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UNIT 1 SUMMARY AND SYLLABUS REFERENCE

Lesson

Title and Syllabus Reference

Elements, Compounds and Mixtures; Laws of Chemical Combination
CA4aiv laws of chemical combination (law of constant composition, law of multiple proportion); ISA4.2 Elements,
compounds and mixtures (differences between elements, compounds and mixtures)

Electronegativity; lonic Bonding

CA2adii - Periodicity of the elements: trends in periodic properties - down a group and across a period (Periodic
properties for the first 18 elements: electronegativity); CA3a inter-atomic bonding (Lewis dot structure for ionic
compounds); CA3ai ionic bonding - factors influencing its formation (formation of stable compounds from ions, factors
should include ionization energy, electron affinity and electronegativity); 1ISA4.3 ionic compounds (lonic bond formation,
IUPAC names of common ionic compounds)

Covalent Bonding, Dative Covalent Bonding, Molecules

CA3a inter-atomic bonding (Lewis dot structure for covalent compounds); CA3aii covalent bonding - factors influencing
covalent bond formation (co-ordinate bond as a type of covalent bond, factors should include electronegativity
difference); Calbiii molecules; ISA4.3 covalent compounds (covalent bond formation)

Metallic bonding; Summary of Interatomic bond Types

CA3ai ionic bonding — factors affecting its formation (factors should include electronegativity difference); CA3aii
covalent bonding - factors affecting covalent bond formation (factors should include electronegativity difference); CA3ci
metallic bonding — factors affecting its formation (factors should include

atomic radius, ionization potential, and number of valence electrons, type of specific packing not required); CA3e
comparison of all bond types; CA12bii alloys

Shapes of Molecules and lons

CA3b simple models and their shapes (models should be used where applicable: (i) linear: CO; (ii) non linear: H20; (iii)
tetrahedral: CHa; (iv) pyramidal: NHs); CC1 shapes of molecules (the shapes of the following molecules should also be
treated: H2 and 02)

Intermolecular Forces - Van der Waal's forces
CA3di van der Waal’s forces (Description of formation and nature should be treated. Dipole-dipole and induced dipole
forces should be treated under van der Waal’s forces)

Intermolecular Forces - Hydrogen Bonding; Kinetic Model of Matter
CA1biii atoms, molecules and ions (definition of particles and treatment of particles as building blocks of matter); CA3dii
hydrogen bonding; CA5ai postulates of the kinetic model of matter

States of Matter — Solids

CAb5adii use of the kinetic model to explain the nature of solids; use of the kinetic model to explain the changes of state
of matter (changes of state of matter should be explained in terms of movement of particles, it should be emphasized
that randomness decreases (and orderliness increases) from liquid state to solid state, illustrations of changes of state
using the different forms of water, iodine, sulphur, napthalene etc); CA5di solids (reqgular arrangement of ions, molecules
and atoms in three dimensions in the solid state should be emphasized; knowledge of specific packing arrangements not
required), CA13aiii General Skills and Principles — melting point determination

States of Matter — Liquids

CA5adii use of the kinetic model to explain the nature of liquids; use of the kinetic model to explain the changes of state
of matter (changes of state of matter should be explained in terms of movement of particles, it should be emphasized
that randomness decreases and orderliness increases from gaseous state to liquid state); CA5c liquids, concept of vapour
pressure (Liquids as an intermediate state between gases and solids in the kinetic-molecular sense should be emphasized,
simple methods for determination of boiling points, standard boiling point); ISA9.1 physical and chemical properties of
water (experiment to determine/demonstrate the boiling point of water)

10

States of Matter - Gases and Solutions

CA4c solutions (concept of solution as made up of solvent and solute); CA5aii use of the kinetic model to explain the
nature of gases; use of the kinetic model to explain the changes of state of matter (it should be emphasized that
randomness decreases and orderliness increases from gaseous state to liquid state); CA5di solids (melting points and
indicator of purity of solids)
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Lesson

