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Abstract: The main purpose of the work is to find an optimal way for the preparation of stable per-

ovskite photovoltaic cell. Ten solar cells have been created with the active area consisting of 

CH3NH3PbI3 and CH3NH3PbI3-2Cl2 solutions.  It was concluded that the CH3NH3PbI3-2Cl2 structure 

is more stable against environmental influences because of chlorine addition. Supplementary exper-

iments were done to confirm the moisture influence. During the research has been found that films 

formed in humidity with 15 % RH have a different structure than perovskite manufactured in dry 

glove boxes filled with nitrogen atmosphere. We are concluding that perovskite grains have unified 

and their volume has increased. These processes have had a positive impact on the efficiency and 

stability of the cells. 

Keywords: Perovskite photovoltaic cells, stability of perovskite solar cells, impact of moisture on 

perovskite, incorporation of chlorine atoms into perovskite structure.  

1 INTRODUCTION 

Perovskite photovoltaic cells can be classified as hybrid organic - inorganic materials. Their gen-

eral structure is shown in Figure 1. Perovskite structure can be understood as a positively charged 

atom A located in the center of the cube with the cations B at the corners of cube. The cube walls 

are then surrounded by the anions X. 

 

 
Figure 1:  a) General perovskite solar cells structure[1]; b) Crystal arrangements of perovskites  

 

The main problem of perovskite photovoltaic cells is their stability. The lifetime of silicon solar 

cells is almost 30 years. The lifetime of the perovskite solar cells is about a couple of months. Deg-

radation of perovskite photovoltaic cells is not fully understood. Their main causes are known as 

the effects of humidity and impact of irradiance, but the physical and interlayer processes influenc-

ing the stability are not sufficiently explained [2].  

The degradation of perovskite solar cell can be generally divided into an extrinsic degradation – ex-

ternal influences of oxygen, incident radiation, humidity, temperature and intrinsic degradation – 

influence of temperature and electric field inside the structure.  Perovskite materials  

(eg. CH3NH3PbI3) are very susceptible to the presence of oxygen and water and can degraded with-

in the minutes, at most hours during the atmospheric influences [2]. One of the main reasons for 

reducing cell performance is the effect of moisture [3]. There are several theories that H2O mole-
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cules disturb perovskite causing its fading (due to the presence of NH3 and PbI2 formation after 

H2O intrusion) [3]. Single molecule of water can cause material degradation. Moisture can decom-

pose the hybrid organic-inorganic perovskite completely and release hydroiodic acid HI and me-

thylammonium CH3NH2 [3]. 

2 PEROVSKITE SOLAR CELL MANUFACTURING WITH CHLORINE ADDITION 

In total it was prepared 10 samples with composition:   

•  Cathode: vapor-deposited - Al 

•  Electron selective contact:  PC61BM  methyl-ester [6,6]-fenyl C61 butyric acid 

•  Perovskite layer: 5x CH3NH3PbI3 and  5x CH3NH3PbI3-2Cl2                       

•  Hole transporting layer: PEDOT:PSS (Poly3,4etylenedioxythiofen): poly(styrensulfonate) 

•  Glass: ITO (Indium Tin Oxide) In2O3-SnO2 

                            

Figure 2:  a) Pattern of the perovskite solar cell [4]; b) Perovskite solar cell sample 1 

Interesting results have been achieved by chlorine addition to the active layer of perovskite. Com-

paring the structure CH3NH3PbI3 and CH3NH3PbI3-2Cl2, it was concluded that the CH3NH3PbI3-2Cl2 

structure was after two weeks of an ambient environment exposure up to 25% more resistant. For 

the first-mentioned structure, the power output drop was approximately 75 % after 2 weeks, where-

as the second structure has fallen only half of its original power output value. 

This confirms the assumption about "reorganization" of the perovskite crystal structure. Smaller 

chlorine anions have created more compact structure more resistant to degradation. Chlorine anions 

also reduce the lattice constant, which is similar with the substitution of iodide using bromide [5]. 

