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Fgure 213

“The domnward rend in atomic radus values across the tird period

QuesTions

‘What happens to the atomic radius on going from lefttoright across a perid in the periodic
table? Explain your answier.

‘What happens to the atomic radius on gaing down a group in the periodic table? Explain your
answer.

Why does an increase in nuclear charge tend to decrease the atomic radius?

How does the presence of extra occupied energy levels in an atom affect s atomic radius?
Explain your answer.

2.5 Periodicity and lonisation energies

In an atom with many electrons, the electrons occupy different sublevels of distinct
energy values. Since the electrons have different energies, different amounts of energy
will be needed to remove different electrons from an atom.
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The first ionisation energy for an element X is represented by the following equation:
XooXuse

The first ionisation energy of an element is measured in kilojoules per mole.

B
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Figure 2.14
Table of st onisation enerqy values for the frt 36 eements

Figure 2.14 gives values for the first ionisation energies of the elements. These values

generally increase on going from left to right across a period. This is due to:

©  Theincrease in nuclear charge, caused by an increase in the number of protons in
each successive element. The electrons are held more tightly, which makes them
more difficult to remove from an atom.

o The decrease in atomic radius, which has the same effect. In each period, the
element in Group 0, having a full outer level, will have the highest first ionisation
energy value.

On going down a group, the values of the first ionisation energies decrease. This is

due to:

©  Theincrease in atomic radius, which makes it easier to remove an electron from an
atom despite the increased nuclear charge

©  The screening effect of inner energy levels, which results in the effective nuclear
charge experienced by the outermost electron being much less than the full nuclear
charge.

Exceptions to the trend across a period

On going across the second period from left to

right, first ionisation energy

values generally increase. u

o However, beryllium has a higher first
ionisation enérgy value than the next
element, boron. The electronic configuration
of beryllium is 15'25", while that of boron
is 15%252p.". The extra electron in boron is
added to the 2p. orbital, which is of higher
energy than the 2 orbital. This electron is
more readily removed than the 25 electron
in beryllium. The beryllium atom, having a
full outer sublevel, is particularly stable. T

‘tomic number

g

g

g

Fistonisatio energy (k) mol)
8 &

g

Figue 215
‘The decrease n first ionisation energy values down
Group1,cue to the increase of the screening effect
and in the atomic radus
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Another exception in the second period to the
general trend occurs between nitrogen and
oxygen.

o The first ionisation energy of nitrogen
(electronic configuration 15°252p.'2p,"2p.")
is greater than that of oxygen (electronic
configuration 1s%252p2p,2p."). In oxygen
the two electrons in the 2px orbital repel
each other, making the outermost electron
easier to remove. As a result, the value of
the first ionisation energy is lower than that
of nitrogen. The nitrogen atom, having a
Ralf-full outer p sublevel, is particularly
stable.

Similar exceptions to the general trend occur
between Groups I and Il and between Groups
V and VI in other periods, for similar reasons.
Otherwise, for the s- and p- block elements, the
general trend holds.

Firstonisation energy (kJ / mol)

350

3456 7
Figure 2.16
The general increase n first ioisation energy
values across the second period, e o the
increase i the nuclear charge and the decrease
in the atomic radus. ot the exceptons o the
general rend

8 9 10
Atomic number

2.6. Periodicity and Redox reactions

Oxidation potential follows the same trends as ionization energy. An oxidation reaction
is one that involves the loss of an electron and smaller ionization energies make it easier

to remove an electron.

Reduction potentials, on the other hand, follow the same trend as electron affinity. A
reduction reaction is one that involves gaining an electron and larger electron affinities

make it easier to give an electron.

2.7 Periodicity and acid and base trends

The arrows indicate the relative acid and base strength of compounds such as hydrides
or oxides of the elements moving across periods and down groups in the table.

19 acid strength

T

creasing base strength:

Figue 217
Acd and base strength
of compounds





OEBPS/image/116.jpg
The trend in hydrides - compounds formed between hydrogen and any other element
~ can be seen by looking across period 3.

