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Abstract: Molybdenum carbide is regarded as an excellent substitute

for Pt-based catalysts in the hydrogen evolution reaction (HER), owing to

its low cost, superior catalytic performance, and long-term stability. In this

work, salt-sealed molybdenum carbide was prepared using sodium

molybdate and 2,6-diaminopyridine as the reactive raw materials,

followed by continuous salt sealing and calcination of the precursor

under an inert atmosphere. The morphology, composition and structure

of salt-sealed molybdenum carbide were determined by scanning

electron microscopy, transmission electron microscopy (TEM),

energy-dispersive X-ray spectroscopy (EDS), X-ray diffraction (XRD),

and X-ray photoelectron spectroscopy (XPS). The results indicate that

salt-sealed molybdenum carbide has irregular morphology and includes nanoparticles and nanorods. A comparison of the

TEM images of Mo2C with salt sealing (Mo2C/SS) and Mo2C without salt sealing (Mo2C) indicates that Mo2C/SS exhibits a

smaller particle size. This suggests that salt sealing can efficiently avoid particle aggregation. The Brunauer-Emmett-

Teller (BET) specific surface area of the catalysts was obtained from nitrogen adsorption/desorption isotherms. The

increase in BET surface area from 2.55 to 8.14 m2·g−1 after salt sealing provides evidence for the formation of pores in the

product. The results of XRD, EDS and XPS analyses show that Mo2C/SS has an orthorhombic crystal structure with

molybdenum oxides on the surface, which may originate from surface oxidation. Considering the results of XPS and the

turnover frequency (TOF) calculation, we can conclude that the formation of pores via salt sealing contributes to the

exposure of more active sites, while simultaneously enlarging the contact area with oxygen. Therefore, higher

molybdenum oxide content is generated on the surface, resulting in a lower proportion of active centers (molybdenum

carbides) on the catalyst surface. Furthermore, the pseudocapacitance generated by the faradaic reaction of molybdenum

oxides is superimposed on the double-layer capacitance of Mo2C catalysts, which increases the double layer capacitance.

Since the effect of pseudo-capacitance on Mo2C/SS is more significant, the TOF number declines after salt sealing.

Compared with Mo2C, Mo2C/SS exhibits three features that promote HER mass activity: (1) the generation of large

quantities of pores via salt sealing leads to an increase in the BET surface area and exposure of more active sites, which

is beneficial for improving HER performance; (2) the porous structure and enlarged surface area pave the way for

effective mass and charge transfer; (3) the decrease of the Tafel slope from 145 to 88 mV·dec−1. In summary, salt-sealed

Mo2C exhibited enhanced HER activity with an overpotential of 175 mV to achieve a current density of 10 mA·cm−2. The

Tafel slope for HER on salt-sealed Mo2C is 88 mV·dec−1. This can be considered as the proof of the Volmer-Heyrovsky

mechanism with electrochemical desorption as the rate-determining step.
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盐封后碳化钼电催化剂的制备及其氢析出性能
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摘要：碳化钼具有低廉的价格、优越的催化性能以及良好的稳定性而被人们认为是极好的可以替代Pt等贵金属的氢析出

