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Abstract: Hydrogen as the energy carrier is a promising
solution to mitigate the environmental issues associated
with the use of fossil fuels. Efficient and inexpensive
electrocatalysts for oxygen evolution in alkaline media are
crucial for advancing the widespread application of
alkaline water electrolyzers for hydrogen generation.
Transition metal phosphides are promising candidates as
the (pre-)catalysts for electrocatalytic oxygen evolution
reactions. This dataset compiles and compares the
electrocatalytic oxygen evolution reaction activity of
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nickel- and cobalt-based phosphides. The metal phosphides reported were synthesized using solvothermal phosphidization or

electrodeposition methods, and the oxygen evolution activities of these phosphides were evaluated using linear sweep

voltammetry in 1 mol/L KOH. Besides, cyclic voltammetry and electrochemical impedance spectroscopy were performed on

these metal phosphides. The total volume of this dataset is 14.5 MB, comprising 312 files. It serves as a valuable reference for the

design of active metal phosphide-based materials for electrocatalysis.
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Hydrogen is among the most promising energy carriers to
address the potential energy crisis and reduce environmental
pollution caused by the utilization of fossil fuels. Producing
hydrogen via water electrolysis can utilize the intermittent
electricity generated from wind, solar, tidal, or other
renewable energy sources. In contrast to the hydrogen
evolution reaction that happens at the cathode of water
electrolyzers, the oxygen evolution reaction (OER) requires
consecutive transfer of four electrons, coupled with proton
transfer, leading to sluggish kinetics. Therefore, active
electrocatalysts are required to accelerate the kinetics of
OER!" ™2,

Transition metal phosphides (TMPs) exhibit high
electrical conductivity and abundant electrocatalytic active
sites, making them ideal (pre-)electrocatalysts for OER®!.
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When used to electrocatalyze OER in alkaline media, the
surface of metal phosphides undergoes restructuring to form
metal oxides and oxyhydroxides, which are the actual active
species for OER. The in sifu formed metal phosphide core
and oxide/oxyhydroxide shell offer abundant active sites,
and introduce electronic interaction to achieve high OER
activities™.

The synthesis of metal phosphides often relies on high
temperature calcination using NaH,PO, as the phosphorus
source. Under elevated temperature ( > 623 K), excessive
phosphine gas is generated to react with the precursors. This
high temperature calcination synthesis method is undesirable,
as the phosphine gas is toxic, and mixed phases of the metal
phosphides are frequently formed. To address these limitations,
our group developed a low-temperature solvothermal
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phosphidization method, where metal-organic framework
(MOF) precursors are reacted with white phosphorus to
generate metal phosphides®™*. The key advantages of this
solvothermal phosphidization method are that metal
phosphide nanoparticles can be synthesized at a lower
temperature (< 473 K), and that the morphology of MOF
precursors is preserved in metal phosphides. Furthermore,
the structural features of the generated metal phosphide
nanostructures can be readily tuned by altering the reactant
ratio, solvent, ligand of the MOF, reaction temperature, etc.
In addition, we have developed an alternative room-
temperature electrodeposition method for preparing
amorphous multi-metallic transition metal phosphides®.
This dataset reports the experimental electrocatalytic

Table 1

OER activity of a series of Ni and Co-based phosphides
synthesized  via phosphidization  or
electrodeposition method, and can providing a reference to
facilitate the future design of metal phosphide-based
materials for electrocatalysis.

solvothermal

1 Main part

1.1 Data profile

Table 1 lists the detailed information of this dataset,
including the title, authors, data generation time, data
format etc.

