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Unit 4: Bonding, Nomenclature & Molecular Structure
I.  Introduction to Chemical Bonding

Vocabulary

· Chemical Bond
· __________________ force between atoms or ions that binds them together as a ________
· bonds form in order to…

· ______________ potential energy (PE)
· increase ________________
· Molecule
· Smallest electrically ______________ unit of a substance that still has the properties of the substance
· Made up of ___ or more atoms
· Ion
· Atom or group of atoms that have a positive or negative _____________
Types of Bonds

	
	Ionic
	Covalent
	Metallic

	Bond Formation
	
	
	

	Type of Structure
	
	
	

	Physical State
	
	
	

	Melting Point
	
	
	

	Solubility in Water
	
	
	

	Electrical Conductivity
	
	
	

	Other Properties
	
	
	


Determining Bond Type
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· Most bonds are a blend of _________ and covalent characteristics.
· __________________ in electronegativity determines bond type.
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Electronegativity = _________________ an atom has for a ___________ pair of electrons.
· ___________ e-neg atom ( (-
· lower e-neg atom( (+
· Electronegativity Trend: Increases ____ and to the ___________.
· Nonpolar Covalent Bond
· e- are shared _______________
· symmetrical e- density
· usually _______________ atoms 
· Polar Covalent Bond
· e- are shared unequally
· ____________________ e- density
· results in partial charges (_____________) 
· How to Determine Bond Type Using Electronegativity Differences

0 to ~0.4 = ______________ covalent bond

~0.5 to ~2.0 = _____________ covalent bond

Above 2.0 = _______________ bond 
·    Practice Problems:  Determine the type of bond that forms between the atoms in the following compounds.  

a) CO2


b) NaCl

c) CH4 

Unit 4:

Bonding, Nomenclature & Molecular Structure
II. Ionic Compounds

Octet Rule 

· Most atoms form bonds in order to obtain ___ valence e-
· Full energy level stability ~ _____________________

Lewis Structures/Diagrams
· ________________________ Diagrams used to show ______________
· Ionic Compounds – show ______________ of e-
· ____________ + anion = ionic compound

Cation or Anion?

· How do you determine whether an atom loses or gains electrons?

· Look at the ___________ #

· What does that tell you? _____________________________
· Ask yourself, “is it easier to LOSE ______ electrons or GAIN ____ electrons to achieve the _________?”

· Practice Problem

· Aluminum and nitrogen

Al has __ valence electrons




- will it lose __ or gain __?




- Al becomes… 

· N has __ valence electrons




- will it lose ___ or gain __?




- N becomes…
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Naming Type I Binary Compounds (single-charge cations)

· Write the names of both ions, __________ first. 

· Change ending of monatomic ions to -______.
· Examples:

· SrS
________________________________
· AlBr3
________________________________
Formulas for Type I Binary Compounds (single-charge cations)
· Write each ion, cation first.  Don’t show ____________ in the final formula.
· Overall charge must equal _______.
· If charges cancel, just write ____________.
· If not, use _______________ to balance charges (Use Criss-Cross Rule!).
· Some transition metals have only 1 charge:
· ______

______

_______
Criss- Cross Rule

Example:  Aluminum Chloride

Step 1:   _________________________

Step 2:   _________________________

Step 3:   _________________________

Naming Type II Binary Compounds (multiple-charge cations)
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Since the metal ion can have more than one charge, a ____________ numeral is used to specify the charge.
· Determine the charge on the cation using the charge on the ____________
· Example: NiBr2
· NiBr2 = ___________________________
Naming Type II Binary Compounds (multiple-charge cations) PRACTICE PROBLEMS

1. CuCl
_________________________

2. HgO
_________________________

3. Fe2O3
_________________________

4. MnO2
_________________________

5. PbCl2
_________________________

Formulas for Type II Binary Compounds (multiple-charge cations) PRACTICE PROBLEMS
· Roman numerals indicate the ion’s ________________.
· Examples:
· Iron (III) chloride

________
· Tin (IV) oxide


________
· Lead (II) sulfide

________
Formulas for Ternary Compounds (polyatomic ions)

· Use __________________ to show more than one polyatomic ion.

· [image: image5.png]gold ) chloride

AuCl AuCl,
Autand CI- Au’ and 3CI-



Example: _________________

Naming Ternary Compounds PRACTICE PROBLEMS

· NaNO2
_________________________


· KClO2

_________________________

· Ba3(PO4)2
_________________________


· Fe(OH)3
_________________________

· NaHCO3
_________________________

Criss- Cross Rule – Ternary Compounds

Example:  Magnesium Phosphate

More Ternary Compound Examples

1. _____________

zinc phosphate

2. _____________

ammonium carbonate

3. _____________

aluminum sulfate

4. Na2SO4



_________________________

5. LiCN



_________________________

6. Ba(ClO3)2


_________________________

7. _____________

copper (II) hydroxide

Unit 4:

Bonding, Nomenclature & Molecular Structure

III. Molecular / Covalent Compounds (Type III Binary Compounds)

Energy of Bond Formation
· Potential Energy
· based on _______________ of an object

· low PE = high ____________________
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·   Bond Energy
· Energy required to __________ a bond 

· Short bond = _______ bond energy
Naming Type III Binary Compounds

· Prefix System 

1. ________ e-neg atom comes first. 

