
1

CHAPTER 4 
4.1. Atomic structure and symbolism

 An atom contains a very small nucleus composed of 
positively charged protons and uncharged neutrons, 
surrounded by a much larger volume of space 
containing negatively charged electrons. 

 The nucleus contains the majority of an atom’s mass 
because protons and neutrons are much heavier 
than electrons, whereas electrons occupy almost all 
of an atom’s volume. 

 The diameter of an atom is on the order of 10−10 m, 
whereas the diameter of the nucleus is roughly 10−15 

m, about 100,000 times smaller
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 Atoms and the protons, neutrons, and electrons that 
compose them are extremely small. For example, a 
carbon atom weighs less than 2 × 10−23 g, and an 
electron has a charge of less than 2 × 10−19 C 
(coulomb). 

 the properties of tiny objects such as atoms, we use 
appropriately small units of measure, such as the 
atomic mass unit (amu) and the fundamental 
unit of charge (e). 
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 The amu has been defined with regard to the most 
abundant isotope of carbon, atoms of which are 
assigned masses of exactly 12 amu

 one amu is exactly 1/12 of the mass of one carbon-12 
atom: 1 amu = 1.6605 × 10−24 g. 

 (The Dalton (Da) and the unified atomic mass 
unit (u) are alternative units that are equivalent to 
the amu.)

 The fundamental unit of charge (also called the 
elementary charge) equals the magnitude of the 
charge of an electron (e) with e = 1.602 × 10−19 C.
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 A proton has a mass of 1.0073 amu and a charge of 
1+. 

 A neutron is a slightly heavier particle with a mass 
1.0087 amu and a charge of zero; as its name 
suggests, it is neutral. 

 The electron has a charge of 1- and is a much lighter 
particle with a mass of about 0.00055 amu

 Atoms are electrically neutral if they contain the 
same number of positively charged protons and 
negatively charged electrons. 

  When the numbers of these subatomic particles are 
not equal, the
atom is electrically charged and is called an ion. 
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Properties of Subatomic Particles

Atomic charge = number of protons − number of electrons
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 An atom that gains one or more electrons will exhibit 
a negative charge and is called an anion. 

 Positively charged atoms called cations are formed 
when an atom loses one or more electrons. 

 For example, a neutral sodium atom (Z = 11) has 
11electrons. 

 If this atom loses one electron, it will become a cation 
with a 1+ charge (11 − 10 = 1+).

 A neutral oxygen atom (Z = 8) has eight electrons, 
and if it gains two electrons it will become an anion 
with a 2- charge (8 − 10 = 2-).



7

 4.1.1. Chemical Symbols and Isotopes
 A chemical symbol is an abbreviation that we use 

to indicate an element or an atom of an element.

  For example, the symbol for mercury is Hg

 Some symbols are derived from the common name of 
the element; others are abbreviations of the name in 
another language. 

 Most symbols have one or two letters, but three-
letter symbols have been used to describe some 
elements that have atomic numbers greater than 112
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Isotopes
 Atoms that have the same atomic number but 

different mass numbers. 
 The symbol for a specific isotope of any element is 

written by placing the mass number as a superscript 
to the left of the element symbol

 magnesium exists as a mixture of three isotopes, each 
with an atomic number of 12 and with mass numbers 
of 24, 25, and 26, respectively.

  These isotopes can be identified as 24Mg, 25Mg, and 
26Mg.

 All magnesium atoms have 12 protons in their nucleus.
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Nuclear Compositions of Atoms of the Very Light 
Elements
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 4.1.2. Atomic mass unit and average atomic 
mass
The atomic mass of a single atom is approximately 
equal to its mass number (a whole number). 

 However, the average masses of atoms of most 
elements are not whole numbers because most 
elements exist naturally as mixtures of two or more 
isotopes.

