ATOMIC STRUCTURE

Atomic structure deals with the study of the composition of an atom.

Atom is the smallest particle of an element that can take part in a chemical
reaction. An atom has all properties of a given element.

Atoms can combine together to form a molecule.

A molecule is a particle that consists of two or more atoms which are chemically
combined together.

Generally, molecules can be categorized into:
« amolecule of an element
« amolecule of a compound.

A molecule of an element is made up of only one type of atom; for example,
oxygen molecule (O3), is made up of two atoms of oxygen.

A molecule of a compound must contain more than one type of atom; for
example, a molecule of water (H20) is made up of two atoms of hydrogen
element and one atom of oxygen.

Both molecule and atom are neutral, that is, they have no charges.

Molecules usually exist on their own. Atoms may or may not exist on their own.

Atomic Theory

Dalton's Atomic Theory of Matter
1. Matter is made up of tiny indivisible particles called atoms.
2. Atoms can neither be created nor destroyed.

3. Atoms of same element are identical and have the same mass and
properties and they differ from those of other elements.

4. Compounds are formed by a combination of two or more different atoms in
simple whole number ratios.

The Weakness of Dalton’s Atomic theory
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It did not explain why atoms combine with each other.

Discovery of isotopes indicated that all atoms of the same element are not
perfectly identical.

. With the discovery of sub-atomic particles, atom is no longer considered as

indivisible.
With the existence of complex compounds and polymers atoms are no
longer combine in small number ratios.

Modern Atomic Theory of Matter

1.

An atom is made up of smaller sub-atomic particles called protons,
neutrons and electrons.

. Atoms can be created or destroyed through nuclear reactions.

Atoms of the same element can have different masses. Such atoms are
called isotopes.

Atoms of different elements may combine in many different ratios to form
complex compounds.

Subatomic Particles

Atoms are made up of tiny particles called sub-atomic particles.
—>An atom contains three types of subatomic particles:

Protons
Neutrons

Electrons

Electron

This is a negatively charged particle.
—>It has a very small mass about —— that of the proton.
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—lts symbol is e
—>The electron moves around the nucleus at a very high speed.
The path of electrons around the nucleus is called shell or energy level.

Proton

This is a positively charged particle.

-1t has a relative mass of 1.

—ltis found in the nucleus of an atom

—lts symbol is p.

—>The number of protons in the nucleus determines the element's identity
(atomic number).

Neutron

This particle has no charge at all; therefore, it is a neutral particle.
— It has mass approximately equal to that of proton, that is 1.
—ltis found in the nucleus of an atom

—lts symbol n.

Properties of sub-atomic particles

Subatomic | symbol | Location Charge | Real mass(g) Relative
mass
Proton P In the nucleus +1 1.6726x1024 1
Neutron n In the nucleus 0 1.6750x1024 1
Electron e Outside the -1 9.109x10%* 1
nucleus 1840

The collective name for neutrons and protons is known as nucleons.
Atom has a nucleus which is positively charged and shells or energy levels.

An atom is neutral because the number of electrons equals to the number of
protons in an atom.

Arrangement of Electrons in an Atom

« Always the electrons move around the nucleus of an atom in the special
path which is known as shell or energy level
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o Each shell can hold only a certain number of electrons.

o The number of electrons each shell can hold is determined by the formula
2n? where n = the position of a shell from the nucleus.

o The first shells are represented by K, L, M and N respectively

Shell number
2n?  Number of electrons
from the nucleus

1 2x1% 2
2 2x2%8
3 2x3218
4 2 %4232

It is, however, important to note that for the first 20 elements, the third shell or
energy level can only hold a maximum of 8 electrons.

The arrangement of electrons in different shells of an atom is known as electronic
configuration.

The electronic configuration of an element can be represented simply by numbers
separated by commas (,) or dots (.) or ratio symbol sign (:).

Electrons fill up shells from the inner shell to the outer shell. This is because the
innermost shell is of lowest energy.

Element Number of electrons No of shells Electronic configuration
Hydrogen |1 1 1

Helium |2 1 2
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Lithium 3 2 2:1

Calcium 20 4 2:8:8:2

Draw and write the electronic configurations of the atoms of the following
elements:

(a) Magnesium
(b) Aluminium
(c) Sulphur

(d) neon

ATOMIC NUMBER, MASS NUMBER AND ISOTOPES
a. Atomic number (2)

This is the number of protons in the nucleus of an atom.

