
Ionic and Covalent Compounds

metal + metal GGGGGA metal

non-metal + non-metal GGGGGA non-metal or covalent molecule

metal + non-metal GGGGGA ionic salt

The periodic table can be used to predict the formulas for ionic compounds and the structure of covalent
molecules. In molecules, every non-metallic element has a preferred number of bonds. The following periodic
table is labeled to show the rules for both types of compounds, based on the column of the table each element
is in.
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Charges in Ionic Compounds

Polyatomic Ions

In addition to simple binary ionic compounds (combinations of a single type of metal with a single type
of non-metal), ionic compounds can also contain polyatomic ions. Polyatomic ions are a covalently-bonded
combination of atoms that has a charge and acts as a single unit. For example, baking soda is sodium
bicarbonate and contains sodium ions (Na+1) and bicarbonate ions (HCO−1

3 ) in a 1:1 ratio, NaHCO3.

Common Polyatomic Ions

Name Formula Name Formula Name Formula
Hydroxide OH−1 Phosphate PO−3

4 Nitrate NO−1
3

Carbonate CO−2
3 Perchlorate ClO−1

4 Nitrite NO−1
2

Bicarbonate HCO−1
3 Chlorate ClO−1

3 Ammonium NH+1
4

Sulfate SO−2
4 Chlorite ClO−1

2 Acetate CH3COO−1

Sulfite SO−2
3 Hypochlorite ClO−1
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Sample Problems

1. Determine the expected formulas for each of the following molecules.

(a) Li and Cl
(b) Li and O
(c) Ca and Br
(d) Mg and O
(e) Al and O
(f) Li and sulfate
(g) Mg and nitrate
(h) Ca and phosphate

2. Determine the charge of the metal in the following molecules.

(a) ReBr3
(b) TiCl4
(c) WO3

(d) Nb2S5

(e) RuPO4

(f) Ti(OH)4
(g) Co2(SO4)3
(h) Cu3(PO4)2

3. Draw reasonable structures for each of the following molecules.

(a) CCl4
(b) CH2O
(c) HClO
(d) C2H4

(e) HCN
(f) N2H2

(g) N2H4

4. Add the necessary bonds to complete the following structures.
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5. Add the necessary H atoms to complete the following structures.
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Answers to Sample Problems

1. Expected formulas.

(a) LiCl
(b) Li2O
(c) CaBr2
(d) MgO
(e) Al2O3

(f) Li2SO4

(g) Mg(NO3)2
(h) Ca3(PO4)2

2. Charges of metals.

(a) Re = +3 in ReBr3
(b) Ti = +4 in TiCl4
(c) W = +6 in WO3

(d) Nb = +5 in Nb2S5

(e) Ru = +3 in RuPO4

(f) Ti = +4 in Ti(OH)4
(g) Co = +3 in Co2(SO4)3
(h) Cu = +2 in Cu3(PO4)2

3. Draw reasonable structures for each of the following molecules.
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(e) H–C≡N (f) H–N=N–H (g)
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4. Add the necessary bonds to complete the following structures.
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5. Add the necessary H atoms to complete the following structures.
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