Specifications of the Dataset

Data title (VO0.1)

Electrocatalytic oxygen evolution activity database of nickel and cobalt-based phosphides

Author’s name

Corresponding author’s name

Data content description

Data generation time
Data volume

Data format

Data source location
Citation format of data

LU Xinyu, WANG He, WANG Chao
WANG Chao

This database contains the experimental oxygen evolution reaction (OER) results for a series of Ni and
Co-based phosphides in alkaline electrolyte (1 mol/L KOH). These metal phosphides were synthesized
via the solvothermal phosphidization method or the electrodeposition method. The OER activity was
evaluated by linear sweep voltammetry (LSV) at scan rates lower than 5 mV/s, using a standard three-
electrode setup with a saturated calomel electrode (SCE) as the reference electrode, a graphite rod as
the counter electrode, and 1 mol/L KOH as the electrolyte at room temperature. Additionally, the cyclic
voltammetry and impedance spectroscopy data for part of the Ni and Co-based phosphides are
included, obtained under identical experimental conditions

2020-2025

15.2 MB

.csv, .bin, .txt, .opj
https://doi.org/10.57760/sciencedb.32783
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1.2 Data value

The dataset presents here is generated from a systematic
study of the Ni and Co-based phosphides towards the
electrocatalytic OER in alkaline media. The phosphides
were synthesized using low-temperature
method or an electrodeposition method. The data serve as
the benchmark for the OER activity of metal phosphide-
type materials (Table 2), with the corresponding
compositions detailed in Table 3. In Table 2, key
parameters in evaluating the OER performance of
electrocatalysts including overpotential at
10 mA/cm? (,,), Tafel slope, number of electrochemically
active atoms, double layer capacitance (Cy), and charge
transfer resistance (R.). The #7,, is a widely accepted
parameter in the area of OER. A lower 7,, indicates superior
OER activity. Tafel slope and R, values are related to the
OER kinetics. Generally, lower Tafel slope values and R
values indicate the more favorable kinetics and thus higher
catalytic OER activity. Besides, the mechanism of OER can

solvothermal

are given,

be inferred from the Tafel slope values. The number of
electrochemically active atoms and C, are related to the
number of active sites of the catalysts. Furthermore, users
can use the data to compare the OER activity of metal
phosphides that are synthesized with variations in methods,
surface structures, metal doping, crystallinity and other
properties. The format of these data includes .bin (original
data file generated using CHI software), .opj (Origin project
file), .txt (text file), and .csv (spreadsheet file), which can be
easily plotted to compare with the user’s experimental
results.  Through  activity = comparison and key
electrochemical parameter analyses, reasons for the inferior
or superior OER activity can be inferred to aid the rational
design of more efficient metal phosphide-based
electrocatalysts for alkaline OER reaction.

1.3 Data generation method or process

The data were generated using a CHI 660E potentiostat,
with the corresponding software developed by the company.
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The original data was stored as .bin format. To generate the
data, metal phosphide nanostructures were synthesized
using the solvothermal phosphidization or electrodeposition
method described later. For the samples synthesized using
the solvothermal phosphidization method, the working
electrode was prepared by drop-casting of an ink that

contains the metal phosphide samples. The substrate used
was a piece of cleaned nickel foam or carbon paper. Inks
were prepared by dispersing certain amounts of powdery
sample in water or water/ethanol mixed solvent, with 1%

Nafion ionomer added as the binder.

Table 2 Electrochemical parameters of the nickel and cobalt-based phosphides in 1 mol/L KOH

