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I. Experimental Procedures
1. Electrochemical measurements

The electrochemical tests are conducted on an electrochemical workstation (CHI760E, 

CH instrument) with a conventional three-electrode cell. A Pt plate (1cm × 1cm) is 

employed as the counter electrode and an Ag/AgCl (saturated KCl) electrode was used 

as the reference electrode. The working electrode is prepared on a glassy carbon 

electrode (GCE) with a diameter of 5 mm. The exposed area of the working electrode 

is 0.19625 cm2. The GCE is polished with α–Al2O3 powder with decreasing sizes (1.0-

0.05 μm), and it is then ultrasonically washed with deionized water and absolute ethanol 

before the samples were coated on it.

The electrode materials are prepared by dispersing 5 mg of the catalyst and 1 mL mixed 

solution, which is compounded by 25 μL of Nafion solution, 250 μL of ethanol and 750 

μL of water. The mixture was then sonicated for about 1 h at room temperature to form 

a homogeneous ink. 10 μL of the ink (containing 0.05 mg of catalyst) was loaded onto 

the GCE, giving a loading mass of 0.25 mg cm-2. The same procedure was used for all 

of the samples during their electrode preparation. The photocurrent measurements were 

carried out with the electrolyte and 1 M aqueous KOH (pH = 14). The electrochemical 

impedance spectroscopy (EIS) and cyclic voltammetry measurements are respectively 

performed in the solution by applying an AC voltage with -1.5 mV amplitude in a 

frequency range from 1 Hz to 100 kHz. The bias sweep range is from 0 to -0.9 V; the 

scanning rate of 0.1 V/s. The polarization curve is performed in the same solution with 

the bias sweep range from -1.4 to -1.8 V vs Ag/AgCl.

2. Computational methodology

The first-principles calculations are performed in the framework of the density 

functional theory with the projector augmented plane-wave method, as implemented in 

the Vienna ab initio simulation package.1 The generalzied gradient approximation 

proposed by Perdew, Burke, and Ernzerhof is employed for the exchange-correlation 



potential.2 The long range van der Waals interaction is described by the DFT-D3 

approach.3 The spin-polarized are considered in the calculations. The Ni2P (111) 

surface containing 48 Ni atoms and 24 P atoms, the top two layers of Ni and P atoms 

are allowed to relax, while the bottom two layers of Ni and P atoms are fixed. The 

CoNiP (111) surface containing 24 Co atoms, 24 Ni atoms, and 24 P atoms, the top two 

layers of Co, Ni and P atoms are allowed to relax, while the bottom two layers of Co, 

Ni and P atoms are fixed. The vacuum layers of 15 Å are added perpendicular to the 

slabs to avoid artificial interaction between periodic images. The cut-off energy for 

plane wave is set to 450 eV. The Brillouin zone integration is performed using a 1×1×1 

k-mesh for the structural optimization, while a dense k-point mesh of 3×3×1 was used 

to calculate the density of states. The converged conditions for electronic and ionic 

optimizations are respectively chosen as 1×10−5 eV and 0.02 eV/Å.



II. Supplementary illustrations and explanations

Scheme S1. The preparation process of phosphides: the synthesis of precursors using a 

mixture of Co and Ni salts and NaH2PO2 solution, followed by phosphide formation 

through annealing under an inert atmosphere.



Figure S1. Powder XRD pattern of as-prepared CoNi3P. The mixed phases may contain 

NiP and Ni5P4.



Figure S2. The SEM images of the (a) CoP, (b) CoNiP, (c) Ni2P and (d) CoNi3P 

samples.



Figure S3. The TEM and HRTEM images of (a, b) the CoP and (c, d) the CoNi3P 

samples.



Figure S4. The elemental mapping images of (a) CoP, (b) Ni2P and (c) CoNi3P 

samples.



Figure S5. The EDX patterns of (a) CoP, (b) CoNiP, (c) Ni2P and (d) CoNi3P samples.



Figure S6. The High-resolution XPS spectra of (a) Co 2p, (b) Ni 2p, (c) P 2p and (d) 

O 1s of CoNi3P sample.



Figure S7. (a) The XRD pattern and (b) the SEM pattern of CoNiP sample after cycle 

stability test.

Figure S8. (a) The solid UV-Vis DRS and (b) the PL spectrum of CoP, Ni2P, CoNiP 

and CoNi3P samples.



Figure S9. The specific capacitance performances (CV) of CoP, CoNiP, CoNi3P and 

Ni2P samples.

Table S1. Comparison of recently reported earth-abundant metal catalysts for 

photocatalytic Eosin-Y sensitized H2 evolution reaction.

Catalyst H2 evolution rate

(mmol g-1 h-1) (Cal)

Reactant solution Ref.

CoNiP 12.96 10% TEOA This 

work

10%-MCC/M–S 3.9 15% TEOA R4

Co-NCNT-800 14.7 10% TEOA R5

CoS 1.2 5% TEOA R6

Cu2-xSe 1.02 10.6% TEOA R7

Ni@MOF-5 9.5 10% TEOA R8

NiB/GO 6.5 10% TEOA R9

Ni(OH)2/TiO2 1.6 5% TEOA R10

Ni2P-FG 2.26 10% TEOA R11

Pt/C3N4 0.5 5% TEOA R12

Pt/ZnO 3.9 10% TEOA R13



rGO/MOF/Co-

Mo-S

6.8 15% TEOA R14

Sb doped SnO2 0.25 10% TEOA R15

Sn-doped 

ZnO/BiOCl

4.15 10% TEOA R16

W-Co3S4 12.5 15% TEOA R17

UiO-66-NH2 2.76 10% TEOA R18
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