—lt is also the number of electrons in a neutral atom.

—>The official symbol for atomic number is Z.

— It is written as a subscript in front of the symbol for the atom.

For example an atom of Calcium which has atomic number of 20, it can be written
as »oCa.

b. Mass number (A)

This is the sum of the numbers of protons and neutrons in the nucleus of an atom.
—lts official symbol is A.

- It is written as superscript in front of the symbol for the atom.

For example, calcium has a mass number of 40, therefore it can be written as
40Ca.

—>The combination of atomic number and mass number for a particular atom can
be written as ‘%X. This way of writing is known as NUCLIDE NOTATION.
>Therefore the nuclide notation of calcium is 3gCa.
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The relationships among atomic number, mass number and sub-atomic
particles.

. Atomic number (Z) = Number of protons(p) = Number of electrons
in a neutral atom.

«. Mass number (A) = Number of protons (p) + Number of neutrons

(N).
«f Number of neutrons (N) = Mass numbers (A) - Atomic number (Z).
N =A-Z.
Examples

1. Atom Q has a mass number of 49 and an atomic number of 24. What is its
number of neutrons? What is the number of electrons in atom Q?

Solution
Mass number =49
Atomic number = 24
(a) Neutron number = mass number — atomic number =49 — 24 =25
(b) Number of electrons = number of protons = atomic number =24
2. Potassium atom has 19 electrons and the mass number of 39.
(c) Workout the:
(i) Atomic number and
(i)  Number of neutrons
(d) The symbol for potassium is K. Give the nuclide notation.
(e) Show the representation of the nucleus of the potassium atom.
(f) Draw the electronic configuration of potassium.

Solution
(a)(i) atomic number = number of protons = number of electrons = 19
(ii) Number of neutrons = mass number — number of protons
=39-19
=20
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(b) 39K

© 19p
20n
(d) draw
3.  Anelement has a symbol of §Y. Write down its

a
b
C.
d
e

. atomic number

. mass number
number of electrons
. number of protons

. number of neutrons

4. Copy the table and fill all the blank spaces in the table

Element | symbol Number | Number | Number | Mass Atomic
of of of number | number
protons | neutrons | electrons

Lithium Li 3 7 3

Beryllium | Be 5 4

Oxygen 0 16 8

Hydrogen | H 1 0 1 1

Nitrogen | N 14 7

5. How many protons, electrons and neutrons are in:
(a)33Al
(b) $3Mg
© 2.

Discuss the electronic configurations of ions

When an atom loses or gains electron(s) it becomes an ion.

There are two types of ions:

Cations are positively charged ions. They are formed when an atom loses
electrons eg. Ca?*=calcium ion, K* = potassium ion
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Anions are negatively charged ions. They are formed when an atom gains
electrons eg. . 02~ oxide ion, Cl~ chloride ion

Write the electronic configuration of:

(a) A3 =2:8
(b) Ca%t =2:8:8
(c) 0*=2:8

c. Isotopes

Isotopes are atoms of the same element with the same number of protons but
different number of neutrons.

OR

Isotopes are atoms of the same element with the same atomic numbers but
different mass numbers.

Isotopy is the existence of atoms of the same element having the same atomic
number but different mass numbers.
Isotopes have:

i. the same number of protons, electrons and atomic number.

ii. the same chemical properties but may have slightly different physical
properties.

iii.  different mass numbers and neutron numbers.

Why isotopes have the same chemical properties?
Because they have the same arrangement and number of electrons.

Examples of elements with isotopes are:
1. Hydrogen has three isotopes

Protium 1H or hydrogen-1
Deuterium %1H or hydrogen-2
Tritium 31H or hydrogen-3.

2. Chlorine has two isotopes
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Chlorine-35
Chlorine -37

3. Carbon has three isotopes

Carbon-12
Carbon-13
Carbon -14

Refer students book page 98
Question
An isotope of carbon has a mass number of 13 and atomic number of 6.

a. Write its nuclide notation.
b. How many neutrons does it have?
c. How many electrons does it have?

Relative Atomic mass (R.A.M or Ar)

Relative atomic mass is the average mass of one atom of the element relative to

1
PEYS the mass of one atom of carbon -12.

Relative Atomic Mass(R.A.M) = The sum of isotopic mass x Percentage abundance
Example.

