
Ionic Compounds:  Chapter 8 
 
Bonding between atoms: 
 

• As you know, atoms bond with each other to form chemical 
compounds.  Usually, this process takes place easily. 

 
• Why? 

 
• THE OCTET RULE!  All elements want to be like the nearest 

noble gas! 
 

o The importance of this rule cannot be stressed enough – 
if you remember only one thing from this class, remember 
this! 

 
o If needed, brief discussion of what the octet rule says, 

using examples from both cations and anions. 
 Explain why elements that are closer to the noble 

gases on either side are more reactive than those 
that are further away. 

 Explain why metals lose electrons and nonmetals 
gain electrons. 

 Explain that it’s called the “octet rule” because the 
noble gases tend to have eight valence electrons. 

 
o Why the octet rule works:  Everything in the universe 

prefers to be in low energy states over high energy states.  
Because having a noble gas configuration results in lower 
energy than not having this configuration, all atoms tend 
to do whatever they can to make this happen. 

 
o How atoms do this:  They form chemical bonds! 



What’s a chemical bond? 
 

• Chemical bonds are strong forces that cause atoms to stick to 
one another.  These strong forces occur because the atoms 
change so that they have a noble gas electron configuration. 

 
• Two ways they do this: 

 
o They exchange electrons:  Atoms exchange electrons 

until all atoms are like the nearest noble gas.  This results 
in the formation of ionic compounds. 

 
o They share electrons:  Atoms share electrons until all 

atoms have the same number of electrons as the nearest 
noble gas.  This results in the formation of covalent 
bonds or metallic bonds (depending on what elements 
are present). 

 
• For now, we’re going to focus on ionic compounds. 

 



How are ionic compounds formed? 
 

• Atoms that are electronegative tend to want to gain electrons to 
be like the nearest noble gas.  (These are the atoms on the 
right side of the periodic table). 

 
• Atoms that have low electronegativities tend to want to lose 

electrons to be like the nearest noble gas.  (These are the 
atoms on the left side of the periodic table) 

 
• When these two atoms get near each other, the atom with low 

electronegativity gives electrons to the atom with high 
electronegativity until both have the same number of valence 
electrons as the nearest noble gas. 

 
• The atom that has gained electrons now has more electrons 

than protons, so it has a negative charge.   
o All atoms that have any charge on them are called “ions.” 
o Ions with negative charge are called “anions.” 

 
• The atom that has lost electrons now has fewer electrons than 

protons, so it has a positive charge. 
o Ions with positive charge are called “cations.” 

 
• Once a cation and anion are formed, they stick to each other 

magnetically via electrostatic attraction.  Once they’ve stuck 
together, the resulting material is called an ionic compound. 



• An example:  lithium bonds with chlorine: 
 
lithium 

 In neutral state What it wants 
protons +3 +3 

electrons -3 -2 
overall charge 0 +1 

When lithium loses an electron, it gets a +1 charge! 
 
 
chlorine 

 In neutral state What it wants 
protons +17 +17 

electrons -17 -18 
overall charge 0 -1 

When chlorine gains an electron, it gets a -1 charge! 
 

• When we put lithium and chlorine together, we get a chemical 
reaction: 

 
Li (wants to give up 1 e-)   Cl (wants to take 1 e-) 
 
        
 
       Li+             Cl- 
 
 
 
 
            LiCl 

(since opposites attract, they combine to form an ionic compound) 
 
 
Definition:  Ionic compound:  Any compound formed when 

anions stick to cations. 
• Important:  Another word for “ionic compound” is “salt”, so if I 

refer to a “salt”, what I mean is “ionic compound.”  Don’t mix 
this up with “table salt”, which is a specific ionic compound, 
sodium chloride (NaCl). 



• A cautionary note:  Don’t use the word “ionic bond” because 
there’s no such thing, even though your book and many 
people who know better use the term.  In reality, “ionic 
bonds” are just positive and negative ions which stick to one 
another – nothing more! 

 
 

• Mini play:  The friendship of sodium and fluorine 
 
 

• Another example:  Calcium bonds with fluorine 
 
 

• How to tell if a compound is ionic or not by looking at its 
formula: 

 
1. When metals bond to nonmetals, they form ionic 

compounds. 
 

