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Synthesis and elementary carrier processes of highly efficient blue-emissive
semiconductor quantum dots by interfacial engineering
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For the development of high-quality semiconductor quantum dots (CQDs) in the

blue region, we prepared several CQDs using various materials by colloidal synthetic methods. In
addition, femtosecond pump-probe spectroscopy capable of measuring up to ultraviolet region was
developed to analyze the elementary exciton dynamics of CQDs by a nonlinear crystal out of phase
matching condition. It was found that highly luminescent ZnSe CQDs were synthesized by using a zinc
source with a short alkyl chain. We also synthesized one-dimensional quantum confinement materials
such as ZnSe nanoplatelets (NPLs) with an emission in the ultraviolet region and blue-emitting
Zn-based Cd1-xZnxSe NPLs by cation exchange of CdSe NPLs. We analyzed the exciton dynamics of
blue-emitting CQDs and NPLs by femtosecond transient absorption spectroscopy, and examined the
relationship between multiple exciton interactions such as Auger recombination and nanocrystal size
and/or composition.



e.

n

1-VI
CdX CQDs (X = S, Se, Te)

CQDs CNRs : ~
=FFvbk [y % |V +/ayk
CNPLs (CQNs) CQDs (CNRs)
e_
F/TL—rLuk
(CNPLs, EFHF)
1
CQDs
AT~ T AR AN RIS
OPA
CQDs CQDs
CQDs CdSe CdTe CQDs 2 nm
CQDs
CQDs
Cd CQDs Eg 1-VI ZnX (X = S, Se, Te)
CQDs -V GaY (Y =N, P) CQDs ZnX
CQDs
CQDs
ZnX CQDs
Zn CQDs Ga
CQDs CQDs
ZnSe  CNPLs
DI, SRS ~ERIN T = 2 WD
CQDs
LED
ZnX CQDs

flow injection



CQDs ZnX CQDs
ZnSe  CNPLs

ZnSe  CNPLs
4 CdSeCNPLs Cd Zn

Zn
X EDX
SO, SRS T 0 —T
Ti:S OPA
PC
OPA
300 nm
2 400 nm
CQDs
ZnSe CQDs
CQDs
400 nm
1S
ZnSe CQDs
50 100 nm 20 nm
30%
1ps
ZnSe QDs 375 nm
1S 500 ps 470 nm

Intensity
)]

AOD(Norm.)

[
<
T

s
kN
T

CQDs
CNPLs
CQDs
510 nm
Cd1.xZnSe CNPLs

HRTEM
ICP-MS

CQDs CNPLs

30%

CaF

_— Diethyl Zinc
Aex. 350 nm

Zinc Myristate

Aex. 400 nm

Zinc Oleate

ex. 400 |nm

300 500 600 700
Wavelength / nm

3 ZnSe QDs

04 T T T

Zinc Oleate
AEX. nm

\Zinc Myristate
Aex. 390 nm |

Diethyl Zinc

-0.8

-1.2

3 ZnSeQDs
1S



30| (]
ZnSe CQDs S " Br
ZnSe CQDs  Auger ST
Tauger D 5 Br
Tauger 3 r TAauger X D?7
CdTeCQDs CdSCQDs  Auger s
D CdSe CQODs D 25 3:0 35 4.0
Diameter/ nm
Auger
ZnSeQDs  Auger
ZnSe CQDs CQDs ZnSe CQDs ZnTeCQDs ZnSe
ZnTeCQDs ZnSeTe CQDs
ZnSeTe/ZnS CQDs ZnSeTe CQDs
CQDs ps
—_ ﬁ_ln(‘).sGéo_S(Z‘n)P
o N ' i
I-VI CQDs InP CQDs Ga 3 :
>
InGaP CQDs (Eg) 135 G [ e i
S —In_Ga_(Zn)P
eV InP GaP (Eg = 2.26 eV) InGaP £ | S 0802 ]
CQDs or
g
InPCQDs 8 r
Zn § r
. < .
In(Zn)PCQDs Ga Gadlium ‘ ‘ ‘
300 400 500 600 700
(1) acetylacetonate Ga InxGav(Zn)P Wavelength / nm
CQDs ZnS Ing-
5 InGaP CQDs (
xGa(Zn)P/ZnSCQDs TEM PXRD ICP-AES ) ()
QDs Ga PXRD
InGaP CQDs CQDs Ga
Ga
InGaP CQDs 4 =
InGaP/ZnSCQDs 7 2
@)
< ——In(Zn)P
nGap +InO'BGa0'2(Zn)P
n ——In .Ga  (Zn)P
CQDs
400 450 500 550 600 650 700
Wavelength / nm
InGaP CQDs
In(Zn)P CQDs Ga InGaP CQDs (10ps 400nm

100 pWw)



ZnSe CdZnSe CNPLs
ZnSe CNPLs
nm 100 nm
Zn CNPLs
4 CdSeCNPLs Cd Zn
Cd]_.xznx& CN PLS

Zn

ZnSeCNPLs

345 nm
ZnSe CNPLs

\#\ CdSe NPLs

CdSeCNPLs 512nm Zn69 477 CdSeCNPLs CdznSe
nm 92 436 nm CNPLs TEM CdSe CNPLs
Cdo.0sZNno.92Se CNPLs
CNPLs
15~20 =
- Se NPLs
Cd& CNPLS 90 Zn 1/10 - 438 dﬂﬂznﬁli? e 3
"'\ =3
5 e o caac - I
CNPLs E  ——— Cdy 42y Se NPLs| &
e, e —}-\{1ea|.~ f=D
) i rra i
Cdi.xZnSeCNPLs ¢ —— Cély3,ZnggsSe NPLs|
Au E (477 =l
ger d [——— NG &
——— Cdy 42N 5:5¢ NPL
CdSe CNPLs Auger 8 You iyt 2 -
<L AR -
_______ =" = —
. —— CdSe NPLSEIZ F-'
mobility 5 c
400 450 500 550
ZnSe, ZnSe/ZnS C/S CQDs Wavelength / nm
ZnSe QDs CdZnSe
CNPLs
CQD ZnSe/ZnS
C/S CQDs
Varshni FWHM LO

CQDs



1 1 0 0

L. Wang, S. Takeda, R. Sato, M. Sakamoto, T. Teranishi, N. Tamai 6

Morphology-Dependent Coherent Acoustic Phonon Vibrations and Phonon Beat of Au Nanopolyhedrons 2021

ACS Omega 5485 5489
DOI

10.1021/acsomega.0c05806

14 0 1

Y. TAGA, K. TSUJI, D. EGUCHI, N. TAMAI

Hot Electron Transfer Dynamics of CdSe/ ZnS Quantum Dots-Fullerene Systems

2021

2021

InGaP QDs

2021

2021

ZnSe/InP/ZnSe

2021

2021




2021

2021

CdSe/CdTe core/crown

15
2021
InP
102
2022
CdSe/ZnS -
102

2022




CdSe/zZnS

102

2022

N. Tamai, D. Eguchi, Y. Tsuji, S. Kori, T. Okuhata

Hot and Ultrafast Electron Transfer in Semiconductor Nanocrystal-Acceptor Hybrid Systems

11th International Conference on Quantum Dots

2020
CdSe/zZnS -
101 2021
2021
CdSe
101 2021

2021




101 2021

2021

CdSe/CdTe core/crown

101 2021

2021

InGaP QDs

101 2021

2021







