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Chapter 2: Atoms, Molecules and 
Ions

E A R LY  A T O M I C  T H E O R Y

T H E  S U B - A T O M I C  P A R T I C L E S  

I S O T O P E S  A N D  I O N S

M O L E C U L A R  A N D  I O N I C  C O M P O U N D S

N O M E N C L A T U R E



Early Theories About Matter

The Greeks:

Can matter be divided into infinitely smaller pieces?

If not, what is the smallest unit of matter?

“Atomos”- Indivisible



Early Theories about 
Matter

Alchemists-

Tried to “transmute” lead into gold, among other 
things.

Very secretive, not sharing knowledge





Dalton’s Atomic Theory

1. Matter consists of atoms

2. Atoms are the smallest unit of an element 
that still has the properties of that element

3. Elements consist of only one type of atom

4. Atoms of one element differ in properties 
from atoms of another element

5. A compound is made from atoms of tow 
or more different elements combined in 
small whole number ratios (Law of 
Constant Composition)

6. During chemical reactions, atoms are not 
created or destroyed but rather 
rearranged to form different compounds 
(Law of Conservation of Mass)



Law of 
Constant 
Composition

All samples of a Pure 
Compound contain the same 
elements in the same 
proportions



J.J. Thomson

Discovery of Electrons

Calculated the mass to charge ratio 
for electrons

https://youtu.be/o1z2S3ME0cI



Oil Drop 
Experiment

Determined the magnitude 
of the elemental charge



Gold Foil 
Experiment

Discovery of the Nucleus





The Subatomic Particles



Isotopes



Ions



Atomic Symbols



The periodic table





Atomic Mass vs. Atomic Weight vs. Mass Number

• Atomic Mass= The mass of a single atom
– A single 12C atom has an atomic mass of exactly 12 amu (defined)

– A single 13C atom has an atomic mass of 13.003355 amu (to 8 sig figs)

– A single 16O atom has an atomic mass  of 15.994914 amu (to 8 sig figs)

• Atomic Weight (Average Atomic Mass)= The average mass of the isotopes
– Carbon has an Average Atomic Mass of 12.011 amu

– Oxygen has an Average Atomic Mass of 15.999 amu

• Mass Number = Number of Protons + Number of Neutrons
– 12C has 6 protons and 6 neutrons

– 13C has 6 protons and 7 neutrons



How many protons, neutrons and electrons?

8
16𝑂𝑂−2



Mass Spectrometry



Calculating Average Atomic Mass

27.97693 amu (0.9223) + 28.97649 amu (0.0468) + 29.97377 amu (0.0309) = 28.09 amu



Finding Percent Abundance



Molecular Formula



Empirical Formula



Molecular vs. Empirical Formula

• Molecular Formula:

– The actual number of atoms that make up each molecule

• Empirical Formula:

– The lowest whole number ratio of atoms

– Ionic compounds don’t have molecular formulas, only empirical ones



Lecture Participation:
What is the Empirical Formula of Glucose?

The Molecular formula for Glucose is C6H12O6. What is its empirical formula? 



Ionic and Molecular Compounds



Ionic Compounds



Polyatomic Ions



Chemical Nomenclature





Ionic compounds

Ionic compounds are formed 
between a metal and a non-metal.  
The ionic bond is produced by the 
electrostatic attraction between the 
positive and negative ions.



Type I: The cation has a determined charge

Some cations always have the same charge.  

These cations form “Type I” Ionic Compounds.

+1 Charge: Group 1 Metals, Silver (Ag+), and Ammonium (NH4
+)

+2 Charge: Group 2 Metals, Zinc (Zn2+), and Cadmium (Cd2+) 

+3 Charge: Aluminum (Al3+), and Gallium (Ga3+) 

Name of Cation Name of Anion+ide





Examples

Mg3N2 

CaF2

NaI

K2S

Magnesium Nitride

Calcium Fluoride

Sodium Iodide

Potassium Sulfide



Potassium 
Chloride 

Lithium Oxide

Barium Phosphide

E X A M P L E S

K+  and Cl- → KCl

Li+ and O2- → Li2O

Ba2+ and P3- → Ba3P2



Knowledge check

What is the formula for Sodium Nitride?

What is the name of MgCl2?



