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a b s t r a c t

The key to electrolytic water includes two half-reaction processes: hydrogen evolution reaction (HER) and

oxygen evolution reaction (OER). Transition metal phosphides (TMPs) are a class of prospective bifunc-

tional electrocatalysts, but their performances are still far from the commercial catalysts. In this work, we

design several kinds of Ni2P@CoP hetero-structured catalysts by the modification of Ru atom. The 0.1Ru-

Ni2P@CoP catalyst presents the overpotentials of 82.7 (HER) and 245.3mV (OER) at 10mA/cm2 in 1mol/L

KOH solution. Moreover, it effectively promotes water splitting under alkaline conditions (ƞ10 =1.21V)

and seawater conditions (ƞ10 =1.13V). The surface self-reconfiguration also makes it remain stable un-

der prolonged cycling in both electrolytes. Density functional theory (DFT) calculations further indicate

that doping engineering and heterostructures cause electronic modulation and electron transfer thereby

increasing the intrinsic activity of the catalyst.

© 2026 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

With the flourishing development of industrial society, one

burns fossil fuels at an alarming rate and release large amounts of

CO2 gas into atmosphere [1–4]. It leads to an intensive greenhouse

effect of Earth. Therefore, it is urgent to explore low-carbon and

abundant energy to meet the growing needs. Thereinto, hydrogen

energy has become an important energy source due to its zero car-

bon emission [5–8]. Electrolytic water is a promising approach to

produce hydrogen on a large scale [9–12]. At present, it is mainly

focused on the electrolysis of fresh water. However, this technol-

ogy is not sustainable because fresh water resources only account

for 2.5 % of the total global ones. As result, ones pay increasing

attention to the abundant seawater resources [13–16]. As known,

seawater possesses complex composition and usually needs to be

desalinated before electrolysis [17–19]. This undoubtedly raises the

cost of generation of hydrogen energy. Therefore, it is necessary to

develop directly catalyzed seawater electrolysis.

Currently, common catalysts are noble metal-based products

(e.g., Pt, IrO2 and RuO2) [20–22]. Yet their high price and scarcity

are not sustainable enough to produce large quantities of hydro-

gen. Among them, Ru element is cheaper and closer than Pt-based

catalysts in terms of hydrogen evolution energy than other no-

ble metals [23–25]. Therefore, it is appropriate to choose Ru ele-

ment as a catalyst dopant. Moreover, transition metal compounds
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are also suitable catalyst candidates due to their abundant valence

states and unfilled d orbitals [26–29]. For example, transition metal

phosphates (TMPs) contain P atoms and metal atoms that act as

protons and hydrogen acceptors, respectively [30–32]. Thus, they

play a significant role in HER. For OER, TMPs are converted in situ

into M-O or M-OOH substances to work as new active centers [33–

35]. In literature, numerous reports have shown that heteroatom

doping significantly regulates their electronic structure and im-

proves their adsorption ability to reaction intermediates [36–38].

Duan et al. obtained CoFePO product by co-doping Co2P with Fe,

O elements. The synergistic effect between cations and anions al-

lows the sample to drive HER and OER up to 10mA/cm2 with 87.5

and 274.5mV, respectively [39]. Wen’s group synthesized V-Ni2P

amorphous nanostructures with a HER overpotential of 85mV at

10mA/cm2. The V and Ni atoms interact with each other thereby

creating lattice distortions and exposing many active sites for elec-

trochemical reactions [40].

Herein, we prepare 0.1Ru-Ni2P@CoP structure by a hydrother-

mal and low-temperature solid-phase phosphating approach. The

product combines the outstanding catalytic efficiency of Ru ele-

ment and the self-restructuring characteristics of TMPs. It requires

82.7mV (HER) and 245.3mV (OER) to reach 10mA/cm2 in 1mol/L

KOH solution. And it is also available in catalyzing reactions under

alkaline seawater conditions. A total water dissolution device is as-

sembled using the obtained samples as positive and negative elec-

trodes. The device works stably in both electrolytes (30mV/cm2:
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Fig. 1. The synthetic schematic of Ru-Ni2P@CoP samples.

ƞ1 mol/L KOH =1.31V, ƞ1 mol/L KOH+seawater =1.27V). DFT calculations

reveal that the ultra-low Ru element doping modulates the sur-

face electronic structure and the D-band centers to gain suitable

adsorption energies for reaction intermediates. It demonstrates the

superior electrical conductivity of 0.1Ru-Ni2P@CoP structures.