Perodd  NaH Mg AMs ity PH, WS HOl

Stong  Weak  Amphoteric Noacid-base  Weak  Weak  Strong
base  base  Substance propertes  base  acd  acid

Figure 2.18
Trend in hydides across perod 3

The more strongly basic hydrides [metal hydrides] are on the left of the table
NaH = basic hydride:

Na' (g + H g + HiOp = Hay + Na'uq + OH g

and the more strongly acidic hydrides [non-metal hydrides] to the right
HCI = acidic hydride:

H' (g + Clug + H:Opy = HIO' g + Cllyy

Generally speaking, the determining factor in whether an oxide will be acidic or basic s
the electropositive character of the central atom of the oxide. The more electropositive
elements to the left of the table form basic oxides, whereas the more electronegative
elements to the right of the table form acidic oxides. The oxides in-between are often

amphoteric as shown in the table below.

si

Jr— [

Fique2.19
Perodic ends of oxides
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‘What factors influence the value of the firt onisation energy?

What i the trend in values of the firstionisation energy on going from left o right across a period
in the periodictable? Give reasons fo tis.

List the exceptions among th firs eighteen elements to th trend in firs ionisation energy values
going across a period, and explain why they occur.

‘What s the trend in vlues ofthe first iorisation energy on going down a group in the periodic
table? Explain your answeer.

‘What type ofion ~ positve or negative ~ will an atom such as sodium, which has a ow first
fonisation energy value, tend o form?

Prepare a short presentation on trends in the periodc table in one of the following
areas_(a) metalio/non-metalic character of elements ~ (5) oxidation sates. Think about the
ideas discussed in 2.4 and 2.5
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Ionic and Covalent

Learning Objectives

By the end of this Module you will be able to:

Explain the formation of covalent bonds by sharing and donor-acceptor

mechanisms. (0150

Explain the formation of double and triple bonds. (0352

Describe the properties of covalent bonds.
Explain the types of hybridization. (T
Explain the relationship between structure and properties of substances. (0123

Explain the principle of atom electronegativity and predict the type of chemical
bond related to it. (0143

Draw dots-and-crosses diagrams for compounds with covalent bonds. (1147

Understand that ionic bonds are formed as a result of electrostatic attraction of
opposite charged ions. (0.8

Make dots-and-crosses diagrams for compounds with ionic bonds. 0739
Use VSEPR theory to predict shapes of molecules and ions. T0T410)

Explain the nature of metallic bonds and their effect on the physical properties
of metals. (LT

Explain the mechanism of hydrogen bond formation. (TTET2)

Predict the properties of compounds with different types of bonds and crystal
lattices. TUTET)
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3.1 Chemical Compounds

A chemical compound is formed when two or more elements combine in a chemical
reaction. For example, if hydrogen gas is burned in oxygen gas, water, a compound,
is formed.

2H., + O., —» 2HO,

Unlike elements, compounds can be broken down chemically into simpler substances,
and in many cases directly to their elements. If an electric current is passed through
water, the compound breaks up into its constituent elements, hydrogen and oxygen.

2HO, — 2H,, + O.,

Each compound has a fixed composition and it can be represented by a chemical
formula. Water always contains two parts hydrogen to one part oxygen. This is shown
by its chemical formula, HO. The formula of a compound tells us what elements make
up the compound and in what relative proportions.

Sulfuric acid is an example of a compound made up of three elements. Its formula,
HSO, indicates that it is made up of two parts hydrogen, one part sulfur, and four
parts oxygen.

Crystalsof ydrated copper sulfate CuS0. X 5HO Washing soda.

Hydrated substances contain molecules of water in definite proportions, usually
locked into a crystal structure. Washing soda, hydrated sodium carbonate, is an
example. It contains 10 parts of water to one part of sodium carbonate, so its formula
is Na.CO.10HO. It has two parts sodium, one part carbon, three parts oxygen and ten
parts water. In cases of this type, the water is regarded as a unit within the formula.
Water bound in this way is described as water of crystallisation; it can be driven off
by heating to give the corresponding anhydrous compound.

NaCO. x 10HO, - NaCO.. + 10HO,
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QuesTions

“The compounds i the following lstare encountered in everyday ife: (2) sodium chloride, Nac;
(b) ethanoic acid, CHCOOH; (0) magnesium hycroxide, Mg(OH); (0) heptane, CH.;

(€) sodium hypochiorite, Na0C; () calcium carbonate, CaCO; (g) carbon dioxide, CO.

In each case name the elements that constitute the compound and the proportion in which they
are present.

3.2 Noble Gas Electron Configuration

The elements of Group 0 of the periodic table,
the noble gases, are found to be very stable

and unreactive compared with most other Heium (He) 2

elements. This is because they have very TNeon(ig 2,8

stable outer electronic configurations. The first Ty o

two elements in the group, helium and neon,

are so unreactive that they do not form any _KUPn(K) 2.8,18,8

compounds. Tabe31

Table 3.1 shows the distribution of electrons in the main energy levels of noble gas
atoms.