Compact structure would decrease the sensitivity of the CH3NH3PbI3-2Cl2 material to moisture, 

light and temperature due to its higher binding constant compared to the CH3NH3PbI3 structure.  

Therefore, a deeper analysis including microstructural and crystallographic studies must be per-

formed to confirm the origin of this observation. The rest of the article will focus on the influence 

of moisture on the perovskite structure. 

3 INFLUENCE OF MOISTURE ON MANUFACTURED PEROVSKITE SOLAR CELL  

In order to analyze the effects causing degradation of perovskite photovoltaic cells, it was neces-

sary to create appropriate reference samples. Three samples of perovskite solar cells were manufac-

tured with the structure ITO/PEDOT:PSS/CH3NH3PbI3-2Cl2/PC61BM/Al electrode in 15 % RH (rel-

ative humidity) environment and three of them in dry box with minimal humidity (less than  

1 ppm of H2O). Perovskite sample 1 and its preparation can be seen in Figure 2. 
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Figure 2: Preparation of perovskite solar cells in glove box 

 

Moisture has significant impact on CH3NH3PbI3-2Cl2 perovskite layer. Because of hygroscopic na-

ture of the methylammonium it has a crucial influence during perovskite crystal formation. Films 

formed in humidity with 15 % RH have different structure than perovskite manufactured in dry 

glove boxes with nitrogen atmosphere. Perovskite layer has a less continuous morphology and film 

formation was faster. The perovskite grains have unified leading to the enlargement of its volume. 

This may reduce the number of grain boundaries which forms a barrier to the current. The open – 

circuit voltage was also improved. For an observation of ongoing processes was done AFM micro-

scope analysis, see Figure 3.  

 

             
 

                  

 

Figure 3: a) AFM microscopy analysis of active layer of perovskite solar cell where the moisture 

was not used during manufacturing process, b) AFM microscopy analysis of active layer of perov-

skite solar cell with perovskite applied at 15 % RH humidity 

 

 

 

a) 

b) 
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Other experiments were done to confirm the influence of moisture. An active perovskite layer of 

first cell was exposed to an inert atmosphere and the second one to the external influences of mois-

ture and irradiation. The sample exposed to external influences significantly bleached, see Figure 4. 

Applied films has changed color more quickly in a moist atmosphere, in which they form faster.  

     

          
 

Figure 4: a) Sample with active layer formed under inert atmosphere, b) sample with an active lay-

er exposed to a moisture and UV rays. 

 

In the current-voltage characteristics, see Figure 5, can be seen that the impact of moisture is signif-

icant in the open-circuit voltage and also in the short-circuit current. Perovskite cell manufactured 

without moisture influences has open-circuit voltage of approximately 0.891 V (1_P2) and 0.919 V 

(1_P3). On the other hand, perovskites annealed in a humid environment have open – circuit volt-

age approximately 0.946 V (1_P4) and even higher 0.933 V (1_P5). Perovskites created in a mois-

ture atmosphere have significantly higher short circuit current JSC. This corresponds with higher 

power conversion efficiency of the cells 1_P2 and 1_P3, see Table 1.  

 

 

    
 

Figure 5: a) Perovskite solar cells manufactured in 15 % RH 1_P2; 1_P3 and perovskite solar cells 

manufactured with humidity less than 1ppm 1_P4; 1_P5 

  

Device Jsc 

[mA/cm2] 

Voc 

[mV] 

Pmpp 

[W] 

FF 

[%] 

η 

[%] 

1_P2 11.08 891.67 0.33 70.92 7.12 

1_P3 10.77 919.98 0.33 71.34 7.22 

1_P4 9.99 946.73 0.27 64.72 5.95 

1_P5 9.93 933.34 0.22 55.62 5.42 

Table 1: Average parameters of manufactured perovskite solar cells 

a) 

b) 

J [mA/cm2] 

U [V] 
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It is important to distinguish between manufacturing process and degradation of the perovskite film 

during moisture exposure. The presence of humidity changes the formation of the perovskite during 

the crystallization but also has a harmful effect on a crystallized film. Exposure to moisture after 

manufacturing process will decomposed methylammonium lead iodide. The unanswered question 

is whether a change of perovskite crystal formation is due to moisture atmosphere permanent or 

just a short-term affair. Further research will focus on this. 