Title and Syllabus Reference

11

Evidence for the Kinetic Model - Brownian Motion and Diffusion

CA5aii The use of the kinetic model to explain the nature of solids, liquids and gases (Brownian motion to be illustrated
using any of the following experiments: (i) Pollen grains/powdered sulphur in water, viewed under a microscope, (ii)
Smoke in a glass container illuminated by a strong light from the side, (iii) A dusty room being swept and viewed from
outside under sunlight); CA5aii the use of the kinetic model to explain diffusion (demonstration could be given using the
following: (i) Diffusion of bromine/iodine/NO: from a sealed tube into an empty tub,. (ii) Spread of scent of ammonia in a
room); CA5bi the gases — the gas laws (Graham’s law; qualitative explanation using the kinetic model)

12

The Gas Laws

CA5bi the gases, the gas laws (Charles’, Boyle’s, Dalton's law; qualitative explanation of each of the gas laws using the
kinetic model, derivation of the general gas law PV/T = k, mathematical relations of the gas laws and calculations based
on the laws will be required); CC2 The Gas Laws (statement of Gay Lussac’s law and calculations based on the law)

13

Chemical Structures — Giant lonic

CA3ai ionic bonding - properties of ionic compounds (typical properties of ionic compounds using binary compounds
which are largely ionic. e.g. melting points, boiling point); CA4ai chemical symbols; CA5di solids — types and structures
(ionic solids — properties); ISA4.3 ionic compounds (characteristic properties of ionic compounds)

14

Chemical Structures - Giant Metallic and Simple Molecular
CA3cii properties of metals (typical properties including conductivity; malleability, ductility); CA4ai chemical symbols;
CA4aii molecular formulae; CA5di solids — types and structures (metallic solids — properties)

15

Chemical Structures — Simple Molecular

CA3adii covalent bonding — properties of covalent compounds (typical properties compared with those of ionic
compounds e.g. melting point, boiling point); CA3di van der Waal’s forces (relative physical properties of polar and non-
polar compounds, variation of the melting points and boiling points of noble gases and halogens explained in term of van
der Waal’s forces); CA3dii hydrogen bonding (variation in the boiling points of H20, H>S, H2Se, H2Te explained using
hydrogen bonding); CA5di solids — types and structures (molecular solids — properties); 1ISA4.3 covalent compounds
(characteristic properties of covalent compounds)

16

Chemical Structures - Giant Covalent

CA3dii covalent bonding — properties of covalent compounds (typical properties compared with those of ionic
compounds e.g. melting point, boiling point); CAdai chemical symbols; CA5di solids — types and structures (covalent
solids — properties); CA5diii structures, properties and uses of diamond and graphite (properties and uses — dependent
on structures); ISA4.3 covalent compounds (characteristic properties of covalent compounds)

17

Chemical Structures — Solubility

CA3ai ionic bonding — properties of ionic compounds (typical properties of ionic compounds using binary compounds
which are largely ionic. e.g. solubility in various solvents); CA3aii covalent bonding - properties of covalent compounds
(typical properties compared with those of ionic compounds e.g. solubility in various solvents like water, hexane, ether);
CA5di solids — types and structures (ionic, metallic, covalent and molecular solids - comparison of their properties);
ISA4.3 ionic and covalent compounds (characteristic properties of ionic and covalent compounds)

18

Chemical Structures - Comparison of Properties

CA3e comparison of all bond types; CA5di solids — types and structures (ionic, metallic, covalent and molecular solids -
comparison of their properties); ISA4.3 ionic and covalent compounds (characteristic properties of ionic and covalent
compounds)

19

Periodic Trends in Properties of Elements

CA2a Periodicity of the elements: trends in periodic properties - down a group and across a period (metallic to non-
metallic character of elements); ISA10.1 classification of materials (into metals, semi-metals (metalloids), and non-
metals)

20

Periodic Trends in Properties of Compounds
CA2a Periodicity of the elements: trends in periodic properties - down a group and across a period (ionic to covalent
bonding in compounds)

21

Revision and Summary
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UNIT 2 — PARTICLES, BONDING AND STRUCTURES

Lesson 1 — What happens when atoms join together?

a) Elements, Compounds and Mixtures

e Atoms very rarely exist on their own; they are almost always found combined together with other atoms to
form a very wide variety of chemical substances

e Asubstance is a collection of atoms with fixed composition and distinct chemical properties

e All objects in the universe are made of materials; a material can either be made from a single substance or
from a mixture of different substances

e Materials can be classified in three different ways — as elements, compounds or mixtures - depending on
their composition:

(i) Elements

e A material made up of only one type of atom is called an element; the name of the element is always the
same as the name of the atom, and each atom therefore gives rise to one element (although the atoms can
combine together in different ways, giving rise to different forms of the element called allotropes)

e the Periodic Table is a list of known atoms and therefore a list of known elements

e As elements only contain one type of atom, they have a fixed composition; each allotrope of the element is
considered a single, pure substance

e Examples of known elements are hydrogen, oxygen and carbon
(ii) Compounds

e A substance made up of two or more different elements bonded together in a fixed proportion is called a
compound; there are a large number of different compounds

e Compounds are pure substances with a specific chemical formula showing the relative composition of the
different atoms in the compound

e Compounds can be broken down into their constituent elements, but not easily — usually a chemical reaction
or electrolytic process is required

e Examples of compounds include sodium chloride (NaCl), water (H,0), methane (CH4), ethane (CzHe), silicon
dioxide (SiO,)

(iii) Mixtures
e A material made up of two or more elements or compounds but not in fixed proportion is called a mixture

e Mixtures are not pure substances, have no fixed composition and have no single chemical formula; mixtures
consists of at least two different substances

e  Mixtures can take almost any form; sea water, air, milk, crude oil and most types of earth are all examples of
mixtures
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e |n most cases the different components of the mixture are held together only by intermolecular forces
e Mixtures can be separated into the pure single substances from which they are made (elements and/or

compounds) using simple physical separation techniques such as filtration, distillation (simple or fractional),
evaporation or chromatography

-1
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rd Test your knowledge 1.1: Classifying materials
Classify the following materials as elements, compounds or mixtures; if they are compounds; give a chemical
formula for the compound to show its chemical composition:

(a) bromine (b) ammonia (c) milk (d) lemonade
(e) water (f) carbon dioxide (g) bronze (h) crude oil
(i) diamond (j) sand (k) lead (I) methane

Answers: (a) element; (b) compound (NH3z); (c) mixture; (d) mixture; (e) compound (H,0); (f) compound (CO,); (g)
mixture; (h) mixture; (i) element (an allotrope of carbon); (j) compound (SiO); (k) element; (I) compound (CH,)

b) Laws of Chemical Combination

e Compounds have a fixed formula; this means that compounds obey the Law of Constant Composition: “a
given chemical compound always contains its component elements in fixed ratio (by mass), and this fixed
ratio does not depend on its source and method of preparation”

e Copper oxide can be used to illustrate the law of constant composition:
- copper oxide contains 80% copper and 20% oxygen by mass;
- there are three common methods for preparing copper oxide but all three methods will give copper
oxide containing 80% copper and 20% oxygen
- samples of copper oxide prepared by each of the three methods can be reduced to copper by passing
hydrogen gas over the copper oxide
- inall three cases, the mass of the solid will drop by exactly 20% as the oxygen is removed

e In many cases, different elements can combine to form more than one compound; when different elements
combine they will obey the Law of Multiple Proportions: “the ratios of the masses of the second element
which combine with a fixed mass of the first element will be ratios of small whole numbers”

e Carbon and oxygen can be used to illustrate the Law of Multiple Proportions:

- when 1.2 g of carbon combines with oxygen, it will either combine with 1.6 g of oxygen (to form carbon
monoxide, CO), or with 3.2 g of oxygen (to form carbon dioxide, CO,)

- the ratio of the two masses of oxygen =3.2:1.6 = 2:1

|-|_-|
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rd Test your knowledge 1.2 — Demonstrating the laws of chemical combination
(a) 10 g of methane was found to contain 7.5 g of carbon and 2.5 g of hydrogen; 40 g of methane was found
to contain 30 g of carbon and 10 g of hydrogen; show that this is consistent with the law of constant
composition
(b) In one experiment, 50 g of tin reacted with 6.8 g of oxygen; in another experiment, 50 g of tin reacted
with 13.6 g of oxygen; show that this is consistent with the law of multiple proportions

(a) 7.5/2.5 =3;30/10 = 3 so consistent (ie composition is always the same)

(b) 13.6/6.8 = 2 (a small whole number ratio, so consistent)
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Lesson 2 — What is ionic bonding?

c) Simple Chemical Bonding

P Summary Activity 2.1: Which atoms attract electrons most strongly?

