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Size-Controlled Colors 
Since their first synthesis in the 1980s, quantum dots (QDs)—small yet bright 
semiconductor nanocrystals—have illuminated various fields of science.

1980s: Confining 
electrons
In 1981, while studying a semiconductor-
doped glass matrix, Soviet physicist 
Alexey Ekimov discovered that the 
semiconductors had formed nanoscale 
crystals that exhibited a quantized size 
dependence of their emission spectra. It 
was the first experimental observation 
of quantum dots (QDs). Another Soviet 
physicist, Alexander Efros, theorized 
that the nanocrystals’ behavior was 
due to confinement of their electrons. 
Around the same time, the U.S. chemist 
Louis Brus first synthesized colloidal 
semiconductor nanocrystals.

2000s: QDs as single-photon sources
Finding a single-photon source with a strong quantum 
correlation between photons had been a holy grail in 
quantum information systems, especially with respect 
to quantum cryptography. In 2000, Optica Fellow Ataç 
İmamoğlu used a pulsed laser to excite a single QD,  
demonstrating a train of single-photon pulses. Others 
soon followed, improving the purity and indistinguish-
ability of photons.

1990s: Lighting up cells
The optical properties of semiconductor QDs—bright, 
distinctly colored emissions, with wavelength dependent 
on nanoparticle size—soon led investigators to explore 
their use in in biomedical research. In separate papers 
in 1998, for example, U.S. chemist Paul Alivisatos and 
Chinese-American chemist Shuming Nie each labeled parts 
of mice embryonic cells and HeLa cells using quantum dots. 
The work showed the dots’ potential as a tool for biomedical 
tracking—a potential that has since been widely used.
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now
Tiny yet Mighty
The use of QDs has expanded far beyond simply taking advantage of size-dependent 
emission colors—to quantum computing, lasers, ecological studies and more.

2021: Foldable QD LEDs
QDs have transformed a number of fields. One example is 
QD displays, which, since their first commercialization in the 
2010s, have continued to evolve in color purity, efficiency 
and thinness. Meanwhile, in the lab, researchers at Seoul 
National University, Republic of Korea, recently unveiled a 
next-gen, ultra-thin QD LED flexible enough to be folded 
like paper—setting up, perhaps, future applications in 
wearable displays and electronic tattoos.

2021: Room-temperature 
infrared lasing
QD lasers are suitable for integration 
with conventional silicon electronics, but 
the infrared QD lasers relevant to optical 
communications would often require 
cryogenic temperatures to operate. Last 
year, scientists in Spain developed a way 
to make infrared QD lasers that operate 
at room temperature, using a distributed-
feedback cavity. The laser could, the team 
believes, lead to new CMOS-integrated 
lasing sources and also improve lidar.

2019: QD-tagged pollen
A lack of proper tools had prevented biologists from 
directly monitoring the movement of pollen, which 
could reveal the activities of pollinator species. In 2019, 
researchers in South Africa successfully attached nontoxic 
QDs to pollens by micro-pipetting a QD-containing 
solution onto flowers. After bees visited QD-laden 
flowers, their bodies emitted various colors under a UV 
microscope, validating the new way to use the dots.

Toxicity-free future? The use of QDs continues to expand in both the scientific and commercial realms. One 
challenge in their application is the use of heavy metals such as Cd, Pb and Hg in QDs. But researchers are on the case. For instance, 
scientists at Los Alamos National Laboratory, USA, recently engineered a QD solar cell that doesn’t contain toxic heavy metals and 
is highly tolerable against defects—pointing to a potentially toxicity-free future for quantum dots and their applications.

For a list of references and further resources, go online: optica-opn.org/then-now/quantum-dots.
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