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Kwansei Gakuin University 
Report of Research Outcome 

 
2025/01/08                                                     

 
To President 
 

      Department：Science and Technology 
Position：Postdoctoral fellow   
 Name：Shengnan Duan     

 
I report the outcome of the research as follows. 
 

Name of the  
Fund/Program 

□Sabbatical leave with grant  □Sabbatical leave with no grant  
□KGU Joint Research   □ Individual Special  Research 
⊠Postdoctoral  fel low 
※Please report by designated form as for “International Research 

Col laboration”.  

Research 
Theme 

Charge Transfer Dynamics Study of Z-scheme Heterojunction based Solar 
Cel ls by Transient Absorption Spectroscopy 

Research  
Site/Venue 

Kobe Sanda Campus Bui lding VII 

Research 
period 

2024/04/01 ～    2025/03/31 （   12 months）  

 
◆  Summary of the research outcome （ approx .  2 ,500  words）  
Please write down the outcomes in detail  regarding the research theme above. 

Work 1: Investigating the Working Mechanism of Natural Photosynthesis-Inspired 

Solar Cells via Sub-Picosecond Transient Absorption Spectroscopy 

The natural Z-scheme of oxygenic photosynthesis eff icient ly drives electron transfer 

from photosystem II (PSII) to photosystem I (PSI)  through an electron transport chain,  

overcoming the lower energy levels of PSII.  Drawing inspiration from this sophisticated 

mechanism, we developed a cascade bio-solar cell (CBSC) featur ing a layered architecture 

that mimics the Z-scheme. In this design, chlorophyl l der ivat ives (Chl)  function as PSI  

analogs, whi le bacter iochlorophyll  derivat ives (BChl) serve as PSII analogs within the active 

layer. The result ing photocurrent, prominent ly observed in the near-infrared region, was 

confirmed by external quantum efficiency measurements.  Sub-nanosecond transient 
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absorption spectroscopy revealed a prolonged charge transfer (CT) state from BChl to Chl 

(Chl–/BChl+ species) compared to the reverse direction (Chl+/BChl– species). This 

asymmetry underscores a predominant electron f low from BChl (PSII analog) to Chl (PSI 

analog) under simultaneous excitat ion, effect ively repl icat ing the natural Z-scheme electron 

transfer pathway. These f indings represent a major breakthrough in the design of 

bio- inspired solar cells,  offer ing valuable insights into art if ic ial photosynthesis systems and 

advancing photovoltaic theory and eff iciency. 

The related manuscript has been published at ChemSusChem, 2025, e202402588 

(Impact Factor: 7.5), of which Shengnan Duan is the first author and Hideki Hashimoto 

is the corresponding author. 

 

Figure 1.  Schematic representation of natural Z-scheme photosynthesis and the bio-solar 

cells inspired by i t, along with the energy transfer processes in the Chl/BChl-1 act ive bi layer 

invest igated by sub-ps TAS spectroscopy. 

 

Work 2: Unleashing the Potential of Bio-Based Additives: Semi-Synthetic Chlorophylls 

for High-Performance Organic Solar Cells 

Chlorophyl ls (Chls), the most abundant natural pigments, are celebrated for their  



 

3 

 

except ional optoelectronic propert ies and biocompatibil i ty.  In this study, we report 

high-eff ic iency, eco-fr iendly binary organic solar cells (OSCs) incorporat ing semi-synthet ic 

chlorophyll  der ivat ives, designated as Chl-1 and Chl-2, as "green" sol id-state addit ives. 