- Asyou cross a Period from left to right, how does the tendency of atoms to attract electrons change?
Why?

As you descend a Group, how does the tendency of atoms to attract electrons change? Why?
As you cross a Period proton number increases but shielding stays the same, so electrons in the outer
shell are more strongly attracted to the nucleus

As you descend a Group the number of shells increases so shielding increases, so electrons in the outer
shell are less strongly attracted to the nucleus

(i) Introduction to chemical bonding

e Atoms can form bonds with each other by gaining, losing or sharing electrons, depending on the properties
of the atoms involved in the bond; this can lead to a number of different types of bond

e The number of electrons which an atom gains, loses or shares when it bonds with other atoms is called the
valency of the atom; generally, atoms in the same group tend to have the same valency

(ii) Electronegativity

e Atoms on the right-hand side (especially at the top) of the Periodic Table attract other electrons more
strongly than atoms on the left-hand side of the Periodic Table, due to their higher electron affinities; they
also hold on to their own electrons more strongly than atoms on the left-hand side of the Periodic Table, due
to their higher ionisation energies; such atoms are said to be electronegative atoms; fluorine is the most
electronegative atom, followed by oxygen; nitrogen and chlorine are also electronegative; all atoms in
Groups 5, 6 and 7 are considered fairly electronegative, especially near the top of the Periodic Table

e Atoms which hold their own electrons weakly (ie have low ionisation energies) and attract other electrons
weakly (ie have low electron affinities) are said to be electropositive atoms; francium is the most
electropositive atom, but all atoms in Group 1 are very electropositive; atoms in Group 2 are also
electropositive, as are some atoms in Group 3

e The type of bond atoms will form with each other depends on how electropositive or electronegative the
atoms are; electronegativity is the ability of an atom to attract electrons in a bond

e Electronegativity increases across a Period; electronegativity decreases down a Group

(iii) lonic Bonding

e If an electropositive atom (like Na) and an electronegative atom (like Cl) come into contact with each other,
the electronegative atom will take electrons from the electropositive atom until either the outer shell of the

electronegative atom is full or the outer shell of the electropositive atom is empty

e Electropositive atoms lose electrons to become cations, and electronegative atoms gain electrons to become
anions
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e Atoms in Groups |, Il and Il of the Periodic Table tend to form positively charged ions (cations) by losing all of
the electrons in their outer shell; Na loses one electron to form Na*, Mg loses two electrons to form Mg?*
and Al loses three electrons to form Al**; sodium therefore has a valency of 1, magnesium has a valency of 2
and aluminium has a valency of 3

e Simple positive ions have the same name as the atom they were formed from:
- Na'*is asodiumion
- Mg* is a magnesium ion

e Atoms in Groups V, VI and VIl of the Periodic Table tend to form negatively charged ions (anions) by gaining
electrons until their outer shell is full; Cl gains one electron to form CI°, O gains two electrons to form 0% and
N gains three electrons to form N¥; chlorine therefore has a valency of 1, oxygen has a valency of 2 and
nitrogen has a valency of 3

e Simple negative ions are named by combining the first syllable of the atom they were formed from and then
adding the ending “ide”:
- Clis achloride ion
- O%is an oxide ion

-1
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rd Test your knowledge 2.2: Forming simple ions
(a) Consider the atoms Li, K, Mg, Ca and Al; give the formula and name of the ion formed when these atoms
come into contact with an electronegative atom
(b) Consider the atoms O, N, S, Br and P; give the formula and name of the ion formed when these atoms
come into contact with an electropositive atom

(a) lithium ion Li*, potassium ion K*, magnesium ion Mg?*, calcium ion Ca?*, aluminium ion Al3*