反应(HER)催化剂。本工作采用钼酸钠和2,6-二氨基吡啶为反应原料，之后不断进行盐封的过程直到前驱体被紧紧包覆

在NaCl的晶格中，最后置于惰性气氛下煅烧即可制得盐封后碳化钼。本工作采用了扫描电子显微镜(SEM)、透射电子显

微镜(TEM)、能量色散x射线光谱(EDS)、X射线衍射(XRD)以及X射线光电子能谱(XPS)等技术对盐封后碳化钼的形貌、组成

以及晶体结构进行了表征。结果表明盐封后的产物形貌并不均一，其中包括纳米颗粒及纳米棒。比较Mo2C/SS与Mo2C

的TEM图，可以发现盐封后Mo2C的尺寸变小，表明盐封的方法可以有效地避免颗粒的团聚。根据产物的氮气吸脱附等

温线得到的催化剂的Brunauer-Emmett-Teller (BET)比表面积，盐封后Mo2C的BET表面积由2.55提高至8.14 m2·g−1，可

以证明盐封过程中孔的生成。EDS、XRD及XPS分析的结果表明盐封后的产物是斜方晶系的Mo2C，并且表面由于被氧

气氧化而带有氧化钼。结合XPS和周转率(TOF)数计算的结果，可以说明盐封过程中孔的形成有助于暴露更多活性位点，然

而同时也扩大了与氧气的接触面积，催化剂表面形成的氧化钼的含量也增多。因此，催化剂表面活性中心即碳化钼所占

的比例降低。另一方面，氧化钼的法拉第反应产生的赝电容会与碳化钼催化剂的双电层电容叠加，导致得到的比容量数

值偏大。而氧化钼的赝电容效应对Mo2C/SS催化剂的影响是更显著的，因此盐封后的TOF数降低。同Mo2C相比，Mo2C/SS

展现出更高的HER质量活性的原因可归结如下：(1)盐封过程中大量孔的形成有助于提高产物的BET表面积并暴露出更多

的活性位点； (2)盐封后的多孔结构和较大的表面积有利于传质传荷； (3)盐封后碳化钼的Tafel斜率由145降至88

mV·dec−1。总的来说，盐封后碳化钼的HER活性有了明显的提高，当电流密度达到10 mA·cm−2时，过电位为175 mV左

右。盐封后碳化钼的Tafel斜率为88 mV·dec−1，证明催化剂表面发生的氢析出反应遵循Volmer-Heyrovsky机理并以电化

学脱附步骤为反应的速控步骤。

关键词：碳化钼；氢析出反应；盐封；活性位点；电催化

中图分类号：O646

1 Introduction
Hydrogen, as a clean and renewable energy source, has

drawn increasing attention for its promising alternative to

traditional carbonaceous fuel 1. In recent years, water splitting

is one of the most attractive methods for sustainable hydrogen

production 2–5. As for the hydrogen evolution reaction (HER),

noble metal Pt-based catalysts have exhibited superior catalytic

activity with low overpotential and high energy conversion

efficiency, while both the high cost and rare storage limit their

large-scale applications. Therefore, it is essential to explore

inexpensive, highly active and earth-abundant catalysts for

HER 6,7.

Currently, various combinations of metals (Pt, Pd, Ir, Ru,

Ni), metal alloys (PtNi, PtPd, NiCo, NiMo, NiMn), substrates

with 3d transition metal hydroxides (Ni(OH)2, Co(OH)2,

Fe(OH)2, Mn(OH)2), 3d transition metal phosphides (CoP, NiP,

FeP, Cu3P), 3d transition metal carbides (WCx, MoCx) and

transition metal sulfides (MoS2, CoS2, FeS2, Mo3S13, NiS2)

are used to catalyze the conversion of H3O+ (acid) or H2O

(alkaline) to H2
8–12.

Transition metal carbides have been known as the most

promising substitutes for Pt-based catalysts in consideration of

their similar d-band electronic structures and catalytic pro-

perties to platinum group metals 13,14. Among them, molyb-

denum carbide has been identified as an excellent HER electro-

catalyst because of its low price, outstanding electrical con-

ductivity, high chemical durability and catalytic activity 15,16.

For instance, Cui et al. 17 prepared Mo2C nanoparticles loaded

on graphitic carbon sheets (Mo2C/GCSs) and found that the

existence of carbon support can inhibit the aggregation of the

product, resulting in more exposed active sites. Therefore, the

synthesized Mo2C/GCSs exhibited high catalytic efficiency

with excellent chemical stability and small charge transfer

resistance. Liao et al. 18 developed a nanoporous Mo2C

nanowire composed of Mo2C nanocrystallites, the enriched

nanoporosity and large reactive surface contribute to their

superior HER activity with a Tafel slope of only 53 mV·dec−1.

Ding et al. 19 adopted the approach of salt sealing to achieve

high efficiency of morphology controlling and the obtained

porous structure, which paved the way for acting as an

outstanding catalyst for oxygen reduction reaction. Salt sealing

was carried out by the loop repetition the process that the

addition of oversaturated NaCl solution, water evaporation and

NaCl recrystallization until the precursor was completely

covered and buried by the recrystallized NaCl crystal. The

precursor was tightly sealed by salt through salt sealing and its
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original three-dimensional morphology would be fixed in the

crystal. Therefore, the original morphology of the product

would be well preserved in the subsequent annealing process.

