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You have mastered this topic when you can: 
1) define or describe these terms: IONIC BOND, CATION, ANION and FORMULA UNIT. 
2) predict the formation of an IONIC BOND from a CHEMICAL FORMULA. 
3) list the common physical properties shared by IONIC COMPOUNDS. 
4) define and describe a CRYSTAL LATTICE. 
5) relate the physical properties of IONIC COMPOUNDS to their structure. 
  

 IONIC COMPOUNDS  
I) IONIC COMPOUNDS are composed of atoms of a metal element bonded to one or more atoms of one or more 

non-metal elements.  Ionic compounds exist as solids at SATP. 
e.g.  NaCl(s),  KI(s),  PbBr4(s),  Cu2O(s),  Al2O3(s),  Zn3(PO4)2(s),  NaOH(s),  Ba(OH)2(s),  etc. 

II) CREATING IONIC COMPOUNDS 
A) Ionic compounds are created when valence electrons are transferred from metal atoms to non-metal atoms 

creating oppositely charged ions.  The oppositely charged ions are highly attracted to each other.  The 
attraction between oppositely charged ions forms the basis of the chemical bond between the metal and non-
metal atoms. 
1) Positively charged ions are called CATIONS.  Negatively charged ions are called ANIONS. 

B) Lithium fluoride has the chemical formula LiF(s).  Its creation is described here. 
  Atoms   Ions 
 Li  F ⎯→ Li+  F−  

 Compound = LiF(s) 

1) Neither the lithium atom nor the fluorine atom has a full valence shell, which means they are very reactive.  
In order to give both atoms full valence shells the lithium atom transfers its lone valence electron to the 
fluorine atom creating a lithium cation (positive ion) and a fluoride anion (negative ion).  When an atom 
gains a full valence shell, the atom has a STABLE OCTET.  A STABLE OCTET is defined as eight electrons in 
the valence shell.  When an atom or ion only has one orbit, as is the case with hydrogen and helium 
atoms, and lithium and beryllium ions, two electrons in the valence shell is accepted as a stable octet. 

2) The natural attraction between the lithium cation (positive ions) and the fluoride anion (negative ions) 
forms the chemical bond that holds the ions together thus creating ionic compound LiF(s).  Since the bond 
holds two ions together, it is called an IONIC BOND.  An IONIC BOND is the electric attraction of cations 
(positive ions) and anions (negative ions) within an ionic compound. 
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C) Beryllium fluoride has the chemical formula BeF2(s).  Its creation is described here. 
  Atoms   Ions 
 Be  F ⎯→ Be+2  F−  

 Compound = BeF2(s) 

1) Neither the beryllium atom nor each fluorine atom has a full valence shell, which means they are very 
reactive.  In order to give all the atoms full valence shells the beryllium atom transfers one of its two 
valence electrons to each of the two fluorine atoms creating a beryllium cation (positive ion) and two 
fluoride anions (negative ion).  The natural attraction between the beryllium cation (positive ions) and the 
two fluoride anions (negative ions) forms the chemical bond that holds the ions together thus creating 
ionic compound BeF2(s). 

  

PHYSICAL PROPERTIES OF IONIC COMPOUNDS 
I) IONIC COMPOUNDS SHARE THESE PHYSICAL PROPERTIES    ←  MEMORIZE THEM!!

A) Ionic compounds are hard brittle solids at SATP. 

B) Ionic compounds have high MELTING POINTS (usually over ~ 500°C) and high BOILING POINTS (usually 
over ~ 1000°C). 
1) MELTING POINT  . 

e.g. The melting point of sodium chloride is 801°C. 

2) BOILING POINT  . 
e.g. The boiling point of sodium chloride is 1413°C. 

C) Ionic compounds are electrolytes.  An electrolyte is a substance that when dissolved in water creates a 
solution that conducts electricity. 
1) Ionic compounds are electrolytes because they are composed of ions.  When an ionic compound is mixed 

with water it dissociates, splits apart, releasing cations (positive ions) and anions (negative ions), which 
float freely between water molecules. 
a) e.g. NaCl dissociates releasing sodium ions and chloride ions in solution as shown here.  REMEMBER: 

The subscript (aq) means aqueous which means dissolved in water. 
NaCl(s)  →  Na+

(aq)  +  Cl− (aq) 
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b) e.g. Barium nitrate dissociates releasing barium ions and nitrate ions in solution as shown here. 
Ba(NO3)2(s)  →  Ba2+

(aq)  +  2NO3
−

(aq)  

c) It is the presence of ions, cations and anions, in solution that allow solutions containing ionic 
compounds to conduct electricity.   ALL ELECTROLYTES PRODUCE IONS WHEN DISSOLVED IN

WATER!!  ←    MEMORIZE THIS!!
  

