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2.2  
The Structure of the Atom 



The Atomic Theory 
The modern version of atomic theory was laid by John Dalton in 1808, who postulated that 

elements are composed of extremely small particles, called atoms. The hypotheses about the 

nature of matter on which Dalton’s atomic theory is based can be summarized as follows: 
 

1. Elements are composed of extremely small particles called atoms. 

2. All atoms of a given element are identical, having the same size, mass and chemical 

properties. The atoms of one element are different from the atoms of all other elements. 

3. Compounds are composed of atoms of more than one element. To form a certain 

compound, atoms of the right kinds of elements and specific numbers are needed. 

4. A chemical reaction involves only the separation, combination or rearrangement of atoms; it 

does not result in their creation or destruction (law of conservation of mass, matter can be 

neither created nor destroyed). 



Ratio of oxygen in carbon monoxide 

to oxygen in carbon dioxide: 1:2 

The third hypothesis is an extension of a law published in 1799 by Joseph Proust. 

Proust’s law of definite proportions states that different samples of the same 

compound always contain its constituent elements in the same proportion by mass. Thus, 

if we were to analyze samples of carbon dioxide gas obtained from different sources, we 

would find in each sample the same ratio by mass of carbon to oxygen. 

Different compounds made up of the same elements 

differ in the number of atoms of each kind that 

combine. 
 

e.g., carbon forms two stable compounds with oxygen, 

namely, carbon monoxide (CO) and carbon dioxide (CO2). 

Modern measurement techniques indicate that one atom of 

carbon combines with one atom of oxygen in CO and with 

two atoms of oxygen in CO2. Thus, the ratio of oxygen in CO 

to oxygen in CO2 is 1:2. 

Dalton’s third hypothesis supports another important law, the law of multiple 

proportions. According to the law, if two elements can combine to form more than one 

compound, the masses of one element that combine with a fixed mass of the other 

element are in ratios of small whole numbers.  



The Structure of the Atom 

Dalton imagined an atom that was both 

extremely small and indivisible. 

However, a series of investigations that 

began in the 1850s and extended into the 

twentieth century clearly demonstrated 

that atoms actually possess internal 

structure; that is, they are made up of 

even smaller particles, which are called 

subatomic particles. This research led to 

the discovery of three such particles; 

electrons, protons and neutrons. 

The atom is the basic unit of an element that can enter into chemical 

combination. 



The Electron 
A cathode ray tube with an electric field perpendicular to the direction of the cathode rays and 

an external magnetic field. The cathode rays will strike the end of the tube at A in the presence 

of a magnetic field, at C in the presence of an electric field, and at B when there are no external 

fields present or when the effects of the electric field and magnetic field cancel each other. 

Thomson’s experiment 

Because the cathode ray is attracted by the plate bearing positive charges and repelled by the 

plate bearing negative charges, it must consist of negatively charged particles (electrons). 



Joseph Thomson, used a cathode ray tube to determine the ratio of electric charge 

to the mass of an individual electron (mass/charge of e-). The number he came up 

with was -1.76 x 108 C/g. 

Millikan’s experiment 

Robert Millikan examined the motion of 

single tiny drops of oil that picked up 

static charge from ions in the air. He 

suspended the charged drops in air by 

applying an electric field and followed 

their motions through a microscope.  

Millikan found the charge of an electron 

to be -1.6022 x 10-19 C. From these data 

he calculated the mass of an electron: 



Radioactivity 
In 1895, Wilhelm Röntgen noticed that cathode 

rays caused glass and metals to emit very 

unusual rays. This highly energetic radiation 

penetrated matter, darkened covered 

photographic plates, and caused a variety of 

substances to fluoresce. Because these rays 

could not be deflected by a magnet, they could 

not contain charged particles. Röntgen called 

them X-rays because their nature was not known. 

Antoine Becquerel found that exposing thickly 

wrapped photographic plates to a certain uranium 

compound caused them to darken, even without the 

stimulation of cathode rays. Like X-rays, the rays from 

the uranium compound were highly energetic and 

could not be deflected by a magnet, but they differed 

from X-rays because they arose spontaneously. 

