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ABSTRACT: 

Cocatalyst contributes to promote the separation and transfer of charge in 

photocatalytic system, which is an important factor to improve photocatalytic 

decomposition of water to produce hydrogen. Here, a simple and effective method to 

combine the main catalyst and the cocatalyst by a modified impregnation method is 

provided. A novel Ni2P/CdS is prepared by in-situ growth of Ni2P cocatalyst on the 

CdS surface using the modified impregnation method. The research shows that Ni2P, 

as an electron carrier, can promote the separation of electrons and holes, and 

significantly improve the photocatalytic activity of Ni2P/CdS. When Ni2P was 3% in 

Ni2P/CdS, the photocatalytic activity of hydrogen production was the highest, and the 

hydrogen production rate reached an astonishing 16.02 mmol h
-1

g
-1 

under visible light, 

which was 57 times that of CdS. Moreover, Ni2P/CdS photocatalyst has outstanding 

stability for hydrogen production. The mechanism of photocatalytic hydrogen 

production by Ni2P/CdS is proposed. 
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1.Introduction 

The hydrogen energy is an environment-friendly new energy carrier, which 

effectively solves the problems of environmental pollution and energy shortage 

caused by fossil fuels. Developing a sustainable and economical photocatalytic 

hydrogen production system is considered as the most promising way at present [1-3]. 

Photocatalytic decomposition of water not only makes effective use of solar energy, 

but also has low cost and sustainability [4-6]. 

Semiconductor photocatalysts such as TiO2, CdSe and g-C3N4 have been reported 

[7-11]. Although they have a certain ability of photocatalytic decomposition of water, 

the efficiency of hydrogen production is very low due to the rapid recombination of 

electrons and holes [12, 13]. As a semiconductor material that can respond under 

visible light, CdS (2.4 eV) is considered as an ideal photocatalytic material with 

abundant and effective active sites and excellent conduction band positions [14-16]. 

However, CdS is prone to photocorrosion under light, and the separation efficiency of 

photogenerated carriers is low, resulting in low hydrogen production efficiency in 

practical application [17]. In the field of photocatalysis, loading effective cocatalyst 

can capture photoinduced charge and provide abundant active sites for surface Redox 

reaction, which is one of the most promising methods to improve the performance of 

photocatalysis [18-20]. 

Traditional cocatalysts are mainly precious metals such as platinum and 

gold, which are limited by high cost and rarity [21, 22]. At present, the 

research on metal oxides, hydroxides, sulfides and phosphides as 

substitutes of precious metals has been extensively reported [23-26].  

Among them, transition metal phosphides (TMPs) are considered as 

efficient and stable hydrogen evolution promoters such as Ni 2P, CoP, FeP 

and MoP due to their low overpotential and excellent conductivity [27 -30]. 

TMPs can be regarded as doping phosphorus (P) atoms into the crystal 
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lattice of transition metals [31]. Ni2P is an interstitial compound formed by 

inserting P atoms into the nickel lattice, which has unique photoelectric 

properties and long-term stability, and is considered as one of the most 

important materials to replace precious metals as co-catalysts [32-34]. The 

conventional photocatalytic system of Ni2P is the solid reaction of nickel 

salt with excess P or NaH2PO2 at high temperature (above 200 ℃) in an 

inert atmosphere to produce Ni2P [35]. The performance of TMPs as 

cocatalyst mainly depends on the contact quality and area of photocatalyst 

on its surface [36-38].  Generally, Ni2P and photocatalyst prepared by 

simple mechanical mixing have low separation efficiency of electrons and 

holes and low photocatalytic efficiency due to loose contact [39].  