In a sample of chlorine gas, the relative abundance of chlorine -35 atoms is 75%
and that of chlorine -37 is 25%. Calculate the relative atomic mass of chlorine.
Soln.

Relative Atomic Mass(R.A.M) = The sum of (isotopic mass x Percentage abundance)

= (75x35)+(25%37)

100
=35.5
Therefore,

the relative atomic mass of chlorine is 35.5
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The relative atomic mass is always a decimal number between the mass numbers
of the isotopes.

The isotope with the higher abundance has a greater influence on the relative
atomic mass.

Example 2: If the relative atomic mass of magnesium is 24.3 and the relative
atomic mass of Mg-24 is 24, what is the abundance of Mg-25?

Answer: 11.1%.

Example 4:A sample of carbon contains 98.9% C-12 (relative atomic mass = 12),
1.1% C-13 (relative atomic mass = 13), and a trace amount of C-14 (relative atomic
mass = 14). What is the relative atomic mass of the sample?

Answer: 12.01

Example 5: Given the following information about the isotopes of copper:
Cu-63 has an abundance of W in a sample.

Cu-65 has an abundance of 30.83% in a sample.

The relative atomic mass of copper is 63.546.

Calculate the value of W.

Answer: 69.05%.

1. Multiple Choice Questions

(i)The smallest part of an element that can take part in a chemical reaction is
called:

A. Molecule
B. Atom
C. Compound
D. Mixture
(ii)Which of these particles has a positive charge?
A. Electron
B. Neutron
C. Proton
D. All of the above

10 | Visit diaprofcamp.com to get similar and more chemistry materials



https://diaprofcamp.com/

(iii)The part of an atom where protons and neutrons are found is called:
A. Electron shell
B. Nucleus
C. Orbit
D. Energy level
(iv)Which particle in an atom has almost no mass?
A. Proton
B. Neutron
C. Electron
D. All have equal mass
(v)Atoms of the same element with different numbers of neutrons are called:
A. Isotopes
B. lons
C. Molecules
D. Compounds
(vi)Electrons are found:
A. In the nucleus
B. Orbiting the nucleus
C. Between protons and neutrons
D. Nowhere in an atom
(vii)The atomic number of an element tells you the number of:
A. Protons
B. Neutrons

C. Electrons
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D. All of the above
(viii)Which of these is NOT a part of an atom?
A. Proton
B. Neutron
C. Electron
D. Molecule
(ix)The mass of an atom mostly comes from:
A. Protons and neutrons
B. Electrons
C. The empty space in the atom
D. The number of electrons
(x)Atoms combine to form:
A. Elements
B. molecules
C. Mixtures

D. Isotopes

Answers
B. Atom
C. Proton
B. Nucleus
C. Electron
A. Isotopes

B. Orbiting the nucleus
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A. Protons

D. Molecule

A. Protons and neutrons
B. Molecules

2. Fill in the Blanks:

(i))An atom is the smallest unit of an that retains its chemical
properties.

(ii)The center of an atom is called the

(iii)The nucleus contains and

(iv) Particles with a negative charge that orbit the nucleus are called

(v) The arrangement of in shells determines an atom's
chemical properties.

Relative molecular mass of a compound (Mr or RMM)

. 1
RMM is the mass of a molecule compared to o the mass of a carbon-12 atom.

It is calculated by summing the relative atomic masses of all atoms in the
molecule.

It is also known as relative formular mass or molecular weight.

Example:

The chemical formula of ethanol is C;HsOH. Calculate its relative molecular mass.
Given that the relative atomic mass of each element: C=12, 0O=16 H=1

Solution

Relative molecular mass of C;HsOH.

=(12x2)+(1x5)+16+1
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46

Percentage composition of elements

The percentage by mass of each element in a compound.

Number of aloms of element x Relative atomic mass

% percentage composition of element = -
Relative molecular mass

1. Calculate percentage composition of hydrogen and oxygen in H,0
2. Calculate the percentage composition of Carbon in CO;

6: PERIODIC CLASSIFICATION OF ELEMENTS

This is the systematic arrangement of elements in order of their increasing atomic
number in the Periodic Table.