(b) oxide ion 0%, nitride ion N*, sulphide ion S*, bromide ion Br, phosphide ion P*

e Positive and negative ions have opposite charges, so they attract each other; this attraction is called an ionic
bond; an ionic bond is an attraction between oppositely charged ions

e lonic bonding is most likely to exist when one atom has a high ionisation energy and electron affinity (and
hence a high electronegativity) and one atom has a low ionisation energy and electron affinity (and hence a
low electronegativity); there is always a significant electronegativity difference between the two atoms

e lonic bonds are formed when electrons from an electropositive atom are transferred to an electronegative
atom and the resulting ions attract each other
- when sodium atoms and chlorine atoms interact, each sodium atom transfers an electron to a chlorine
atom to form a sodium ion and a chloride anion
- these two ions attract each other to form an ionic bond; the resulting substance is known as sodium
chloride (NaCl); it is an example of an ionic compound

QLO= = 0d

sodium chloride (NaCl)
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The representation of ionic bonds as shown above, showing the outer electrons and charges on the ions, is

an example of a Lewis dot structure (or dot-cross diagram)

- When magnesium and fluorine atoms interact, the Mg loses two electrons and gives one electron each
to two different fluorine atoms

- the fluorine atoms accept the electrons and become fluoride ions

- the oppositely charged ions attract each other to form a substance called magnesium fluoride (MgF,):

@] [@] [@]

lonic compounds are named by naming the cation followed by the anion

=

c)

Lesson

(iv)

— Y
7/ Test your knowledge 2.3: Forming simple ionic compounds
Deduce the formula, and draw the Lewis dot structure, of the following ionic compounds:
a) sodium oxide
b) calcium sulphide

aluminium fluoride

d) potassium nitride
e) aluminium oxide

Na

K]
— x @ 3_.
KJ" [:N:
x o v Ta xa
=+ o0 ‘:(}‘. Al

3 - What is covalent bonding?

Covalent Bonding

If two electronegative atoms come into contact with each other, both will attract each other’s electrons but
neither will lose their electrons; as a result they share electrons; the shared electrons are attracted to the
nuclei of both atoms at the same time; this is known as a covalent bond; a covalent bond is a pair of
electrons shared between two atoms

Covalent bonding generally exists when both atoms have relatively high ionization energies and electron
affinities, and hence high (and often similar) electronegativities)
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A covalent bond is formed when two atomic orbitals on different atoms overlap:

© ©=0EL

- in most cases, each orbital contains one electron; the resulting covalent bond therefore contains one
electron from each atom

- in some cases, one of the orbitals contains two electrons and the other contains no electrons; both of
the electrons in the resulting covalent bond therefore come from the same atom; this is known as a
dative covalent bond

Atoms will generally accept as many shared electrons as they can accommodate in their outer shell:

- hydrogen can only accommodate one extra electron and so each hydrogen atom can only form one
covalent bond (ie H has a valency of 1)

- atoms in Group 7 (eg Cl) can only accommodate one extra electron and so each atom can only form one
covalent bond (ie atoms in group 7 have a valency of 1)

- oxygen (and usually S) can accommodate two extra electrons and so each atom will form two covalent
bonds (O and usually S have a valency of 2)

- nitrogen (and usually P) can accommodate three extra electrons so each atom will form three covalent
bonds (N and usually P have a valency of 3)

- carbon and silicon can accommodate four extra electrons so each atom will form four covalent bonds (C
and Si have a valency of 4)

A covalent bond is represented by a short straight line between the two atoms; it can also be represented in

a Lewis-dot structure by showing dots and crosses inside overlapping circles:

- Egtwo hydrogen atoms each form one covalent bonds with an oxygen atom, which forms one covalent
bond with both hydrogen atoms:

5 H\O/H

It is possible for two atoms to share more than one pair of electrons; the sharing of two pairs of electrons
between two atoms is called a double bond; the sharing of three pairs of electrons between two atoms is
called a triple bond:

- Egtwo oxygen atoms can join by forming a double covalent bond with each other:

S ' 0=0

A small group of two or more atoms held together by covalent bonds is called a molecule; covalent bonding
usually results in the formation of molecules

These molecules act as single particles and there are no covalent bonds holding the different molecules

together; there are, however, weaker forces of attraction between these molecules which are known as
intermolecular forces

10
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e Individual molecules can be elements (eg Cl,) or compounds (eg HCl); many materials are mixtures of
different molecules (eg crude oil, air)

=1
=)