. Mo Tafel slope Electrochemical active atoms Cq R
Label talline ph v - -
abe Crystalline phase /mV (mV-dec ) /(mol-cm ) /(mF-cm ) Q
NiP-1 Ni,P 310 42 6.48x10 - -
NiP-2 Ni,P 263 40 4.84x10 - -
NiP-3 Ni,P 243 30 3.73x10 - 0.85
NiP-4 Ni,P 270 43 2.84x10 - -
NiP-5 Ni,P 350 97 8.70x10 " - 2.16
NiP-6 Ni,P 300 86 1.29x10° - 1.39
NiP-7 amorphous 317 108 9.90x10 - 0.89
NiP-8 Ni,P 300 145 1.65x10 ° 222 4.99
NiP-9 Ni,P 283 92 3.48x10 " 2.01 3.16
NiP-10 Ni,P 240 57 2.1x107* 2.14 2.69
NiP-11 Ni,P 270 63 1.4x107" 1.90 2.82
NiP-12 Ni,P 215 31 - 60.34 0.33
NiP-13 Ni,P 310 67 - 80.72 2.08
NiP-14 NiCoP 248 49 4.1x10 6.6 1.21
NiP-15 Ni,P 293 99 1.8x107 2.1 1.71
NiP-16 NiCoP 302 77 8.3x10 " 4.6 1.39
NiP-17 Ni,P 335 138 6.45x10 " - 3.50
NiP-18 Ni,P 399 151 2.01x10" - 10.60
NiP-19 Ni,P 502 200 1.02x10 - 25.90
NiP-20 amorphous 230 63 - 2.7 0.56
NiP-21 amorphous 312 168 - 9.8 3.20
NiP-22 amorphous 317 120 - 85.2 -
NiP-23 amorphous 277 64 - 183.6 -
NiP-24 amorphous 320 73 - 220.1 -
NiP-25 amorphous 350 102 - 3329 -
NiP-26 amorphous 382 122 - 142.2 -
CoP-1 Co,P 275 115 - 53 1.26
CoP-2 Co,P 232 92 - 32 0.19
CoP-3 Co,P 248 83 - 48 1.14
CoP-4 Co,P 262 87 - 5.1 1.30
CoP-5 Co,P 270 112 - 3.8 0.28
CoP-6 Co,P 292 128 - 3.7 0.33
CoP-7 amorphous 301 142 - 4.6 0.30
CoP-8 amorphous 363 135 - 354.9 -
CoP-9 Co,P 300 119 1.76x10 21.44 2.31
CoP-10 Co,P 240 53 1.59%10 9.07 0.62
CoP-11 Co,P 340 85 3.9x10 48 5.09




LU Xinyu et al.: A dataset of nickel and cobalt based phosphides for ......

/J Fuel Chem Technol, 2026, 54(6), 20250386 (4 of 07)

Table 3 Elemental composition of nickel and cobalt-based phosphides by ICP-AES

Mass content/%

Atomic content/%

Label Ni Fe Co P Ni Fe Co P
NiP-1 28.8 - - 71.2 17.8 - - 82.2
NiP-2 19.2 0.7 - 80.2 113 0.4 - 88.3
NiP-3 16.2 5.8 - 78.0 9.6 3.6 - 86.8
NiP-4 15.0 7.7 - 77.3 9.0 48 - 86.3
NiP-5 713 - - 28.8 57.0 - - 43.0
NiP-6 50.0 - - 50.0 34.8 - - 65.2
NiP-7 32.1 - - 67.9 202 - - 79.8
NiP-8 793 - - 207 67.2 - - 32.8
NiP-9 46.4 13.3 - 40.0 16.99 5.0 - 272
NiP-10 72.0 13.8 - 142 63.8 12.7 - 235
NiP-11 60.4 23.4 - 162 52,6 21.1 - 263
NiP-12 68.2 13.5 - 183 58.6 11.99 - 29.44
NiP-13 36.6 - - 63.4 236 - - 76.4
NiP-14 253 122 25.7 36.7 19.2 9.6 192 52.1
NiP-15 435 20.1 - 36.4 32.9 15.7 - 51.4
NiP-16 275 23.6 - 48.9 19.1 17 - 63.8
NiP-17 56.3 - - 43.7 40.8 - - 59.2
NiP-18 33.4 - - 66.6 21.2 - - 78.8
NiP-19 23.6 - - 76.4 142 - - 85.8
NiP-20 479 33.5 - 18.6 40.8 29.6 - 29.6
NiP-21 83.7 - - 163 73.3 - - 26.7
NiP-22 14.8 - 13.9 713 9.1 - 8.4 82.4
NiP-23 15.0 = 13.5 715 9.3 - 8.2 82.6
NiP-24 152 - 13.6 71.2 9.4 - 8.3 82.3
NiP-25 15.3 - 132 715 9.4 - 8.0 82.5
NiP-26 15.5 - 12.0 723 9.5 - 73 83.2
CoP-1 - - 75.0 25.0 - - 61.2 38.8
CoP-2 - 277 416 30.7 - 226 322 452
CoP-3 - 18.9 56.6 245 - 16.1 46.0 37.9
CoP-4 - 42 75.3 205 - 3.7 63.4 32.9
CoP-5 - - 53.4 46.6 - - 37.6 62.4
CoP-6 - - 73.6 26.4 - - 59.4 40.6
CoP-7 - - 74.0 26.0 - - 59.9 40.1
CoP-8 - - 22 77.8 - - 13.0 87.0
CoP-9 - - 81.0 19.0 - - 69.2 30.8
CoP-10 - 112 81.2 7.6 - 10.9 75.5 13.6
CoP-11 - 5.1 55.4 39.5 - 3.9 40.8 55.3