Marie Curie, suggested the name radioactivity to 

describe this spontaneous emission of particles 

and/or radiation (any element that spontaneously 

emits radiation is said to be radioactive). 
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Three types of rays are produced by the decay, or breakdown, of radioactive substances 

such as uranium. 

-Alpha (α) rays consist of positively charged particles, called α particles, and therefore 

are deflected by the positively charged plate. 

-Beta (β) rays, or β particles, consist of negatively charged particles (electrons) and are 

deflected by the negatively charged plate. 

-Gamma (γ) rays, like X-rays, γ rays are high-energy rays and have no charge and are 

not affected by an external electric field. 



The Proton & the Nucleus 
By the early 1900s, two features of atoms had become clear: they contain electrons, 

and they are electrically neutral. To maintain electric neutrality, an atom must contain 

an equal number of positive and negative charges. 

Thomson’s model of the 

atom “plum-pudding” model, 

after a traditional English 

dessert containing raisins. 

The electrons are embedded 

in a uniform, positively 

charged sphere. 

Therefore, Thomson proposed that an atom could be 

thought of as a uniform, positive sphere of matter in 

which electrons are embedded like raisins in a cake. 

This so-called “plum-pudding” model was the 

accepted theory for a number of years. 



In 1910, Ernest Rutherford decided to use α particles to probe the structure of 

atoms. Rutherford carried out a series of experiments using very thin foils of gold 

and other metals as targets for α particles from a radioactive source. 

Rutherford’s experimental design for measuring the 

scattering of a particles by a piece of gold foil. 

Magnified view of α particles passing 

through and being deflected by nuclei. 

They observed that most α particles passed through the gold foil with little or no 

deflection. But every now and then an α particle was deflected at wide angle. 

Occasionally an α particle was turned back. This was a most surprising finding, for 

in Thomson’s model the positive charge of the atom was so diffuse that the positive 

α particles should have passed through the foil with very little deflection. 

Rutherford’s experiment 



The expected results of the metal foil 

experiment if Thomson’s model were correct. 
Actual results. 

Rutherford’s model of the atom 

- Most of the atom must be empty space (this explains why the majority of a particles 

passed through the gold foil with little or no deflection). 

- The atom’s positive charges, are all concentrated in the nucleus, which is a dense 

central core within the atom. 

- Whenever an  particle came close to a nucleus in the scattering experiment, a 

large repulsive force and therefore a large deflection. 

- The positively charged particles in the nucleus are called protons. 

Each proton carries the same quantity of charge as an electron and has a mass of 

1.67262 x 10-24 g, about 1840 times the mass of electron. 



The Neutron 

In 1932, James Chadwick bombarded a thin sheet of beryllium with α 

particles, a very high-energy radiation similar to γ rays was emitted by the 

metal. Later experiments showed that the rays actually consisted of a third 

type of subatomic particles, which Chadwick named neutrons, because they 

proved to be electrically neutral particles having a mass slightly greater than 

that of protons. 

Chadwick’s experiment 



The protons and neutrons of an atom are 

packed in an extremely small nucleus. 

Electrons are shown as “clouds” around 

the nucleus. 

mass p ≈ mass n ≈ 1840 x mass e- 

The figure shows the location of the elementary particles (protons, neutrons and electrons) in an 

atom. There are other subatomic particles, but the electron, the proton and the neutron are the 

three fundamental components of the atom that are important in chemistry. 

A typical atomic radius is about 100 pm, 

whereas the radius of an atomic nucleus 

is only about 5 x 10-3 pm. 

1 pm = 1 x 10-12 m 



Particle Electron Proton Neutron 

Symbol e- or e p+ or p n0 or n 

Relative size  

 

size exaggerated 

 

 

 

Actual mass (g) 9.10938 x 10-28 1.67262 x 10-24 1.67493 x 10-24 

Mass relative to a 

proton 

1/1836 (0.000545) 

almost zero 

1 1.00138 

Mass relative to 

an electron 

1 1836 1839 

Charge (Coulomb) -1.6022 x 10-19 +1.6022 x 10-19 0 

Charge unit 

(relative charge) 

-1 +1 0 

Location Outside nucleus 

(orbitals) 

Inside nucleus Inside nucleus 

Subatomic particles 



2.3  

Atomic Number, Mass 

Number & Isotopes 



Atomic Number 
All atoms can be identified by the number of protons and neutrons they 

contain. 
 

The atomic number (Z) is the number of protons in the nucleus of each atom of 

an element. In a neutral atom the number of protons is equal to the number of 

electrons, so the atomic number also indicates the number of electrons 

present in the atom. 

The chemical identity of an atom can be determined solely from its atomic 

number. 

e.g., the atomic number of fluorine is 9. 

This means that each fluorine atom has 

9 protons and 9 electrons. Or, viewed 

another way, every atom in the universe 

that contains 9 protons is correctly 

named “fluorine”. 



Mass Number 
The mass number (A) is the total number of neutrons and protons present in the 

nucleus of an atom of an element. Except for the most common form of hydrogen, 

which has one proton and no neutrons, all atomic nuclei contain both protons and 

neutrons. In general, the mass number is given by 

mass number = number of protons + number of neutrons 

                         = atomic number + number of neutrons 

The number of neutrons in an atom is equal to the difference between the mass 

number and the atomic number, or (A - Z). e.g., if the mass number of a particular 

boron atom is 12 and the atomic number is 5 (indicating 5 protons in the nucleus), 

then the number of neutrons is 12 - 5 = 7. 

Protons and neutrons are collectively called nucleons. 



The accepted way to denote the atomic number and mass number of an 

atom of an element (X) is as follows: 

Note that all three quantities (atomic number, number of neutrons, and 

mass number) must be positive integers, or whole numbers. 



Isotopes 
Atoms of a given element do not all have the same mass. Most elements have 

two or more isotopes, atoms that have the same atomic number but different 

mass numbers due to the difference in neutron number. 
 

e.g., there are three isotopes of hydrogen. One, simply known as hydrogen, has 

one proton and no neutrons. The deuterium isotope contains one proton and one 

neutron, and tritium has one proton and two neutrons. 

Thus, for the isotopes of hydrogen, we write 

As another example, consider two common isotopes of uranium with mass 

numbers of 235 and 238, respectively: 



EXAMPLE 

How many protons, neutrons, and electrons are in 𝐶, 6
12  𝐶, 6

13 and 𝐶 6
14  

The atomic number of carbon is 6, which means that every carbon atom 

has 6 protons and 6 electrons, so that the neutron numbers of these 

isotopes are 6, 7 and 8 respectively. 

𝐶6
12 , 12 – 6 = 6 neutrons 

 

𝐶, 6
13 13 – 6 = 7 neutrons 

 

𝐶6
14 , 14 – 6 = 8 neutrons 



Give the number of protons, neutrons and electrons in each of the following 

species: 

(a) 𝑁𝑎11
20  

The atomic number is 11, so there are 11 protons. The mass number is 20, so the number of 

neutrons is 20 - 11 = 9. The number of electrons is 11 (the same as the number of protons). 

EXAMPLE 

(b) 𝑁𝑎11
22  

The atomic number is 11. The mass number is 22, so the number of neutrons is 22 - 11 = 11. 

The number of electrons is 11. Note that the species in (a) and (b) are chemically similar 

isotopes of sodium. 

(c) 𝑂17  

The atomic number of O (oxygen) is 8, so there are 8 protons. The mass number is 17, so 

there are 17 - 8 = 9 neutrons. There are 8 electrons. 

(d) carbon-14. 

Carbon-14 can also be represented as 14C. The atomic number of carbon is 6, so there are 14 

- 6 = 8 neutrons. The number of electrons is 6. 

Practice Exercise 

How many protons, neutrons and electrons are in the following isotope of copper: 
63Cu? 



2.4  

The Periodic Table 



Periodic Table of the Elements 
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Periodic Table of the Elements 



Periodic table is a chart in which elements having similar chemical and physical 

properties are grouped together. 
 

More than half of the known elements were discovered between 1800 and 1900. To 

date, 118 elements have been positively identified. Most of them occur naturally on 

Earth. The others have been created by scientists via nuclear processes. 
 

Elements are arranged by atomic number in horizontal rows called periods and in 

vertical columns known as groups or families, according to similarities in their chemical 

properties. 
 

The elements can be divided into three categories; metals, nonmetals and metalloids. A 

metal is a good conductor of heat and electricity while a nonmetal is usually a poor 

conductor of heat and electricity. A metalloid has properties that are intermediate 

between those of metals and nonmetals. 
 

Elements are often referred to collectively by their periodic table group number (Group 

1A, Group 2A, and so on). However, some element groups have been given special 

names. The Group 1A elements (Li, Na, K, Rb, Cs & Fr) are called alkali metals, and 

the Group 2A elements (Be, Mg, Ca, Sr, Ba & Ra) are called alkaline earth metals. 

Elements in Group 7A (F, Cl, Br, I & At) are known as halogens, and elements in Group 

8A (He, Ne, Ar, Kr, Xe & Rn) are called noble gases, or rare gases. 
 

The 1–18 group designation has been recommended by the IUPAC, but the standard 

U.S. notation for group numbers (1A–8A and 1B–8B) is most widely used. 



2.5  

Molecules and Ions 



Molecules 
A molecule is an aggregate of at least two atoms in a definite arrangement held 

together by chemical forces (also called chemical bonds). 
 

A molecule may contain atoms of the same element or atoms of two or more 

elements joined in a fixed ratio, in accordance with the law of definite proportions. 

Thus, a molecule is not necessarily a compound, which, by definition, is made up of 

two or more elements. Like atoms, molecules are electrically neutral. 

 

e.g., Hydrogen gas (H2); is a pure element, but it consists of molecules made up of 

two H atoms each. 

 

 

 

e.g., Water (H2O); is a molecular compound that contains hydrogen and oxygen in 

a ratio of two H atoms and one O atom.  



Atoms: represented by single spheres. 

Elements: represented by the spheres of the same kind; same size and color.  

Molecules: represented by two or more spheres jointed together. 

Molecules of elements: represented by two or more spheres of the same kind jointed together. 

Molecules of compounds: represented by two or more spheres of the different kind jointed together. 



The hydrogen molecule (H2), is called a diatomic molecule 

because it contains only two atoms. Other elements that 

normally exist as diatomic molecules are nitrogen (N2) and 

oxygen (O2), as well as the Group 7A elements; fluorine (F2), 

chlorine (Cl2), bromine (Br2), and iodine (I2). A diatomic molecule 

can contain atoms of different elements. e.g., hydrogen chloride 

(HCl) and carbon monoxide (CO). 

The vast majority of molecules contain more than two atoms. They can be atoms of 

the same element, as in ozone (O3), which is made up of three atoms of oxygen, or 

they can be combinations of two or more different elements. Molecules containing 

more than two atoms are called polyatomic molecules. Like ozone, water (H2O) and 

ammonia (NH3) are polyatomic molecules. 

     Diatomic molecules 

     Polyatomic molecules 
The seven diatomic molecules 



Molecules composed of only one type of element. Homonuclear molecules may 

consist of various numbers of atoms. Homonuclear diatomic molecules include H2, 

O2, N2 and all of the halogens (F2, Cl2, Br2 and I2). Ozone (O3) is a triatomic 

homonuclear molecule. Homonuclear tetratomic molecules include arsenic (As4) 

and phosphorus (P4). 

     Homonuclear molecules 

Hydrogen 

(H2) 

Oxygen 

(O2) 

Nitrogen 

(N2) 

Fluorine 

(F2) 

Chlorine 

(Cl2) 

Bromine 

(Br2) 

Iodine 

(I2) 

Diatomic 

molecules 

Polyatomic 

molecules 



Allotropes are different chemical forms of the same element (not containing 

any other element). In that sense, allotropes are all homonuclear. 

e.g., The element carbon is known 

to have a number of homonuclear 

allotrope molecules. 

e.g., Sulfur forms 

several allotropes 

containing different 

numbers of sulfur 

atoms. 



Molecules composed of more than one type of element. 

 

  e.g., HCl, HF and CO are diatomic heteronuclear molecules. 

 

  e.g., CO2, CH4 and NH3 are polyatomic heteronuclear molecules. 

     Heteronuclear molecules 

Diatomic 

molecules 

Polyatomic 

molecules 
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Ions 
An ion is an atom or a group of atoms that has a net positive or negative charge. 
 

The number of positively charged protons in the nucleus of an atom remains the 

same during ordinary chemical changes (chemical reactions), but negatively charged 

electrons may be lost or gained. 

On the other hand, an anion is an ion whose net 

charge is negative due to an increase in the number 

of electrons. A chlorine atom (Cl), for instance, can 

gain an electron to become the chloride ion, Cl-: 

Sodium chloride (NaCl), ordinary table salt, is called an ionic compound because it 

is formed from cations and anions. 

The loss of one or more electrons from a neutral atom 

results in a cation, an ion with a net positive charge. 

e.g., a sodium atom (Na) can readily lose an electron to 

become a sodium cation, Na+: 



Common  Polyatomic  Ions 

Ammonium NH4
+  Nitrate NO3

−  Thiocyanate SCN- 

Acetate CH3COO- or C2H3O2
− Nitrite NO2

−  Thiosulfate S2O3
2−  

Bromate BrO3
−  Hydroxide OH- Hypochlorite ClO- 

Carbonate CO3
2−  Perchlorate ClO4

−  Sulfate SO4
2−  

Chlorate ClO3
−  Periodate IO4

−  Sulfite SO3
2−  

Chlorite ClO2
−  Permanganate MnO4

−  Iodate IO3
− 

Chromate CrO4
2−  Peroxide O2

2−  Silicate SiO4
4− 

Cyanide CN- Phosphate PO4
3−  Oxalate C2O4

2−  

Dichromate Cr2O7
2−  Phosphite PO3

3−   Hydrogen carbonate HCO3
− 

An atom can lose or gain more than one electron. Examples of ions formed by the 

loss or gain of more than one electron are Mg2+, Fe3+, S2- and N3-. These ions are 

called Monatomic ions because they contain only one atom. 
 

With very few exceptions, metals tend to form cations and nonmetals form anions. 

 

 

In addition, two or more atoms can combine to form an ion that has a net positive 

or net negative charge. Polyatomic ions such as OH- (hydroxide ion), CN- 

(cyanide ion), and NH4
+ (ammonium ion) are ions containing more than one atom. 



2.6  

Chemical Formulas 



Molecular Formulas 

A molecular formula shows the exact number of atoms of each element in 

the smallest unit of a substance. The molecular formula tells us the actual 

number of atoms in a molecule. 
 

e.g., H2 is the molecular formula for hydrogen, O2 is oxygen, O3 is ozone, and 

H2O is water. The subscript numeral indicates the number of atoms of an 

element present. There is no subscript for O in H2O because there is only one 

atom of oxygen in a molecule of water, and so the number “one” is omitted 

from the formula. 

 

 

The structural formula shows how atoms are bonded to one another in a 

molecule. 
 

e.g., it is known that each of the two H atoms is bonded to an O atom in the 

water molecule. Therefore, the structural formula of water is H—O—H. A line 

connecting the two atomic symbols represents a chemical bond. 



Molecular Models 

Molecular and structural formulas and molecular models of four common molecules 



Empirical Formulas 
Empirical formulas are the simplest chemical formulas; they are written by reducing 

the subscripts in the molecular formulas to the smallest possible whole numbers. 

 

Molecular formulas are the true formulas of molecules. If we know the molecular 

formula, we also know the empirical formula, but the reverse is not true. 
 

  e.g., 

Molecular formula Empirical formula 

H2O2 HO 

N2H4 NH2 

C6H14 C3H7 

H2O H2O 

CH4 CH4 

e.g., Glucose (C6H12O6), ribose (C5H10O5), acetic acid (C2H4O2), and formaldehyde 

(CH2O) all have different molecular formulas but the same empirical formula: CH2O.  



EXAMPLE 

Write the empirical formulas for the following molecules: 
 

(a)acetylene (C2H2), which is used in welding torches, 
Solution: CH 

 

(b) glucose (C6H12O6), a substance known as blood sugar, and 
Solution: CH2O 

 

(c) nitrous oxide (N2O), a gas that is used as an anesthetic gas “laughing 

gas” and as an aerosol propellant for whipped creams. 
Solution: N2O (the empirical formula for nitrous oxide is the same as its molecular 

formula). 

