


PREFACE

The author has an inexorable curiosity in streamlining the chemistry concepts that
majority of the students in Uganda consider a nut to crack.

—

He has taught Chemistry and Mathematics in various schools in Entebbe, Kampala,

Wakiso and Butambala. This means that he has analysed the problems students at
A’ level face in Chemistry.

This inorganic chemistry collation has been substantially organised and fully
compatible with the NCDC Chemistry syllabus-2013

The author is contented that this edition contains enough material as regards A’
level inorganic chemistry and the subject matter has been arranged and structured

so that it can be tackled by students of different abilities and the text is in a
readable font to all kinds of eyes.

Indeed this book is vital for a student to teach him/herself even in absence of a
teacher. However, the teacher is as well vital in cases where you may not well
interprete the content. The author has tried to link inorganic chemistry with
physical and organic branches where he feels it is necessary.

Most of the content is presented in a question answer format to enable students to
have a clue on question approach. Miscellaneous topical questions are provided at
the end of each topic but no answers such that research and consultation is
enhanced.

Where C.f is seen, it is an implication that the other elements or compounds listed
under go similar reactions or are prepared by similar methods.

Also feel free to contact the author using contacts or his social media platforms for
clarity.

I wish you a safe ride through the book.
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THIRD SHORT PERIOD OF THE PERIOBIC TABLE

BRIEF INTRODUCTION TO THE PERIODIC TABLE - f :
The modern Periodic Table is a complete list of elements arranged in order of
increasing atomic numbers instead of atomic mass. Atomic numbers increase .
from left to right and from top to bottom in the table. The modern Periodic Table . .
has more elements than Mendeleef’s table because many elements have been

discovered since his time:.The elements can be ‘classified in three clasees, :metals, i

metalloids and non—metals

GROUPS AND PERIODS

In the modern Periodic Table, each element is represented by its chemical symbol

atomic mass and mass number. The rows in the table aré called Periods and the
columns are the groups. The table has a total of 18 groups and 7 periods.

The first period has only 2 elements. The second and third periods have 8 elements
each. The fourth and fifth have 18 elements each. The sixth has 32 elements. The
seventh period has 32 elements including Nihonium-113, Moscovium-115,

Tennesine-117 and Oganeson-118. These new elements were approved in 2015 by
TUPAC and added to the table to complete the seventh period to 32 elements.

There is a separate group of elements at the bottom of the table. It consists of 14
elements of the sixth period called the lanthanides and 14 elements of the seventh
period called the actinides.

Elements in the same group have similar chemical properties and the same
outermost configuration.
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PERIODIC BLOCKS
The Periodic Table is divided into four main blocks; these blocks are s-block, p-

block, d-block and f-block
s-block elements '
They are placed in the left hand block of the table. The s-block contains the

elements whose outermost electrons occupy the s sub-energy level. The s-block
consists of two groups of elements;

IA whose electronic configuration ends with ns*,
ITA whose electronic configuration ends with ns?.

p-block elements

These occupy the right hand block of table, The p-block contains the elements
whose outermost electrons occupy the p sub-energy level except helium.
All elements placed in groups ITIB, IVB, VB, VIB, VIIB and O are p-block

elements.
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d-block elements

They occupy the middle block of the table. The d-block contains the elements with
the outermost electrons in the d sub- -energy level after the s sub-energy level is
filled. The d-block elements are classified according to the outer energy sub-
energy level and the period number into three serie§ which are:

1.

The first transition series:

It includes the elements in which the 3d sub-energy level is filled
successively. It lies in the fourth period atid.includes the elements from
scandium ( 2,Sc) to zinc ( 30Zn ) .

The second transition series:

It includes the elements in which the 4d sub-energy level is filled
successively. It lies in the fifth period and includes the elements from yttl ium
(9Y) to cadmium ( 4Cd ). ‘ )
The third transition series: _

It includes the elements in which the 5d sub-energy level is filled successively.
It lies in the sixth period and includes the elements from lanthanum ( s;La ) to
mercury ( goHg ) , excluding the lanthanides. -

f-block elements

They are separated down the Periodic table , to avoid being a very wide table, in
which the f sub-energy level is filled successwely The f-block is divided 1nto 2
series, each with 14 elements. These are:

1.

o

The lanthanides

These are in the sixth period, in which the 4f sub-energy Ievel 1s filled
successively. The elements of this series are quite similar in behaviour and
very difficult to be separated as the outermost energy level for all of them 6s2 .
The actinides

These are placed in seventh period, in which the 5f sub-energy level is filled
successively. All the elements of this series are radioactive and their nuclei are
unstable,
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Li Be =0 2am 1B
NaMgE— —Al
Se
Block d-Block p-BlOCk

He

The table below shows the common elements. Use their electronic configurations to
classify them into groups, periods and the s, p, d and f blocks

Element

Atomic
number

Electronic configuration Group

Period

Periodic

Block

Na 11
Mg 12 -
Al 13
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Sn 50

I 53 - | |
Ba 56 : .
Pb 82
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Metals
Metalloids

S8

Non-metals

The elements in the Modern Periodic table can be classified as metals, metalloids
or non-metals. Most of the elements in the table are metals. In the periodic table,
there is a change from metallic to non-metallic properties across the table, andAafl1
increase in metallic properties down' a group. Consequently there .is a -diagon
nearer the center of the table (B, Si, As, Te) in which there is a borderline betWee"
metals and non-metals, and the metalloids are the borderline cases.

sfrés -

The metals are good conductors of heat and electricity have a shiny I
malleable and ductile, usually have high melting points and high'densities.

. als Are -« neithet
The non-metals are poor thermal conductors, good heat insulators, and are neit
: malleable nor ductile.

T ES YT t o1 A C)

DEMYSTIFYING INORGANIC CHEMISTRY BY Joseph Jobs Kayiiva , BScED(Hons.CH. f‘ﬂ’”ﬁ{gﬁ’
Emailijosephkayiirab@gmall.com Call 0782601038 WhatsApp 077" g

b s e




Metallmds are a class of chemical elements that are intermediate in properties
between metals and non-metals. Elements such as arsenic, germanium, and
tellurium are semiconductors and their conduct1v1ty increases as their temperature
increases.

Periodicity of atomic properties in the Periodic Table
The common atomic properties include

o Atomic radius

o Jonisation energy
e Electron affinity
o Electronegativity

o Electropositivity
o Metallic character
o Standard electrode potential

The factors affecting atomic properties of eleméﬁt_é include;

1. Nuclear charge (Z) -

2. Shielding effect/ screening effect(S)
3. Electronic configuration

4. Atomic radius.

1. Nuclear charge (Z)
This is simply the total number of positive charges in the nucleus of an atom. It is
an equivalent to the number of protons.

2. Shielding effect/ screening effect(S) _

This is the repulsion of the outermost electrons by those in the innermost sub
energy levels from nuclear attraction. Electrons in an atom shield each other from
the pull of the nucleus. Shielding effect describes the decrease in attraction
between an electron and the nucleus in any atom with more than one energy level.
The greater the number of energy levels, the greater the shielding effect.

3. Effective nuclear charge(Z e ff)
This ‘is the net positive charge experience by an clectron in an atom. Effective

nuclear charge is given by the equation;
ngf =7 - S
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Using the formula, it can be interpreted that if the nuclear charge is high and ¢

screening effect is low, then effective nuclear charge increases. Whep t}kie
screening effect is high and nuclear charge is ‘low, the effective nuclear chy e
reduces. o ¢

Posttively charged nucleus

Electron of interest Electrons between electron

of interest and nucleus cancels

some of the positive
nuclear charge.

Atomic radius and Jonic radius
Atomic radius is half the internuclear distance between two atoms in a covalently
bonded diatomic molecule with similar atoms or in a metallic bond.

Similar atoms

r r-

where 1 is atomic radius

The variation in atomic radius down a group Or across a period is determined by
the factors; '

1. Nuclear charge

i ' - ons
The higher the nuclear charge, the more strongly are the outferm‘ost elect!

c
attracted closer to the nucleus, reducing the atomic radius. The lower the W °

. . : : 1
chalfge, the weaker the attraction of the outer most electrons to the nuclet®
the increasing the atomic radius.

()
I M
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2. Screening effect.
The greater the screening effect, the stronger the repulslon of the outermost
electrons from the nuclear attraction. The electrons are thus far and weakly
attracted to the nucleus, increasing the atomic radius. The lower the screening
effect, the lower the repulsion of the outermost electrons from the nuclear
attraction. The electrons are thus nearer and strongly attracted to the nucleus‘
reducing the atomic radius. L ‘

_ Variation in atomic radius and ionic radius, in Periods a}\gdekgggups__ 1
1. The table below shows variation in atomic and ionic radii.across Period 3+

Element Nu Mg Al

Atomi¢ radius(im): - 0.1567 013

TIonic radius(nm) 0. 095 0 065 0.054 . 0.2]
(a) State and explain the trend in atomic radlus of the elements

> St s
e “ .
B L

Atomic radius decreases from sodium to chiorine.

This is because from sodium to chlorine, nuclear charge inciéases because @
proton is added to-nucleus from element to element. Screenmg eﬁ"ect alnost
remains constant,*because electrons ave added to the same energy Tevel. Effective””
nuclear charge increases, and outer most electrons get closer and more strongly

attracted than repelled by the nucieus.

(b)Explain why:
() the ionic radii of Na¥, Mg?** and A" are smaller than those of the

corresponding atoms.

The ions are formed by losing electrons. When the electrons are lost, the nuinber
of protons becomes greater than the number of remaining electrons. Screening
effect is reduced. Effective nuclear charge increases. The remaining electrons
become strongly attracted by the nucleus than they are repelled.

(i) the ionic radii of P3~,5%~ and CI™ are larger than those of the
corresponding atoms

The ions are formed by gaining electrons. When the electrons are gained, the
number of electrons becomes greater than the number of existing protons.
Screening effect increases. Effective nuclear charge reduces. The electrons
become more strongly repelled by the nucleus than they are attracted.
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(¢) The ions Nat,Mg?* and AI3*have the same electronic configuratiq,
yet they have different ionic radii. Suggest a reason for this. ’

The ions are formed by losing electrons, reducing the screening effect. Ty,
number of protons however remains unchanged. The effective nuclear charg,
therefore increases in the order Na* < Mg* < AB* since proton Rumbey
increases in the same order. The ionic radius therefore decreases in the orgy

Na* > Mg?t > APt

2. The table below shows the atomic radii and ionic radii of the elements i
Group II of the Periodic Table.

Mg Ca Sr ‘
:Atoniic ) 008 Q9L 0%
Tonic radius(um)  0.031 0.065 0.099 0.113 0.135
'(a) State and explain the trend in atomic radius of the elements

Atomic radius increases from Beryllium to Barium.

This is because from Beryllium to Barium, nuclear charge increases; screening
effect also increases, because an extra energy level completely filled with
electrons is added. Increase in screening effect outweighs increase in nuclear
charge. Effective nuclear charge decreases, and outer most electrons are far and

weakly attracted by the nucleus.

(a) Explain why the ionic radius is smaller than the atomic radius of
corresponding neutral atom for each element.

The cations are formed by losing electrons. When the electrons are Jost, the
number of remaining electrons becomes lower than the number of existing
protons. Screening effect. decreases. Effective nuclear charge increases. The
electrons become more strongly attracted by the nucleus than they are repellé
reducing the ionic radius. In the neutral atom, the screeming effect ©
counterbalanced by nuclear charge.

A0
Y2l Y AU SUINICY ‘M/*‘” \
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Ionisation energy
This is the minimum amount of energy required to remove an electron from a
gaseous atom to form a charged gaseous ion. - S

s g bt

Ionisation energy can be first, second or third,... ionisation energies depending:on

which electron is being removed from the atom. .
X(@—>X'(g) +e AH = First ionisation energy
Xt@—>Xx**(g)+e AH = Secoiid ionisation energy

First ionisation energy is the minimum amount of energy required to remove an
electron from a gaseous atom to form a unipositively charged gaseous ion.
The variation in first ionisation energy down a group or across a period is
determined by the factors; -

1. Nuclear charge
The higher the nuclear charge, the higher the first ionisation energy because the
outermost electron is strongly attracted by the nucleus, requiring a high amount of
energy to be removed. The lower the nuclear charge, the lower the first ionisation
energy because the outermost electron is weakly attracted by the nucleus, requiring
a low amount of energy to be removed. '

2. Screening effect
The higher the screening effect, the lower the first ionisation energy because the
outermost electron is more strongly repelled than it is attracted by the nucleus,
requiring a low amount of energy to be removed. The lower the screening effect,
the higher the first jonisation energy because the outermost electron is more
strongly attracted by the nucleus than it is repelled, requiring a high amount of

energy to be removed.

3. Atomic radius
The larger the atomic radius, the lower the first ionisation energy because the

outermost electron is far and weakly attracted by the nucleus, requiring a low
amount of energy to be removed. The smaller the atomic radius, the higher the first
ionisation energy because the outermost electron is nearer and strongly attracted by
the nucleus requiring a higher amount of energy to be removed.
4. Electronic configuration/ electronic structure

Atoms with outermost sub cnergy levels half-filled or completely filled with
electrons are thermodynamically stable and require abnormally higher amount of
energy to remove an electron. Atoms whose outermost sub energy levels are
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neither half-filled nor completely filled with electrons are unstable and require 4
low amount of energy to remove an electron.
S. 'I\’enetrating power of valence electrons o |
If an electron is to be removed in a sub energy level which is more Qenetratmg, the
first ionisation energy is higher. If the electron is in a less .penetratm.g sub energy
level, the ionisation energy is lower. Penetrating power increases in the order;
f<d<p<s. R
Variation in ionisation energy in Periods and groups
1. The table below shows the first ionization energies of the elements in
Period 2 of the Periodic Table. R

i Be B _C N_ 0 F 7

Element

(a) State and explain the gene
(b)Briefly explain why;
()  Beryllium has an abnormally higher value than boron
(i) Oxygen has an abnormally lower value than nitrogen
(iif) the ionisation energy of argon is very high

ALRTSTTS

al trend in first ionisation energy

(a) First ionization energy generally increases Jrom lithium to neon.
This is because from lithium to neon, nuclear charge increases because a
proton is added to nucleus from element to element. Screening effect almost
remains constant, because electrons are added to the same energy level.
Effective nuclear charge increases, atomic radius reduces and outer most

electron is closer and more strongly attracted than repelled by the nucleus
requiring a high amount of energy to be removed,

®) (@)
Be — 152 252

—1c2 2 1

n is removed from a completely filled 2s-sub energy
mically stable. Higher amount of energy is required 10

remove the electron,

For Boron, an electron |
) n s removed fiom g 2 : ly oné
p-sub energy level which has on
electron hience thermodyna fevel wihic} y

mically unstable I s ired
A . LOWe S ré u
to remove the electrop, ver amount of energy is req
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(i)

0 — 152 252 2p*
N — 152252293

For oxygen, the electron is removed from a 2p-sub energy level which has four

electrons hence thermodynamically unstable. Lower amourit of energy is
required to remove the electron.

For nitrogen, an electron is removed from a half filled 2p-sub energy level which

is thermodynamically stable. Higher amount of energy is required to remove the
electron _ :

i
;

(iii) -
Ne — 152 252 2p® f
For neon, an electron is removed Jrom a completely filled 2p-sub energy level

which is thermodynamically stable. High amount of energy is required to remove
the electron :

2. The table below shows the first ionization energies of Gfoup VII elements.

Cl Br I .

First Ioniation eher oy CImorTy

State and explain the trend in ionization energy of the elements
First ionization energy decreases from fluorine to iodine.

This is because from fluorine to iodine, nuclear charge increases, screening effect
also increases, because an extra energy level completely filled with electrons is
added from element to element. Increase in screening effect outweighs increase
in nuclear charge. Effective nuclear charge decreases, atomic radius increases
and outer most electron is far and weakly attracted by the nucleus requiring a low
amount of energy to be removed.

Successive ionisation energies

The evidence for arrangement of electrons in energy levels of atoms is provided by
values of successive ionisation energies for elements. A plot of successive
lonisation energies against the order in which electrons can be made for any atom.
A logarithmic plot of the ionisation energies is used to give a condensed graph.
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1. Below is a plot of logjglonisation energy against number of electropg {'
removed for element Q

>

PR S

Log of ionisation energy

0” 2“' 4. 6'” 8 10 12 14 16 18

Number of electrons removed

A lot of information can be obtained from the graph about element Q.
(i)  The atomic number

From the graph, a total of 19 electrons are removed from the atom. Since number
of electrons is equal to proton number for a neutral atom, Q has atemic pumber
19. The number of successive ionisation energies indicate the number of electrons
removed from an atom. | ‘

(ii)  Group of an element in the Periodic Table..

From the graph, the removal of the first electron requires the /owes? jonisation
energy. This electron is the easiest to remove because it is strongly shielded from
nuclear attraction and weakly attracted by the nucleus. Q therefore is in group I

(iti) Valency

Q has valence one since it has one electron in the outermost energy level, strongly

shielded from the nucleus and easily lost.

7 G —_
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(iv) Electronic configuration and number of energy levels.

higi

Fro'm t'he graph, there is an abnormally large increase from first t6°%econd
fomsatlon energies. This implies that the second electron is removed from an
inner energy level, completely filled-with electrons, the_rmodynamically stable
and closer to the nucleus than the outermost energy level. The outermost
energy level therefore has one electron. There is a gradual increase from
second to ninth ionisation energies. This implies that the neit eight electrons
occupy the same energy level, nearer to the nucleus than the Quterrriost energy
level. There is an abnormally large increase from the ninth to tenth ionisation
energies. This implies that the tenth electron is removed from an inner energy
level, completely filled with electrons, thermodynamically stable and closer to
the nucleus. There is a gradual increase from tenth to seventeenth ionisation
energies. This implies that the next eight electrons occupy the same energy level
and nearer to the nucleus. There is an abnormally large increase from the
seventeenth to eighteenth ionisation energies. This implies that the eighteenth
electron is removed from an inner energy level, completely filled with
electrons, thermodynamically stable and closer to the nucleus. The last two
electrons occupy the innermost energy level, closest to the nucleus and require
the highest amount of energy to be removed due to a very strong nuclear
attraction.

Q therefore has four energy levels with electronic configuration as shown below.

Energy level n=1 n=2 n.=3”n=4
Number of electrons ~ = 2> i &. 8 7 ¥

Electronic configuration 1s2 252 2p6 '3 3'231",6 451
(v)  Period in the Periodic Table

Q is in Period 4 since it has four energy levels
From all the information above, it can be concluded that element Q is potassiun.

Successive ionisation energies can also be used to determine whether an element is
metallic or non-metallic. Non-metals have first ionisation energy values of
magnitude 800kJmol~" and above while metals have first ionisation energies

normally below 800k/mol™".

Noble gases have the highest first ionisation energies because they have stable

configurations and require very high cnergics to remove an electron.
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2. The tabie below shows the first four successive ionisation energies of
elements A, B, C,D and E.

Element Tonisation energy(kJmol™)
A 2400 3700 25000
C 500 4600 6900 9500
Doy 1096 102400 | 4600 | 6200
E 1310 | 3400 5300 7500

(a) Explain the trend in the ;
()  Successive ionisation energies for the elements.
(i) Successive ionisation energies for element E.

(b)With reasons, state the group to which the elements A, B, C and D
belong. '

(@) (1) Successive ionisation energies increase from first to second to third to fourth
because as successive electrons are removed, the number of protons becomes
greater than the number of the remaining electrons, screening effect reduces,
effective nuclear charge increases and the remaining electrons become strongly
attracted by the nucleus thus requiring a high amount of energy to be removed.

(ii) For element E, successive ionisation energies increase from first to second 1o
third to fourth because as successive electrons are removed, the number of protons
becomes greater than the number of the remaining electroms, screening effect
reduces, effective nuclear charge increases and the remaining electrons become
strongly attracted by the nucleus thus requiring a high amount of energy 10 be
removed. However, there is a greater increase in ionisation energy from first to
second compared to the second and third, third and fourth ionisation energies
because the second electron is in an inner energy level, completely filled with
electrons, thermodynamically stable and nearer the nucleus.

(b) A belongs to group I This is because the difference between the third and
Jourth ionisation energies is very big compared to the difference behveen Jirst
and second, second and third ionisation energies. This implies that the fOUfth
electron is removed from an inner energy level, completely filled with

electrons, thermodynamically stable and closer to the nucleus and the first e

electrons are in an ourermost energy level. C)
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B belongs to group II. This is beéause the diﬁ”e%ence betweeﬁ'sécond and third
ionisation energies is very big compared’to the difference between first and
second, third and fourth ionisation energies. This implies that the third electron is
removed from an inner ‘energy level, ’c‘ompl‘et'ely filled with electrons,
thermodynamically stable and closer to the nucleus and the first two electrons are
in an outermost energy level. B - .

