4/24/2019

Dr. Gregory W. Clark
anchester University

Heat capacity of air: 1005 Jikg/K

Heat capacity of ocean water: 3993 Jikg/K

Heat Capacity
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Heat Capacity
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Quantum Mechanics
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Quantum Mechanics

bability function is then

sin *[(x — v, £)Ak /2]
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Heisenberg Uncertainty Principle

not know position and momentu
aneously
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Pauli Exclusion Principle

auli, 1927 — 1945 Nobel Prize — explains structure of atoms.

more than one quantum particle can be i
me state at the same time

at’s a Fermion?

RMIONS: Particles with half-integer
n obey Fermi-Dirac statistics
., quarks (and thus protons,
ons) and leptons (electrons,
aus, neutrinos)

Bosons (Forces)
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Particle in a Box (infinite well)

0 waves traveling in
site directions:

=Aeikx—ia)t_Ae—iloc—ia)t

'www_chem_ufl.edu/~itl'4412_aa/Gifs/box3_00._gif
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2D Particle in a Box?

"« Similar idea to 1D
Restrictions on k?

chrodinger’s equation?

STM image of Fe atoms on C
in kxx) sin(k,y) 3

2D Particle in Circular Box

Quantum corral:1993 by Lutz, Eigler, and Crommie
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3D Particle in a Box
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CdSe Quantum Dots drawn to scale Typical Protain

Application: Quantum Dots

Quantum dots are semiconducting
materials (CdS, CdSe, etc.) with
dimension on the nanometer scale.

The optical properties of the guantum
dots are highly dependent on the size
of the particle.

CdSe quantum dots

As diameter decreases,
energy gap between

G ’ % ground and excited state
2 3 increases.

6.5 nm 5.5 nm 3.0 nm Smm 0 om
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Q Dot Photovoltaics!

(c)
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Figure 2. (a) Size-tunable absorption (band gaps) of PbS QDs. Reprinted from ref 33 with permission from Wiley-VCH Verag GmbH & Co.
KGaA, Weinheim, Germany. (b) Current—voltage (I-V) response of fluorine-doped tin oxide (FTO)/porous TiO,/PbS QD/Au photovoltaic
devices from three different CQD sizes (device area, 0,03 cm’). Reprinted from ref 8, (c) Device ar:hnemn Sm' calloid.al QD (CQP) tandem solar
cells having quantum-confined band gaps of 1.6 and 1.0 ¢V. Reprinted from ref 31 with permi P Limited.

il i

2000

Electrical conductivity

Vide range of values!

rly attempts to model:
rude: free electron gas
merfeld: quantum free electron gas
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