@C‘Q

Helium Neon Argon

Figure 3.1 Elecric lght bulbs are filed with
Avtangement of eectrons in nobe gas atoms argon

Apart from helium, whose outer level (and only occupied level) is full, each of the
other noble gases has eight electrons — an octet — in its outer level. Given the relative
unreactivity of the Group 0 elements, it is clear that having eight electrons in the outer
level, or having a filled outer level, is a stable arrangement of electrons.

ﬁ -_m_
D e s -
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The uses of helium and argon are related to their chemical unreactivity. Helium is a
much safer alternative to hydrogen for use in weather balloons and blimps. Both gases
have very low densities, but unlike hydrogen, helium is not flammable. Electric light
bulbs are filled with argon to prevent the tungsten filament from evaporating or
reacting. Incandescent light bulbs are being replaced by energy-saving bulbs in many
countries throughout the world.

Noble

Helum In weather ballons and
biimps.

Argon In light bulbs

Helum i used i bimps

QuesTions

2 Inwhat way are the noble gases differen to most ather elements?
3 Why is helium more suitable for use in weather balloons than the lss dense hydrogen?
4 Towhat feature ofthei electronic structures is th stabity of the noble gases due?

3.3 Octet Rule

When atoms of different
elements combine together to
form compounds, there is a
change in the arrangement of
the electrons in the outermost
energy level of each atom. Some Sodium atom Chiorine atom
of these electrons form links
called chemical bonds between
the atoms. Usually the new
arrangement is more stable than
the original situation.

1 electron
ooy
Transfers

giving

Elements achieve stable noble gas
configurations by losing, gaining  pgye32

or sharing electrons when they

react to form compounds. This idea forms the basis of the electronic theory of chemical
bonding. The idea is usually expressed as the octet rule, which states that atoms on
reaction tend to reach an electron arrangement with eight electrons in the outermost
energy level.
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For example, in the formation of sodium chloride from sodium, the sodium atom,
whose electron arrangement is 2, 8, 1, loses an electron to chlorine, ending up as the
sodium ion Na' with an arrangement of 2, 8.

On the other hand, the chlorine atom gains an electron from sodium and its electron
arrangement goes from 2,8, 7 in the neutral atom to 2, 8, § in the chloride ion. In other
words, both elements obey the octet rule and end up with eight electrons in the outer
level.

6ulpuOg U3[en0] PUE 9juo)

ExampLE 3.1

Use the octet rule and the electronic structures of calcium and fluorine o predict the formula of
calcium fluoride,

Answer The electronic structure of calcium is: Ca 2, 8,8, 2.
“The electronic structure of fluoring is: F 2, 7

“To obey the ot rule and end up witheight lectrons in the outer leve, calcium loses two electrons
1o form the calcium ion Ca™*, and fluorine gains one electron to form the fluoride ion, F . So that the
total charge is zer, two fluorine atoms are required, gaining one electron each. Consequently the
formula of calcium floride is CaF.

While the octet rule does not work in all cases, it
is nonetheless a useful aid in using the electronic

Hydroxide, OH structure of atoms to predict the ions formed in ionic

Carbonate. bonding and the consequent chemical formulas of
compounds.
Nitrate NO;
Hydrogencarbonate  HCO. A similar method is used to predict the formulas of
Sie sF  compounds of complex ions. Itis not possible to use
the octet rule to work out the charges on such ions.
Sufate The information required is shown in Table 3.2.
Phosphate
Dichromate(V) 0.
Ethanoate CHC00
Ammonium NH
Menganate(Vl)  Mn0; ok a2

Formulas o complex ons

ExampLE 3.2

Whatis the formula of potassium carbonate?
Answer The electronic structure of potassium is: K 2, 8, 8, 1

‘The potassium ion is K" and the carbonate ion is CO.”". Two potassium ions and one carbonate ion
are required s that the tota charge i zero. Thus the formula is KCO..

@
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Student’s Portfolio
The student’s Portfolio provides additional re
The Portfolio enables learners to maintain a detailed record of laboratory

jon material and further tasks.

uogonpany)

practicals, giving them space to reflect on the processes and results of their
work. In line with the textbook, it provides detailed sample workings of all
stoichiometric calculations they are required to make.

Teacher’s Book
ATeacher's Book with full answers to all questions in both the Textbook and

Student's Portfolio - giving detailed worked solutions for all calculations - is

provided.