C belongs to group I. This is becau e fh._e .Qz;ﬁ’grence between. first and second
ionisation energies is very big compared tq;;z;{ze difference between second .and
third, third and fourth ionisation energies. This implies that the second electron is
removed from an . inmer energy level, . completely filled .. with electrons,
thermodynamically stable and closer to the nucleus and the first electron is in an

outermost energy level,

D belongs te group L. This is because the difference between first and second
ionisation energies is very big compared to the difference between second and
third, third and fourth ionisation energies. This implies that the second electron is
removed from an, inner cnergy level, completely filled with electrons,
thermodynamically stable and closer tQ."th:e nucleus and the first electron is in an
outermost energy level. :

Electron affinity
When an electron is gained by an atom, energy is given out.
X(g)+e —X(9) AH = negative

This enery is called first electron affinity.
First electron affinity is the energy given out when one mole of electrons

combines with one mole of gaseous atoms (o form one mole of uninegatively

charged gaseous ions

or ‘
The energy given out when an electron is added to a gaseous atom to form a

uninegatively charged gaseous ion o
First electron affinity is an exothermic process (energy is given out)

ively charged gaseous ion can gain one more electron to form a

The uninegat .
y and is an

dinegatively charged ion. This is called second electron affinit

endothermic process (energy is absorbed)
X-(g) +e —*X*(g) AH = positive
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1. Explain why the first electron affinity of oxygen is — 142 kJmol™! 5,4 the

second electron affinity of oxygen is +702 kJmol™?
0(g)+e — 0°(g) . AH=—142kmol~
0-(g) +¢ ——> 0% (g) AH = +702 kjmol-1

First electron affinity of oxygen is negative because heat is given out whey an
electron is added to neutral gaseous oxygen atom to form uninegqtz’vely chargeq
gaseous oxygen atom. This incoming electron experiences a greater attraction by
the nucleus than it is repelled. There is however repulsion when an electron i
being added to the negatively charged gaseous ion. Energy must be absorbed 1,
add this electron such that the repulsion is overcome. This makes the second
electron affinity positive.

The variation in first electron affinity down a group or across a period is
determined by the factors; '

1. Nuclear charge
The higher the nuclear charge, the higher the first electron affinity because the
incoming electron is strongly attracted than it is repelled by the nucleus, giving off
a high amount of energy. The lower the nuclear charge, the lower the first electron
affinity because the incoming electron is weakly attracted by the nucleus, giving
off a low amount of energy.

2. Screening effect \
The higher the screening effect, the lower the first electron affinity because the
incoming electron is strongly repelled than it is attracted by the nucleus, giving off
a low amount of energy. The lower the screening effect, the higher the first
electron affinity because the incoming electron is more strongly attracted by the
nucleus than it is repelled, giving off a high amount of energy.

3. Atomic radius
The larger the atomic radius, the lower the first electron affinity because the
incoming electron is far and more strongly repelled than it is attracted by the
nucleus, giving off a low amount of energy. The smaller the atomic radius, the
higher the first electron affinity becausc the incoming electron is nearer and more

strongly attracted by the nucleus than it ig repelled giving off a higher amount of
energy.
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4. Electronic configuration -
Atoms with outenng“st",'_sub energy levels half-filled. .or completely . filled with
electrons are thennodyrga_,rnical,l){fstable and resist E{Q(i‘it_:ipr; of an incaming, electron,.
Energy must be absorbed to add this electron because it experiences greater
repulsion than attraction. This results into a low amount of energy of first electron
affinity. Atoms whose outermost sub enérgy levels are neither Kalf-filled nor
completely filled with electrons are unstable. The incoming electron experiences
more attraction than repulsion, giving off a higher amount of energy.

2. The table below shows the variation in the first electron affinity of the
elements in Period 3 of the Periodic Table.

Element
First electron affinity (KFmol’)
(a)Plot a graph
(b)State and explain the general trend in first electron affinity from
sodium to argon

From sodium to argon, nuclear charge increases because a proton is added to
nucleus from element to element. Screening effect almost remains constant,
because electrons are added to the same energy level. Effective nuclear charge
increases, atomic radius reduces. The attraction Jor the incoming electron
increases thus increasing the electron affinity.

(i)  the first electron affinity of magnesium is lower than the rest.
Mg — 152 25% 2p8 352

For magnesium, the electron is added to a completely filled 3s-sub energy level
which is thermodynamically stable. The incoming electron experiences greater
repulsion by the existing electrons than nuclear attraction. Energy must
therefore be absorbed to add the incoming electron. The first electron affinity is
therefore endothermic. '

(if) the first electron afﬁnitjr of aluminium is higher than that of
magnesium
Al — 15% 252 2pS 35%3p?
Mg — 15% 252 2p6 352
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For aluminium, the electron is added to the 3p-sub energy level which p

electron and thermodynamically unstable. The incoming electron experienone
e . o . C
Ision, giving off a higher amoyp; Z;

more:attraction by the nucleus than repu
energy.

added to a completely filled 3s-sub energy Joy,
ble. The incoming electron experiences greqt,,
than nuclear attraction, giving off a lowe,

i For magnesium, the electron is
which is thermodynamically sta
repulsion by the existing electrons

amount of energy.
(iii) the first electron affinity of phosphorus is lower than that of Sulphyr,
_1e29¢2 2195 352313

§ — 152 252 2p° 3523p*

For phosphorus, the electron is added toa half filled 3p-sub energy level which is
thermodynamically stable. The inconiinig electror experiences movre repulsion
than attraction by the nucleus.

electron is added to a 3p-sub energy level which has
unstable. The incoming electron experiences

by the existing electrons.

atomic numbers of

For Sulphur, the incoming

four electrons, thermodynamically

greater nuclear attraction than repulsion

3. The t.able. below shows the first electron affinities and
the elements in Group VII

F Cl  Br 1

Element .

e eetron affinity(kJmol ) 354 -370 -348

(2) Explain what is meant by the term first electron affinity
(b)Plot a graph of first electron affinity against atomic number of e

elements.
ive sign may be

(To be done by student. When plotting the graph, the negat )
58 b

climinated since it’s on all values and it just indicates that the proce

exothermic. The graph below is just a sketch and not on scale)

-320

(¢) (i) Explain the general trend in variation of the first electron affinities

(i) Explain why fluorine has an abnormal value

~ OV ’ . , TL‘)
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A graph of first electron affinity
against atomic number
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(a) (i) Generally, first electron affinity decreases from fluorine to iodine.

This is because-from fluorine to iodine, nuclear charge increases, screening
effect also increases, because an extra energy level completely filled with
electrons is added from element to element. Increase in screening effect
outweighs "increave in nuclear charge. Effective nuclear charge
decreases, atomic radius increases and incoming electron is far and
weakly attracted by the nucleus giving off a low amount of energy.

(ti) Fluorine has the smallest atomic radius, highest electron density,
strongly repels the incoming electron and energy is consumed to add the
electren to its atom.

Electronegativity

The tendency of an atom to attract bonding electrons towards itself in a a covalent

bond

Electronegativity is very important factor in determining the degree of polarity of
in any covalent bond: The greater the difference between the electronegativities of
two atoms, the greater the ionic character In hydrogen fluoride, the electron density
of the bonding electrons lies more towards the fluorine atom than the hydrogen
atom because fluorine is more electronegative than hydrogen. This makes fluorine
gain a partial negative charge and hydrogen a partial positive charge, making the
hydrogen fluorine bond polar. . .

H Ot F8-
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]Jement, followed by oxygen and Ditroge,

Fluorine is the most electronegative © .
ments. Alkali metals have lowest valugg o

The halogens follow after the three ele

electronegativity.
The table below shows some common elements and their electronegativity valye

H |2.1|Be|1.5]| B 2.0|C|2.5|N 3.0/0|3.5| F |4.0

=" v Br| 28

Na| 0.9 | Ca | 1.0

The variation in el
the factors;

ectronegativity down a group or across a period is determined by

1. Nuclear charge .
The higher the nuclear charge, the higher the electronegativity because the bonding

clectrons are strongly attracted by the nucleus. The lower the nuclear charge, the
lower the electronegativity because the bonding electrons are weakly attracted by

the nucleus.

2. Screening effect .
The higher the screening effect, the lower the electronegativity because the

bonding electrons are strongly repelled. The lower the screening effect, the higher
the electronegativity because the bonding electrons are less shielded from the
nuclear attraction.
3. Atomic radius

The larger the atomic radius, the lower the electronegativity because the bondiné
ele;trons are far and weakly attracted by the nucleus. The smaller the atomic
radius, the higher the electronegativity because the bonding electrons are neartt
and strongly attracted by the nucleus.

1. ‘;-.-_' . .
The table below shows the electronegativity values of the elements 1

Period 3 of the Periodic Table.

Iélemenl Na |Mg |Al |Si |P
lectronegativity 1.0 1.2 | 1.5 1.8 | 2.1

-

cl
3.0

191U

‘h

Stute and explain the trend in ele

ctr iv 7\ * 8
DEMYSTIFYING onegativity values of the elements
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Electronegativity increases from sodium to chlorine.

This is because from sodium to chlorine, nuclear charge mcreases because a
proton is added to nucleus from element to elentetzt Screenmg effect almost
lemams constant because electrons are added to the same energy level Effectzve

aaaaaa

experience a greater nuclear attractwn

2. The table below shows the electronegatmty values of the: elements in
Group II of the Periodic.Table. E I
Element Be Mg Ca:. Sr.- |Ba- {00 0
Electronegativity |1.57 [1.31 [1.00 |0.95: [0.89|*
State and explain the trend in electronegativity values of the elements

Electronegativity decreases from Beryllium to Barium.

This is because from Beryllium to Barium, nuclear charge increases, screening
effect also increases, because an extra energy level completely filled with
electrons is added from element to element. Increase in Screening effect
outweighs increase in nuclear charge. Effective nuclear charge decreases,
atomic radiits “increases, and the bonding electrons experience a greater

repulsion than nuclear attraction.

Electropositivity
The tendency of an atom of an element to lose its valence electrons to become

positively charged
The variation in electropositivity down a group or across a period is determined by
the factors;

1. Nuclear charge
The higher the nuclear charge, the Iower the electropositivity because the valence

electrons are strongly attracted and cannot easily be lost. The lower the nuclear
charge, the higher the electropositivity because the valence electrons are weakly
attracted by the nucleus and can easily be lost.
2. Screening effect

The higher the screening effect, the higher the electropositivity because the valence
electrons valence electrons are weakly altracted by the nucleus and can easily be
lost. The lower the screening effect, the lower the electropositivity because the
valence electrons are strongly attracted by the nucleus and cannot easily be lost.
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3. Atomic radius

The larger the atomic radius, the higher the electropositivity because the valep
electrons are far and weakly attracted by the nucleus .he.nce are easily Jogt. .
smaller the atomic radius, the lower the ele_CTTOPOSiU_VltY because. the valey ¢
electrons are nearer and strongly attracted by the HUCIGUS_ hence not easily logt,
4. Electronic configuration , L

Atoms with outermost sub energy levels half-filled or completely filled with
electrons are thermodynamically stable hence do not easily lose the valence
electrons, reducing electropositivity. Atoms whose outermost sub energy levels are
neither half-filled nor completely filled with electrons are unstgble. The valenge
electrons are weakly attracted hence easily lost, increasing electopositivity.

Variation of electropositivity across period 3
Electropositivity decreases from sodium to chlorine.

This is because from sodium to chlorine, nuclear chaige increases because q
proton is added to nucleus from element to element. Screening effect almost
remains constant, because an electron is added to the same energy level.
Effective nuclear charge increases, atomic radius reduces and the valence
electrons experience a greater nuclear attraction hence not easily lost.

Variation of electropeositivity across group II

Electropositivity increases from beryllium to Barium.,

This is because from Beryllium to Barium, nuclear charge increases, screening

effect also increases, because an extra energy level completely filled with
electrons is added from element to element.

outweighs increase in nuclear charge.

Increase in screening effect

Effective nuclear charge decreases.
atomic radius increases and the valence electrons experience a lower nuclear
attraction than repulsion hence easily lost.

Metall; Metallic character
etallic character decreases from left to right across a period becavs
electropositivity dec

increases d reases for reasons already explained. Metallic character al;;’
OWn a group since elect tivitv i Jrea
i ro Ya¥s a re‘
explained. positivity increases for reasons also
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For variation in Standard electrode- potential and for ‘variation in° melting and boiling
points in groups and periods, check under further topics in this same book but you can also
refer te Demystifying Physical chemistry by the same author, .oy e 573 rosins
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Miscellaneoiis Questlons “
1. The table below shows the atomlc radii and 1onrc radu of the elements in Group

VII of the Periodic Table. _

Element ' F |c @ |Br |I
Atomic radius(nm) [0.072 [0.099 [0.114 ] 0.133
Ionic radius(nm) * [0.136 {0.181 |0.1957 0.216

(a) State and explain the trend in atomic radius of the elements.
(b) Explain why the ionic radius is larger than the atomic radius of corresponding
neutral atom for each element.
2. The table below shows the first ionization energies of the elements in Period 3

of the Periodic Table.

Element | Na |Mg |Al |Si |P S Cl |A4r

Atomic number 11 112 113 |14 |15 16 17 18

First ionization energy (kJmol™) [496 [738 [578786 | 1012 | 1000 [1251 | 1521

(a) Plot a graph of ionization energy against atomic number of the elements
(b) State and explain the trend in ionization energy of the elements
(c) Explain why the;
(i)  first ionization energy of argon is very high
(i)  first ionization energy of Sulphur is less than that of phosphorus
(iii) ~first ionization energy of aluminium is less than that of magnesium

3. The table below shows the first ionization energies of Group II elements

Element Lo Be Mg Ca Sr Ba

First jonisation energy (kJmol™) [899 [738 1589 |549 |s502

(a) Define the term first ionisation energy.
(b) State and explain the trend in ionization energy of the elements
4. The table below shows the results obtained for the ionisation energies of

element X.
Electron number TR P R L gth
Yonisation energy (IJmol™) | 800 [ 2400 [ 370025000 32800
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(1) Plot a graph ol logyo (ionisation energy) against number of electmn

removed. ‘ o
(b) Explain the shape of your g1 aph
(¢) Write the formula of the chloride of X. . o
5. The graph below shows a plot of the logarithm of all the successive 10nisatigp
cnergics against number of electrons removed for element Y.

. H | *
60 oo : ; | :
t i i i ! P
55 .-....-.-..1.... ... + 4 :
8 R |
? 50 "”i z‘ ‘1""”‘?‘ : ':
S P (RN O N N P
= S
‘§ 400 ""4""‘"‘.{""%‘ ~-+
‘E 305 "J""" [y l (™
S 1
S ‘ 5
&g 3.0 sowmle ‘5—--—1‘-.
S i l
= Z.SL o
0!234567.910!1!2!3

" Number of electrons removed,
(2) Explain the shape of the graph
(b) State the electronic configuration of element Y.

6. Successive ionisation energies (kJmol™) for some elements in Period 3 of the
periodic Table are shown in the table below.

Element Ionisation energy ]

lﬂ 2nd 3l‘d 4(h Sth .
Silicon 787 1577 3230 4355 16090 |
Phosphorus | 1060 1896 2908 4954 6272 |
Sulphur 1000 2258 3381 4565 6995 |
(@) State and e

xplain the trend in successive ionisation energies.

(b) Explain why the;

() First ionisation energy

(1) third ionisation energy

(i) the firgg lonisation e
magnesium,

of sulphur is less than that of phosphorus
of phosphorus is less than that of silicon.
tergy of aluminium is less than that ©
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7. The table below shows the first three successive ionisation energies of elements
A,B,C,D,EandF.

Ionisation Element

energy(kJmol'l) A B C D E F
1* 1013 [ 1000 | 1255|1519 1418 | 590
2 1904 | 225512297 12665 | 3067 | 1146
3 2916|3389 | 385313933 14393 [ 4916

With a reason in each case; state which element;
(i) 1is a noble gas
(i)  belongs to group I
(iii) belongs to group II
8. The table below shows the first five ionisation energies of elements W, X, Y
and Z.

Ionisation energy(kJmol'l)
Element |1 2™ 3 4" 5t
W 577 1816 2745 11575 13251
X 738 1450 7730 10550 12756
Y 495 4563 6912 9540 11936
Z 1255 2297 3849 5163 13989
(2) Identify the group to which each of the elements belongs and give a reason
for your answer.

(b) Give a pair of elements which;
(i) forms an jonic bond between them
(i) forms an ionic compound.
9. Explain what is meant by the term first electron affinity.

(b) State three factors that can affect electron affinity.
(c) The first electron affinities of some elements in Period 3 are given in the

table below.
Element Al Si P S
First electron affinity | -44 -134 -71.7 -200

(i)  State the trend in variation in electron attinitics
(ii)  Explain your answer in ¢ (i) above.
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10.The table below shows the electronegativity values of the-¢
VII of the Periodic Table. . ]
Element ) F ci. |Br 1
583 |2.74 221

State and explain the trend in electronegativity values.0

lements 111 Group

Electronegativity | 4.10

f the elements._.

11.Explain the following observations; S L .

(@) The potassium ion and the calcium ion have the Same ;:electronlc

; configurations, yet the potassium-‘ibn is larger than the Calcmm.lon'

(b) The ions Na* and Mg?* have the same electronic configuration but the
ionic radius of Mg2* is lower than that of Na*

()  The first electron affinities of the halogens generally decrease down the
group. However, the first electron affinity of fluorine is abnormally high.

(d) There are no compounds containing the 0~ or §~ ions although the first
electron affinities of oxygen and Sulphur are —142 kJmol™'. and
—200 kjmol~1 respectively.

(¢) Oxygen is more electronegative than Sulphur although more energy is

released when a Sulphur atom accepts an electron than when an oxygen
atom accepts an electron. :

- - ———g———
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ELEMENTS IN THE THIRD SHORT PERIOD
Electronic structures/ configurations
Element | Atomic number Configuration
Na 11 152 252 2p® 3s?
Mg 12 152 252 2p® 352
Al 13 152 252 2p°® 3523p? :
Si 14 152 252 2p® 3523p2
P [ 15 - 182 252 2p6 3523p.3—v..,-_,j —am e e e
S 16 152 252 2p% 35%3p*
Ci 17 1s2 252 2p® 3523p5
Ar . 18 1s2 252 2p6 3523p | |
Bondmg and; structure :
Element Sodium Magnesium Aiuminium Silicon Pl{osphoms Su’_phur C:hlolflne Argon
Symbol Na | Mg '] 4 | Si. P R
Bonding T Metallic , Covalent . .
Structure Giant metallic Giant covalent Simple molecular
VAR[ATION IN ATOMIC AND PHYSICAL PROPERTIES OF THE ELEMENTS
1. Meltmg pomts/ boiling. pomts ) : o
The table below shows the melting pomts of the elements 1n Perlod 3 of the
Periodic Table. P e ,
Element Na | Mg | AL | . Si | P |'S | C Ar
Atomic number 11 12 13 14 15 16 .17 18
Melting point(OC) 97;8 650 | 660.3 '1414"‘ 44.2 ‘ Q"1'15.2 -'1101.5 -189.4

(a) Plot a graph of meltmg pomt against atomic number of the elements :
(You are adviséd to ‘make an own plot of the gr aph for practlce)

(b)Explain the shape of the graph

AR

A R AU R
\ » .
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(b) Generally, melting point increases from sedium to silicon followed by a

general decrease from silicon to argon, with Sulphur having a higher melting
point than phosphorus.

Sodium, magnesium and aluminium have a giant metallic structures held by
metallic bonds whose strength increases with increase in number of electrons
contributed per atom to the metallic bond. Sodium contributes one electron per
atom, magnesium contributes two electrons per atom. Therefore, magnesium

Morms stronger metallic bonds than sodium. However, due to its smaller atomic

radius, Aluminium forms shorter and stronger metallic bonds than magnesium
resulting into a slightly higher melting point than magnesium.

Silicon has a giant molecular structure, in which each silicon atom is bonded to

Jour other silicon atoms, forming very many strong covalent bonds that require a
high amount of energy to break, thus a very high melting point.

Ph.osph_orus, Sulphur, chorine and argon have simple molecular structures with

weak Van-der-Waal’s forces of attraction whose magnitude increase in strength
with increase in molecular weight. Sulphur is actatomic (Sg) with a higher
molecular weight hence stronger Van der Waal’s. Sforces of attraction than
Phosphorus which is tetratomic(P,). Chlorine is diatomic (Cl), with .a higher
molecular weight and stronger van der Waal’s Jorces than argon which is

monoatomic. The energy required to break the Van-der-Waal’s Sorces therefore
decreases from phosphorus to argon,
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2. Atomic and ionic radius
. The table below shows the atomic radii and ionic radii of the elements in Period 3
of the,Reriodic: Table. -The onic radius of silicon is missing because it does not
form a.simple ion. : o

Element Na | Mg Al Si P | .S | Cl |-
Atomic radius(nm) | 0.156 | 0.136 | 0.125 | 0.117 | 0.110 | 0.104~}0.099
Ionic radius(nm) 0.095 1 0.065 | 0.054 o 0.212 0.184 10181 .|

(a) Define the term atomic radius _ ERRTI
(b)State and explain the trend in atomlc radlus of the elements o
(c) Explain why:
(i)  the ionic radii of Na*,Mg?* and AI3* are smaller than those of
the corresponding atoms. R
(ii) the | mnlc radu of P3" §2- and €I~ are Jarger than those of the
(d)The ions Nat, M gz+ and Al3+have the same electronic configuration, yet
they have different i ionic-radii. ‘Stiggest a reason for this.
(e) Which of the metal fons Na*, Mg** and Al3*is likely to have the hlghest
hydration energy? Give a reason. o PR

power.. The ion-is.easily hydrated and therefore strongly.attracts very-many water
molecules hence giving off the highest amount of energy.