 For example, the element boron is composed of two 
isotopes: About 19.9% of all boron atoms are 10B with 
a mass of 10.0129 amu, and the remaining 80.1% are 
11B with a mass of 11.0093 amu. The average atomic 
mass for boron is calculated to be:
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10.8 amu is the average mass of all boron atoms, and 
individual boron atoms weigh either approximately 10 
amu or 11 amu.
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Example 4.2
Calculation of Average Atomic Mass
A meteorite found in central Indiana contains traces of 
the noble gas neon picked up from the solar wind 
during the meteorite’s trip through the solar system. 
Analysis of a sample of the gas showed that it 
consisted of 91.84% 20Ne (mass 19.9924 amu), 0.47% 
21Ne (mass 20.9940 amu), and 7.69% 22Ne (mass 
21.9914 amu). 
What is the average mass of the neon in the solar 
wind?
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Solution

The average mass of a neon atom in the solar wind is 
20.15 amu. (The average mass of a terrestrial neon 
atom is 20.1796 amu. 
This result demonstrates that we may find slight 
differences in the natural abundance of isotopes, 
depending on their origin.)
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4.2. Chemical Formulas

A chemical formula gives the numbers and types of atoms 
that are found in a substance.
When the substance is a discrete molecule, then the 
chemical formula is also its molecular formula. 
Fe (iron) is a chemical formula 
Fe2O3 is a molecular formula
Molecular formulas.

The molecular formula of an element or  compound only 
applies to elements or compounds that exist as molecules 
and it gives the actual number of each type of atom present 
in the molecule
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The structural formula for a compound gives the 
same information as its molecular formula (the types 
and numbers of atoms in the molecule) but also shows 
how the atoms are connected in the
molecule. (provides insight into the arrangement of the 
atoms in the molecule.)

Figure 2.4: A methane molecule can be represented as (a) a 
molecular formula, (b) a structural formula, (c) a ball-and-stick 
model, and (d) a space-filling model. Carbon and hydrogen atoms 
are represented by black and white spheres, respectively
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many elements consist of discrete, individual atoms, 
some exist as molecules made up of two or more 
atoms of the element hemically bonded together
diatomic molecules; composed of molecules that 
contain two atom
For example: H2, O2, and N2

Other elements composed of molecules that consist of 
eight atoms of sulfur, its molecular formula is S 8 



17

Empirical Formula:

The empirical formula of a chemical compound 
represents the ratio of the elements present in that 
compound. 

The chemical formula of the compound with the 
fewest possible number of atoms.

For example, the molecular formula for acetic acid, 
the component that gives vinegar its sharp taste, is 
C2H4O2. This formula indicates that a molecule of 
acetic acid (Figure 2.9)
contains two carbon atoms, four hydrogen atoms, 
and two oxygen atoms. 
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The ratio of atoms is 2:4:2. Dividing by the lowest 
common denominator (2) gives the simplest, whole-
number ratio of atoms, 1:2:1, so the empirical formula 
is CH2O. 

Figure 2.9: (a) Vinegar contains acetic acid, C2H4O2, 
which has an empirical formula of CH2O. It can be 
represented as (b) a structural formula and (c) as a 
ball-and-stick model.



19

4.3. The Periodic Table

4.3.1. Historical development of the periodic table

Antoine Lavoisier

In the late 1790s, he compiled a list of the known 
elements at the time.

This list contained 23 elements
In the 1800’s, there were many changes in the world

– Electricity
– Spectrometer
– Industrial Revolution
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As a result, there was an increase in the number of known 
elements

– By the 1870, there were 70 known elements

Then in the 1860’s, chemist agreed upon a method for 
accurately determining the atomic mass of elements.
John Newlands
• Noticed when elements were arranged by atomic mass, 

they repeated properties every 8th element.
• He used the word periodic to describe this pattern
• He gave it the name the Law of Octaves
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Unfortunately
• Did not work for all the elements
• Criticized because of its association with music
• Did give others the idea of repeating properties - 

periodic
Lothar Meyer and Dmitri Mendeleev
Each made a connection between atomic mass and 
properties of elements
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Mendeleev
• Mendeleev is given credit because he was published first
• In addition, Mendeleev predicted unknown elements
• However, not completely correct – new elements weren’t in correct 

order
• What do you notice about elements 27 & 28 and 52 & 53?

