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All of this is quantum mechanics (QM) 

statistical  
mechanics 

chemical kinetics 
“transition state theory” 

absorption  
emission of  
electromagnetic  
waves 

atoms 
molecules 

spectroscopy 

QM 

PChem – Quantum mechanics 

Quantum mechanics deals with 
phenomena and objects of nanoscopic size. 
In principle, quantum mechanics provides 
a mathematical description of close to 
everything. 



Thermodynamics 
Relationship 
between 
macroscopic 
properties of a 
system. 

Chemical kinetics, 
is the study of rates 
of chemical 
processes. 

Kinetics Quantum mechanics 
Quantum mechanics 
deals with phenomena 
and objects of 
nanoscopic size. In 
principle, quantum 
mechanics provides a 
mathematical 
description of close to 
everything. 



Schrödinger's equation is a wave equation 
Waves are … 

Waves are a disturbance of 
matter or space that propagates 
in time and space. 
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Coordinates Time 

T 

time, t 

Amplitude(coordinates, time) = A0cos(ωt+kx+φ) 
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Light = electromagnetic wave 

1D figure 
Snapshot  time = t0 
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Photo of Maxwell is public domain:
http://commons.wikimedia.org/wiki/File:James_Clerk_Maxwell.png
Engraving of James Clerk Maxwell by G. J. Stodart from a photograph by Fergus of Greenock
Frontpiece in James Maxwell, The Scientific Papers of James Clerk Maxwell. Ed: W. D. Niven. New York: Dover, 1890.

Graph of a wave is freely licensed:
http://en.wikipedia.org/wiki/Electromagnetic_radiation
http://en.wikipedia.org/wiki/Electromagnetic_radiation#mediaviewer/File:Onde_electromagnetique.svg



PChem – Quantum mechanics 
Electromagnetic spectrum 

infrared 
light 

ultraviolet 
light 

700 nm 400 nm 

radiofrequency  microwaves  infrared   optical  ultraviolet X-rays  

rotations    vibrations         electronic 
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Historic experiments 
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Historic experiments 

Planck Kirchhoff 

Blackbody radiation 

Einstein 

Photo effect 

Davisson & Germer de Broglie 

Electron scattering 

Bohr Balmer 
Ångström 

Hydrogen early models & experiments 
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Public domain photos:
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Clinton Joseph Davisson (October 22, 1881 – February 1, 1958), was an American physicist who won the 1937 Nobel Prize in Physics for his discovery of electron diffraction.

Lester Halbert Germer (October 10, 1896 – October 3, 1971) was an American physicist.  With Clinton Davisson, he proved the wave-particle duality of matter in the Davisson–Germer experiment, which was important to the development of the electron microscope.

https://commons.wikimedia.org/wiki/File:Balmer.jpeg
https://en.wikipedia.org/wiki/Anders_Jonas_%C3%85ngstr%C3%B6m




oven 
screen 

slit 

prism 

Gustav Kirchhoff 

Lord Rayleigh, John William Strutt 

James Hopwood Jeans 

Historic experiment – Blackbody radiation 
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electromagnetic spectrum of 
our sun 
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Historic experiment – Blackbody radiation experimental result 

T = (2.735 ± 0.06) K 
Cosmic background radiation 

T = 6000 K 
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Solar spectrum is public domain, go to:
http://en.wikipedia.org/wiki/Sunlight#mediaviewer/File:Solar_irradiance_spectrum_1992.gif
http://en.wikipedia.org/wiki/Sunlight


Background radiation spectrum is public domain
http://en.wikipedia.org/wiki/Cosmic_Background_Explorer#mediaviewer/File:Cmbr.svg
You can download the spectrum here:
http://lambda.gsfc.nasa.gov/product/cobe/firas_monopole_get.cfm
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Historic experiment – Blackbody radiation - modeling 

Planck found for a black body: 

E nh n= =ν;  0 1 2 3, , , ,...
Take home message: 
Quantization of energy. 

