AP Chemistry Chapter 3 Reading Guide (Kotz 6th ed.)

Molecules and Compounds

3.1
MOLECULES, COMPOUNDS AND FORMULAS
What is a molecule?

What is the molecular formula of ethanol and dimethyl ether?

What is the difference in the structural formulas of ethanol and dimethyl ether?

EXAMPLE 1  Molecular Formulas
Saccharin is an artificial sweetener that is about 300 times sweeter than sugar.  It passes through the body unchanged so it has no food value.  Two structural formulas are given below (the first written for an organic chemist and the second for a beginning general chemistry student).  What is the molecular formula for saccharin?







3.2
MOLECULAR MODELS
The structure of a chemical compound affects what?
What are ball and stick and space-filling models?  Give an example of each.
3.3
IONIC COMPOUNDS: FORMULAS, NAMES AND PROPERTIES

What is an Ionic Compound?

What are cations?

What are anions?

Charges on Monatomic Ions
Metals of Groups 1A-3A form positive ions with a charge equal to the group number of the metal.

Many transition metals form 2+ and 3+ ions.

Nonmetals often form ions with a negative charge equal to 8 minus the group number of the element.

What about hydrogen?

Valence Electrons
Ions formed from the representative elements have the same number of electrons as the closest noble gas atom.

EXERCISE 2
An ion of sodium has

a.
10 electrons.

b.
11 electrons.

c.
11 nucleons.

d.
23 protons.

e.
23 neutrons.

EXERCISE 3
How many electrons does a sulfur ion have?

a.
2

b.
14

c.
16

d.
18

e.
34

EXERCISE 44

An ion with a charge of minus three and the electronic configuration of krypton is a

a.
gallium ion.

b.
sulfide ion.

c.
bromide ion.

d.
arsenide ion.

e.
scandium ion.

Polyatomic Ions
What is a polyatomic ion?

EXERCISE 5
The formulas of the hydroxide ion, the nitrate ion, and the phosphate ion are represented respectively as

a.
H–, NO2–, P3–

b.
H–, NO3–, P3–

c.
OH–, NO2–, PO33–
d.
OH–, NO2–, PO43–
e.
OH–, NO3–, PO43–
EXERCISE 6
All of the following ions have a minus two charge EXCEPT the

a.
carbonate ion.

b.
hydrogen phosphate ion.

c.
chlorate ion.

d.
dichromate ion.
e.
chromate ion.

All compounds whether molecular or ionic are electrically neutral.

EXAMPLE 2  Writing Formulas for Compounds Formed from Ions
Write formulas for ionic compounds composed of a calcium cation and each of the following anions: bromide ion, sulfide ion, and acetate ion.

EXERCISE 7
What is the subscript of gallium in the formula of gallium chromate?

a.
1

b.
2

c.
3

d.
4

e.
5

EXERCISE 8
The formula for terbium phosphate is Tb3(PO4)4.  Based on this information, the formula for the sulfate of terbium would be expected to be

a.
Tb2(SO3)3
b.
Tb2S3

c.
TbS2

d.
Tb2(SO4)3
e.
Tb(SO4)2
Ionic Compounds and Coulomb’s Law
What is the “glue” that holds ions of opposite electric charge together?

What is Coulomb’s law for the attraction between a positive ion and a negative ion?

Why does MgO have a melting point about three times as high as that of NaF?
3.4
MOLECULAR COMPOUNDS: FORMULAS, NAMES, AND PROPERTIES
Naming Ionic Compounds

Naming Positive Ions

Naming Negative Ions

1.
A monoatomic negative ion is named by adding …

2.
Polyatomic negative ions …
Naming Ionic Compounds

EXAMPLE 3  Names and Formulas of Ionic Compounds
1.
Give the formulas of each of the following ionic compounds:


a.
iron (II) cyanide


b.
barium chlorite

c.
potassium permanganate

2.
Name the following ionic compounds:


a.
(NH4)2CrO4

b.
KHCO3

c.
Mg(CH3CO2)2
Naming Binary Compounds of the Nonmetals
Some binary compounds of hydrogen are …

Some binary compounds with other elements are …

Some binary compounds with common names are …

3.6
FORMULAS, COMPOUNDS AND THE MOLE

Atoms and the Mole
What is a mole?

One mole always contains the same number of particles no matter what the substance is.
What is Avogadro’s number?

How big is Avogadro’s number?

Moles of Atoms, the Molar Mass
For elements it is numerically equal to the atomic mass in atomic mass units
MASS 
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MOLES CONVERSION
EXAMPLE 4  Mass to Moles
How many moles are represented by 125 mg of arsenic which is used as a doping agent in transistors.

