ST.ANDREW'’S HIGH SCOOL

FORM 5 SCIENCE

BASIC CHEMISTRY

UNIT 1: ATOMS

Learning Outcome:
At the end of this period, you should be able to:
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Define atom and learn its structure.

Differentiate atomic number from mass number

Be able to calculate the mass number of an atom
Relate the stability of an atom to the electrons in the
valence shell.

Define useful chemical terms and give examples.

CHEMICAL TERMS

1.

Atoms — are the smallest neutral particle of matter.

e Individual atoms are too small to be seen with the
naked eye.

e However, if large group of atoms joined together,
we may be able to view it. For example, four
billion sodium atoms when put together would
cover a full stop at the end of this sentence.

Structure of an Atom
Atoms are made up of 3 small sub-atomic particles.

i) Protons — positively charged (+) particle found in
the nucleus of an atom.

i) Neutrons — particle without a charge (0), i.e
neutral. It is found in the nucleus of the atom.

iiiy Electrons — negatively charged (-) particle that
surrounds the nucleus of the atom. They move
rapidly in space around the nucleus forming what
scientists described as an electron cloud around
the nucleus.

Atomic Number — the number of protons present in
the nucleus of an atom. It is also equal to the number
of electrons that surrounds the nucleus of an atom.

the mass of the atom. Electrons are very small, and
their mass are negligible, sometimes refer to as zero
mass.

Mass Number = # of protons + # of neutrons

Example A
A sodium atom has 11 protons, 12 neutrons and 11

electrons. Calculate its mass number.

Mass number = No. of protons + No. of neutrons
=11 + 12
=23

Therefore, the mass number of the sodium atom is 23

Example B
Carbon has a mass number of 13. It has 6 protons in

its nucleus. How many neutrons are there in this
carbon atom.

Mass number = # of protons + # of neutrons
13 = 6 + # of neutrons
Therefore # of neutrons =13 - 6
No. of neutrons =7

Atomic number = # of protons = # of electrons

Mass Number — the number of protons plus neutrons
present in the nucleus of the atom. Protons and
neutrons present in the nucleus of the atom makes up

Elements — substance that are made up of only one
kind of atom. Atoms of an element all contain the
same number of protons. There are approximately
110 different elements known.

Periodic Table(Refer to the last page of your note)

- ltis the table that lists the elements in order of
their increasing atomic number.

- Elements are arranged into periods (rows) and
groups (columns).

- The periodic table is useful because elements
with similar properties are in the same part of the
table.

For example, metals are located on the left-hand
side of the periodic table whereas non-metals are
located on the right hand side of the periodic
table.

- Each of the 110 elements has a symbol. The
symbol is written with either a capital letter e.g
hydrogen (H), Carbon (C) or two letters; helium

- (He), Magnesium (Mg) or sodium (Na).
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A useful mnemonic for remembering the first 20
elements is shown below:

H - Harry (Hydrogen)4 = mr*
He - He (Helium)

Li - Likes (Lithium)

Be - Beer (Berrylium)

B - Bottled (Boron)

c - Cold (Carbon)

N - Not (Nitrogen)

o - Over (Oxygen)

F - Frothy (Fluorine)

Ne - Nellies (Neon)

Na - Nanny (Sodium)

Mg - Might (Magnesium)
Al - Although (Aluminium)
Si - Silly (Silicon)

P - Person (Phosphorous)
S - She (Sulphur)

cl - Climbs (Chlorine)

Ar - Around (Argon)

K - Kinky (Potassium)
Ca - Cares (Calcium)

There are 8 groups in the Periodic Table. These
groups have special names we normally refer to.

All elements belonging to the same group have similar
properties and behave the same way in a chemical
reaction.

Group 1 is known as the alkali metals

Group 2 is known as the alkaline metals

Group 7 is known as the halogens

Group 8 is known as the noble gases (inert gases)

Molecules — group of atoms of the same element
joined together

Example

Helium is an element made up of individual atoms.
Oxygen gas is an element made up of molecules.
Each molecule contains 2 oxygen atoms bonded
together, and has the symbol O,.

KEY -
P
® helium atom o8
o8
O Oxygen atom
o
P oxygen molecule

8.

10.
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Mixtures — substances made up of different elements
which can be easily separated physically into its
elements.

Compounds — substances made up of different
elements and are usually chemically joined together.
They are very difficult to separate.

Isotopes — are atoms with the same number of

protons but different number of neutrons.

e |sotopes of an element have different masses due
to the different numbers of neutrons in their
nuclei.

e Isotopes of an element behave the same way in
chemical reactions since the number of electrons
determines the way an atom reacts.

e An element can be made up of a mixture of
isotopes.