Classically  
allowed 
energies 

quantum  
mechanics 
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Why is the blackbody radiation equation 
from Planck of fundamental importance? 

 It provided a proof of the quantization idea of Planck 

 Very diverse observations can be explained/fitted with the backbody radiation 
equation such as 

• the emission spectrum of our sun with a surface temperature of 6000 K or so 
• the IR emission of earth ( 300 K) 
• the cosmic background radiation (2.7 K) which has implications for 

cosmological models 
• the emission of your department’s oven stove 
• etc. 
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Photoelectric effect -- results 

Experimental results: 
• threshold frequency ν0 
•  ν0 depends on substance 
• light intensity ~ # of photoelectrons 
• Ekin independent of light intensity 

Quantization of light 

E hphoton = ν
particle – wave duality 

E hkin = −ν φ
Photoelectric effect 

light source 

slit 

slit 

prism 

sample 

collector 

grid 

electrons 
light 



Quantum mechanics 

Electrons as waves – de Broglie‘s idea 

Experimental verification  
by Davisson and Germer 
1927: electron scattering http://en.wikipedia.org/wiki/Davisson%E2%80%93Germer_experiment 

p
h

matter =λ

De Broglie 

electron  scattering 

Sample: aluminum foil 

X-ray scattering 

Schematic representation of the historical experiment 

Davisson & Germer 



photon 
electron 

sample 

electron 

sample 

electron 

Particle – wave duality 

Photo-effect 
Einstein, Lenard 

Electron scattering 
de Broglie 
Davisson and Germer 

Quantum mechanics 
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E hphoton = ν That does not make sense: an electron is 
neither a particle nor a wave. 

Better statement: an electron is 
something that cannot be adequately 
described in terms of simple classical 
models one can visualize. 

Particle 
photoeffect 

Wave 
diffraction 

Quantum mechanics 

Particle – wave duality 
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Emission (/Absorption) spectroscopy 

light  
source 

slit lens diffraction  
gratings 

detector lens 
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http://www.pasco.com/home.cfm

http://www.pasco.com/prodCatalog/EX/EX-9921_atomic-spectra-experiment/
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Emission/Absorption spectra 

Bohr’s postulates 
1) Stationary states, E1, E2, E3, … 
2) No radiation on stationary states 
3) ∆E=En-En+1 = hν     (transitions) 
4) F(Coulomb) = F(Centrifugal) 
5) Quantization of angular momentum 
       l = n h/(2Pi); n = 1,2,3,… 

R∞ (Rhydberg constant) 
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m0: electron mass for speed = zero      c: speed of light             m, n: quantum # 
ε: dielectric constant                            Z: charge number           λ: wavelength           1/λ: wave number 
e: electron charge                                 h: Planck’s const.            h_bar = h/2π 
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Absorption / Emission of a photon 
Quantum mechanics 

E1 

E2 

E1 

E2 

photon photon 
νhE =∆ νhE =∆

absorption emission 



Heisenberg’s  
uncertainty principle 

∆ ∆
∆ ∆

p x h
E t h

x >
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Historic experiments 

Planck Kirchhoff 

Blackbody radiation 

Einstein 

Photo effect 

Davisson & Germer de Broglie 

Particle-wave duality 

Bohr Balmer 
Ångström 

Hydrogen early models & experiments 

quantization 

Photons 
Particle-wave-duality 

quantization 
stationary states 
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Clinton Joseph Davisson (October 22, 1881 – February 1, 1958), was an American physicist who won the 1937 Nobel Prize in Physics for his discovery of electron diffraction.