EXAMPLE 5  Moles to Mass
What mass, in grams, is equivalent to 3.50 mol of iron?

EXAMPLE 6  Using Avogadro’s Number
Using Avogadro’s number, calculate

a.
the mass of a lead atom.

b.
the number of lead atoms in a 1.000 g sample of lead.

Molecules, Compounds, and the Mole
EXAMPLE 7  Mole Calculation
Calcium carbonate is the principal mineral found in marble and limestone.  Determine the number of moles in 255 g of calcium carbonate.

EXAMPLE 8  Moles to Mass
Spearmint oil, C10H14O, is a flavoring agent.  What is the mass in grams of 0.329 mol of spearmint oil?

EXERCISE 9
Which of the following samples contain the largest number of molecules?

a.
1 g phosphorus, P4

b.
1 g buckminsterfullerene, C60

c.
1 g ozone, O3
d.
1 g arsenic, As4

e.
1 g sulfur, S8
EXERCISE 10
Which of the following samples contains 3.0 x 1023 atoms?

a.
3.0 g N2

b.
3.0 g C2H6

c.
3.0 g CO2

d.
3.0 g Li
e.
3.0 g H2O

EXERCISE 11

What is the mass of one oxygen molecule in grams?

a.
16.0 g


b.
32.0 g


c.
1.32 x 10–23 g

d.
2.66 x 10–23 g

e.
5.32 x 10–23 g

3.6
DESCRIBING COMPOUND FORMULAS

Percent Composition
EXAMPLE 9  Percent Composition
Sodium carbonate is used extensively in the manufacture of glass.  What are the mass percents of Na, C, and O in sodium carbonate?

EXERCISE 12
What is the percentage by mass of oxygen in silver sulfate, Ag2SO4?

a.
10.3

b.
20.5

c.
31.3

d.
43.5

e.
79.5

Empirical and Molecular Formulas
To find an empirical formula, we just use the reverse of the procedure for calculating the percent composition from a formula.

Convert mass percent to mass and then to moles and then obtain the small whole number mole ratio for the elements involved.
EXERCISE 13
A compound consists of the following elements by mass percent



% carbon = 40.0



% oxygen = 53.3



% hydrogen = 6.7

The ratio of carbon to oxygen to hydrogen atoms in the empirical formula is

a.
1:2:1

b.
1:1:1

c.
1:1:2

d.
2:1:2

e.
2:1:1

EXAMPLE 10  Calculating a formula from Percent Composition
Piperonylaldehyde is used in perfumery and organic syntheses.  It is 63.98% C, 4.03% H, and the remainder is oxygen.  Its simplest formula is the same as its molecular formula.  What is its molecular formula?

From percent composition data, the simplest possible ratio of atoms in a molecule is calculated.  To determine the molecular formula, the molar mass must be obtained from the experiment.
EXERCISE 14
Of the following, the only empirical formula is

a.
N2F2

b.
N2F4

c.
H2C2

d.
H2N2

e.
HNF2
The molecular formula can always be derived by multiplying the empirical formula by a whole number.

EXERCISE 15
The molecular mass of a compound with the empirical formula, C3H4O, was measured by a student in the laboratory.  She reported the value of 
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 g/mol.  The molecular formula of this compound is

a.
C3H4O

b.
C6H8O2
c.
C6H12O3
d.
C9H12O3
e.
C9H16O3
Determining and Using Formulas
It isn’t always necessary to have percent composition to determine a formula.  Only the relative amounts of each element are needed.

EXAMPLE 11  Determining the Formula of a Metal Oxide
The formula of red copper oxide can be determined by heating a sample of the oxide in the presence of hydrogen.  When a 1.256 g sample reacts with hydrogen, 1.116 g of copper is obtained.

red copper oxide  +  hydrogen  →  copper  +  water

                                                         1.256 g               excess           1.116 g

a.
How many grams of oxygen are there in the 1.256 g sample?

b.
What is the simplest formula of this compound?

Using the Formulas of Compounds

EXAMPLE 12  Using Chemical Formulas
What mass of copper (I) oxide, Cu2O, may be obtained from 3.00 kg of copper?

3.7
HYDRATED COMPOUNDS

EXERCISE 16
When CaSO4yH2O is heated, all of the water is expelled from the compound.  If 34.0 g of CaSO4 (FW=136) is formed from 43.0 g of CaSO4yH2O, what is the value of y?
a.
1

b.
2

c.
3

d.
4

e.
5
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