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Fig S1 SEM images of PS opal sacrificial templates.
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Fig S2 (a) TEM and (b) HRTEM image of WO; IO, inset in Fig S2 (b) is the SAED
patterns



o

——W,C-I0

—o—W,C-planar

[

=y

o
1

r
o
1

-304

-40- s
0.6 0.4 0.2 0.0
potential (V vs RHE)

Current density ( mA.cm?®

Fig S3. Polarization curves of W,C IO and planar W,C films in 0.5 M H,SO,4
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Fig S4. Tafel plots of W,C-700 and W,C-1000.
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Fig S5. HER performance of W,C-850 10 in different electroytes (Neutral, Alkaline
and Acidic).
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Fig S6. the CVs for (a) WO; 10, (b) W,C I0-700 and (c¢) W,C I0-1000 with different rates from
4 to 16 mV/s in the potential range from 0 to 1 V (vs RHE).



Table S1. A comparison of the HER performances of non-precious metal based
electrocatalysts from recent literatures.

electrocatalvst Electrolyte -10mAcm™ (mV) Reference
W,C IO 0.5 M H,S0, -146 Our study
Mo;C NPs 1 M H,SO, -220 Ref.1
WS, Clusters 0.5 M H,S0, -160 Ref.2
Fe-WCN Nanoflake 0.5 M H,S0, -250 Ref.3
MoS Clusters 0.5 M H,50, -183 Ref.4
MoS; NPs 0.5 M H,S0, -219 Ref.5
W,C NPs 0.5 M H,S0, -120 Ref.6
MoC-Mo,C HNWS 0.5 M H,S0, -126 Ref.7
Mo,C NPs/G 0.5 M H,SO, -150 Ref.8




base | .117.09 | -117.09 | -117.09 | -117.09 | -117.09
Euqs | 6759 | -6.759 | -6.759 | -6.759 | -6.759
Ecotal -120.89 | -425.83 | -425.42 | -408.60 | -412.87

AE4s -0.42 0.03 0.38 -0.86 -0.44
AGH -0.18 0.21 0.62 -0.62 -0.20

Table S2 Ey., Eads, Eotal A Eqgs and AGy for HER on Pt (111) surface, WO5-W (001)

surface, WO;-O (001) surface, W,C-C (001) surface and W,C-W (001) surface by
DFT calculation.

Theoretical calculations: Our computational simulations were performed by

Vienna ab-initio simulation package (VASP) with the projector augmented wave
pseudo-potentials (PAW) to describe the interaction between atomic cores and
valence electrons with density functional theory (DFT). The Perdew—Burke—
Ernzerhof (PBE) functional within the generalized gradient approximation (GGA)
was used to implement DFT calculations.” The W,C(001) by the W-determined or C-
determined, Pt(111) and WO5(001) 2x2 slab models were employed to simulate the
surface properties. The reasonable vacuum layers were set around 15 A in the z-
direction for avoiding interaction between planes. A cutoff energy of 400 eV was
provided and a 5x5x1 Monkhorst Pack k-point sampling was chosen for the well
converged energy values. Geometry optimizations were pursued until the force on
each atom falls below the convergence criterion of 0.02 eV/A and energies were
converged within 10-¢ ¢V. Moreover, all calculations were spin polarized.

Hydrogen adsorption and free energy

The hydrogen adsorption energy on various surfaces is defined as

AEads: Ebase—H_ Ebase_ EEHZ

where Epase-n is the total energy of slab model with *H adsorption, Epase is the

energy of a clean slab surface, and 2is that for hydrogen molecules in the gas phase.

The Gibbs free energy for hydrogen adsorption (AGH *) can be calculated by

taking zero point energy and entropy corrections into account such that

. Where “"ZPE and TAS are the difference in zero point



energy and entropy between the adsorbed hydrogen and hydrogen in the gas phase,
respectively. As the vibrational entropy of H* in the adsorbed state is small, the

entropy of adsorption of 122 jg ASy = BE 145 + 0.24€V. 1011
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