Nanotechnologies / Materials

Nanotechnologies / Materials

Display, Lighting, Bioimaging

9 INDUSTRY, WNOVATION
AND INFRASTRUCTURE

&

Synthesis and functionalization of colloidal quantum dots

Department of Applied Chemistry, Graduate School of Engineering

Associate Professor Taro Uematsu

Qﬂesearchmap https://researchmap.jp/t-uematsu?lang=en

Abstract

Semiconductor nanoparticles (quantum dots) are chemically
synthesized colloidal fluorophores characteristic of monochromatic
luminescence. Both particle size and composition affect the energy
structure and emission color of quantum dots, attracting significant
attention as new materials for future optical devices. Aiming at
quantum dot devices, we continue the development of environ-
mentally benign quantum dots and functionalization by designing
the surrounding environment.

Background & Results

Embedding quantum dots in matrices is essential for demon-
strating high-performance quantum dot devices by facilitating
the injection of charge and energy. In particular, with the ongoing
development of quantum dot LEDs, which are self-luminous devic-
es similar to OLEDs, new ideas for utilizing quantum dots without
compromising their properties are strongly required.

Significance of the research and Future perspective

The development of quantum dots originates from a weak flu-
orescence from nano-sized semiconductors over 30 years ago.
Since then, the quantum dots have been improved to the point that
they are used in commercial displays as wavelength conversion
materials. Until a few years ago, the optically superior quantum
dots were cadmium compounds, but their use in consumer prod-
ucts has encouraged the development of low-toxic alternatives.
Our group developed photoluminescent AgInS, quantum dots and
their analogs composed of three or more elements. However, the
obtained photoluminescence was “defect emission” with a broad
spectral width. Despite attempts by many researchers to narrow
the spectral width, it had been impossible for several years, mak-
ing researchers consider the band-edge emission hopeless. Under
such situations, we focused on the surface condition and coated
AgInS, quantum dots with gallium sulfide, an unconventional mate-
rial as the shell. We eliminated surface defect levels and obtained
a spectrally narrow band edge emission comparable to cadmium
compound quantum dots in yellow region. We further demonstrat-
ed the green and red luminescence, which is more valuable as
fluorescent materials, by alloying the core semiconductors to tune
their bandgap.

It is crucial to design matrices to manipulate the excitation ener-
gy of quantum dots. As a first step toward this goal, we used met-
al-organic frameworks (MOFs), which have a highly ordered struc-
ture and grow under mild conditions. Since the lattice size of MOFs
is smaller than the diameter of quantum dots, we have attempted
to create composite materials by growing MOFs from the surface
of quantum dots. Using a typical MOF, ZIF-8, an ultimate structure
that contains a single quantum dot at the center of a polyhedral
MOF crystal was obtained. When a red-emitting quantum dot was
incorporated in a blue-emitting IRMOF-3, the energy transfer from

the MOF to the quantum dot occurred, doubling the photolumines-
cence intensity of the quantum dots.

Spectrally narrow band-edge photoluminescence from AgInS, quantum dots by
the coating with GaS, shell

Quantum dot-MOF complex fabricated by growing MOF from the surface of the
quantum dots. Energy transfer was demonstrated by embedding red-emission
quantum dot into blue-emission MOF.

Green-color emission from cadmium-free quantum dots by alloying AgInS, cores
to increase their bandgap.
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