
The Nobel Prize in 
Chemistry
2023



https://shop.plasmachem.com/

“for the discovery and synthesis of quantum dots”



https://www.youtube.com/watch?v=6ilqb5qlI8s

Prize amount: 11 million Swedish kronor (approx. 1 Million US Dollars), 
to be shared equally between the Laureates.

https://www.youtube.com/watch?v=6ilqb5qlI8s


What is a Quantum Dot?

• A semiconductor nanocrystal with optical and electronic properties that 
depend on particle size and differ from “bulk” material.

https://www.nobelprize.org/uploads/2023/10/advanced-chemistryprize2023-3.pdf

https://www.nobelprize.org/uploads/2023/10/advanced-chemistryprize2023-3.pdf


How Small is Nano?

At the nano scale, 
matter is “pixelated” 
because it is 
approaching the size 
of atoms!



. . . In 1981, Alexey Ekimov succeeded 
in creating size-dependent quantum 
effects in colored glass at Vavilov 
State Optical Institute in St Petersburg, 
Russia. The color came from 
nanoparticles of copper chloride and 
Yekimov demonstrated that the particle 
size affected the color of the glass via 
quantum effects. https://www.nobelprize.org/uploads/2023/10/press-chemistryprize2023-3.pdf

Copper Chloride Nanoparticles in Glass

Alexey Ekimov 

https://www.nobelprize.org/uploads/2023/10/press-chemistryprize2023-3.pdf


. . . In 1983, Louis Brus (at AT&T Bell 
Laboratories) was the first scientist in 
the world to prove size-dependent 
quantum effects in particles floating 
freely in a fluid.

https://www.nobelprize.org/uploads/2023/10/press-chemistryprize2023-3.pdf

Cadmium Sulfide Nanoparticles in Solution

https://www.nobelprize.org/uploads/2023/10/press-chemistryprize2023-3.pdf


In 1993, Moungi Bawendi (at MIT but 
was former postdoctoral researcher 
with Louis Brus at Bell labs) 
revolutionized the chemical production 
of quantum dots, resulting in almost 
perfect particles. This high quality was 
necessary for them to be utilized in 
applications. 

https://www.nobelprize.org/uploads/2023/10/press-chemistryprize2023-3.pdf

Improved Synthesis 
of Cadmium Selenide 
Nanoparticles in 
Solution

https://www.nobelprize.org/uploads/2023/10/press-chemistryprize2023-3.pdf


How Moungi Bawendi produced CdSe quantum dots

https://www.nobelprize.org/uploads/2023/10/fig4_ke_en_23.pdf
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How Moungi Bawendi produced quantum dots

https://www.nobelprize.org/uploads/2023/10/fig4_ke_en_23.pdf
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How Moungi Bawendi produced quantum dots

https://www.nobelprize.org/uploads/2023/10/fig4_ke_en_23.pdf
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time

https://www.nobelprize.org/uploads/2023/10/fig4_ke_en_23.pdf


https://www.nobelprize.org/uploads/2023/10/fig3_ke_en_23.pdf

https://cen.acs.org/people/nobel-prize/Podcast-race-report-Nobel-Prizes/101/web/2023/10
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https://www.nobelprize.org/uploads/2023/10/fig3_ke_en_23.pdf
https://cen.acs.org/people/nobel-prize/Podcast-race-report-Nobel-Prizes/101/web/2023/10


https://www.nobelprize.org/uploads/2023/10/fig3_ke_en_23.pdf
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This image shows a CdSe nanoparticle with 
atomic resolution. It is a projection image of 
the nanoparticle where darker atomic 
columns represent Se columns while the 
brighter columns are Cd (atomic structure 
has been partially overlayed to highlight the 
atomic arrangement). Scale bar is 1nm. This 
micrograph is part of the CdSe research that 
appeared in "Surfactant Ligand Removal 
and Rational Fabrication of Inorganically 
Connected Quantum Dots", Nanoletters 
(2011). DOI: 10.1021/nl202892p

https://en.wikipedia.org/wiki/Cadmium_selenide#/media/File:CdSe_Nanoparticle.png
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Cadmium Selenide (CdSe)

https://ssd.phys.strath.ac.uk/resources/crystallography/crystal_models/wurtzite_structure/

https://ssd.phys.strath.ac.uk/resources/crystallography/crystal_models/wurtzite_structure/


Cadmium Selenide (CdSe)
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https://innovate.samsungdisplay.com/blog/understanding-quantum-dots/

Quantum confinement – Particle size-dependent bandgap

https://innovate.samsungdisplay.com/blog/understanding-quantum-dots/


`

Quantum confinement – Particle size-dependent bandgap

Cadmium selenium Quantum Dots (QDs) 
are metal nanoparticles that fluoresce in a 
variety of colors determined by their size. 
QDs are solid state structures made of 
semiconductors or metals that confine a 
countable, small number of electrons into a 
small space. The confinement of electrons is 
achieved by the placement of some 
insulating material(s) around a central, well 
conducted region. Coupling QDs with 
antibodies can be used to make spectrally 
multiplexed immunoassays that test for a 
number of microbial contaminants using a 
single test.

https://en.wikipedia.org/wiki/Cadmium_selenide#/media/File:CdSeqdots.jpg

https://en.wikipedia.org/wiki/Cadmium_selenide#/media/File:CdSeqdots.jpg


What are the Applications?

• Two bottles of quantum 
dots in a liquid solution 
emit red and green light 
when illuminated with 
blue light. The technology 
powers Samsung's QD OLED 
TVs.