3. Firstionization energy . _
The table below shows the first 1omzat10n energ1es of the elements in Period 3 of

The aluminium ion has the highest hydration energy because it“‘}iézs; the mghest
ionic charge, smallest ionic radius; highest charge density and Highest polarizing: -

(a) Plot a graph of ionization energy against atomic number of the elements
(To be done by student)
(b)State and explain the trend in ionization energy of the elemeutq
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the Periodic Table. ~ S
Element | Na---Mg | Al Si P S Cl | Ar
Atomic number - - N S B U R 13 14 +:15 (.16 17 18
First ionization energy (kJmol”) | 496 | 738 | 578 .| 786 | 10121000 | 1251 {1521




N

First ionization energy generally increases from sodium to argon..

This is because from sodium to argon, nuclear charge increases because g Droton
is added -to nucleus from element to element. Screening effect almost remaing
constant, because electrons are added to the same energy level. Effective nuclegy
charge increases, atomic radius reduces and outer most electron is closer qng

more strongly -attracted than ne:pﬂled by the nucleus requzrzng a hzgh amount of
energy to be: removed

- ST

Sl S e 1 .

>y
20 . -

(©) Explam why the; , o
(i)  first ionization energy of argon is very high T el

—_1¢2 7¢2 7916 2226 R S RN

For argon, an electron is removed from a,completely filled 3p-sub energy level

which is thermodynamzcally stable. High amount of energy is, requzred t0 remove
the electron

(i) first lomzatlon energy of Sulphur is less than that of phosphorus
S - 152 2§_‘2 226 3£ 312 e TR LA aped g Vi
AR R . i _ 2 ? 6 2 3 . ; . 1‘ ;ué {\:;i'f.’_ .;”?\’

For Sulphur, an electron: isiremoved from a:3p-sub“energy level which has fout'*
electrons hence thermodynamically unstable. Lower amount of energy is required
to remove the electron.

For phosphorus, an electron is removed from a half filled 3p-suf9 energy level

which is thermodynamically stable. Higher amount of energy is requzrea’ to remove
the electron

(iii) first ionization energy of aluminium is less'‘than that of
magnesium- - -

For aluminium, the electron is removed from a 3p-sub energy level which has only

one electron hence thermodynamically unstable. Lower amount of energy is
required to remove the electron.

)
For magnesium, an electron is removed from a completely filled 3s-sub energ)

level which is thermodynamically stable. Higher amount of energy is required 10
remove the electron

TG
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4. Electron affinity S
(a) Define the term first éléctrbh affinity

This is the energy gzven out ‘when o one mole of electrons combines with one mole of
gaseous atoms to form one mole of umnegatzvely charged gaseous zons o

oy RS Y
B RV v . '.s\.; PRSI R
. . . : Ve
cor mie. ot b L O T
Sy PEOLLERL YR ok N Ty Ty AT

g . Cothe

The energy given out when an electron is added to a gaseous atom to form @
uninegatively charged gaseous | ion. .

H 0 R Pty
fioaniivde o e I0R g PR ! iy

(b)The graph below shows the variation in the first electron’' affinity of
the elements in Perlods of theP rlodlc Table.

444

First clectron affinity (kImol™")

Explain why; o
(i) there is a general increase in first electron affinity from sodium to
argon

From sodium to argon, nuclear charge zncreaves because a proton is added to
nucleus from element to element Screer;mg effect almost remains constant,
because electrons are added to the same energy level. Effective nuclear charge
increases, atomic radius reduces. The attraction Jfor the incoming electron

increases thus increasing the electron (Iﬁimf)’-

"RY , bD(}x ons. CHEM/MTC)
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(ii) the first electron affinity of magnesium is positive.
Mg — 15? 252 2p® 352

For magnesium, the electron is added o a completely filled 3s-sub energy level
which is-thermodynamically stable. The incoming ele‘ctroxfg"vexperz'eigces greater
repulsion by the existing electrons than nuclear ‘attraction. Energy must therefore
be absorbed to add the incoming electron. The first electron affinity is therefore

endothermic. \

Caain :

(iii) the first electron affinity of aluminium is Jhigher . than that: of
magnesium

SEM i ast

For aluminium, thevelectron is-qdded to the 3p-sub energy level which has one
electron and thermodynamically:nstable; The'incoming electroli-experiences more
attraction by;the Hucleus than.repulsion :kence: giving:o 'gher gimount of

lﬁtl;‘_e_: first electron affinity of phosphoru; is lower th}m that of .édlphur.
T P— 152 252 226 3523223 : :

§ — 152 252 2p6 3523p*
For phosphorus, the electron is added o a half filled 3p-sub energy level which is

thermodynamically stable. The incoming electron experiences more repulsion than
attraction by the nucleus. " e

For Sulphur, the incoming electron is added to a 3p-sub energy level which has
Jour electrons, thermodynamically unstable. The incoming electron “experiences
greater nuclear attraction than repulsion by the existing electrons.

o
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5. Electronegativity

The table below shows the electronegativity values of the elements in Period 3
of the Periodic Table.

Element Na | Mg Al Si P S Ci
Electronegativity | 1.0 1.2 1.5 1.8 2.1 2.5 3.0
State and explain the trend in electronegativity values of the elements

6. Electropositivity

The tendency of an atom of an element to lose its valence electrons to become
positively charged

Electropositivity decreases from sodium to chlorine.

This is because from sodium to chlorine, nuclear charge increases because a
proton is added to nucleus from element to element. Screening effect almost
remains constant, because an electron is added to the same energy level. Effective
nuclear charge increases, atomic radius reduces and the valence electrons
experience a greater nuclear attraction hence not easily lost.

7. Electrode potential
The table below shows the standard electrode potential values of some of the
elements in Period 3 of the Periodic Table.

Element Na | Mg | Al Ci

Standard electrode potential(E®) (Volts) for M™/=(aq)/M(s/g) |-2.71 |-2.37|-1.66 | +1.36

(2) Define the term standard electrode potential

This is the potential difference or reduction potential established when a metal
electrode is dipped in a 1 molar solution of its ions measured relative to the
standard hydrogen electrode at 25 °C and 1 atmosphere.

a) State;

( )(i) ,the factors that affect the magnitude of standard electrode potential
e lonization energy
e alomization energy
e hydration energy

(i) with a reason, name the strongest reducing agent
Sodium, because it has the most negative standard electrode potential
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(iii) with a reason, name the strongest oxidizing agent
Chlorine; because it has a positive standard electrode potentiaj
(b)Explain the trend in standard electrode potential of the metallic elements

Standard electrode potential becomes less negative (decreases) from sodium ¢
aluminium because ionic radius decreases, ionization energy increases,
atomization energy increases and hydration energy also increases. However, the
increase in ionization energy and atomization energy is more rapid than increase
in hydration energy.

8. Electrical Conductivity
Electrical conductivity decreases from sodium to argon

Sodium, magnesium and aluminium are all good conductors of electricity because
of delocalized electrons which are free to move throughout the solid or liquid
metal. Silicon is a semi-conductor. The rest are non-conductors because they are
simple molecular substances. There are no free mobile electrons.

CHEMICAL PROPERTIES OF THE ELEMENTS

1. Describe the reactions of Period 3 elements with air.
Sodium reacts with oxygen of the air to form sodium oxide
4Na(s) + 0,(g) — 2Na,0(s)
Heated sodium burns in excess air (oxygen) with to form sodium peroxide
2Na(s) + 0,(g) —— Na,0,(s)
Heated magnesium burns in air to form magnesium oxide; a white solid
2Mg(s) + 0,(g) —> 2MgO(s)
Heated magnesium also reacts with nitrogen in the air to form magnesium nitride.
3Mg(s) + No(g) —> MgsNy(s)
Aluminjum is stable in air at ordinary temperatures due to formatlon of a thin layer
of aluminium oxide which resists further action '
However, when the layer is removed, heated aluminium reacts with air at 800 °C,
to form aluminium oxide and aluminium nitride.
4Al(s) + 30,(g) — 2Al,05(s)
2AIl(s) + Ny(g) —> 24IN(s)
Strongly heated Silicon reacts with air to form silicon dioxide
Si(s) + 05(g) —> Si0(s)
Phosphorus burns in a limited supply of air to form phosphorus(III) oxide.
Py(s) + 30,(g) — P,04(D)
DEMYSTIFYING INGRGANIC CHEMISTRY BY Joseph Jobs Kayiira , BScED(Hons.CHEM/M TGO
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Phosphorus also burns in excess air to form phosphorus(V) oxide; a white solid
Py(s) + 50,(g) — P,014(5)
Heated Sulphur bums in-air to form Sulphur dioxide

_ SG)+ 0,(9) — 50:(9)
Chlorine does not react with air/oxygen under any condition.

2. Describe the reactions of Period 3 elements with water
Sodium reacts vigorously with cold water to form sodium hydroxide and hydrogen
gas. . _ . L
2Na(s) + 2H,0(l) —— 2NaOH(aq) + H,(9)
Magnesium reacts slowly with cold water to form magnesium hydroxide and
hydrogen. : I _

Mg(s) + 2H,0(1) — Mg(0H),(aq) + Ha(9)
Heated magnesium reacts rapidly with steam to form magnesium oxide and
hydrogen. ,
Mg(s) + H,0(g) — MgO(s) + Hy(9)
Aluminium does not react with water because of the protective layer of aluminium
oxide. However, when the layer is removed, heated aluminium reacts with steam to
form aluminium ~ oxide and hydrogen.
2Al(s) + 3H,0(g) — Al,03(s) + 3H,(g)"
Red hot silicon reacts with steam forming silicon(IV) oxide and hydrogen
Si(s) + 2H,0(g) — Si0,(s) + 2H,(g)
Phosphorus and Sulphur do not react with water. :
Chlorine disproportionates in water to form chloric(l) acid and hydrochloric acid.
Cl,(g) + H0() HOCl(aq) + HCl (aq)
3. Describe how Period 3 elements react with;
(a)dilute acids
(b)concentrated acids
(a)dilute acids
(i)  Dilute hydrochloric acid.

Sodium reacts with cold dilute hydrochloric acid to form sodium chloride and
hydrogen gas
- 2Na(s) + 2HCl(aq) — 2NaCl(aq) + H,(g)
Magnesium reacts with cold dilute hydrochloric acid to form magnesium
chloride and hydrogen gas
Mg(s) + 2HCl(aq) — MgCly(aq) + Hy(g)
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Aluminium reacts slowly w1th cold dﬂute h} rdrochloric 2
chloride and hydrogen gas = .
241(s) + 6HCl(aq) —> 2AICL;(aq) + 3H,(g)

Silicon, phosphorus, Sulphur and chlorine do not react with dilute- hydrochlori;
acid. :

(i)  Dilute sulphuric acid

d {c fC'TT] alm‘hmun»

Sodium reacts with cold dilute sulphuric acid to form . sodium sulphate ang
hydrogen gas

2Na(s) + H,50,(aq) — Na»504 (ag) + H,(g)

Magnesium also reacts with .cold dilute sulphuric acid to form magnesium
sulphate and hydrogen gas :

Mg(s) + H,S0,(aq) ——— Mg50, (aq) + Hz(g)
Aluminium does not react with dilute sulphuric acid

Silicon, phosphorus, -Sulphur and chlorine do not react with dﬂute sulphuric
acid.

(iii)  Dilute nitric acid.

Very dilute cold nitric acid (1%) reacts with magnesium to form magnesium :
nitrate and hydrogen. -

- Mg(s) + HNOs(a‘I)—_"‘"‘MQ(NOs)z (aq) +. Hz(g)
Dllute/ half concentrated/ moderately concentrated nitric acid oxidises

magnesium to magnesmm nitrate -and itself reduced to mtrogen monoxide and
water. ' :

3Mg(s) + 8HN03 (aq)—>3Mg(N03)z(aq) + ?-NO(g) + 4«H20(l)

c.f;PbandCu
(iv)  Dilute hydrofluoric acid -

Only silicon reacts with dilute hydrofiuome acld to form hexafluorosilicic acid
and hydrogen

Si(s) + 6HF(aq) ——> H,SiFs(aq) + 2H,(g)
(b)concentrated acids
(i)  concentrated hydrochloric acid,

Sodium, magnesium, silicon, phosphorus, Sulphur and chlorine dohot react with
concentrated hydrochloric acid

Aluminium reacts rapidly with -hot concentrated hydrochlonc ncxd to form
aluminium chloride and hydrogen gas.

2Al(s) + 6HCl(aq) — 24ICl5(aq) + 3'H2(;c).)
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(ity  concentrated sulphuric acid

Hot concentrated sulphuric acid oxidises magnesium to magne sium sulphate and
itself reduced to-Sulphur dioxide and water.

Mg(s) + 2H,50,(aq) ——> MgS0,(aq) + 502(0) + 2H,0(D)
c.f;Pb,Cu,Be and Co }
Hot concentrated sulphurie acid also oxidises aluminium to alumlmum su]phate
and jtself reduced to Sulphur dioxide and water.

2Al(s) +-6H,50,(aq) > Al (504):(ag) + 350,(g) + 6H,0(D)
¢.f;Crand Fe
Stiicon does not react with concentrated sulphuric acid

Hot concentrated sulphurie acid oxidises phosphorus to phf)sphorus(\/') oxide
and itself reduced to Sulphur dioxide and water.

Py(s) + 10H,50,(aq) —» P,0,,(s) + 1050,(g) + 10H o(z)
Hot concentrated sulphuric acid oxidises Suiphur to Sulphur dioxide and water.

S{s} + 2H,S0,(aq) »350,(g) + 2H,0(8)
Chlorine dees not react with concentrated sulphuric acid. . T

(ii} concentrated nitric acid

Cold concentrated nitric acid oxidises magnesium to magnesium nitrate and
iiself reduced to nitrogen dioxide and water - ’
Mg(s) + 4HNQ;(aq) —+Mg(NO3),(aq) + ZNO,{(g) + 2H,0(D)
c.f Phand Cu
Aluminium is rendered passive by concentrated nitric acid due to the
impenetrable Jayer of the oxide on its surface. ]
.- e.f;Be Cr Fe Co and NI
Fairly/medera eiy concentrated nitric acid oxidises phosphorus to phosphoric
acid and itself reduced to nitrogen dioxide and water. \
P,(s) + 20HKN 03{aq) > 4H3PO,(ag) + 20NO,(g) +4H0(D)
Hot coricentrated nitric acid oxidises Sulphur to Sulphuric acid and itself reduced
to nitrogen dioxide and water
5(s) + 6HNOz(aq)
Silicon is resistant to attack by concentrated nitiic acid.
Chlorine dees not react with conqentmted nitrie acid.

(i) Hydrofluoric acid.
Only silicon reacts with concentr ated hydroflnorie seid to form hexafluoresilicic

&cid and hydrogen

> H,80,(aq) +6NO,(g) + 2H,0(1)
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Si(s) + 6HF()) — H,SiFg(1) + 2H,(g)

4. Discuss, stating the conditions under which each of the elementg
reacts with sodium hydroxide.
Sodium and magnesium do not react with sodium hydroxide.
Aluminium reacts with hot concentrated sodium hydroxide to aluminate iong/
sodium aluminate and hydrogen.
2A1(s) + 20H(aq) + 6H,0(1)—*>2A1(0H)3(aq) + 3H,(g)
or 2Al(s) + 60H(aq) + 6H,0(l) —>2Al(0H)3(aq) + 3H,(g)
or 2Al(s) + 20H(aq) + 2H,0(l) —+2Al0; (aq) + 3H,(g)
or 2Al(s) + 2NaOH(aq) + 6H,0(l) —>2NaAl(OH),(aq) + 3H,(g)
or 2Al(s) + 6NaOH(aq) + 6H,0(l) — NazAl(OH)¢(aq) + 3H,(g)
or 2Al(s) + 2NaOH(aq) + 2H,0(l) —> 2NaAl0,(aq) + 3H,(g)
Silicon reacts with both dilute and hot concentrated sodium hydroxide to form
sodium silicate and hydrogen gas
Si(s) + 20H(aq) + H,0(l) —2Si0%~(aq) + 2H,(g)
or Si(s) + 2NaOH(aq) + H,0()——> 2Na,Si0z(aq) + 2H,(g)
Phosphorus reacts with hot concentrated sodium hydroxide to form phosphine
and phosphinate ions/ sodium phosphinate
Py(s) + 30H(aq) + 3H,0()) —>3H,P0;5 (aq) + PH,(g)
or Py(s) + 3NaOH(aq) + 3H,0(l) —>3NaH, PO, (aq) + PH3(g)
Sulphur reacts with hot concentrated sodium hydroxide forming sodium
sulphide and sodium sulphite.
35(s) + 60H(aq) —> 25*~(aq) + S0%~(aq) + 3H,0(1)
or 35(s) + 6NaOH(aq)—>2Na,S(aq) + Na,S0s(aq) + 3H,0(D)
If the Sulphur is in excess, thiosulphate ions are formed instead of sulphite ions
S(s) + 60H(aq) —*25%"(aq) + 5,02~ (aq) + 3H,0(l)
or S(s) + 6NaOH(aq) —> 2Na,S(aq) + Na,S,05(aq) + 3H,0()
Chlorine disproportionates in cold dilute sodium hydroxide to form chloride
ions, chlorate(I) ions and water

Cly(g) + 25H(aq)——>Cl"(aq) + Cl0(aq) + H,0(QD)
or Cl,(g) + 2NaOH(aq)—>NaCl(aq) + NaClo(aq) + H,0(1)
N.B; The chlorate(l) ions /sodium chlorate(I) formed by the above reaction
undergo further disproportionation if heated/ warmed to Jorm chlorate(V) ions and
chloride ions. The yellow solution turns colourless during this reaction
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3Cl0(aq) ————Cl05 (aq) + 2CI~(aq)
| or 3NaCl0(aq)—>NaCl0,(aq) + 2NaCl (aq) -
Chlorine also disproportionates in hot concentrated sodium hydroxide to fotim
chloride ions, chlorate(V) ions and water, - - ' -l

>4
STl

3CLa(g) + 60H(ag)—5C1"(aq) + CL07(aq) + 3H,0()""
or 3Cl,(g) + 6NaOH(aq) —>5NaCl(aq) + NaCl0y(aq) + 3H,00)

5. State the conditions and write the equations under which the
elements react with chlorine Lo L
Burning sodium reacts with dry chlorine to form sodium chloride
2Na(s) + Cly(g) —>2NaCl(s) ,
Heated magnesium reacts with dry chlorine to form magnesium chloride
Mg(s) + Cly(g)——>MgCly(s)
Heated aluminium reacts with dry chlorine to form aluminium chloride
2Al(s) + 3CL,(g)—= 2AICLy(s)
Heated silicon reacts with dry chlorine to form silicon tetrachloride
Si(s) + 2Cl,(g)—— Sicl, (D)
Heated phosphorus reacts with excess dry chlorine to form phosphorus(V)
chloride. . '
Py(s) + 10Cl,(g) —> 4PCls(5)
Heated phosphorus reacts with limited dry chlorine to form phosphorus(III)
chloride, ' '
Py(s) + 6Cl,(g) —> 4PCl3(D)
Molten Sulphur reacts with dry chlorine to form disulphur dichloride

25(D) + ClL(g)— S,CL, (D
COMPOUNDS OF THE ELEMENTS

THE OXIDES

Formula  of | Na,0 | Mg0O Al,0, Si0, ?@310 —l§01f3 S0, | Cl,0,
the oxide 1. TemHHE 1 S 03 | Cl,0s
Physical state Solid , Gas

mainly acidic

. . | but with some ' FPRET
Character Basic Amphoteric |~ yuioteric . Acidic
character || .

Bonding lonic ... . Covalent
Structure Giant ionic Giant . Simple molecular

molecular
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(a) Structure and bonding - .
From sodium oxide to aluminium oxide, .catIQ%lc radl}ls decreases and i0nic chary,
increases. This increases the charge density. of the cations, hence reducing the ionic
cha'r'acter. Silicon(V) oxide forms a giant covalent structure. The rest of the oxideg

are simple molecular. R
" N.B; Sodium oxide, magnesium oxide and ah‘;l
% “*of ionic compounds such as;
o - high melting and boiling points
e conduct electricity in molten state
e sodium oxide and magnesium oxide dissolve in water though aluminium
oxide is insoluble. '
(a) With relevant equations, describe how the oxides of Period 3 elements
can be formed. .. - .
Sodium oxide is formed by heating sedium in a limited supply of oxygen
4Na(s) + 0,(g) —> 2Na,0(s)
Magnesium oxide is formed by heating either magnesium nitrate, magnesium
carbonate or magnesium hydroxide strongly.
MgC03(s) — MgO(s) + CO0:(g)
2Mg(NO3),(s) ——>2MgO(s) + 4N0,(g) + 0,(g)
Mg(0H),(s) — MgO(s) + H,0(1)
. c.f;Pb0,Zn0,Ca0,Be0,Sr0,Cu0,Ni0 and Co0
Aluminium oxide is formed by heating cleaned aluminium in air at 800 °C.
4AI(s) + 30,(g) — 24L,05(s)

e - MYy
TR S SRR

minium oxide show characteristicg

Silicon dioxide is formed by heating Silicon strongly in oxygen.
Si(s) + 02(g) —— Si0(s)
Phosphorus(V) oxide is formed by heating phosphorus burns in excess air.
Py(s) + 50,(g) —> P,040(s)
Sulphur dioxide is formed by heating Sulphur in air.
- . S(s)+ 0,(9) —* S0:(9)
Sulphur dioxide can also be formed by the reaction between hot concentrated
sulphuric acid and copper
_ Cu(s) + H,S0,(aq) —>CuS0,(aq) + S0,(g) +2H,0(D)

Sulph.ur dlpxide can as well be prepared by heating sodium sulphite or potassium
sulphite with dilute hydrochloric acid or dilute sulphuric acid.

