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Experimental Section

1. Materials

Iron (III) chloride hexahydrate (FeCl3·6H2O, 99%) were bought from Mackin, 

Shanghai. Iron (III) nitrate nonahydrate (Fe(NO3)3∙9H2O, 98.5%) were bought by West 

Long Chemical Company, LTD. N, N-dimethylacetamide (DMA, 99%) were 

purchased from Beijing Chemical Company. N, N-dimethylformamide (DMF, 99%) 

were purchased from Alfa Aesar. 2-Aminoterephthalic acid (99%) were provided by 

Sigma-Aldrich. Cobalt (II) nitrate hexahydrate (Co(NO3)2•6H2O, 99%) were achieved 

from Innochem, Beijing. All the chemicals were used as received without further 

purification. Ultrapure water (Millipore Milli-Q grade) with a resistivity of 18.2 MΩ 

was used in all the experiments.

2. Electrochemical measurements

Electrochemical measurements toward HER, OER and Overall water splitting were 

performed by Gamry Instruments Reference 2000 electrochemical station with three-

electrode system (including the Hg/Hg2Cl2 electrode, a graphite rod and the glassy 

carbon electrode (SCE) coated with the FeP/CoP catalysts). 20 μL of catalyst ink 

composed of 5 mg of the FeP/CoP catalysts and 1 mL of ethanol containing 5% nafion 

drop onto the surface of the clean SCE and electrochemical tests were performed after 

drying half minutes in 40 ℃ oven. In 1 M KOH, E(RHE)= E(SCE)+0.244 V+0.0592 pH. 

Generally, the electrochemical property and their conductivity toward HER as well as 

OER was directly recorded via linear sweep voltammetry (LSV) at 5 mV s-1 and 

Electrochemical Impedance Spectroscopy (EIS) with the frequency range of 
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0.1~100000 Hz, respectively. The long-time durability test of the FeP/CoP NMs was 

operated through using chronoamperometric (I-T curves) method at the constant 

potentials of -140 mV for HER and 1.54 V for OER. It is worth noting that for all LSV 

tests, iR correction is performed using the iR-compensation program that comes with 

the Gamry Instruments Reference 2000 electrochemical station. Electrochemical active 

surface area (ECSA) and the double-layer capacitance (Cdl) are obtained from the CV 

curves, and the ECSA value is proportional to the Cdl value. The calculation formula is 

ECSA= CDL/Cs= Cdl*S/Cs (S= 0.07065 cm2, Cs=0.04 mF cm‒2).

3. Characterization

Qualitative analysis and crystal structure of the FeCo3P samples were implemented 

on X-ray powder diffraction (XRD) of X’Pert PRO MPD measurement with the 

scanning rate of 5 ° min-1. The various morphology the FeP/CoP catalysts carries can 

be determined by SEM (JEOL, JSM-7500F). EDS data, TEM images as well as its 

related TEM mapping analysis were obtained by TEM (FEI, Tecnai-C20). Meanwhile, 

analysis of the electronic state of the external catalysts was gained by XPS test which 

was conducted on Thermo Scientific Escalab 250Xi.

4. DFT Calculation

All DFT calculations were performed as implemented in the Vienna Ab 

Initio Simulation Package (VASP). The projector augmented wave (PAW) 

method with the Perdew-Burke-Ernzerhof (PBE) was used to describe the 

interaction between the ions and the electrons with frozen-core 

approximation. A cut-off energy was set to 400 eV. Stationary points were 
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identified by the conjugate gradient method until the forces acting on each 

ion were smaller than 0.05 eV/Å. The convergence tolerance of the energy 

was set to be 10–4 eV. The k-points meshes of 1 × 1 ×1 was used for the 

Brillouim zone integration.
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Fig. S1 Simulated (a-b) FeP, (c-d) CoP and (e-f) FeP/CoP models for formation of *H 

intermediates.
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Fig. S2 Simulated (a-b) FeP, (c-d) CoP and (e-f) FeP/CoP models for adsorption of 

H2O molecular.
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Fig. S3 Simulated (a-b) FeP, (c-d) CoP and (e-f) FeP/CoP models in the OER possess.
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Fig. S4 (a) XRD pattern of the MIL-88-NH2 with various morphologies (nano-

egg, micro-rod, micro-octahedron); SEM images of the (b-d) micro-rod like-

MIL-88-NH2, (e-g) micro-octahedron like-MIL-88-NH2, (h-j) nano-egg like-

MIL-88-NH2.
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Table S1 ICP-OES results of the FeP/CoP catalysts with various sizes and 
morphologies

Catalysts
Fe/Co ratio in 

reagents

ICP Fe/Co ratio 

in MIL-88  

ICP Fe/Co ratio 

in FeP/CoP 

FeP/CoP NMs 1:1 1:1.06 1:1.01

FeP/CoP MOs 1:1 1:1.03 1:1.04

FeP/CoP MRs 1:1 1:0.99 1:1.02
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Fig. S5 HRTEM images of (a) FeP/CoP MRs, (b) FeP/CoP MOs, (c) FeP/CoP NMs. 

