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Abstract:  Perovskite solar cells (PSCs) 

attract much attention for their high efficiency 

and low processing cost. Power conversion 

efficiencies (PCEs) higher than 25% have 

been reported in literature, demonstrating the 

excellent application prospect of PSCs. In 

general, the crystallinity and the film 

composition of perovskite thin films are 

significant factors in determining device 

performance. Much effort has been made to 

control the growth process of perovskite films through the use of additives, passivation layers, special atmosphere 

treatments, precursor regulation etc. Among these methods, precursor solvent engineering is a simple and direct way to 

control the perovskite quality, but the controllability of components through solvent engineering is still difficult and has not 

yet been reported. Herein, we report the controlled formation of PbI2 and PbI2 with dimethyl sulfoxide (DMSO) nano 

domains through precursor solvent engineering. In particular, tuning the solvent content of the dimethyl sulfoxide: 1,4-

butyrolactone: N,N-dimethylformamide (DMSO : GBL : DMF) in the perovskite precursor solution, controlled the content of 

PbI2 and PbI2(DMSO) domains. Due to the lower boiling point and weaker coordination of DMF relative to DMSO, part of 

methylammonium iodide (MAI) would escape from the wet films during the evaporation process. Therefore, the PbI2(DMSO) 

can’t completely convert to perovskite crystals and is retained in the final films as residual PbI2(DMSO) domains. Both UV-

vis absorption spectrum and XRD spectrum confirmed the existence of PbI2 and PbI2(DMSO) domains. Importantly, the 

content of PbI2(DMSO) was controllable by simply changing the relative proportion of DMF. With an increase in the DMF 

content, the residual PbI2(DMSO) domains gradually increase. In addition, the influence of PbI2 and PbI2(DMSO) domains 

on the device performance was systematically investigated. The formation of PbI2(DMSO) domains caused a decrease in 

external quantum efficiency (EQE) of the device over 300–425 nm, and consequently decreased the device performance. 

That was because the PbI2(DMSO) domain has strong absorption over 300–425 nm. Therefore, the PbI2(DMSO) domains 

would absorb the photons over 300–425 nm prior to the perovskite, however the photons absorbed by the PbI2(DMSO) 
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domains are not converted into the photocurrent. Thus, the perovskite solar cell containing PbI2(DMSO) showed an EQE 

loss over 300–425 nm in the EQE spectra. This work provides a simple method to control the components, especially the 

content of the PbI2(DMSO) domains, in perovskite films through regulating the precursor solvent. Additionally, this work 

revealed a PbI2(DMSO) domain related EQE loss phenomenon, highlighting the importance of controlling this component. 

Key Words:  Perovskite solar cell;  PbI2;  PbI2(DMSO);  Perovskite precursor;  External quantum efficiency 
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摘要：钙钛矿太阳能电池以其高效、低成本的特点备受关注。到目前为止，钙钛矿太阳能电池的最高光电转换效率已经

超过25%，显示出良好的应用前景。钙钛矿薄膜的结晶性能是决定器件性能的关键，因此，调控钙钛矿薄膜的生长过程

至关重要。本工作中，我们发现通过简单调节前驱体溶剂，即调节二甲基亚砜：1,4-丁内酯:N,N-二甲基甲酰胺(DMSO : 

GBL : DMF)的三种混合溶剂的比例，可实现钙钛矿薄膜中PbI2和PbI2(DMSO)含量的调节，从而调节电池的器件性能。

此外，本工作系统研究了PbI2和PbI2(DMSO)的含量对器件性能的影响。结果表明，PbI2(DMSO)的形成会导致300–425 

nm波长范围内电池的外量子效率(EQE)降低，从而导致器件性能下降。相反，通过在前驱体溶液中添加额外的碘化亚甲

基铵(MAI)，可以抑制PbI2和PbI2(DMSO)的形成。 

关键词：钙钛矿太阳能电池；PbI2；PbI2(DMSO)；钙钛矿前驱体；外量子效率 

中图分类号：O649 

 

1  Introduction 
Perovskite solar cells (PSCs) attract much attentions for their 

outstanding advantages, including strong light absorption, long 

carrier diffusion length, tunable band structure and easy 

solution-based processes, etc 1–4. The power conversion 

efficiency (PCE) of PSCs has rapidly increased from the initial 

3.8% to over 25% 5–8. Especially, the report of over 20% 

efficiency for large-area (> 1 cm2) devices 9–11 demonstrates the 

excellent application prospect in the future. 