Digital resources

Grade 10 Chemistry digital resources for teachers will further enhance classroom learning. These
resources work in conjunction with the Textbook and Student’s Portfolio. The resources have
been designed to fully integrate with the Textbook to compliment lesson content. Following the
principles of the new national Chemistry subject programme, material is provided to suit a range of
learner types and to encourage participation and engagement on the part of the learner.

Answers to all questions in both the Textbook and Student’s Portfolio and detailed worked

solutions of all calculations is included.

A series of videos allow students to observe science in action across all modules. These videos will
reinforce the topic at hand, promote discussion about scientific issues in society and enable teachers
to bring a range of perspectives on topics in Chemistry into the classroom.

Further classroom discussion and participation is opened up through PowerPoint presentations,
including a thematic presentation of information from the Textbook. Experi

ies and can be used for demonstration or summative plenary work.

ent videos allow for a

visual review of laboratory activi
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Atomic Structure
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Learning Objectives

By the end of this Module you will be able to:
o Explain the general meaning of ‘nuclides’ and ‘nucleons’.

o Calculate the average relative atomic mass of the natural isotopes of an element.
@

o Explain the nature of radioactivity and the use of radioactive isotopes. [T123)

o Usea proton/neutron N-Z ratio curve of the atomic nucleus of chemical
elements to identify the stability of an isotope’s nucleus. 0120

o Write nuclear equations. (123
o Name the characteristics and values of quantum numbers. (0151

o Apply the principle of minimum energy, Pauli principle, Hund’s rule for
electronic orbitals. (0132

o Recognise the difference between shapes of -, p-, d-, f- orbitals. 00133

o Write electronic configurations of the first 36 chemical elements. (0138

A
@
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ExampLE 3.3

What s the formula of magnesium hycroxide?
Answer The electronic structure of magnesium is: Mg 2,8, 2

“The magnesium ion s Mg and the hydroside ion is OH'. One magnesium ion and two hydroxide
fons are required 5o that the total charge is zero. Thus the formuia is Mg(OH).

~
QuesTions
_

5 Wiite the formula of each of the following compounds: (2) sodium chiorde.

) potassium oxide (c) magnesium bromide () calcium oxide  (¢) aluminium oxide.
6 Wrte the formulaof each of the following compounds: ~ (a) aluminium hydroside:

b) calcium carborate (c) magnesium itrate (d) sodium hydrogen carbonate

(e) potassium sulfte () aluminium sulfate.

3.4 Exceptions to the Octet Rule

There are several exceptions to the octet rule:
o Beryllium and boron atoms have few electrons in their outer levels, so they cannot
gain enough electrons to reach eight in the outer level.

o The d-block elements do not usually obey the octet rule.
o The rule works in some cases for sulfur and phosphorus, but not in others,

o Hydrogen and lithium atoms tend to reach the electronic structure of helium, but
they are unable to gain the large number of electrons required to attain an octet

3.5 Valency

Valency gives a measure of the combining power of an atom. It is |
defined as the number of bonds an atom forms when it reacts. For
example, carbon forms four bonds when it reacts, so it has a valency
of four. |

Figure 3.3
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The valency of an element can usually be worked out by calculating the number of
electrons that its atoms would need to lose, gain or share to attain a stable electronic
structure such as that of the nearest noble gas i the periodic table.

o Atoms of Group I elements (e.g. Li, Na, K), which each have one electron in the
outer level, reach noble gas structure by losing this one outer electron. Thus these
elements have a valency of one.

o Atoms of Group Il elements (e.g. Mg, Ca) reach noble gas structure by losing their
two outer electrons. Thus these elements have a valency of two.

o Atoms of Group Il elements (e.g. Al, Ga) reach noble gas structure by losing their
three outer electrons. Thus these elements have a valency of three. (Boron also has
a valency of three. However, although it forms three bonds, it does so by sharing
electrons, and does not attain noble gas structure)

©  Atoms of Group IV elements (e.g. C, Si, Ge) tend to bond by gaining a share in four
electrons from atoms of other elements. Thus Group IV elements have a valency
of four.

o Atoms of Group V elements (e.g. N, P, As) tend to bond by gaining a share of three
electrons from atoms of other elements. Thus Group V elements usually have a
valency of three.

©  Atoms of Group VI elements (e.g. O, S, Se) tend to bond by gaining two electrons,
or a share of two electrons, from atoms of other elements. Thus Group VI elements
have a valency of two.