Henry Moseley
• Solved this problem by arranging the elements by increasing 

atomic number.
• The periodic repetition of chemical and physical properties of 

elements when arranged by atomic number is now known as 
Periodic Law

Which leads to the Modern Periodic Table
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 the properties of the elements are periodic 
functions of their atomic numbers.

  A modern periodic table arranges the elements 
in increasing order of their atomic numbers and 
groups atoms with similar properties in the same 
vertical column

 The elements are arranged in seven horizontal 
rows, called periods or series, and 18 vertical 
columns, called groups. Groups are labeled at the 
top of each column
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4.3.2. Classification of elements in the periodic 
table
 The elements can also be classified into the main-

group elements (or representative elements) in the 
columns labeled 1, 2, and 13–18; 

 the transition metals in the columns labeled 3–12; 
and

  inner transition metals in the two rows at the bottom 
of the table (the top-row elements are called 
lanthanides and the bottom-row elements are 
actinide
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4.4. Ionic and Molecular Compounds

Ionic compounds are compounds composed of ions, 
charged particles that form when an atom (or group of 
atoms) gains or loses electrons. Covalent or 
molecular compounds form when elements share 
electrons in a covalent bond to form molecules. 
Molecular compounds are electrically neutral.
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 Types of ions
Main-Group Metals (Groups IA, IIA, and IIIA) Group 
IA, IIA, and IIIA metals tend to form cations by losing 
all of their outermost (valence) electrons. 

 The charge on the cation is the same as the group 
number
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Ions of Some Transition Metals and Post-Transition 
Metals (Groups IVA and VA)
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4.4.1. Formation of Ionic Compounds
 When an element composed of atoms that readily lose electrons (a 

metal) reacts with an element composed of atoms that readily gain 
electrons (a nonmetal), a transfer of electrons usually occurs, 
producing ions. 

 The compound formed by this transfer is stabilized by the 
electrostatic
attractions (ionic bonds) between the ions of opposite charge present 
in the compound

for example formation of potassium chloride, KCl

 each potassium atom loses one electron from its valence shell to 
achieve a stable octet electron arrangement (similar to the 
noble gas argon). A positive ion, K+ is formed.
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 The electron lost by the potassium atom is 
transferred to a chlorine atom.

 A chlorine atom has a proton number of 17 and an 
electron arrangement of 2.8.7.A chlorine atom has 
seven valence electrons.

 Each chlorine atom gains one electron from a 
potassium atom into its valence shell to achieve a 
stable octet electron arrangement (similar to the 
noble gas argon). A negative ion. Cl– is formed.
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In every ionic compound, the total number of positive 
charges of the cations equals the total number of 
negative charges of the anions. Thus, ionic 
compounds are electrically neutral overall, even 
though they contain positive and negative ions
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4.4.2. Formation of Molecular Compounds

when two or more atoms share valence (outer shell) 
electrons resulting in the formation of molecular 
compounds, which typically involve nonmetals.
formation of water

formation of carbon 
dioxide 
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4.5. Chemical Nomenclature

 Chemical nomenclature simply means the naming of 
chemical compounds

 Inorganic nomenclature is simplest for binary 
compounds, those compounds which contain two and 
only two chemical elements. 

 The name of a compound is derived from the names 
of its elements and some general agreements among 
chemists
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 4.5.1. Ionic compounds
Ionic compounds containing fixed-charge metals 
(mostly main group metals): 

1.A monatomic cation has the same name as that of the 
parent element.

 2.A monatomic anion is named by taking the root of 
the element name and adding –ide.