Dmitri Mendeleev, a Russian chemist was the first person to formulate the
periodic table. He noticed that, when elements were arranged in order of
increasing atomic mass, certain properties recurred periodically.

He used this observation to create a table with elements grouped by their shared
properties.

Mendeleev’s contributions include:

1. He arranged the known elements in increasing order of their atomic masses
and observed patterns in their properties.

2. He grouped elements with similar properties into horizontal rows called
periods.

3. He left the gaps in the table for undiscovered elements and predicted their
properties based on their positions.

4. He proposed the periodic law “the properties of elements are a periodic
function of their atomic masses.”

Weaknesses of Mendeleev’s Periodic Table:

i. It was based on atomic masses, which led to some inconsistencies.
ii. Isotopes could not be accommodated in his periodic table.
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iii. Noble gases were unknown at the time, so he did not include in the original
table.

The Modern Periodic Table

In the modern periodic table, elements are arranged in increasing order of
atomic number, which reflects the number of protons in the nucleus.

It provides a more accurate representation of the relationships between
elements and their chemical properties.

The modern periodic law states that “the chemical properties of elements
are a periodic function of their atomic numbers”.

Periodic table is a table in which elements are arranged in order of
increasing of atomic number and recurring chemical properties.

Periodicity is the periodic recurrence of similar properties when elements
are arranged according to their atomic numbers.

GROUPS

Groups are the vertical columns of elements in the periodic table.
They are usually written by Roman numerals.

There are eight (8) groups in the modern periodic table.

Some characteristics of elements in the same group:

i. Elements in the same group have the same number of electrons in their
outermost shell (valence shell)

i. Elementsinthe same group have similar chemical properties because they
have the same valence electrons.

PERIODS
Periods are the horizontal rows of elements in the periodic table.
They are indicated by English numerals.

There are 7 periods of elements in the modern periodic table.
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Some characteristics of elements in the same period:

i. Elements within the same period have the same number of shells occupied
by electrons.

i. Each period ends with a noble gas.

H He

Li Be B C N O F Ne

Aas P o R B

Na Mg Al Si P 5 Cl Ar

K Ca

The part of the Periodic Table showing the first 20 elements.

Some groups have special names and so their elements.

o Group | elements are called Alkali metals.

o Group Il elements are called Alkaline Earth metals.

« Group VIl elements are called Halogens (in Greek=salt formers).

« Group VIl /0 are called Noble gases (or inert elements).

Generally, Groups I-lll are metals while Groups V-VIII are non-metals.

e Elements which have both metallic and non-metallic characteristics are
called metalloids. They include boron (B), silicon (Si), germanium (Ge),
arsenic (As), Antimony (Sb) and tellurium (Te).

e The elements in the block between Group Il and Group Ill are transition
metals.

Transitional metals have the following characteristics
v They have high densities and melting points.
v They form coloured compounds.
v’ Act as catalysts whether in compounds or elements
v Most exhibit variable oxidation states.
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ATOMIC STRUCTURE AND PERIODIC TABLE.
(a) Group number
- Group number of elements is the same as number of electrons in their
outermost shells.
- Therefore, elements in the same group have the same number of electrons
in their outer shell.
For example,
Group |
K 2:8:8:1 group |
Na 2:8:1 group 1
Group Il
They have 2 electrons in their outer shell. They are in group Il.
Ca 2:8:8:2.
Mg 2:8:2

(b) Period number
- The number of shells an element has represents the Period in which that
element occurs in the periodic table.

Element Electronic configuration Period

Li 2:1 Period 2
K 2:8:8:1 Period 4
Na 2:8:1 Period 3

GENERAL PERIODIC TRENDS
o Atomic size

The size of an atom usually is measured by using its radius.
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Atomic radius is the distance from the nucleus of an atom to the outermost
shell.

—>Atomic size or radius decreases from left to right of the period.
—>0n moving down a group in the periodic Table, the atomic size increases.
« lonization energy

lonization energy is the minimum amount of energy required to remove
completely electron from an atom.

—>The ionization energy increases from left to right across the periods.

—>The ionization energy decreases from top to the bottom of the periodic table.

« Metallic character (Electropositivity).

This is the tendency of an atom to lose electrons and form positive ions in a
chemical reaction.

It is a measure how easily an atom can donate its valence electrons to other
atoms.

Metal atoms have this tendency of donating electrons.

—>Metallic character/electropositivity decreases from left to right in the
periods.

—>0n moving down the group the metallic character/ electropositivity
increases.

« Electronegativity (non-metallic character)

This is the tendency of an atom to attract the electrons towards itself in a
chemical bond.

—>Moving from left to right across a period, the electronegativity of the
elements generally increases.

—>The electronegativity decreases down the group.

The element with highest electronegativity is Fluorine.
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« Electron affinity

E.A is the amount of energy released or spent when an electron is added to
the atom to form a negative ion.

It is a measure of the attraction an atom has for an additional electron.

—>The electron affinity increases from left to right across the period in the
Periodic Table.

—>Electron affinity decreases down the group.

o Melting point and boiling points

Generally, melting and boiling points are varied and do not form the
distinguishable trend across the periodic table.

—->MP and BP decrease down the group as the elements become more metallic
in nature.

Note that the MP& BP are varied due to molecular complexity, crystal
structure and presence of specific bonds.

SPECIFIC TRENDS IN THE GROUPS
1. Group | — Alkali metals
Physical properties

= They are called alkali metals because they produce hydroxide
which are soluble in water.

= They are very soft and can be easily cut with a knife.

= They have low density.

= They are good conductors of heat and electricity.

= They have low melting and boiling points compared to other
metals.

Chemical properties
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They are the most reactive metals and usually stored under the oil to
prevent them coming into contact with water or vapour. Some of chemical
properties are:
= React with oxygen or air with a characteristic flame colour
forming white solid oxide
Metal + oxygen - metal oxide
These metal oxides dissolve in water to form alkaline solutions
Metal oxide + water - metal hydroxide.
= React vigorously with water to give the alkaline solution and
hydrogen gas
Metal + water > metal hydroxide + hydrogen
= Reacts vigorously with halogens to form metal halides.
Eg. Sodium + chlorine -sodium chloride.
2. Group lI-Alkaline Earth Metals
They are called alkaline earth metals because they are the only metals
found beneath the earth which are alkaline.

Physical properties
= They are harder than those in group |
= They are silvery grey in colour pure and clean. They tarnish
quickly when exposed to air.
= They are good conductors of heat and electricity.
Chemical properties
Alkaline earth metals react similar to alkali metals except that they are less
reactive than group | or alkali metals. Most alkaline earth metals are
commonly used in the school chemistry laboratories example magnesium.
= React with oxygen to form solid white metal oxide.
Metal + oxygen - metal oxide
= React with water to give metal hydroxide and hydrogen gas.
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Flame colours of some metals

Element Flame colour
Sodium Golden yellow
potassium Lilac

Calcium Brick red
Lithium Crimson

The Modern Periodic Table

Group > 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18
Period v Noble
gases
Some elements near ——
1 1 the dashed staircase are 2
N"“me"zlf__.__ﬂ _______ sometimes called metalloids =~ He
Metals 2 3 4 5 6 7 8 9 10
Li Be il _B__ C N 0 F Ne
1" 12 Transition metals 13114 15 16 17 18
3 Na Mg (sometimes excluding group 12) Al lh Si P S Cl  Ar
4 19 20 21 22 23 24 25 26 27 28 29 30 |31 32133 34 35 36
K Ca Sc T V C Mn Fe Co Ni Cu Zn|Ga GeiAs Se B K
5 37 38 39 40 41 42 43 44 45 46 47 48 | 49 50 51 52 53 54
Rb  Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd| In Sn SbiTe | Xe
6 55 56 Lato Yb 71 72 73 74 75 76 77 78 79 80 |81 82 83 84,8 86
Cs Ba lu H Ta W Re Os Ir Pt Au Hg | T Pb Bi Po; At Rn
7 87 88 At NG 103 104 105 106 107 108 109 110 111 112|113 114 115 116 117} 118
Fr Ra Lr Rf Db Sg Bh Hs M Ds Rg Cn| N F Mc Lv TsiOg
s-block ‘ f-block ‘ d-block p-block (excluding He)
(plus He)
i 57 58 59 60 61 62 63 64 65 66 67 68 69 70
lLa C¢e Pr Nd Pm Sm Eu Gd T Dy Ho Er Tm Yb
Actinides 89 90 91 92 93 94 95 96 97 98 99 100 101 102
Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No
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