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Chemical Bonds, Names and Formulas
 

Atoms are electrically neutral because atoms have the same number of protons and electrons.

Ions are atoms or groups of atoms with a charge because they have different numbers of protons and electrons. Only electrons can move, so ions are formed by the gain or loss of electrons.

 

Cations - Positive ions that are formed by an atom or group of atoms losing electrons. The cation has more protons than electrons. Metals form cations (metals are born losers).

K1+ potassium atom has lost one electron
Ca2+ Calcium atom has lost two electrons

 

Anion - A negative ion that was formed when an atom or a group of atoms has gained electrons.  Non metals can gain electrons. Charge is written as a super script on the right.
F1- fluorine atom has gained one electron
O2- oxygen atom has gained two electrons.
Draw electron dot structures for each of these.

 

Compounds

Follow the Law of Definite Proportion, compounds have a constant composition by mass and have to have the same number of atoms every time.

 

Types of Compounds

 

Ionic compounds are made of cations and anions. Ionic compounds contain metals and nonmetals. The electrons lost by the cation are gained by the anion. The total number of electrons lost must equal the total number of electrons gained. The cation and anions surround each other. The chemical formula for an ionic compound shows the elements present in the compound and the smallest whole number ratio of the ions in the ionic compound. This smallest whole number ratio is a FORMULA UNIT.

  

Molecular compounds are made up of molecules. Molecules are produced when nonmetal atoms join together by sharing electrons. There is no electron transfer. The Chemical Formula for a molecular compound shows the elements present and number of atoms in the molecule of that substance. The chemical formula for a molecular compound is called a Molecular formula.

CO2 contains one carbon and two oxygen atoms

Example: C6H12O6 - What does this molecule contain?

  

 

There are too many compounds to remember the names of them all. IUPAC uses a systematic method in naming compounds. We will examine the different types of compounds, starting with ionic compounds.
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NOMENCLATURE - IONIC COMPOUNDS

 

Binary ionic compounds contain two elements and are composed of cations (metals) and anions (nonmetals). The total number of electrons lost must equal the total number of electrons gained because compounds are neutral. To name binary ionic compounds you first name the cation!  BUT…
 

There two types of cations:

 

(i)
cations with a constant charge - Group A cations have only one possible charge. The Alkali metals form 1+ ions, Alkaline earth metals form 2+ ions. To name these cations you use the element name. K1+ is the potassium ion, Ca2+ is the calcium ion, Al3+ is the aluminium ion.

 

(ii)
cations with a variable charge (more than one charge is possible) most transition metals can have more than one charge, Iron can form a 2+ or 3+ ion, Copper can form two ions 1+ or 2+. To name these ions you must identify the charge that the ion has and then use a Roman numeral in parenthesis after the element name. Fe2+ iron (II) ion, Fe 3+ iron(III) ion, Cu2+ copper(II) ion. To name Fe2O3 you must know which iron ion is there. O is 2- but there 3 of them so the oxygen has gained a total of 6 e-. The iron must have lost a total of 6 electrons; there are two iron ions so each must have lost 3 e- Fe3+ iron(III); so the name is iron(III) oxide.

 

To complete the name of the binary ionic compound you must name the anion (nonmetal). The anion name is derived from the root of the element name and the ending changed to ide. O2- is oxide, Cl1- chloride, N3- nitride. 

 

Name the following binary ionic compounds:

CuO

KCl

Na3N

AlN

Ca3P2
PbO

PbO2
Na2S

CoCl2
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Try this worksheet on binary ionic compounds (name and formula)
Ternary Ionic Compounds 

Ternary ionic compounds have more than two elements. Ternary compounds usually contain a cation and a polyatomic ion. Polyatomic ions are groups of atoms that stay together, act as a single unit and have a charge. When a polyatomic ion is taken more than once in a compound the ion is placed within parenthesis and a subscript is used. Mg is 2+ NO3 is 1- so magnesium nitrate is Mg(NO3)2.
**You must memorize the polyatomic ions (more listed on Page 257) **
Ethanoate CH3COO- or C2H3O2-1
Nitrite  NO2-1
Nitrate NO3-1
Hydroxide OH-1
Permanganate MnO4-1 

Cyanide CN-1
Sulfite SO3-2
Sulfate  SO4-2
Carbonate CO3-2
Chromate CrO4-2
Dichromate Cr2O7-2
Phosphite  PO3-3
Phosphate PO4-3
The only polyatomic cation is Ammonium NH4+1
  

Naming Ternary Ionic Compounds 

1. Name the cation as shown above 

2. Name the polyatomic anion

Examples:

CaSO4 cation is Calcium; the anion is sulphate. The compound is calcium sulphate.