--Stephen Shankland/CNET

https://www.cnet.com/tech/home-entertainment/samsung-qd-
led-tv-tech-explained-welcome-quantum-dot-era/

https://www.cnet.com/tech/home-entertainment/samsung-qd-oled-tv-tech-explained-welcome-quantum-dot-era/
https://www.cnet.com/tech/home-entertainment/samsung-qd-oled-tv-tech-explained-welcome-quantum-dot-era/


https://www.cnet.com/tech/home-entertainment/oled-vs-led-vs-
miniled-vs-lcd-whats-the-best/
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https://www.samsung.com/us/televisions-home-theater/tvs/samsung-neo-qled-8k/98-
class-samsung-neo-qled-8k-qn990c-qn98qn990cfxza/

https://www.samsung.com/us/televisions-home-theater/tvs/samsung-neo-qled-8k/98-class-samsung-neo-qled-8k-qn990c-qn98qn990cfxza/
https://www.samsung.com/us/televisions-home-theater/tvs/samsung-neo-qled-8k/98-class-samsung-neo-qled-8k-qn990c-qn98qn990cfxza/


https://www.samsung.com/us/televisions-home-theater/tvs/oled-tvs/77-class-s95c-oled-
4k-smart-tv-2023-qn77s95cafxza/?r=true&referrer=usnewsroom

https://www.samsung.com/us/televisions-home-theater/tvs/oled-tvs/77-class-s95c-oled-4k-smart-tv-2023-qn77s95cafxza/?r=true&referrer=usnewsroom
https://www.samsung.com/us/televisions-home-theater/tvs/oled-tvs/77-class-s95c-oled-4k-smart-tv-2023-qn77s95cafxza/?r=true&referrer=usnewsroom
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LCD       vs.      QD-OLED

https://www.samsungdisplay.com/eng/tech/quantum-dot.jsp


https://cybershack.com.au/guides/the-difference-between-oled-and-qd-oled-tv-explained-guide/

(L) The subpixel array on LG OLED is Red, Green, Blue (looks black above) and White. 
(R) The Sub-pixel array on Samsung QD OLED is red and green only. Blue is a 
transparent layer – not a QD and black means no subpixel in that space (solid)

LCD       vs.      QD-OLED

https://cybershack.com.au/guides/the-difference-between-oled-and-qd-oled-tv-explained-guide/


the Samsung QD OLED TV, center, offered richer colors in bright and dark areas than the conventional OLED TV to the left and 
the LCD TV to the right. However, the Samsung-arranged demonstration wasn't a formal test, and this photo of one scene 
doesn't capture the full range of image quality attributes.
--Stephen Shankland/CNET - Jan. 6, 2022

https://www.cnet.com/tech/home-entertainment/samsung-qd-
led-tv-tech-explained-welcome-quantum-dot-era/

QD OLED OLEDLCD

LCD       vs.      QD-OLED

https://www.cnet.com/tech/home-entertainment/samsung-qd-oled-tv-tech-explained-welcome-quantum-dot-era/
https://www.cnet.com/tech/home-entertainment/samsung-qd-oled-tv-tech-explained-welcome-quantum-dot-era/


Quantum dot imaging platform for single-cell molecular profiling

(a) A universal QD-SpA platform is used 
for single-step purification-free assembly 
of functional QD-SpA-Ab probes via 
capture of free antibodies from solution 
by SpA. (b) Once bound, Abs cannot be 
exchanged between QD-SpA probes, 
thus enabling mixing of multicolour 
probes within a single cocktail. (c) The 
QD-SpA-Ab cocktail is used for single-
step parallel multiplexed staining. (d) 
Spectral imaging is performed for 
unmixing individual QD colours, 
quantitative analysis of target expression 
and depiction of relative target 
distribution within the specimen. (e) 
Complete de-staining restores specimen 
for another staining cycle. (f) Sequential 
repetition of N-colour parallel staining 
for M cycles enables analysis of N × M 
molecular targets.

Zrazhevskiy, P., Gao, X. Quantum dot imaging platform for single-cell molecular 
profiling. Nat Commun 4, 1619 (2013). https://doi.org/10.1038/ncomms2635

https://doi.org/10.1038/ncomms2635


Quantum dot imaging platform for single-cell molecular profiling

(a) Five model targets 
(Ki-67, HSP90, Lamin A, 
Cox-4 and β-tubulin, 
from left to right) are 
labelled with QD585-
SpA-Ab probes in a 
single-step procedure, 
producing staining 
patterns consistent with 
those obtained with 
either QD565-labelled 
(b) or Alexa Fluor 568-
labelled (c) 2′Abs in a 
conventional two-step 
staining. Scale bar, 
50 μm.

Zrazhevskiy, P., Gao, X. Quantum dot imaging platform for single-cell molecular 
profiling. Nat Commun 4, 1619 (2013). https://doi.org/10.1038/ncomms2635

https://doi.org/10.1038/ncomms2635


Quantum Dots for Live Cell and In Vivo Imaging 

Walling, M.A.; Novak, J.A.; Shepard, J.R.E. Quantum Dots for Live Cell and In Vivo Imaging. 
Int. J. Mol. Sci. 2009, 10, 441-491. https://doi.org/10.3390/ijms10020441

QD imaging in live animals. (A,B) Sensitivity and spectral comparison between QD-tagged and GFP transfected cancer cells

https://doi.org/10.3390/ijms10020441


Quantum Dots for In Vivo Imaging 

Walling, M.A.; Novak, J.A.; Shepard, J.R.E. Quantum Dots for Live Cell and In Vivo Imaging. 
Int. J. Mol. Sci. 2009, 10, 441-491. https://doi.org/10.3390/ijms10020441

https://www.photonics.com/Article.aspx?AID=60801

https://doi.org/10.3390/ijms10020441
https://www.photonics.com/Article.aspx?AID=60801
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