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研究成果の概要（和文）：提案された研究の科学的目的は、無毒かつ環境に優しく安定したSnベースペロブスカ
イト太陽電池（PSC）を開発することです。新しく提案された疎水性の堅牢な2D/3Dスズ-PS層が光吸収材料の役
割を果たします。この2D/3D層は最適化され、平面PSCの段階的ヘテロ接合構造（GHJ）の吸収体として正常に統
合されました。PSCの光起電力性能はJ-V特性によっての評価及び、デバイスの長期安定性も研究されました。最
後に、2D/3D次元PSフィルムを使用して安定したGHJ平面PSCを製造することに成功しました。研究結果は国際的
な科学会議で発表され、20件以上の査読付き科学ジャーナルにも掲載されています。

研究成果の概要（英文）：The scientific objective of the proposed work is to develop non-toxic 
Sn-based environmentally friendly and stable perovskite solar cells (PSCs), where the new proposed 
hydrophobic robust 2D/3D tin-perovskites layer will play the role of light absorbing materials. In 
this project, I have designed and prepared 2D/3D dimensionally tuned PS layer. This 2D/3D layer was 
optimized and successfully integrated as absorbers in a graded heterojunction structure (GHJ) in 
planar PSCs where heavily doped inorganic charge extraction layers were used. The photovoltaic 
performances of the PSCs were evaluated by J-V characteristics. The long-term stability of these 
devices were also studies. Finally, we have successfully fabricated a stable GHJ planar PSCs using 
2D/3D dimensional PS films. The research results are presented at international scientific meetings 
and also published in more than 10 peer reviewed scientific journals.

研究分野： ペロブスカイト太陽電池

キーワード： Perovskite solar cells　non-toxic Pb free　Tin perovskite solar cel　Organic-inorganic 

  ３版

令和

研究成果の学術的意義や社会的意義
The research results elucidate the future directions of non-toxic environment friendly perovskite 
solar cells (PSCs) with the challenges of how to further improve the efficiency of toxic lead free 
PSCs to accelerate the progress in the commercialization of PSCs.

※科研費による研究は、研究者の自覚と責任において実施するものです。そのため、研究の実施や研究成果の公表等に
ついては、国の要請等に基づくものではなく、その研究成果に関する見解や責任は、研究者個人に帰属します。
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1. 研究開始当初の背景 

The three-dimensional (3D) hybrid perovskites of the formula AMX3 (A = CH3NH3
+ or 

HC(NH2)2
+; M = Pb2+ or Sn2+; X = Cl-, Br- or I-) have rapidly emerged as highly promising 

materials for photovoltaic technologies. Perovskite solar cells (PSCs) based on 3D lead-

perovskites [HC(NH2)2]x(CH3NH3)(1-x)PbIxBr(1-x) materials have reached power conversion 

efficiencies (PCEs) exceeding 22%. Despite these outstanding achievements, the toxicity of lead 

causes concerns about the possible large-scale utilization of this new type of solar cell. Regardless 

of the high performance of lead-based PSCs, therefore, it is obligatory to pave a new path to 

explore environmentally-friendly lead-free perovskite materials for photovoltaic applications. 

Among the various alternatives to lead, tin (Sn)-perovskites has great potential as it displays 

excellent optical and electrical properties such as high absorption coefficients, small exciton 

binding energies, and high charge carrier mobilities. However, the record PCE of tin-perovskites 

have reached only 9% mainly attributed to the poor stability of tin-perovskites layer. The scientific 

objective of the proposed work is to develop non-toxic Sn-based environmentally friendly and 

stable photovoltaic devices, where the new proposed hydrophobic robust 2D/3D tin-perovskites 

layer will play the role of light absorbing materials.  

 

2. 研究の目的 

The main challenges for further improving the PCE lie in preventing the easy formation of Sn 

vacancies due to their small formation energy and the fast oxidation of divalent Sn 2+ into more 

stable Sn4+. This causes high levels of self-p-doping in Sn-based perovskite films, with consequent 

severe recombination losses for charge carriers. Several reports have shown that the instability of 

perovskite film can be triggered by moisture and oxygen in air and also additives presence in hole 

transporting layer. To fabricate efficient Sn perovskite solar cells (PSCs), it is essential to (i) 

reduce Sn vacancies and suppressing the oxidation of Sn2+ to Sn4+ by protecting 3D tin-

perovskites layer from air exposure, (ii) introduce additive less robust inorganic charge extraction 

layers and as well as (iii) rapid carrier extraction. 

 

3. 研究の方法 

In this project, we have targeted to develop uniform and dense Sn-perovskite layers through 

dimensionally tuned A2An-1SnnI3n+1 materials, by the engineering of “A, ammonium cations” 

derived from perfluoroalkylated primary amines, which will be able to protect perovskite under 

air. The proposed cations “A” belong to the class of fluorous compounds, which have distinct 

properties compared to their fully hydrocarbon. The size and shape of the proposed A cations are 



not compatible with the generation of cubic structures of scheme ASnX3. However, when 

combined with proper ratio of HC(NH2)2
+) and Sn(II) precursors, the formation of layered 2D, 

quasi-2D, or mixed-dimensional perovskites of the scheme A2An-1SnnI3n+1 (n>1) is expected to 

form due to the additive fluorophilic interactions. We will develop a new strategy based on I) the 

screening and the development of hydrophobic fluorous cations, II) the engineering of perovskite 

materials with new structure and dimensionality, and III) their optoelectronic characterization and 

stability. 

 

The proposed research is structured as follows:  

This research will perform in following three Phase (1-3) as shown in Scheme1:  

 

Phase (1) – Synthesis of stable fluorous ammonium salts: Organic synthesis Fluorous mono- and 

bisammonium cations A having different structures will be prepared. The finetune of the non-

covalent interactions that can stabilize the PS structure will be explored by the systematic 

variation of the a) the length of linear perfluoro-alkyl chain; b) the length of the alkylene spacer; 

c) the additional insertion of an aryl unit between the fluorous and the alkylene segments.  

Task 1.1: Synthesis of Type I (branched) monoammonium salts; Task 1.2: Synthesis of Type II 

(linear) monoammonium salts; Task 1.3: Synthesis of Type III (linear) bisammonium salts;  

 

Phase (2) – To prepare the 

films of dimensionally tuned 

PS: Development of 2D/3D 

ultra-stable perovskite 

absorbers films by tuning 

cation and anion 

composition.  

Task1. One-step precursor 

deposition and sequential 

deposition methods will be 

used to form high quality 2D 

PS films. First attempts to 

obtain layered materials of 

the form A2An-1SnnI3n+1 (n≥1) 

will be performed using the one-step precursor deposition technique. High boiling point polar 

solvents (like DMF) or their mixtures will be used to get a clear solution that will be spin-coated 

onto a suitable transparent substrate. Several parameters (concentration of precursor solutions, 



etc.) that affect the structure and morphology of the final material will be adjusted to optimize the 

film formation.  

Task 2. Characterization of the 2D/3D dimensional PS films: Morphological and optoelectronic 

characterization and degradation analysis and environmental stability of the films. XRD analysis 

will be used to verify crystallinity grade, crystal dimension and orientation. Top and cross-

sectional images of the film surface obtained using SEM techniques will be also used to study the 

top film morphology. XPS in thin films form will perform in order to assess their environmental 

degradation and stability. 

 

Phase (3) – Fabrication of graded heterojunction structure (GHJ) in planar PSCs using 2D/3D 

dimensional PS films: I have reported heavily doped inorganic charge extraction layers and 

proposed a graded heterojunction structure (GHJ) in planar PSCs  

Task 1. Preparation and performance evaluation of prototype PSCs: Selected 2D/3D 

dimensionally tuned PS prepared will be integrated as absorbers in a graded heterojunction 

structure (GHJ) in planar PSCs and using heavily doped inorganic charge extraction layers of 

NiMgLiO and Ti(Nb)Ox.  

Task 2. Performance evaluation of prototype PSCs: Photovoltaic performances of the PSCs will 

be evaluated by J-V) characteristics, external quantum efficiency (EQE) and the long-term 

stability of devices will be assessed by comparison of their J-V curves as a function of storage 

time in air. 

 

4. 研究成果 

The scientific objective of the proposed work is to develop non-toxic Sn-based environmentally 

friendly and stable photovoltaic devices, where the new proposed hydrophobic robust 2D/3D tin-

perovskites layer will play the role of light absorbing materials. In this project, I have designed 

and prepared 2D/3D dimensionally tuned PS layer. These 2D/3D layer was optimized and 

successfully integrated as absorbers in a graded heterojunction structure (GHJ) in planar PSCs 

where heavily doped inorganic charge extraction layers of NiMgLiO and Ti(Nb)Ox were used. 

The photovoltaic performances of the PSCs were evaluated by J-V) characteristics, external 

quantum efficiency (EQE). The long-term stability of these devices were also studies. Finally, we 

have successfully fabricated a stable GHJ planar PSCs using 2D/3D dimensional PS films. The 

research results are presented at international scientific meetings and also published in more than 

15 peer reviewed scientific journals. 
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