2. The farther two elements are from one another on the 
periodic table, the more likely the compound is to be ionic. 

 
3. If the electronegativity difference between the two elements 

is greater than about 1.7, the compound is said to be ionic. 
o Chart of electronegativities is in your book on p. 169. 
o LiF is ionic because the electronegativity of Li is 1.0 

and F is 4.0 (3.0 difference). 
 



Notes:  Properties of Ionic Compounds 
 
1) Salts have ordered packing arrangements. 
 

• The anions and cations stack in regular arrangements to 
minimize the distances between the anions and cations. 

 
• The three dimensional pattern in which they end up stacking is 

called a “crystal lattice” or “crystal.” 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
There are many different types of 
lattice.  This is the simplest type, 
referred to as “simple cubic.” 

Honors classes only:  Have them learn the following types of crystal 
lattices: 
 
Simple cubic: 
 
 
 
 
 
 
body-centered cubic (bcc): 
 
 
 
 
 
 
face-centered cubic (fcc): 



2) Salts conduct electricity when dissolved or melted. 
 

• Liquids that conduct electricity are called electrolytes. 
 

• All particles in an ionic compound have either positive or 
negative charges – these charges make it possible for 
electricity to be conducted in molten salts or salt solutions. 

 
• Electricity is not ever conducted when salts are in the solid 

state, because the ions are locked into their lattices. 
 

• If a salt doesn’t dissolve in water (and many don’t), it won’t 
conduct electricity even if it’s sitting in water.  It needs to 
dissolve for the ions to move around freely. 

 
 
3) Salts have a high melting and boiling point. 
 

• When ionic compounds melt, the ions are heated until there’s 
so much energy that the forces holding them together break 
apart and the ions move freely around as a liquid. 

 
• Because there’s so much energy holding ions next to each 

other (called the lattice energy), you need a lot of heat (and 
very high temperatures) to make this happen. 

 
• Melting points range from under 1000 C to over 10000 C 

(depending on how tightly the ions are stuck to each other).  
Generally, it takes a few minutes for a Bunsen burner to melt a 
salt (if it melts at all!), though there are exceptions. 



4) Salts are hard and brittle. 
 

• Salts are very hard because the ions are stuck together in a 
rigid lattice.  All ions hold neighboring ions in place very tightly – 
as a result, a small applied force won’t move the ions, causing 
the compound to feel hard. 

 
• Salts are brittle because once you put enough energy into the 

lattice to make it come apart, you’ve put enough energy into it 
to destabilize the whole lattice.  This causes it to shatter (or at 
least crack over a large area). 

 
 
5) Ionic compounds rarely burn. 
 

• Compounds need to contain carbon and hydrogen before they 
burn.  Because both are only rarely found in ionic compounds, 
most ionic compounds don’t burn. 



6) The formation of ionic compounds is always exothermic 
(gives off heat). 

 
• As mentioned earlier, elements go to lower energy states when 

they become like their nearest noble gases. 
 

• All of the extra energy they lost has to go somewhere – out in 
the form of heat.  As a result, very large amounts of heat are 
frequently given off when ionic compounds form. 

o Demo:  Burn magnesium ribbon 
 

• This stability is reflected in the lattice energy of the compound 
– the amount of energy needed to pull apart the ions in one 
mole of an ionic compound.   

o The smaller the ions, the more negative (and more stable) 
the lattice energy, because the charges are closer to each 
other. 

o The bigger the charges on the ions, the more negative 
(and more stable) the lattice energy, because the bigger 
charges cause the ions to stick together more tightly. 

 
 

• Worksheet about properties and bonding. 
 

• Properties of ionic compounds mini lab. 
 

o This should be a fairly short version of the larger lab, 
because the students don’t yet know what a covalent 
compound is like.  When we get to covalent compounds 
we can either do a larger version of the lab or just scrap it 
(depending on time). 

 
 
 



Notes:  Naming ionic compounds from formulas: 
 
Before doing anything, hand out periodic tables and include a 
list of the polyatomic ions (or put it on the board) 
 
1) All ionic compounds have a basic two word name: 
 

• The first word is the name of the cation.  Cations are always 
metals, with the exception of NH4

+1, “ammonium.” 
 

o The name of the cation is always exactly the same as 
thename of the metal.  For example, the first word in the 
name of NaOH is “sodium”, because Na is sodium. 

 
 

• The second word is the name of the anion.  Anions are always 
either nonmetals or groupings of nonmetallic elements called 
“polyatomic ions.” 

 
o If the anion is only one element, the name of the anion is 

the same as the name of the nonmetal, except that the 
end of the element is replaced with “-ide.” 

 
o If it’s a polyatomic ion, the name of the anion can be 

looked up / memorized. 
 