In addition, the precursor was tightly sealed inside the lattice of

NaCl via salt sealing and so in the process of annealing the

NaCl crystal served as a fully sealed container. The annealing

in such a closed reactor would generate large quantities of

pores in the product, which was beneficial to increasing the

BET specific surface area. Increasing the surface area would

expose more active sites and improve the HER performance.

In this work, the salt sealing approach was adopted to create

pores in prepared Mo2C, aiming at obtaining enriched

nanoporosity with more exposed active sites and larger surface

area.

2 Experimental
2.1 Reagents

All of the reagents were used as received without further

purification. Sodium molybdate (AR), sodium chloride (AR),

ethanol (AR), isopropanol (AR), concentrated hydrochloric

acid (AR) were purchased from Sinopharm Chemical Reagent

limited corporation. 2,6-diaminopyridine (99%) was obtained

from J&K Chemicals.

2.2 Synthesis of Mo2C

0.01 mol Na2MoO4 and 0.02 mol 2,6-diaminopyridine (DAP)

were dissolved in 200 mL distilled water, then diluted

hydrochloric acid (pH = 1) was added dropwise with magnetic

stirring at room temperature until a white precipitate was

obtained at pH = 5–6. Then adjust the pH of the solution to 4

and no more precipitate was generated with the subsequent

addition of HCl. After stirring the solution at 50 °C for 5 h，the

white precipitate turned into yellow, which means the

formation of DAP-2H+/MoO4
2−. Then the yellow precipitate was

filtered and washed with distilled water for three times. After

that, part of the precursor DAP-2H+/MoO4
2− was directly

annealed at 900 °C for 3 h in the atmosphere of argon, followed

by acid treatment, centrifugation and drying process to gain the

Mo2C without salt sealing (Mo2C). The other part of the

obtained yellow precipitate was dispersed in 15 mL of

oversaturated NaCl solution and magnetic stirring was

sustained for 2 h to get the homogeneous dispersion. After that,

heat the dispersion in a water bath of 60 °C to evaporate off

containing water; at the same time the oversaturated NaCl

solution at 80 °C was continually and slowly added into the

dispersion, until the precursor DAP-2H+/MoO4
2− was covered

and buried by the recrystallized NaCl. After the process of salt

sealing, place the precursor inside the vacuum dryer at 60 °C

for 24 h and then anneal at the temperature of 900 °C for 3 h

under flowing argon. Finally, the appropriate amount of hot

hydrochloric acid was added to remove the NaCl crystal. After

acid treatment, the Mo2C with salt sealing (Mo2C/SS) will be

obtained.

2.3 Physical characterization

SEM and TEM images were obtained respectively on

Japanese Hitachi S-4800 and JEM-1400 with the accelerated

voltage of 100 kV, which is produced by Japanese JEOL.

HRTEM patterns were taken on TECNAI-F30 with the

accelerated voltage of 300 KV, which is produced by Holland

Philip-FEI. XRD characterization was collected on Bruker D8

Advance X-ray diffractometer (Cu Kα, 40 kV, 40 mA) produced

by Bruker company in Germany. XPS measurements were

acquired from Quantum 2000 X-ray photoelectron

spectrometer produced by Physical electronics company in the

United States.

2.4 Electrochemical measurements

4 mg Mo2C were dispersed in 1 mL of solution consisted of

1 : 1 (V/V) distilled water and ethanol containing 10 μL Nafion

(5%, mass fraction) and the homogeneous ink would be

obtained by ultrasonic treatment. Then 10 μL of the ink was

loaded on the surface of the glassy carbon electrode (5 mm in

diameter) with a catalyst loading of 0.204 mg·cm−2. During the

process of electrochemical performance testing, the CHI660E

electrochemical workstation was used as the testing instrument

and the standard three-electrode system was adopted with a

modified glassy carbon electrode as the working electrode, a

saturated calomel electrode as the reference electrode and

graphite carbon as the auxiliary electrode. All electrochemical

measurements were performed in a deaerated 0.1 mol·L−1

HClO4 solution. The HER polarization curves of catalysts were

obtained by linear sweep voltammetry (LSV) at a scan rate of 5

mV·s−1 at a constant temperature of 30 °C in a water bath.