Crystalline property of the perovskite film is critical for 

achieving high performance perovskite solar cells 12–15. 

Therefore, many efforts have been made in controlling the 

crystal growth during the formation of perovskite films though 

using additives 16,17, surface modification 18,19, component ion 

tuning 20, as well as processing temperature optimization and so 

on 21–24. PbI2 domain is an important ingredient of perovskite, and 

it can passivate the boundary defects in the perovskite film 25,26. 

Several works have been focused on the influence of PbI2 

domain on the device performance. Aydin et al. 27 demonstrated 

that PbI2 could be easily formed in the grain boundary of 

perovskite crystal, which could passivate the defects of 

perovskite film. Zhou et al. 28 also revealed the passivation effect 

of PbI2 and realized the high open circuit voltage (Voc) solar cells 

with 1.15 V. You et al. 29 revealed the existence of moderate 

residual PbI2 can deliver stable and high efficiency of solar cells 

without hysteresis. In these works, the formation of PbI2 

domains was almost achieved through increasing PbI2 content in 

the precursor solution. In addition, the previous reports only 

revealed the effect of PbI2 domains on open circuit voltage (Voc). 

However, the formation of perovskite crystals films is a complex 

reaction between PbI2 and MAI from liquid phase to solid phase. 

Besides the original stoichiometric ratio of PbI2 and MAI in the 

precursor, the solvent works a lot during such conversion 

process. However, the crystalline control through solvent 

regulation is rare reported. 

In this work, we adopted a solvent engineering strategy to 

regulate the component of perovskite films by tuning the solvent 

ratio of DMSO:GBL:DMF in the perovskite precursor solution. 

The formation of PbI2 and PbI2(DMSO) domains within the 

perovskite films was successfully controlled, and the EQE loss 

for the device related to PbI2 and PbI2(DMSO) domains was 

demonstrated. 

2  Experiment sections 
Poly(3,4-ethylenedioxythiophene):poly(styrene sulfonate) 

(PEDOT:PSS Clevios PVP AI 4083) was purchased from 
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Heraeus Precious Metals GmbH & Co. KG. MAI (99.85%), PbI2 

(99.95%), PbCl2 (99.95%) were purchased from Xi’an Polymer 

Light Technology Corp. [6,6]-phenyl-C61-butyric acid methyl 

ester (PC61BM) was purchased from Solenne B.V. 

The perovskite solar cells were fabricated according to the 

following procedure. Patterned indium-tin oxide (ITO) 

substrates were subsequently sonically cleaned in detergent 

aqueous solution, deionized water, acetone, and isopropanol, and 

finally treated in a ultraviolet ozone (UVO) for 30 min. 

PEDOT:PSS aqueous solution filtered through a 0.45 mm filter 

was spin-coated on the ITO electrode (3500 r∙min−1, 60 s), and 

then baked at 140 °C in air for 10 min. After that the 

ITO/PEDOT:PSS substrates were then transferred to a nitrogen-

filled glove-box for the deposition of perovskite layer. 

Methylammonium iodide (MAI, 206.7 mg), lead iodide (PbI2, 

613.1 mg) and lead chloride (PbCl2, 38.9 mg) were stirred in 1 

mL of mixture solvent at 60 °C for 3 h, and the mixture solvent 

is made up of dimethyl sulfoxide (DMSO, HPLC, Aladdin ), 1, 

4-butyrolactone (GBL, HPLC, Aladdin) and N,N-

dimethylformamide (DMF, HPLC, Aladdin) with a ratio of 0.3 : 

(0.7−x) : x, volume fraction, x = 0, 0.05, 0.1, 0.15, 0.2, 0.25. 

Inside the glovebox, the resulting solution was spin coated by a 

consecutive two step spin-coating process at 1000 r∙min−1 for 10 

s, and 4000 r∙min−1 for 20 s. During the spin-coating step at 28 s 

after the beginning of the spin coating, anhydrous toluene (450 

mL) was quickly dropped onto the center of the films. The 

substrate was annealed on a hotplate at 100 °C for 10 min to form 

a CH3NH3PbClxI3−x film. The PC61BM layer was spin coated on 

the perovskite layer at 1800 r∙min−1 for 60 s from the PC61BM 

solution (25 mg∙mL−1 in CB). Finally, 100 nm Al electrode was 

evaporated deposited at vacuum degree of 4×10−4 Pa. 