Practice Exercise 

 

Write the empirical formula for caffeine (C8H10N4O2), a stimulant found in 

tea and coffee. 



Formula of Ionic Compounds 
Ionic compounds are chemical compounds composed of ions held together by 

electrostatic forces termed ionic bonding. The compound is neutral overall, but 

consists of positively charged ions called cations and negatively charged ions 

called anions. 
 

e.g., a solid sample of sodium chloride (NaCl) consists of equal numbers of Na+ 

and Cl- ions arranged in a three-dimensional network. In such a compound there 

is a 1:1 ratio of cations to anions so that the compound is electrically neutral. 

Structure of solid NaCl In reality, the cations are in 

contact with the anions 

Crystals of NaCl 

The smaller spheres represent Na+ ions and the larger spheres, Cl- ions. 



The arrangement of cations and anions is such that the compounds are all 

electrically neutral. For ionic compounds to be electrically neutral, the sum of the 

charges on the cation and anion in each formula unit must be zero. 

 
Potassium Bromide 
Potassium cation K+ and bromine anion Br- combine to form the ionic compound 

potassium bromide. The sum of the charges is +1 + (-1) = 0, so no subscripts are 

necessary. The formula is KBr. 

 
Zinc Iodide 
Zinc cation Zn2+ and iodine anion I- combine to form zinc iodide. The sum of the 

charges of one Zn2+ ion and one I- ion is +2 + (-1) = +1. To make the charges add up to 

zero we multiply the -1 charge of the anion by 2 and add the subscript “2” to the symbol 

for iodine. Therefore the formula for zinc iodide is ZnI2. 

 
Aluminum Oxide 
The cation is Al3+ and the oxygen anion is O2-. The following diagram helps to 

determine the subscripts for the compound: 
 

The sum of the charges is 2(+3) + 3(-2) = 0.  

Thus, the formula for aluminum oxide is Al2O3. 



CaBr2 

1 x +2 = +2 2 x -1 = -2 

Ca2+ Br- 

Na2CO3 

2 x +1 = +2 1 x -2 = -2 

Na+ CO3
2- 

+2 + (-2) = 0 

+2 + (-2) = 0 

EXAMPLES 

Calcium Bromide 

Sodium Carbonate 



EXAMPLE 

Write the formula of magnesium nitride, containing the Mg2+ and N3- ions. 

3 x (+2) + 2 x (-3) = 0 

Practice Exercise 
 

Write the formulas of the following ionic compounds: 
 

(a) Chromium sulfate (containing the Cr3+ and SO4
2− ions), 

Solution: Cr2(SO4)3  
 

(b) Titanium oxide (containing the Ti4+ and O2- ions). 

Solution: Ti2O4 



2.7  

Naming Compounds 
(ionic, molecular, acids, bases & hydrates) 



Ionic Compounds 

Ionic compounds are made up of cations (+ve ions) and anions (-ve ions). 

 

All cations of interest to us are derived from metal atoms (with the important 

exception of the ammonium ion, NH4
+). 

 

Metal cations take their names from the elements. 

 

  e.g., 

Element Name Cation Name of Cation 

Na  sodium Na+ sodium ion (or sodium cation) 

K potassium K+ potassium ion (or potassium cation) 

Mg magnesium Mg2+ magnesium ion (or magnesium cation) 

Al aluminum Al3+ aluminum ion (or aluminum cation) 



Many ionic compounds are binary compounds, or compounds formed from just 

two elements. For binary compounds, the first element named is the metal cation, 

followed by the nonmetallic anion. 

The anion is named by taking the first part of the element name and adding “-ide.” 

Name 

NaCl sodium chloride 

KBr  potassium bromide 

ZnI2  zinc iodide 

Al2O3 aluminum oxide 

Group 4A Group 5A Group 6A Group 7A 

C carbide (C4-) N nitride (N3-) O oxide (O2-) F fluoride (F-) 

Si silicide (Si4-) P phosphide (P3-) S sulfide (S2-) Cl chloride (Cl-) 

Se selenide (Se2-) Br bromide (Br-) 

Te telluride (Te2-) I iodide (I-) 

Na, K, Zn and Al are metals 

 

Cl, Br, I and O are nonmetals 



The “-ide” ending is also used for certain anion groups containing different 

elements, such as hydroxide (OH-) and cyanide (CN-). 
 

e.g., 

   LiOH: lithium hydroxide 

   KCN: potassium cyanide 
 

These and a number of other such ionic substances are called ternary 

compounds, meaning compounds consisting of three elements. 