3 Results and discussion
The SEM image in Fig. 1a reveals the irregular morphology

of Mo2C/SS, including nanoparticles and nanorods. The SEM

image of the precursor DAP-2H+/MoO4
2− was placed in

Supporting Information Fig. S1, the irregular morphology is

consistent with Mo2C/SS, which proves that the original

morphology of the product can be well preserved by salt

sealing. The EDS pattern of the product in Fig. 1b reflects the

existence of C, O, Mo elements. Fig. 1c exhibits the XRD

characterization of Mo2C/SS, which confirms that the product

belongs to orthorhombic crystal system. The HRTEM image in

Fig. 1d shows the obvious lattice fringes with a distance of

0.228 nm, which corresponds to the (102) crystal plane of

orthorhombic Mo2C. The HRTEM result is consistent with

XRD characterization.

Fig. 2a, b are the TEM images of Mo2C with and without salt

sealing respectively, we can see that the size of Mo2C/SS is

smaller in comparison, indicating that salt sealing can

efficiently avoid particle aggregation. The nitrogen

adsorption/desorption isotherms of Mo2C in Fig. 2c, d show

that the BET specific surface area rises from 2.55 to 8.14

m2·g−1 via salt sealing and prove the generation of pores in the

product.

As shown in Fig. 3a, b, the Mo 3d XPS spectra of Mo2C
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were deconvoluted into six peaks, corresponding to Mo2+, Mo4+

and Mo6+ species. As reported in previous articles, Mo2+ is

assigned to molybdenum carbides and serves as active sites for

HER 20. Mo4+ and Mo6+ can be assigned to molybdenum oxides

(MoO2 and MoO3) possibly from the surface oxidation of Mo

species, as observed in previous reports 21. The surface MoO2

and MoO3 can be removed after activation 22. Table 1 displays

the peak position and percentage of Mo at different valence

state in Mo2C, it can be seen that the percentage of

molybdenum oxides in the product increases after salt sealing,

which can be attributed to the generation of a large number of

pores during the process of salt sealing. The generation of pores

will enlarge the contact area with oxygen, which leads to the

higher percentage of molybdenum oxides on the surface.

Fig. 4a displays the polarization curves of catalysts, the

commercial Pt/C is measured for comparison with the highest

Fig. 1 (a) SEM image; (b) EDS pattern; (c) XRD pattern (the inset shows the pattern of orthorhombic Mo2C in standard card) and

(d) HRTEM image of Mo2C/SS.

Fig. 2 TEM images of Mo2C/SS (a) and Mo2C (b); Nitrogen adsorption/desorption isotherms of Mo2C/SS (c) and Mo2C (d).
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catalytic activity and nearly zero onset overpotential.

Compared with the Mo2C, Mo2C/SS exhibits an obvious better

HER performance with an overpotential of 175 mV to drive a

current density of 10 mA·cm−2, which is the approximate

current density expected for a 10% efficient solar-to-fuels

conversion device under 1 sun illumination 23. The HER

activity of molybdenum oxides can be neglected compared

with molybdenum carbides, which can be shown in Supporting

Information Fig. S2. And the summary of the previously

reported molybdenum carbides in acidic media was placed in

Supporting Information Table S1.

The Tafel slope is obtained by fitting the Tafel equation η =

blgj + a, where j is the current density and b is the Tafel slope.

A smaller Tafel slope means a faster HER rate with the

increasing overpotential and so it can serve as one of the most

intuitive measure of HER activity 24 . As shown in Fig. 4b, the

Tafel slope of Mo2C (145 mV·dec−1) is much larger than that of

Mo2C/SS (88 mV·dec−1). The nanoparticles in Mo2C have a

larger size with serious aggregation, the transport of protons or

electrons might be limited in specific regions, which influences

HER performance and corresponding Tafel slope 18,25.

In addition, the Tafel slope can also be used to initially infer

the possible HER mechanism on the catalyst since the Tafel slope

is an inherent property of the catalyst determined by the

rate-determining step of HER. In general, three principal steps

may be involved in acidic solution during the process of HER
18,26:

Discharge step: H+ + e− → Hads (Volmer reaction )

Recombination step: Hads + Hads → H2 (Tafel reaction)

Electrochemical desorption step: Hads + H++ e− →

H2 (Heyrovsky reaction)

The proton is initially adsorbed on the surface of the catalyst

via the discharge step, known as Volmer step, followed by a

chemical desorption step (Tafel step) or an electrochemical

desorption step (Heyrovsky step) to remove the hydrogen

molecules. According to previous reports, a Tafel slope of 120

mV·dec−1 is indicative of a reaction whose rate is limited by the

Volmer step, while 30 and 40 mV·dec−1 will be obtained for

reaction limited by Tafel step and Heyrovsky step respectively.