©  Atoms of Group VII elements (e.g. F, Cl, Br) tend to bond either by gaining an
electron, or a share of an electron, from atoms of other elements. Thus Group VII
elements have a valency of one.

The valencies of s-block and p-block elements are summarised in Table 3.3

Valency 1 2 E 4 3 2 1 [

Table 3.3

Transition elements have variable valencies, some of which are shown in Table 3.4:

NN —0—

Chromium ~ 2,3,6

Ton 2368
T xS —

Valencies of group V atoms

(8N
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ExampLE 3.4

What s the formula of ammonia, a compound containing nitrogen and

“‘
lonic and Covalent Bonding
7

ydrogen ony? H—N—H
Answer Nitrogen has a valency of 3, while hydrogen has a valency of 1. |
Anitrogen atom il herefore form tee bonds, and hydragen wll form H
one bond. Three hydrogen atoms are thereforerequired to bond with one
atom o nifrogen.

Figue 35

‘Thus the formula of ammonia is NH..

ExampLE 3.5

Whatisthe formula of aluminium oxide?

Answer Aluminium has a valency of 3, and oxygen has a valency of 2. An aluminium atom forms
three bonds on reaction, while an oxygen atom forms two. Three oxygen atoms will herefore be.
needed to bond with two aluminium atoms, to enable llatoms to form the correct number of bands.

“Thus the formula of auminium oxide is ALO..

«l QuesTions
~ 7 Whatis the valency of each of the following elements: sodium, hydrogen, lithium, fluorine,
‘magnesium, sulfur, iodine, aluminium, bromine, oxygen, potassium, nitrogen, arsenic, boron,
siicon?
A 8 Using valencies, write the formula of each of the following compounds: (a) beryllium chioride
(b) hydrogen fluoride  (c) calcium chloride () hydrogen sulfide.
e

! ‘ 3.6 Covalent Bonding
When atoms combine chemically other than by ionic bonding, molecules are formed.

These may consist of atoms of the same element, such as the hydrogen molecule,

: H, or of atoms of different elements, such as the sulfuric acid molecule, HSO.. Most
molecules consist of a small number of atoms. Consequently, molecules ~ like atoms —
are of extremely minute sizes. They are too small to be seen under the most powerful
optical microscopes, but can be seen under scanning electron microscopes.

Atoms can gain the stability of a noble gas configuration by sharing electron pairs in
their outer levels. Each shared pair of electrons is regarded as one covalent bond.
Shared electrons count as part of the outer level of both atoms of the bond.
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The simplest example of this type of bonding is the H + H —» HH
hydrogen molecule, H.. The dot and cross diagram

for the H.molecule is shown in Figure 3.6. Snnis

—

Gupuog woenog pue ooy 2

A hydrogen atom has one electron. In order to obtain a full outer level, and gain the
electronic structure of the nearest noble gas (helium), the atomic orbital containing its
single electron overlaps with that of another hydrogen atom. Each atom now has a
share in a pair of electrons, and a covalent bond is formed. The nuclei of the atoms are
attracted to the shared pair of electrons, and are thus held close to each other in a
molecule. Since there is just one shared pair of electrons, this is a single bond

9 3 -

Figue 37

( ExampLE 3.6

Draw a dot and cross diagram of the chiorine molecule, G

Answer The chlorine molecule, G, is another example of a single covalent bond between two
atoms of the same element. The dot and cross diagram is shown n Figure 3.8.

€+ Gl —— <Gl

Figure 38

Since chlorine atoms have seven electrons in their outer leves,this time the octet ule is obeyed
‘and each atom gains the electroic structure o argon.

( ExampLE 3.7

Draw a dot and cross diagram of the hydrogen chloride molecule, HCI.

Ansuer The hydrogen chioride molecule, HCI,is an example
of a single covalent bond between atoms of different elements,

B L. OPe., e

hydrogen and chiorine. The dot and cross diagram is shown in H: El'
Figure 3. L
Hydrogen gains the sectroric siructure of hefium, and chiorine

‘gains the electronic structure of argon. Figure 3.9

L ——
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ExampLE 3.8

lonic and Covalent Bonding

Draw a dot and cross diagram of the water molecule, HO.

Answer Water is an example of a molecule with three atoms,
each hydrogen being bonded to the oxygen. The dot and cross *(ye
H:0:

ox

diagram i shown in Figure 3.10.