NaZSOS(S) + H2504(aq)—_’Na2504(a(I) + SOz(g) + HzO(l)
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Na;505(s) + 2HCI(aq)——>2NaCl(aq) + 50,(g) + H,0(D)

'~ "(b)The tablé below shows the atomic nuinb’_’éi-s';ﬁf Period 3 elements and the
© 7 melting points of their oxides, :

Element Na | Mg | Al Si. | P S Ci
Atomic number 11 | .12 13 14 15 16 17
Oxide Na,0| Mg0 | Al,0;| Si0, | P,05 | SO, €10,
Melting point of oxide(°C) | 1275 | 2827 [ 2007 | 1607 | 560 | 30 91

(Y) Plot a graph of melting points of the oxides against atomic numbers of

the elements (To be done by student, the graph below is just a sketch and
not on scale)

Melting point of oxide(°C)
B
o
Q
I3

11 12 - 13 14 5 16 o

Atomic number

(i) Explain the shape of the graph

Generally, melting point increases froiiz sodium oxide to magnesium oxide and
then reduces to Chlorine (VII) oxide because;

Sodium oxide, magnesium oxide and aluminium oxide have .giant ionic structu.res
whose ions are held by strong ionic bonds. Meltz‘ng' point zncrec?ses from sodium
oxide to magnesium oxide because magnesium oxide has a hzghef' prodffct of
charges than sodium oxide. Melting point decreases fron.z m.agnefmm o.\tde. to
aluminium oxide because the aluminium ion Ims‘ a small .xo.mc radfus, very. lngih
charge density and high polarising power, makmg ahm.tmmm oxz-d.e less tomc.'.
Silicon(IV) oxide has a giant covalent structure in which each silicon atom. is
bonded to four oxygen atoms making very many strong covalent bonds that

; e, ) iira , BScCED(Hons. CHEM/MTC)
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require a ﬁigh amount of energy to break. Phosphorus pentoxide, sulpp,
trioxide and Chlorine(VII) oxide have simple molecular structyyeg Who;
molecules are held by weak van der waal’s forces of attraction whose sﬁ‘engzz
decreases with decrease in polarity of the molecules as a result of increqse in
electronegativities of the atoms bonded to oxygen.

(c) Discuss the reactions of the above oxides with

(1) - Water (Indicating the pH of the resultant solutions)
(i) Acids :

(iii) Sodium hydroxide

(i)  reaction with water
Sodium oxide reacts with water to form sodium hydroxide. Resultant solution is
alkaline.

Na,0(s) + H,0()—/—>2Na0OH(aq)
Magnesium oxide reacts with water to form magnesium hydroxide. Resultant
solution is alkaline. ,

Mgo(s) + H,0(l) ——> Mg(OH),(s)
Aluminium oxide is insoluble in water hence no reaction eccurs
Silicon(IV) oxide reacts with water only when heated ind under high pressure to
form silicic acid. Resultant solution is acidic.

Si0,(s) + H,0() —>H,5i03(aq)
Phosphorus(III) oxide reacts with water to form phosphoric(Ill) acid. Resultant
solution is acidic.

P,0¢(l) + 6H,0(1) —>4H, PO, (aq)
Phosphorus(V) oxide reacts with water to form phosphoric(V) acid. Resultant
solution is acidic.

P4014(s) + 6H,0() —> 4H3P0,(aq)
Sulphur dioxide reacts with water to form sulphurous acid. Resultant solution is
acidic.

§0,(9) + H,0(1) — H,50;(aq)
Chlorine(VII).oxide reacts with water to form chloric(VII) acid. Resultant solution
is acidic.
Cl,0;(g) + H,0(l)==—==2HC(Cl0,(aq)

(i) reaction with acids.
Sodium oxide is basic, hence reacts with dilate hydrochloric acid/diluté
sulphuric acid or dilute nitric acid to form corresponding sodium salts and water
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o L Na,0(s) + 2H*(aq) —2Na*(aq) + H,O0(l
Magnes1-um 0.X1de 1s also basic hence reacts: with_dilute h(y(;?ochlorzic Eazid/dilute
sulphuric acid or dilute nitric acid to form corresponding magnesium salts and
water. R

. . MgO(s) + 2H*(ag) —> Mg?**(aq) + H,0()
Alumlmjum 03{1de 1s amphoteric hence reacts with dilute hydrochloric acid/dilute
sulphuric acid or dilute nitric acid to form corresponding aluminium salts and

water.
Al05(s) + 6H*(aq) — 2A13*(aqg) + 3H,0(D

Silicon(IV) oxide does not react with any other acid but enly reacts with
hydrofluoric acid to form silicon tetrafluoride and water (or hexafluorosilicic acid

and water)
Si0,(s) + 4HF(aq) — SiF,(g) + 2H,0(D)

or Si0,(s) + 6HF(aq) — H,SiF;(aq) + 2H,0(D) .

The oxides of phosphorus, sulphur and chlorine are acidic hence do net react with

acids

(i)  reaction with sodium hydroxide

Sodium oxide and magnesium oxide are basic hence do net react with sodium

hydroxide.
Aluminium oxide is amphoteric hence reacts with hot concentrated sodium

hydroxide to form sodium aluminate.
Al,05(s) + 20H(aq) + 3H,0())—>24I(0H); (aq)
or AL,05(s) + 60H(aq) + 3H,0() ——2Al(0H)¥ (aq)
or Al,05(s) + 20H(aq)—>2A105 (aq) + H,0(1)
or Al,05(s) + 2NaOH(aq) + 3H,0(l) —2NaAl(OH).(aq)
or Al,05(s) + 6NaOH(aq) + 3H,0(1) —>NazAl(OH)e(ag)
or Al,05(s) + 2NaOH(aq) —2NaAl0,(aq) + 3H,0(1)
cf Cry03 and Fe,03
Silicon(IV) oxide reacts with hot concentrated sodium hydroxide to form
sodium silicate.
or Si0,(s) + 20H(ag)—>Si03™(aq) + H20(D)
or Si0,(s) + 2NaOH(aq)—>Na,;Si0s(aq) + H,0(1)
Phosphorus(V) oxide is acidic hence reacts with cold dilute §0d111n1 hydroxide to
form hydrogen phosphate jons /disodium hydrogen phosphate.
P,05(s) + 40H (aq) — 2HPO;™(aq) + H;0(D)

or P,0s(s) + ANaOH(aq)—>2Na,HPO,(aq)(aq) + H,0 D
’ YEMISTRY BY Joseph Jobs Kayiira , BScED(Hons. CHEM/MTC)
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Phosphorus(11l) oxide is acidic hence reacts with cold dilute sodium hydroy: de
form hydrogen phosphite ions /disodium hydrogen phosphite. o
P,04(s) + 80H(aq) —*4HP05 ™ (aq) + 2H,0(])
or P,0g(s) + 8NaOH(aq) —> 4Na;HPO3(aq) + 2H,0(1)
Sulphur dioxide reacts with cold dilute sodium hydroxide to form sodjyy,

sulphite and water.

R

S0,(g) + 20H(aq) —>S05 (aq) + H,0(1)
or S0,(g) + 2NaOH(aq) —*Na,S03(aq) + H,0(1)
Sulphur dioxide reacts with cold dilute sodium hydroxide to form sodium

sulphate and water.
S03(g) + 20H(aq) —>S0% (aq) + H,0(D)
or S03(g) + 2NaOH(aq)——>Na,S0,(aq) + H,0(D)
Chlorine(VII) oxide reacts with cold dilute sodium hydroxide to form sodium
chlorate(V II)/ chlorate(VII) ions and water.
Cl,0,(g) +20H(aq) —> 2Cl0; (aq) + H,0(D)
OXOTACIDS OE SULPHUR, PHOSPHORUS AND CHLORINE

Where you have a challenge coming up with the structures and naming the
shapes, refer to DEMYSTIFYING PHYSICAL CHEMISTRY by the same

author.
1. The table below shows the name of the oxoacids of sulphur. Complete it to
show the; formula, structure, shapes of the different oxoacids and the

oxidation state of sulphur in each.

Oxidation state
Oxo-acid Formula Structure Shape of sulphur
[
Sulphuric H,50, /Lk Tetrahedral +6
acid
HO 0 OH
]
¢/
Sulphurous H,S04 Trigonal | .
acid A pyramidal +4
HO 0 OH 4’)
BScED(Hons. CHEMMT Cl{;
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2. The table below shows the name

to show the;

of the oxoacids of phosphorus. Complete it
formula, structure and shapes of the different oxoacids.

0 ; , Oxidation
xo-acid Formula Structure Shape state of
o phosphorus

phosphoric acid | HzPO, - | Tetrahedrat +5
(phosphoric(v)
acid)
phosphorous ‘ o
acid . H BP 0; Trigonal
(phosphoric(IIT) - : pyramidal - 43
acid) HO OHOH o

3. (a) The table below shows the name of the oxoacids of chlorine. Complete

it to show the; formula, structure and shapes of the different oxoacids.

' Oxidation
Oxo-acid =~ | Formula Structure Shape - state of
o chlorine
chloric (I) acid a
(Hypochlorous Hocl Ggl OH Linear +1
acid) .
Chloric(IIl) acid | HClO, /C \ Bent +3
OH
Q
Trigonal
Chloric(V) acid | HClO; pyramidal +5
H ). O
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Chloric(VII)
acid

HClO,

/N

Tetrahedral

T

A7

(b)Arrange the Oxo-acids in 3(a) above in order of increasing agjg

strength.

Acid strength increases in the order; HOCl < HCl0, < HClO3 < HClo,
(c) Explain your answer in 3(b) above.

0

The sirength of an acid depends on how easily it releases protons. The acid
strength increases depending on the number of oxygen atoms that exert a
negative inductive effect in each molecule of the acid, increasing the polarity of
the oxygen-hydrogen bond. This is because oxygen is more electronegative than
chlorine. In chloric(VII) acid, 3 oxygen atoms exert a negative inductive effect on
the O-H bond making it very weak and breaks to release very many hydrogen ions
making it stronger than chloric(V) acid in which two oxygen atoms exert a
negative inductive effect making the O-H bond weaker than in chloric(Ill) acid in
which only one oxygen atom has a negative inductive effect. Chloric(l) acid has the

strongest oxygen-hydrogen bond because no oxygen atom has a negative
inductive effect in it.

THE CHLORIDES
Element Na Mg Al Si P S
Formula of the | NaCl | MgCl, AlCl, SiCl, PCly—solid | §.(l,
chloride PCly — liquid 5612_‘
Physical state Solids Liquid Liquids|
Nature/pH in Neutral Acidic
solution B
Bonding lonic Mainly Covalent
covalent A

Structure Giant ionic Layered Layered Simple molecular

molecular | Molecular 4/)
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(@) Structure and bondlng
From sodium chloride to disulphur dichloride, ionic character decreases as
electropositivity decreases. Sodium chloride and magnesmm chloride are purely
ionic. Aluminium chloride is mainly covalent. The chlondes of silicon, phosphorus
and sulphur are purely covalent. This variation in structure and bondmg in_turn
affects the variation in melting point among the chlorides.

(b) With relevant equations, describe how the chlorides of Peried 3
elements can be formed. : "

Sodium chloride:is formed by a neutralisation reaction between sodium hydrox1de
and dilute hydrochloric acid

NaOH(aq) +HCl(aq) —— NaCl(aq) + H,0(1)
N.B. If anhydrous sodium chloride is required, burning sodium reacted with dry
chlorine or dry hydrogen chloride.

2Na(s) + Cl,(g) — 2NaCl(s)

* 2Na(s) + 2HCl(g)—— 2NaCl(s) + H,(g)
Magnesium chloride is formed by the reaction between magnesium carbonate,
magnesium oxide or magnesium hydroxide with dilute hydrochloric acid

MgC0s(s) + 2HCl (aq) —>MgCly(aq) + CO,(g) + H,0(D
MgO(s) + 2HCl (aq) —> MgCl,(aq) + H,0(l) '
Mg(OH),(s) + 2HCl (aq) —> MgCl,(aq) + 2H,0(1)
N.B. If anhydrous magnesium chloride is required, it is formed by passing dry
chlorine or dry hydrogen chloride over heated magnesium,
Mg(s) + Cly(g)—>MgCl;(s)
Mg(s) + 2HCI(g)—>MgCl,(s) + H,(g)
Anhydrous magnesium chloride cannot be prepared by heating hydrated
magnesium chloride or by evaporation of its aqueous solution because it
undergoes hydrolysis to form a basic chloride, magnesium hydroxychloride.
MgCl,.6H,0(s) —>Mg(0H)CI(s) + 5H,0(D) + HCI(g)
Further heating of the chloride yields magnesium oxide and hydrogen chloride.
MgCl,(s) + H,0(s) —> MgO(s) + 2HCI(g)

Aluminium chloride is formed by p'tssmg dry chlorine or dry hydrogen chlorlde
over heated aluminium. )
2A1(s) + 3Cl(g) —2AICI(s)
2A1(s) + 6HCl(g) —>2AICl3(s) + 3H,(g)
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Silicon tetrachloride is formed by passing dry chloril_le over heated sil
Si(s) + 2Cl,(g)— SiClL, (D)

N.B Silicon(IV) chloride can also be prepared by heating a mixture of silicon(yy,

oxide and carbon in a dry current of chlorine. /

§i0,(s) + 2C(s) + 2CL(g)—>SiCL, (D) + 2C0(g)

Phosphorus(lIl) chloride, a colourless liquid is formed by passing limiteq dry
chlorine over heated white phosphorus.

. Py(s) + 6Cly(g) —> 4PCly(D
Phosphorus(V) chloride, a white solid is formed by passing dry chlorine over

heated phosphorus(III) chloride. /t is not a convenient method to prepare it Jrom
phosphorus and chlorine directly.

Disulphur dichloride, a red liquid is formed by passing dry chlorine over molten
sulphur.

icon.

25(1) + Cly(g)——+S,Cly(1)

Sulphur dichloride is a red liquid prepared by reacting chorine with disulphur
dichloride at 0 °C.

S2CL (D) + Cly(g)

25CLL, (D)

Qn. Aluminium chloride dimerises vapour phase. State the conditions under

which the dimerised form can be formed and write an equation. Draw the
structure of aluminium chloride in vapour phase.

By passing dry chlorine over heated aluminium at a temperature of 183 °C

2Al(s) + 3Cl,(g)—> Al,Cle(9)

<<
C/ L\c Cl
N.B. Chlorides of beryllium and iron also dimerise in vapour phase.

(c) The table below shows the melting points of the chlorides of Peried 3
elements. '

Chloride NaCl | MgCl, | AlCl, | Sicl, | PCL; | PClg | S,Cly | SCh

Melting point (°C) [808 |714  |192 |-68 |-92 |160 |-76 |8

C
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‘Explain the trend in vafiatioh of the melting, points of the chlor'.i:(’i:es

Melting points of the chlo: zdes generally decrease ‘firom sodlum chlonde to
sulphur dichloride. ST 20 e,

Sodium chloride and magnestum chlorzde kave gtant ionic structures held by
 strong ionic bonds which require a htgh amount of energy to break. The decrease
in melting point Jrom sodium chlortde to magnesium chloride is because
magnesium ion has a smaller tomc radius, higher charge density and higher
polarising power than sodium ion making magnesium chlovide less ionic than
sodium chloride. Aluminium chlovide has a lower melting point than magnesium
chloride because among the cations, the aluminium ion has the smallest ionic
radius, a very high charge density and high polarising power. Aluminium
chloride is therefore predominantly covalent. Silicon tetrachloridé is covalent and
its molecules are held by weak Van der Waals’ Sorces of attraction that require a
low amount of eneigy to break hence a low ‘melting point. Phosphorus
trichloride has a simple moleculay structure thus a low melting point. Phosphorus

pentachloride has an abnormally high melting point because at ordinary

temperatures it consists of PC I3 and PCI} ions hence exhibiting ionic character.
Disulphur dichloride and sulphur dichloride form szmple molecular structures
held by weak Van der Waals’ forces of attraction.

(d) Discuss the reactions of chlorides of Period 3 elements with
water. In each case indicate the pH of the resultant solution.
Sodium chloride:dissolves in water to form sodium ions and chleride ions.
Resultant solution is neutral
NaCl(ag) —>Na*(aq) + Cl™(aq)
Magnesium chloridé dissolves in water to- form magnesium ions and chloride
ions. Resultant solution is neutral
MgCly(aq) —>Mg**(aq) + 2Cl~(aq)
Aluminium chloride hydrolyses in water to form aluminium hydr(mde a white
precipitate and hydrochloric acid. Resultant solution is acidic.
AlCl3(s) + 3H,0(D) __’AI(OH)s(S) + 3HCl(aq)
or Al(H,0)3*(aq) + 3H20(l)—_’Al(H20)3(0H)3(8) + 3H30%(aq)
or Al3*(aq) + BHZO(Z)——-—-*AI(OH)g(s) + 3H*(aq)
Silicon tetrachloride reacts with water to form silicon(IV) oxide and hydrochloric
acid. Resultant solution is acidic.
Sicl () + 2H,0 (1) — > Si0x(s) + 4HCl(aq)
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Phosphorus trichloride re
of hydrogen chloride ga

PCl3(l) + 3H20 (l) -_— H3P03 . .
Phosphorus pentachloride reacts with water to form phosphoric acid and whjs,

acts with water to form phosphonic acid and white fumeg

s. Resultant solution is acidic.
(aq) + 3HCL(g)

fumes of hydrogen chloride gas. Resultant solution is acidic.
PCls(s) + 4H,0 ()—>H3P0,(ag) + SHCL(g)

Disulphur dichloride hydrolyses in water forming sulphurous acid, sulphur anq
hydrogen chloride gas. Resultant solution is acidic.

25,CL,(1) + 3H,0 () —>35(s) + H,S0s(aq) + 4HCL (g)

THE HYDRIDES
Formula of the hydride | NaH | MgH, | AlH; | SiH, | PH; | H,S HCl
Physical state Solids Gases R
Bonding Ionic Mainly Covalent Covalent thoug
covalent polar
Structure Giant ionic | polymeric Simple molecular

(a) Structure and bonding :
From sodium hydride to hydrogen chloride, ionic character decreases as
electropositivity decreases for the metallic elements, electronegativity increasing
for the non-metallic elements. Sodium hydride and magnesium hydride are ionic.
Aluminium hydride is mainly covalent due to the small ionic radius of the
aluminium ion, high charge density and high polarising power. The hydrides of '
silicon, phosphorus and sulphur and chlorine purely covalent. This variation in
structure and bonding in turn affects the variation in melting point among the

chlorides.

(b) With relevant equations, describe how the hydrides of Period 3
elements can be formed. .
Sodium hydride is prepared by heating sodium in dry hydrogen gas
2Na(s) + H,(g)——>2NaH(s)
Magnesium hydride is formed by heating magnesium in dry hydrogen gas.
o Mg(s) + Hy(g) ——>MgH,(s)
Alun‘umum hydride is formed by the reaction between lithium hydride and exces$
aluminium chloride in a solution of ether.
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| " 3LiH(s) + AlCly(aq)—— AlHs(ag) + 3LiCI(s).
Sllan-e /. Si 1c0n(I\.f).hydr1de s formed by the reaction between silicon tetrachloride
and lithium Aluminium tetrahydride in presence of dry ether.

SiCly(D) + LiAlH,(s) ——>SiH,(g) + LiCl(s) + AlCly(s)

N.B. Also when a mixture of magnesium and silicon is heated, éni,ggﬁgsium silicide
is formed.

e VT

o 2Mg(s) + Si(s) ——» Mg,Si(s) 4 -
When magnesium silicide is warmed with dilute hydrochloric:acid, silane is
formed. B - -
Mg,Si(s) + 4HCl(aq)—>2MgCLy(s) + SiH,(g)

Phosphine is formed by heating concentrated sodium hydroxide with white
phosphorus. :

P,(s) + 30H(aq) + 3H,0(l) —3H,P05(aq) + PH:(g)
or P4(s) + 3NaOH(aq) + 3H,0()—>3NaH,P0,(aq) + PHs(g)
Hydrogen sulphide is formed by the reaction between warm dilute hydrochioric
acid or warm dilute sulphuric acid and iron(II) sulphide.

FeS(s) + 2HCl(aq) — FeCl,(aq) + H,S(g)

_ FeS(s) + H;S0,(aq) — FeS0,(aq) + H,S(g)
Hydrogen chloride is prepared by reacting concentrated sulphuric acid and
either solid potassium chloride or solid sodium chloride.

KCI(s) + H,50,(I) —> KHSO0,(s) + HCi(g)
NaCl(s) + H,S0,(1) —>NaHSO0,(s) + HCl(g)

(c) Discuss the reactions of hydrides of Period 3 elements with
water.
Sodium hydride reacts with water to form sedium hydroxide and hydrogen gas
NaH(s) + Hz0 (I) — NaOH(aq) + H,(g)
Magnesium hydride reacts with water to form magnesium hydroxide and
hydrogen gas.
MgH,(s) + 2H,0 () —> Mg(OH),(aq) + 2H,(g)
Aluminium hydride reacts with water to form aluminium hydroxide and
hydrogen.
AlH3(s) + 3H,0 (D—>Al(0H)3(s) + 3Hz(9)
Silane is hydrolysed by water in alkaline medium to form silicate ions and
hydrogen gas.