As shown in Fig. 3b, the Tafel slope for commercial Pt/C is 30

mV·dec−1, which is consistent with previous reports and the

HER process on commercial Pt/C should follow Volmer-Tafel

mechanism with the Tafel step as the rate-limiting step 27. The

Tafel slope of Mo2C/SS (88 mV·dec−1) falls within the range of

Fig. 3 XPS Mo 3d spectra of Mo2C/SS (a) and Mo2C (b).

Table 1 The peak position and percentage of Mo at different

valence states in Mo2C/SS and Mo2C.

Species Peak position/eV Percentage/%

Mo2C/SS Mo2+ 228.18; 231.07 30.13

Mo4+ 231.7; 234.79 35.90

Mo6+ 232.50; 235.67 33.97

Mo2C Mo2+ 228.01; 231.05 50.08

Mo4+ 231.76; 234.73 25.13

Mo6+ 232.50; 235.63 24.79

Fig. 4 (a) Polarization curves and (b) the corresponding Tafel plots of Mo2C/SS, Mo2C and commercial Pt/C.
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40–120 mV·dec−1, suggesting that hydrogen production on the

catalyst proceeds through Volmer-Heyrovsky mechanism where

the electrochemical desorption is the rate-determining step 18,28.

The value of Tafel slope for Mo2C (145 mV·dec−1), near the

ideal value for the Volmer step (120 mV·dec−1), which indicates

that the proton adsorption on the catalyst is relatively difficult

revealing that the Volmer step is the rate determining step for

HER. The lower Tafel slope at Mo2C/SS than Mo2C also

indicated the higher efficiency of water dissociation.

Fig. 5a, b show the CV curves of Mo2C/SS and Mo2C at scan

rates ranging from 20 to 200 mV·s−1, fitting the capacitive

current at 0.2 V as a linear function of scan rates and the slope

is the double layer capacitance. Therefore the obtained double

layer capacitances of Mo2C/SS and Mo2C are 7.61 and 0.473

mF·cm−2, respectively.

Electrochemical surface area (ECSA) is the ratio of the

double layer capacitance to the specific capacitance for a flat

surface, so the value of ECSA can be calculated as follows 29,30:
double layer capacitance

specific capacit
ECSA =

ance

The specific capacitance for a flat surface is usually found to

fall within the range of 20–60 μF·cm−2. Because for many

metals and semiconductors, the double layer capacitance after

surface area normalization is comparable in the same

electrolyte, therefore the moderate value of 40 μF·cm−2 is

adopted in this paper for the following calculations 31,32.

The number of active sites per surface area was calculated

according to the crystal data as follows 29:

21
3

3 1

15 2

2 atoms unit cell
( )
37.2 unit cell

1.42 10  atom

Å

s cm





  

-

-

-

For Mo2C/SS, the double layer capacitance is 7.61 mF·cm−2

2

2 2

2

7.61 mF cm
ECSA =

40 μF cm  per cm

             = 190.25 cm




-

-

The number of surface active sites = 1.42 × 1015 atoms·cm−2 ×

190.25 cm2 = 2.70× 1017

For Mo2C, we can also calculate as following:
2

2 2

2

0.473 mF cm
ECSA =

40 μF cm  per cm

             = 11.83 cm




-

-

The number of surface active sites = 1.42 × 1015 atoms·cm−2 ×
11.83 cm2 =1.68× 1016

The number of total hydrogen turnovers was calculated from

the current density according to the formula 33：
231

2 2
2

2

1
15 2

2 2

1 mol H 6.02 10  HmA 1 C s 1 mol e
= ( )( )( )( )( )

1000 mA 96485 C 1 mol Hcm 2 mol e

H s mA
= 3.12 10  per 

cm cm

j









-

-

Turnover frequency (TOF) refers to the rate of hydrogen

production per active site, the number of TOF can be calculated

as the following formula 29:
15

The number of  surfac

3

e

.12 10 | |
TOF

 active s s
=

ite

j 

where j is the current density at the overpotential of 200 mV,

which can be obtained from HER polarization curves (shown in

Fig. 4). Therefore the acquired j for Mo2C/SS and Mo2C are

Fig. 5 CV curves of Mo2C/SS (a) and Mo2C (b) at different scan rates from 20 to 200 mV·s−1; capacitive current at 0.2 V as

a function of scan rates for Mo2C/SS (c) and Mo2C (d).
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15.96 and 4.52 mA·cm−2, respectively.

