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Unit 10: Atomic Structure and Theory  
A: Defining the Atom  
     
Democritus:   Matter is made of “indivisible parts” he called atomos  “meaning cannot be cut". Because of his 
ideas we still call these particles atoms. 

John Dalton:  Proposed that atoms are small indivisible spheres.     

Dalton’s Model of the Atom:    Was called the “Billiard Ball” model and was a hard sphere.   

Einstein:  Proves atoms exist!!! 

JJ Thomson:  Thompson did experiments with cathode ray tubes. He found that all atoms contain a little 
particle he called the electron. Thompson theorized that since atoms are neutral they must also contain positive 
charges.ï 

Thomson’s Model of the Atom:    Was called the “Plum Pudding or Raisin Bun” model and was positive dough 
with negative electrons like raisins scattered throughout. 

E. Rutherford:  Rutherford did experiments with radioactive Polonium which emitted positive particles called 
alpha particles. In an experiment he shot the positive alpha particles through a piece of gold foil and then onto a 
screen. From the screen he determined what happened to the particles as they went through the atoms in the foil. 
Most of the particles went straight through but a few were deflected and some came straight back. He then 
concluded atoms are mostly empty space with a dense positive center he called the nucleus. He called the 
positive particles in the nucleus protons. Alpha particles are deflected by the nucleus if they get close enough. 

Rutherford’s Model of the Atom:    Was called the “Planetary Model” and has a very small compact nucleus 
made of positively charged protons with electrons around the outside in circular orbits in a lot of empty space. 

Chadwick:  In 1932 Chadwick discovered the neutron.  

Bohr:  Energy can be used to make electrons go from an inner orbit to a farther out orbit. He theorized electrons 
are in very specific energy levels around the nucleus. If an electron can gain a precise amount of energy it will 
jump to a higher level until it is pulled back to its original position. This is called a quantum leap. 

Bohr’s Model of the Atom:    A positive charged very dense nucleus with electrons around the nucleus in a lot of 
empty space and located in orbitals in specific energy levels. 

Schrodinger :  Treated an electron as an energy wave and proposed that an atom has a positive nucleus and is 
surrounded by electrons acting as wave patterns in different cloud shapes.  Schrödinger combined the equations 
for the behavior of waves with the de Broglie equation to generate a mathematical model for the distribution of 
electrons in an atom. 

Born and Heisenberg:  Treated an electron as a particle and came up with an atom with a positive nucleus, 
surrounded by probable locations where the electron can be found, and this also made different cloud shapes. 
Their cloud shapes matched those that Schrodinger came up with when he treated the electrons like energy 
waves. 

It turns out electrons act as both particles and like energy waves. 
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Quantum Mechanics or the modern day model of the Atom:    Based on Schrodinger, Born and Heisenberg’s 
work, this model places electrons in cloud shape orbitals – places where electrons can be found 90% of the time. 
We will go over this in a later section 

B: Light – Electromagnetic Radiation: 

• Electromagnetic waves: (radiation) – another name for light waves 

• Electro Magnetic Radiation categories-  

1. _____________________________(low energy) 

2. _____________________________ 

3. _____________________________ 

4. _____________________________ 

5. _____________________________ 

6. _____________________________ 

7. _____________________________(high energy very dangerous!!!!) 

• Speed of light:  travels at 2.998 x 108 m/sec or 186,000 miles/sec 

2 ways we see colors 

Emitted Light: __________________________________________________________________________ 

Reflected Light: _________________________________________________________________________ 

Every element or compound when given a lot of energy, gives off its own set of colors called its Spectrum 
 

Spectroscopy – identifying a substance by its spectrum.   

 
Spectrum Analysis:   (Bohr) 
 

• Bohr’s theory – electrons can only be in certain areas around the nucleus called orbitals which are in 
bigger areas called energy levels. 

 
Bohr asked 2 important questions: 
1.  Why do atoms give off a set of colors (spectrum) when given a lot of energy? 

The energy enables the electrons to pull away from the positive charged nucleus and go to farther out energy 
levels. A fraction of a second later the nucleus pulls the electron back and the extra energy is released as a 
photon of light. This light is what produces the spectrum. 