Type II:  The cation can form Ions with 
different charges

Many metals can form ions with different charges.  For example, both Fe2+ and Fe3+ can 
form a compound with oxygen, so saying “iron oxide” is not specific.  These are Type II 
Cations

Roman numerals are used to designate the charge of the cation.  To determine the 
charge of the cation you must balance the known charge of the anion.

Name of Cation (Roman Numeral) Name of Anion+ide



Examples:

FeO →
Since oxygen is always O2-,  the iron must be Fe2+ to balance the charge

Fe2O3 →
Since oxygen is always O2- there is a total negative charge of -6.  The iron ions must have a total charge of +6. Since there are 
two of them,  the iron must be Fe3+ to balance the charge.

PbCl2 →
Since chloride is always Cl-, there is a total negative charge of -2.  Since there is only one for them, the Lead must be Pb2+ to 
balance the charge.

PbCl4 →
Since chloride is always Cl-, there is a total negative charge of -4.  Since there is only one for them, the Lead must be Pb4+ to 
balance the charge.

Iron (II) Oxide

Iron (III) Oxide

Lead (II) Chloride

Lead (IV) Chloride





Knowledge Check

What is the formula for Copper (II) Oxide?

What is the name of Pb3N4 ?



Ionic compounds with polyatomic Ions

Both Type I and Type II cations can form Ionic compounds with polyatomic ions.



The names of the polyatomic ions do not change when they are part of a compound.  You must 
know the correct charge of the polyatomic ion in order to balance the charge of the cation.  
Paratheses are used to indicate multiple polyatomic ions.

Name of Cation Name of Anion

Examples:

Ammonium Phosphate    NH4
+ + PO4

3- → (NH4)3PO4

Calcium Hypochlorite    Ca2+. + ClO- → Ca(ClO)2

Magnesium Phosphite Mg2+ + PO3
3- → Mg3(PO3)2

Chromium (III) Sulfate   Cr3+ + SO3
2- → Cr2(SO3)3

Ionic compounds with polyatomic Ions



Knowledge Check

What is the formula for Potassium Sulfite?

What is the name of Zn3(PO4)2 ?

K2SO3, Zinc Phosphate



Acids

There are two types of acids we will discuss:

Binary Acids- formed between Hydrogen 

and a single Element

Oxyacids- formed between Hydrogen 

and an oxygen containing polyatomic ion

Ionic compounds containing one or more acidic proton (The cation is H+)



Binary acids

Hydro Name of Anion-ic Acid

HCl   
HBr  
H2S

Note: it is not incorrect to say “hydrogen chloride”, “hydrogen bromide”, etc.

Hydrosulfuric Acid

Hydrochloric Acid

Hydrobromic Acid



Oxyacids
“-ate goes to -ic, -ite goes to -ous”

Name of Anion-icAcid

Name of Anion-ousAcid

H3PO4  

H3PO3

HNO2  

HNO3

HClO

HClO3

Phosphoric Acid

Phosphorous Acid

Nitrous Acid

Nitric Acid

Hypochlorous Acid

Chloric Acid Remember: Hydrogen is the cation 
in these compounds. You 
determine the number of hydrogen 
by balancing the charge of the 
anion.



Knowledge Check

What is the formula for perchloric acid?

What is the name of H2SO3?



Covalent compounds 

Covalent compounds are held together by covalent bonds.  The charges do not balance the 
way they do in ionic compounds.

NO, N2O, N2O2, and NO2 are all examples of covalent compounds between nitrogen and 
oxygen so saying “Nitrogen Oxide” is not specific.  



Numerical prefixes for covalent 
compounds

Numerical prefixes are added to the names of covalent 
compounds to indicate the number of atoms present

The prefix “mono-“ is not used for the first atom 
named in a compound.

NO    Nitrogen Monoxide

N2O   Dinitrogen Monoxide

N2O2 Dinitrogen Dioxide

NO2 Nitrogen Dioxide



More examples of covalent compounds

PCl4 

CO

CO2

P4O10

Phosphorous Tetrachloride

Carbon Monoxide

Carbon Dioxide

Tetraphosphorous decaoxide



Knowledge check

What is the formula for Disulfur Trioxide?

What is the name of N2O5?
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