Fig. 1 illustrates the synthesis route of the catalyst. The Ru-

doped Ni2P precursor is first obtained by a facile hydrothermal

procedure. XRD patterns are conducted to confirm the influence of

different Ru doping contents on the precursor. Fig. 2a demonstrates

the diffraction peaks locate at 40.71°, 47.36°, 54.19° and 74.79°, re-
spectively, which match well with Ni2P phase (PDF #89–4864). The

addition of Ru element does not cause new characteristic peaks,

which is sufficient to prove that Ru element exists in the samples

as dopant. Among them, 0.1Ru-Ni2P precursor presents the highest

crystallinity. After that, a layer of CoP substance is deposited on its

surface to obtain 0.1Ru-Ni2P@CoP heterostructure. Its XRD pattern

(Fig. 2b) still contains the diffraction peaks of Ni2P phase. Besides,

the characteristic peaks at 31.59°, 36.32°, 48.18°, 56.79°, and 66.93°
correspond to (011), (111), (211), (013), and (004) crystal faces of

CoP phase (PDF #89–4862), respectively. The nitrogen adsorption

and desorption curves (Fig. 2c) reveal that 0.1Ru-Ni2P@CoP cata-

lyst is mainly composed of micropores and mesoporous pores with

pore sizes ranging from 0 to 10nm. The 0.1Ru-Ni2P@CoP samples

show large BET surface area (53.21m2/g) and compared with other

samples (Fig. S1 in Supporting information).

The X-ray photoelectron spectroscopy (XPS) (Fig. 2d) shows that

the 0.1Ru-Ni2P@CoP sample consists of Ni, Co, Ru, P, O and C ele-

ments. Table S1 (Supporting information) contains the percentage

of these elements. The content of Ru element is 0.49%, which is

only 1/10 of Ni element. Furthermore, inductively coupled plasma

(ICP) also shows that the weight ratio of Ru element in 0.1Ru-

Ni2P@CoP is only 1.67wt% (Table S2 in Supporting information).

The ultra-low Ru content is a favorable proof of its cost advan-

tage. From Fig. 2e, the Ni 2p peaks are convolved into two pairs

of double peaks and satellite peaks. The Ni-P bond corresponds to

the peaks with binding energies of 852.28 and 869.58 eV. While

the peaks at 856.98 and 874.78 eV are attributed to Ni2+ [41]. For

Co 2p spectra (Fig. 2f), the peak at 778.28 eV is caused by the Co-P

bond in CoP sample. The remaining peaks belong to Co-O (782.68,

798.38 eV) bonds and satellite peaks (786.78, 802.68, 804.88 eV),

respectively [42]. Obviously, the peaks of Ni 2p and Co 2p show a

positive shift after the addition of Ru element. This is due to the

high electronegativity of Ru atom. It attracts many electrons in the

compound, which results in a decrease in electron density around

the Ni, Co atoms. The stripping of the outer electrons causes the

electronic structure to change, and the energy level is tailored to

reach the lowest energy. The process allows for smooth adsorp-

tion and desorption of reaction intermediates on the surface of the

0.1Ru-Ni2P@CoP sample. The Ru 3d spectrum coincides with the C

1s spectrum. Therefore, in addition to the C=C bond (284.78 eV),

Fig. 2g also includes Ru 3d5/2 (279.88 eV) and Ru 3d3/2 (285.88 eV)

peaks. These peaks confirm that Ru element exists as zero-valent

metallic Ru atoms [43]. Its single-atomic form enables its utiliza-

tion in electrochemical reactions to reach 100%. In the P 2p spectra

(Fig. 2h), the peaks at 129.58 and 130.88 eV originate from phos-

phorus ions in phosphide. In addition, the strong peak at 134.28 eV

is mainly due to the P-O bond formed by the oxidation of the sam-

ple in atmosphere [44]. It correlates with the peak consisting of

P-O bonds (533.08 eV) in the O 1s spectrum (Fig. 2i). The O 1s

Fig. 2. Structural characterization of the as-prepared samples: (a, b) XRD patterns. (c) N2 adsorption–desorption isotherms of the 0.1Ru-Ni2P@CoP sample. (d) XPS full

spectrum of 0.1Ru-Ni2P@CoP sample. (e-i) XPS spectra of Ni 2p, Co 2p, Ru 3d, P 2p and O 1s.
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Fig. 3. Structural characterizations of the as-prepared samples: (a-d) SEM image of

Ni2P, CoP, Ni2P@CoP and 0.1Ru-Ni2P@CoP sample. (e) Elemental mapping images of

0.1Ru-Ni2P@CoP sample. (f) HRTEM image of 0.1Ru-Ni2P@CoP sample.

spectrum indicates an additional peak at 531.58 eV, which comes

from the hydroxyl group [45].