Since the cxygen atom has six lectrons in s outr level, it
needs to gain two electron to reach the electronic structure of H
neon. tdoes ths by sharing electrons with each of two hycrogen

atoms. The hydrogen atoms reach the configuration of heium in Fiure 310
the process. The resultant water molecule has two single covalent bons

Shared electron pairs that form covalent

Lone pars bonds are called bonding pairs. Pairs
H:N:H of electrons not involved in bonding are
H: e called lone pairs or non-bonding pairs.
F.i H A water molecule (Figure 3.11) has two
Bonding pairs| bonding pairs of electrons and two lone
Fawe 311 fgweaiz  pairs of electrons. An ammonia molecule
(Figure 3.12) has three bonding pairs and

one lone pair.

QuesTioNs

9 Whatis amolecule?
10 What does a covalent bond consist of?
11 How many electron pairs are there in a single covalent bond?

12 Draw dot and cross diagrams of the following molecules: (a) fluorine, F. (b} hydrogen
bromide, HBr ~(c) hydrogen sulfide, HS ~ (¢) ammonia, NH. (e) methane,
CH. () phosphorous trichioride, PCI.

13 What s the difference between a lone pair of electrons and a bonding pair of electrons? Using
your answers to question 26, state  (a) the number oflone pairs (o) the number of bonding
pairsin each of the following molecules: ., HB, HS, NH., CH, PC..

Co-ordinate covalent bonding

A different type of covalent bond, which is known as the coordinate or dative covalent
bond, involves the unequal sharing of an electron pair by two atoms in a donor-acceptor
relationship. Whereas in ordinary covalent bonding a bond forms from the interaction
of two electrons from different atoms, in co-ordinate covalent bonding a bond forms as.
aresult of a pair of electrons from one atom [the donor] bonding to an unfilled orbital
from another atom [the acceptor].
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A typical example of co-ordinate covalent bonding is the ammonium ion, NH.". In the
reaction of ammonia and hydrogen chloride:

NH, + HCl ~ NHCL

ammonium ions, NH. form when the hydrogen ion from the hydrogen chloride
transfers to the lone pair of electrons on the ammonia molecule.

D@~ @ |

lone pairs of electrons co-ordinate bond
Fgure 313

The resulting ammonium ion, NH.’, has a positive charge because only the hydrogen
nucleus transfers. The hydrogen leaves its electron behind and the negatively charged
chloride ion is formed.

The donor-acceptor relationship of the co-ordinate covalent bond is shown
diagrammatically by the use of an arrow in diagrams like this:

H
[+
H— T—VH
H
co-ordinate bond
Faweans

The arrow points from the (donor) atom that donates the pair of electrons to the
(acceptor) atom that accepts them.

The complete compound [NH.CI] that is formed in this reaction thus results from
three types of bonding: covalency in the formation of NH;; co-ordinate bonding in the
formation of NH.'; and electrovalency in the formation of NH.Cl

Another example of co-ordinate bonding is the Hydronium ion, HO". In this case the
water molecule, HO, donates a lone pair of electrons to the vacant s orbital of hydrogen
ion,

H'.HO() + H'., -~ HO
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This is the type of bonding that occurs when hydrochloric acid, for example, is dissolved
in water.

HO + HCl = HO' + CI

CRCREC

co-ordinate bond
Figure 316

Once a co-ordinate bond is formed, it is not distinguishable from the other hydrogen
bonds in the ion. Thus, when the hydronium ion subsequently reacts any of the three
hydrogen ions can break away

QuEsTIONS \

14 State two differences between a reqular covalent bond and a coordinate covalent bond.
15 Explain what features of the water molecule enable it o form co-ordinat bonds.

16 Draw dots-and-crosses diagrams to show the bonding in ammonium ion and the hycronium fon.
Distinguish between the ordinary covalent bonds and co-ordinate bonds.

3.7 Double and Triple Covalent Bonds

Some atoms form covalent bonds by sharing two pairs of electrons. An example of a
molecule with two pairs of electrons shared between two atoms is the oxygen molecule,
O.. Since an oxygen atom has six electrons in the outer level, it needs to gain two
electrons, or a share of two electrons, to reach the electronic structure of neon. Two
oxygen atoms share two pairs of electrons to reach the octet. A double covalent bond
is formed.