Certain metals, especially the transition metals, can form more than one type 

of cation. 

   Fe2+: ferrous ion 

   Fe3+: ferric ion 

The names of the compounds that these iron ions form with chlorine would thus be 

   FeCl2: ferrous chloride 

   FeCl3: ferric chloride 

FeCl2 (left) & FeCl3 (right) 

e.g., iron can form two cations: Fe2+ and Fe3+. An older 

nomenclature system that is still in limited use assigns the 

ending “-ous” to the cation with fewer positive charges and 

the ending “-ic” to the cation with more positive charges: 



Modern nomenclature system called Stock system. In this system, the Roman 

numeral I indicates one positive charge, II means two positive charges, and so on. 

 

e.g., manganese (Mn) atoms can assume several different positive charges: 

   Mn2+: MnO manganese(II) oxide 

   Mn3+: Mn2O3 manganese(III) oxide 

   Mn4+: MnO2 manganese(IV) oxide 

Thus the names of the previous iron compounds would be: 
 

   FeCl2: ferrous chloride becomes iron(II) chloride  

   FeCl3: ferric chloride becomes iron(III) chloride 

TABLE  2.3 in the textbook 

 

Names and formulas of some common inorganic cations and anions 



EXAMPLE 

Name the following compounds: 

 

(a) Cu(NO3)2, copper(II) nitrate. 

 

(b) KH2PO4, potassium dihydrogen phosphate. 

 

(c) NH4ClO3, ammonium chlorate. 

Practice Exercise 
 

Name the following compounds: 

 

(a) PbO, Lead(II) oxide 

 

(b) Li2SO3, Lithium sulfite 



Molecular Compounds 

Unlike ionic compounds, molecular compounds contain discrete 

molecular units. They are usually composed of nonmetallic elements. 

 

Many molecular compounds are binary compounds. 

 

Naming binary molecular compounds is similar to naming binary ionic 

compounds. We place the name of the first element in the formula first, and 

the second element is named by adding -ide to the root of the element name. 

 

  e.g., 
Name 

HCl hydrogen chloride 

HBr hydrogen bromide 

SiC silicon carbide 



It is quite common for one pair of elements to form several 

different compounds. In these cases, confusion in naming the 

compounds is avoided by the use of Greek prefixes to denote 

the number of atoms of each element present 
 

  e.g., 

Greek Prefixes 

CO carbon monoxide 

CO2 carbon dioxide 

SO2 sulfur dioxide 

SO3 sulfur trioxide 

NO2 nitrogen dioxide 

N2O4 dinitrogen tetroxide 

Notes in naming compounds with prefixes: 
 

- The prefix “mono-” may be omitted for the first element. 

e.g., PCl3 is named phosphorus trichloride, not monophosphorus trichloride. 

 

- For oxides, the ending “a” in the prefix is sometimes omitted. 

e.g., N2O4 may be called dinitrogen tetroxide rather than dinitrogen tetraoxide. 



EXAMPLE 

Name the following molecular compounds: 
 

(a) SiCl4: silicon tetrachloride 
 

(b) P4O10: tetraphosphorus decoxide 

Write chemical formulas for the following molecular compounds: 
 

(a) carbon disulfide: CS2 
 

(b) disilicon hexabromide: Si2Br6 

EXAMPLE 

Exceptions to the use of Greek prefixes are molecular compounds containing 

hydrogen. Traditionally, many of these compounds are called either by their common, 

nonsystematic names or by names that do not specifically indicate the number of H 

atoms present: 

B2H6 diborane  CH4 methane 

SiH4 silane NH3 ammonia 

PH3 phosphine H2O water 

H2S hydrogen sulfide 



Note: the prefix “mono-” is 

usually omit when there is only 

one H in the anion. 

Steps for naming ionic & binary 
molecular compounds. 