Example
For the element oxygen there are three isotopes.

Isotope 1& 17 18
P g0 g0 g0

Number of
electrons 8 8 8

Number of
protons 8 8 8

Number of
neutrons 8 9 10

e Since all atoms of the same element differ only in
their number of neutrons, a particular isotope of
an element can be described by writing the
symbol and mass number without the atomic
number.

e Some isotopes have special name.

Example
(i) The isotope 15@ is called Oxygen-16.

(i) The isotope 150 is called Oxygen-18.
(i) $H or Hydrogen-2 is called deuterium.

(iv) iH or Hydrogen-3 is called tritium.
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11. Electron configuration

e The way electrons are arranged in an atom.

e There is a limit to the number of electrons which
can occupy any one level and the following octet
rules apply to the first 20 elements.

Octet Rule

1. The first energy level can hold a maximum of
only 2 electrons.

2. The second level holds a maximum of 8

electrons.

3. The third level holds a maximum of 8
electrons.

4. The fourth level holds the remaining
electrons.

e The electron configuration can be written as
numbers or drawn as a diagram.

Example: The electron configuration for the
Magnesium atom is:

o Electron
Name— Magnesium o8
MomicNumber— 12 i N
Symibol— M 2 Mg—:NucIeus
Atomic Weight——24.304, 24307 g | —Orbit
Becton ofitin— 15°25°25°35° e
o

From the diagram above, we can write the electron
configuration of Magnesium Atom as 2, 8, 2

2,8, 2

l

No. of dlectrons in the first shell.
No. of glectrons in the second shell.

No. of electrons in the outermost shell.

e The electrons that occupy the outermost shell
(valence shell) of an atom are called valence
electrons.

e These valence electrons are important as they
determine the chemical property of an atom.
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Elements that belong to the same group in the
Periodic Table have the same valence electrons,
and hence the same chemical property.

For example: Magnesium atom and Calcium atom are
both found in the same group of the periodic table (Group
2) and they both have 2 valence electrons.

12. lons and Radicals

lons — are charged particles formed when an atom
either loses or gain an electron.

Atoms are unstable(can change) and tend to be
very reactive if its outermost shell (valence shell)
is incomplete.

Atoms with a complete valence shell tend to be
very stable(cannot change) and unreactive.

E.g All elements belonging to Group 8 have
complete valence shells and are therefore
unreactive.

Atoms with an incomplete valence shell tend to
either lose (or gain) the electrons in its
outermost shell to make it complete in order for
the atom to become stable.

By losing or gaining an electron, the atom
becomes an ion.

lons do not have equal humbers of protons and
electrons.

Each ion is represented by a symbol which shows
the charge on the ion and the atom(s) involved in
the ion.

Metals form positively charged ions while non-
metals form negatively charged ions.

If an atom loses an electron, it becomes
positively charged. Positively charged ions are
called CATIONS.

Example

Formation of Cation

sodium atom
Na

sodium ion
Na*

SANC
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e If an atom gains an electron, it becomes
negatively charged. Negatively charged ions are
called ANIONS.

Example

P17 X x
N-18. 3

Cl Atom

Radical — are group of atoms with a charge e.g NH,", CO.%,

PO,>.

Cl" lon

The following table gives the name and symbol of some
common ions and radicals.

CATIONS ANIONS
Symbol Name Symbol Name
K+ Potassium ion cl- Chloride ion
B+ Hydrogen ion F~ Fluoride ion
Vat Sodium ion NO; Nitrate ion
NH,* Ammonium ion HCO; Bicarbonate ion
OH Hydroxide ion
Fe*2 Iron (Ferrous) 0% Oxide ion
Mg*? Magnesium ion 52 Sulphide ion
Ca™? Calcium ion 504'2 Sulphate ion
7n*? Zinc ion CO5* Carbonate ion
Pp*2 Lead ion
Cu™? Copper ion
Fe'3 Iron (Ferric
( ) PO, Phosphate ion
Al Aluminium ion
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13. lonic compounds

e These are compounds made up of cations and
anions.

e Theions are arranged in a three-dimensional (3-D)
lattice so that the positive ions are surrounded by
negative ions and the negative ions are surrounded
by positive ions.

Example:

two-dimensional view

o
e

three-dimensional view

KEY

éod:um ions Q sodium ions

@ chioride ions chloride ions
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Self-check #1: Atomic Number & Mass Number

1. A carbon atom has six protons and eight neutrons.

4.

a) What is the number of electrons in an atom of
carbon?

b) Write down the atomic number of carbon.