We then observe the morphology and structure of the sam-

ples by scanning electron microscope (SEM). Ni2P nanospheres

(Fig. 3a) and CoP nanowires (Fig. 3b) are combined to form the

Ni2P@CoP product, which is shown in Fig. 3c. Figs. S2a-c (Sup-

porting information) are the morphologies of Ni2P samples doped

with different contents of Ru elements. The morphology of 0.1Ru-

Ni2P precursor is more complete than that of the other two sam-

ples. After compositing the CoP structure, its shape transforms into

nanospheres composed of nanosheets (Fig. 3d). The nanosheets

possess a thin average thickness of only 57.53nm. This structure

provides abundant active sites and spacious electron/ion trans-

fer channels for electrochemical reactions. After that, the corre-

sponding TEM image (Fig. S3a in Supporting information) reveals

that the basic constituent unit of the 0.1Ru-Ni2P@CoP nanosheets.

HRTEM further prove the presence of heterogeneous interface in

the nanosheet (Fig. S3b in Supporting information). The element

mapping images (Fig. 3e) shows that Ni, Co, P, Ru elements are

uniformly distributed on the sample surface. HRTEM image (Fig.

3f) indicates that the interface of the sample with two phases, CoP

(d=0.28 (011)) and Ni2P (d=0.22 (111)). Moreover, many scattered

bright spots are observed in the Ni2P region. It can be inferred

that these bright spots are likely to be Ru atoms based on the

rule that the optical intensity of atoms is positively correlated with

the atomic number [46]. It confirms that the ruthenium element is

doped in the sample as single atoms.

The electrocatalytic activity of the samples is then investigated

in a three-electrode system with 1mol/L KOH solution as elec-

trolyte. The HER performances are first evaluated according to

the linear scanning voltammetry (LSV) curves. Fig. 4a shows that

0.1Ru-Ni2P@CoP catalyst possesses significantly lower overpotential

than other samples. The heterogeneous structure provides abun-

dant active sites, so that it only needs 82.7mV overpotential to

achieve 10mA/cm2. And, the high utilization rate of Ru atoms re-

duces the interference of the high current density to the cata-

lyst. It maintains normal operation at the current density up to

1.6A/cm2. This indicates that it meets the harsh working condi-

tions of industrial water electrolysis. Table S3 (Supporting informa-

tion) compares its overpotential with other recently reports, which

further demonstrates its superior HER activity. In addition, Tafel

slope is also an important index to assess catalyst reaction kinetics.

Fig. 4b demonstrates that the lowest Tafel slope (117.4mV/dec) of

0.1Ru-Ni2P@CoP product presents among all the electrodes. Elec-

trochemical surface area (ECSA) can further understand the source

of this rapid reaction kinetics. We calculate the double layer ca-

pacitance (Cdl) proportional to the ECSA based on the CV curves

obtained in the non-Faraday region. Fig. 4c shows that the com-

bination of doping and heterostructure engineering increases the

Cdl value of catalyst from 9.11mF/cm2 (Ni2P) to 18.86mF/cm2

(0.1Ru-Ni2P@CoP).