 

• Examples of basic two word names: 
 

o NaBr = “sodium bromide” 
 

o K2O = “potassium oxide” 
 

o CaSO4 = “calcium sulfate” 
 



2) Check to see if the cation has more than one possible positive 
charge (table p. 222, top). 

 
• If it doesn’t have more than one possible charge, STOP, 

because you are done!  If you continue, your answer is 
guaranteed to be wrong! 

 
• If you don’t have the chart, here’s how to figure out if your 

element has more than one possible charge: 
 

o All transition metals that we worry about have more than 
one possible charge except Ag (+1), Au (+1), Zn (+2). 

 
o All main block elements that we worry about have only 

one possible positive charge except Sn and Pb. 
 

• (Show examples of these sorts of problems). 
 
 
3) Because the cation in your compound has more than one 

possible positive charge, you need to write a Roman numeral 
between the name of the cation and name of the anion to 
indicate which charge is present.  Here’s how: 

 
• Find out how many anions are present. 

 
o If there’s only one element in the anion, it’s the number 

after this. 
 

o If it’s a polyatomic ion, there’s only one unless there are 
parentheses around it.   

 
o Examples: 

 FeCl2  2 Cl ions 
 Fe(OH)2  2 OH ions 
 FeSO4  1 SO4 ion (there need to be parentheses, 

or there’s only one ion). 
 
 
 



• Find the charge on the anion.   For monatomic ions figure it out 
from the periodic table using the octet rule.  For polyatomic 
ions, you should have it memorized. 

 
o Examples:   

 FeCl2  charge on Cl is -1 
 FeSO4  charge on SO4 is -2 

 
 

• Find out how many cations you have.  This is the number under 
the symbol for the cation – if there is no number shown, it’s 1. 

 
• To find the actual charge of the cation, use the following 

formula: 
 
  cation charge = (# of anions)(charge on anion) 
      # of cations 
 

• Write this number as a Roman numeral between the names of 
the cation and the anion: 

 
  Ex:  FeCl2 = (2)(-1)    = 2            iron (II) chloride 
          1 
 

• Teach them the Roman numerals up to seven and do many 
more examples, such as CaBr2, Co(NO3)3, MgO, and MnO2. 

 
 
 
 
 
 

• Naming worksheet. 
 

• Formulas relay race 
 

• Homework Sheet 
 



Notes:  Writing formulas of ionic compounds 
 
1) The first word in the name corresponds to the name of the 

cation.  Use it to find the symbol and charge of the cation. 
• Examples: 

o calcium hydroxide:  Ca2+ (use the octet rule) 
o copper (II) sulfate:  Cu+2 (use the Roman numeral) 
o iron (III) sulfide:  Fe+3 (use the Roman numeral) 

 
2) The second word in the name corresponds to the name of 

the anion.  Use it to find the symbol and the charge of the 
anion. 

• Examples: 
o calcium hydroxide:  OH-1 (you should know it) 
o copper (II) sulfate:  SO4

-2 (you should know it) 
o iron (III) sulfide:  S-2 (use the octet rule) 

 
3) Put the symbols next to each other: 

• Examples: 
o calcium hydroxide:  Ca2+  OH-1  
o copper (II) sulfate:  Cu+2  SO4

-2  
o iron (III) sulfide:  Fe+3  S-2  

 
4) If you can reduce the charges by a lowest common 

denominator, do it. 
• In our examples, only copper (II) sulfate reduces to make 

Cu+1SO4
-1

. 
• The others all remain the same. 

 
5) Write the charge of the cation under the symbol of the 

anion.  Write the charge of the anion under the symbol of 
the cation.  If you end up with more than one polyatomic 
ion, put parentheses around it. 

• Examples: 
o calcium hydroxide:  Ca1(OH)2 
o copper (II) sulfate:  CuSO4 
o iron (III) sulfide:  Fe2S3 

 
6) If there are any “1”s written, erase them. 



More examples: 
• aluminum nitrate 
• chromium (VI) nitride 
• ammonium oxide 
• cobalt (III) carbonate 

 
 
 
 
Practice worksheet in class. 
 
Battleship chemistry 
 
Homework sheet 
 
Quiz on naming ionic compounds 

• Make sure you precede this with at least one worksheet that 
involves both writing formulas and writing names. 



 