After sonication for 20 min, appropriate amounts of inks
were dropped onto the substrate surface to cover 1 cm?
geometric area, to achieve the loading of the metal
phosphide on the electrode surface at about 1 mg/cm?”. For
the samples synthesized using the electrodeposition method,
no ink was required to prepare the working electrode, as the
electrodeposition method was used to generate a thin layer
of metal phosphides at the substrate surface with good
adhesion. The loading for the electrodeposited film is
higher, typically at around 2 mg/cm”. The OER activity was
measured, and cyclic voltammogram (CV) and
electrochemical impedance spectroscopy were performed

using the three electrode setup. Approximately 1 cm’
geometric surface area of the working electrode was
immersed in the 1 mol/L KOH electrolyte. The counter
electrode was a cleaned graphite rod, and the reference
electrode was a saturated calomel electrode (SCE). The
electrochemical measurements were carried out at room
temperature. The CV was scanned for 20 cycles in the
potential region of 0—-0.6 V vs. SCE to activate the working
electrode till a stable CV was acquired. Then anodic or
cathodic linear sweep voltammetry (LSV) was applied at 1,
2 or 5 mV/s covering the OER region. The overpotential of
OER at a certain current density was acquired following the
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Equation (1),
1 =Egus—1.229 (1)

where Epye is the acquire potential in the reversible
hydrogen scale and 1.229 V is the standard redox potential
for OER. The Tafel slope value (b) is acquired by plotting
the LSV curve in the OER region following Equation (2),

1 =blogj+a (2)
where @ is a constant, and j is the current density. To
acquire the number of electrochemically active sites (n), CV
at 50 mV/s is acquired covering the redox of Ni*"** peaks or
Co*"™" peaks. The total charge (Q) for the reduction peak is
integrated. Following Equation (3), n can be acquired.

n=Q/zF (3)
where F is the Faraday constant, and z is the number of
electrons transferred in the redox processes (assumed to be
1). In some cases where the redox peaks are unable to be
identified, the Cy was used to estimate the number of
surface active sites. CVs in the non-Faradaic region were
collected at different scan rates. By plotting the difference
between anodic current and cathodic current against the
scan rate, the slope yields the C, value. The electrochemical
impedance data were acquired at the applied potential
corresponding to the # at 10 mA/cm?, with the alternating
potential amplitude at 10 mV and the frequency range in
10°-0.01 Hz. The solution resistance ranged from 0.5 to
1 Q, and the LSV data were iR-corrected using the solution
resistance value for each sample. The R, value is acquired
from the impedance data.

The crystallinity of the metal phosphides was acquired
using a Rigaku Smartlab 9 kW Diffraction System using a
Cu Ko source (4 = 0.15406 nm). The composition of the
metal phosphides was determined using the inductively
coupled plasma-atomic emission spectroscopy (ICP-AES)
with an iCAP 7400 analyzer. The measurement conditions
are as follows: forward power 1350 W, plasma gas flow rate
12.0 L/min, nebulizer gas flow rate 1.0 L/min, auxiliary gas
flow rate 1.0 L/min, sample uptake speed 50 r/min with
white/orange Tygon tubing. A concentric nebulizer was
used with a cyclonic spray chamber. ICP-AES analysis was
performed without an internal standard. Each value was
measured three times, and the results are reported in the
form of mass ratio and atomic ratio in Table 3.

