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Notes – Changing Atomic Models

A model is a visual, verbal or mathematical explanation of how phenomena occur or how data and events are related.  Because atoms are so small, models are helpful to explain their structure.  As we have learned more about the atom, we have had to update our models of it.  This outline traces the atomic model from the ancient Greeks to our modern model.
Ancient Greek philosophy
I. The Greek model

A. Approximate year 


B. Person credited 




C. Brief description of model 
   


D. This model was not well accepted because 

E. Although much knowledge of applied chemistry was gained in the next nearly two thousand years (look up alchemy if you are interested), there was little advancement in the atomic model.

F. A “picture” of the Greek model:

John Dalton, the father of the modern atomic model

II. Dalton’s model

A. By the late 1700’s scientists were doing quantitative studies of chemical reactions.  These experiments led to the discovery of basic laws.  

1. Law of conservation of mass (matter): 



2. Law of definite proportions: 



3. Law of multiple proportions: 



B. Approximate year 


C. To explain these laws, Dalton proposed his atomic model that included

D. A “picture” of Dalton’s model:
J. J. Thomson, discoverer of the electron

III. Thomson’s model

A. Advances in technology made possible experiments to look closer at the atom.  These included the invention of the vacuum pump and Crooke’s tube (cathode ray tube, CRT).

B. Approximate year 


C. Thomson studied the results of running electrical currents through small amounts of gas in a sealed glass tube.  He noticed a stream of particles he called cathode rays that

D. Robert Millikan did further studies on the cathode rays to determine 



E. Cathode rays are now called 



, the first subatomic particle discovered.

F. Dalton’s model of the “indivisible” atom had to be revised because 



G. Thomson’s model included 



H. A “picture” of Thomson’s model, also called the 



 or 




 model:
Ernest Rutherford, discoverer of the nucleus

IV. Rutherford’s model

A. The discovery of 



 by Henri Becquerel in 1896 provided scientists with tiny high energy particles they could use as probes to study the atom.


B. Approximate year 


C. Ernest Rutherford aimed alpha particles from a radioactive source at thin metal foil.  He expected the alpha particles to 

D. Sketch the setup of Rutherford’s experiment, showing the paths of some alpha particles.

E. Rutherford concluded that atoms contain 


The negative electrons in an atom move around this 
 like 

F. Thomson’s atomic model had to be revised because it could not explain 



G. A “picture” of Rutherford’s model:
James Chadwick, discoverer of the neutron

V. Rutherford’s model + Neutrons

A. The nucleus contains most of the atom's ______________ as well as the _____________ charge. 
B. At the time it was believed that protons supposedly accounted for this _______________. 
C. However, a nucleus with twice the charge of another should have ______________ the number of protons and ______________ the mass. But this did not prove correct. 
D. Rutherford speculated in 1920 that there existed electrically _______________ particles with the protons that make up the missing mass but no one accepted his idea at the time.
E. Not until 1932 did the English physicist James Chadwick finally discover the _______________. 
F. He found it to measure slightly heavier than the proton with a mass of 1840 electrons and with no charge (neutral). 
G. Although scientists knew that atoms of a particular element have the same number of ______________, they discovered that some of these atoms have slightly different masses. 
H. They concluded that the variations in mass result, more or less, from the number of ____________ in the nucleus of the atom. 
I. Atoms of an element having the same atomic number but different atomic masses get called ________________ of that element.
J. Draw the atom of sodium-23, include the correct number of protons and neutrons in the nucleus.

Neils Bohr, discoverer of the quantum 

VI. Bohr’s model

A. Rutherford’s model could not explain some observations.

1. Classical (Newton’s) physics predicted that accelerating charged particles must 



, meaning that electrons moving around an atom’s nucleus should 





.  However, most atoms are stable.

2. The photoelectric effect is the emission of electrons from metal surfaces struck by 



a. Planck proposed that the energy of light is related to its 
,  E = 

b. Einstein suggested that light behaves both like 


 and like 


3. Excited atoms of each element emit only certain frequencies of light called its 



B. Approximate year 


C. Bohr proposed that electrons 








 and must gain or lose energy in certain packages called 



.
D. In order to move from its ground state to an excited state further from the nucleus, an electron 
must 




, and to move to a lower energy state closer to the nucleus it must 



.
E. Bohr used this theory to explain the emission spectrum of 



.
F. A “picture” of Bohr’s model:
The modern model 
VII. The quantum model (also called the quantum mechanical or wave mechanical model)

A. Bohr’s model could not explain the behavior of atoms that have 




 because it could not account for 









B. Our modern model resulted from the work of several scientists including…

1. de Broglie who stated that particles like electrons have properties of 


 and of 



.
2. Schrödinger who applied the mathematics of 


 to electrons.

3. Heisenberg who stated in his uncertainty principle that we can never know at the same time both the exact 


 and the 


 of any particle like an electron.  For example, if we look for an electron with waves of light, it could absorb a quantum and 







.
C. Approximate years 




D. The quantum model is a 



 model that uses equations to calculate where in an atom an electron is likely to be found.  This region in space is called an electron’s 



.  The location of the electron in an atom is described by its four






.
E. A “picture” of the quantum model:
