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Chemistry is the study of the composition, 
structure, properties and reactions of 

matter. 

Chemistry is the study of matter and the 

changes it undergoes. 

Definition of Chemistry 
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• It  includes things we can see and touch (such as 
water, earth, and trees), as well as things we 
cannot (such as air).  

• Thus, everything in the universe has a “chemical’’ 
connection. 

Matter is anything that occupies space and has mass.  

Definition of matter 

The different types of matter can be distinguished 
through two components: Composition and 
Properties.  
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Matter 

Composition 

different components 
of matter along with 

their relative 
proportions 

Properties 
qualities/attributes that 
distinguish one sample 
of matter from another 

H2O: Components: Hydrogen and 
Oxygen (2 parts hydrogen, 1 part 
Oxygen) 

Color: Yellow/green 
Texture: Squishy/soft 
Changes: Browning 4 



The properties of matter 

Physical properties 
are those that can 
be determined 
without changing 
the composition or 
identity of the 
substance being 
studied. 

Chemical properties are 
properties that are 
determined using a process 
that changes the identity of 
the substance of interest. It 
describe the way a substance 
can change or react to form 
other substances.  

Physical Properties Chemical Properties 

Melting of ice 
Burning of hydrogen in air to 
give water 5 



When liquid water (H2O) freezes into a solid 
state (ice), it appears changed; however, 
this change is only physical as the 
composition of the constituent molecules is 
the same: 11.19% hydrogen  and 88.81% 
oxygen by mass. 

The burning of hydrogen gas in oxygen gas to 
form liquid water is a chemical property. After 
burning, the original chemical substance, the 
hydrogen gas, will have vanished, and all that 
will be left is a different chemical substance—
water. We cannot recover the hydrogen from 
the water by means of a physical change, such 
as boiling or freezing. 

H2 H2 

O2 

H2O H2O 
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Measurable properties of matter fall into two 
categories: extensive and Intensive properties. 

An extensive property of a mater depends upon 
how much matter is being considered. 

An intensive property of a mater does not depend 
upon how much matter is being considered. 

• Mass 
• Length 
• Volume 

• Density 
• Temperature 
• Color 
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Matter 

Mixtures 

Homogenous 

mixtures 

Heterogeneous 

mixtures 

Substances 

Compounds Elements 

Classification of Matter 
Matter is classified into two: Mixtures (Homogenous  
and Heterogeneous) and Substances (Elements and 
Compounds). 
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Mixture 
A mixture is a combination of two or more 
substances in which the substances retain their 
distinct identities. It is formed by physically mixing 
substances and but not by chemical combination. 

Mixtures do not have constant composition. 
Therefore, samples of air collected in different cities 
would probably differ in composition because of 
differences in altitude, pollution, and so on. 

Some familiar examples are air, soft drinks, milk and 
cement. 
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Mixtures 

Homogenous 

the composition is 
the same throughout 

Heterogeneous 

the composition is not 
uniform. 

Sugar dissolved in 
water 

Sand mixed with iron 
filings 
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Any mixture, whether homogeneous or 
heterogeneous, can be created and then separated by 
physical means into pure components without 
changing the identities of the components. 

Magnet 
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Separation of 
homogenous mixtures 

Separation of 
heterogeneous mixtures 



Substance 
A substance is a form of matter that has a definite 
(constant) composition and distinct properties. 
Substances are divided into elements and 
compounds.  

An element is a substance that cannot be separated 
into simpler substances by chemical means.  

A compound is a substance composed of atoms of 
two or more elements chemically united in fixed 
proportions. Unlike mixtures, compounds can be 
separated only by chemical means into their pure 
components. 
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Elements 
An element is a substance that cannot be separated 
into simpler substances by chemical means. To date, 
118 elements have been positively identified. Eighty-
three of them occur naturally on Earth. The others 
have been created by scientists via nuclear 
processes. 

Aluminum Sulfur 
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For convenience, chemists use symbols of one, two, 
or three letters to represent the elements. The first 
letter of a symbol is always capitalized, but any 
following letters are not. 

For example, Co is the symbol for the element cobalt, 
whereas CO is the formula for the carbon monoxide 
molecule. The symbols of some elements are derived 
from their Latin names—for example, Au from aurum 
(gold), Fe from ferrum (iron), and Na from natrium 
(sodium)—while most of them come from their 
English names.  
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Aluminum Al Fluorine F Oxygen O 

Arsenic As Gold Au Phosphorus P 

Barium Ba Hydrogen H Platinum Pt 

Bismuth Bi Iodine I Potassium K 

Bromine Br Iron Fe Silicon Si 

Calcium Ca Lead Pb Silver Ag 

Carbon C Magnesium Mg Sodium Na 

Chlorine Cl Manganese Mn Sulfur S 

Chromium Cr Mercury Hg Tin Sn 

Cobalt Co Nickel Ni Tungsten W 

Copper Cu Nitrogen N Zinc Zn 

Some Common Elements and Their Symbols 
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1. Give an example of a homogeneous mixture and an example of a 
heterogeneous mixture. 

2. Using examples, explain the difference between a physical property 
and a chemical property? 

3. How does an intensive property differ from an extensive property? 
Which of the following properties are intensive and which are 
extensive? (a) length, (b) volume, (c) temperature, (d) mass. 

4. Give an example of an element and a compound. How do elements 
and compounds differ? 

5. Classify each of the following substances as an element or a 
compound: (a) hydrogen, (b) water, (c) gold, (d) sugar.  

6. Classify each of the following as an element, a compound, a 
homogeneous mixture, or a heterogeneous mixture: (a) seawater, (b) 
helium gas, (c) sodium chloride (table salt), (d) a bottle of soft drink, 
(e) a milkshake, (f) air, (g) concrete. 

Problem 1 
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Atoms 

The basic building block of all matter is called an 
atom. Atoms are a collection of various subatomic 
particles containing negatively charged electrons, 
positively charged protons and neutral particles called 
neutrons.  

Each element has its own unique number of 
protons, neutrons and electrons. Both protons and 
neutrons have mass, whereas the mass of electrons 
is negligible.  
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mass p ≈ mass n ≈ 1840 × mass e- 

Particle 
Actual mass 

 (kg) 

Relative 
mass 
(amu) 

Charge 
(Coulomb) 

charge 

Proton, p 1.6726×10-27 1.007 1.6022×10-19 +1 

Neutron, n 1.6749×10-27 1.008 0 0 

Electron, e- 9.1094×10-31 5.489×10-4 -1.6022×10-19 -1 

The three fundamental subatomic particles of an 
atom are electrons, protons and neutrons. 

Protons and neutrons exist at the centre of the atom 
in the nucleus. 
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Atomic Number, Mass Number, and Isotopes 

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. 

Elements differ from one another according to the 
number of protons in their atoms, a value called the 
element’s atomic number (Z). All atoms of the same 
element contain the same number of protons. 
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The mass number (A) is the total number of neutrons 
and protons present in the nucleus of an atom of an 
element. 

Atomic number (Z) = number of protons in nucleus 

Mass number (A) = # of protons + # of neutrons  

                                 =  Z + # of neutrons 

The accepted way to denote the atomic number and 
mass number of an atom of an element (X) is as 
follows: 

XA
Z

Mass Number  
Symbol 

Atomic Number 
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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. Atoms with identical atomic 
numbers but different mass numbers are called 
isotopes. This is because atoms of the same element 
can have different number of neutrons. 

For example, 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. 
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The chemical properties of an element are 
determined primarily by the protons and electrons in 
its atoms; neutrons do not take part in chemical 
changes under normal conditions. Therefore, isotopes 
of the same element have similar chemistries, 
forming the same types of compounds and displaying 
similar reactivities. 
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H 1 
1 H (D) 2 

1 H (T) 3 
1 



6 protons, 8 (14 - 6) neutrons, 6 electrons 

6 protons, 5 (11 - 6) neutrons, 6 electrons 

How many protons, neutrons, and electrons are in 
C14

6
? 

How many protons, neutrons, and electrons are in 
 

C11
6

? 
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1. What is the difference between an atom’s atomic number and its 
mass number? 

2. What is the difference between an element’s atomic number and its 
atomic mass? 

3. What is an isotope? 
4. Carbon-14 and nitrogen-14 both have the same mass number, yet 

they are different elements. Explain.  
5. How many protons, neutrons, and electrons are in each of the 

following atoms? 
 

Problem 2 

a) b) c) d) 
N15

7 Co60
27

I135
53

Ce142
58



It is important to understand the location of 
electrons, as it is the arrangement of the electrons 
that creates the bonds between the atoms. Electrons 
are involved in the chemical bonding and reactions of 
an atom.  

Electrons move around the nucleus, and are arranged 
in shells at increasing distances from the nucleus. 
These shells represent different energy levels, the 
outermost shell being the highest energy level. 
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Electrons do not move freely in the space around the 
nucleus but are confined to regions of space called 
shells. 
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p 

n 

p n = protons = neutrons = electrons 

Model of an atom 

nucleus 

1 

2 

3 

shell 



Each shell can contain up to a maximum of  2n2 
electrons, where n is the number of the shell. For the 
first shell n = 1, for the second shell n = 2, for the third 
shell n = 3 and so on. 

Shell Maximum number of 
electrons 

1 2 

2 8 

3 18 

4 32 
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Low energy 

High energy 



Each shell contains subshells known as atomic 
orbitals.  

The different orbitals are s, p, d and f. 

Subshell # of orbitals of 
equal energy 

Maximum # of 
electrons 

s 1 2 

p 3 8 

d 5 10 

f 7 14 

Electrons are said to occupy orbitals in an atom. An 
orbital can hold two electrons. 
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Shell Subshells and Orbitals 

1 1s 

2 2s and 2P (px, py and pz) 

3 3s and 3P (px, py and pz) and five 3 d 

Each shell contains subshells known as atomic 
orbitals. 
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Electronic Configuration 

The arrangements of electrons in orbitals, 
subshells and shells are called electronic 
configurations.  

The electronic configuration of an atom 
describes the number of electrons that an 
atom possesses, and the orbitals in which 
these electrons are placed 
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s2 p6 d10 f14 

1 

2 

3 

4 

5 

6 

7 s2 p6 d10 f14 

s2 p6 d10 f14 

s2 p6 d10 f14 

s2 p6 

s2 p6 d10 

s2 

Building up of electronic configurations 
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Rules of Filling Electron Orbitals 

Electrons are added one at a time to the lowest  
energy orbitals available until all the electrons 
of the atom  have been accounted for. 

Aufbau Principle:  

An orbital can hold a maximum of two 
electrons. To occupy the same orbital, two 
electrons must spin in opposite directions. 

Pauli Exclusion Principle:  

Electrons occupy equal-energy orbitals so that a 
maximum number of unpaired electrons results. 

Hund’s Rule:  
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Element         Electron Configuration         Orbital Filling 

 
1H  
 

2He  
 

3Li  
 

6C  
 

7N  
 

8O  
 

9F  
 

10Ne  
 

11Na 

1s1 

1s22s22p63s1 

1s22s22p6 

1s22s22p5 

1s22s22p4 

1s22s22p3 

1s22s22p2 

1s22s1 

1s2 

1s      2s         2px 2py 2pz       3s 
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Valence Electrons 

• Valence electrons are electrons in all the 
subshells with the highest principal energy shell 
(outermost shell) 

• Core electrons  are in lower energy shells 

• Valence electrons are responsible for both 
chemical and physical properties of atoms. 

• Valence electrons are responsible for chemical 
reactions  
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Rb = 37 electrons = 
1s22s22p63s23p64s23d104p65s1 

• The highest principal energy shell of Rb that 
contains electrons is the 5th, therefore Rb has 
1 valence electron and 36 core electrons 

Kr = 36 electrons = 1s22s22p63s23p64s23d104p6 

• The highest principal energy shell of Kr that 
contains electrons is the 4th, therefore Kr has 8 
valence electrons and 28 core electrons 



How many valence electrons does each 
atom have? 

Carbon:  1s22s22p2 

Chlorine:  1s22s22p63s23p5 

Four valence electrons 

Seven valence electrons 
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Electron Configurations from 
the Periodic Table 

• Elements in the same period (row) have valence 
electrons in the same principal energy shell. 

• The number of valence electrons increases by 
one as you progress across the period. 

• Elements in the same group (column) have the 
same number of valence electrons and they are 
in the same kind of subshell. 
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Electron Configurations and 
the Periodic Table 
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Electron Configuration & the Periodic Table 
• Elements in the same column have similar 

chemical and physical properties because their 
valence shell electron configuration is the same 

• The number of valence electrons for the main 
group elements is the same as the group number 

• The properties of the elements are largely 
determined by the number of valence electrons 
they contain 

• Since elements in the same column have the 
same number of valence electrons, they show 
similar properties 39 



The Noble Gas: Electron Configuration 

• The noble gases have 8 valence electrons 

–except for He, which has only 2 
electrons 

• Noble gases are especially unreactive 

–He and Ne are practically inert 

• Reason noble gases are unreactive is 
that the electron configuration of the 
noble gases is especially stable, because 
they have octet of electrons in the outer 
shell. 
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Orbital occupancy for the first 10 elements,  
H through Ne. 
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Condensed ground-state electron 
configurations in the first three periods. 
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A periodic table of partial ground-state electron 
configurations 
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Classification of groups of elements in the periodic 
table according to the type of subshell being filled 
with electrons. 
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Problem 3 



Electronic Configurations of Cations and Anions 

• Ions formed from neutral atoms of most representative 
elements have the noble-gas outer-electron 
configuration of ns2np6.  

• In the formation of a cation from the neutral atom, one 
or more electrons are removed from the highest 
occupied n shell.  

• Following are the electron configurations of some 
neutral atoms and their corresponding cations: 
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All of these anions also have stable noble gas 
configurations. Notice that F-, Na+, Al+3, O-2, and N-3 and 
Ne have the same electron configuration.  

They are said to be isoelectronic because they have 
the same number of electrons, and hence the same 
ground-state electron configuration. Thus H- and He 
are also isoelectronic. 

In the formation of an anion, one or more electrons 
are added to the highest partially filled n shell. 



Period 

G
ro

u
p

 

A
lkali M

etal 

N
o

b
le G

as 

H
alo

gen
 

A
lkali Earth

 M
etal 
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Periodic Table 



• Is a chart/ tabular display of the 118 known 
chemical elements, in which the elements 
having similar chemical and physical properties 
are grouped together 

• Elements are arranged in atomic numbers 
(shown above the element) in horizontal rows 
called periods  and in vertical columns  known 
as  groups/ families  

• Elements with similar physical and chemical 
properties at repeated regular intervals appear 
in same column 
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Periodic Table 



It has eight principle vertical columns (groups) 
and seven horizontal rows, (periods) 

The periods are numbered from 1-7, while 
groups are numbered in two different ways; 

The main groups are numbered the roman 
numerals 1A to 8A are used. 

Groups 1B and 3B through 8B are transition 
elements 

Group 2B elements are neither representative 
elements no transition elements 
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• Elements can be divided into 3 categories: metals, 
non metals and metalloids  

• A jagged line on the periodic table separates the 
nonmetals (right) from the metals (left, except H): 

• Metals are shiny solids (except for Hg) 

– good conductors of electricity and heat. 

–malleable (can be hammered into thin sheets). 

–ductile (can be drawn into wire). 

• Nonmetals are usually found in compounds,  

–no metallic luster; not malleable or ductile. 

–poor conductors of electricity and heat. 
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• Along the dividing line are the semimetals (or 
metalloids), which have properties intermediate 
between metals and nonmetals. 
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Periodic Relationship Among 
the Elements 

53 
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Classification of the elements 
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The representative elements (also called main group 
elements) are the elements in Groups 1A through 7A, 
all of which have incompletely filled s or p subshells of 
in their outer most shell..  

According to the type of subshell being filled, the 
elements can be divided into categories—the 
representative elements, the noble gases, the 
transition elements (or transition metals), the 
lanthanides, and the actinides. 
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With the exception of helium, the noble gases (the 
Group 8A elements) all have a completely filled p 
subshell. (The electron configurations are 1s2 for 
helium and ns2np6 for the other noble gases, where n 
is the number for the outermost shell.) 

The transition metals are the elements in Groups 1B 
and 3B through 8B, which have incompletely filled d 
subshells, or readily produce cations with 
incompletely filled d subshells. (These metals are 
sometimes referred to as the d-block transition 
elements.) 
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The nonsequential numbering of the transition metals 
in the periodic table (that is, 3B–8B, followed by 1B–
2B) acknowledges a correspondence between the 
outer electron configurations of these elements and 
those of the representative elements. 

The lanthanides and actinides are sometimes called f-
block transition elements because they have 
incompletely  filled f subshells. 
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Periodic Variation In Physical Properties 

As we have seen, the electron 
configurations of the elements show a 
periodic variation with increasing 
atomic number. Consequently, there 
are also periodic variations in physical 
and chemical behavior. 
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Electronegativity is a measure of the tendency of an 
atom to attract a bonding pair of electrons. 

Electronegativity 
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One of the many periodic properties of the elements 
that can be explained by electron configurations is 
size, or atomic radius. 

Atomic radius is defined as half the distance between 
the nuclei of two identical atoms when they are 
bonded together. 

Atomic Radius 

A number of physical properties, including density, 
melting point, and boiling point, are related to the 
sizes of atoms, defined in terms of atomic radius. 
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Atomic radii increase going down a group of the 
periodic table but decrease going across a row from 
left to right. 

Atomic radius  
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Radius increases 

Radius decreases 

The increase in atomic radius going down a group of 
the periodic table occurs because successively larger 
valence-shell orbitals are occupied. 
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The decrease in radius from left to right across the 
periodic table occurs because of an increase in 
effective nuclear charge for the valence-shell 
electrons. 

The effective nuclear charge actually felt by an 
electron, is lower than the true nuclear charge Z 
because of shielding by other electrons in the atom. 
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The amount of shielding felt by an electron depends 
on both the shell and subshell of the other electrons 
with which it is interacting. As a general rule, a 
valence-shell electron is: 

I. Strongly shielded by electrons in inner shells, which 
are closer to the nucleus  

II. Less strongly shielded by other electrons in the 
same shell, according to the order s > p > d > f 

III.Only weakly shielded by other electrons in the 
same subshell, which are at the same distance from 
the nucleus 
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At the same time, though, the nuclear charge Z 
increases as we go from left to right across a period. 
Thus, the effective nuclear charge for the valence-
shell electrons increases across the period, drawing all 
the valence-shell electrons closer to the nucleus and 
progressively shrinking the atomic radii. 

On going across a period, each additional electron 
adds to the same shell.  

Because electrons in the same shell are at 
approximately the same distance from the nucleus, 
they are relatively ineffective at shielding one 
another. 



66 

Which atom in each of the following pairs would you 
expect to be larger? Explain. 
(a) Mg or Ba (b) W or Au (c) Si or Sn (d) Ce or Lu 

Problem 4 