2. Add prefixes to indicate ___ of atoms.  Omit mono- prefix on ____ element.

3. Change the ending of the second element to -____.

	Prefix
	Number
	Prefix
	Number

	
	1
	
	6

	
	2
	
	7

	
	3
	
	8

	
	4
	
	9

	
	5
	
	10


· Naming Type III Binary Compounds PRACTICE PROBLEMS

· CCl4
_________________________________

· N2O
_________________________________

· SF6
_________________________________

· Formulas for Type III Binary Compounds PRACTICE PROBLEMS

· arsenic trichloride

________

· dinitrogen pentoxide

________

· tetraphosphorus decoxide
________

The 7 Diatomic Elements



________________________________________________
Naming Binary Compounds – REVIEW
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IV. Acids

Definition

· Acids
· Compounds that form ____ in water.
· Formulas usually begin with ‘____’.
· Examples:
· HCl (aq) – _________________ acid
· HNO3 (aq) – ____________ acid
· H2SO4 (aq)– ________________ acid
· Acid Nomenclature
	Anion Ending
	Acid Name

	
	

	
	

	
	


· Practice Problems

· HBr
 (aq)


________________________
· H2CO3 (aq)


________________________
· H2SO3 (aq)


________________________
· hydrofluoric acid

________________________
· sulfuric acid

________________________
· nitrous acid

________________________
Unit 4:
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V. Lewis Diagrams
A. Octet Rule

· Most atoms form bonds in order to have ___ valence electrons.

· Exceptions:

· Hydrogen → __ total valence electrons

· Groups 1,2,3 get __, __, __ total valence electrons respectively

· Expanded octet → more than 8 total valence electrons (e.g. ___, ___. ___)
B. Drawing Lewis Diagrams
· Place atom with lowest EN in the center (except H, which never goes in the center).

· Then use N, A, S, R.

· N =  total number of valence electrons _____________
· A =  total number of valence electrons _____________ 

· S =  total Shared electrons =  (_________)

· R = distribute ______________ electrons to fill octet = (A-S)

# of Covalent Bonds

· Single – sharing of ___ electrons

· Bond length- the __________

· Double bond- sharing of ___ electrons

· Bond length- intermediate
· Triple bond- sharing of ___ electrons

· Bond length- _____________

Examples of Lewis Diagrams

CF4






CO2
C. Polyatomic Ions

· To find total # of valence e-:
· _____ 1e- for each negative charge.

· Subtract 1e- for each ___________ charge.
· Place _____________ around the ion and label the ___________.

Examples of Lewis Diagrams with Polyatomic Ions

ClO4-






NH4+
D. Resonance Structures

· Molecules that can’t be correctly represented by a _________ Lewis diagram.

· Actual structure is an ___________ of all the possibilities.

· Show possible structures separated by a ____________-headed arrow.
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VI. Molecular Geometry

A. VSEPR Theory (____________ Shell Electron Pair ____________ Theory

a. Electron pairs orient themselves in order to ______________ repulsive forces.
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Types of e- Pairs

· ____________ pairs - form bonds

· ________ pairs - nonbonding e-

· Lone pairs repel ________ strongly than bonding pairs!!!

· Lone pairs ____________ the bond angle between atoms.

B. Determining Molecular Shape

a. Draw the _____________________.

b. Tally up e- pairs on _____________ atom.

· double/triple bonds = ____ pair

c. Shape is determined by the _____ of bonding pairs and lone pairs.

C. Common Molecular Shapes

	Electron Pairs
	Molecular Shape
	Bond Angle
	Example

	Total
	Bond
	Lone
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


D. Examples

	Molecule
	Lewis Diagram
	Electron Pairs
Total         Bond        Lone
	Shape
	Bond Angle

	PF3
	
	
	
	
	
	

	CO2
	
	
	
	
	
	


VII. Molecular Polarity

A. Dipole Moment

a. Direction of the _________ bond in a molecule.

b. Arrow points toward the ______ e-neg atom.  (fill in on picture below)



B. Determining Molecular Polarity

Depends on:

· ___________________
· ___________________

Nonpolar Molecules

· Dipole moments are ___________________ and cancel out.

Polar Molecules

· Dipole moments are ________________________ and don’t cancel.

Therefore, polar molecules have...

· asymmetrical _________ (lone pairs) or 

· asymmetrical _________
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