Herein, a new method to combine the main catalyst and the cocatalyst by a 

modified impregnation method was provided. The in-situ growth of Ni2P on CdS 

surface is conducive to closer contact between Ni2P and CdS surface using the 

modified impregnation method, which can effectively promote the separation of 

photogenerated electrons and holes, showing a more efficient performance of 

photocatalytic hydrogen production. Compared with the traditional preparation 

method combining TMPs and cocatalyst, the modified impregnation method greatly 

improves the catalytic activity of photocatalyst through close contact between the 

main catalyst and the cocatalyst. Compared with CdS nanorods, Ni2P/CdS shows 

higher photocatalytic hydrogen production efficiency under visible light.   

2. Experimental Section 

2.1 Materials 

Thiourea (NH2CSNH2, 99%), ethylenediamine (NH2CH2CH2NH2, 99%), methanol 

(CH3CH2OH, 99.7%), Na2S (98%) and Na2SO3 (98%) were all purchased from 

sinopharm chemical reagents Co., Ltd. Cadmium chloride (CdCl2·2.5H2O, 98%) and 

nickel chloride hexahydrate (NiCl2·6H2O, 99%) were all purchased from Shanghai 
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McLean Biochemical Technology Co., Ltd. All are analytic reagent and used as 

received. 

 

2.2 Preparation of CdS 

CdS was prepared by solvothermal method [40]. CdCl2·2.5H2O and NH2CSNH2 were 

dissolved in NH2CH2CH2NH2 and stirred to form a homogeneous solution. Then the 

mixtures were transferred into Teflon-lined stainless-steel autoclave. The autoclave 

was heated at 160 °C for 48 h a hot air oven and then naturally cooled to room 

temperature. The products were clean with purified water and ethanol several times. 

Finally, it was dried at 80 °C for 8 h to obtain CdS.2.3 Preparation of Ni2P/CdS 

NiCl2·6H2O and NaH2PO2 were dissolved in purified water and stirred to form a 

homogeneous solution. CdS was added to the solution and ultrasonicated for 1 h. The 

mixtures were dried in the oven, and water was fully dried. It was heated to 300°C in 

a tubular furnace under N2 for 1 h, and then cooled naturally to room temperature. The 

products were washed three times with ultra-pure water and anhydrous ethanol 

respectively. Finally, it was dried at 60 °C for 12 h to obtain Ni2P/CdS. The 2%, 3%, 

5%, 7% Ni2P content of Ni2P/CdS and Ni2P were prepared by themethod, as shown 

for different contents ratios in Table 1. Scheme 1 is a schematic diagram of material 

preparation. Meanwhile, 100 mg of CdS was dispersed in 10 ml of ethanol, and 

ultrasonic treatment was carried out for 30min. With stirring, 3 mg of Ni2P was added 

to the CdS suspension. The mixture was ultrasonically treated for 1 h, stirred for 

another 12 h, separated by centrifugation and washed with ethanol. Finally, the 

mixture was dried at 80℃ for 12 h to obtain 3% Ni2P/CdS mechanical mixed 

photocatalyst. 
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Scheme 1. Schematic diagram of one-step synthesis of Ni2P/CdS. 

 

Table 1.  The ratio of Ni2P and CdS in different content 

Samples NiCl2·6H2O (mg) NaH2PO2 (mg) CdS (mg) 

Ni2P 

2% Ni2P/CdS 

200 

19.2 

1000 

96 

0 

300 

3% Ni2P/CdS 28.8 144 300 

5% Ni2P/CdS 48 240 300 

7% Ni2P/CdS 67.3 336.5 300 

 

2.4 Materials characterization 

X-ray diffraction spectrometer (XRD, SmartLab 9KW Japan) was used to analyze 

the crystal structure of photocatalyst. The microstructure of photocatalyst was 

analyzed by field emission scanning electron microscope (SEM, GeminiSEM 500 

Germany), transmission electron microscope (TEM, JEM-2011 Japan) and high 

resolution transmission electron microscope (HRTEM, Talos F200X USA). 