¢) Draw a diagram of the carbon atom, labelling
each type of sub-atomic particle and showing the
region on your diagram that represents the
nucleus.

d) Describe how your diagram shows that the carbon
atom is neutral.

A magnesium atom has 12 protons and 12 neutrons.

a) What is the number of electrons in an atom of
magnesium?

b) Write down the atomic number of magnesium.

c) Draw a diagram of the magnesium atom, labelling
each type of sub-atomic particle and showing the
region on your diagram that represents the
nucleus.

d) Describe how your diagram shows that the atom
is neutral.

e) Determine from the diagram the charge of
Magnesium ion.

a) An atom of chlorine has 17 protons and 18
neutrons. What is:
0) The atomic number?
(ii) The mass number of chlorine?

b) What is the mass number of an atom containing
16 protons, 18 neutrons and 16 electrons?

An atom has atomic number 20 and mass number of
42,

a) What is the number of protons in the atom?

b) What is the number of neutrons in the atom?

Self-check #2: Elements and Periodic Table

1. Copy neatly the table below using half a page the
outline of the Periodic Table shown below and
then label Group 1 — 8. (Draw this into your book)

a) Inthe squares on your outline, write the symbol
for each of the elements below. Use three
different colours to represent which side consist of
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the metals, the non-metals and the third for the
transition metals.

b) What do you notice about the position of the
metals compared to the non-metals?

¢) Find out the state of these elements. What do you
notice about the state of the metals compared to
the non-metals?

d) What percentage of the first 20 elements are non-
metals?

2. Use the data provided above to complete the

table below.
Atomic Number Name Symbol
1 Hydrogen H
2 Helium He
3 Lithium Li

20

Self-check #3: Mixtures, Compounds, Elements &

Molecule.

1.

a) Which of the following elements exist as molecules:

(Dsulphur (iv) hydrogen gas, H,
(i) argon (v) phosphorous, P,
(iii) gold (vi) iodine, I,

¢) Which element are gases?
d) Which elements are solid?

Classify the following substances into 2 group
elements or compounds.

(i) Water, H,O
(i) Lead, Pb
(iiiy Chlorine gas, Cl,

(lV) sugar, C5H1206
(v) ozone, O3
(vi) baking soda, NaHCO;

If a magnet is placed in a sample of iron sand, fine
particles of iron are attracted to the magnet, leaving
some sand behind.

a) lIsiron and sand a mixture or a compound?
b) Give areason to support your answer.
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Group—1 2 10 11 12 13 14 15 16 17 18
| Period ORYILS
1 1 2

H He
5 3| 4 5161 7181 9|10
Li || Be BIIC| NJ| O] F|Ne
3 11 12 13(114]115]/16 17 || 18
Na | Mg Al (| Si|| P|[S]|CIAr
4 19112021 ([22 /23|24 ([25| /26| 27 (|28 29|30 (31| 32| 33| 34| 35| 36
K{Ca|Sc|Ti|V|Cr|{MnffFel| Colf Ni|CulZn| Ga|Ge| As| Sel| Br| Kr
5 3738|3940 4142|4344 45|46 4748|4950/ 51|52 53] 54
Rb{| Sr|| Y || Zr |[Nb||Mo|f Tc |[Ru|/Rh||Pd| Ag|/Cd| In{/Sn|Sbi|Te| I | Xe
6 95 || 56 T2\ T3 (| 74|75 76| 77| 78] 79| 80| 81| 82| 83|/ 84| 85| 86
Cs | Ba Hf || Ta || W ||Re (| Os || Ir || Pt |[Au|[Hg || TI || Pb || Bi || Po| At |lRn
] 87 || 88 104{[105{[106{[107({108|{109({110(/111|(112|/113|114|/115||116{/117|/118
Fr || Ra Rf || Db || Sg || Bh || Hs || Mt || Ds || Rg || Cn {|Uut|| FI {[Uup|| Lv |{Uus||Uuo
. 57 (/58|59 60| 61|62]|63]|64]|65]|66]|67|68|69|70|71
Lanthanides | 15 | Ce || Pr || Nd || Pm (| Sm | Eu|{Gd || Tb || Dy [ Ho || Er |[Tm]| Yb || Lu
Actinides 89190 (1911921193 1194195969798 99100/101/102]103
Ac || Th | Pa | U [[Np || Pu [[Am|Cm| Bk || Cf | Es |/Fm|/ Md| No || Lr
Note:

Study all your notes, do all the self-check activities
and write down all your answers to your book. Make
sure to stick all your Science notes to your Science
book. If you have any questions, contact me.

Name: ‘Ofa Ngahe

Phone Number: 7710288
Email: ongahe@gmail.com