Fe2(SO4)3 SO4 is 2- x 3 = 6-; Fe total = 6+ so each Fe must be 3+. The name is iron(III) sulfate.

 

Name the following ternary ionic compounds:

NaNO3
CaSO4
CuSO3
(NH4)2O

LiCN

Fe(OH)3 

(NH4)2CO3
NiPO4 

  

Try this worksheet on ternary ionic compounds.

Writing Formulas
Ionic compounds

For all ionic compounds the charges have to add up to zero; that is, the total number of electrons lost must equal the total number of electrons gained. To write the formula of a compound:

1. Write the cation symbol with the charge.

2. Write the anion symbol with the charge.

3. Write the subscript for each so that the total e- lost = total e- gained

*Note: Put polyatomics in parenthesis when the subscript is greater than one.

 

Write the formula for calcium chloride.

Calcium is Ca+2 loss of two

Chloride is Cl-1 gain of one

Need 2 x Cl-1 for a gain of two. Ca+2 Cl2-1 the formula unit is CaCl2
 

Write the formulas for these ionic compounds:

Lithium sulfide

tin(II) oxide

Magnesium fluoride

Copper(II) sulfate

Iron(III) phosphide

Sodium nitrate

Iron(III) sulfide

Ammonium sulfide

Barium nitrate

Tin(IV) oxide

Ammonium phosphate

 

 Molecular Compounds

Molecular compounds are made of just nonmetals. The smallest piece is a molecule that contains atoms held together by the sharing of electrons. There is no transfer of electrons no charged particles. Molecules are electrically neutral particles. The molecular formula shows the elements present and the number of each atom present in the molecule. 

SO3 means each molecule contains one sulfur atom and three oxygen atoms. How do you name molecular compounds? The molecular compound name tells you the number of atoms. To state the number you use prefixes:

1 mono-

2 di-

3 tri-

4 tetra-

5 penta-

6 hexa-

7 hepta-

8 octa- 

9 nona-

10 deca-

 

To write the name 

1. Write the name of the first element with a prefix to state the number. DO NOT USE MONO for the first element. If there is one atom use the element name no prefix

2. Write the name of the second element with the correct prefix use mono if there is only one. No double vowels when writing names (oa oo).

Examples: SO3 sulfur trioxide; CO carbon monoxide; CO2 carbon dioxide; NO nitrogen monoxide; N2O dinitrogen monoxide.

 

Name These:

NO2 

Cl2O7 

CBr4 

CO2 

N2O

P2O5
Write formulas for these:

diphosphorus pentoxide

tetraiodine nonoxide

sulfur hexaflouride

nitrogen trioxide

Carbon tetrahydride

phosphorus trifluoride

aluminum chloride

 

Try this worksheet on molecular compounds.
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Acids

Acids are molecular compounds (nonmetal with nonmetal) that give off hydrogen ions when dissolved in water. The water tears the molecules apart into cations (H+) and anions. The anion determines the name of the acid.

Naming acids
 

Binary acids (two elements) – the hydrogen is attached to a monatomic anion.

The hydrogen is named – using the prefix hydro

The anion name changes the ide ending to ic acid

HCl - hydrogen ion and chloride ion

HCl - hydrochloric acid

H2S hydrogen ion and sulfide ion - hydrosulfuric acid 

 

Ternary acids (more than two elements) – the hydrogen is attached to a polyatomic anion. If the anion has oxygen in it, the anion ending is  -ate of -ite
To name ternary acids the ending (suffix) changes from the -ate to -ic acid
HNO3: Hydrogen and nitrate ions - Nitric acid

If the anion is an –ite the ending (suffix) changes from the -ite to -ous acid
HNO2: Hydrogen and nitrite ions - Nitrous acid

If the ternary acid ends in -ide follow the binary acid rules

HCN: Hydrogen ion with cyanide ion - Hydrocyanic acid

 

Name these as acids:

 

HF

H3P

H2SO4 

H2SO3 

HCN

H2CrO4  

Writing Formulas

Hydrogen will always be first and the name will tell you the anion. Make the charges cancel out so that the number of electrons lost will equal the number of electrons gained.

Binary acids start with hydro and end as -ide anion.

Hydrofluoric acid – H+ with F- , the charges balance so the formula is HF.

 

When there is no hydro, -ate comes from –ic and -ite comes from –ous

Phosphoric acid - H+ with PO43- so 3 H+ balances PO43- the formula H3PO4.

 

Write formulas for these

hydroiodic acid

sulfurous acid

carbonic acid

phosphorous acid

hydrobromic acid

 

Try this worksheet on naming and writing formula for acids.
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A flow chart for nomenclature may help you. 