7/ Test your knowledge 3.1: Forming simple molecules
Deduce the formula and draw the structure of the molecules formed when the following atoms combine to form
covalent bonds:
(a) Hand H; (b) Hand Cl; (c) Hand O; (d) C and H; (e) N and H; (f) O and O; (g) Nand N; (h) Cand O

gand
O

e Itis possible for atoms and ions to form covalent bonds with each other; the resulting particles, which are
charged, are called polyatomic ions; they are ions containing covalent bonds: eg NH,*, SO4%, CO3%, OH-

e Dative covalent bonds are represented by a short arrow from the electron providing both electrons to the
electron providing neither, eg N> H*, or N>B

e Polyatomic ions often result from dative covalent bonds:
- Eg NH.", is formed when a molecule of NHs, which contains two electrons in a single orbital on the N
atom, forms a dative covalent bond with a hydrogen ion, which has no electrons:

H+

HENZH HY — HEINZH
-x L
H H

—= T

H—N—H

The NH4" ion can be drawn as follows:

Dative bonding can also result in unusual molecules such as CO and O3 which could not be formed using
normal covalent bonds

|-|_-|
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7/ Test your knowledge 3.2: Understanding dative covalent bonding
(a) Explain how BHs forms a covalent bond with NH3 to form BH3NHs; draw the structure of BH3NH;
(b) Explain how H,0 forms a covalent bond with H* to form H3O"; draw the structure of H;O*
(c) Use dative covalent bonding to draw the structure of carbon monoxide (CO)
(d) Use dative covalent bonding to draw the structure of ozone (Os)

11
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(a) Nin NHson forms dative covalent bond with B in BH3; N provides both electrons

Lesson 4 - What is a metallic bond?

(v)

Metallic bonding

If two electropositive atoms come into contact with each other, both atoms will give up their electrons but
neither will accept electrons from the other; as a result, both atoms become cations and the electrons
become free, or “delocalised”; a large number of delocalised electrons is also known as a “sea of electrons”;
a metallic bond is an attraction between cations and a sea of electrons

Metallic bonds are formed when two or more atoms all lose electrons and the resulting electrons are
attracted to all the resulting cations:
- Magnesium atoms lose two electrons each, and the resulting electrons are attracted to all the cations

2+ 2+

® D DD

- sodium atoms lose one electron each
- aluminium atoms lose three electrons each

Metallic bonding happens because the delocalised electrons are attracted to more than one nucleus and
hence more stable

Metallic bonding is most likely to be found when atoms have a relatively large size and a low ionization
energy; for this reason they tend to involve atoms on the left of the Periodic Table, which have relatively few
valence electrons (1, 2 or 3)

Metallic bonding between atoms of the same type results in the formation of elements; metallic bonding

between atoms of different types results in the formation of mixtures known as alloys; alloys are not
compounds as they do not have a fixed composition
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=1
=)

rd Test your knowledge 4.1: Forming metallic bonds
Draw diagrams to show the bonding between:

(a) Two sodium atoms
(b) Two aluminium atoms

3+

ST Bl

X XXX XX

(vi)

Summary of different types of bond

lonic bonds are usually formed when an electropositive atom bonds with an electronegative atom —ie when
there is a large electronegativity difference between the two atoms; the electropositive atom gives electrons
to the electronegative atom and the resulting ions attract

Covalent bonds are usually formed when two electronegative atoms bond together by sharing electrons;
they usually result in the formation of small particles called molecules

Metallic bonds are usually formed when two electropositive atoms bond together by donating their
electrons into a delocalised electron sea; the resulting cations are attracted the electron sea

Covalent bonds can also form between atoms and ions to form polyatomic ions (eg NH4*, SO4%); these
polyatomic ions will form bonds with other ions

Molecules do not form strong bonds with other molecules but can form weak bonds called intermolecular
forces

Test your knowledge 4.2: Understanding ionic, covalent and metallic bonding
Predict the type of bond which will be formed between the following pairs of atoms and draw the Lewis dot
structure to show each bond:

(a) Brand Br

(b) CaandCa

(c) CaandBr

(d) Liand O

(e) LiandLi

(f) OandO

GG

M @ @ @
o
o
2
—_—
i
.
z x
L ]
-

(Y ) XX
$BrxBr;

