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Core/shell versus Core only Semiconductor Nanocrystals

AShell provides a physical barrier between the optically active core
and the surrounding medium, thus making the nanocrystals

less sensitive to environmental changes, surface chemistry,

and photo-oxidation.

AThe shell provides an efficient passivation of the surface trap states,
giving rise to a strongly enhanced fluorescence quantum yield.

ABand gap tuning by type | and Il heterojunctions

epitaxial-type shell growth: 1) appropriate band alignment,
2) crystallize in the same structure & exhibit a small lattice mismatch

-Defects, trap sites
- Oxides are most stable.



Strongly Luminescing ZnS-Capped CdSe Nanocrystals

Margaret A. Hines and Philippe Guyot-Sionnest, J Phys. Chem. B 1996, 100, 468.
Published: JAN 11 1996 Times Cited: 1,721

- ZnS-capped CdSe semiconductor nanocrystals using
organometallic reagents by a two-step single-flask method

- Core of nearly monodisperse CdSe of 27-30 A diameter
with a ZnS capping 6 ° 3 A thick.

- ZnS capping with a higher bandgap than CdSe passivates
the core crystallite removing the surface traps.

The nanocrystals exhibit strong and stable band-edge
luminescence with a 50% guantum yield at RT.




TEM picture of (CdSe)ZnS nanocrystals
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- Core of nearly monodisperse CdSe of 27-30 A diameter
with a ZnS capping 6 ° 3 A thick.




PL spectra of CdSe and CdSe/ZnS core/shell NCs
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- Fluorescence spectrum of (CdSe)-TOPO has a broad tall

due to surface traps (700-800 nm).
- (CdSe)-ZnS retains the sharp peak with a small red shift (5 nm) but

has a flat baseline and high QY of 50%




(CdSe)ZnS Core-Shell Quantum Dots:
Highly luminescent Nanocrystallites

M. G. Bawendi, J Phys. Chem. B 1997, 101, 9463.

Published: NOV 13 1997 Times Cited: 2,322
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ASynthesis of highly luminescent (CdSe)ZnS composite quantum dots
with CdSe cores ranging in diameter from 23 to 55 A.

AThe narrow photoluminescence spans most of the visible spectrum
from Dblue through red with quantum yields of 30-50% at room
temperature.

AOvercoating nanocrystals with higher band gap inorganic materials
has been shown to improve the photoluminescence quantum yields
by passivating surface nonradiative recombination sites.

AParticles passivated with inorganic shell structures are more robust
than organically passivated dots and have greater tolerance to
processing conditions necessary for incorporation into solid state
structures.



2-step Synthesis of ZnS-Capped CdSe QDs

J. Phys. Cherml996 100, 468

Me,Cd + TOPSe » CdSe

(TMS),/Me,Zn/TOP 300°C]| To prevent nucleation of
the shell material and
uncontrolled ripening of
the core NCs,
DT T2 for the shell
growth is generally
lower than T1 used
for the core NC
synthesis.
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The Nobel Prize in Physics 2000

“for basic work on information and communication
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“for developing semiconductor
heterostructures used in high-
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http://en.wikipedia.org/wiki/Heterojunction




E (eV) vs. vacuum
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Novel properties of core-s h e | |
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1) Overcoating with higher band-gap materials improved
the PL-QY by passivating surface nonradiative
recombination sites.

2) More robust that organically passivated dots




CdSe cores ranging from 23 to 55 A ; Visible photoluminescence
from red through blue with quantum yield of 30T 50 %
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Figure 5. PL spectra for a series of ZnS overcoated dots with 42 +
10% A diameter CdSe cores. The spectra are for (a) 0, (b) 0.65, (c)
1.3.(d) 2.6. and (e} 5.3 monolavers ZnS coverace. The position of the



AAbsorption spectra and photoluminescence (PL) spectra for bare
(dashed lines) and 1-2 monolayer ZnS overcoated (solid lines) CdSe
dots with diameters of (a) 23, (b) 42, (c) 48, and (d) 55 A.

AThe absorption spectra for the (CdSe)ZnS dots are broader and
slightly red-shifted from their respective bare dot spectra.

AThe PL spectra for the overcoated dots are much more intense owing
to their higher quantum yields: (a) 40, (b) 50, (c) 35, and (d) 30.
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Transmission electron micrographs of

(A)one nNbareo CdSe nanocrys:
(B) one CdSe nanocrystallite with a 2.6 monolayer ZnS shell.
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Figure 8. Transmission electron micrographs of (A) one “bare” CdSe

nanocrystallite and (B) one CdSe nanocrystallite with a 2.6 monolayer
ZnS shell.



Stability against oxidation

Se
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Figure 7. X-ray photoelectron spectra highlighting the Se 3d core
transitions from ~40 A bare and ZnS overcoated CdSe dots: (a) bare
CdSe, (b) 0.65 monolayers, (c) 1.3 monolayers, and (d) 2.6 monolayers
of ZnS. The peak at 59 ¢V indicates the formation of selenium oxide
upon exposure to air when surface selenium atoms are exposed.
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