These addit ives address the dual challenges of enhancing device eff iciency and ensur ing 

sustainabi l i ty. The three-dimensional,  semi-synthetic Chl der ivat ives opt imize the molecular 

stacking and crystall inity of the act ive layer, inducing a favorable face-on molecular 

orientation and a denser crystall ine structure. These structural modif icat ions promote 

eff icient exciton dissociat ion and charge transport, as val idated by t ime-resolved 

femtosecond transient absorption spectroscopy. Consequently, the Chl-based devices 

achieve super ior photovoltaic eff iciencies of 19.01% for Chl-2 and 18.80% for Chl-1, 

outperforming the control binary devices (18.05%). This study demonstrates an innovat ive 

strategy for advancing the commercialization of wearable OSCs by integrat ing eco-fr iendly 

semiconductor mater ials.  The f indings provide a pathway to reconci le environmental 

sustainabi l i ty with high-performance energy conversion, paving the way for greener,  more 

eff icient solar technologies. 

The related manuscript is currently submitted to a high-impact international 

journal .  

 
Figure 2. Part ial data proposed from this work. 

 

Work 3: Natural Chlorophyll-a and Its Derivative as Bio-Additives for Efficient and 

Biocompatible Organic Solar Cells 

   Addit ive-assisted regulation of donor and acceptor domains is a wel l-establ ished 

strategy to enhance the photovoltaic performance of exist ing organic solar cells (OSCs). 
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However, ident ifying eff icient, stable, non-toxic, and low-cost biological materials to replace 

tradit ional halogen-based addit ives remains a crit ical chal lenge. In this study, we employed 

natural chlorophyll-a (Chl-a) and i ts derivative (Chl-s) as bio-addit ives to optimize the 

morphology and molecular stacking of the active layer in OSCs. The incorporation of 

Chl-based addit ives facil itated the f ine-tuning of the donor-acceptor microstructure network, 

result ing in a signif icantly improved power conversion eff iciency (PCE) of 19.06%, 

compared to 17.97% for the control device. These results demonstrate the potent ial of  

eco-fr iendly and biocompatible chlorophyl l  derivat ives as effective bio-addit ives for 

enhancing the photovoltaic performance of OSCs. The ongoing work is now focused on 

data collection, and the findings will be compiled into a manuscript for submission in 

the near future. 

 

Figure 3. Device structure of the OSCs incorporat ing the natural Chl-a and its derivat ive as 

addit ives. 

 

Work 4: Successful Approval of the High-End Foreign Expert Introduction Program of 

China  

   We are pleased to announce the successful appl icat ion and approval of the High-End 

Foreign Expert Introduction Program of China, with Prof. Hashimoto as the invited expert 

(Grant No. H20240882). The program has provided a total funding of 400,000 RMB 

(approximately 8.6 mil l ion JPY), which wil l  support the ongoing scient if ic col laborat ion 

between Prof. Hashimoto and myself.  This special funding represents a signif icant 

opportunity to strengthen our joint research efforts. I am conf ident that, with this cont inued 

support, we will  achieve even more impactful and meaningful results in our collaborat ive 

work. 
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Figure 4. The approval information of High-end Foreign Expert Introduct ion Program of 
China (In Chinese vers ion).  
 

Work 5: Attendance at the 24th International Conference on Photochemical 
Conversion and Storage of Solar Energy (Hiroshima, Japan), Serving as Session 
Chair, and Winning the Oral Presentation Prize  
   I  attended the 24th Internat ional Conference on Photochemical Conversion and Storage 
of Solar Energy in Hiroshima, Japan, where I served as a Session Chair. During the 
conference, I was honored to receive the Oral Presentat ion Prize for my presentation.  

 
Figure 5. the Chair information and Oral Presentation Pr ize of IPS-24 (Hiroshima, Japan)  
 
 
 

 
Deadl ine：Within two months after f inishing the research period.  
Sabbatical leave with grant: Submit this report to President with confirmation by the dean of  

school you belong to. 
※Postdoctoral  fel low is required to submit this report with confirmation by the dean of graduate 

school before the end of  employment period.  
Where to submit：Organization for Research and Development and Outreach (NUC) 
◆We put this report on the web of KGU. If  there is any problem about i t  because of di f f icul t ies on 

your research, please let us know. 