Layer thickness of the perovskite films were measured by an 

Alpha Step profilometer (Veeo, Dektak 150); The XRD spectra 

of the perovskite films were obtained by a Bruker D8 Advance 

X-ray diffractometer with Cu Kα radiation (λ = 0.15418 nm). The 

UV-Vis absorption spectra were recorded with a Lambda 750 

UV-Vis NIR Spectro-photometer (PerkinElmer). The current 

density–voltage (J–V) curves were measured using a Keithley 

2400 under simulated AM 1.5G sun light illumination (100 

mW·cm−2).  

External quantum efficiencies (EQE) were measured under 

simulated one sun operation conditions using a bias light of 532 

nm from a solid-state laser (Changchun New Industries, MGL-

III-532). Light from a 150 W tungsten halogen lamp (Osram 

64642) was used as probe light and modulated with a mechanical 

chopper before passing the monochromator (Zolix, Omni-l300) 

to select the wavelength. The response was recorded as the 

voltage by an I–V converter (QE-IV Convertor, Suzhou D&R 

Instruments), using a lock-in amplifier (Stanford Research 

Systems SR 830). A calibrated Si cell was used as reference. The 

test device was kept behind a quartz window in a nitrogen filled 

container. 

3  Results and discussion 
As shown in Fig. 1a, the perovskite solar cell with structure of 

ITO/PEDOT:PSS/Perovskite/PC61BM/Al was fabricated as 

research model. PEDOT:PSS was coated on ITO layer, and 

perovskite, PC61BM, Al layers were deposited layer by layer. 

Ternary mixed solvent of DMSO:GBL:DMF was used to 

dissolve perovskite precursor and control the component of 

 
Fig. 1  (a) The device structure, (b) J–V curves, (c) EQE spectra of the perovskite solar cells, and (d) Evolution of EQE value at 385 and 625 nm. 
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perovskite films. By regulating the volume ratio of DMF from 

0% to 25%, a series of perovskite solar cells (PSCs) have been 

fabricated. Fig. 1b, c show the J–V curves and EQE spectra of 

the perovskite solar cells, and the statistical photovoltaic 

performance data are listed in Table 1. As seen here, with the 

increase of content DMF from 0% to 25%, the open circuit 

voltage (VOC) showed slight change (around 1.00 V, Table 1). In 

case of short circuit current density (JSC) of the devices, we also 

found slight change. In detail, JSC increased from 18.83 mA∙cm−2 

(0% DMF) to 19.51 mA∙cm−2 (10% DMF), and then fall to 19.29 

mA∙cm−2 (25% DMF). The fill factor (FF) changed a little as the 

content of DMF was within 20%. As a result, with the increase 

of DMF content from 0% to 25%, the power conversion 

efficiency (PCE) of devices first rose from 13.31% (0% DMF) 

to 14.05% (10% DMF), and then decreased to 12.41% (25% 

DMF), with a saturation at 10% DMF. This result indicated 

similar device performance could be obtained through regulating 

the content of DMF in the precursor solution as long as the 

content of DMF was controlled within a certain range. 

However, the EQE spectra (Fig. 1c) shows interesting 

variation for these devices. As showed in this Figure, a regular 

decrease of EQE from 300 to 450 nm was observed. In contrast, 

from 550 to 750 nm, EQE values increased gradually with the 

increase of DMF content. Meanwhile, a gradual red shift in the 

response edge around 700 nm was observed as well. Because of 

the different change tendency of these device in short 

wavelength and long wavelength regions, the dependence of 

EQE value on the content of DMF was drew in Fig. 1d. 

As illustrated above, the regulation of DMF content in the 

precursor solution would cause the decrease of EQE value in 

300–450 nm, while increase the EQE value in long wavelength 

region. In order to reveal the reason of DMF content dependent-

JSC change, we firstly measured the layer thickness of the 

perovskite films and investigated the impact of thicknesses on 

the performance. As the result showing in Table1, with the 

increase of DMF content, the layer thickness of the perovskite 

film increased gradually from 290 to 367 nm. Knowing DMF 

has lower boiling point (152.8 °C) than DMSO (189 °C) and 

GBL (204°C) 24,30, the fast evaporation of DMF would lead to 

the fast formation of perovskite layer, which was ascribed to the 

main reason for the increase of layer thickness. A thicker 

perovskite layer could enhance absorption 31,32 and improve the 

EQE value 33,34. To better understand such relationship between 

the thickness of perovskite layer and EQE results, the simulation 

of EQE was showed in Fig. 2. Optical simulation showed that, 

with the increase of DMF content from 0% to 25%, a red shift of 

EQE curve over 550–750 nm was detected for the cells. 

Meanwhile, the EQE intensity from 600 to 800 nm increased for 

the thicker perovskite film. This result was corresponded with 

the experiment result. However, in range of 350 to 425 nm, all 

of the devices had the same EQE value in simulation result. 

Based on the optical simulation result we know the EQE regular 

decrease over 350–425 nm is not due to the optical effect caused 

by layer thickness. 

Further, we measured the XRD patterns of the perovskite 

films with different DMF contents. As showed in Fig. 3a, all the 

films display diffraction peaks at 14.08°, 28.41°, 31.85°, 

corresponding to (110), (220), (310) planes of the 

CH3NH3PbI3−xClx crystals 35,36, indicating the formation of 

orthorhombic crystal structure of the perovskite films 37. In 

addition, we found the halfwidth of diffraction peak of the 15% 

DMF films were slight narrower than that of the film w/o DMF, 

suggesting increased crystal size. Similar results were observed 

in the SEM images (Fig. S1, Supporting Information) of these 

films. This result is reasonable because the weaker coordination 

of DMF with PbI2 would lead to faster growth rate of perovskite 

crystals. In addition, a diffraction peak at 12.65° that can be 

assigned to the crystal of PbI2 was detected in these films, 

indicating the formation of PbI2 crystals in perovskite films 38,39. 

In addition, with increase of DMF content, a diffraction peak at 

Table 1  Device performance of the perovskite solar cells. 

DMF content a Layer thickness/nm VOC/V JSC/(mA∙cm−2) FF PCEaverage/% b PCEmax/% 

0% 290 ± 11 1.01 18.83 ± 0.06 0.70 ± 0.01 13.07 ± 0.24 13.31 

5% 285 ± 13 0.98 19.30 ± 0.12 0.72 ± 0.00 13.53 ± 0.09 13.62 

10% 304 ± 14 1.00 19.51 ± 0.12 0.72 ± 0.01 13.85 ± 0.20 14.05 

15% 320 ± 12 1.02 19.49 ± 0.16 0.70 ± 0.02 13.60 ± 0.36 13.92 

20% 340 ± 14 1.00 19.12 ± 0.09 0.70 ± 0.01 13.32 ± 0.06 13.38 

25% 367 ± 9 0.99 19.29 ± 0.11 0.65 ± 0.02 12.23 ± 0.18 12.41 

a All of the devices active area is 0.09 cm2; b Average performance that calculated over more 12 individual devices. 

 
Fig. 2  Simulation EQE spectra of PSCs with different  

thickness perovskite thin films. 
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9.20° was observed, which could be ascribed to PbI2(DMSO) 39,40. 

Fig. 3b shows the diffraction peak changing tendency of 

PbI2(DMSO) (9.20°) and PbI2 (12.65°). With DMF content 

increasing, the PbI2(DMSO) diffraction peak at 9.20° increased 

gradually, while the PbI2 diffraction peak changed less. Since the 

change tendency of the PbI2(DMSO) diffraction peaks intensity 

exhibited the same variation of EQE decrease in 300–450 nm, 

the formation of PbI2(DMSO) might be the reason of EQE loss. 

In order to confirm the relation of PbI2(DMSO) domain and 

EQE decrease, we carefully analyzed the EQE spectra. The EQE 

difference spectrum between the control sample and the DMF-

based sample was obtained through reducing EQE value by that 

of the reference sample (0% DMF). The results are showed in 

Fig. 4a. With the increase of the DMF content from 5% to 25% 

DMF, the difference intensity enhanced gradually. It indicated 

the EQE loss over 350–450 nm increased gradually with the 

increasing of DMF solvent. Knowing the perovskite solar cells 

have strong light harvest and conversion ability, the EQE loss in 

the wavelength of 300–450 nm might be ascribed to the 

formation of other materials which has low photoelectric 

response in 350–450 nm 33,41,42. Fig. 4b shows the absorption 

spectra of the PbI2(DMSO). In this figure, one can find 

PbI2(DMSO) has strong absorbance over 400–500 nm. 