Example:  NaCI              sodium 
chloride
                  Mg F 2          magnesium 
fluoride
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Table4.5: Names of Some Ionic Compounds
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 Ionic compounds containing variable charge cations 
(mostly transition metals):

  For metals that can form cations of more than one 
charge, 

 the charge on the metal ion must be specified with 
Roman numeral in parentheses! 
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Names and charges of polyatomic ions. 
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4.5.1.2. Compounds Containing Polyatomic Ions
Compounds containing polyatomic ions are named by 
naming first the cation and then the anion
Table2.6: Names of Some Polyatomic Ionic 
Compounds
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4.5.1.3. Compounds Containing a Metal Ion with 
a Variable Charge
 The charge of the metal ion is included as a Roman 

numeral in parentheses immediately following the 
metal name

 transition metal + poly atomic ion
-Name the TM,follow it by a Roman numeral showing 
charge

     -Name the polyatomic ion
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4.5.1.4. Ionic Hydrates
 Ionic compounds that contain water molecules as 

integral components of their crystals are called 
hydrates. 

 The name for an ionic hydrate is derived by adding a 
term to the name for the anhydrous (meaning “not 
hydrated”) compound that indicates the number of 
water molecules associated with each formula unit 
of the compound

 Copper(II) sulfate pentahydrate CuSO4∙5H2O
Sodium carbonate decahydrate Na2CO3∙10H2O
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Name the following ionic compounds
(a) Fe2S3 (b) CuSe (c) GaN (d) MgSO4·7H2O (e) 
Ti2(SO4)3

Nomenclature of Prefixes
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4.5.2. Molecular Compounds

 Molecular compounds are chemical compounds that 
take the form of discrete molecules

 examples include such familiar substances as water 

(H2O) and carbon dioxide (CO2)

 These compounds are very different from ionic 
compounds like sodium chloride (NaCl).

  Ionic compounds are formed when metal atoms lose 
one or more of their electrons to nonmetal atoms. 

 The resulting cations and anions are electrostatically 
attracted to each other.
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So what holds the atoms of a molecule together?

 the atoms of a molecule share their valence electrons in 
such a way that a bond forms between pairs of atoms. 

 In a carbon dioxide molecule, there are two of these 
bonds, each occurring between the carbon atom and 

one of the two oxygen atoms.

Figure 1. Carbon dioxide molecules consist of a central 
carbon atom bonded to two oxygen atoms.
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4.5.2.1. Compounds Composed of Two 
Elements

 A binary molecular compound is a molecular 
compound that is composed of two elements. 

 In general, the elements that combine to form binary 
molecular compounds are both nonmetals.

 When two nonmetallic elements form a molecular 
compound, several combination ratios are often 
possible

 For example, carbon and oxygen can form the 

compounds CO and CO2. 

 Since these are different substances with different 
properties, they cannot both have the same name. 



46

Table. Names of Some Molecular Compounds 
Composed of Two Elements
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4.5.2.2. Binary Acids

Binary acid is a compound (comprised of 
hydrogen and one other nonmetallic element): 
a mixture of water with an acid is given a name 
derived from the compound’s name
1. The word “hydrogen” is changed to the 
prefix hydro-
2. The other nonmetallic element name is 
modified by adding the suffix -ic
3. The word “acid” is added as a second word.

For example, when the gas HCl (hydrogen 
chloride) is dissolved in water, the solution is 
called hydrochloric acid.
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Names of Some Simple Acids

4.5.2.3. Oxyacids
compounds that contain hydrogen, oxygen, and at least 
one other element, and are bonded in such a way as to 
impart acidic properties to the compound. 
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Typical oxyacids consist of hydrogen combined with a 
polyatomic, oxygen-containing ion. To name oxyacids:

1. Omit “hydrogen”
2. Start with the root name of the anion
3. Replace –ate with –ic, or –ite with –ous
4. Add “acid”
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Names of Common Oxyacid
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