It is worth noting that the orange marked area represents the FeP phase, the red 

marked area represents the CoP phase and the white dashed line represents the 

heterogeneous interface.
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Fig. S6 Raman spectra of FeP/CoP NMs.
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Fig. S7 N2 adsorption-desorption isotherm (inset: corresponding NLDFT pore 

diameter distribution) of (a) the FeP/CoP NMs; (b) the FeP/CoP MOs; (c) the 

FeP/CoP MRs.
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Fig. S8 XPS spectra of the FeP NMs, CoP NMs and FeP/CoP NMs: (a) P 2p, (b) Fe 

2p, (c) Co 2p spectrum.
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Fig. S9 XPS spectra of the FeP/CoP MRs, FeP/CoP MOs and FeP/CoP NMs: (a) P 2p, 

(b) Fe 2p, (c) Co 2p spectrum.
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Fig. S10 (a) Nyquist plots at a specific voltage of -1.219 V for HER, (b) Nyquist plots 

at 0.5 V for OER.
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Fig. S11 Comparison of ηonset and Tafel plots for HER with the recently reported non-

precious metal-based electrocatalysts, (d) Comparison of ηonset and Tafel plots for 

OER with the recently reported non-precious metal-based electrocatalysts.
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Table S2 Electrocatalytic performances of other reported electrocatalysts in 1.0 M 
KOH electrolyte

HER OERBifunctional 
electrocatalyst ƞonset (mV) Tafel (mV dec-1) ƞonset (mV) Tafel (mV dec-1)

Ref.

FeP/CoP NMS 2.4 70.4 243 44.5
This 
work

CoFeP 177 72 350 101 S1
FePx/Fe-N-C/

NPC
75 60 396 95 S2

NiFeP/SG 115 47 340 44 S3
C-CoP 174 63.1 333 71.1 S4

Co-Fe-B-P 227 96 225 40 S5
Co-P-B 145 38 290 42 S6

Co(OH)2/Ag/
FeP/Ti

118 79 236 56 S7

SnS/NiCo2O4/N
F

47 110 260 160 S8

CoFeP/NC@ 
CoP/Ni2P

86.5 69.0 244 41 S9

MZU-Co2.5Zr1 100 78 248 82 S10
Fe3O4/RuO2-C 35 68 254 55 S11

CoP4/FeP4 184 95.9 260 42.4 S12
Cu3P/Ni2P@CF 68 94 72 S13



18

Fig. S12 CV curves of the (a) FeP/CoP NMs, (b) FeP/CoP MRs and (c) FeP/CoP 

MOs.
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Fig. S13 (a) The I-T curves of the FeP/Co P NMs, FeP/CoP MOs and the FeP/CoP 

MRs for HER at the static voltage of -164, -278, -320 mV, respectively; Post-HER 

SEM images of (b) the FeP/CoP NMs, (c) the FeP/CoP Mos, (d) the FeP/CoP MRs; (e) 
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The I-T curves of the FeP/CoP NMs, FeP/CoP MOs and the FeP/CoP MRs for OER 

at the static voltage of 1.556, 1.613, 1.632 V, respectively; Post-OER SEM images of 

(f) the FeP/CoP NMs, (g) the FeP/CoP MOs, (h) the FeP/CoP MRs; (i) The I-T curve 

of the FeP/CoP NMs||FeP/CoP NMs, FeP/CoP MOs|| FeP/CoP MOs and the FeP/CoP 

MRs|| FeP/CoP MRs for water splitting at the cell voltage of 1.585 V, 1.640, 1.702 V, 

respectively.
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Fig. S14 (a) HER polarization curves of the FeP/CoP NMs and (b) the I-T curves of 

the FeP/CoP NMs for HER at the static voltage of - 212 mV.
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Fig. S15 XPS spectra of the FeP/CoP NMs after stability test toward HER and OER 

in alkaline electrolyte solution: (a) P 2p; (b) Fe 2p; (c) Co 2p.
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Fig. S16 (a) Cyclic Voltammograms of FeP/CoP NMs, FeP/CoP MOs, FeP/CoP MRs 

in 1.0 M PBS at a scan rate of 100 mV s-1, (b) the TOFs of the as-prepared catalysts at 

different potentials in 1.0 M KOH for HER, (c) the TOFs at different potentials in 1.0 

M KOH for OER, (d) TOFH of the obtained catalysts at an overpotential of 200 mV 

vs. RHE and TOFO at 300 mV vs. RHE.
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Table S3 ICP-OES results of the FeP/CoP NMs and FeP/CoP NMs-n (n=2.0, 0.5) 
catalysts 

Catalysts
Fe/Co ratio in 

reagents

ICP Fe/Co ratio 

in MIL-88  

ICP Fe/Co ratio 

in FeP/CoP 

product

FeP/CoP NMs-0.5 2:1 2.03:1 1.99:1

FeP/CoP NMs 1:1 1:1.06 1:1.01

FeP/CoP NMs-2.0 1:2 1:1.98 1:2.01
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Fig. S13 (a) XRD of FeP NMs, FeP/CoP NMs and FeP/CoP NMs-n catalysts (n=2.0, 

0.5), SEM images of the (b-d) the FeP NMs, (e-g) the FeP/CoP NMs-2.0 and (h-j) the 

FeP/CoP NMs-0.5.
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Fig. S18 Electrochemical performances of Pt/C, IrO2, FeP NMs, FeP/CoP NMs and 

FeP/CoP NMs-n (n=2.0, 0.5) catalysts: (a) HER polarization curves; (b) OER 

polarization curves; (c) Overall water splitting polarization curves.
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Fig. S19 The corresponding Tafel plots of Pt/C, FeP NMs, FeP/CoP NMs and 

FeP/CoP NMs-n (n=2.0, 0.5) catalysts toward (a) HER and (b) OER.
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Fig. S20 The Nyquist plots of the FeP NMs, FeP/CoP NMs and FeP/CoP NMs-n 

(n=2.0, 0.5) catalysts toward (a) HER at 150 mV, (b) OER at 0.5 V.
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