THE STRUCTURE OF IONIC COMPOUNDS 
I) IONIC COMPOUNDS ARE COMPOSED OF CATIONS AND ANIONS 

A) Although ionic compounds are composed of cations (positive ions) and anions (negative ions), they are 
electrically neutral.  In order for a substance that is composed of ions to be neutral, the total number of 
positive charges in the compound must be equal to the total number of negative charges.  THIS IS AN 

 IMPORTANT RULE, BE SURE TO MEMORIZE IT!!

II) Ionic compounds have a highly ordered, rigid structure resulting from the balance between the attractive forces 
(the bonds) between cations and anions and the repulsive forces between cations and cations, and anions and 
anions.  Chemists used this balance of attractive and repulsive forces to create a structural model for ionic 
compounds know as a CRYSTAL LATTICE. 

A) A CRYSTAL LATTICE  .  
B) In a crystal lattice, every cation is surrounded by the greatest possible number of anions and every anion is 

surrounded by the greatest possible number of cations.  

1) Since every cation is surrounded by anions and is equally attracted to each anion, the cation forms a bond 
with every anion that surrounds it.  Since every anion is surrounded by cations and is equally attracted to 
each cation, the anion is forms a bond with every cation that surrounds it.  This 3-dimensional 
arrangement of alternating positive and negative ions increases the number of bonds formed within the 
compound.  This large number of bonds, attractive forces (intramolecular forces), within the crystal 
lattice means ionic compounds highly resistant to any changes in the position of their ions.  This resistance 
to changes in structure explains why ionic compounds the characteristic physical properties of being hard, 
brittle solids at SATP, having high melting and boiling points (NaCl(s) has a melting point of 801°C;  NaCl(l) 
boiling point of 1413°C). 

2) The network of bonding between ions within the crystal lattice means that one ion forms many bonds at the 
same time - a single sodium ion is bonded to six different chloride ions.  This means that there is no true 
molecule (a single individual particle) within a sample of an ionic compound.  Thus, rather than use the 
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term ionic molecule (which implies the existence of a particle that does not exist), chemists describe the 
formula of an ionic compound as a FORMULA UNIT.  A FORMULA UNIT is the simplest whole number ratio 
of atoms or ions within an ionic compound.  In other words, a formula unit is the smallest number of 
cations and anions in an ionic compound needed to create a neutral charged compound.  These are 
formula units for some simple ionic compounds.  BE SURE YOU UNDERSTAND AND MEMORIZE THE 
CONCEPT OF A CRYSTAL LATTICE AND THE FORMULA UNIT USED TO DESCRIBE IT!! 

e.g. NOTICE how the formula unit of each ionic compound indicates the number of each ion present in 
the compound. 

Sodium chloride = NaCl(s) ;    Barium chloride = BaCl2(s) ;    Scandium chloride = ScCl3(s) 
Lithium oxide = Li2O(s) ;    Magnesium oxide = MgO(s) ;    Aluminum sulphide = Al2S3(s) 

3)  Complete these questions on your own paper.  {Answers are on page 4 of these Required Practice 1:
notes.} 
1. Define or describe these terms in your own words. 

a. Intramolecular force b. Crystal lattice c. Formula unit. 

2. Explain why a crystal lattice is strong. 

3. Explain why ionic compounds are hard solids at SATP and have high melting and boiling points? 
  

ANSWERS TO THE REQUIRED PRACTICE 

 Required Practice 1 from page 4
1a. Intramolecular force is the force of attraction that holds atoms together     1b. A crystal lattice a highly ordered 
structure composed of alternating positive and negative charged ions.    1c. A formula unit is the simplest whole 
number ration of cations to anions in an ionic compound.     2. A crystal lattice is strong because each cation is 
bonded to each anion that surrounds it and each anion is bonded to each cation that surrounds is.  This means each 
ion forms many bonds.  It is the multiple bonding of each ion within the crystal lattice that gives a crystal lattice its 
strength.     3. Ionic compounds are solid at SATP and have high melting points and boiling points because they are 
composed of oppositely charged ions arranged in a crystal lattice.  In the crystal lattice the cations are surrounded by 
and are equally attracted to as many anions as possible.  Likewise, anions are surrounded by and are equally attracted 
to as many cations as possible.  This means each ion forms many bonds, which allow the ionic compound to be very 
resistant to changes in the position of its ions. 
  


