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S1 Experimental Section
S1.1 Electrochemical Tests

All electrochemical tests were performed at room temperature on an electrochemical station
(CHI 760E, CH Instruments Inc, Shanghai) in a standard three-electrode system. The prepared
catalysts, a graphite electrode, and a saturated calomel electrode were used as the working, the
counter, and the reference electrodes, respectively. 1.0 M KOH was used as the electrolyte.
Before data collection, cyclic voltammetry (CV), scanned at 0.068-0.132 V vs. RHE at a scan
rate of 50 mV s !, was applied to electrochemically activate the catalysts.

Linear sweep voltammetry (LSV) was performed in 1.0 M KOH at 10 mV s™!. Tafel slopes
were calculated based on the LSV curves. Electrochemical impedance spectra (EIS) were
measured at an overpotential of 100 mV from 0.01 Hz to 100 KHz. All the measured potentials
vs. the SCE were converted to vs. the RHE by the equation Erue = Esce + 0.059 pH + 0.242.
All the LSVs reported were iR collected.

ECSA was estimated based on the electrochemical double layer capacitance Ca,
determined from the CVs measured at different scan rates in the non-Faraday potential region.
In this work, since carbon cloth was used as the substrate, which has a certain capacitance value
(as shown in Fig. S8), the capacitance of carbon cloth was used as the standard value, and the
ECSA of each catalyst was calculated by the following formula:

Cy4 of catalyst(mF cm™?2)

ECSA = S1
Cq of carbon cloth (mF cm~=2) per ECSA cm? (51

Taking the p-NiCoP/NCFs@CC as an example, in the HER, its ECSA could be calculated as:

ECSA = 277 em”” = 30.78 cm3 S2
e = = .78 cm
p—NiCoP/NCFs@CC 9mF ¢ _zperc %CSA ECSA ( )

The TOF values were calculated according to previous reports [S1, S2]:

A
TOF = j X ——— S71 S3
J nXFXm (53)

S1/S16


https://springer.com/journal/40820
mailto:eszjiang@scut.edu.cn
mailto:zhongjiejiang1978@hotmail.com
mailto:boxertxn@hotmail.com
mailto:zhongqingjiang@zstu.edu.cn

Nano-Micro Letters

where, j is the current density (A cm™). A is the area of the carbon cloth electrode (cm?). n is
the number of electrons transferred (for OER n =4 and for HER n =2). F is the Faraday constant
(a value of 96485 C mol™). m is the number of moles of the effective surface sites that are
grown onto the carbon cloth.

The total number of effective surface sites was calculated based on the following equation:

# Surface sites ~ #Surface sites (flat standard)

> - = > - X Roughness factor (54)
cm? geometric area cm? geometric area

here the roughness factor (Rf) can be determined by the Cq from Fig. S8, and we assume 60 puF
cm for a flat electrode provided by previous reports [S3]. The surface sites of 2 x 10'° for the
flat standard electrode was used for our calculation according to previous results. Thus, using
the formula above, the number of surface active sites for the p-NiCoP/NCFs@CC catalyst is
estimated to be 2.15 x 10'® surface sites cm™. Therefore, the TOF for the p-NiCoP/NCFs@CC
catalyst at different overpotentials (1) is calculated.

The amounts of the generated H» and O, were measured by a drainage method. Specifically,
the generated H> and Oz during the water splitting were separately flowed into the drain bottles
filled with water. The amounts of the generated H, and O can be directly obtained by measuring
the volumes of the drained water.

The Faraday efficiency calculation formula:

actual hydrogen or oxygen production

The Faraday ef ficiency = *100% (S5)

current * time *0.01119

S1.2 DFT Calculation

The dipole corrected DFT calculations with considerations of spin polarization were performed
in use of the Vienna ab-initio simulation package (VASP) [S4]. The electron—electron exchange
correlations were described by the generalized gradient approximation (GGA) in the form of
the Perdew-Burke-Ernzerhof (PBE) [S5]. The electron-ion interactions were described using
the projector augment wave (PAW) type pseudopotential [S6]. An energy cut-off of 450 eV
was employed for plane-wave expansion. The respective convergence criteria for energy and
force were 1x107 eV and 0.02 eV A"!. The Brillouin zone was sampled with the I"-centered k-
point mesh for the cell and slab optimization, which was selected to ensure anxk, (n =1, 2, 3)
>30 A (an is the lattice parameters of a cell). Calculations of the HER/OER energetics were
carried out on the (200) surface of the cubic structure of CoP3; with some Co atoms replaced by
Ni (NiCoP(200)). The NiCoP(200) with Pv- (NiCoP(200)4.f) is achieved by removal of the P
atoms from the NiCoP(200). To construct the model of the NiCoP(200)4ct/Gr, a NiCoP(200)4er
slab is stacked on the graphene substrate directly. The NiCoP(200)4er-NiCoO/Gr slab was
established by adding a layer of Ni doped Co3O4 on the surface of the NiCoP(200)q4ef/Gr. A
vacuum slab of > 15 A in z-direction was added to avoid the artificial interactions between the
periodic images. The hydrogen adsorption free energy was computed using the equation:

AGH"‘ = (Esuface+H _Esujbce) _1/2EH2 + AZPE—TAS (Sé)
Where AZPE and AS are the difference in the zero-point energy and entropy between the
adsorbed H atom and the gaseous phase H>. The OER activities of the catalyst were evaluated
based on the models developed by Nerskov et al.[S7] It involves our elementary steps. The
Gibbs free energy change (AG) of each step were computed by the following equation:

AG=AE+AZPE-TAS+AG ,+AG (S7)
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Where AE is the binding energy change of the intermediates, AZPE and AS are the zero-point

and entropy changes of each step. AGu = -eU (U is the applied potential). AGpn is the pH value
correlation of AG: AGpn = kgTIn(10)xpH.