The OER performance of the prepared catalysts is subsequently

explored under the same electrolyte conditions. Based on the

LSV curves of OER (Fig. 4d), it can be calculated that the over-

potential of 0.1Ru-Ni2P@CoP (245.3mV) catalyst at 10mA/cm2 is

lower than those of the other samples: Ni2P (277.3mV), CoP

(267.3mV), Ni2P@CoP (268.3mV), 0.05Ru-Ni2P (275.3mV), 0.1Ru-

Ni2P (253.3mV) and 0.2Ru-Ni2P (263.3mV). The comparison with

other reported catalysts (Table S4 in Supporting information) also

proves its outstanding OER performance. Additionally, the low

Tafel slope (43.8mV/dec) (Fig. 4e) also shows its kinetic advan-

tage during OER. Ru doping leads to a significant increase in ECAS

of the samples (Fig. 4f). Then, the ECAS is further enhanced by

the CoP substance composited on the electrode surface. Finally,

the Cdl of the 0.1Ru-Ni2P@CoP catalyst (458.25mF/cm2) reaches

5.4 times that of the Ni2P precursor (84.70mF/cm2). Fig. S4a

(Supporting information) lists HER and OER overpotential of the

prepared catalysts. It directly highlights the superiority of the

0.1Ru-Ni2P@CoP sample as a catalyst for water electrolysis. From

EIS (Fig. 4g), it offers a smaller charge transfer resistance than

any other catalyst. This allows it to offer a fast charge trans-

fer rate during electrochemical reactions to achieve superior cat-

alytic performance. Cyclic stability is also an essential criterion

to evaluate whether a catalyst is valuable for application. Ini-

tially, multi-current chronopotentiometry is performed on 0.1Ru-

Ni2P@CoP electrode under HER and OER conditions, respectively.

The current density increases from 10mA/cm2 to 200mA/cm2 and

then drops back to 10mA/cm2. Figs. S4b and c (Supporting infor-

mation) indicate that the cyclic curves are smooth and there is lit-

tle increase in potentials after the cycling. Obviously, the catalyst is

stable and expected to be used for electrolysis at high current den-

sity. Afterwards, it runs for up to 100h at a constant voltage (Fig.

4h). And the LSV curve shapes for HER and OER hardly changed at

the end of the cycling. Its morphology after cycling (Fig. S5 in Sup-

porting information) remains as uniformly distributed nanosheets,

which indicates its structural stability.

We continue to study the structure of 0.1Ru-Ni2P@CoP catalyst

after OER by XRD to explore its reaction mechanism. Fig. 5a

presents that the nickel-based and cobalt-based phosphide are

transformed into Ni2O2(OH)4 and Co(OH)2, respectively. XPS data

further verifies this finding. Figs. 5b and c compare the spectra

of Ni, Co elements before and after the catalytic process. They

both show the disappearance of peaks corresponding to Ni-P and

Co-P. The peak area ratio of P-O:OH also decrease greatly in the

O 1s spectra (Fig. 5d). Fig. S6 (Supporting information) contains

the characteristic peaks of P-O bonds and the P 2p3/2 peak. During

OER, the surface of 0.1Ru-Ni2P@CoP catalyst undergoes preferential

oxidation to oxyhydroxide species. However, the reaction is not

complete in some local areas due to kinetic limitations, resulting in

minimal P-M bond residue. From Fig. 5f, the HRTEM image proves

that (001) and (100) crystal planes belong to Ni2O2(OH)4 and

Co(OH)2 crystal phases, respectively. All these phenomena suggest

the occurrence of the material self-reconfiguration during reaction.

The newly generated Ni2O2(OH)4 and Co(OH)2 phases generate

new reaction sites [47]. This behavior substantially enhances the

utilization of the catalyst itself. Additionally, the Ni2O2(OH)4 region

is still scattered with many bright spots attributed to Ru atoms.

Ru element remains as atoms after electrochemical reaction. This

is supported by the Ru 3p spectral peak in Fig. 5e which remains

almost constant. Its stable existence form is also one of the key

factors for the catalyst to work for long time.
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Fig. 4. Electrocatalytic performances of the electrocatalysts in 1mol/L KOH: (a, d) LSV curves for HER and OER. (b, e) Tafel plots for HER and OER. (c, f) The electrochemical

double-layer capacitance (Cdl) for HER and OER. (g) Nyquist curves. (h) Cycling performances.

Fig. 5. Structural characterization of the 0.1Ru-Ni2P@CoP sample after OER: (a) XRD pattern. (b–e) XPS spectra of Ni 2p, Co 2p, O 1s and Ru 3p. (f) HRTEM image.

DFT calculations are carried to gain insight into the intrinsic

activity of 0.1Ru-Ni2P@CoP catalyst. Fig. 6a shows the theoretical

models of Ni2P, Ru-Ni2P and Ru-Ni2P@CoP structures. They indi-

cate that Ru atoms tend to displace Ni atoms in Ni2P crystal and

bond with P atoms. We calculate the effects of heteroatoms and

heterogeneous structures on the sample based on the three mod-

els. Firstly, their electrochemical performance is investigated by the

projected state density (PDOS). Figs. 6b-d show that the electronic

states distribution from the positions of Fermi energy levels (Ef),

demonstrating its metallic characteristics.

The d band center is closely related to the adsorption en-

ergy and activation energy barrier of the reaction intermediates

in the catalytic process. The addition of Ru atom increases εd

value from −1.56 eV to −1.38 eV. However, heterogeneous engi-

neering does not significant effect on electronic structure. The εd

value (−1.39 eV) of Ru-Ni2P@CoP structure is only 0.01 eV, which

is lower than that of Ru-Ni2P catalyst. The closer the D-band

center of the catalyst is to Ef, the stronger its ability to partici-

pate in trapping and bonding with intermediates. Therefore, Ru-

Ni2P@CoP and Ru-Ni2P samples provide more favorable catalytic

activity than Ni2P sample. Moreover, the heterostructure presents

rich density of electronic states near Ef due to the contribution of

Co element. This is the fundamental reason of its rapid reaction

kinetics.

Fig. 6e indicates the charge transfer situation between the ad-

sorbent and the catalyst surface. The pink and blue clouds rep-

resent areas of increased and decreased charge, respectively. It is

found that a strong charge exchange process occurs at the hetero-

junction interface. In this system, the gain and loss processes of

charge are mainly concentrated on Ni, Ru and Co atoms. Figs. S7a-c

(Supporting information) illustrates partial magnifications of these

atoms. The charge density of Ru atom is higher than those of Ni

and Co atom. It is consistent with their electronegativity (Ru=2.20,

Ni=1.91, Co=1.88). The highly electronegative Ru atom provides

new active centers for the catalyst by inducing charge transfer. The

above findings prove that the Ru-Ni2P@CoP catalyst carries out a

strong charge exchange with the reaction intermediates, revealing

that they undergo sufficient adsorption and desorption.

4
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Fig. 6. DFT calculation: (a) Structural models of samples. (b-d) Corresponds to the projected density states of samples. (e) Differential charge density of Ru-Ni2P@CoP catalyst.

(f) Calculated free energy of H adsorption of different catalysts for HER. (g) Calculated free energy of different catalysts for OER.

In HER process (Fig. 6f), the free energy of hydrogen adsorp-

tion (�GH∗ ) of Ni2P, Ru-Ni2P and Ru-Ni2P@CoP catalysts are −1.10,

−0.61 and −0.30 eV, respectively. According to Sabatier’s principle,

it is known that the adsorption and desorption of H∗ intermedi-

ates on the electrode surface are competitive with each other. The

�GH∗ of the ideal catalyst is close to 0 eV. Therefore, Ru-Ni2P@CoP

catalyst offers the best HER catalytic efficiency among the three

samples. For OER, the rates of these samples are determined by

four reaction steps. Fig. 6g indicates that the speed determina-

tion steps of Ni2P, Ru-Ni2P and Ru-Ni2P@CoP samples are the first

step (�G1 =1.86 eV), the third step (�G3 =1.72 eV) and the fourth

step (�G4 =1.65 eV), respectively. OER rate is limited by the energy

barrier of the rate-determining step. Even if the other steps carry

lower energy barriers, the reaction will not proceed faster than the

rate-determining step. Therefore, Ru-Ni2P@CoP possesses a much

rapid OER rate compared to the other two structures.

Also, we investigate the HER behavior of the catalysts in

1.0mol/L KOH+seawater electrolyte. Fig. 7a shows the LSV curves

of all the prepared catalysts. Fig. S8a (Supporting information)

lists the overpotentials at 10mA/cm2. It is found that the overpo-

tential of 0.1Ru-Ni2P@CoP electrode (120.7mV) is slightly higher

than that of 0.1Ru-Ni2P product (102.7mV) at low current density.

This is largely due to the fact that efficient catalytic processes at

high current densities requires the catalysts with sufficient intrin-

sic activity and the ability to rapidly separate surface bubbles [48].

The relatively low Tafel slope (95.44mV/dec) and abundant ECSA

(Cdl =15.21mF/cm2) confirm the fast reaction kinetics (Fig. 7b and

c). Moreover, its plentiful pores offer a convenient channel for gas

bubbles to escape from the electrode surface.

The OER performances of the catalysts are then studied under

alkaline seawater conditions. Fig. 7d demonstrates that all the cat-

alysts perform well at ampere-scale current densities. Fig. S8a vi-

sually compares the gap between their overpotentials. The over-

potential of 0.1Ru-Ni2P@CoP electrode (229.3mV) is lower than

those of Ni2P (266.3mV), CoP (276.3mV), Ni2P@CoP (267.3mV),

0.05Ru-Ni2P (276.3mV), 0.1Ru-Ni2P (268.3mV) and 0.2Ru-Ni2P

(279.3mV) catalysts at 10mA/cm2. From Figs. 7e and f, it is in

accordance with the superior Tafel slope (26.29mV/dec) and Cdl
value (43.96mF/cm2) of this sample. EIS (Fig. 7g) also demon-

strates the minimum charge transfer resistance, which accelerates

its electrochemical reaction process. Finally, the 0.1Ru-Ni2P@CoP

catalyst is estimated for cyclic stability in alkaline seawater elec-

trolyte. Multi-current chrono-potential cycling results (Figs. S8b

and c in Supporting information) demonstrate the stable operation

at different current densities.

