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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

——— = Purposes

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

Hole Transport Layer -~ =  To study the optical and electrical

: _.;—3)') g properties of p-PbS CQDs, which will be

Electron Transport Layer ,ﬂ;ﬁ used as the hole transport layer for
FTO LF- ' quantum dot solar cel

Figure of solar cell structure

Lead sulfide colloidal quantum dots (PbS CQDs) are particularly impressive semiconductor
materials since the optical band gap of PbS CQDs can be adjusted by controlling the QD size
and can match the infrared spectra wavelength range, which means they can efficiently absorb
the photon energy for the photovoltaic cell light-harvesting. Thus, PbS CQD solar cells
(CQDSCs) have attracted much attention and the highest power conversion efficiency over 15%
was achieved recently. The CQDs can show n-type or p-type semiconductor properties by
surface ligand exchange. The devices are mostly developed with a n-type CQD absorber layer
and a p-type CQD layer as a hole transport layer (HTL). The p-type CQD HTL is mostly
prepared using a layer-by-layer (LBL) ligand exchange process, during which defects
could be introduced in the HTL and the HTL/absorber interface. This was an one reason for
the relatively low open circuit voltage of the CQDSCs. Therefore, it is important and necessary
to explore an alternative technique for ligand exchange to make the p-type CQDs, such as a
solution-phase ligand exchange technique. Additionally, there has been limited investigation
into the doping mechanism via surface ligands for n-type or p-type CQDs. In this research,
we have proposed a novel technique to transfer n-type PbS CQDs to p-type PbS CQDs by
mixing tin (II) iodide (Snl,) into lead halide ligand solution through a solution-phase ligand
exchange technique.

Exchange long-ligand (OA) to short-ligand (mixing halide ligand; PbX,/Snl,)

by a solution-phase ligand exchange method

e

TEM image of PbS-OA

Washing
with octane 3 times

TEM image of PbS-PbX,/Snl,
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Synthesis of Lead-Free Perovskites and their Light-Emitting Applications

Light-Emitting diodes
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Synthesis and Light-emitting Diodes Application
of Lead-free Perovskite Quantum Dots
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'j,\,\ = & Research Interest
K > Synthesis of lead-free perovskite
XRe™ materials

» Design and fabrication of LEDs

Synthesis of Lead-free
Perovskite Quantum Dots

Light-emitting Diodes Application
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» High-quality Sn-based perovskite nanocrystals (PNCs)

Ultra-long carrier lifetime (278 ns)
i i e P

—

S Zqnent-dr -
= e . . .
> 0.1 /° I\ ® Ultra long carrier lifetime: 1., =
= Sn powder
W
15 LA ‘ TOP . 278 ns (1,=118 ns, 1,=437 ns)
£ 0.01 \ Y.
a ] : ﬂ'&ﬂn-dﬂ‘!/”
Stable CsSnls nanocrystals o
0 20 40 60 80 100

Time (ns)
» High-quality Sn-Pb based PNCs
o ® Photoluminescence quantum
—— C85nFbl; NCs-5n yleld 35%

CsSnPbl, NCs

—
2
—

g
< ® Ultra long carrier time: 184 ns
z : :
g (single exponential PL decay)
. _ | ® Stable in air and during long-
0 200 400 term storage.
Time (ns)

v High quality of tin (Sn) and tin-lead (Sn-Pb) PNCs realized by meticulous Sn** control during the PNC

preparation process.
Reference: J. Am. Chem. Soc. 2024 146 (5), 3094-3101.



® Photophysical properties of Tin-Lead alloyed perovskite nanocrystals
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@ Structural properties of Tin-Lead alloyed perovskite nanocrystals
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1.
2.

v Low-toxic
v PL quenching
v’ Electron-phonon interactions

v Energetic disorder

v Low-toxic

v’ Point defects

v RP planar faults

v’ Structural distortions

v" Structural disorder

D. Wang, Y. Li, Q. Shen, et. al., eScience 2024;
D. Wang, Y. Li, Q. Shen, et. al., ACS Nano 2024 18 (30), 19528-19537



Synthesizing Chemistry & Photo-physics

Synthesizing Chemistry | Photo-physics
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Photo-physics Quantum Dots lasing

Non-radi“atme transfer Bi-excitéﬁynam iICS

|
[ 1

Forster Dexter ——0—

1 1 /\/\/\/—’
1 1
SQ(Square acid) TCA (tetracene carboxylic acid) /\/\/\/" \i’ \j{ /\/\/\/_’

r FRET ¢y S, OO
& £ Zn:CulnSe,
-’i‘“b_ ' ] ZnS ’ .
*l P Ay Amplified Spontaneous Emission
Electron ** “ (ASE)
transfer
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. ol ol ':,{_ Auger lifetime

-3 - .,‘I“ Femtosecond Threshold

+
- laser
- Dexter efficiency dependent on wave
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concentration on the Surface of function overlap between quantum dots

Quantum Dots and TCA (distance between quantum ASE of QD solution by femtosecond pump
dots and TCA)
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