Lesson Plan:

Unit: Atomic Structure

Overarching Objectives:

1. Illustrate how the scientific process develops ideas over time and how the advent of new data and interpretations of those data can change theories.

2. Understand the basic quantum structure of the atom, specifically in regards to atomic energy levels

Time: Each day is based on a 45-50 minute period of time

Day 1 – brief history of atomic models (Greek through Thompton)

Objectives:

1. Introduce the concept of atomic structure.

2. Show the progression of ideas of how the atom of was thought of by the scientific community

3. Introduce the idea that atoms have positive and negative charges

(5 minutes) Opening Question: What are some ways we can learn about things that we can’t touch, see, smell, hear or taste???

Possible answer: By how those things interact with things we CAN touch, see, taste, etc.
(5 minutes) Greek model (Democritus) 

Basic philosophy of the day: If you have a loaf of bread and cut it in half you always have a half left. Therefore you can take that half and cut it in half and take one of those halves and cut it, etc, etc. You could do this forever and always still have a half.

Alternatively, if I try to get to the door, but only travel half way with each series of movements, can I ever actually reach the door. Same idea.

(10 minutes) Greek model activity

Each student takes out a piece of paper. 

Predictions: How many times can you fold this piece of paper in half? 

Results: Have the class try it.

Probing Questions: What happens to your ability to fold the paper in half after each additional fold???

Probe for the answer “It gets harder”
Democritus believed this to be true of everything.

Democritus wondered if matter could be divided infinitely.  He believed that eventually you couldn’t split matter into smaller pieces.  He said if he took a loaf of bread and kept breaking it in half, at some point you would get to a piece so small that it would be impossible to break. He came up with the word “atomos”, which means “indivisible”, or can’t be divided.  People who believed in this idea thought that atoms were extremely small, hard particles that had different shapes and sizes.
(10 minutes) – Dalton Model – doing experiments with gases 

Explain his experiments. Idea of reacting in specific ratios as if gases are made of individual particles. 
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4 Rules of Matter

Dalton believed that atoms were likely spheres
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(10 minutes) – Thompson model (Plum Pudding Model)

Cathode Ray tubes

Idea of positive and negative charges

(5 minutes) Closing Question: 

Notice how each model built off of the previous model. What are some real-life “common” examples of how ideas or products have been improvements from previous versions?
Day 2 – Rutherford to Bohr (atomic spectra, drawing Bohr’s models, etc)

Objectives:

1. Expand the history of how the theory of the atom progressed.

2. Introduce the idea of the nucleus

3. Introduce the idea of the proton and electron

4. Introduce the idea of energy levels and atomic spectra

(5 minutes) Opening Question

How did the people we discussed yesterday test something that they couldn’t directly see, touch etc?
(15 minutes) Rutherford and the Gold Foil Experiment

Describe set-up: 
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Example of what Rutherford expected: Ask a student to hold up a piece of paper in front of them. Ask them to use the paper to block what I’m about to through at them. Go behind the desk and pull out a bowling ball…

Describe Results:

Use http://www2.wwnorton.com/college/chemistry/gilbert/tutorials/ch3.htm
Use Section 3.2 Rutherford Experiment

 “It’s as if we shot a 15 inch shell at a piece of tissue paper and the shot bounced back at us!”

Overall interpretations: 1) atoms are mostly empty space   & 2) there is a very dense, very positive central core to the atom

(20 minutes) Bohr’s Model

Atomic Spectra – use a hydrogen gas tube and spectroscopes to demonstrate

Idea of energy levels and what Atomic spectral lines are caused by. 

Give basic idea of # of e- in each energy level. 

(5 minutes) Closing Question:

If atoms are mostly empty space (~99.99% empty), why can’t we walk through walls???

Day 3 – Quantum Model Intro – why Bohr’s model didn’t work (HUP, Schroedinger)

Objectives:

1. Explain why Bohr’s model didn’t work for atoms much larger than hydrogen

2. Introduce the idea of a photon of energy

3. Introduce the idea of HUP 

4. Introduce the idea that measurements by definition change the measured

(5 minutes) Opening Question:

What do you do when you have an explanation that seems just right, until you try to apply it to something else and find that it utterly fails????

(5 minutes) Photons of energy and Bohr’s atomic spectra, how bigger atoms didn’t fit the model quite right

 (30 minutes) HUP: If a tree falls in the forest …

Trying to measure e-, idea of photons being necessary for us to “see/measure” something

How do photons interact with matter: photons can have momentum because they have energy. What happens when something with momentum hits something else?

Demonstrate momentum interactions with bowling balls.

What does this mean for the microscopic world?

How is it we can see something? Quick Powerpoint of light hitting the eye, example of tyndall effect)

Point of this is that we can’t see/detect anything without interacting with it. The smallest “thing” that we can interact with something is a photon. But photons have momentum so they alter the characteristics of what they are being used to interact with.

Idea of e- not only as particles but also as waves.

Show videoette or applet of double split experiment and how its both like a wave and a particle

http://www.youtube.com/watch?v=DfPeprQ7oGc
Where were the photons in this example and what did they interact with? How did that interaction affect the experiment? 

So what does this mean for us and the atom? Think of the electrons orbiting around the nucleus. Electrons are small enough that even if we could see them, the act of seeing them would affect their motion.

If an electron is hit by a photon, what will happen??? If I hit you with a bowling ball, what would happen? 

(5 – 10 minutes) Closing Narrative: Those darn cats at night and motion detecting lights

Imagine, if you will, instead of being stuck here with me you are nestled snuggly into your beds. Pleasant dreams of lollypops and rainbows cascade before your non-seeing eyes. Suddenly, the glaring light of a bright sun pierces through the rainbows, melts the lollypops, and scorches your retinas forever blinding you.

Startled you wake. It was only a bad dream. But to your utmost fury, you find you were awoken from your neighbors pesky motion detector going off… again. Most likely one of your neighbors many cats has, once again, walked in front of the path of the detector. You don’t know where the cat came from, or what direction it scurried off to, but you know that at some point it dragged it mouse filled, bloated, flea-ridden carcass past the accursed light. And now, as you lie in bed waiting for the 10 minute timer to finally stop the spot light from shining directly into your once dark bedroom, as you sit in the blinding hallow of a thousand watt halogen flood lamp designed only to waken the sleepy and warm the ground in a 30-foot radius, you suddenly realize, this is a perfect example of the Uncertainty principle.

Closing Question: What does the cat represent? How is the cat a good and bad example of this? What does the motion detecting light represent? How is the light a good and bad example of this? What is the only thing we know about the cat???

Day 4 – The real electron energy level 

Objectives:

1. Introduce the idea that electrons act as both particles and waves

2. Illustrate the mathematical probability clouds of the orbitals

3. Introduce Orbital notation

(5 minutes) Opening Question: What does the Heisenberg Uncertainty Principle state? Put into your own words.

Possible answer: we can never know both where a particle is AND its velocity (momentum)

(5 minutes) Review: What is a photon. Smallest discrete package of energy/light.

(10 minutes) give basic background to orbital notation 

Probability clouds rather than orbital rings

(for chemists….) s,p,d,f orbitals, etc (I’ll tie in the n,l,m stuff too!)

(25 minutes) Use applet orbital viewer program.exe from Hitchcock-Manthey, LLC

Have students print/draw/save (whatever works best) for the shapes of each sub orbital. Then have them determine how many sub orbitals each energy level contains up to say energy level 3 or 4. Have them try to determine pattern.

(5 minutes) Closing Question/homework

If each sub orbital can hold 2 e-, how many e- can each of the first 3 energy levels hold? Does this match with Bohr’s model? If yes, how does the absorption spectra for atoms tie into this? If no, why do you think there is a difference?

Day 5 – Electron Configuration

(5 minutes) Opening Question

How many e- does each energy level hold? How many e- can each orbital hold? How many orbitals does this mean we have in each of the first 3 energy levels?

(40 minutes) 

http://www2.wwnorton.com/college/chemistry/gilbert/tutorials/ch3.htm
use this for an e- configuration lesson

(5 minutes) Closing Question 

What is the electron configuration for Uranium atoms?

