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Teacher Background Information:
Atomic Theory Timeline
400 BC:

A Greek philosopher named Democritus suggested the first atomic theory, explaining that all things are "composed of minute, invisible, indestructible particles of pure matter which move about eternally in infinite empty space."  Although at that time there was no technology to research Democritus' theory of the atom, he was surprisingly accurate.  After Democritus' discovery, new evidence would be found that would eventually lead to the modern atomic theory. 
1803:
John Dalton, a British schoolmaster and chemist, made inferences in the 19th century that exhibited how atoms bond together in definite proportions.  An example of one of the tests that he ran was measuring the proportions of hydrogen to oxygen in different amount of the substances.  Because the ratios were the same, Dalton was able to say that atoms of different elements combine in whole number ratios.  This theory, to go along with four other theories, made up what Dalton called the "Modern Atomic Theory."  In this, Dalton stated five different theories that he believed were true of atoms.  Included in these were two theories that stated atoms could not be divided or destroyed, a theory that stated different elements contain different chemical properties, and atoms of the same element contain the same chemical properties.  Although the two theories that speculated that atoms couldn't be divided were false, Dalton contributed greatly to the advances of atomic theory, and would greatly influence J.J. Thomson in his own discoveries. 

1897:
J.J. Thomson, the person who is credited for discovering the electron, ended up contributing to more than the atomic theory.  The television, computer, and radar are machines that he indirectly helped create. Thompson created a tube that had a positively charged anode on one side and a negatively charged cathode on the other side.  Thompson then applied a magnet to the middle of the tube, equal distance from the cathode and anode, and discovered that negatively charged particles were emanating towards the positive magnetic field.  From this, Thompson concluded that negatively charged particles, called electrons, were present in atoms.  Thompson then created the Plum Pudding model, which suggested that electrons and protons were randomly placed throughout the atom.  This theory wasn't correct, but led to the discovery of the nucleus, made by Ernest Rutherford. 

1906:

Ernest Rutherford's experiment was to emit alpha particles, which were actually stripped helium atoms, towards a thin gold sheet.  Rutherford would then determine where the deflections of the alpha particles would go, and therefore be able to theorize what kind of placement protons and electrons had.  The results of the experiments were somewhat revolutionary; most of the alpha particles did not deflect off of the gold foil, and instead went strait through.  Only 1/1,000,000 particles were deflected straight back and just a bit higher percentage were deflected in other angles.  Rutherford then theorized that there was something called a nucleus, which contained a high density of positively charged particles.  Rutherford was able to say there was a nucleus because alpha particles that deflected right back must have hit something strongly positive.  Rutherford then went on to suggest that the atom contained electrons surrounding the nucleus and some sort of positive charge in the nucleus itself. 

1913:

Niels Bohr, who’s "Bohr Theory of the Atom" was the closest to the currently accepted atomic model, re-emphasized the idea of electrons around the nucleus. Bohr suggested that electrons orbited around the nucleus in seven different quantum levels, or shells.  The evidence that Bohr used to imply this theory was the measurement of the line spectrum given off by each of the electrons. Bohr determined that different energy levels could be found by using mathematical formulas, which measured the wavelengths of the different energy levels.  Bohr went on to suggest that electrons would only occupy the lowest possible energy level on the respective level they were on.  Furthermore, electrons would only move up a level if the lower levels were full.  Bohr's model was very accurate, and would lead to Schrodinger's idea of the current Atomic Model. 

1930’s:

Erwin Schrödinger's most important contribution to the current Atomic Model was his development of the mathematical description that described the paths electrons would most likely follow in their orbits around the nucleus.  The formulas that Schrödinger developed in 1926 would be later called the basis of quantum mechanics, and awarded him a Nobel Prize. Eventually, Schrödinger determined that instead of Bohr's suggested orbits, there were actually orbitals. Instead of the idea of the electrons following a pre-determined path, the electrons would be moving around in an area. These ideas, including the quantum mechanical formulas, were presented in his "Wave Mechanical Formula." This model eventually became the new Modern Atomic Theory. 
Here is a quantum mechanical picture of a Hydrogen atom. The nucleus is not shown, but is located at the center of the picture. 
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Some things to notice: 

· You can see where the electron is most likely to be: near the nucleus.  

· You can't tell exactly where the electron is, just where it is most likely to be. 

· The individual dots are not electrons. They are meant to be used in the context of how dense or heavy an area of dots appears. 