1.4 Data sample description

The data provided in this database include LSV, CV, and
electrochemical impedance data. For NiP-1 to NiP-19, CoP-
1 to CoP-7 and CoP-9 to CoP-11, the samples were
synthesized using the solvothermal phosphidization
method" ., These samples are powdery with
nanostructures. The general procedure of this solvothermal
phosphidization method is as follows: MOF (0.2 g) was
dispersed in 30 mL N, N-dimethylformamide (DMF). Then
0.15 g white phosphorus (P,) was added, and the suspension

was transferred into a 50 mL Teflon-lined stainless-steel
autoclave. The autoclave was heated at 160 °C for 14 h, and
the black precipitates were collected, washed with water,
ethanol, and benzene, and dried. All these samples were
synthesized following this typical procedure with slight
modification as detailed below. NiP-1 to NiP-4 were
prepared with NiFe-BTC (trimesic acid) MOF, where
different amounts of Ni and Fe exist in the MOF. NiP-6,
NiP-7 and NiP-8 were prepared by reacting 0.1 g Ni-BTC
MOF with 0.025, 0.065 and 0.105 g P,, respectively. NiP-9
to NiP-11 were heterostructures of Ni,P/FeOOH, where
Ni,P was formed using the solvothermal phosphidization
method using 0.1 g Ni-BTC MOF and 0.065 g P,. Then,
0.02 g Ni,P was dispersed in 20 mL of water and ethanol
with 0.17, 1.33 and 6.67 mg/mL FeCl; 6H,0 for 4 h at room
temperature to form NiP-9, NiP-10 and NiP-11,
respectively. NiP-12 and NiP-13 were synthesized using
NiFe-BTC-MOF and Ni-BTC MOF with 0.6 mmol P, at
180 °C for 12 h. NiP-14, NiP-15 and NiP-16 were
synthesized using 0.3 g FeCoNi-BPDC (biphenyl-4,4'-
dicarboxylic acid)-MOF, NiFe-BPDC-MOF, and NiCo-
BPDC-MOF, respectively, and 0.27 g P,. NiP-17, NiP-18
and NiP-19 were synthesized using 0.1 g Ni-BDC (1,4-
dicarboxybenzene), Ni-BPDC and Ni-NDC (2,6-
naphthalenedicarboxylic acid) MOF, respectively, with
0.065 g P,. CoP-1 to CoP-4 were synthesized using CoFe-
BTC-MOF with different Co to Fe ratios, with 0.09 g P, in
DMF/ethylene glycol (v:v = 1) solvent at 170 °C for 16 h.
CoP-5, CoP-6 and CoP-7 were synthesized using Co-BTC-
MOF with 0.09 g P, in DMF/ethanol, DMF and
DMF/glycerol (v:v = 1) solvents, respectively, at 170 °C for
16 h. CoP-9 and CoP-10 were prepared using 0.085 g Co-
BTC MOF and CoFe-BTC MOF, respectively, at 170 °C for
14 h. CoP-11 was prepared using 0.3 g CoFe-MOF with
0.27 g P, at 160 °C for 16 h.

For NiP-20 to NiP-26 and CoP-8, the samples were
synthesized via electrodeposition from aqueous electrolytes
containing metal ions and sodium hypophosphite!®'?,
Samples are thin film at the surface of conductive
substrates. The general procedure for electrodeposition is as
follows. A three-electrode setup was used with a conductive
substrate nickel foam or carbon cloth (1 cm?) as the working
electrode. The counter electrode was a cleaned graphite rod,
and the reference electrode was SCE. The CV method was
used to deposit the metal phosphide layers. For NiP-20 and
NiP-21, the electrolytes consisted of 0.025 mol/L
Ni(NO3), + 0.025 mol/L Fe(NO;); + 0.25 mol/L NaH,PO,
and 0.025 mol/L Ni(NO;), + 0.25 mol/L NaH,PO,,
respectively. CV scan of —0.3—(—1) vs. SCE was applied at
5 mV/s for 8 cycles. For NiP-22 to NiP-26, the electrolyte
was 0.04 mol/L Ni(NO,), + 0.01 mol/L Co(NOs), + 0.25 mol/L
CH,COONa + 0.25 mol/L NaH,PO,. CV scans of —0.3—
(—1) vs. SCE were applied at 5 mV/s for 5, 10, 15, 20 and
25 cycles over NiP-22, NiP-23, NiP-24, NiP-25 and NiP-26,
respectively.