Especially, an absorption cut-off edge at 425 nm was observed. 

This absorption band of PbI2(DMSO) was in good agreement 

with the EQE loss in 300–450 nm, so the existence of 

PbI2(DMSO) maybe the reason of EQE loss 43. In other words, 

with the DMF content increasing from 0% to 25%, the residual 

PbI2(DMSO) leads to the EQE loss over 350–450 nm. 

It can be seen from the above conclusion that the residual PbI2 

(DMSO) can lead to the EQE loss over 350–450 nm. The 

possible mechanism was given in Fig. 5. The formation process 

of perovskite films from precursors could be described as follow: 

the dissolved PbI2 would mainly form PbI2(DMSO) colloidal in 

the solution due to strong coordination ability of DMSO. After 

spin-coating, PbI2(DMSO), PbI2 and MAI co-existed in the wet 

film. Chemical reaction between PbI2(DMSO)/PbI2 and MAI 

occurred during the thermal annealing process and converted to 

perovskite crystals. With the addition of DMF in the precursor 

solution, more MAI would escape from the wet films during the 

evaporation process of DMF relative to the case of without DMF, 

since DMF had lower boiling point (152.8 °C) than DMSO (189 

°C) and GBL (204 °C). The loss of MAI in the wet films then 

caused un-complete conversion from PbI2 (DMSO)/PbI2 to 

perovskite. Consequently, the Pb2(DMSO) domain remained in 

the perovskite films. With increase of DMF content, more MAI 

 
Fig. 3  (a) XRD patterns of the perovskite films and (b) PbI2/PbI2(DMSO) diffraction peak changing tendency with different DMF contents. 

 
Fig. 4  (a) EQE difference spectrum and (b) absorbance of PbI2(DMSO). 

 
Fig. 5  Schematic diagram of DMF leading the formation of 

PbI2(DMSO) domains. 
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was lost, leading to more residual Pb2(DMSO) domain. The 

DMF content-dependent XRD and device performance results 

were highly related to the Pb2(DMSO) domain.  

Since PbI2(DMSO) is an intermediate phase formed during 

the crystallization of perovskite phase, we tried to remove this 

phase through thermal annealing. For case of 20% DMF 

precursor, a series of perovskite films annealed for different time 

were fabricated, and Fig. S2 showed the EQE spectra of these 

cells. The results showed an increasing tendency of EQE spectra 

over 350–450 nm, which indicated that the PbI2(DMSO) 

intermediate phase can be controlled by thermal annealing. 

However, when the annealing time increases from 6 to 10 min, 

the EQE spectra showed negligible change over 350–450 nm, 

demonstrating the PbI2(DMSO) domains couldn’t be completely 

removed trough prolonging annealing time for this sample. In 

addition, the formation of perovskite is depended on the reaction 

between MAI and PbI2, so increasing the MAI ratio in the 

perovskite precursor solution can also reduce the extra 

PbI2(DMSO) 44,45. Herein, we used the ternary mixture solvent 

(DMSO:GBL:DMF) of 3 : 5 : 2 (volume ratio) to dissolve 

different ratios of MAI and PbI2 to prepare the precursors. 

Specifically, the ratio of MAI and PbI2 is from 1.2 mol·L−1: 1.4 

mol·L−1 (1.2M : 1.4M) to 1.45M : 1.4M. XRD patterns of the 

perovskite films are shown in Fig. 6. As seen here, all the films 

have diffraction peaks at 14.08°, 28.41°, 31.85°, corresponding 

to (110), (220), (310) planes of the CH3NH3PbI3−xClx crystals, 

indicating the formation of orthorhombic crystal structure of the 

perovskite films. This result confirmed that the addition of MAI 

could not change the perovskite structure, which was in keeping 

with the result of changing DMF content. However, the 

diffraction peak of 9.20° decreased gradually with the increasing 

of MAI ratio. When the concentration of MAI comes to 1.45M, 

MAI : Pb = 1.45M : 1.4M, the diffraction peaks of 9.20° and 

12.65° were not observed, which demonstrated the extra 

PbI2(DMSO) and PbI2 have been converted into perovskite 

totally.  