Lester Halbert Germer (October 10, 1896 – October 3, 1971) was an American physicist.  With Clinton Davisson, he proved the wave-particle duality of matter in the Davisson–Germer experiment, which was important to the development of the electron microscope.

https://commons.wikimedia.org/wiki/File:Balmer.jpeg
https://en.wikipedia.org/wiki/Anders_Jonas_%C3%85ngstr%C3%B6m
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Photons 
• Photo electric effect 

Quanta 
• Blackbody radiation  

Stationary 
states 

• Absorption spectroscopy 

Waves 
• Electron diffraction 

Historic experiments 
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Schrödinger equation 
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Quantum mechanics 

Stationary states 

Schroedinger 

The solution to the time-independent Schroedinger equation are the  
time-independent wave functions they define the stationary states. 

Classical analog – standing waves 

String fixed at wall 

Glass plate with powder 



Standing waves & stationary states in quantum mechanics 

wave fits in orbit wave does NOT fits in orbit 

5th postulate 
5) Quantization of angular 
momentum 
   l = n h/(2Pi); n = 1,2,3,… 

http://www.youtube.com/watch?v=EILGg3HZIK0 

forbidden  allowed 
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http://www.youtube.com/watch?v=EILGg3HZIK0


Quantum 
mechanics 

What is  

Born’s interpretation of the wave function: 
 
                                  Probability density for finding particles at 
                                  a given location 
 
                                                           Probability for finding  
                                                           the particle  at a  
                                                           given location 

| ( )|ψ x 2

ψ = ???

P x dx=| ( )|ψ 2 Max Born  
(1882-1970) 
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http://en.wikipedia.org/wiki/Max_Born#mediaviewer/File:Max_Born.jpg
http://commons.wikimedia.org/wiki/File:Max_Born.jpg
Original source apparently
http://web.archive.org/web/20070402075153/http://www.owlnet.rice.edu/~mishat/1933-5.html



Classically  
allowed 
energies 
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1D box – results 

1D box - example 
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Scattering problems in Q.M. 

classical  
expectation 

ψ 

wave  
functions 

potential 
Ansatz / 
Starting equations 

ikxikx
LLeft BeeA −+=ψ

ikx
RRight eA=ψ

xkixki
Middle DeCe


−+=ψ

Transmission  
coefficient 

Result 

E/E0 

2||
L

R

A
A

0 

1 

1 2 



Silicon surface 
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Tunnelling effect – STM – Scanning Tunnelling Microscope 

STM 

Principle of operation 

Modes: 
Constant current  
Constant distance 

Examples 

Zinc oxide 
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How to model an STM 
STM as electron scattering devise 

tip 

L e- 
e- 

E 

L 

V0 

surface 

Lm eeP −− ≈≈:yprobabilit tunneling

/)(22 0:yprobabilit tunneling EVmLeP −−≈

STM – Scanning Tunneling Microscope 
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1D box - example 

• Large mass 
• Large system size 
• Large quantum numbers 
• Smaller Planck constant http://www.youtube.com/ 

watch?v=5xdbPhnfFEI 

Mr. Q. 

https://www.youtube.com/watch?v=5xdbPhnfFEI
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H atom summary 
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H atom – mathematical structure of the solution 
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Idea: use spherical coordinates, separate variables  3-separte differential equations 
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principal quantum number 

angular momentum 
quantum number 

magnetic  
quantum number 

n = 1, 2, 3, … 
l = 0, 1, 2, 3, …, n-1 
ml = 0, ±1, ± 2, ± 3, …, ± l 
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Quantum numbers for one electron system (H atom) 



In your book, 
see page 429 

ψ θ φn l m n l l m mR r, , , ,( ) ( ) ( )= Θ Φ



Fig. 11.24 
in your book 

Fig. 11.25 
in your book 
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Fig. 11.26 in your book 

Fig. 11.27 in your book 

ψ θ φn l m n l l m mR r, , , ,( ) ( ) ( )= Θ Φ
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http://www.uweburghaus.us/classes/media/
drafts/StudyGuideQM.pdf 

http://www.uwebu
rghaus.us/classes/s
ummary_drafts.ht
ml 

http://www.uweburghaus.us/classes/media/drafts/StudyGuideQM.pdf
http://www.uweburghaus.us/classes/summary_drafts.html
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