 
2.  Why do different types of atoms give off a different set of colors (different spectrum)? 
Every type of atom has a different number of protons, so they have a different positive pull from the nucleus. 
Therefore the energy needed to jump to farther out orbitals requires a different amount of energy. So on the 
way back down this different energy is also released in different size photons (different colors). 
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C:   Quantum Mechanics Theory: 
 
Miscellaneous: 
 
Quantum mechanics theory: Name for modern day theory of the atom. 

• Protons (p+) and Neutrons (n) in the nucleus in the center of the atom, the nucleus is very compact 
• The nucleus is held together by the nuclear force which is supplied by the neutrons. 
• Electrons are located outside the nucleus in areas called orbitals which are in larger spherical areas called 

energy levels. 
• The electrons travel at the speed of light in a lot of empty space. 
• The lowest energy level is called the ground state. It takes energy to move out of the ground state. 

 
Subatomic particles: 
 
Protons (p+) in nucleus (smallest unit of + charge)     Mass of proton = 1.67 x 10-24 g  
Neutrons (n) in nucleus function to hold the nucleus together   Mass of neutron = 1.67 x 10-24 g  
Electrons (e-) in outer part of the atom in orbitals within energy levels.  Mass of electron = 9.11 x 10-28 g 
(Smallest unit of – charge)  

 
6 types of quarks: up, down, top, bottom, charm, and strange  (up and down make up protons and neutrons       

and the other 4 are made in high energy collisions) 
 
• All protons are _______________________, all electrons are identical, all neutrons are identical 
• Differences between atoms comes from different numbers _______________________________________ 

 (especially protons) 
• All atoms, before reacting have a ______________________ (same number of protons and electrons) 
• All atoms before reacting have a NEUTRAL CHARGE. Which means they have the ____________ number  

of protons and electrons. (In some types of reactions atoms lose or gain electrons and end up with a + or – charge    
thus becoming an ion.) 

 
 

 
Atomic Number – Indicated by a Z                             The number of p+ in a nucleus  

 
3 things have the same # value  
 Atomic Number  
 Number of protons  
 Number of electrons  

 
Mass number ( Atomic Mass) - Indicated by a A       The # of p+ and n in an atom 

 
2 things have the same # value  
 Atomic Mass 
 Molar Mass  
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Isotope name  
Atomic  
number 

Mass 
Number # of protons # of neutrons # of electrons  

shorthand 
notation 

8 oxygen-16      
 

47 silver-108      
 

10 neon-22      
 

55 cesium-134      
 

19 potassium- 41           

 

 
Isotopes:________________________________________________________________________________________

___________________________________________________________________________________________ 

Example:         Oxygen 16 ________________________________________________ 
   
       Oxygen 17   ________________________________________________ 
   

     Oxygen 18 ________________________________________________  
 

Example (Shorthand notation):    O   O   O 
 
    Nuclide: another name for an isotope.          Example: Oxygen has 3 isotopes (nuclide) 

 
Homework:    Unit 10 Hd 1 

 
D: ORGANIZATION OF ELECTRONS 
           
Electrons are inside orbital within energy levels.        Energy levels are called ________________________  

 
These are spherical areas around the nucleus.            Have the symbol n, called the ____________________ 

 
n = 1, 2, 3, etc from the nucleus 
 
Orbitals – area inside energy levels that can hold a maximum number of 2 electrons    
 
4 main types of orbitals – s, p, d, f 
 
Shapes:  
 
s =    (one of these)   p = _______________ (3 of these)  
 
d = ______________ (5 of these)   f = shape is too complex (7 of these) 
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Electrons have 4 quantum numbers to distinguish them from other electrons in the atom but we are only going to talk 
about 3 of them.  You need to KNOW n,  ms and l 

Principle Quantum Number n indicates energy level 

Indicated by an n 
n = 1, 2, 3, 4, etc   So for an e- on the 4th energy level n = 4 
 
Quantum Number l  indicates type of orbital    Quantum Number ms 

s =  _________        Indicates the type of spin 
p =_________        _____ = clockwise 
d =_________        _____ = counterclockwise 
f =_________  
 
