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4. Environment ˢ ˣ

5. Poverty

6. Terrorism and War

7. Racism

8. Disease

9. Education

10. Population

2021 ~ 7.9  Billion People ( 79 )

2050 ~ 9   Billion People ( 90 )

Source: R. E. Smalley. Future Global Energy Prosperity: The Terawatt Challenge.
MRS Bulletin. June 30th, 2005, 412ï417.
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ἐἋἜἪἓḢḵḞḁ᷀ᶹḐ ḑḋḐ(PQD) ᶹḻ᷄ᶍ ᶇלּ ᶗᶍꞌ
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PbS-OA or 

PbS-BA QDs

DMF ligand 

solution

Passivation on ZnO NWs ETL

New fabrication method for 

HTL using benzoic acid (BA) 

as intermediate ligands

New fabrication method for 

PbS QD layer based on 

solution-phase ligand 

exchange using BA as 

intermediate ligands

Improve the charge collection by 
interface control and understand the 
mechanism of efficiency enhancement



Á To turning n-PbSCQDs to p-PbSCQDs by mixing tin (II) iodide (SnI2) into lead halide ligand solution

Á Apply p-type QD ink to active layer and hole transport layer for quantum dot solar cells

Purposes

Exchange long-ligand (OA) to short-ligand (mixing halide ligand; PbI2/SnI2) by a solution-phase ligand exchange method

PbS-PbX2/SnI2

Synthesis P-type PbSQuantum Dots for Solar Cell Applications











Research purpose:
To understand the optical properties and carrier 

recombination processes in AgBiS  QDs.

0.8 mmolAg(OAc)

1.0 mmol Bi(OAc)3

1-Octadecene

Oleic acid
AgBiS2

Hexamethyldisilathiane

1-Octadecene

Hot-injection method
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Research Topic: AgBiS  Quantum Dots



Interface-Engineered CsPbBrЌШNanocrystal Heterojunctions
Room-temperature synthesis иШatomic-scale verification иШdirectional charge and energy transfer

Synthesis Route Atomic -Scale Evidence Photophysical Function

0Dт0D  CsPbBrЌтPbS

CsтDOPA + PbBrЋтTOPO ӛШCsPbBrЌ
+(TMS)ЋS, 30 min ӛШCsPbBrЌтPbS

Sequential room-temperature construction

HRTEM: 0.413 nm CsPbBrЌШ(110) and 0.293 nm PbS (200)
EDS shows localized S-rich PbS domains on the CsPbBrЌШnanocrystal framework

CsPbBrЌ: 9.2 ӛШ6.1 ns    |    PbS: 1350 ӛШ2150 ns

9ċƖƖŔĲƖШƣƖċŰƚŉĲƖШŉƖŸůШƻŔƚŔĤũĲШ9ƚÂĤ7ƖЌШƚƣċƣĲƚШŔŰƣŸШŰĲŔŊőĤŸƖŔŰŊШ fÅШÂĤÉШ
domains.

2Dт3D  PMAЋPbBrЍтCsPbBrЌ

DMF/DMSO precursor injected into 
bromobenzene antisolvent under stirring

In-situ formation of horizontal 2Dт3D heterojunctions
0.297 nm CsPbBrЌШ(002)    |    0.468 nm PMAЋPbBrЍШ(007)

CsPbBrЌШnanocrystals embedded laterally within the PMAЋPbBrЍШmatrix

473 nm: hole transfer    |    375 nm: energy/electron transfer

Excitation-selective coupling regulates charge separation and 
sensitized emission.

Research message: Solution -ƓőċƚĲШőĲƣĲƖŸŢƨŰĦƣŔŸŰШĲŰŊŔŰĲĲƖŔŰŊШƣƨƖŰƚШ9ƚÂĤ7ƖЌШŰċŰŸĦƖǃƚƣċũƚШŉƖŸůШŔƚŸũċƣĲĬШĲůŔƣƣĲƖƚШŔŰƣŸШŔŰƣĲƖŉċĦĲ-act ive platforms for NIR coupling and 2Dт3D 
charge/energy transfer.



Multi-Strategy Engineering of Temperature-Responsive Self-Trapped Excitons in Tin-Based Double 

Perovskite Nanocrystals Enables High-Sensitivity Fluorescence Thermometry

Surface and Excited -State Engineering of Tin -Based Perovskite Nanocrystals


