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Methods

The present first principle DFT calculations are performed by Vienna Ab initio
Simulation Package(VASP) [1] with the projector augmented wave (PAW) method
[2]. The exchange-functional is treated using the generalized gradient approximation
(GGA) of Perdew-Burke-Ernzerhof (PBE) [3] functional. The cut-off energy of the
plane-wave basis is set at 500 eV for optimize calculations of atoms and cell
optimization. The vacuum spacing in a direction perpendicular to the plane of the
catalyst is at least 15 A. The Brillouin zone integration is performed using 3x3x1
Monkhorst-Pack k-point sampling for a primitive cell [4]. The self-consistent
calculations apply a convergence energy threshold of 10-3 eV. The equilibrium lattice
constants are optimized with maximum stress on each atom within 0.05 eV/A. The
Hubbard U (DFT+U) corrections for 3d transition metal by setting according to the

literature [4]. The OER reaction is considered , as below:

* + H,0 () > OH* + H* + ¢ (1)
OH* — O* + H* + e 2
0O* + H,0 (I) — OOH* + H* + ¢ 3)

OOH* — 0, (g) + H + & “4)



where * is an adsorption site on catalysts. 1 and g is liquid and gas phases, respectively.

Therefore, the AG for each step can be calculated by:

AG; = G(OH*) + G(H" + ¢) — G(H,0) — G(*)

= {AGop+ + G(*) + [G(H,0) — 1/2G(Hy)]} + 1/2G(H,) — G(H,0) — G(*)

= AGopy+

AG, = G(O*) + G(H" + &) — G(OH*)

= {AGo+ + G(*) + [G(H,0) — G(H,)]} + 1/2G(H,) — {AGon+ + G(¥) + [G(H,0) — 1/2G(H,)]}
= AGos - AGopx

AG; = G(OOH¥*) + G(H* + ¢) — G(O*) — G(H,0)

= {AGoon+ + G(*) + [2G(H0) - 32G(Hy)]} + 112G(Hy) — {AGo- + G(*) + [G(H,0) -
1G(Hy)]} — G(H0)

= AGoom+ — AGoy
AG, = G(0,) + G(H* + &) - G(OOH*)

= {4.92 + 2G(H,0) — 2G(H,)} + 1/2G(H,) — {AGooms + G(*) + [2G(H,0) — 3/2G(H,)]}
= 4.92 — AGoom-

Then the free energies can be obtained by including the zero point energy (ZPE) and
the entropy (S) corrections in equation G=E,4-Ezpg-TS, The Ezpg could be obtained

from the calculation of vibrational frequencies for the adsorbed species.
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Figure S1. (a, b) XRD patterns and (¢) Raman spectra of the as-prepared samples.

Intensity

P_/MWCNTs

MOD.ZSCDU.H 2

3 4 5§ 6 7 8 9
X-ray Energy (keV)

10

Figure S2. Energy-dispersive X-ray image of Moy 29C0¢ 7 P2/MWCNTs.
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Figure S3. XPS spectra of Moy ,9Co71Po,/MWCNTs before and after HER and OER
test: (a) P 2p and (b) Co 2p.
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Figure S4. Polarization curves of (a) HER and (b) OER for pure CFP.

Figure S6. SEM images of Mo ,9C0¢7;P./MWCNTs after (a) HER and (b) OER test.
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Figure S7. CV curves of the as-prepared samples measured from 20 to 100 mV/s in
the non-Faradic region.
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Figure S8. DFT-optimized structures of (a) Mo 29C0¢.71P,/MWCNTs and (b)
Moy 29C0¢ 7P, for HER process.



Figure S10. DFT-optimized structures of Moy 29Co¢ 71P2/MWCNTs for OER process.



Table S1. Comparison of HER performance of Mo ,9Cog7;P,/MWCNTs with some

other reported electrocatalysts in alkaline electrolyte.

Electrocatalysts Overpotential _z(mV@IO Ref.
mA cm)
CoP;/CoMoP-5/NF 110 5
NiCoP/rGO 209 6
Cug3Co,,P/NC 220 7
NiCoN/C nanocages 103 8
Co,P/CNT-900 132 9
Ni-Mo/Cu nanowires 107 10
MoP/Ni,P 100.2 11
Co,P/Co- Foil 112 12
Co,P@N, P-PCN/CNTs 154 13
CoP/NCNHP 115 14
S:Co,P NPs 184 15
Co/CoP-HNC 180 16
Mog290C00.7: P/ MWCNTSs 84 This work

Table S2. Comparison of OER performance of Moy ,9Co¢7;Po/MWCNTs with other

reported electrocatalysts in alkaline electrolyte.

Electrocatalysts Overpotlirgl::n_zng@IO Ref.
R-CoP,/rGO(O) 268 17
Co/CoP 283 18
NiCoP/C 330 19
MoS,-CosSs-NC 230 20
CoMnP nanoparticles 330 21
NiCoP 280 22
CoP,/N-doped carbon 319 23
Co,P—Co;04 265 (20 mA cm?) 24
NiCoP films 360 25
NiFe/ Co¢Sg/Carbon Cloth 219 26
Co@CooSs 285 27
CoFe,04,@NF 250 28
Mog20C0y.71Po/MWCNTSs 220 This work




Table S3. The fitting results of EIS spectra.

Sample R (Q) Ry (Q) CPE n
Moy 29C0¢.71P> 4.52 30.94 0.015 0.73
Moy 25C0¢.75P,/ MWCNTs 2.61 4.56 0.011 0.78
Moy 29C0¢.71 P,/ MWCNTs 2.41 3.24 0.010 0.91
Moy 33C0¢67P,/MWCNTs 2.49 6.98 0.013 0.98

Table S4. Comparison of the overall water splitting performance of

Moy 9Co071P./MWCNTs with other reported electrocatalysts in alkaline electrolyte.

Electrocatalysts Cell voltage (2\)] @10 mA e Ref.
Nip3C0p7-9AC-AD 1.56 29
Ni,Cr; LDH NSA 1.55 30
NiCoP@NC 1.59 31
Holey NiCoP NS 1.56 32
CoP@3D MXene 1.58 33
Co/CoP-HNC 1.68 16
NiCoP/CC 1.52 34
CoP/NC-CNT 1.63 35
Oxidized CoP 1.59 36
MoP/Ni,P 1.55 11
NiCoP 1.58 22
CoP@NPCSs 1.64 37
CoP/NCNHP 1.64 14
Fe-CoP/Ti 1.60 38
Mo-doped CoP 1.57 39

Moy.29C09.7/ P,/ MWCNTSs 1.48 This work
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