_________________________________________________________________________________________ 
There are n2 orbitals per energy level (n = energy level) 

There can only be 2n2 electrons in each energy level 

One more orbital type is added per energy level as you go out from the nucleus. (there is more room for orbitals  
as the farther you go from the nucleus)  

 
 

 

 

 

 

 
 

 
 
 
 
 
 
 
 
n (energy level)    n2 (# of orbitals)       ℓ (type of orbitals)   #of e- possible( 2 n2 ) 
 
1  12  = 1   1s        1 x 2 =2 e- 

     (1) 
2  22 = 4   2s 2p        4 x 2 = 8 

     (1)(3) = 4 
3   32 = 9    3s 3p 3d       9 x 2 = 18 e-  

     (1)(3)(5) = 9 
4  42 = 16   4s 4p 4d 4f       16 x 2 = 32 e- 

      (1)(3)(5)(7) = 16 
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Electron Configuration:  
Here are the 3 rules electrons always follow if they are in their ground state. 

 
• Aufbau Principle: Electrons will occupy the lowest energy level 

• Pauli Exclusion Principle: Electrons in the same orbital have opposite spins 

• Hund’s Rule: Electrons will only share an orbital if they have to. 

 
 
 
 
 
 
 
 
If 2 electrons are in the same orbital they have opposite spin  
and an opposite magnetic fields. This helps overcome some of the  
negative repulsion. 

 
 
 
 
 
Rules for Writing the e- configuration for atoms and drawing the e- configuration. 
Using you periodic chart follow these short cut rules 
 s and p correspond to the row 
 d’s are 1 behind row 
 f’s are 2 behind row 
 
Whole atom practice: Indicate all of the electrons in the atom 

Example: Fe (26)  1s2 2s2 2p6 3s2 3p6 4s2 3d6 

Ca (20) _____________________________________________________ 

Ag (47)______________________________________________________________________________________ 

U (92)_______________________________________________________________________________________ 

 
 
Noble gas electron configuration (Shortcut) practice:  Go to the row the atom is in and write only those electrons.  
Example: Fe (26)   [Ar] 4s2 3d6 
 
Li(3) ___________________    

Zn(30) ___________________ 

Cl (17) ___________________    

Sn (50) ___________________ 
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Last Orbital Practice: Only the orbital the last electron is in 

Example: Fe(26)   3d6 
 
Li(3) ___________________    

Zn(30) ____________________ 

Cl (17) ___________________    

Sn (50) ___________________ 

Valence Electrons 
Def: electrons on the outer level of an atom 
-electrons that may be involved in bonding to another atom. 
-usually only s and p orbitals 
 
Number of Valence Electrons (read off periodic table ) 
 
The dots represent the valance electrons the element has in it’s outer shell.  
The most an element can have is 8. (Octet rule) 
 
Ca = _______ Pb = ________ Cl=_______ B = __________ 
 
 
Valence Electron Configuration: 
 
Go to the row the atom is in and write only the s and p electrons.  
 
Example: Fe (26)   4s2  
 
Ca (20)  _________________ Ag (47) __________________  Po (84) ___________________  
 
 
Electrons Dot Structures (Lewis Dot ) 
 
The dots represent the valance electrons the element has in its outer shell 

 
Number of Valence electrons: 
 
              _________  _________  _________  _________  _______ 
 
 

Ne   Ca      Pb   Cl   B 
 
 
 
Name that element 
 
The electrons in the last orbital are given. Write the symbol for the element  
Example: 3d6  
 
7s2        _____________________ 5p4 _____________________ 4d1  ____________________ 
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Drawing the whole atom configuration  
 
Whole atom practice: Write out the electron configuration and then draw a picture of all the electrons. Remember 
there are only 2 electrons in each orbital. 
Example: 
 
Fluorine (9)  
 
(Writing)        1s2  2s2               2p5  
 
(Drawing) 
 
Potassium (19) 
 
(Writing)        1s2  2s2               2p6 3s2               3p6 4s1 
 
(Drawing) 
 
 
Homework: Unit 10 Worksheet 2 
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