Fig. 7h presents the smooth cycling curves for 100h. The in-

sets show that the LSV curves of the catalyst keep stable in shapes.

From the SEM image (Fig. S9a in Supporting information), the sur-

face of the sample is covered with a thin film, which is caused

by the precipitates in seawater. But its basic unit still behaves as

nanosheets (Fig. S9b in Supporting information). XPS is again em-

ployed to study its chemical state after OER in seawater. Fig. S10

(Supporting information) illustrates that the phosphide peaks in

both the Ni 2p and Co 2p spectra disappear. It is evident that this

sample possesses self-reconstruction phenomenon in alkaline sea-

water electrolyte.

Finally, we further explore its application in total water split-

ting process. Firstly, �V (�V= ƞHER + ƞOER) is taken to assess the

ability of the catalysts to drive the total water splitting device

[49]. Figs. 8a and b compare the behavior of the catalysts in two

electrolytes. The results indicate that the comprehensive perfor-

mance of 0.1Ru-Ni2P@CoP is superior to the other products in dif-

ferent electrolytes. It is utilized as positive and negative electrode

to assemble a total water electrolysis device (Fig. 8c). Figs. 8d

5
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Fig. 7. Electrocatalytic performances of the electrocatalysts in alkaline seawater: (a, d) LSV curves for HER and OER. (b, e) Tafel plots for HER and OER. (c, f) The electro-

chemical double-layer capacitance (Cdl) for HER and OER. (g) Nyquist curves. (h) Cycling performances.

Fig. 8. Overall water splitting performance: (a, b) OER and HER performance of catalysts. (c) Schematic diagram of overall water splitting device. (d, e) LSV curves of overall

water splitting. (f) Cycling performance. (g, h) LSV curves after cycling. (i) The amount of H2 and O2 released at the same time.

and e present that the overpotentials of 0.1Ru-Ni2P@CoP sample

in 1.0mol/L KOH+seawater (ƞ30 =1.27V, ƞ50 =1.34V, ƞ100 =1.50V),

which are slightly lower than those in 1.0mol/L KOH electrolyte

(ƞ30 =1.31V, ƞ50 =1.38V, ƞ100 =1.53V). However, it possesses a

strong ability to withstand high current density in alkaline elec-

trolyte compared to seawater electrolyte. Crucially, the water split-

ting voltage is lower than that of many reports under 1mol/L KOH

solution (Table S5 in Supporting information). The stability of the

electrode is then evaluated by a long time constant pressure mea-

surement. The cycle diagram (Fig. 8f) demonstrates that it holds up

well under alkaline conditions, with little reduction after 200h op-

eration. However, the initial curve fluctuates greatly when it works

in alkaline seawater electrolyte.

From Figs. 8g and h, the LSV curves of the samples in both elec-

trolytes remains stable before and after cycling. In particular, the

overpotential of 0.1Ru-Ni2P@CoP electrode slightly increase in KOH

electrolyte. The produced H2 and O2 amounts during water elec-

trolysis are obtained by the drainage technique. Fig. 8i records the

volume of two kinds of gases produced at different time. The ratio

of H2 to O2 is 1.96:1, which proves that 0.1Ru-Ni2P@CoP catalyst

6
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provides a Faraday efficiency of nearly 100%. It demonstrates that

the outstanding electrochemical activity in both alkaline and sea-

water electrolytes.

In summary, we have prepared several kinds of Ru doped

Ni2P@CoP electrocatalysts. The doping of Ru atoms causes the re-

distribution of charges thereby enhancing HER and OER activities

in alkaline electrolyte. And the presence of heterogeneous inter-

face significantly enhances the density of states near the Fermi en-

ergy level. They make the catalyst possess superior catalytic ability

even under alkaline seawater conditions. As the electrodes for total

water splitting devices, they only require low voltage to drive the

device under alkaline seawater electrolyte. Furthermore, its surface

self-reconfiguration during the electrochemical reaction avoids the

corrosion of the electrodes. This study provides a feasible protocol

to generate hydrogen by electrolysis of seawater.
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