Photoluminescence spectra of the samples were obtained at room temperature using a 

spectrometer (PL, F-4700 Japan). X-ray photoelectron spectroscopy (XPS, 

ESCALAB 250Xi, USA) was used to analyze the surface chemical state and the 

existing forms of elements of the composite photocatalyst, and the binding energy 

was calibrated with the signal of carbon at 284.8 eV as a reference. The 

adsorption-desorption isotherm of nitrogen was measured by Autosorb-iQ instrument 

and analyzed by Bruner-emmett-Taylor equation. Barrett joiner-Harunda (BJH) 

analytical aperture. Ultraviolet-visible diffuse reflectance spectrum was measured by 
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ultraviolet-visible spectrophotometer (UV-vis DRS, Solid Spec 3700, Japan), with 

Ba2SO4 as reference. Optoelectronic properties of samples were measured on an 

electrochemical analyzer (CHI 660E, China) with a standard three-electrode system. 

The Ag/AgCl is used as reference electrode, the counter electrode is Pt plate, and the 

working electrode is FTO coated with photocatalyst. Transient photocurrent response 

and electrochemical impedance were measured using 0.5 M Na2SO4 as electrolyte 

solution. 

2.5 Photocatalytic Hydrogen Production 

   Photocatalytic hydrogen generation experiments were carried out in a 

photocatalytic activity evaluation system (MC-SPH2O-A, China). 20 mg of catalyst 

was added into 50 ml of aqueous solution of 0.35 M Na2S and 0.25 M Na2SO3, and 

the photocatalyst was dispersed evenly by ultrasonic for 15 min. Then, the air in the 

whole system was replaced by nitrogen circulation and degassed for 30 minutes to 

remove the air. The enclosed glass instrument was completely evacuated and 

irradiated with 300W Xe lamp with cut-off filter (λ > 420nm) (AuLight, 

CEL-HXF300) at room temperature to simulate the reaction initiated by sunlight for 

4 h. The generated H2 was analyzed by an online gas chromatograph (GC-7920, TCD) 

using high-purity nitrogen as carrier gas and oxygen as power gas. 

 

3. Results and discussion 

3.1. Characterization of Ni2P/CdS composite  

 

 

 

 

 

 

 

 Fig. 1. (a) XRD patterns of CdS and (b) (2%, 3%, 5%, 7%) Ni2P/CdS. 
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The XRD patterns of CdS, Ni2P and Ni2P /CdS with different Ni2P amounts are 

illustrated in Fig. 1. Fig. 1 (a) shows that the X-ray diffraction peak of CdS is 

consistent with that of CdS (PDF#77-2306) There are strong diffraction peaks at 

24.69, 26.35, 28.19, 36.59, 43.68, 47.79 and 51.82, which correspond to (100), (002), 

(101), (102), (110), (103) and (112) of CdS, respectively [41]. It shows that CdS with 

good crystallinity was synthesized by solvothermal method. The XRD pattern of 

Ni2P/CdS has not changed, and the peak of Ni2P has not been observed, which may be 

attributed to the low loading or high dispersion of Ni2P, which will not change the 

crystal structure of CdS. All the diffraction peaks of Ni2P/CdS are consistent with the 

XRD pattern of CdS, indicating that Ni2P synthesis does not change the lattice 

structure of CdS. It can be seen from Fig. 1(b) that the X-ray diffraction peak of Ni2P 

is consistent with that of Ni2P (PDF#74-1385), and Ni2P has a higher diffraction peak, 

illustrating that Ni2P with high crystallinity was synthesized by impregnation method. 

