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In this study, two-dimensional (2D) nanomaterial of MoS2 was prepared in suspension solution by liquid phase 
exfoliation to be used for the hole transport layer (HTL) of organic solar cells. Raman spectroscopy system was 
utilized for elemental element of the MoS2 solution showing two peaks 377.4 and 402.7 cm-1. Using scanning 
electron microscopy, the size of MoS2 nanosheets on average was estimated with about 200 nm. Organic solar 
cells comprising glass/ITO/MoS2/PEDOT: PSS: Graphene/P3HT: PCBM/LiF/Al exhibited a PCE of 2.68%, an 
open-circuit voltage of 0.60 V, a short-circuit current density of 12.40 mA/cm2, and a fill factor of 35.88%. The 
experimental results showed that the HTL of MoS2 between ITO and PEDOT: PSS: Graphene increased the open-
circuit voltage and improved the PCE of the organic solar cells. Subsequently, the cells were encapsulated by the 
polymeric epoxy in a nitrogen-filled glove box. As a result, it further showed that the encapsulated cells yielded 
the longest lifetime of 768 h. This suggested that the HTL of MoS2 could also reduce the damaging effects of the 
acidity in PEDOT: PSS: Graphene on the transparent conductive ITO. In the future, the 2D nanomaterials in 
suspension solution will be further utilized in inkjet printing and spray coating to improve the performances of 
organic solar cells.  
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Fig. 1 (a) An organic solar cell composed of ITO/MoS2/PEDOT: PSS: Graphene/P3HT: PCBM/LiF/Al, (b) Raman spectrum of a MoS2-

coated glass, (c) Optical transmittance for glass substrate, MoS2/PEDOT: PSS film, and PEDOT:PSS film, (d) MoS2 suspension 

solution, (e) Scanning electron microscopy image of MoS2, (f) J-V characteristics of the fabricated organic solar cell, and 

(g) Power conversion efficiency of the cells degrading over time
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