SiH, (g) + 20H(aq) + H,0 ()—>Si03"(aq) + 4H,(g)
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N.B. An alkaline catalyst required because the Si-H bond is less polar since

silicon and hydrogen have almost similar electronegativities.
Phosphine is non-polar since phosphorus and hydrogen have almost equal
electronegativities hence does not react with water. -
Hydroger sulphide reacts with water to form a weakly acidic solution
H,S(g) + H0 (D) H30%(aq) + HS™(aq)

or H,S(g) + 2H,0 () - 2H3;0*(aq) + S*7(aq)

Hydrogen ‘chloride hence reacts with water to form a strongly acidic solution.
HCl(aq) + H,0 () —*H30%(aq) + Cl™(aq)

QUALITATIV E ANALYSIS FOR
Mg?*, Al3*,NO%~,50%,50%", Cl- AND PO~ IONS
In each case, the test in bold is the confirmatory test for each cation/ anion.
The deductions given are general and do not depend on any previous tests that

could have been done

OBSERVATION | DEDUCTION | EXPLANATION
' " Magnesium ions react with hydroxyl ions

Mg?*, Ca**, Ba**| to form insoluble magnesium hydroxide.

ION | TEST

Add sodium White

hydroxide precipitate -| Probably Magnesium hydroxide is basic hence
drop wise insoluble in | present cannot react with excess sodium
until in excess | excess hydroxide
Mg**(aq) + 20H (aq) *>Mg(0H);(s)
Add ammonia | White
\> solution drop | precipitate | AP*,Pb**, M g%t Magnesium ions react with hydroxyl ions
! wise until in insoluble in Probably to form insoluble magnesium hydroxide.
4/ excess excess present Mg?*(aq) + 20H (aq) —>Mg(OH),(s)
Mg Add sodium - o _
carbonate White Mg?*,Ca*, Ba*'| Magnesium ions react with carbonate
solution drop | precipitate Zn**, Pb** ions to form insoluble magnesium
Probably carbonate.

wise until in

Mg**(aq) + €05 (aq) —>Mg(,‘03(b)

excess . present
Magnesium ions react with sulphate 10l
Add dilute No observable Mg?*Zn?*, Pb*Y to form magnesium sulphate whichisa
sulphuric acid |.change Probably soluble compound
present Mg?t(aq) + SO§~ (W)—-»Mgif(ﬂ
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Add solid
ammonium
chloride and

disodium
hydrogenphosphate
and.then
dilute
ammonia
solution drop
wise until in

White

Drecipitate
insoluble in
excess ammoniaq

M gz}
Confirmed
present

Not required

solution drop
wise until in
excess

excess
Aluminium ions react with hydroxyl ions
' White to form insoluble aluminium hydroxide.
o Add soz‘izum precipitate Zn**, Pb?*, ARY Aluminium hydroxide is amphoteric
A" | hydroxide soluble in excess Probably hence reacts with excess sodium
drop wise to form a present: hydroxide to form a soluble complex of
until in excess | colourless aluminate ions. ‘
solution AP (aq) + 30H(aq) —»AL(OH);(s)
AL(OH);3(s) + OH (aq)—AL(OH)3 (aq)
Add ammonia | White
solution drop | precipitate AP+, Pb**,Mg** | Aluminium ions react with hydroxyl ions
wise until in insoluble in P b' ‘Z‘;u to form insoluble aluminium hydroxide.
robably 3+ -
excess excess Al
present (aq) + 30H(aq) —>Al(OH)4(s)
AP*I 4dd potassium | No observable Pb?*absent
iodide change A3 probably
present
Add 2-3 drops Not required
of litmus .
solution Blue- lake AR
Sollowed by solution confirmed
ammonia present
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NO%

NO%

All nitrates except meSmk .,
Stk 3 o

|

%

Brown fumes sc?dium nitrate, ammoniu.m nitrare
Heat a spatula | turn blue litmus | NO, gas nitrate, maﬁgdnf;e(”) nitrate qng
end-ful of the | paper red and evolved m.ercwy m.t? af‘e eczmpose 10 fory,
solid sample | relight a NOj3 present nztr. ogen dioxide and oxygen, leavin,
glowing splint residue.
\ 2X(N03),(s)—2X0(S) + 4N0,(g) 4 o .
‘ X = Ca,Mg, AL Zn, Pb, Cu, Co or ),
To a spatula Concentrated sulphur_ic .acid rm
end-ful of the nitrate ions to form nitric acid vapo,
solid sample, | Pale brown NO, gas NO3(s) + HZSO{(D_"HN. 03(9) + HSo; (o) ¥
add 5 drops of | fumes, pungent, | evolved When lfeated, nz'trzc. acid decomposes , »
concentrated | turn blue litmus | NO3 present form nitrogen dioxide.
sulphuric acid | red 4HN03(g) —>4N02(g) + 2H,00) + 0, 5
and heat :
To the solution, Concentrated sulphuric acid reacts wij)
add half a nitrate ions to form nitric acid. i
spatula of Brown fumes NO, gas NO3 (s) + H,S0,(1)>HNO3(aq) + HSO; (4
copper turnings | ovolved evolved Nitric acid oxidises copper to form
Jollowed by 5 NOj present copper (1) nitrate, itself reduced to
drops of nitrogen digxide.
concentrated )
sulphuric acid Blue solution j o
and heat Cu(s) + 4HNOz(aq) —> Cu(NO3),(aq) + 2NO,(g) + Zlﬁﬂ‘(;.
(Brown ring ‘
test) Concentrated sulphuric acid reacts vl
To the solution, nitrate ions to form nitric acid.
add an equal NO3 (s) + H,S0,(1)-»HNOs(aq) + HSO; (¢
volume of The nitric acid oxidises some of the
Jreshly A brown ring is iron(Il) sulphate to iron(Ill) sulphaté,
‘; :)e: (al;)ea’ formed. NO3 confirmed itself reduced to nitrogen monoxide 4,
sulphate. Then water.
hold the test
tube in a
slanting i
position and 3Fe?*(aq) + 4H*(aq) + NO3 (aq) —3Fe*(aq) + NO(g) + 2H, !
carefully add The nitrogen monoxide formed reacts with more iron(ll
concentrated sulphate to form a complex which appears as th brow!
sulphuric ring.
acid. 2FeS0,(aq) + NO(9) —— (FeS0,),.NO(aq) _~
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To the

[ | Colourléss gas
solution, add, . .
| dilute sodium;.

l}’ifl? a pungent
-chocking smell

S

In alkaline medium, Zinc reduces
nitrate ions to ammonia and itself
oxidised to zincate ions

hydroxide " | that turns red - or o |
solution liimtgs blue and | NH, evolved in alkaline n;edium,,Alumi,,nium
followed by | forms dense reduces nitrate ions to ammonia and
zincp O"fd‘_"' white fumes NOj3 confirmed | itself oxidised to aluminate jons.
or aluminium | with Practice on how to- :
powder and concentrated - . derive the ..
heat hydrog‘én equations from -thé » )
chloride half-cell reactions
4Zn(s) + 70H(aq) + 6H,0(1) + NO3 (ag) —>4Zn(OH);"(aq) + NH3(g)
8Al(s) + 50H(aq) + 18H,0(l) + 3NO3 (aq) —>8Al(OH):(aq) + 3NH; €]
To the
solution, add C,07, S04, | Lead(Il) ions react with sulphate ions 10
dilute nitric White SO/, Cr form insoluble lead(1l) sulphate
acid followed | precipitate probably Pb?**(aq) + S03~(aq) ——>PbS0,(s)
lead(Il) nitrate ' present '
solution
Add lead(1]) E : -
nitrate White SO/, Cr Lead(Il) ions react with sulphate ions to
5‘02" followed by precipitate probably form insoluble lead(Il) sulphate
dilute nitric insoluble in acid | present Pb?**(aq) + S02~(aq) —> PbS0,(s)
acid
To the
acidified White Lead(Il) ions react with sulphate ions to
solution, precipitate S0z~ form insoluble lead(Il) sulphate
lead(Il) nitrate | insoluble on -7 | present Pb?*(aq) + S0F™ (aq) —>PbS04(s)
solution and | heating/boiling/ Lead(II) sulphate is insoluble on
heat/boil/ warming heating/boiling/warming
Warm
Add dilute N N o _ _
nitric acid White CZO;, , SO, Barzu.m jons react 1_vzth sulphate ions to
followed by precipitate S04 for'rit insoluble b("zrmm sulphate
barium nitrate probably Ba**(aq) + S0~ (aq) ——>BaS0,(s)
| | solurion present
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N

Barium ions react with sulphgs, ion

Add barium N wnite s0%~ form insoluble bt;rium sulphate o
nitrate - \ -
.:(;Iution precipitate confirmed B a2.+ (aq )l+hfz toe4is (i‘;g;l;:? QS 0 o(9)]
followed by insoluble in acid | present szr z'um f‘" P In dily, *|
. nitric acid.

dilute nitric

acid T
To the

;?;::;:ﬁtigd C,0/, SO, Lead(Il) ions react with SulpI?ite 10ms 1
acid followed | White SOF, Cr form insoluble lea_d(II) sulphite

lead(Il) nitrate | precipitate probably Pb**(aq) + S0;™ (aq) —>PbS0y4(y)
solution present —
Add dilute )

nitric acid C,07, SO, Barium ions react with sulphite ions 1o
Jollowed by White Nera Jorm insoluble barium sulphite |
barium nitrate | precipitate probably Ba**(aq) + SO3~(aq) —>BaS0,(s)|
solution present

24 Add barium
SO5 itrate White

soluion Drecipitate Barium ions react with sulphite ions to
Jfollowed by soluble in acid Jorm insoluble barium sulphite

dilute nitric to form a SO%~ present Ba**(aq) + SO} (aq) ——>BasS0,(s)
acid colourless Barium sulphite is soluble in dilute nitric
(distinguishing | solution acid.

festfrom a

sulphate) : -

Manganate(VII) ions in an acidic '

Add acidified : medium oxidise sulphite ions to sulphate |
potassium Purple solution ions and itself reduced to manganese(!l)
permanganate | turns colourless | SO2~ confirmed | ions. This reaction can occur without
solution.

heating unlike for oxidation of oxalate

ions where heating is a must. ‘/

2Mn0; (aq) + 6H* (aq) + 5S0§‘(aq)—->2Mn2*(aq) + 550¢~(aq) + SHLO_(_U/

To a sparula
endful of the
solid, udd 2-3
drops of

White fumes turn
blue litmus red
and form dense
white fumes with

HClI gas evolved
CT present

Concentrated sulphuric acid reacts with ;
chloride ions to form hydrogen chloride 8% |,
CI™(s) + HS0,(1) > HCl(g) + HS0; (0]
Hydrogen chloride gas reacts with ;’

concentrared concentrated J
' . conc 2(; ] ( i
sulphuric avid R o gsztemtcd ammonia to form ammon
und heat
cat HCl —_ Cl(s)
DEMYSTIFYING INORGANIC CHEMIST (9) . NH3 (.9) NH‘}—_(’/
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To the ;

solution, add | White | co2 sbr |1 o i chlovide ions t

dilute nitric precipitats Sz 4 } 3, ead(-ﬂ) ions react with ¢ loz_‘z e ions to

acid followed D ‘T O, CT: form insoluble lead(Il) chloride

lead(I]) nitrate | probably ... Pb®*(aq) + 2€1"(aq) ——>PbCL(s)

solution | present, RERE

ﬁgfalé%ggwe a1l Whit? e SO/, Cr Lead(Il) ions react with chloride ions to

by dilute nitric pr eczpztat? ' probably form insoluble lead(Il). chloride

acid insoluble in acid | present Pb?*(aq) + 2C1~(aq) — PbCl;(s)

To the White —

acidified precipitate

solution, _| soluble on Lead(I) ions react with chloride ions to
cl- Zead('II) nitraté | heating/boiling/” | Cl~ present | form insoluble lead(Il) chloride

solution and warming and : . Pb?**(aq) + 2C1~(aq) —>PbCl,(s)

heat/boil/ reprecipitates on L : .

warm cooling '

Add dilute . e

nitric acid White C,0/, SO, | Silver ions react with.chloride ions to

followed by precipitate cr form insoluble silver chiéride '

silver nitrate probably Agt(aq) + Cl™(aq) —» AgCl(s)

solution present

Add dilute - ' Silver ions react with chloride ions to

nitric acid . ‘ Jorm in.sdluble silver chloride

followed by | White Ag*(aq) + Cl"(aq) —> AgCl(s)

silver nitrate | precipitate Cl™ confirmed | Silver chlovide reacts with excess

solution. soluble in ammonia to form a soluble complex of

“Then add | excess ammonia diamminesilver(l) ion.

aqueous. to form a

ammonia - - | colourless _

drop wise , | solution AgCl(s) + 2NH;3(aq) —>Ag(NH3); (aq) + Cl™(aq)

until in =~

excess. " |
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-Cl™

To the
solution, add
bleaching
powder then
dilute nitric
acid (or add
chlorine
water)

followed by

tetrachloromet
hane and
shake. Allow
to stand

Tetrachlorometh
ane layer
remains
colourless

Cl™ present

—

The acidified bleaching powg,, |
chlorine water produces Chloriy, k.
chlorine cannot oxidise Chl_oride'io,,:;f
hence the tetrachloromethane laye;
remains colourless 3

To the solid,
add
magnesium
powder and
heat in an
ignition tube.
Allow to cool
and add cold
water

A colourless gas
with a smell of
rotten fish is
Jformed

PO;™
present

L

Not required

I

P03

Add dilute
nitric acid
Jollowed by
barium nitrate
solution

White
precipitate

C,0/, SO5%,
SO/ or PO3~
probably
present

Barium ions react with phosphate ions 0
Jorm insoluble barium phosphate
3Ba?*(aq) + 2P03~(aq)*Ba;(PO,);(

I

Add dilute
nitric acid
followed by
silver nitrate
solution

Yellow
precipitate

PO or I~
probably
present

Silver ions react with phosphate ions

form insoluble silver phosphate

3Ag*(aq) + POy (aq) —>Ag3P04(SJ’
I

Add silver
nitrate
solution
Jollowed by
dilure nirmric
acid

Yellow
precipitate
soluble in dilute
nitric acid

PO}~
present

Silver ions react with phosphate ions "
form insoluble silver phosphate "
34g*(aq) + P03~ (aq) —>AgsPO"
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Add dilute
nitric acid Yellow
Jollowed by DPrecipitate =
silver nitrate * | soluble in excess PO3- | Silver ions react with phosphate ions to
solution. Then ammonia to present fc')?m insoluble silver phosphate
add aqueots | form a yellow " | 34g%(aq) + P03~ (aq) —» AgzP0,(s)
ammonia drop | solution 1
wise until in
excess.
Add dilute
nitric acid
POy followed by Yellow
ammonium Dprecipitate
molybdate soluble in PO3-
solution and | aqueous confirmed | Not required
warm. Then ammonia or present
add aqueous’ | sodium
ammonia or hydroxide
sodium solution.
hydroxide
solution.

HYDROLYSIS OF SALTS OF HIGHLY CHARGED CATIONS
Qn. Explain why an aqueous solution of aluminium sulphate turns blue litmus

paper red/ has a pH below 77

The aluminium ion in aluminium sulphate has a high charge and a small ionic

radius. "
It has a 'high charge density and high polarising power, exists as
hexaaquaaluminium(IIl) ion in solution. Aluminium ion therefore undergoes
cationic hydrolysis forming hydrogen ions hence making the resultant solution
acidic.
Aly(S04)3(aq) + 6H,0() ——>2A1(0OH);3(s) + 3H,S0,(aq)
or Al(H20)2+(aQ) + 3H20(l) _—’Al(HIZO)S(OH)S(S) + 3H30+(aq)
or AlP*(aq) + 3H,0() —>Al(0H)s(s) + 3H*(aq)
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N.B;

a. Not only solutions of aluminium are acidic due to hydrolysis, but also
cln ommm(III) salts and iron(Ill) salts.

b. T lzey precipitate as hydroxides in water on addition of a basic substance,
The basic substances include; sodium carbonate or potassium carbonate,
sodium hydrogen carbonate or potassium hydrogen carbonates, sodiuy,
sulphite or potassium sulphite, sodium sulphide/ ammonium sulphide,
magnesium powder, or an alkali.

c. The carbonates or hydrogen carbonates evolve carbon dioxide, the sulphites
produce sulphur dioxide, sulphides liberate hydrogen sulphide gas and
magnesium liberates hydrogen gas as shown by the reactions below; . |

C03~(aq) + 2H;0*(aq)—>C0,(g) +:.3H,0()
H;0%(aq) + HCO3(aq)——> C0,(g) +-2H,0(l) -
S03~(aq) + 2H;0*(aq)——>50,(g) + -3H,0(])
52-(aq) + 2H30*(aq) — H,S(g) + 2H,0(l)
Mg(s) + 2H30% (aq)—>Mg?**(aq) + H,(g) + 2H,0(1)"

d. When writing the overall equation, one of the above equations is combined

with the equation for the hydrolysis of the salts in (a) by eliminating the
—acid(H30% or H*) -in the half cell reaction equations. A well balanced
molecular equation can as well be written.

Qn. When potassmm hydrogen carbonate is added to a solution of iron(IIl)
chloride, a brown precipitate and bubbles of ‘a colourless gas are observed
Explain this observation.

The iron(IIl) ion in iron(Ill) chloride has a high charge and a small ionic radius.
It has a high charge density and high polarising power, exists as hexaaqua iron
(I1I) ion in solution. The ion therefore undergoes cationic hydrolysis forming
insoluble iron(IIl) hydroxide_and hydrogen ions making the resultant solution
acidic. The hydrogen ions react with hydrogen carbonate ions forming

carbon dioxide gas. .

Feblr{aq)—+—3H 0(h———— Fel0H)z(s)+3HE e}
HEHaq)+—HHEOaq) e K CUa )-GO g+ H 043

FeCly(aq) +3KHCO3(aq) ——*Fe(OH);(s) + 3KCl(aq) +3€04(9)
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i b\“*lvuje ::‘WIJ G285 '-lpc(HéO)é(Oal)é(s) —IL 3;1504("’1"11}
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NSNS A e, GO +2H 0% 3

or Fe(H,0)5* (aq) + 3HCO3 (aq) —Fe(H,0)3(0H);(s) + 3€0,(g) +3H,0(D)

N eTSH00 —-FelOH - (s)——3H (aq)
LHT (A 1 - :
U0 (ag) -0} +H (D) %3

h
7 T J.
or Fe*(aq) - 3HCO3(aq)—>Fe(0H);(s) + 3€0,(9)

z

P

Check for more questions about this in the miscellaneous topicél questions

INDUSTRIAL PROCESSES

Qn. Describe; using a well labelled diagram, the iﬁdustrial prdcess for
the manufacture of chlorine.

Chlorine out

.Graphite anode

w, Used brine out

sodium
amalgam
out to }"vater tank

Chlorine is manufactured by electrolysis of brine using a graplite anode and a
Sflowing mercury cathode. | |
Brine is decomposed by electric current according 1o the equation;
NaCl(aq) — Na*(aq) + Cl7(aq). .
Chloride ions discharge at the graphite anode forn;z'z;g chlorine gas.
2C1~(aq) —> Cly(g) + 2e..

R
A}
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Qn. (a) Describe the industrial process for the maanacture of sodiyp,
hydroxide. (No diagram required) SRR

(b) State the uses of sodium hydroxide

Sodium hydroxide is manufactured by electrolysis of brine using a graphite anog,
and a flowing mercury cathode using a Castner-Kellner cell. -
Brine is decomposed by electric current according to the equation;
NaCl(aqg) ———>Nat*(aq)- + C!"(aq)
Chloride ions discharge at the graphite anode forming chlorine gas.
2ClI~(aq)—>Cl,(g) + 2e
Sodium ions are discharged at the cathode to obtain sodium.

Na*(aq) + e — Na(l)
The sodium formed combines with mercury to form sodium amalgam.
, Na(l) + Hg(l)—/8 NaHg(l)
The sodium amalgam moves to the water tank where it reacts with water to form
sodium hydroxide, hydrogen regenerating the mercury.
2NaHg(l) + 2H,0 ()—»2Na0OH(aq) + H,(g) +2Hg(l)
Uses of sodium hydroxide ‘

o Manufacture of soap
» Manufacture of rayon and paper ,
e Purification of Bauxite in Aluminium extraction

Qn. Describe how nitric acid i

‘manufactured :.us'iiig hydrogen and
nitrogen as raw materials. s = A

Dry hydrogen obtained from natural gas and dry nitrogen obtained from
fractional distillation of liquid air are mixed in a 3:1 proportion by volume
respectively.

The mixture is then heated at temperature of about 450-550 ° C and pressure
between 200-500 atmospheres in presence of finely divided iron catalyst to form
ammonia - :

3H,(g) + N2(9) 2NH3(g)
The ammonia is dried and mixed with excess dust free air and passed over
Platinum-Rhodium catalyst at red heat at a temperature of about 900 ° C and a
pressure of 8 atmospheres (o form nitrogen monoxide and water.
4NH;3(g) + 50,(g) — 4NO0(g) + 6H,0()
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The nitrogen monoxide Jormed is _rapidly cooled and furlher oxidised by oxygen -
from an excess of the air 1o Jorm mtrogen dioxide.