· The more crowded (or heavier packed) the dots are in a particular region, the better chance you have of finding the electron there. 
Wave Mechanical Model: Power Boat Analogy
When a power boat is cruising on a lake, the wave which it produces has its greatest amplitude right at the boat, and the amplitude decreases as the distance from the boat increases. Thus you could locate the most probable location of the boat by analyzing the amplitude and energy of its associated water wave.

This is analogous to the wave mechanical model which visualizes the atom as a positive nucleus surrounded by vibrating electron waves. The Schrödinger Wave Equation describes the amplitude and other characteristics of the waves which are associated with the moving electrons, and thus it also is able to describe the energy and location of the orbiting electrons.


Why weren't cellular phones invented at the same time that regular phones were invented?

Why weren't CD's around when 8-tracks were?

This is because advances in technology require previous levels of discovery.  After the following study of Atomic Theory, you will discover that scientific theory also requires previous levels of theorization.  In other words, the new Modern Atomic Theory or the currently accepted Atomic Model didn’t surface overnight.  It took two centuries of work by several different scientists to come up with the currently accepted model of the atom.  
Introduction:

Most people know that the atom is the basic building block of all matter, but it is so much more than that.  So, what exactly is an atom?  Who first came up with the idea of an atom?  What is the atomic theory?  What is the current model of the atom?  Over the past 2000 years our concept of the atom has changed many times.  Why does it keep changing?  Is there anything smaller than an atom? 

The following key scientists have pondered these questions and have contributed greatly to the new Modern Atomic Theory with their individual and collaborative discoveries.  These are the scientists that will be the focus of the activities that follow.
  

· Democritus – All things are "composed of minute, invisible, indestructible particles of pure matter which move about eternally in infinite empty space."  
· John Dalton - Developed five theories that he believed were true of atoms.
· J.J. Thomson – “Plum Pudding” model of the atom; discovered electrons.
· Ernest Rutherford - discovered the nucleus of the atom and developed the planetary model of the first structure of the atom. 

· Niels Bohr - perceived the problem with Rutherford's planetary model of the atom, and used Planck's quantum theory to describe the phenomenon of electron movement. He used Heisenberg's uncertainty principle to redefine further electron motion in the atom. 
· Erwin Schrödinger - developed the equations that define the wave-like traits of atomic behavior as deduced from spectral analysis. 

Other important scientists involved in the development of the current Atomic Model include Millikan (known for his Oil Drop Experiment in which he determined the charge of an electron); de Broglie (who is credited with the idea of the duality of the electron (as particle and wave)); and Heisenberg (known for his “Uncertainty Principle” which states that locating a particle in a small region of space makes the momentum of the particle uncertain; and conversely, that measuring the momentum of a particle precisely makes the position uncertain).
Optional:

Before the Main Activity:
1. Have students draw a picture of an atom. 
2. Briefly discuss the commonalities in the pictures. Explain that their concept is widely used and useful, but has some serious limitations. The purpose of this lesson is to point out the limitations and the ways scientists have changed their concept of the atom.

After the Main Activity:
1. Have students draw a new picture of an atom beside the one they drew initially. Discuss how their pictures are different from their original atoms.

2. Discuss difficulties in drawing quantum mechanical atoms and how the students attempted to overcome these difficulties.

Main Activity:  Group Project
   
Objective:

To understand the history of the atom by researching the various scientists that led us to our current model of the atom – the Quantum Mechanical Model.    
Procedure:

1. Divide the class into small groups of 3 or 4 students.       
· Each team member is expected to contribute equally to the project.

· Each team will decide among themselves as to what each team member is going to do. Remember that each person on the team is expected to understand all the parts of atomic history, not just the part they researched.

· Each team will be expected to present their project to the class.  

2. Investigate the contributions of the following scientists to the current Atomic Model.
· Democritus

· Dalton

· Thomson

· Rutherford

· Bohr

· Schrödinger

3. Complete a formal written report as well as a class presentation (format optional).
Some questions to consider in your research:

In the Beginning

· Who came up with the term ‘atom’?

Democritus  

· Who was Democritus?  Include full name, time, profession, other interesting personal information.

· What was the main difference between Democritus and “the others” that came after him?

Dalton  

· Who was Dalton?  Include full name, time, profession, other interesting personal information.

· What was Dalton’s atomic theory?

· What was his atomic model?

