2.1.
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Table S1. EXAFS fitting parameters at the Ru K-edge for various samples.

Absorber-  Coordination Bond o2 (103 AEp
Sample

R factor

scatter pair number distance (A) Ay (eV)
Ru/g-C5Ny-C-TiO Ru-O/N 4.13+0.35 2.039 5.85 2.5 0.0050

2

Ru/g-C;Ny Ru-N 4.14+0.48 2.045 5.76 -9.0 0.0076
RuCl; Ru-Cl 3 2.423 2.37 9.6 0.0109
Ru foil Ru-Ru 12 2.672 2.91 3.8 0.0177
RuO, Ru-O 6 1.979 2.56 -1.8 0.0142

2 52 = Debye-Waller factor and AE = inner potential correction.
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Table S2. Comparison of the HER performance of various electrocatalysts in 1.0 M

KOH.
Catalyst
Current Tafel
loading
density  Overpotential  slope
Catalyst amount Reference
(mA (mV) (mV
(mg
cm2) dec™)
cm?)
This
Ru/g-C5N4-C-TiO, 10 107 85 0.226
work
Ru/C 10 186 125 0.343 [1]
Ru doped
10 135 64 - [2]
Ni(OH),/TM-0.2

RhsoRuso@Ui0-66-NH, 10 177 112 0.343 [1]
BRP-g-C5N4-CPE 10 115 79 - [3]
Co@BNCNTS 10 187 110 - [4]
CoO,@CN 10 232 115 0.420 [5]
MoS,@Mo-S-C;N, 10 290 146 - [6]
MoC@NCS-1000 10 111 57 - [7]
Ni-Mn-LDH/g-C35Ny4 10 126 50 - [8]
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Table S3. The calculated H,O dissociation Gibbs free energy (|AGH20 |) and the

adsorption free energy of H ( | AGys | ) for Vo-g-C;N4-C-TiO,, Ru/P-g-C;Ny-C-TiO,

and Ru/Vo-g-C;Ny-C-TiOs,.

Rll/P-g-C3N4-C-Ti RU/VO-g-C3N4-C-T
VO-g-C3N4-C-Ti02

02 102
| AGio | 0.19 eV 1.02 eV 0.88 eV
| AGy- 2.03 eV 1.25eV 0.41 eV
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Table S4 Comparison of the HER performance of various electrocatalysts in 0.5 M

H,SO,.
Catalyst
Current Tafel
loading
density  Overpotential  slope
Catalyst amount  Reference
(mA (mV) (mV
(mg
cm?) dec™)
cm2)
Ru/g-C;3N,4-C-TiO, 10 112 65 0.226  This work

C;Ny-Ru-F 10 140 57 0.153 [9]
MoS,@Mo-S-C3N,4 10 193 65 - [6]
C;3N4-Cu 10 309 76 0.280 [10]
C3Ny-nanoribbon-G 10 207 54 0.143 [11]
C3Ny/NG 10 240 51 0.100 [12]
C;N4/AgPt 10 150 65 0.352 [13]
CoO,/mC@MoS,@g-CsN,4 10 98 66 - [14]
GO-Co,P 20 67 83 1.33 [15]
N-WS,-H, 100 197 70 - [16]
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Figure S1. The particle size distribution histogram of g-C5Ny-C-TiO,.
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Figure S2. (a) First derivative curves and (b) the k*>-weighted EXAFS spectra at k

space for different Ru-containing samples, and EXAFS fitting curve for (c) RuCls, (d)

Ru foil and () RuO,.
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Figure S3. XPS survey spectra of Ru/g-C3N,;-C-TiO; and Ru/g-C3N,.
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Figure S4. The optimized atomic structure model of Vo-g-C3;N4-C-TiO,.
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Figure S5. The surface structures of Vo-g-C;Ny-C-TiO, for the reaction pathway for

alkaline HER, including (a)AGy;0 and (b)AGysx.
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Figure S6. The surface structures of Ru/P-g-C;N,;-C-TiO, for the reaction pathway

for alkaline HER, including (2)AGy;0 and (b)AGysx.
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Figure S7. The surface structures of Ru/Vo-g-C;Ny-C-TiO, for the reaction pathway

for alkaline HER, including (2)AGy;0 and (b)AGysx.
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Figure S8. The long-term durability test for Pt/C at constant current density of 10 mA

cm2in 1.0 M KOH.

Figure S9. (a,b,c,d) TEM images with a varied magnification for spent

RU/g-C3N4-C-Ti02.
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Figure S10. (a) The HER polarization curves of various catalysts in 0.5 M H,SO, and
(b) the corresponding Tafel plots, (c) Nyquist plots and (d) Cy for various

electrocatalysts.
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Figure S11. The long-term durability test for (a) Ru/g-C;N4-C-TiO, and (b)Pt/C at

constant current density of 10 mA ¢cm™2 in 0.5 M H,SO,.
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