2NO (g) + Oz(g)_>2NOz 9)

The nitrogen dioxide, in presence of more air. is then absorbed in hot water io
form nitric acid.

4N0,(g) + 0,(g) + 2H20 (l) — 4-HN03(aq)

Qn. Sulphur d10x1de is a raw materlal used in manufacture of sulphuric
acid by the contact process.

(a) With relevant equations, descrlbe the various ways how sulphur dioxide
used in this process may be obtained on a large scale.
(b)Describe how sulphuric acid can be manufactured using one of the
sources above..
(c) Describe the reactionrs of sulphuric acid with hydrohalic acids of
group(VII) elements. State any observations made.
(d)Briefly describe. how the s'ulphuri,c acid can be converted to
superphosphate fertiliser. :
(2) Sulphur dioxide can be.obtained by burning sulphur in air
' S(s) + 0,(g) —>50:(9)
or by roasting iron pyrites in air
4FeS,(s) +110,(g) — ZFezos(S) +850,(g)
or roasting zinc blende in air
2ZnS(s) + 30,(g) —> 2Z2n0(s) + 250,(g9)
or roasting copper pyrites
2CuFeS,(s) + 40,(9) —— Cu,S(s) + 350,(g) + 2Fe0(s)
(b) Iron pyrites are roasted in air to form iron(II) oxide and sulphur dioxide.
4FeS,(s) + 110,(g) —>2Fe;05(s) + 850,(9)
The sulphur dioxide obtained above and oxygen obtained by fractional distillation
of liquid air are purified to clear them off any dust that may poison the catalyst
and dried.
The purified and dried gases are passed over Vanadium(V) oxide catalyst at
temperatures about 450-500 °C and pressures between 1-3 atmospheres_to form

Sulphur trioxide.

250,(g) + 02(9) 2503(g)

7 RY ; v Kayiira , BScED(Hons. CHEM/MTC)
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The sulphur trioxide is dissolved in concentrated sulphuric acid to form a fiy;, g
liquid called oleum. '

H,50,(aq) + S05(g) —> H,S5,07(1)

The oleum is carefully diluted with a correct amount of water to form 98%
concentrated sulphuric acid.

H;S,0,(1) + Hy0 (1) —>2H,504(aq)
N.B. 1. Vanadium pentoxide is preferred over Platinum as catalyst because it is
cheaper and not commonly poisoned by impurities
2. The sulphur trioxide is not dissolved in water because its reaction with water is

highly exothermic and it leads to formatzon of sulphuric acid sprays that damage
plants and animals

() Sulphuric acid does not react with hydrofluoric acid and hydrochloric acid
because the fluoride ion and chloride ion have small ionic radii hence
making the hydrides have a weak reducing action.

Hydrobromic acid and hydroiodic acid are strongly reducing due to large

ionic radius of bromide ions and iodide ions. They reduce hot concentrated

sulphuric acid to sulphur dioxide as they are oxidised to bromine and iodine
respectively. '

Reddish brown vapours and purple vapours are observed respectively

H,S0,(l) + 2HBr(aq) — Bry(g) + 50,(g) + 2H,0 (1)
H,S0,(1) + 2HI(aq) —>1,(g) + S0,(g) + 2H,0 (1)

(d) Calcium phosphate is dissolved and stirred in about 65% sulphuric acid |
to form a mixture calcium sulphate and calcium dihydrogenphosphate.
The product is dried and forms the superphosphate fertiliser.

Caz(P0O,),(s) + 2H,50,(aq)— Ca(H,P0;),(s) + 2CaS04(s)

N.B; The Single Superphosphate(SSP) fertiliser made above is less efficient

because it is contaminated with Calcium sulphate. A more efficient fertiliser

called Triple Superphosphate fertiliser is formed by using concentrated
phosphoric acid instead.

Caz(P0O,),(s) + 4H3P04(aq)-——*3C0(H2P04)2(5)
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Qn. (_a)- erlte the name and formula of the chief ore from .which
aluminiumis  extracted, i ' o

(b) Name the common impurities present in the ore in (a) above
(c) Describe how the ore is;
(i) concentration
(ii) pure aluminium is obtained from the concentrated ore.
(No diagram is required)
(d) Explain why in the extraction process;
(1) a low voltage is used
(ii) anodes have to be replaced after some time.
(iii) iron cannot be obtained by the same process as aluminium is obtained
in (¢) (ii) above.
(e) State the uses of aluminium in relation to its properties.
(f) Explain why aluminium utensils should not be washed using soap.

(a)Bau.Xite A1203.2H20

(b) Silicon(IV) oxide i
Iron(Ill) oxide
Titanium(IV) oxide

Purification :

(c) (i) The ore is heated in presence of oxygen to drive off water of
crystallisation, to obtain anhydrous aluminium oxide and also convert
iron(Il) ions to iron(Ill) oxide.

Al,05.2H,0(s) —> Al,05(s) + 2H,0 (I)
The roasted product is crushed/ pulverised into fine powder and digested
with hot concentrated sodium hydroxide under pressure to dissolve
amphoteric aluminium oxide that forms aluminate ions.

Al,05(s) + 20H(aq) + 3H,0()—> 241(0H); (aq)
or Al,05(s) + 60H(aq) + 3H,0()—>2Al1(0H)E " (aq)
or Al,05(s) + 20H(aq)—> 24103 (aq) + H0(1)
or Al,05(s) + 2NaOH(aq) + 3H,0(D) —2NeAI(0OH) 4(aq)
or Al,05(s) + 6NaOH (aq) + 3H,0(1)— NazAl(0H)g(aq)
or Al,05(s) + 2NaOH(aq) —*2NaAl0,(aq) + 3H,0(1)
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Silica being acidic dissolves in the sodium hydroxide to form sodium silicate
or Si0,(s) + 20H(aq) -——+5i03-_(aq) + H,0(D)
or Si0,(s) + 2NaOH(aq)—>Na,Si03(aq) + HZOQ) |
The basic iron(IIl) oxide and titanium(IV) oxide do no.t dissolve .17.1 the sodiyp,
hvdroxide hence filtered off; forming a residue. The aluminate and silicate form th, .

filtrate. ) .
The filtrate is cooled, diluted with water, and seeded with freshly precipitateq
aluminium hydroxide to precipitate aluminium hydroxide. _
Al(0H)3(aq) + AL(OH)3(s) —> 2Al(0H)3(s) + OH(aq)
or NaAl(OH)4(aq) + Al(OH)3(s) —*2A1(0H)3(s) + OH(aq)
or A(IOH)? (aq) + Al(OH);(s) —> 2Al(0OH)3(s) + 30H(aq)
or NazAl(0H)¢(aq) + AL(OH)3(s) ——»2A1(0H);(s) + 3NaOH(aq)
or AlO3 (aq) + Al(OH);(s) + 2H,0(1) —>2Al(0H)3(s) + OH(aq)
or NaAlO,(aq) + AL(OH)3(s) + 2H,0(l) —>2Al(0H)3(s) + NaOH(aq)
Alternatively, carbon dioxide is bubbled through the filtrate to precipitate out
aluminium hydroxide.
2Al(OH)3(aq) + CO,(g) —> 2AI(0OH)3(s) + CO% (aq) + H,0(D)
or 2NaAl(OH)4(aq) + CO,(g) —>2A1(0H)3(s) + Na,CO05(aq)+ H,0(l)
or 2AI(0H)?™(aq) + 3€0,(g) —2AL(0H)5(s) + 3C05~(aq) + 3H,0(])
or 2Na3Al(OH)¢(aq) + 3C0,(g)—*2A1(0OH)3(s) + 3Na,CO, (aq)+ 3H,0(D)
or 2Al05 (aq) + CO,(g) + 3H,0()—2Al(0H)3(s) + CO05~ (aq)
or 2NaAlO,(aq) + CO,(g)+ 3H,0(1) ——241(0H);(s) + Na,C03(aq)
The aluminium hydroxide is then filtered off, washed, dried and heated strongly to
Jform pure anhydrous aluminium oxide.
2Al(0H)3(s) —>Al,05(s) + 3H,0())
(i) Pure aluminium is obtained Jrom aluminium oxide by electrolysis using
graphite electrodes in presence of molten cryolite that lowers the melting point of
aluminium oxide at a low voltage and a high current density.
Aluminium oxide is decomposed by electric current according to the equation
Al O03() — 243 () + 30%~(D
Oxygen is given off at the anode.
20 () ———— 0,(g) + 4e
the cathode according to the equation
ABY(D + 3e —Al(D)

Aluminium js obtained at
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(d) () A low voltage is used 10 avoid decomposition of the.cryolite

(ii) Anodes have. to be replaced because: oxygen liberated there attacks them to
form gaseous oxides of carbon. This makes them wear out after some time.
(This effect can be overcome b g

Y using a special self-baking Soderberg type. of
anode. C LT
(iii) Iron cannot be extracted by electrolysis but by reduction because iron is less
reactive than carbon hence forms a less stable oxide, easily reduced by carbon.

Aluminium is more reactive than carbon hence its oxide is stable and cannot be
reduced by carbon. Therefore, aluminium is extracted by electrolysis.

i
1
i

(e) Uses of aluminium in relation 1o its properties

Property Related use

Lightness and a high tensile | Used to make alloys like Duralumin for

strength air craft construction, aluminium bronze
and magnalum

Light, good appearance, good heat | Making cooking utensils

conductivity

Light Making overhead electric cables

Resistant to corrosion Construction of windows and doors

Malleable(easily shaped or bent), | Making aluminium foil used in packaging

ductile and light industry

Reducing property In Thermite welding and extraction of
manganese and chromium

(9 Soap is an organic salt of an organic acid and sodium hydroxide. Soap
undergoes hydrolysis in solution to form a weak organic acid and
hydroxide ions. _

RCO0~(aq) + H,0(l) — RCOOH(aq) + OH(aq)
The hydroxide ions react with aluminium to form aluminate ions and
hydrogen. This causes wearing off/ tarnishing of the aluminium utensils.

241(s) + 20H (aq) + 6H,0(l) —>2A1(0H)% (aq) + 3H,(g)
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MISCELLANEOUS TOPICAL QUESTIONS
Short answer type questions

1. Successive ionisation energies (kJmol™) for some elements in Period 3 of the
periodic Table are shown in the table below.

Element Tonisation energy R
lst znd 3rd 4th Sth
Silicon 787 1577 3230 4355 16090
Phosphorus | 1060 1896 2908 4954 6272
Sulphur 1000 2258 3381 4565 6995 _
(a) State and explain the trend in successive ionisation energies. (03 marks)
(b) Explain why the;
(i)  First ionisation energy of sulphur is less than that of phosphorus
(03 marks)
(if)  third ionisation energy of phosphorus is less than that of silicon.
(03 marks)
2. (a) Explain what is meant by the term first electron affinity. ‘ (01 mark)
(b) State three factors that can affect electron affinity. (1 % marks)
(c) The first electron affinities of some elements in Period 3 are given in the
table below.
Element Al Si | P S
First electron affinity | -44 -134 -71.7 -200
(i)  State the trend in variation in electron affinities ( ¥ mark)
(i) Explain your answer in c (i) above. (02 marks)

3. Both aluminium and phosphorus form compounds in the oxidation state of +3.
(2) Briefly explain in terms of electronic configuration why aluminium
conducts electricity but common allotropes of phosphorus do not.

. (03 marks)
(b) Write an equation for the reaction between each element with sodium
hydroxide solution. (03 marks)

4. Describe and explain how the oxides of magnesium, aluminium and silicon
react with;(your answer should include conditions and equations for the
reactions if any)

(i)  Sodium hydroxide (4 4 marks)
(i)  Hydrochloric acid (4 V- marks)
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. (a) Write an ionic equation for the reaction between concentrated sodium
hydroxide solution and; : :
~ (1)  Phosphorus(V) oxrde
(i))  Chlorine , :
(iii) Aluminium oxide : "~ (03 marks)
(c) State what was observed and write an ionic equatlon when sulphur dioxide
was bubbled through acidified potassrum dichromate'solution. (2! '/z mark)
. (a) The melting points of magnesium and sulphur are 6603°C an; 119 °C

respectively. Explain the difference in the melting points, (2 marks)
" (b) (i) Write the formulae of the oxides formed by magnes1um and sulphur

State the types of bond in each oxide. AN
Element. Formula of oxide Type of bond
Magnesium B
Sulphur
(11) Write an equation for the reaction between each 0x1de 1n (b) (i) above
with sodium hydroxide solution. =~ | (02 marks)

(c) Both magnesium and sulphur react with srl1con to form correspondlng
silicides. Write an equation for the reaction between;
(i)  The silicide of magnesium and dilute hydrochlonc acid. (01 mark)

(i)  The silicide of sulphur and cold water. . . (01 mark)

. (2) Draw the structures and name the shapes of the following species. In each

case, state the oxidation state of the central atom in the species.
Structure Shape Oxidation state

Species

503~

502~

5203-
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S0,

clo;

Cclo~.

Clog

HCCl,

(b) Explain why the sulphite ion adopts the shape you have named in (a).

(02 marks)

(c) Name a reagent(s) which can be used to distinguish between the sulphite

ion and sulphate ion. State what would be observed in each and write
equation for the reaction(s) that occurs in each case.

(3% marks)

8. (a) The elements Aluminium, silicon and phosphorus belong to Period 3 of the
Periodic Table.

(i)  Write the formulae of the chlorides of the elements. (1 Y2 marks)
Element Formula of chloride
Aluminium
Silicon
Phosphorus

(i)  State the conditions and write equations for the reactions that take
place between each element and water. (4 Y2 marks)

(b) sodium hydrogen carbonate solution was added to a solution of
aluminium chloride in water.

(1) State what was observed (01 mark)
(i) Write equation for the reaction. (1 % marks)
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9. (a) Write an equation between water and the chloride of;

(i) Aluminium "
(ii)  Sulphur ) o ‘ U
(iii) Phosphorus h . (4% marks)

(b) Write an equation for the reaction between hot concentrated sodium
hydroxide solution and; .
(i) aluminium
(ii) silicon
(iii) chlorine (4 2 marks)
10.(2) When 0.1g of aluminium was vapourised at 350 °C and a pressure of 1
atmosphere, 19.2 cm® of vapour was formed.
(i)  Calculate the relative molecular mass of aluminium chloride.
(02 marks)
(i) Write the structural formula and molecular formula of aluminium
chloride in the gaseous state at 350 °C. (02 marks)
(b) Aluminium chloride is normally contaminated with traces of iron(IIl)

chloride.

(i) Name one reagent that can be used to detect the presence of iron(IIl) ion

in a contaminated solution of aluminium chloride. (01 mark)
(ii) State what would be observed if the contaminated aluminium chloride
(Y2 mark)

solution was treated with the reagent you have named in (b) (1)
(iiiy Write equation for the reaction leading to the observation you have

stated in (b)(ii)
(c) Water was added drop wise to aluminium chloride.

(i) State what was observed. (01 mark)
(ii) Write equation for the reaction that took place. (1 %2 marks)
hloride in organic synthesis. ( %2 mark)

(d) State one use of aluminium ¢ :
11. When 0.13g of a chloride of iron was vapourised at 600K and 1 atmosphere,

20 ¢cm? of a vapour was formed. _
(a) Calculate the relative molecular mass of the chloride of iron. (02 marks)

(b) Determine the; , )
(i) Molecular formula of the chloride of iron,
(i)  Structural formula of the chloride of iron in vapour phase.

(02 marks)
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12.Sodium, magnesium, silicon and sulphur are some of the elements in the
Periodic Table.
(a) For each element, write the formulae and name the structure of the hydride.
Element Formula of hydride | Structure ]

—)

——

(b) Write equation for the reaction between water and
(i) Magnesium hydride. (01 mark)
(i)  Sulphur hydride. (01 mark)
(c) Silicon hydride is hydrolysed by water whereas carbon hydride is not.
(i)  Write the equation of hydrolysis of silicon hydride (1 %2 mark)
(i) Give areason for the difference in reactivity of the two hydrides.
(1 ¥2 marks)
13.Explain the following observations:
(a) Silicon(IV) chloride is hydrolysed by water whereas carbon tetrachloride is
not. (3 %2 marks)
(b) When magnesium ribbon was added to a solution of chromium(IiI) sulphate,
a green precipitate and bubbles of a colourless gas were evolved.
(3 Y2 marks)
(¢) Chloric(I) acid and chloric(VII) acid are both oxoacids of chlorine.
However, chloric (VII) acid is a stronger acid than chloric(I) acid.

(02 marks)
.(d) Sodium chloride melts at 800 °C whereas aluminium chloride sublimes at
180°C - (02 marks)

(e)When hydrogen iodide is treated with concentrated sulphuric acid, iodine is
liberated, whereas when hydrogen chloride is similarly treated, chlorine is not

evolved. (03 marks)
(f) Anhydrous magnesium chloride is commonly contaminated with magnesium
oxide. : : - (03 marks)
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14. Chlorine is manufactured -by electrolysis of a saturated ‘solution of sodium
chloride. .

(a) Name;
(1)  the cathode used ( Y2 mark)
(1)  the anode used : ( %2 mark)
(b)-Write equation for the reaction at the anode. (01 mark)
(c) Write equation for.the reaction: that takes place if -chlorine is bubbled
through - ; Do
(1) cold dilute sodlum hydrox1de solution - (1 %2 marks)
(i1)  hot concentrated sodium hydroxide solution ( 1 % marks)

(d) Explain what would happen if the resultant mixture in (c) (i) is heated.
( 1 ¥ marks)

(e) Chlorine can be prepared by reactmg lead(IV) oxide and hydrochloric

acid.
(1)  State the conditions for the reaction. (01 mark)
(i)  Write equation for the reaction., ‘ (1%, mark)

15.(a) In the manufacture of sulphuric acid, sulphur trlox1de is not dissolved in
water, but another solvent. ‘

(i)  State why water is not used as solvent. "~ (01 mark)

(ii) Write equation(s) to show the formation of sulphuric acid from
sulphur trioxide.

(03 marks)

(b)State what would be observed and write equation for the reaction
between concentrated sulphuric acid and, v

1) solid potassium bromide. ( 02 marks)

(i) solid sodium iodide - (2 > marks)

16.During the manufacture of sulphuric acid by the“contact process, sulphur

dioxide is catalytically oxidised to sulphur trioxide. The sulphur trioxide formed

is then absorbed in 98% sulphuric acid to form compound Q.

(a) Name one source of sulphur dioxide and one’ source of oxygen used in

the contact process. SELRS (01 mark)

(b) State the industrial conditions used to obtam a'maximum yield of sulphur

dioxide. (1 ¥2 marks)

(c) Write equation to show how compound Q is converted into sulphuric

acid
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(d) State the conditions under which sulphuric acid reacts with each. of the
following and in each case write an equation for the reaction that takeg
place.

e Tin
e Copper
e Carbon - -, (06 marks)

() Concentrated sulphuric acid is 98% w/w and has a density of 1.84gcm™.

Calculate the molarity of the concentrated sulphuric acid. (2 %2 marks)
17.(a) Name and write the formula of the major ore used in the extraction of

aluminium. (01 mark)
(b) Using equations only, state how the named ore in (a) is converted to pure
aluminium oxide. (06 marks)

(c) The aluminium oxide obtained in (b) is mixed with molten cryolite and
electrolysed between carbon electrodes. State;
(i) why the carbon anodes have to be replaced from time to time. ( 2 mark)

(i) the role of cryolite ( Y2 mark)
(d) Explain one use of aluminium. (01 mark)
(¢) Ammonium sulphide was added to an aqueous solution of aluminium
chloride. ,
(i) State what was observed (01 mark)
(ii) Write an equation for the reaction that took place. (01 mark)
18.Bauxite is the principal ore used for the extraction of aluminium.
(a)(i) Write the formula of Bauxite. (¥, mark)
(ii) Write the chemical formulae of two impurities present in Bauxite.
(01 mark)

(b)Briefly describe how pure aluminium can be obtained from bauxite.

(include appropriate equations where necessary) (05 marks)
(c) Describe the reaction of aluminium with acids. (04 marks)

(d) Sodium carbonate solution was added to an aqueous solution of
aluminium chloride.

(i)  State what was observed. (01 mark)
(i)  Write equation for the reaction that took place. (1 ¥ marks)
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19.Name a reagent that can be used to distinguish each of the following pairs of

ions. In each case state what i 1s observed and write an equation if each reagent is
separately treated with the reagent.

(i) ~.Mg* and Ca?*
(i) -+ Mg?* and A3+
(iii). -SOZ~and 5,03
(iv). - SO%"and CI~
(V) . CO3and HiCO3 bt e (@ Ymarks)
(vi) NOz and NO3 I ' + (3 Y5 marks)
20.Aluminum  ammonium  sulphate (also, . called. ammonium  alum),
(NH,),S0,4.Al, (S 04)3. 24H20 is a double salt formed by, Aluminium.
Crystals of the salt were dlssolved in water and the solution formed divided into
three portions.
(i) to the first portion was ; added sodlum hydroxide solutlon drop wise until
in excess and the mixture warmed. Explain the reactions that took place and
state any observations made. . (6 %2 marks)
(ii) to the second portion was added some drops of litmus solution followed
by ammonia solution drop wise until in excess. State what was observed.
(01 mark)
(iii) to the third part was added ammonia solution drop wise until in excess.
State what was observed and write equation(s) to 111ustrate your answer.
(2 Y2 marks)

»i3t (3% marks)
(3 Y2 marks)
" (3% marks)
(3 ¥2 marks)

Long answer type questions.
21.Magnesium, Aluminium, Phosphorus and chlorine are elements of Period 3 of
the Periodic Table. Their atomic numbers and melting points are given below.