Therefore we can calculate the TOF numbers for Mo2C/SS

and Mo2C as follows:

For Mo2C/SS:
15

(at =200 mv) 17

1
2

3.12 10 15.96
TOF =

2.70 10

H s
                        = 0.185

surface site

η

 


 -

 

and for Mo2C:
15

(at =200 mv) 16

-1
2

3.12 10 4.52
TOF =

1.68 10

H s
                        = 0.840

surface site

η

 




 

Compare the number of surface active sites and TOF of the

product, it can be found that the number of surface active sites

can increase for more than 15 times via salt sealing, which

indicates that the generation of pores is beneficial to exposing

more active sites. While the TOF number decreases after salt

sealing, which can be analyzed with the results of XPS and the

value of ECSA. At the potential of 0.2 V, no faradic processes

of HER are observed, while the faradic reaction of

molybdenum oxides on the catalyst surface are present during

the process of double layer charging and discharging, which

leads to the existence of pseudocapacitance. According to

previous reports 34,35, the pseudocapacitance materials exhibit

the property of capacitance due to redox reaction occured on

them. As one kind of pseudocapacitance materials, metal

oxides have specific capacitances 10–100 times higher than

that of double layer materials and have drawn increasing

attention in recent years. As a typical pseudocapacitance

material, RuO2 has been prepared in various methods in recent

years 36,37. For instance, Hu et al. 38 synthesized RuO2

nanotubes with a high specific capacitance of 1300 F·g−1,

which can be used as a good material for supercapacitors.

While the high cost of RuO2 limits its commercial applications.

NiO has been regarded as a promising substitute for RuO2 as a

pseudocapacitance material due to its relatively lower price and

has been applied in alkaline supercapacitor systems 39. In

addition to RuO2, NiO, the pseudocapacitance phenomenon of

other transition metal oxides such as CoO and MoO2 has also

been widely studied 40,41. The pseudocapacitance generated by

molybdenum oxides will be superimposed with the double

layer capacitance of Mo2C catalysts, which increases the

specific capacity. In other words, the obtained double layer

capacitances in our manuscript include not only the bilayer

capacitance of molybdenum carbides but also involve the

contribution of pseudocapacitance from the faradic reaction of

molybdenum oxides, which leads to the enlarged double layer

capacitances. Taking into account the results of XPS, the

percentage of molybdenum oxides on Mo2C/SS (69.87%) is

obviously higher than that of Mo2C (49.92%), that is to say the

effect of pseudocapacitance on Mo2C/SS is more significant.

On the other hand, j obtained from HER polarization curves

mainly derives from active centers (molybdenum carbides) of

HER, while with the form of pores by salt sealing, the contact

area with oxygen increases, so higher content of molybdenum

oxides is generated on the surface, resulting in a lower

proportion of molybdenum carbides on the surface of catalyst,

therefore the TOF number declines after salt sealing.

The stability is another important indicator of the catalytic

performance of a HER catalyst. The stability test of Mo2C/SS

and Mo2C were placed in Supporting Information Fig. S3.

4 Conclusions
In summary, Mo2C/SS was successfully synthesized as an

electrocatalyst for enhanced hydrogen evolution and the Mo2C

without salt sealing was prepared for comparison. Compared

with Mo2C, Mo2C/SS holds three favorable features for a better

HER mass activity: (1) The generation of large quantities of

pores via salt sealing contributes to increase the BET surface

area and expose more active sites, which is beneficial for

improving HER performance; (2) The porous structure and

enlarged surface area pave the way for effective mass and

charge transfer; (3) The Tafel slope decreased from 145 to 88

mV·dec−1. For the first time, the strategy of salt sealing was

applied for creating pores in molybdenum carbide, which had

been proved to be an efficient electrocatalyst for enhanced

hydrogen evolution.

Supporting Information: available free of charge via

the internet at http://www.whxb.pku.edu.cn.
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