ExampLE 3.9

Draw a dot and cross diagram of the oxygen molecule, 0.

o xx
Answer A double covalent bond is formed in which two pairs of 0
electrons are shared. b xx

Figure 317

The double bond in the oxygen molecule can also be represented as O=
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When three electron pairs are shared to form a bond, a triple covalent bond is formed.
The nitrogen molecule is an example in which this type of bonding is found. Since a
nitrogen atom has five electrons in the outer level, it needs to gain a share of three more
electrons to reach the electronic structure of neon. Two nitrogen atoms share three
electrons each to reach the octet.

ExampLE 3.10

Draw a dot and cross diagram of the nitrogen molecule, M.

Answer Atriple covalent bond i formed in which three pairs of
electrons are shared.

Figure 3.18

The triple bond in the nitrogen molecule can also be represented as N=N.

The strengths of covalent bonds can be studied by measuring the energy needed to
break bonds. These bond dissociation energies show that a double bond is stronger
than a single bond between the same two atoms, but not twice as strong. A triple bond
is found to be stronger still than a double bond between the same two atoms, but not
three times as strong as a single bond. This indicates that not all the bonds in a multiple
bond are equally strong.

When a single covalent bond is formed between two atoms, atomic orbitals containing
asingle electron from each atom overlap. The new molecular orbital formed contains
a pair of electrons which constitute a single covalent bond. This bond is called a &
(sigma) bond when it involves two s orbitals, an s and a p orbital, or two p orbitals
which overlap end-on to each other. A  bond is always formed between two atoms in
amolecule if they are covalently bonded.

&dr<B — >l -»

Overtapping p orbitals Molecular obials

Figure 3.19
Sigma banding by end-on overiap of paritls

In double or triple bonds, sideways
overlap is possible between two p
atomic orbitals, each containing one
electron. In this case, a  (pi) bond is
formed.

An example of a tbond is found in the
oxygen molecule, O.. The 0=0 double
bond, like all double bonds, consists
of one & bond and one « bond. Triple
bonds, such as that in the nitrogen
molecule, N=N, consist of one s bond
and two nbonds. o bonds are stronger _POMital  porbital = bond being formed

than = bond: Figue 320
an mbonds. Pi bonding between two p orbitals





OEBPS/image/149.jpg


OEBPS/image/100.jpg
Procedure
NB: Wear your safety glasses

1 Place a smal pece of thium ina trough of

water. Describe and explain what happens.

Water

Trough
2 Dipapiece of red litmus paper into the
rough. Describe and explain what happens.
Fue 25
3 Place a small piece of sodium in a trough of  water rough

water. Describe and explain what happens.
Dip a piece ofred tmus paper into the trough. Describe and explain what happens.

Place a small iece of potassium in a trough of water. Describe and explain what happers.
Dip a piece ofred tmus paper into the trough. Describe and explain what happens.

What metal shows the most energetc reaction?

What metal shows the least energeic reaction?

The Alkaline Earth Elements

The Group Il elements are called the alkaline earth elements. Groupi

They are all reactive elements, with reactivity increasing down —— Leastreactive
the group. Some properties that magnesium and calcium havein | Be
common are as follows: e
Mg
Physical properties e
©  They are metals which are harder than the alkali metals. Ca
Chemical properties -
©  They are less reactive than the corresponding alkali metals.  [*ga
For example, magnesium reacts very slowly with water. | s
Calcium reacts more quickly, but less vigorously than the (g
corresponding alkali metal: s | Mostreactive
Calcium + water — calcium hydroxide + hydrogen Figure 26
Reactity end in Group
The Halogens
The Group VI elements are called the halogens. They are very
reactive non-metals, decreasing in reactvity down the group.
Physical properties o |
o They have low melting and boiling points. At room | e
temperature, fluorine and chlorine are yellow-green gases, | |
bromine is a red liquid and iodine is a dark solid. P
Chemical properties Br
©  They react with hydrogen to form compounds which dissolve [~
in water to form acidic solutions. For example, in the case of | |
chlorine: N
Hydrogen + chlorine — hydrogen chloride gas Bl (oo reacone
H.,+Cl, ~ 2HCL,
Figue 27 &
Reactity bend i

Group vl
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Hydrogen chloride gas + water — hydrochloric acid solution
HCL, + HO, - HCL,

o They react vigorously with sodium (and the other alkali metals), forming white
salts, for example:

Sodium + chlorine — sodium chloride

The Noble Gases
The Group 0 elements are called the noble gases. The main properties that these
elements have in common are as follows:

Physical properties
o They are all gases at room temperature. The boiling point and density increase
going down the group.

Chemical properties

o They are the least reactive of all elements. Over 50 years elapsed between the
discovery of the noble gases in the late nineteenth century and the synthesis of the
first compound of a noble gas.

~
QuesTions

1 Name six elements that are gases at room temperature

Name six elements that re solids at room temperature.

Name two elements that are liquids at room temperature.

What are the most reactive groups of elements in the perioic table?
Whatis the least reactive group of elements?

Using one of the words acid, base or satin each case, state what i formed when (2) lthium
reacts with water (o) florine reacts with hydrogen () potassium reacts with chlorine.

List (a) two physical properties (o) two chemical properties o the alkali metals

8 List (a) one physical proerty (o) one chemical property of the alkaline earth elements
9 List (a) one physical property (o) two chemical properties of the halogens.

10 What chemical properties would you expect caesiu (atomic number = 55 to have?

11 (@) Nine substances that are now recogrised as elements were known to the ancients. Seven of
these were metal, and two were non-metals. Name as many of thesa elements as you can.
) Four more elements were known to the medieval alcheists. They inciuded bismuth,
4 antimony and two ather elements, X and Z. X i a metal now widely used in the gaivanising of
ifon. Zis a very poisonous non-metal.identiy X and .

12 Which two elements are most abundant i the sun?
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s-block and p-block Elements
The elements in Groups I and 11 form a block of reactive metals, called the s-block
elements. They have lower densities, lower melting points and lower boiling points,

and are more reactive than most other metals.

The elements in Groups IIL IV, V, VI, VIl and 0 are called the p-block elements. These
are mainly non-metals, but the lower members of some of these groups, for example
tin and lead in Group IV, are metals.

QuesTions

13 Name (3 analkalimetal () anoblegas () ahalogen (0) ans-block element
(e) ap-block clement () a d-block element.

14 Discuss the following statement: ‘The alkalne earth elements are less reactive than the akali
metals. Talk to your partner about the chemic propertes of boh of these groups of elements.
15 Discuss the following statement: ‘The most reactive non-metas are the halogens, whil the least

reactive non-metals are the noble gases. Tak to your partner about the chemical properties of
bath of these groups of elements.

2.3 Periodicity

Periodicity is a fundamental aspect of the periodic table of the elements. It concerns the
recurring trends that are seen in element properties going down or across the periodic
table. It was such trends that became apparent to Mendeleev as he undertook the task
of arranging the elements in order of increasing mass.

In the modern periodic table, elements are ordered by increasing atomic number,
which reflects the number of protons in an atom. The basic periodic properties the
table reflects are:

o ionization energy
o atomic radius
o electronegativity

o electron affinity

QuesTions

16 Match each of the propertes above to teir defintion.

‘measure of the abilty of an atom to atiract  pair of electrons towards it

half the distance between the centres of two atoms that are touching each other
energy required o remove an electron from an ion or gaseous atom

abilty o an atom to accept an electron

com>
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PERIODICITY Trends
Figure 2.8 show the trends relating to these

periodic properties moving across a row | ST
or period of the periodic table or moving —TTTTT—
down a column or group.

Figure 28
Peridicty rends

2.4 Atomic Radius and Periodicity

The size of an atom is not easy to define, Atomic radius
because the probability of finding an
electron at a point does not become zero
even at great distances from the nucleus.
Therefore, the selection of the position
of the boundary of the atom is rather
arbitrary,

Values for the atomic radii of the elements,
measured in nm, are given in Figure 2.10. ! Bondlength |

i '
These values can be measured using

X-rays. | '

e s . e 29
Trends in the size of the atomic radiuis On 1o seonp adus is equal o hf th distance betueen e
going down a group depend on: ki of th o toms

o number of energy levels occupied
o screening effect.

In atoms with an atomic number greater than 2, electrons in inner levels partially
neutralise the attractive force of the nucleus by repelling the outer electrons. The effect
of screening is most marked on going down a group in the periodic table. In Group I,
for example, on going from lithium to sodium, an extra level is added. The effective
nuclear charge experienced by the outermost electron is much less than the full nuclear
charge. The atomic radius increases on going down a group, because of the addition of
extra energy levels, and the resultant extra screening by inner levels,
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The tabl of atomic radii o the fist 36 elements

=1level =1level

‘ =2level

Figure 2.1

The outer electron of a thum atom i screened by elecions in the n=1 energy level nl. The outerelecron n  sodium
alom s screened by electrons in both the n=1 and n=2 energy levels
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Figure 2.12
The Increase in aomic radius values down Group |