Element Atomic number Melting point( °C)
Magnesium 12 649
Aluminium 13 661
Phosphorus 15 44
Chlorine 17 -101
(a) Explain the trend in melting point of the elements (06 marks)
(b) Discuss the reactivity of the elements with; .
(i) Water : + (08 marks)
(ii)  Sodium hydroxide (06 marks)
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22.(1) Wit the formulae of the anhydrous chlorides of sodium, magnesium,
aluminivum and silicon, |

(02 marks)

(1) (1) Write equations for the changes that take place when cach of the chlorideg in
(n) is added to water, (04 marks)
(i) Interprete the changes in the type bonding for cach of the chlorides ip (@)
above. (02 marks)
(ii1)  Uxplain why the chloride of carbon does not react with water but that of
silicon does so. (04 markg)

(¢) Aluminium hydroxide is amphoteric. Write ionic equations to show the
meaning of this statement. (02 markg)

(d) The table below shows the ionic radii of sodium, magnesium and aluminium
ions and the melting points of the chlorides formed by the three cations.

Ton Na" Mg** AP*
Tonic radfus(nm) 0.095 0.065 0.050
Melting point of the choride(°C) 801 712 180

(i)  Calculate the charge-radius ratio for each cation. ( 1 % marks)

(i)  State and cxplain the trend in melting points of the chlorides of

the threec metals, (4 V2 marks)

23.The table below shows the melting points of both Period 3 elements of the
Periodic T'able and their oxides

Element Na Mg Al Si P S
Melting point(K) 370.8 | 923 | 9333 | 1687 | 317.2 | 388.2
Oxide Na,0|Mgo0 | Al,0; | Sio, | P,05 | SOs
Melting point(K) 1548 13100 | 2280 | 1880 | 833 | 303

(a) Explain the differences in melting points of the;
(i) Elements
(i)  Oxides
(b) Describe the reactions of:
(i) Aluminium, silicon and phosphorus with sodium hydroxide
(n) the hydrides of sodium, silicon and sulphur with water
(1) the chloridey aluminium, silicon and phosphorus with water
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24.Th(=j elem'ents sodium, aluminium, phosphorus, silicon and chlorine all belong to
Period 3 in the Periodic Table.

(a) Write the formulae of the hydride formed by each element and in each

case state the type of bonding in the hydride. ,' (05 marks)
(b) Usmg equations onlyz illustrate how each of the hydrides can be prepared
in the laboratory. * ~ ' o (05 marks)

(c) Explain what happens when each of the hydrides in (a) above is added to
water and state whether the resultant solution is acidic, alkaline or
neutral. Write'équations i each case.

' SRR e (10 marks)
25.(2)The melting points of magnesium, silicon and sulphur are 650°C, 1423°C
and 120°C respeltively.” Explain the difference in the melting point of the
elements. (06 marks)
(b) (i) Namie thé type of bond that exists in the hydride of magnesium,
silicon and sulphur, ' (1 % marks)
(i) - Write the équation to show the reaction of each of the hydrides in
‘ (b) (i) above with water. (4 2 marks)
(c) Describe tﬁé reaction of the oxide of silicon with: ‘
(i) ' hydrofluoric acid ~ |
(i) sodium hydroxide

(iii) water (08 marks)
26.(a) Describe the manufacture of sulphuric acid starting from zinc blende.
(06 marks)
(b) Describe the reactions of sulphuric acid with;
(i) iron
(i) copper
(iii) benzene (9 % marks)

(c) concentrated sulphuric acid is 98% w/w and has a density of 1.84 gem™,
Determine the volume of the acid that must be dissolved in 200 cm’ of
water to make a solution that will completely neutralise 16.8g of sodium

carbonate. (4 ¥ marks)
27.(a) Write the formula and name the main ore of Aluminium (01 mark)
(b) Describe how;
(i) the ore is concentrated. (08 marks)
(ii) pure aluminium is obtained from the concentrated ore. (03 marks)

(c) describe the reaction of aluminium with;
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(1)  sulphuric acid _, (04 marks)

(ii)  sodium hydroxide. . . (2% markg
(d) Write the equation for the reaction between aluminium and trimanganesé
tetraoxide. ' .. (1 V2 markg)

28.Explain the following observations; '
(@ The pH of aluminium(III) sulphate in water is less than 7. (3 % marks)
(b) The first ionisation energy of aluminium is less than that of
magnesium. (03 marks)
(c)  When sodium hydroxide solution was added to aluminium sulphate
solution, a white precipitate was formed which dissolved to form a

colourless solution. (05 marks)
(d Aluminium chloride dissolves in methylbenzene but sodium chloride
does not. (03 marks)
(¢) The melting points of P,0,o and SO, are much lower than that of
Si0,. (03 marks)

(®  Sodium melts at 97.8 °C whereas magnesium melts at 665°C.
| (02 marks)

(g) Ionic radius of potassium jon is smaller than that of potassium atom
yet ionic radium of chloride ion is larger than that of chloride ion.
(03 marks)




o

THE CHEMISTRY OF ‘GROUP'IF ELEMENTS

Electronic structures/ conﬁgu-rations-:ié SR

Element | Atomic number Configuration
Be 4 152 252
Mg 12 = 152 252 2p 352
Ca 20 152 252 2p® 3523p64S2
Sr 38 152 252 2p® 3523p63d1°4s24p®5s?
Ba 56 15% 252 2p® 3523p°3d V4s24p®4d1055°5p°65?

From the above electronic configurations, it can be concluded that the outermost
electronic configuration of group II elements is ns2.

They have two electrons in their outermost sub-energy level and it is these
electrons that they use in chemical reaction.

Bonding and structure
Qn. Explain why group II elements form metals with higher melting and
beiling points than group I elements

Both group I and group II elements form metallic bonds whose strength depend
on the number of electrons contributed per atom to the formation of the metallic
bonds. Group II elements contribute two electrons per atom forming stronger
metallic bonds that require a higher amount of energy to break than Group I
elements which only contribite one electron per atom towards forming weaker
metallic bonds that require a lower amount of energy to break.

VARIATION IN ATOMIC AND PHYSICAL PROPERTIES OF THE ELEMENTS

1. Melting points
The table below shows the melting points of group II elements

Element

Be

Mg

Ca

Sr

Ba

1280

650

850

770

720

Melting points(OC)

Explain the trend in melting points of the elements
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Melting point generally decreases from Beryllium to Barium with magnesium

having an abnormally lower melting than calcium. .
From Beryllium to Barium, atomic radius increases, bond length increases and

bond strength decreases reducing the amount of energy re_quired to break the
metallic bonds. . . o .

Magnesium has an abnormally lower melting than calcium because magnesium
has a hexagonal close packed structure compared to calcium with a packed

structure.

2. Atomic and ionic radius .
The table below shows the atomic radii and ionic radii of the elements in Group II

of the Periodic Table.

Element Be Mg Ca Sr Ba
Atomic radius(nm) 0.089 | 0.136 | 0.174 | 0.191 | 0.198
Ionic radius(nm) 0.031 | 0.065 | 0.099 | 0.113 | 0.135

(a) State and explain the trend in atomic radius of the elements
(b) Explain why the ionic radius is smaller than the atomic radius of
corresponding neutral atom for each element.

3. Firstionization energy
The table below shows the first ionization energies of Group II elements
Element Be | Mg Ca Sr Ba
First ionisation energy (kJmol™) | 899 | 738 | 589 549 | 502

(c) Define the term first ionisation energy.

The minimum amount of energy required to remove an electron from a gaseous
atom to form a unipositively charged gaseous ion.

or

The minimum amount of energy required to remove one mole of electrons from
one mole of gaseous atoms to form one mole of unipositively charged gaseous
ions. - o

(d) State and explain the trend in ionization energy of the elements
First ionization energy decreases from Beryllium to Barium.

This is because from Beryllium to Barium, nuclear charge increases, screening
effect also increases, because an extra energy level completely filled with electrons
is added from element to element. Increase in screening effect outweighs increase
in nuclear charge.  Effective nuclear charge decreases, atomic radius increases
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and outer most electron is far and weakly attracted by the nucleus requzrmo a low
amount of energy to be removed.

4, Electronegat1v1ty
The tendency of an atom in a molecule to attract bonding electrons towards itself.
The table below shows the electronegatmty values of the elements in Group
I1 of the Periodic Table.
Element Be | Mg | Ca Sr | Ba
Electronegativity | 1.57 | 1.31 1.00 | 0.95 |.0.89
State and explain the trend in electronegatlwty values of the elements

5. Electropositivity
The tendency of an atom of an element to lose its valence electrons 10 become
positively charged

Electropositivity increases from beryllium to Barium.

This is because_from Beryllium to Barium, nuclear charge increases, screening
effect also increases, because an extra energy level completely filled with electrons
is added from element to element. Increase in screening effect outwezghs increase
in nuclear charge Effective nuclear charge decreases, atomic radius increases
and the valence: eléttrons experience a lower nuclear attraction than repulsion
hence easily lost. hes b

vy CPNL "vf':? '.‘ .

6. Electrode potential - :
The table below shows the standard electrode potential values of Group II

elements.

Element Be Mg Ca Sr Ba
Standard electrode potential(E®) -1.70 | -2.37 | -2.87 | -2.89 |-2.90
(Volts) for M+ /M

(a) Name with reasons;

(i) the strongest reducing agent

(ii)

the weakest reducing agent

(b)Explain the trend in standard electrode potential of the elements
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(a) (i) Barium (but not Ba) because it has the most negative standard elecirog,
potential

(ii) Beryllium (but not Be) because it has the least negative standard electrog,
potential

(b) Stardard electrode potential generally becomes more negative from berylliyy,
to barium because ionic radius increases, ionisation energy decreases,
atomisation energy decreases and hydration energy also-decreases. However.
the decrease in ionisation energy and atomisation energy is move rapid-thqn
decrease in hydration energy.

Beryllium has an abnormally less negative value because the beryllium ion hqs
the smallest ionic radius, highest charge density and highest polarising power,
thus attracting many water molecules, giving off highest amount of energy.

7. Electrical Conductivity
Electrical conductivity increases from Beryllium to Barium

This is because from beryllium to barium, atomic radius increases, ionisation

energy decreases, valence electrons become easily delocalised hence more
available for electrical conductivity.

CHEMICAL PROPERTIES OF THE ELEMENTS

1. Discuss the reactions of group II elements with air.
Beryllium, magnesium, calcium, strontium and barium react with oxygen when

heated to form beryllium oxide, magnesium oxide, calcium oxide, strontium oxide
and barium oxide respectively

2Be(s) + 0,(g) — 2Be0(s)
2Myg(s) + 0,(g) —>2MgO(s)
2Ca(s) + 0,(g)—»2Ca0(s)
2Sr(s) + 0,(g) —— 2510(5)
2Ba(s) + 0,(g) ——2Ba0(s)
or generally; 2X(s) + 0,(g) — 2X0(s)
where X = Be,Mg, Ca, Sr or Ba

Heated Strontium and heated barium react with excess air to form str ontiu™
peroxide and barium peroxide.

TRV NG . _ C
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Sr(s) + 0,(g)—— Sr0,(s)
Ba(s) + 0,(g) Ba0,(s)

A'part from beryllium, other group II elements when heated also react with dry
nitrogen to form corresponding nitrides.

3X(s) + N(g)———>X3N,(s) h
where X = Mg, Ca, Sr or Ba

2. Describe the reactions of group Il elements with water
Beryllium does not react with water under any condition due to the insolubility of
beryllium hydroxide.

Magnesium reacts slowly with cold water to form magnesium hydroxide and
hydrogen.
Mg(s) + 2H,0(1) ——> Mg(0H),(aq) + H:(g)
Heated magnesium reacts rapxdly w1th steam to form magnesium oxide and
hydrogen.
Mg(s) + H,0(g) —— MgO(s) + Hp(g

Calcium reacts moderately with cold water to form calcium hydroxide and
hydregen gas.

Ca(s) + 2H,0() ——>Ca(0H),(aq) + H,(g)
Strontium reacts quickly with water to form strontlum hydroxide and hydrogen
gas.
Barium reacts vigorously with water to form barium hydroxide and hydrogen
gas

Ba(s) + 2H,0()—*Ba(0H),(aq) + H,(g)

3. Describe how group Il elements react with;
(a) dilute acids
(b)concentrated acids
(c)
(a) dilute acids
(i)  Dilute hydrochloric acid.

Beryllium reacts with warm dilute hydrochloric acid to form beryllium chlorlde

and hydrogen.
Be(s) + 2HCl(aq)——>BeClz(aq) + Hy(g)
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Magnesium reacts with cold dilute hydrochloric acid to form magnesiyp,

chloride and hydrogen gas

' Mg(s) + 2HCl(aq) —>MgCl(aq) + Hz(g)
Calcium reacts with cold dilute hydrochloric acid to form calcium chloride apg
hydrogen gas.
Ca(s) + 2HCl(aqg)—>CaCly(aq) + H,(9)

Strontium reacts with cold dilute hydrochloric acid to form strontium chloride

and hydrogen gas ‘
Sr(s) + 2HCl(ag)—>SrCly(aq) + H,(9)

Barium reacts with cold dilute hydrochloric acid to form barium chloride ang
hydrogen gas
Ba(s) + ZHCl(aq)—-—"BaClz(aq) + Hy(g

(ii)  Dilute sulphuric acid
Beryllium reacts with warm dilute sulphuric acid to form beryllium sulphate
and hydrogen. -
Be(s) + H,50,(aq) —> BeS0, (aq) + Hz(g)
Magnesium reacts with cold dilute sulphuric acid to form magnesium
sulphate and hydrogen gas.

Mg(s) + H,S0,(aq) —> MgS0, (aq) + Hz(g)
Calcium, barium and strontium react slowly with cold dilute sulphuric acid
forming insoluble calcium sulphate, barium sulphate and strontium sulphate
respectively which stop the reaction.

(iii) Dilute nitric acid

Beryllium does not react with dilute nitric acid

Very dilute cold nitric acid (1%) reacts with magnesium to form magnesium

nitrate and a hydrogen.
Mg(s) + HNO3(aqQ)—>Mg(NO3), (aq) + H(g)

Dilute/ moderately concentrated/ half concentrated nitric acid oxidises

magnesium to magnesium nitrate, itself reduced to nitrogen monoxide and
water.

3Mg(s) + 8H*(aq) + 2NO3 (ag)—*3Mg?*t(aq) + 2NO(g) + 4H,0(D)
3Mg(s) + BHNO;3(aq)—3Mg(NO3),(aq) + 2NO(g) + 4H,0(D)

Calci ] _ c¢.f Cu and Pb
alcium, strontium and barium do not react with dilute nitric acid.
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(b)concentrated acids
(1)  concentrated hydrochloric acid, : AT

The metals do not react with concentrated hydrochloric acid because itis a
reducing agent and they are also reducmg

(i)  concentrated sulphuric acid

Hot concentrated sulphuric acid oxidises berylhum to beryllium sulphate and
itself reduced to Sulphur dioxide and water.

Be(s) + 2H2.5‘04(aq) -——>Be5‘04(aq) + S Oz(g) + 2H,0 (l)

Hot concentrated sulphuric acid oxidises magnesium to magnesium sulphate
and itself reduced to Sulphur dioxide and water.
Mg(s) + 2H,50,(aq) — MgS0,(aq) + 50,(g) + 2H,0(D)
- ¢.f;Pb,Cuand Co
Calcium, barium and ‘strontium react slowly with concentrated sulphuric acid

forming insoluble calcium sulphate, barium sulphate and strontium sulphate
respectively which stop the reaction. .
(iii) concentrated nitric acid

Beryllium is rendered passive by concentrated nitric acid
Cold concentrated nitric acid oxidises magnesium to magnesium nitrate and
itself reduced to nitregen dioxide and water
Mg(S) +4HNO3(aq) —> Mg(N0s),(aq) + 2N0,(g) + 2H20(l)
c¢.f;Pband Cu - ,
Calcium, strontlum and barium do not react with concentrated nitric acld ,

4. Descrlbe the reaction of group II elements with sedium hydroxide.
Beryllium reacts with hot concentrated sodium hydroxide to form sodlum
beryllate and hydrogen gas. e -
Be(s) + 20H(aq) + 2H20(l)—>Be(0H)4‘(aq) + Hz(g)
or Be(s) + 20H(aq)—>Be0% (aq) + H,(g)
or Be(s) + 2NaOH(aq) + 2H,0()—> Na,Be(0H)(aq) + H,(g)
or Be(s) + 2NaOH(aq) —*Na,Be0,(aq) + H,(g)

Magnesium, calcium, strontium and barium do not react with sodium
hydroxide.
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5. State the conditions and write the equations under which the
elements react with chlorine
All the metals when heated react with dry chlorine to form corresponding
chlorides N

X(s) + Cly(g)—>XCly(s) | |
where X = Be,Mg,Ca,Sr or Ba |

6. Beryllium, magnesium and calcium are group II elements. *
(a) Each of the above elements reacts with carbon to form carbides. Write

the equation for the reaction that occurs whem each carbide reacts with
water. D
(b) Show how the following conversions can be effected
()  2,2-dichloropropane from magnesium carbide
(i) Calcium carbide to benzoic acid
(iii) Calcium carbide to propanoic acid '
Be,C(s) + 4H,0(l)—>2Be(0H),(aq) + CH,(g)
Mg,C3(s) + 4H,0()) —>2Mg(0H),(aq) + CH;C = CH(g)
CaCy(s) + 2H,0(l)—>Ca(0H),(aq) +HC = CH(g)

COMPOUNDS OF GROUP Il ELEMENTS

THE OXIDES
Formula of the BeO MgC Ca0 | Sr0 | Bao
oxide |
Physical state White solids
Character Amphoteric Basic
Bonding Partly covalent Ionic
Solubility in water Insoluble Solubility increases —————»

(a) Structure and bonding

From Beryllium oxide to Barium oxide, cationic radius increases. This decreases
the charge density of the cations, hence increasing the ionic character. Beryllium
oxide is partly covalent. The rest of the oxides are ionic.

N.B; Beryllium oxide shows characteristics of covalent compounds such as;
* Lower melting point than expected among the oxides
» Soluble in non-polar solvents but insoluble in water.
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Qn. The melting point of calcium oxide is 2580 °C whereas that of beryllium
oxideis 2530 °C. Explam . o :

The beryllium ion has a-smaller ionic raa'zus tlzan the calczum ion. The beryllium
ion therefore has a htgher charge denszty and higher polarising power than the
calcium ion. This makes beryllium. oxide predominantly covalent whereas caletum
oxide is purely ionic. The covalent bonds in beryllium oxide require a lower
amount of energy to break than the ionic bonds in calcium oxide. Calcium oxzde
therefore has a higher melting point than beryllium oxtde

(b) Withrelevant equations, descrlbe how the ox1des of Group II
elements can be formed. _
The oxides can be formed by heating the elements in oxygen
2Be(s) + 0,(g) — 2Be0(s)
2Mg(s) + 0,(g) —> 2MgO(s)
2Ca(s) + 0,(g)—>2Ca0(s)
257(s) + 0,(g) —> 2510(s)
2Ba(s) + 0,(g) —"2Ba0(s) _
or generally; 2X(s) + 0,(g)—>2X0(s)
where X = Be, Mg, Ca,Sr or Ba

Beryllium oxide, magnesium oxide, calcium oxide and strontium oxide can also be
formed by thermal decomposition of the carbonates. '

This method is not convenient for formation of barium oxide because requires a
temperature of about 1500 °C before the pressure of its carbon dioxide reaches 1
atmosphere.

BeCO03(s) ——BeO(s) + C€O0,(g)
MgCO,(s)——>MgO(s) + CO4(g)
CaC0s(s)—>Ca0(s) + CO0,(g)
SrC03(s)—>Sr0(s) + CO0,(g)

or generally; XCO3(s)—>X0(s) + C0;(g)

where X = Be,Mg,Ca or ST
The oxides can also be formed by heating the nitrates. This is the easiest
method for formation of barium oxide.
2Be(NO3),(s) —2Be0(s) + 4N0,(g) + 0,(g)
2Mg(N03),(s)—>2MgO(s) + 4N0(g) + 0,(g)
2Ca(N03),(s)— 2€a0(s) + 4N0,(g) + 0,(9)
251(N03),(s)——>2510(s) + 4N0,(g) + 0,(g)
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2Ba(N03),(s) —>2Ba0(s) + 4N0,(g) + 02(g)
or generally; 2X(N03),(s)—>2X0(s) + 4N02(g) + 0,(g)

where X = Be,Mg,Ca,Sr or Ba

(c): The table below shows the melting points of the ‘oxides of group Iy
1+ - elements. ‘ -

"1 Oxide - BeO | MgO Ca0 Sro Bao
Melting point of oxide("C) | 2530 | 2800 | 2580 2430 1928

Explain the trend in melting points of the oxides -

Melting point increases from beryllium oxide to magnesium oxide and then
decreases from magnesium oxide to barium oxide.

The decrease from magnesium oxide to barium oxide is because cationic radiys
increases, bond length increases, bond strength decreases reducing the amount
of energy required to break the ionic bonds.

Beryllium oxide has a lower melting point than expected because the beryllium
ion has a very small ionic radius, high polarising power and high charge density
making beryllium oxide predominantly covalent. A low amount of energy is
required to break the covalent bonds.

