Chapter 8  - Class Notes 







Chemistry 112

Atomic Orbitals

· The wave equation tells us the probability of finding an electron in space. Some areas have higher probability that others.

·  All the points of high probability can be connected and forms a 3-D shape called an ORBITAL

· Quantum mechanics describes the behavior of extremely small particles traveling at velocities near the speed of light

· Electrons are thought to occupy a region in space (like clouds in the atmosphere)

· The size and shape of the orbital depends on the energy of the electron

Quantum Numbers

· Represent different energy levels

· Change in energy states will occur due to absorption or release of light energy

· There are 4 specific numbers

Principle Quantum Number – n

· This indicated the energy level. 

· Describes the size of the “cloud”

· The levels are numbered 1,2,……n

· The greatest # of electrons in an energy level is calculated by the formula 2n2 

· n = 1  2(1)2  =    2 electrons

· n = 2  2(2)2  =    8 electrons

· n = 3  2(3)2  =  18 electrons

Second Quantum Number - l

· Indicates specific sublevel in the energy level

· Describes the shape of the “cloud”

· The number of sublevels in each energy level varies. It depends on the size of the level. 

· The sublevels are names in order of energy

· s, p, d, f

· For example

· n=1

1 sublevel
s

· n=2

2 sublevels
s,p

· n=3

3 sublevels 
s,p,d

· n=4

4 sublevels
s,p,d,f

· n=5

4 sublevels
s,p,d,f

Overlapping of Energy levels

· Notice that 4s has lower energy that the 3d sublevel

· The lower the energy the more stable the sublevel is
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Third Quantum Number -m

· Indicates the number of orbitals (the space occupied by two electrons)

· This describes the orientation of the “cloud”

· Sublevel s
contains 1 pair of electrons

· Sublevel p
contains 3 pairs of electrons

· Sublevel d 
contains 5 pairs of electrons

· Sublevel f
contains 7 pairs of electrons

Fourth Quantum Number – n

· Indicated the spin of the electron [clockwise (1) or counterclockwise (-1)]

· The two electron in the same orbital have opposite spin

· Pauli Exclusion Principle

· No two electron in an atom can have the same set of four quantum numbers 

Distribution of Electrons in an Atom

· An orbital diagram is a 1-D energy graph showing the relative energies of orbitals in each energy level and sublevel

· See handout for diagram

· Hund’s Rule – no electron pairing takes place in sublevels until each has one electron first.

· Remember in neutral atoms #P = #E

· Example: oxygen

  Electron Configuration 

· Same information as tables but in a more concise format

· Steps to writing electron configurations:

· Determine total # of electrons in atom or ion

· Start assigning electrons in increasing order of energy level and sublevel

· Continue this assignment using the diagonal rule (helps with overlapping)

   [image: image2.png]796 74107614



    
“Core” or “Kernel” short cut

· The noble gases are unique because their electron configurations involve completely filled energy levels

· Can abbreviate large electron configurations by starting with the noble gas that precedes it

· example

· Exception

· Group 6 and 11: 

· Cr – [Ar]4s13d5   instead of [Ar] 4s23d4    Why?

  Electron Dot Diagrams

·    Our primary concern when dealing with electrons in the electrons in the outer energy level. These are called VALENCE ELECTRON

· Rules:

· first 2 electron is “s” orbital (top)

· other electrons (1-6) fill the “p”orbitals one at a time (Hund’s rule)

· Will never have more that 8 electrons
  VSEPR Theory

·    Evidence indicates that molecules have definite 3-D shapes

· These shapes are important in determining the physical and chemical properties 

· A theory for predicting and explaining molecular shapes was developed by Ronald Gillespie (McMaster Univ.)

· Valence shell electron repulsion theory

· The electron pairs (shared or lone), around the central atom, repel each other and arrange themselves as far apart as possible to 

· minimize the repulsion  

Shapes:
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Determining Molecular Formula

· Must have evidence that includes 

· % composition

· Molar Mass

· % composition - combustion analyzer 

· Several mg of compound is burned inside the combustion chamber and the quantities of combustion products such as CO2 ,H2O, and SO2 are measured. A computer determines the % mass of each element of the compound  that is described as an empirical formula

·   Molar Mass – Mass Spectrometer

· A small gas sample is bombarded by a beam of electrons which cause the molecules to break up into charged fragments. They are accelerated by an electron field and deflected by a magnetic field. The amount of deflection depends on the fragments mass. The molar mass of the largest fragment is the molar mass of the original sample

Steps to solve for molecular formula

· Find mass of each element 

· ( %  of element x  molar mass)

· Convert mass to amount of  moles of each element 

· (Mass  / atomic mass of element)

· Find the whole number ratio of atoms in the molecule 

