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Improve the charge collection by
interface control and understand the
mechanism of efficiency enhancement
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Synthesis P-type PbS Quantum Dots for Solar Cell Applications

Exchange long-ligand (OA) to short-ligand (mixing halide ligand; Pbl,/Snl,) by a solution-phase ligand exchange method

PbS-OA Add redi d
; Washin re-disperse
/ in octane g Add toluene solvent

with octane 3 times

SR e
Stir 4 min Dry under
vacuum

Stir: for 2 min Then, centrifuge
8500 rpm, 5 min

Ligand
solution

Purposes

*  To turning n-PbS CQDs to p-PbS CQDs by mixing tin (II) iodide (Snl,) into lead halide ligand solution

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

&
> &
e o'
N o
Anode R Anode ’C\QQ’
Hole Transport Layer (HTL) Hole Transport Layer (HTL) <
Absorber Layer (AL) Absorber Layer (AL)
Electron Transport Layer (ETL) Electron Transport Layer (ETL)
Cathode Cathode

Glass Substrate Glass Substrate



Synthesis and Applications ' LED Applications
of Perovskite Quantum Dots  _e=>= [
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Non-radiéme transfer

Photo-physics

Synthesis and Photo-Physics of Quantum Dots

Quantum Dots lasing

R —

Bi-exciton dynamics
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Chiral CsPbl; Nanoplatelets for Red Circularly Polarized LEDs

Hot-injection synthesis, ultrasonic post-treatment ligand exchange, surface coordination, and red circularly polarized electroluminescence

@ SYNTHESIS L e (3)  RED CIRCULARLY POLARIZED LED

Materials Chiral CAM ligand (R-/S-CAM) Left circularly Right circularly -
—  rr— N polarized emission polarized emission 645 nm
Cssource ||  Pb source | source OA/OAm/ ODE S-CAM : R-CAM (L-CPL) (R-CPL)
: . . | —) e
| R /’-‘\)
U (') (’j = =9
| ‘ 'u':;-; J %j;_f-
Cs,CO;, ' Pb(0Ac),:3H,0 Znl, = 550 600 650 700 750
oo Wavelength (nm)
Cesium carbonate | | Lead acetate Zinc ioidide (liquids) i
| trihydrate J
‘« ?  Hot
\ injection

CsPbl,
nanoplatelets

Ultrasonic post-treatment
ligand exchange

Surface coordination

o—— TPBi

o—— Chiral CsPbl,

OA/ oleate OAm / oleylammonium =
— Pb - | NPL emissive
layer
—— PVK
@ Pb site — 2
CsPbl; nanoplatelet @ | site RERORESS
Chiral surface o— Glass/ITO
(((.))) Ultrasonic post-treatment promotes
ligand exchange and surface coordination. )
S 7 — . 2%, J
- S s P " — TR )
Hot-injection synthesis and ultrasonic chiral ligand exchange enable surface coordination
L and red circularly polarized electroluminescence from chiral CsPbl; nanoplatelets. )




Research purpose: 8x10¢ [
To understand the optical properties and carrier |
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Synthesis process
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Interface-Engineered CsPbBr; Nanocrystal Heterojunctions

Room-temperature synthesis ® atomic-scale verification ¢ directional charge and energy transfer

Synthesis Route

Atomic-Scale Evidence

Photophysical Function

0D-0D CsPbBr,-PbS

I
TMS: 75‘1\5/5‘1— DOPA:

] TOPO:
(TMS),-S

Cs-DOPA /

PbBr,-TOPO CsPbBr; CsPbBr;-PbS

Reaction time l
1

Cs-DOPA + PbBr,-TOPO > CsPbBr,
+(TMS),S, 30 min > CsPbBr,—PbS

Sequentialroom-temperature construction

2D-3D

Precursors \ PbBr, |
PMA
ok o (4
:“,_ b4
Add Precursors ’&
b

e

Bromobenzene (anti-solvent)

385 nm
Sunlight UV lamp

ER

PMA,PbBr,;-CsPbBrsNCs
Crude solution

DMF/DMSO precursor injected into
bromobenzene antisolvent under stirring

Normalized Intensity (a.u.)

HRTEM: 0.413 nm CsPbBr; (110) and 0.293 nm PbS (200)

EDS shows localized S-rich PbS domains on the CsPbBr, nanocrystal framework

INormalizea intensity (a.u.)
o © o o -
> by @ » °
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°
°
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PL from CsPbBr, PL from PbS
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E fitting
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CsPbBr;:9.2>6.1ns | PbS:1350-> 2150 ns

Carrier transfer from visible CsPbBr, states into neighboring NIR PbS

domains.

0 Rexe =375 NM
: o PMA,PbBr, 1,;=410 nm
°  PMA,PbBr,-CsPbBr, %,,=410 nm

Poe =473 nm

PMA,PbBr,-CsPbBr; 7,,=517 nm
@ CsPbBr, ligand exchange 7.,,=526 nm

: .
Aem=410 nm Decay time (ns)

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

0.297 nm CsPbBr, (002) | 0.468 nm PMA,PbBr,(007)

In-situ formation of horizontal 2D-3D heterojunctions Excitation-selective coupling regulates charge separation and

CsPbBr; nanocrystals embedded laterally within the PMA,PbBr, matrix sensitized emission.

Research message: Solution-phase heterojunction engineering turns CsPbBr; nanocrystals from isolated emitters into interface-active platforms for NIR coupling and 2D-3D
charge/energy transfer.



Surface and Excited-State Engineering of Tin-Based Perovskite Nanocrystals
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Multi-Strategy Engineering of Temperature-Responsive Self-Trapped Excitons in Tin-Based Double
Perovskite Nanocrystals Enables High-Sensitivity Fluorescence Thermometry
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