Quantum/Wave Mechanics

What do you teach about wavefunctions and the foundations of quantum phenomena?
Don’t teach wavefunctions 

Concept of what a wave is: frequency, wavelength, amplitude, electric and magnetic components

Cursory explanation of quantum concepts – introduce concept of quantization

Historical approach – problems at turn of century

Quantized energy: photoelectric effect, blackbody radiation as examples of quantized energy

Wave hands that there are mathematical models of how an electron moves in space – this is a wavefunction

Skip directly to “there are mathematical models that describe the probability of finding an electron as a function of distance from nucleus”

Historical approach – used data such as blackbody radiation and/or photoelectric effect

The historical convulsion – apparent total collapse of classical mindset, obvious evidence screaming out

Students are thinking classically – expect students to believe that light intensity should determine photoemission

Classical wave theory

Frequency and blackbody radiation
Spectroscopic data

Need for quantum number tied to atomic emission spectrum

Data motivates quantum model for atomic structure

Bohr atom: planetary model as a desperate attempt to patch things up

The electron does not collapse into nucleus by fiat

Physical phenomena that requires quantum behavior is the periodicity of the Periodic Table

Pauli Exclusion Principle

Two possible spins

Stern-Gerlach experiment

Radiation: wave nature, water waves, poking finger in water, transmission of energy through a medium

Coverage mission: 

Blackbody radiation can be complicated

Photoelectric effect – talk about experiment in lab (time and numbers)

Interference and diffraction

Two slit for light but not for electrons

Bright light to big water waves: discrepancy that bright light does not kick out electrons but large waves knock cans off dock

Look at data if not do experiment

Discontinuous spectrum linked to Bohr atom

Qualitative evidence for the shell structure, electron impact
No wavefunctions

Ionization potentials

All radiation has wavelike properties, what wave properties are

Constructive and destructive interference: graphically – draw waves, no experiments

Light is a continuous spectrum – get lines in spectra

Bohr and planetary model

Planck’s interpretation

Mention wavefunctions Hpsi = Epsi

Psi can be defined in terms of three functions: radial, polar

Photoelectric effect: threshold energy leads to quantization

Get to quantum numbers

Pauli principle

Focus on Periodic Table

Core and valence electrons

Quantum numbers, discreteness

Orbitals

Larger n moving away from nucleus

Atomic spectrum of H

Electromagnetic radiation

Photoelectric effect

Emission spectrum

Short time allotted to quantum material

No need to do l amd ml, just n
S,p,d,f without reference to angular momentum
What are your objectives in doing this?

Think about orbitals

Principal object are the quantum numbers

Periodicity

Lewis structures

Learn properties of the Periodic Table

Core electrons

Valence electrons

Ionization energy

Electronegativity

S, p, d, f

Degeneracy

What principal quantum number n means

Electromagnetic spectrum

Primary objective is to support understanding bonding

Orbital model necessary for chemical bonding

Orbital is a probability distribution for finding an electron with specified quantum numbers

Degeneracy of orbitals as prologue to bonding and antibonding

Shell model for the atom

Numbers of valence electrons

Lewis structures on quantum concepts

Different kinds of bonding

Relate principal quantum numbers to s,p,d,f

Periodicity

Electron configuration

Lead into bonding

How do you assess your students’ comprehension of these content objectives?

How do you teach the material to satisfy your objectives?
Flynn has acetate grating that can be used with hydrogen discharge tubes
Lecture, demonstrations (H and He discharge tubes with grating; 

Laboratory (Balmer series and discharge tubes, spectroscopy with Beers’ Law

Electronic homework (simulates text Eduspace.com comes with book; Webassign)

Lecture with computer animation and overhead

Spectroscopy lab (discharge tubes and Balmer series, classical flame tests, absorption spectrum of copper sulfate; difference between absorption and emission; continuous versus discrete spectra; difference between fluorescent and incandescent light)

Lecture

Lab (discharge tubes and do Balmer series for H; flame test for salts; no absorption experiment; difference between fluorescent and incandescent light)

Active learning: 10 minutes lecture and then reflection (180 students); for reflection pose a concept question, 2 to 5 minutes for the reflection; assistance of facilitator of advanced undergraduate and graduate students; office hours four days/wk; no experiments for this kind of material;

Lecture – expand on text, and additional enrichment; no labs at time of meeting
Emission and absorption spectroscopy comes at time of coordination chemistry

Direct answers in class of 15 to 20, use Periodic Table for individual interrogation

In class worksheets

Textbook problems

Entry Points
1) Wave hands that there are mathematical models of how an electron moves in space – this is a wavefunction

2) Skip directly to “there are mathematical models that describe the probability of finding an electron as a function of distance from nucleus”

3) Historical data is entry point that forces quantum interpretation

4) Photoelectric effect
5) Quantum mechanics and its need from Planck’s quantization concept necessary to explain discreteness of emission spectra
6) 