(a) covalent *® XX ;(b) metallic - ; (c) ionic ; (d) ionic ;
ﬁﬂ : m guE B
+) - bra F
(e) metallict ™~ e ; (f) covalent e
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Lesson 5 — What shapes do different molecules have?

d) Shapes of Molecules and Polyatomic lons

‘ Summary Activity 5.1: Lewis dot structures for different molecules
- Explain the meaning of the terms “covalent bond” and “molecule”
- Draw Lewis-dot structures for the following molecules: BeCl,, BFs, CHs4, NH3 and H,0

Covalent bond: pair of electrons shared between two atoms
Molecule: small group of atoms held together by covalent bonds

e When an atom forms more than one covalent bond, the two covalent bonds arrange themselves at a very
specific angle; the angles between the covalent bonds in a molecule or polyatomic ion result in the species
having a characteristic shape

e When an atom forms a covalent bond with two other atoms at the same time, the electrons in the different
bonds and the non-bonding electrons in the outer shells of the central atom repel each other; in order to
minimise this repulsion, all the outer shell electrons spread out as far apart in space as possible; the resulting
shapes, and the angles between the covalent bonds, can be predicted by the VSEPR theory (VSEPR = valence
shell electron pair repulsion)

e VSEPR theory consists of two basic rules:
- All bonded electron pairs and all lone pairs arrange themselves as far apart in space as is possible;
double bonds are counted as one pair of electrons for the purpose of determining shapes
- Lone pairs repel more strongly than bonding pairs and result in the angle between the bonds becoming
slightly smaller

o These two rules can be used to predict the shape of any covalent molecule or ion, and the angles between
the bonds.

p Activity 5.2: Investigate the shapes balloons form when tied together
Take two balloons, blow them up and tie them together. What angle do they naturally adopt between them?
Now repeat with three and four balloons. What angle and shape will they naturally adopt?

Equipment needed: 4 balloons

Two inflated balloons should naturally sit 180° apart when tied; three inflated balloons 120° apart and four
inflated balloons 109.5° apart, in the shape of a tetrahedron when tied
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(i) two electron pairs

e If there are two electron pairs on the central atom, the angle between the bonds is 180°

Cl=—Be—2-Cl

)\_/‘mu*? OQ—C—0

- Molecules which adopt this shape are said to be LINEAR
- E.g. BeCl,, CO; (remember that double bonds count as one electron pair)

(ii) three electron pairs

e If there are three electron pairs on the central atom, the angle between the bonds is 120°

F\‘\ED" 1?_; /O f' /‘ — Co-ordinate bond
.
F \ 3
o O
- Molecules which adopt this shape are said to be TRIGONAL PLANAR
- E.g. BFs, A|C|3 COgZ" NOs

(iii) four electron pairs

e [fthere are four bonded pairs on the central atom, the angle between the bonds is 109.5°
—+

H 095 O 1595
-| 109.5° I|\I |Sw
H* \- H HWAH| o WO
H (8

- Molecules which adopt this shape are said to be TETRAHEDRAL
- E.g. CHg, SiC|4, NH4+, SO42>

e If one of the electron pairs is a lone pair, the bond angle is slightly less than 109°, due to the extra lone pair
repulsion which pushes the bonds closer together (approx 107°)

- Molecules which adopt this shape are said to be PYRAMIDAL
- E.g. NH3, PC|3
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e [f two of the electron pairs are lone pairs, the bond angle is also slightly less than 109°, due to the extra lone
pair repulsion (approx 104°)
L L]

HY &
 xH
104°

- Molecules which adopt this shape are said to be NON-LINEAR
- E.g. H.0, OF;

(iv) Diatomic molecules

e Molecules such as H; and O,, which only contain two atoms and one bond, are generally described as linear

(v) Summary of molecular shapes
Valence shell Bonding Lone Shape Bond
electron pairs Pairs around | Pairs around Angle (°)
around central central central atom
atom atom
2 2 0 LINEAR 180
B—A—B
3 3 0 TRIGONAL PLANAR 120
B\ / B
T\
B
4 4 0 TETRAHEDRAL 109.5
B
A-.
~ B
5" |
B
4 3 1 PYRAMIDAL 107
(;g\
B
5~ /
B
4 2 2 NON-LINEAR 104.5
(i&
[o]
7 °
5~ [
B