· What did he say about compounds and chemical reactions?

· What was the problem or issues with this model? 

Thomson 

· Who was Thomson?  Include full name, time, profession, other interesting personal information.

· What was Thomson’s model?

· What is the special name of his model?

· Which subatomic particles does his model have?

· What was the problem or issues with this model? 

Rutherford
· Who was Rutherford?  Include full name, time, profession, other interesting personal information.

· What was his model?

· What led him to make his theory?

· What experiment did he do and why was he so astonished?

· What was significant about his discovery?

· Which subatomic particles does his model have?

· Who discovered the proton?

· What was the problem or issues with this model?

Bohr
· Who was Bohr?  Include full name, time, profession, other interesting personal information.

· What was his model?

· How did he explain the main problem with the Rutherford model?

· How were the energy levels described?

· What does quantized mean?

· What is an orbit?

· Can electrons move from energy level to energy level?

· What was the problem or issues with this model?

Schrödinger 
· Who was Schrödinger?  Include full name, time, profession, other interesting personal information.

· What was his model?

· How does this model describe the atom?

· Why is it better than the Bohr model?

· What is an orbital and how is it different than an orbit?

Included at the end are links to websites that you will help you complete this project.  
Sample Presentation Rubric:  

	
	Levels of Performance

	Scientist


	1
	2
	3
	4

	 

Democritus

 
	Explains some of the information but not all of it, or the information is incorrect. 
	Explains who he was or his concept of the atom but is missing information. 
	Explains who he was and his concept of the atom, but is missing some information.   
	Fully explains who he was and his concept of the atom.

	 

Dalton

 

 
	Explains some of the information but not all of it, or the information is incorrect. 
	Explains who he was, his Atomic Theory, or his Atomic Model, but is missing information.
	Explains who he was, his Atomic Theory, and his Atomic Model, but is missing some information.
	Fully explains who he was, his Atomic Theory and his Atomic Model, and includes a description of his experiments.

	 

Thomson

 

 
	Explains some of the information but not all of it, or the information is incorrect.
	Explains who he was or his concept of the atom, but is missing information.
	Explains who he was and his concept of the atom, but is missing some information.
	Fully explains who he was and his concept of the atom; includes a description of his experiments and how it built on the previous atom.

	 

Rutherford

 
	Explains some of the information but not all of it or the information is incorrect.
	Explains who he was or his concept of the atom, but is missing information.
	Explains who he was and his concept of the atom, but is missing some information.
	Fully explains who he was and his concept of the atom; includes description of his experiments and how it built on the previous atom.

	Bohr
	Explains some of the information but not all of it or the information is incorrect.
	Explains who he was or his concept of the atom, but is missing information.
	Explains who he was and his concept of the atom, but is missing some information.
	Fully explains who he was and his concept of the atom; includes a description of his experiments and how it built on the previous atom.

	Schrödinger (Quantum Theory)
	Explains some of the information but not all of it or the information is incorrect.
	Explains who he was or his concept of the atom, but is missing information.
	Explains who he was and his concept of the atom, but is missing some information.
	Fully explains who he was and his concept of the atom; includes a description of his experiments and how it built on the previous atom.

	
	Levels of Performance

	Criteria
	1
	2
	3
	4

	Timing / Sequence


	Timing and sequence are not correct. 
	Timing and sequence are somewhat correct – three or more items are incorrect. 
	Timing and sequence are mostly correct – only one or two incorrect items. 
	The timing and the sequence are correct.

	Written Report 
	Very little effort or thought was put into the report.
	Frequent mistakes, misspelled words, messy,  disorganized report.  .
	Overall a good report with evidence that effort went into it, but a few minor mistakes.
	Over all an excellent, extremely well written report with clear evidence that effort went into it.

	Oral Presentation
	Very little effort or thought was put into the oral presentation, many mistakes were made and some group members did not participate.
	Frequent mistakes were made and students did not appear to have a good command of the information during the oral presentation; not all of the group members participated or very little.
	Overall a very good oral presentation, students knew most of their information and everyone participated in the presentation. 
	An excellent oral presentation, students knew their information and everyone had an equal part in the presentation. 