CONCLUSION  

In total has been created ten solar cells. Five of them with CH3NH3PbI3 perovskite structure and the 

rest with CH3NH3PbI3-2Cl2 structure. Photovoltaic cells with chlorine were more resistant against 

degradation. It was probably caused by more compact structure. Conversion efficiency of created 

cells were approximately 6 %. The best sample no.1 has reached promising 7.22 % value. To ob-

serve the influence of moisture were three samples manufactured in 15 % RH and three samples in 

an N2 environment with minimal humidity environment.  

An interesting phenomenon has occurred when were samples 1_P2; 1_P3 exposed to the moisture 

during manufacturing process. Conversion efficiency has increased to η = 7.22 % and 7.12 % val-

ue. The grains have unified which led to the enlargement of its volume, see Figure 3. The impact of 

UV rays and moisture was also observed in bleaching of an active perovskite layer, see Figure 4.  

Moisture influence on the perovskite material and especially the effect of humidity during the per-

ovskite fabrication is an important factor which should continue to be investigated. Moisture can be 

critical in the formation of high-quality perovskite films with the highest possible conversion effi-

ciency. There is a wide variation of manufacturing conditions between the laboratories which are 

often not reported. 

ACKNOWLEDGEMENT 

This research work has been carried out in the Centre for Research and Utilization of Renewable 

Energy (CVVOZE).  Authors gratefully acknowledge financial support from the Ministry of Edu-

cation, Youth and Sports of the Czech Republic under NPU I programme (project No. LO1210). 

REFERENCES 

[1] KANDJANI, Sohrab Ahmadi, Soghra MIRERSHADI a Arash NIKNIAZ, Inorganic–Organic Perov-

skite Solar Cells. 2015-10-22. DOI: 10.5772/58970. ISBN 10.5772/58970. Available from: 

http://www.intechopen.com/books/solar-cells-new-approaches-and-reviews/inorganic-organic-

perovskite-solar-cells 

[2] CHEN, Jianqing, Xin CAI, Donghui YANG, et al., Recent progress in stabilizing hybrid perovskites 

for solar cell applications. 2015-10-22. DOI: 10.1016/j.jpowsour.2017.04.025. ISBN 

10.1016/j.jpowsour.2017.04.025.Available.from:.http://linkinghub.elsevier.com/retrieve/pii/S0378775

317305104 

[3] CONTRERAS-BERNAL, Lidia, Clara ARANDA, Marta VALLES-PELARDA, et al., Homeopathic 

Perovskite Solar Cells: Effect of Humidity during Fabrication on the Performance and Stability of the 

Device. 2015-10-22. DOI: 10.1021/acs.jpcc.8b01558. ISBN 10.1021/acs.jpcc.8b01558. Available 

from: http://pubs.acs.org/doi/10.1021/acs.jpcc.8b01558  

[4] Perovskites and Perovskite Solar Cells: An Introduction. 2015. Ossila.com [online]. UK [cit. 2016-04-

30]. Available from: http://www.ossila.com/pages/perovskites-and-perovskite-solar-cells-an-

introduction  

[5] SHENG, Rui, Anita HO-BAILLIE, Shujuan HUANG, et al., Methylammonium Lead Bromide Perov-

skite-Based Solar Cells by Vapor-Assisted Deposition: Effect of Humidity during Fabrication on the 

Performance and Stability of the Device. 2015-10-22. DOI: 10.1021/jp512936z. ISBN 

10.1021/jp512936z. Available from: http://pubs.acs.org/doi/10.1021/jp512936z 

548


