Quantum Mechanics

I. Review:  

a. Ernest Rutherford discovered the nucleus using Alpha particles and firing them at a thin piece of gold foil.

b. J.J. Thompson discovered electrons using a cathode ray tube.

c. John Dalton proposed his atomic theory furthering our knowledge of the atom.
II. Modern Models-

a. Bohr Model- Developed by Neils Bohr 

i. Described by Bohr as having a very dense nucleus surrounded by electrons traveling in definite orbits.
ii. Otherwise known as the “Planetary Model”
iii. 
b. Quantum Model- 
i. The de Broglie Hypothesis:  Working with light spectra, he hypothesized that if photons (light waves) can exhibit qualities/properties like particles, then particles can exhibit qualities/properties like photons
1. Does that mean that electrons are waves or particles?
a. Both depending on the study.  (wave-particle duality of nature)
ii. WAVES:  Shrodinger’s Equation:
1. A mathematical graph of the function of the electron’s wave pattern can be made.
iii. PARTICLES:  Heisenberg’s Uncertainty Principle:
1. You can never know the exact position and momentum of an electron at the same time.
iv. Max Born:  Showed that by squaring a portion of Shrodinger’s equation, you can get a numerical probability of an electron’s position.
v. Described the electronic structure of the atom as the probability of finding electrons within certain regions of space.
vi. As energy gets introduced to an electron, it takes one “Quantum” of energy to move from one energy level to the next.
vii. Concerned with predicting the probable location of electrons.

1. When all the possible mathematical solutions are graphed, a 3-D shape results  (a "cloud" of probability) (orbital)

2. Although drawn spherical, atom is not necessarily spherical.

viii. Similarity to Bohr:  Based on quantized energy levels of e-.
ix. Unlike Bohr:  Does not define the exact path of an e-, just probability of finding an e- in a certain position.
http://winter.group.shef.ac.uk/orbitron/AOs/1s/index.html
III. Quantum Numbers?
a. The contemporary model of the atom assigns principle quantum numbers that indicate the relative sizes and energies of atomic orbitals.  There are four quantum numbers.  We will only discuss the first two.
b. n specifies the atom's major energy levels
i.  Average distance from the nucleus 
ii. Called energy levels, or shells 1 to 7 (correspond to Bohr's model) 
iii. Level 1, the closest to the nucleus and has the lowest energy level called ground state 
iv. Level 7 is the furthest from the nucleus and has the highest level of energy 
v. The energy of the electron depends primarily on this number 

	n
	1
	2
	3
	4
	5
	6
	7

	Max # of electrons
	2
	8
	18
	32
	50
	72
	98


vi. To calculate the maximum number of electrons use the equation 2n2 the period (rows) in the periodic table indicate the energy level for the elements in that row.  Within each n energy level, there are subshells each with distinctive shape.
c. Energy Levels:  
i. Electrons travel in energy levels according to # of electrons in the atom. 
ii. Energy levels can be determined based on the row/period that the element is in. (1-7)
d. Aufbau Principle: Electrons fill the lowest energy level first.
i.e. When you pour milk into a glass, where does the milk go 1st?

e. 1st EL-has 1 orbital/sublevel/shape:






Spherical  (holds 2 electrons)

i. Electrons travel in pairs.

1. If they have the same charge, the how is this possible?


Remember the Planetary model:  The electron orbits the nucleus AND spins.


A moving charge (e-) creates an electric field, which in turns creates a magnetic field.  These 2 electrons spin in opposite directions, therefore opposite magnetic fields—attracting, allowing 2 electrons to travel in the same “cloud” without repelling each other.

f. 2nd EL-has 2 orbital/sublevels/shapes:






Spherical (holds 2 electrons)







‘s’








Perpendicular dumbbells (3- 
  
x-axis

y-axis

z-axis

one on each axis.  Holds up 







to 6 electrons)









‘p’

ii. Pauli Exclusion Principle:  One electron in each orbital (axis) THEN double up.  Only 2 electrons in each orbital.  (Go Clockwise)  Remember, magnetic pull of opposite spins on electrons.  Up or Down.





iii. Hund's Rule: When electrons occupy orbitals of the same shape on 





the same energy level, one e- enters each orbital until all orbitals 





contain an e- of the same spin direction.

g. 3rd EL-has 3 orbitals/sublevels/shapes:









‘s’  holding 2 electrons
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Holding 6 electrons
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Holding 10 electrons
	Energy Level (n)
	# Shapes Possible
	Identity of shapes

	1
	1
	s

	2
	2
	s,p

	3
	3
	s,p,d

	4
	4
	s,p,d,f


	Sublevel
	# of this shape possible per energy level
	Total # of electrons possible in this orbital per energy level

	s
	1
	2  [1 pair]

	p
	3
	6 [3 pair]

	d
	5
	10  [5 pair]

	f
	7
	14 [7 pair]





[note:  memorize this chart it is important!]
[image: image1.jpg]



IV. Practice:

Draw:

H

EL: 1

#e-:  1

Group: 1A

He

EL: 1

#e-: 2

Group: 8A

Li

EL: 2

#e-: 3

Group: 1A

O

EL: 2

#e-: 8

Group: 6A
V. Electron Configuration
a. Are a method of using the quantum mechanical model of the atom to predict the probable location of electrons in every type of atom.

b. The Diagonal Rule

A rule of thumb for determining electron configurations of all 


elements
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c. Examples:

H



Li



C



F



Ne

VI.  Orbital Diagram (Aufbau Diagram)-

a. Includes a box for each of the atom's orbitals.  An empty box indicates an unoccupied orbital; a box containing a single up arrow represents an orbital with one electron and a box containing both up and down arrows represents a filled orbital (2 electrons).  The direction of the arrow’s represent the electron’s spin and can not have two electrons in the same box with the same spin.



H



Li



C



F



Ne

b.  Electron Configuration using the Noble Gas shortcut.  You may write the electron configuration for an element using the previous noble gas before.  See example.

Nickel     [Ar] 4s23d8
Practice:

Ru

Cs

Ra

Cl

Po

VI. Lewis Dot Diagrams (Dot notation)-

1. Valence electrons are electrons in the outermost energy level of an element.

2. The group number is a shortcut for representative elements only.

3. Dots to represent the valence electrons.

4. Valence electrons determine the chemical properties of an element.

5. The symbol of the element represents the nucleus and all inner energy level electrons.

6. Used to show valence electrons available for bonding



Example:



H



Li



C



F



Ne