Additional/Optional Class Activity:

Together as a class, create a timeline describing the progression of the atomic models from the very first conception of the atom until the current model of the atom – the quantum mechanical model.  The timeline will include all of the major discoveries and theories of the atom. It is important that students know that each scientist that contributed to the various models of the atom did not start from scratch. They started with what the scientist before them had already discovered and went from on there, either adding new information or revising and reworking what did not work with the previous model. The timeline should, therefore, include explanations of the problems and/or limitations of each model that inspired the next scientist to do research in that area. 
Include the following information 

· At least one graphic of what the scientist thought the atom looked like 

· Scientist primarily responsible 

· Year or century model was adopted 

· Why this model was adopted (what question did it answer? What did it explain?) 

· Evidence that this model was accurate (indicate major experiment done) 

Summary Questions:
1. How were the atomic models developed when no one had seen the atom?
2. What flaws exist in Dalton's, Thomson's, Rutherford's and Bohr's model of the atom? Do any flaws exist in the modern quantum model of the atom? Explain.
3. Which of Dalton's principles were contradicted by the work of J.J.Thomson?  Do any of Dalton's principles still hold true completely today? If so, which ones hold true? 
4. Describe Rutherford's model of the atom. Why was he so amazed by the results of his experiment? What flaws exist in his model? 
	It turns out that this quantum mechanical view of the atom is our best theory to date on how atoms work.  The quantum mechanical model does a much better job in describing and predicting how atoms behave than the planetary/orbit model does. 


*See below for online resources 

Advanced Simulation Activity:
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Model of the Atom Simulation:


� HYPERLINK "http://phet.colorado.edu/simulations/sims.php?sim=Models_of_the_Hydrogen_Atom" �http://phet.colorado.edu/simulations/sims.php?sim=Models_of_the_Hydrogen_Atom�


Click on “Run Now”.


Check the Show Spectrometer box and turn on the “White light gun” Have upper left lever on “Experiment”


Part I: What can we observe going into and out of this experiment ?


1.  The “White light gun” is shining white light onto the sample of Hydrogen Gas molecules in the box.  Watch awhile and see if anything happens to the different colored “light particles” (photons) going in or coming out of the box.  What does the box represent?


Record your observations.


2.  Why do the photons (particles) of white light have different colors?


3.  The spectrometer (bottom right) shows which colored photons are emitted (released by) the atom represented in the box.  After the simulation has been running for awhile, list the wavelengths of the colors that have come from the atom.


4.  Calculate the energy (in Joules) corresponding to a “photon” for each wavelength you see.  Use E = hc/ below where h = 6.63 x 10-34J-sec.   Show work for one energy calculation.


	Wavelength		Energy (Joules)














5.  Are photons of all colors being emitted by the atom and being detected by the spectrometer?  Use the diagram below to help formulate your answer:


� INCLUDEPICTURE "http://www.astro.bas.bg/%7Epetrov/herter00_files/lec05_06.gif" \* MERGEFORMATINET ���














Part II: How well do predictions explain the observations?





The Bohr Model of the Hydrogen atom was specifically developed to explain the emission spectroscopy associated with pure elements as you have seen.  What models of the atom did it replace?  Why?  For this, take a look at the models of the atom that have come before:


1.  Switch from Experiment to Prediction in the upper left hand corner of the simulation.


Highlight the Billiard Ball model (Dalton’s model).  Do you see any spectral lines?


What did this model of the atom say about the internal structure of the atom?


2.  Switch to the Plum Pudding model (proposed by JJ Thompson).  What observations in the spectrometer results are different?  Is this model adequate?  What did this model of the atom say about the internal structure of the atom?


3.  Switch to the Classical Solar System Model (Rutherford from Gold Foil Experiments).  What happened?  Also turn on the Show electron energy level diagram in the upper right hand corner. Why did scientists not accept this model for very long, and search for a different explanation of atomic structure?


4.  Switch to the Bohr model.  Watch to see what happens in the simulation, the electron energy level diagram and the spectrometer.  Do results agree with the original simulation? Explain all correlations.


5.  What do the n=1,2,etc refer to?  Which one is the “ground state” of the hydrogen atom.  Why do electrons often go there?


6.  It turns out, that new modern physics really got going when Bohr proposed his model of the atom because there were still mysteries about the behavior of atoms that needed to be addressed.  Turn on the deBroglie model.  What is different about how the electrons are represented here?  How well does the energy level diagram and the spectrometer results agree with Bohr?  Write your observations.