The XRD result proved that increasing MAI ratio in 

perovskite precursor could reduce the extra PbI2(DMSO). 

Correspondingly, we fabricated the perovskite solar cells with 

these films. Fig. 7 shows the J–V curves and EQE spectra, and 

the statistical photovoltaic performance data are listed in Table 

2. Herein, the thickness of perovskite layers was similar. With 

the increase of MAI content, the EQE spectra over 350–450 nm 

increased gradually, demonstrating that the MAI can reduce the 

 
Fig. 6  XRD patterns of the perovskite films prepared from the 

precursor solution with different ratio of MAI to PbI2. 

 
Fig. 7  J–V curves (a) and EQE spectra (b) of perovskite solar cells with different MAI concentrations. 

Table 2  Device performance of the perovskite solar cells. 

MAI: PbI2 a Layer Thickness Voc/V Jsc/(mA∙cm−2) FF PCE average/% b PCEmax/% 

1.20M : 1.4M 346 ± 8 1.05 17.78 ± 0.14 0.75 ± 0.01 14.04 ± 0.15 14.19 

1.25M : 1.4M 343 ± 10 1.02 18.03 ± 0.16 0.78 ± 0.00 14.13 ± 0.21 14.34 

1.30M : 1.4M 346 ± 9 1.02 18.73 ± 0.13 0.73 ± 0.01 13.84 ± 0.11 13.95 

1.35M : 1.4M 342 ± 13 0.85 18.10 ± 0.09 0.77 ± 0.01 11.71 ± 0.14 11.85 

1.40M: 1.4M 344 ± 11 0.72 17.76 ± 0.11 0.77 ± 0.00 9.77 ± 0.08 9.85 

1.45M : 1.4M 341 ± 10 1.00 19.76 ± 0.08 0.78 ± 0.01 15.51 ± 0.10 15.61 

a All of the devices active area are 0.09 cm2; b Average performance that calculated over more 12 individual devices. 
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extra PbI2(DMSO), which is correspond to the XRD results. 

Meanwhile, the VOC of the devices decreased from 1.05 V (MAI 

: PbI2 = 1.2M : 1.4M) to 0.72 V (MAI : PbI2 = 1.4M : 1.4M), and 

then came to 1.00 V with the ratio of MAI to PbI2 was 1.45M : 

1.4M. We know nonradiative recombination due to various films 

defect is a main origin of VOC loss. So, improving the films 

quality and passivating the films defects are two strategies to 

achieve high VOC. PbI2 can effectively passivate the films 

defects, and thus improve the device VOC 28. In these cases of 

MAI : PbI2 = 1.2M : 1.4M, 1.25M : 1.4M, 1.30M : 1.4M, 1.35M : 

1.4M, and 1.40M : 1.4, the XRD patterns of these films all 

showed the existence of excess PbI2. Therefore, the defect 

passivation effect by PbI2 would be expected in these films. With 

the increase of MAI content, the content of PbI2 decrease 

gradually, thereby insufficient defect passivation by less PbI2 

lead to lower VOC. As the ratio of MAI to PbI2 increased to 1.45M 

: 1.4M, pure perovskite phase was observed in the XRD patterns. 

The sharp increase of VOC might imply the improved crystal 

quality and less films defects of the perovskite films as compared 

to other films. 

4  Conclusions 
In this work, we adopted a solvent engineering strategy to 

regulate the component and thickness of perovskite films. By 

varying the DMF concentration of the perovskite precursor 

solutions in the mixed solvents of DMSO:GBL:DMF, the 

content of PbI2(DMSO) domains and the films thickness were 

systematically regulated. Both UV-vis absorption spectrum and 

XRD spectrum proved the existence of PbI2(DMSO) domains, 

which decreased the devices EQE over 300–450 nm. Finally, by 

increasing the ratio of MAI in perovskite precursor solution, the 

residual PbI2(DMSO) would transform to perovskite completely 

and the power conversion obtained a higher enhancement to 

15.61%. This work provided a new solvent engineering strategy 

to in-situ tune the formation of PbI2 and PbI2(DMSO) domains 

in perovskite films. 

Supporting Information:    available free of charge via the 

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