Acids 
An acid can be described as a substance that yields hydrogen ions (H+) when 

dissolved in water (H+ is equivalent to one proton). 

 

Formulas for acids contain one or more hydrogen atoms as well as an anionic 

group. 

The name assigned to the compound depends on its physical 

state. In the gaseous or pure liquid state, HCl is a molecular 

compound called hydrogen chloride. When it is dissolved in 

water (become solution), the molecules break up into H+ and Cl- 

ions; in this state, the substance is called hydrochloric acid. 

Anions whose names end in “-ide” form acids with a “hydro-” 

prefix and an “-ic” ending. In some cases two different names 

seem to be assigned to the same chemical formula. 
 

       HCl: hydrogen chloride, or 

       HCl: hydrochloric acid 



Oxoacids are acids that contain hydrogen, oxygen and another element (the central 

element). The formulas of oxoacids are usually written with the H first, followed by the 

central element and then O. 
 

Oxoanions are the anions of oxoacids (oxoacid – H). 

We use the following five common 

acids as references in naming 

oxoacids: 

H2CO3 carbonic acid 

HClO3 chloric acid 

HNO3 nitric acid 

H3PO4 phosphoric acid 

H2SO4 sulfuric acid 

Examples of some simple acids 

Anion Corresponding Acid 

F- (fluoride) HF (hydrofluoric acid) 

Cl- (chloride) HCl (hydrochloric acid) 

Br- (bromide) HBr (hydrobromic acid) 

I- (iodide) HI (hydroiodic acid) 

CN- (cyanide) HCN (hydrocyanic acid) 

S2- (sulfide) H2S (hydrosulfuric acid) 



Naming oxoacids & oxoanions 



Examples 

H3PO4: phosphoric acid 

𝐇𝟐𝐏𝐎𝟒
−: dihydrogen phosphate 

𝐇𝐏𝐎𝟒
𝟐−: hydrogen phosphate 

𝐏𝐎𝟒
𝟑−: phosphate 

Examples (oxoacids) 

HClO3 (chloric acid) + O HClO4 (perchloric acid) 

HNO3 (nitric acid) – O HNO2 (nitrous acid) 

HBrO3 (bromic acid) – 2 O HBrO (hypobromous acid) 

Examples (oxoanions) 

H2CO3 (carbonic acid) – all H CO3
2− (carbonate) 

HClO2 (chlorous acid) – all H’s ClO2
− (chlorite) 



Oxoacids Oxoanions 

HClO4 (perchloric acid) ClO4
− (perchlorate) 

HClO3 (chloric acid) ClO3
− (chlorate) 

HClO2 (chlorous acid) ClO2
− (chlorite) 

HClO (hypochlorous acid) ClO− (hypochlorite) 

e.g., 

EXAMPLE 

Name the following oxoacid and oxoanion: 

(a) H3PO3  

start with the reference acid, phosphoric acid (H3PO4) 

H3PO3 has one fewer O atom, it is called phosphorous acid. 

 

(b) IO4
− 

start with the reference acid, iodic acid (HIO3) 

HIO4 has one more O atom called periodic acid 

Remove H to obtain IO4
− which called periodate. 



Bases 

A base can be described as a substance that yields hydroxide ions (OH-) 

when dissolved in water. 

Examples 

 

NaOH: sodium hydroxide 
 

KOH: potassium hydroxide 
 

Ba(OH)2: barium hydroxide 

 

 

NH3: ammonia 

NH3 + H2O                    𝐍𝐇𝟒
+ + OH-  



Hydrates 

The water molecules can be driven off by 

heating to produce the anhydrous; means that 

the compound no longer has water molecules 

associated with it. 

e.g., 

CuSO4 · 5H2O (left) is blue, 

CuSO4 (right) is white 

CuSO4 · 5H2O copper(II) sulfate pentahydrate 

BaCl2 · 2H2O barium chloride dihydrate 

LiCl · H2O lithium chloride monohydrate 

MgSO4 · 7H2O magnesium sulfate heptahydrate 

Sr(NO3)2 · 4H2O strontium nitrate tetrahydrate 

Hydrates: compounds that have a specific number of water molecules 

attached to them. 



Common and systematic names of some compounds 

Familiar Inorganic Compounds 