7.  Finally, turn on the Schrodinger model of the atom.  An analogy to the energy levels in the atom is the "Quantum Stepladder" where the rungs on the ladder correspond to energy levels in the atom.  List your observations.
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Links to Background Information of Atomic Theory Scientists:


Democritus 


� HYPERLINK "http://www.utm.edu/research/iep/d/democrit.htm" �http://www.utm.edu/research/iep/d/democrit.htm� 


� HYPERLINK "http://www.phys.virginia.edu/classes/252/atoms.html" �http://www.phys.virginia.edu/classes/252/atoms.html� 


� HYPERLINK "http://education.jlab.org/qa/history_01.html" �http://education.jlab.org/qa/history_01.html�


Dalton 


� HYPERLINK "http://dl.clackamas.edu/ch104-04/dalton's.htm" �http://dl.clackamas.edu/ch104-04/dalton's.htm�


� HYPERLINK "http://www.iun.edu/~cpanhd/C101webnotes/composition/dalton.html" �http://www.iun.edu/~cpanhd/C101webnotes/composition/dalton.html�


Thomson 


� HYPERLINK "http://dbhs.wvusd.k12.ca.us/webdocs/AtomicStructure/Thomson-Model-Intro.html" �http://dbhs.wvusd.k12.ca.us/webdocs/AtomicStructure/Thomson-Model-Intro.html�


� HYPERLINK "http://www.chemheritage.org/classroom/chemach/atomic/thomson.html" �http://www.chemheritage.org/classroom/chemach/atomic/thomson.html�


� HYPERLINK "http://www.ux1.eiu.edu/~cfadd/1160/Ch29Atm/Ruthrfd.html" �http://www.ux1.eiu.edu/~cfadd/1160/Ch29Atm/Ruthrfd.html�


Rutherford 


� HYPERLINK "http://www.pbs.org/wgbh/aso/databank/entries/dp13at.html" �http://www.pbs.org/wgbh/aso/databank/entries/dp13at.html� 


� HYPERLINK "http://www.windows.umich.edu/people/modern_era/rutherford.html" �http://www.windows.umich.edu/people/modern_era/rutherford.html� 


� HYPERLINK "http://scienceworld.wolfram.com/biography/Rutherford.html" \t "_blank" �http://scienceworld.wolfram.com/biography/Rutherford.html�


Bohr 


� HYPERLINK "http://www.pbs.org/wgbh/aso/databank/entries/dp13at.html" �http://www.pbs.org/wgbh/aso/databank/entries/dp13at.html� 


� HYPERLINK "http://www2.lucidcafe.com/lucidcafe/library/95oct/nbohr.html" �http://www2.lucidcafe.com/lucidcafe/library/95oct/nbohr.html� 


� HYPERLINK "http://www.mhhe.com/physsci/astronomy/applets/Bohr/applet_files/Bohr.html" �http://www.mhhe.com/physsci/astronomy/applets/Bohr/applet_files/Bohr.html�  (applet)


� HYPERLINK "http://www.walter-fendt.de/ph11e/bohrh.htm" �http://www.walter-fendt.de/ph11e/bohrh.htm�


� HYPERLINK "http://csep10.phys.utk.edu/astr162/lect/light/bohr.html" �http://csep10.phys.utk.edu/astr162/lect/light/bohr.html�


� HYPERLINK "http://dbhs.wvusd.k12.ca.us/webdocs/Electrons/Bohr-Model-part1.html" �http://dbhs.wvusd.k12.ca.us/webdocs/Electrons/Bohr-Model-part1.html�


Modern / Wave Atomic Theory


� HYPERLINK "http://science.jrank.org/pages/626/Atomic-Models-modern-atomic-model.html" �http://science.jrank.org/pages/626/Atomic-Models-modern-atomic-model.html�


� HYPERLINK "http://members.aol.com/profchm/quantum.html" �http://members.aol.com/profchm/quantum.html�


Other Excellent Resources:  


� HYPERLINK "http://www.visionlearning.com/library/science/chemistry-1/CHE1.2-atoms.htm" \t "_blank" �http://www.visionlearning.com/library/science/chemistry-1/CHE1.2-atoms.htm�  


� HYPERLINK "http://www.visionlearning.com/library/module_viewer.php?mid=51" �http://www.visionlearning.com/library/module_viewer.php?mid=51�








You Tube Videos:


� HYPERLINK "http://www.youtube.com/watch?v=BhWgv0STLZs&feature=related" �http://www.youtube.com/watch?v=BhWgv0STLZs&feature=related�




