S2 Supplementary Figures and Tables
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Fig. S1 Illustration of the procedure for the synthesis of the p-NiCoP/NCFs@CC
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Fig. S2 a SEM image of CC, b, ¢ SEM images of the CC calcined in the presence of
dicyandiamide without the FeCo LDH deposition, d SEM image of NCFs@CC, e TEM and f
HRTEM images of NCFs scraped form the NCFs@CC, g SEM image of NiCoLDH/NCFs@CC,
h TEM and i HRTEM images of NiCoLDH scraped form the NiCoLDH/NCFs@CC
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Fig. S3 XRD patterns of NCFs@CC and NiCoLDH@NCFs@CC
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Fig. S4 a XPS survey spectrum of p-NiCoP/NCFs@CC. b C 1Is and ¢ N 1s spectra of p-

NiCoP/NCFs@CC
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Fig. S5 N> adsorption-desorption isotherms
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Fig. S6 a, b SEM images of NiCoP/NCFs@CC, ¢, d TEM, e HRTEM, f SAED pattern, and g
EDX elemental mapping images of NiCoP/NCFs scraped form the NiCoP/NCFs@CC
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Fig. S7 a HER and b OER polarization curves of the CC
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Fig. S8 a-g Electrochemical CVs of the samples at different scanning rates (v), h plot of (janode-
Jeathode)/2 vs. scan rate (v), whose slope corresponds to Cq of the catalyst
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Fig. S9 TOFs of the catalysts for a the HER and ¢ the OER. EIS spectra of the catalysts for b
the HER and d the OER
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Fig. S11 a XRD pattern, b EPR spectra, and ¢ XPS survey spectra of the p-NiCoP/NCFs@CC
after the HER and the OER. XPS spectra of d Co 2p, e Ni 2p and f P 2p of the p-
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Fig. S12 a TEM, b, ¢ HRTEM images of p-NiCoP/NCFs@CC scraped form the p-
NiCoP/NCFs@CC after the HER
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Fig. S13 a TEM and b, c HRTEM images of p-NiCoP/NCFs@CC after the OER
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Fig. S14 AGu= values of the H adsorption at the different sites on the NiCoP(200)4c/Gr. It
indicates that the P atom close to the Pv- is the active site for the HER since it has a AGu= value
of -0.06 eV
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Fig. S15 PDOSs of Co 3d for the NiCoP(200)4.--NiCoO/Gr, the NiCoP(200)-NiCoO, the
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Table S1 HER performance comparison of p-NiCoP/NCFs@CC with other TMPs based
electrocatalysts

Tafel slope
Catalyst Electrolyte n(myV) (mV dec™) Refs.
. 1.0M Nio =29 .
p-NiCoP/NCFs@CC KOH nso = 86 68 This work
NMCP@NF 1.OM =143 70 [S8]
KOH Ns0=
1.0M Nio = 69
MnCoP/CC KOH 46.16 [S9]
Ce0,-NiCoP/NCF 1.OM =39 67 S10
€U2-IN1LOF KOH nio = [ ]
1.0M
FN-CoP NS KOH Nio = 66 44.9 [S11]
. 1.0M
NiFeCuP KOH Nio =86 52.3 [S12]
CoFeP NS@NCNF 1LOM =113 108 S13
ore @ KOH Nio = [ ]
. 1.0M
NiCoO-2P/S KOH Nio = 143 82 [S14]
CusP/NiP@CF 1.OM —88.1 94 S15
usP/NiP@ KOH Nio = 88. [S15]
MoP@N-NiCoP 1.OM =43 52 [S16]
o -NiCo KOH Nio =

Table S2 OER performance comparison of p-NiCoP/NCFs@CC with other TMPs based
electrocatalysts

Catalyst Electrolyte n(myv) Tafel slope Refs.
(mV dec!)

p-NiCoP/NCFs@CC %((())1;{4 :1‘:[‘:;;(7)2 97 This work
NMCP@NF }((())1\141 150=280 41 [S8]
MnCoP/CC G 100 =460 44.9 [S9]
Ce0,-NiCoPy/NCF }(%11\{4 10 =260 7 [S10]
FN-CoP NS }((())1\141 o =241 69.6 [S11]
NiFeCuP }(%le o = 156 214 [S12]
CoFeP NS@NCNF %0011\{/1 20 = 268 116 [S13]
NiCoO-2P/S Co Moo = 254 88 [S14]
CusP/Ni:P@CF }(%le M50=330 7 [S15]
MoP@N-NiCoP }((())1\141 o = 232 45.85 [S16]
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Table S3 Cell performance comparison of the p-NiCoP/NCFs@CC with other water
electrolyzers for overall water splitting

Catalyst Electrolyte Cell voltage(V) Refs.
@10 mA cm™
NiCoP/NCFs@CC 1.0 M 1.325 Thi k
p-NiCo s@ KOH . is wor
1.0M
NMCP@NF KOH 1.52 [S8]
1.0M
MnCoP/CC KOH 1.68 [S9]
. 1.OM
Ce02-NiCoPx/NCF KOH 1.49 [S10]
1.0M
FN-CoP NS KOH 1.57 [S11]
. 1.OM
NiFeCuP KOH 1.49 [S12]
CoFeP NS@NCNF 1.OM 1.59 [S13]
ore KOH '
. 1.0M
NiCoO-2P/S KOH 1.50 [S14]
. 1.OM
CusP/Ni;P@CF KOH 1.56 [S15]
. 1.0M
MoP@N-NiCoP KOH 1.54 [S16]
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