 

 

Fig. 2. (a) SEM image of CdS, (b) Ni2P, (c-d) 3% Ni2P/CdS at different magnifications and (e) 

TEM image of 3% Ni2P/CdS, (f) HRTEM image of 3% Ni2P/CdS, (g) SEM image of 3% 

Ni2P/CdS and corre-sponding elemental mapping of Cd, S, Ni and P. 
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SEM, TEM and HRTEM of CdS and Ni2P/CdS are shown in Fig. 2. In Fig. 2 (a), 

CdS can be clearly seen as smooth rod-like structures with average particle sizes of 

approximately 600 nm in length and 50 nm in width. Fig.2 (b) shows that Ni2P has a 

spherical granular structure on its surface. Fig. 2 (c) and (d) are SEM of 3% 

Ni2P/CdS. It can be observed that the surface of CdS nanorods is relatively rough, 

which is attributed to Ni2P deposition on the surface of CdS nanorods. Granular Ni2P 

can be clearly seen on CdS nanorods in Fig. 2 (e). It can be identified from Fig. 2 (f) 

and Fig. 2 (e) that the lattice fringes of 0.22 nm and 0.34 nm correspond to the (111) 

plane of Ni2P and the (111) plane of CdS respectively, confirming that the particles 

are Ni2P and grow on the CdS nanorods. Fig. 2 (g) is the elemental map of 3% 

Ni2P/CdS, and it can be seen that elements Cd and S basically have the same 

elemental profile, and Ni and P are mainly concentrated in the spherical granular 

morphology, which further confirms that the spherical particles are Ni2P, indicating 

that Ni2P/CdS has been successfully synthesized. 

X-ray photoelectron spectroscopy (XPS) of CdS and 3% Ni2P/CdS are obseved in 

Fig. 3. Fig. 3 (a) shows the XPS spectrum, and it is observed that the main elements in 

CdS are cadmium and sulfur, and the main elements in 3% Ni2P/CdS are cadmium, 

sulfur, nickel and phosphorus. The spectrum shows two peaks of 404.56 eV and 

411.26 eV in Fig. 3(b), and the positions of CdS and 3% Ni2P/CdS peaks are basically 

the same, which are attributed to Cd 3d5/2 and Cd 3d5/2, respectively [42]. Fig. 3(c) 

shows two peaks of 160.81 eV and 162.06 eV of 3% Ni2P/CdS, and their positions are 

basically consistent with those of CdS, which are respectively attributed to S 2p3/2 and 

S 2p1/2 [43]. Fig. 3(d) demonstrates two peaks located at 853.46 eV, 856.26 eV and 

861.76 eV, which are ascribed to Ni
δ+

, Ni 2p3/2 and Ni 2p1/2, respectively, indicating 

that Ni mainly exists in the form of Ni
+2 

[44, 45]. Fig. 3(e) displays the high-intensity 

diffraction peak at 133.16 eV, which belong to P 2p3/2, indicating that P mainly exists 

in the state of binding with Ni [46]. XPS results further confirmed that there is a 

mixture of Ni2P and CdS in the photocatalyst Ni2P/CdS. 
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Fig. 3. (a) XPS survey spectra of 3% Ni2P/CdS. XPS spectra of (b) Cd 3d, (c) S 2p, 

(d) Ni 2p and (e) P 2p.  

 

 

The specific surface area, pore and pore size distribution of CdS and 3% Ni2P/CdS 

were analyzed by N2 adsorption-desorption process, and the results are displayed in 

Fig. 4 and Table 2. As shown in Fig. 4 (a) and 4 (b), CdS and 3% Ni2P/CdS have class 

IV isotherms of H3-type hysteresis loops, which are mainly due to the mesopores 

(2-50 nm) [47]. As illstrated in Table 2, the specific surface area of CdS nanorods and 

3% Ni2P/CdS is 17.34 m
2
 /g and 17.21 m

2
 /g, respectively, indicating that the growth 

of spherical granular Ni2P on CdS nanorods does not change the specific surface area 

of CdS basically. It also demonstrates that the highly active surface of Ni2P/CdS can 
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promote the charge transport and transfer. Compared with CdS nanorods, the average 

pore size and volume of 3% Ni2P/CdS are significantly lower, which further vertifys 

that the gap between the spherical Ni2P particles and CdS nanorods is filled. 