Analysis of these data reveals several correlations. For
nickel phosphides with the Ni,P crystalline phase (NiP-5 to
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NiP-7), moderate crystallinity exhibits the optimum OER
activity. Incorporation of Fe increases the OER activity, and
the optimum extent of Fe incorporation lies in 30%—40%
(NiP-1 to NiP-4, NiP-12 to NiP-13, CoP-1 to CoP-4 and
CoP-9 and CoP-10). Deviation from this optimal Fe
content, either higher or lower, compromises OER activity
by affecting the OER kinetics, as observed by the increased
Tafel slope and R, values. Forming Ni,P/Fe(O)OH
heterointerface can enhance the OER activity (NiP-8 to
NiP-11), with an optimum thickness of the surface
Fe(O)OH layer, reflected by the atomic percentage of Fe
(NiP-10). Compared to samples from solvothermal
phosphidation,  metal  phosphides  prepared  via
electrodeposition usually exhibits higher Cy values, which
probably due to more uniform electrode surface coverage
and higher specific surface area.

15 Data quality

To ensure the reliability and repeatability of sample
preparation, all these samples were synthesized at least
three times, and the electrochemical measurements were
performed using different batches of samples. The reported
results represent the average activity performance of these
phosphides. In the three electrode tests, the pH value of the
electrolyte was measured using a pH value meter, and the
reference electrode potential was calibrated against a new
SCE before and after each test. The overpotential values
and R, are reported as the average from more than three
independent tests.

1.6 Data usage methods and suggestions

It is recommended that when using these data, users
should first identify the synthesis method before making a
fair comparison, as the surface states of powder-based and
electrodeposited working electrode differ significantly.
Typically, metal phosphides synthesized via the
solvothermal phosphidization method exhibit a higher
surface phosphorus content. Furthermore, when comparing
with OER activity data generated from other sources,
attention should be paid to the key variables including the
synthetic method, test temperature, electrolyte, active
material loading, and the composition. The data provided in
the .bin file are directly generated without any post-
treatment. Some data is provided in the .opj file, where the
potential is adjusted to the RHE scale, and where iR-
compensation is applied. For convenience and optimal
comparability, data in the .opj file are preferably
recommended.

2 Conclusion

A database of the OER activity of Ni and Co-based metal
phosphides is constructed based on experimental results.

The dataset encompasses phosphides synthesized via
solvothermal  phosphidization and electrodeposition
methods. It provides key electrocatalytic parameters, and
enables the analysis of the influence of metal doping,
solvothermal condition (solvent and precursors), and
crystallinity on the OER activity. This dataset can serve as
as a benchmark for evaluating Ni and Co-based phosphide
materials for alkaline OER, and provides a foundation for
designing  more  active metal  phosphide-based
electrocatalysts through comparative analysis. The metal
phosphides reported in this dataset can be potentially
applied as electrocatalytic materials for other critical
reactions, including hydrogen evolution, alcohol oxidation,
and carbon dioxide reduction reactions, which are vital for
energy conversion devices such as fuel cells, electrolyzers,
and metal-air batteries. In addition, these nanostructured
metal phosphides can be applied as the electrode materials
in lithium or sodium ion batteries, and as protective
anticorrosion coating on metal surface protection.

Data availability statement

The data supporting the results in this study has been
published in sciencedb database and can be obtained
through DOI: [10.57760/sciencedb.32783].
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