SCH3U1
Development of the Atomic Theory – Part 2

Rutherford’s Planetary Model of An Atom:
· An atom consists of a central nucleus composed of positively charged protons, and electrically uncharged (neutral) neutrons. 

· Negatively charged electrons revolve round the nucleus in definite orbits. 

· The orbits themselves can be at any distance from the nucleus.

· In any atom, the number of protons is equal to the number of electrons, and hence it is electrically neutral.

Problems with Rutherford’s Model:

1. Since electrons are constantly changing direction as they orbit the nucleus, according to the classical laws of physics the electron should give off energy as electromagnetic radiation (light).  This loss of energy would mean that the electrons should spiral into the nucleus.  All atoms would be unstable.
2. Rutherford’s model also did not account for atomic line spectra.  Since Rutherford proposed that electrons can be at any distance from the nucleus, excited atoms should release energy an a continuous spectrum of light containing all wavelengths of light.  However when atoms are excited in a gas discharge tube, discrete lines (wavelengths of light) are observed.  Each element has a unique line patterns.  Conversely, if light is passed through a cold sample of the same gas, the same wavelengths are absorbed by the gas.
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Neils Bohr and the Quantized Shell Model (1913)
Bohr developed a model that explained the existence of the line spectrum of hydrogen and why the atom does not collapse.  His model has three postulates:

1.  Electrons can only occupy certain discrete orbits or  energy levels.
2.  Electrons can exist in an energy level without losing energy.
3.  Electrons absorb or release energy only when they change their energy levels. 
If electrons absorb energy (say from light) they move to higher energy levels.  If  an electron moves to lower orbit, energy is released as light of a specific wavelength .  Bohr also said that an electron which has been excited to a higher energy level (such as those in a discharge tube) always has to fall back to the original, stable level (ground state).  Since only certain transitions are allowed in Bohr’s model, only certain quantities or “quantums” of energy are given off,   Thus an excited hydrogen atom produces a spectrum of fine lines corresponding to these energy changes.  
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Visible Emission Spectrum of the Hydrogen Atom 
Drawing Bohr-Rutherford Diagrams of Atoms
Bohr-Rutherford diagrams are one model that describes the arrangement of subatomic particles in the atom.   Consider the atom of lithium.  What does the Bohr-Rutherford diagram look like?

Step 1:

Using the periodic table, calculate the number of protons, neutrons and electrons.

Atomic number




Atomic mass


For lithium:
atomic number = 3  

atomic mass =  6.941



mass number = 7  (round the atomic mass to closest whole number)

Therefore:
# protons = atomic number  = 3



# neutrons = n = mass number – atomic number = 7 - 3 = 4



# electrons = # protons = 3
Step 2:

Draw the nucleus by first writing the symbol of the element and indicating the number of proteins (p) and neutrons (n).

Step 3:

Draw the electrons in their orbits.  Only a certain number of electrons can be held in each orbit:


- fill the lower orbits (or energy levels) first


- the first orbit will hold up to two electrons.


- the other orbits can hold up to eight electrons. 


- these rules hold up to calcium (element 20)

Task: 
Draw Bohr-Rutherford Diagrams for element 1-20.   Include the number of protons (p), neutrons (n) and the arrangement of the electrons.

BOHR-RUTHERFORD DIAGRAMS
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