 

 

 

Fig. 4.  N2 absorption-desorption isotherms and pore size distribution of (a) CdS and 

(b) 3% Ni2P/CdS. 

 

Table 2. Physical properties of CdS and 3%Ni2P/CdS. 

Samples Specific surface area 

(m
2
g

-1
) 

Average Porediameter 

(nm) 

Pore volumes 

(cm
3
g
−1

) 

CdS 17.34 25.41 0.114 

3% Ni2P/CdS 17.21 21.98 0.089 

 

 The separation rate of electrons and holes in CdS system after adding Ni2P was 

studied by photoluminescence spectroscopy, as shown in Fig. 5. It can be found that 

under the excitation wavelength of 410 nm, CdS has the highest diffraction peak at 

540 nm, and the fluorescence intensity of the sample decreases significantly after the 

introduction of Ni2P. This is mainly due to the introduction of Ni2P promoter, the 

electrons in CdS conduction band will preferentially transfer to Ni2P, which reduces 

the recombination rate of electrons and holes [38]. 
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Fig. 5. The PL spectra of CdS and 3% Ni2P/CdS (λex=410 nm). 

 

 

Fig.6 is UV-vis DRS for CdS, 2%, 3%, 5%, 7% Ni2P/CdS and Ni2P. Fig.6 

(a) displays that Ni2P exhibits strong absorption peaks in the range of 

300-800 nm, which further proves the metal-like properties. The absorption 

edge of CdS is about 560 nm, while the absorption edge of 3%, 5%, 7% 

Ni2P/CdS is about 600nm, with a red shift of 40 nm. The absorption edge 

of 2% Ni2P/CdS is about 580nm, and the red shift is 20 nm.  It adminstrates 

that 2%, 3%, 5%, 7% Ni2P/CdS has a wider response to the increase of 

light absorption range in the visible light range, which contributes to the 

improvement of photocatalytic hydrogen production efficiency.  The results 

manifest that 3% Ni2P/CdS has a wider range of response to visible light, 

which contributes to the improvement of photocatalytic hydrogen 

production efficiency. According to formula (1), the band gap widths of 

CdS and 3%, 5%, 7% Ni2P/CdS are 2.37 eV and 2.28 eV respectively, and 

the band gap width of 2% Ni2P/CdS is 2.34 eV, as shown in Fig. 6 (b). The 

decrease of the band gap of Ni2P/CdS may be due to the introduction of 

Ni2P into CdS, and the Ni
2+

 doping in CdS provides the donor energy level  

[48]. The results indicate that the combination of metal-like cocatalyst Ni2P 

reduces the separation distance between electrons and holes in CdS, and 

reduces the energy required for covalent bond fracture, which is beneficial 

to the transfer and transmission of photo-generated carriers. 
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(ahv)
1/n

=A(hv-Eg)              (1) 

(α: Absorption index, h: Planck's constant, v: frequency, A: constant, Eg:  band gap 

width, index n: [direct band gap] n=1/2, [indirect band gap] n=2) 

 

 

 

 

Fig. 6. (a) UV-vis DRS and (b) band gap of CdS and Ni2P/CdS. 

 

 

 

 

 

Fig.7. Mott-Schottky plots of CdS and Ni2P/CdS and (b) donor energy levels formed by Ni2P 

doping. 

 

 

The Mott Schottky curves and energy band changes of CdS, 2%, 3%, 5% and 7% 

Ni2P/CdS are shown in Fig. 7. Fig. 7 (a) displays that the slopes of Mott-schottky 

curves of CdS, 2%, 3%, 5% and 7% Ni2P/CdS are both positive, revealing the N-type 
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semiconductor characteristics of CdS. The flat band potentials of CdS and 3% Ni2P 

/CdS are about -0.76 V, showing no significant difference. Because the conduction 

band potential of n-type semiconductor is 0.1 V lower than that of flat band potential, 

the conduction band potential of CdS and 3% Ni2P /CdS is -0.86 V [49-51]. After the 

addition of Ni2P, the potential of the conduction band of 3% Ni2P/CdS is basically 

unchanged, which further proves that Ni2P acts as a cocatalys. It is similar to the role 

of precious metal cocatalyst in semiconductors [52]. Fig. 7 (b) illustrates the band 

change after Ni2P is added. The results of UV-vis DRS indicate that the band gap of 

CdS is 2.37 eV. When Ni2P with metal-like characteristics is recombinated, a donor 

level above the valence band will be generated due to the doping of residual Ni
2+

 on 

the surface of Ni2P/CdS, resulting in the band gap of Ni2P/CdS being reduced to 2.28 

eV. So that CdS has a higher light response under visible light [53]. 

 

3.2. Photocatalytic H2 evolution performance 

 

Fig. 8 is the photocatalytic hydrogen evolution of CdS and Ni2P/CdS under 

visible light with Na2S and Na2SO3 as sacrificial agents. Fig. 8 (a) shows hydrogen 

production of different photocatalysts. The cumulative hydrogen production of 

Ni2P/CdS increases linearly with time. 3% Ni2P/CdS shows the best hydrogen 

production performance, and the cumulative hydrogen production of 4 h reaches 64 

mmol. Fig. 8 (b) displays the rate of hydrogen production of different photocatalysts. 

Under visible light, the rate of hydrogen production of CdS is only 0.28 mmol h
-1

g
-1

. 

The rate of hydrogen production of CdS is not high in visible light, mainly due to 

photocorrosion and recombination of carriers. After the introduction of cocatalyst 

Ni2P, the hydrogen production rate of Ni2P/CdS increases gradually with the increase 

of Ni2P content. When 3% Ni2P content was added, the hydrogen evolution rate was 

16.02 mmol h
-1

g
-1

, which was 57 times that of CdS, mainly due to the tight 

interfacial contact promoting electron transfer. With the further increase of Ni2P 

content, the hydrogen production rate of Ni2P/CdS decreases gradually. It is possible 

that excessive Ni2P covers the CdS surface and hinders the absorption of light. 
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Compared with the 3% Ni2P/CdS prepared by mechanical mixing, the 3% Ni2P/CdS 

prepared in this experiment has a tighter contact surface and higher hydrogen 

production. Comparing the UV-vis DRS and Mott-Schottky of 2% and 3% Ni2P/CdS 

can further explain the differences between them, and 3% Ni2P/CdS can respond 

better under visible light. With the same conduction band position, the forbidden band 

width of 3% Ni2P/CdS is less than 2% Ni2P/CdS, and the energy required for the 

separation of electrons and holes is also low, so that electrons can easily enter Ni2P, 

and the increase of electrons makes Ni2P provide more active sites for reduction 

reaction. Fig. 8 (c) is the hydrogen production rate of 3% Ni2P/CdS. The hydrogen 

formation rate of 3% Ni2P/CdS has no obvious change under visible light, indicating 

good stability of hydrogen evolution. Fig. 8 (d) shows the XRD pattern of 3% 

Ni2P/CdS before and after photocatalysis, indicating that the crystal structure of 3% 

Ni2P/CdS does not change after photocatalysis, which further proves that it has 

excellent photocatalytic stability. 

 

 
Fig. 8. (a) Photocatalytic H2  evolution by using the prepared samples under visible 

light irradiation.  (b) The rate of photocatalytic hydrogen on CdS and Ni 2P/CdS with 

different Ni2P additions. (c) Recycle runs of H2 evolution over 3% Ni2P/CdS. (d) 

XRD before and after 3% Ni2P/CdS reaction. 
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3.3. Interfacial charge separation and the mechanism of photocatalytic H2 

evolution 

 

Fig. 9 illustrates the separation and transition of photogenerated carriers in CdS and 

3% Ni2P/CdS. Fig. 9 (a) is the transient photocurrent diagram of CdS and 3% Ni2P 

/CdS. It can be seen that under the same conditions, the current density of 3% Ni2P 

/CdS is significantly higher than that of CdS, which indicates that CdS combined with 

Ni2P will accelerate the separation rate of electrons and holes. The photocurrent 

response of 3% Ni2P/CdS decreased with the increase of radiation time, mainly 

because the photogenerated carriers in CdS shifted to Ni2P. Fig. 9 (b) is the 

electrochemical impedance spectroscopy (EIS) Nyquist plots  of CdS and 3% 

Ni2P/CdS. The Nyquist radius of 3% Ni2P/CdS is smaller than that of CdS, indicating 

that the reduction of interface resistance in 3% Ni2P/CdS is more conducive to the 

separation of electrons and holes [54]. It is further proved that CdS combined with 

Ni2P can accelerate electron transfer and transmission. 

 
Fig. 9. (a) Photocurrent response of CdS and 3% Ni2P/CdS and (b) EIS for the 

Nyquist plots of CdS and 3% Ni2P/CdS. 

 

Schematic diagram of photocatalytic hydrogen production mechanism of 

Ni2P/CdS is illustrated in Fig.10. Spherical granular Ni2P grows on the 

surface of CdS nanorods and acts as electron carriers to facilitate the 

effective separation of CdS electron and hole pairs. Specifically, electrons 

in the CdS band get excited in visible light and move to the conduction 

band (CB). The Fermi energy level of CdS is higher than that of Ni 2P, and 

when Ni2P is in close contact with CdS, the band is bent  [53]. The electrons 
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excited to the CdS conduction band will be further transferred to Ni 2P, so 

that the electron hole pair can achieve effective separation, and then 

generate H2 through redox reaction. Meanwhile, the holes left in the CdS 

valence band (VB) are consumed by the sacrificing reagents Na 2S and 

Na2SO3. As a cocatalyst, Ni2P can act as an electron carrier to inhibit the 

recombination of electron and hole pairs and provide abundant catalytic 

active sites for H2 generation, which can significantly improve the 

photocatalytic activity of Ni2P/CdS. 

 

Fig. 10. Schematic diagram of photocatalytic hydrogen production 

mechanism on Ni2P/CdS. 

 

4. Conclusions 

In summary, the modified impregnation method is proposed as a simple and 

effective method to prepare compact Ni2P on the surface of CdS nanorods by 

in-situ growth. When 3% Ni2P content was added, the hydrogen evolution rate is 

16.02 mmol h
-1

g
-1

, which was 57 times that of CdS, mainly due to the tight 

interfacial contact promoting electron transfer. 3% Ni2P/CdS also shows good 

stability of hydrogen evolution in cyclic photocatalytic experiments. The interface 

resistance of 3% Ni2P/CdS is the lowest, which is conducive to the separation of 

electrons and holes. As a cocatalyst, Ni2P can act as an electron carrier to 
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inhibit the recombination of electron and hole pairs and provide abundant 

catalytic active sites for H2 generation, which can significantly improve 

the photocatalytic activity of Ni2P/CdS.  The separation rate of electrons 

and holes was verified by PL and electrochemical tests. All characterization 

results are in good agreement. Furthermore, the possible Mechanism for 

photocatalytic hydrogen evolution in Ni2P/CdS system is proposed. 
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modified impregnation method is provided.  

2. Ni2P, as an electron carrier, can effectively promote the separation of electrons and 

holes, and significantly improve the photocatalytic activity of Ni2P/CdS. 

3. The photocatalytic hydrogen evolution rate of 3%Ni2P/CdS is 57 times that of CdS. 

Moreover, Ni2P/CdS photocatalyst has outstanding stability for hydrogen 

production. 
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