(d) Discuss the reactivity of the above oxides with
(i Water ) .
(ii)- dilute sulphuric acid and dilute hydrochloric acids
(iii) Sodium hydroxide
(i)  reaction with water
Reactivity of the oxides with water increases from beryllium oxide to barium
oxide. L
Beryllium oxide does not react or dissolve in water
Magnesium oxide slowly reacts with water to form magnesium hydroxide.
Mgo(s) + H,0(l) —> Mg(0H),(aq)
Calcium oxide, strontium oxide and barium oxide react vigorously with water
to form calcium hydroxide, strontium hydroxide and barium hydroxide
respectively, with evolution of heat. .
Cal(s) + H,0()) — Ca(OH);(aq)
5T0(s) + H,0(1)—— Sr(0H),(aq)
Ba0(s) + H,0()——— Ba(OH),(aq)
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(ii)  reaction with dilute acids,

Dilute sulphuric acid

Reaction of the oxides with dilute sulphuric acid decreases from beryllium
oxide Fo barium oxide due to decrease in solubility of the sulphates formed.
Beryllium oxide is amphoteric, hence reacts with warm dilute sulphuric acid to
form beryllium sulphate and water - :
BeO(s) + H,S0,(aq) —>BeS0,(aq) + H,0(D)
Magnesium oxide is basic hence reacts with warm dilute sulphuric acid to form
magnesium sulphate and water. .
Mg0O(s) + H,50,(aq)— MgS0,(aq) + H,0(l)
Calcium oxide, strontium oxide and barium oxide react slowly with dilute
sulphuric acid and the reaction stops due to formation of inseoluble sulphates.
Dilute hydrochlovic acid ,
Beryllium oxide being amphoteric and the other oxides basic, all react with dilute
hydrochloric acid te form: corresponding chlorides and water.
X0(s) + 2HCl(aq)—>XCly(aq) + H,0(I)
where X = Be, Mg, Ca,Sr or Ba
(iiij) reaction with sodium hydroxide
Beryllium oxide is amphoteric hence reacts with hot concentrated sodium
hydroxide to form sodium-beryllate. |
BeO(s) + 20H(aq) + H,0() —>Be(0H); (aq)

or BeO(s) + 20H(aq)—>Be03™(aq) + H,0(!)

or BeO(s) + 2NaOH(aq) + H,0() —Na,Be(0OH)4(aq)

or BeO(s) + 2NaOH(aq)—>Na,Be0,(aq) + H,0(1)
Magnesium oxide, calcium oxide, strontium oxide and barium oxide are basic

hence do not react with sodium hydroxide.

. THE HYDROXIDES
Formula | Be(OH); Mg(OH), | Ca(OH); | Sr(OH); | Ba(0OH),
Physical state ' White solids
Character Amphoteric Basic
Bonding Covalent Ionic
Solubility in water Insoluble | Slightly Solubility increases
soluble )
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(a) Structureand bonding . o o
From Beryllium hydroxide to Barium hydroxide, cationic radius increases. Th;g

decreases the charge density of the cations, hence increasing the ionic characte;
Beryllium hydroxide is essentially covalent. The rest of the oxides are ionic.
(b) Withan equation (s), state how the hydroxides of group II

elements can be formed.
The hydroxides are formed as white precipitates by adding aqueous sodium

hydroxide to a solution containing group II ions.

X2*+(aq) + 20H(aq)—>X(0H)2(5)

where X = Be,Mg,Ca,Sr or Ba

The hydroxides apart from beryllium hydroxide, which is insoluble in water, and
magnesium oxide, which is very slightly soluble, can also be formed by dissolving
their corresponding oxides in waier

Ca0(s) + H,0()) —>Ca(0H)2(aq)

Sro(s) + H,0()—> Sr(0H)z(aq)

Ba0(s) + H,0()—> Ba(OH),(aq)

THERMOSTABILITY
() Explain the trend in thermo stability of the hydroxides.

Thermo stability increases from beryllium hydroxide to barium hydroxide. This is
because as cationic radius increases, charge density and polarising power
decreases, and ionic character increases leading to an increase in the

decomposition temperature.

SOLUBILITY OF THE HYDROXIDES
(d) The table below shows the solubility of group II hydroxides in water

at 20°C.
Explain the trend in solubility of the hydroxides.
Hydroxide Be(OH), | Mg(OH), Ca(OH), | Sr(0H); Ba(0%)
Solubility(g/100g at 20°C) Insoluble | 0.002 | 0.15 09 | 4

Solubility increases from magnesium hydroxide to barium hydroxide. Beryllium

hydroxide is insoluble.

The increase in solubility is because cationic radius increases, both lattice energ)
and hydration energy of the cations decrease from magnesium ion to barium! ion:
cdl)’

However, due to low product of charges, the lattice energy decreases more 1P}
than hydration energy. )
M/MTO
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Beryliium Ii.ydroxia'e is insoluble because of the high polarising power .of the
small beryllium ion making beryllium hydroxide covalent.

(e) Discuss the reactivity of the above hydroxides with
() Dilute hydrochloric acid and dilute sulphuric acid -
(i)  Sodium hydroxide 1 |
(i)  reaction with acids, ~
Dilute hydrochloric acid T .

Beryllium hydroxide is amphoteric, hence reacts with dilute hydrechloric acid to
form beryllium chioride and water, - |

Be(OH),(s) + 2HCl(ag)——>BeCl,(aq) + 2H,0(l)
Magnesium hydroxide, calcium hydroxide, strontium hydroxide and barium
hydroxide are basic hence reacts with dilute hydrochloric acid to form
corresponding chlorides and water. -
X(0H),(s) + 2HCI(aq) —>XCl,(aq) + 2H,0(D)
where X = Mg, Ca, Sr or Ba
Dilute sulphuric acid
Reactivity of the hydroxides with dilute sulphuric acid decreases from
beryllium sulphate to barium sulphate due to- decrease in solubility of the
sulphates formed. ’
Beryllium hydroxide is amphoteric, hence reacts with dilute sulphuric acid to
form beryllium sulphate and water.
Be(OH),(s) + H,S0,(aq) —>BeS04(aq) + 2H,0(D)
Magnesium hydroxide is basic hence reacts with dilute sulphuric acid to form
magnesium sulphate and water.
Mg(OH),(s) + H,S0,(aq) —>MgS0,(aq) + 2H,0(1)
Calcium hydroxide, strontium hydroxide and barium hydroxide react slowly
with dilute sulphuric acid and the reaction stops due to formation of insoluble
sulphates.
(ii)  reaction with sodium hydroxide
Beryllium hydroxide is amphoteric hence reacts with hot concentrated sodium
hydroxide to form sodium beryllate.
Be(OH),(s) + 20H(aq)—>Be(0OH);™(aq)
or Be(0H),(s) + 20H(aq) —>Be03™(aq) + 2H,0(D)
or Be(OH),(s) + 2NaOH(aq) —Na,Be(OH),(aq)
or Be(OH),(s) + 2NaOH(aq)—+Na,Be0;(aq) + 2H,0(1)
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Magnesium hydroxide, calcium hydroxide, strontium hy(:lroxide and bariyy,
hydroxide are basic hence do not reéact with sodium hydroxide. |
THE CHLORIDES F
Formula of the BeCl, MgCl, CaCl, | SrcCl, Bag)

chloride 2 ||

Physical state _ White solids T~

Bonding Mainly covalent Ionic Ionic Ionicﬁm

Solubility in water L All very soluble

Solubility in ethanol Very soluble | Moderately | Moderately | Slightly | Alpe: nl

soluble | soluble- | soluble SOlub,

(a)Structure and bonding e o
From beryllium chloride to barium chloride, ionic character. increases: as-cationic
radius increases, polarising power. and charge density- decreasing. Beryllium
chloride is mainly covalent. The chlorides of magnesium, calcium, strontium and ;
barium are essentially ionic. This variation in structure and bonding in turn affects

the variation in melting point among the chlorides.

(b)With relevant equations,'descrfbe how the anhydrous chlorides
of group Il elements can be formed.
The anhydrous chlorides are formed by passing dry chlorine or dry hydrogen
chloride over the heated metals. . ' ‘
X(s) + Cly(g)—>XCly(s)
X(s) + 2HCl(g) —>XCl,(s) + H,(g)

where X = Be,Mg,Ca,Sr or Ba
N.B. L

The aqueous solutions of the chlorides can be formed by reacting respective metal
carbonates, oxides or hydroxides with dilute hydrochloric acid.

Like Aluminium chloride and iron(IlIl) chloride, beryllium chloride dimerises
vapour phase, Be,Cl,. o

cz—~3<:>e
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(¢) The table below shows the melting points of the chlorides of
Group II elements.

Explain the trend in variation of the melting points of the chlorldes -

Chloride BeCl, | MgCl, | CaCly | SrCly | BaCl,
Melting point (°C) 405 714 782 | 875 | 962" |
Melting point increases from beryllium chloride to barium chlovide because
cationic radius increases, charge denszty and polarising power of the cations

decrease, and ionic character increases, requiring an increasing amount of energy
to break the increasingly strong ionic bonds.

The melting point of beryllium chloride is very low compared to other chlorides
because the beryllium. jon has a very small ionic radius, -high polarising power
and high. charge density making beryllium chloride predommam‘ly covalent. A
Iow amount of energv is requtred to break the covalent bond

THE HYDRIDES i
Formulaofthe . - | . BeH, - | MgH, CaH, SrH, | BaH,
hydride | | |
Physical state ) . White crystalline solids
'Bonding and structure | Polymeric Ionic character increases >

(@) Structure and bonding
The metals mainly form ionic hydrides. Calcium hydride, strontium hydride and
barium hydride are purely ionic.

(b) Withrelevant equations, describe how the hydrides of group Ii
‘elemeénts can be formed.
Beryllium hydride is formed by the reaction between beryllium chloride and
lithium Aluminium tetrahydride
2BeCl,(s) + LiAlH,(s) —>2BeH,(s) + LiCI(s) + AlCl5(s)
Magnesium hydride is formed by heating magnesium with dry hydrogen gas under
high pressure.

Mg(s) + Hy(g) ——>MgH,(s)
Calcium hydride, strontium hydride and barium hydride are formed by heating the
metzals with dry hydrogen.
Ca(s) + Hy(g)— CaH,(s)
Sr(s) + Hy(g)—> STH,(s)

DEMYSTIFYING INORGANIC CHEMISTRY BY Joseph Jobs Kayiira , BScED(Hons. CHEM/MT C)
Email;josephkayiirab@gmail.com Call 0782601038 Whats-App 0753247098

95




—

(c) Discuss the reactions of hydrides of group Il elements with water.

All hydrides of group II elements react with water to form corresponding
hydroxides and hydrogen gas. Reactivity of the hydrides with water increases as
the solubility of the hydroxides increases from berylhum hydroxide to barium

hydroxide.

Ba(s) + H,(g)—> BaH,(s)

XHy(s) + 2H,0 () —> X (OH)z(aq) + 2H3(g)
where X = Be,Mg,Ca,Sr or Ba

THE SULPHATES
Solubility of the sulphates
The table below shows the solubility of group II hydroxides in water at 25°C.
Sulphates BeSO, | MgS0, | CaSO, | SrS0, | BaSo,
Solubility(g/100g at 25°C) 43 36 0.20 0.011 | 0.0024
Explain the trend in solubility of the sulphates.

Solubility decreases from beryllium sulphate to barium sulphate.

This is because cationic radius-increases, both lattice energy and hydration
energy of the cations decrease from beryllium ion to barium ion. However, due to
a high product of charges, the hydration energy decreases more rapidly than

lattice energy.

THE CARBONATES

The carbonates of group II elements are insoluble in water unlike' group I
carbonates which are soluble in water.
Carbonates of group I elements do not decompose (apart from Lithium carbonate)
on heating whereas those of group II elements decompose to form respective
oxides and carbon dioxide.

Li,CO3(s)—>Li,0(s) + CO,(g) |

XCO3(s)—*X0(s) + €C0,(g)

where X = Be,Mg,Ca, Sr or Ba

Therefore, group I carbonates are generally thermally more stable than group II
carbonates.
The thermal stability of group Il carbonates however increases down the group.
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For example, sedium carbonate is does not decompose on heating but
magnesium decomposes on heating. This is because the sodium ion has a larger
ionic radius and a smaller charge than magnesium ion. The sodium ion therefore
has a lower charge density, lower polarising power than the magnesium ion.
Therefore, sodium carbonate is more strongly ionic than magnesium carbonate.

However, all carbonates whether group I or group II carbonates evolve carbon
dioxide on treatment with dilute hydrochloric acid.
Q2€03(s) + 2H* (aq) —>2Q*(aq) + €0,(g) + H,0(D)
where Q = Li,Na or K
XCO5(s) + 2H*(aq)—>X2*(aq) + C0,(g) + H,0(D)
where X = Be,Mg,Ca,Sror Ba *~

1. Thermo stability
The table below shows the temperatures for complete decomposition of
group II metal carbonates to the metal oxides at 1 atmosphere.

Carbonate " | BeCO3; | MgCO; | CaCO; | SrCO3; | BaCO3

Decomposition temperature (°C) 25 540 900 1290 1360

Explain the trend in thermo stability of the carbonates .

Since decomposition temperature increases from beryllium carbonate to barium
carbonate, thermo stability increases in the same order. This is because as
cationic radius increases, charge density and polarising power decreases, and
ionic character increases and the ions become strongly held leading to an

increase in the decomposition temperature.

2. Describe the reactions of group II carbonates with dilute
hydrochloric acid and dilute sulphuric acid

Dilute hydrochloric acid
All the carbonates react with dilute hydrochloric acid to form corresponding

chlorides, carbon dioxide and water.
XCO05(s) + 2H*(aq)—>X**(aq) + CO,(g) + H,0(])
where X = Be,Mg, Ca, ST or Ba

Dilute sulphuric acid
Reactivity of the carbonates with dilute sulphuric acid decreases from beryllium

carbonate to barium carbonate due to decrease in solubility of the sulphates

formed.

DEMYSTIFYING INORGANIC CHEMISTRY BY Joseph Jobs Kayiira , BScED(Hens. CHEM/MTC)
Email;josephkayiirab@gmuil.com Call 0782601038 WhatsApp 0753247098

97

TR Y O (S s




Bervlium  carbonate reacts with  dilute sulphuric acid to form beryllium

sulphate, carbon dioxide and water
BeCO5(s) + H,S04(aq)—BeS0,(aq) + C02(g) + H,0(D)

Magnesium carbonate reacts with dilute sulphuric acid to form magnesium

sulphate, carbon dioxide and water.

MgCO05(s) + H,S0,(aq)—*MgS0,(aq) + C0,(g) + H,0(D)
Calcium carbonate, strontium carbonate and barium carbonate react slowly
with dilute sulphuric acid and the reaction stops due to formation of insoluble

sulphates.

THE HYDRCGEN CARBONATES .
Magnesium hydrogen carbonate and calcium hydrogen carbonate are very unstable
to exist in solid state and known only to exist in solution. They are very soluble in

water.

On the other hand, sodium hydrogencarbonate and potassium hydrogencarbdnate
exist as solids, although Lithium hydrogen carbonate exists only in solution.

Group II hydrogencarbonates easily decompose compared to group I hydrogen
carbonates. All of them form respective carbonates, carbon dioxide and water. .

2NaHC03(S)——>Na2003(S) + COz(g) + HzO(l)
Mg(HC0s),(agq) —>MgC0s(s) + CO,(g) + H,0(D)

However, all hydrogencarbonates whether group I or group II evolve carbon
dioxide on treatment with dilute acids where no insoluble salts are formed. .
Reactivity of group II hydrogencarbonates with dilute sulphuric acid decreases
down the group due to decrease in solubility of the sulphates formed. The reaction
is very slow and eventually stops for hydrogen carbonates of calcium, strontium
and barium due to formation of insoluble sulphates. .
 X(HCO3),(aq) + 2H*(aq)—>X?*(ag) + CO,(g) + H,0()

where X = Be or Mg

ETHANOATES (ACETATES)
These are group 11 salts formed from ethanoic acid. They decompose on heating to
form carbonates and propanone, which can be tested using Brady’s reagent .(2,4-
dinitrophenylhydrazinc). A yellow precipitate is formed with Brady’s reagent. ,
They are used in organic synthesis of ketones.
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(CH3C00),Ca(s)———CH,COCH;(g) + CaCO05(s) -+
They do not decompose to form.carbon dioxide under normal conditions -very high
temperatures are needed to effect that reaction.

However ethanoates of copper,.nickel and other elements can decompose to form
the oxide, carbon dioxide and propanone. Ry

ANOMALOUS BEHAVIOUR OF BERYLLIUM AND ITS COMPOUNDS
In some of its properties, beryllium and its compounds behave differently
from the other elements. .
(d) State the reasons for this anomalous behaviour. R
¢ Beryllium atom has the smallest atomic radius among the elements .
o Beryllium atom has the highest electronegativity
o Beryllium ion has the highest polarising power
o Beryllium ion has the least negative standard electrode potential
(e) State the properties in which;
(i) beryllium behaves differently from other elements
(i) beryllium compounds behave differently from other group I
compounds : =
(Equations may be included where necessary)

@)

¢ Beryllium does net react with water under any condition where as other
elements react with water. '

¢ Beryllium reacts with warm dilute hydrochloric acid. Other elements react
with the cold dilute acid.

Be(s) + 2HCl(ag)—>BeCly(aq) + H,(g)

¢ Beryllium reacts with hot concentrated sodium hydroxide to form sodium

beryllate and hydrogen gas. Other elements do not react with sodium

hydroxide.
Be(s) + 20H(aq) + 2H,0(D) —Be(0OH)3 (aq) + H,(9)
e Beryllium does not combine directly with hydrogen
ii .-
( ). Beryllium hydroxide is completely insoluble in water. Other hydroxides have
some degree of solubility in water.
e Beryllium hydroxide is amphoteric. Other hydroxides are basic
Be(OH),(s) + 2H" (aq)——>Be™ (aq) + 2H,0(D)
Be(OH)(s) + 20H(aq)—>Be(0H)§ ™ (aq)
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e Beryllium oxide is partly covalent. Other oxides are ionic

e Beryllium oxide is amphoteric. Other oxides are basic.

BeO(s) + 2H*(aq)—>Be**(aq) + HZO(Z)

BeO(s) + 20H(aq) + H,0(l)—>Be(OH){  (aq)

e Beryllium chloride is covalent. Other chlorides are ionic

e Beryllium chloride dimerises in vapour phase. Other :chlorides do not

dimerise.

QUALITATIVE ANALYSIS FOR Mg?*, Ca?*AND Ba** 1ONS
In each case, the test in BOLD is the confirmatory test for each cation. Th§ deductions
given are general and DO NOT depend on any previous tests that could have been‘done

v

ION | TEST OBSERVATION DEDUCTION EXPLANATION
Add sodium White Mg?*,Ca?*, Ba?* | Magnesium ions react with hydroxyl ions |
hydroxide precipitate Probably to form insoluble magnesium hydroxide.
drop wise until | insoluble in | present ' . | Magnesium hydroxide is basic hence
in excess excess ' ' 'canrnot react with excess sodium hydroxide

Mg**(aq) + 20H (aq) —Mg(OH),(s)
Add ammonia | White AB*,Pb**,Mg?** | Magnesium ions react with hydroxyl ions
solution drop | precipitate ,Ba?* to form insoluble magnesium hydroxide.
wise until in insoluble in Probably Mg?*(aq) + 20H (aq) —>Mg(OH),(s)
excess excess present ‘ .
Add sodium . .

Mgt carbonate White Mg?*,Ca**, Ba?**| Magnesium ions react with carbonate ions
solution drop | precipitate Zn**, Pb?** fo form insoluble magnesium carbonate.
wise until in Insoluble in Probably M g2+ (aq) + CO3~(aq) —MgCO;4(s)
excess excess present '

No Magnesium ions react with sulphate ions to
Add dilute observable Mg**Zn** | form magnesium sulphate which is a
sulphuric acid | change Probably present | soluble compound

Mg?**(aq) + S0 (aq) —MgS0,(aq) |

Add No Magnesium ions react with oxalate ions 0
ammonium observable Mg** present | form soluble magnesium oxalate.
oxalate change Mg**(aq) + C;03 (aq)—>MgC,0,(aq)
solution A white precipitate can only be formed

when ethanoic acid is added. -
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solution

Add solid
ammonium
chloride and
disodium White Ma**
hydrogenphosphate precipitat o 9 .
Mg?'| and then dilute insoluble in Confirmed Not required
amm.oma m present
solution drop )
wise until in ammonia
excess
Add sodium White ‘ | Mg?*, Ca?*, Ba?*| Calcium ions react with hydroxyl ions to
hydroxide precipitate - .| Probably form insoluble calcium hydroxide. calcium
drop wise until | insoluble in --| p:resent hydroxide is basic hence cannot react with
in excess excess " excess sodium hydroxide
B Ca?*(aq) + 20H(aq) —>Ca(0H),(s)
Ammonia is a weak base which partially
| z:bni;ves to form few hydroxyl ions -
Add ammonia . ~ 21| NHy(aq) + H,0()=NH{ (aq) + 0H(aq)
solutiondrop |No. .. . Ca®* Tfhe concentration of the hydroxyl ions
wise until in | observable: : | Fresent “| formed from the weak ammonia base is low
excess change | for the solubility product of calcium
: ' ' hydroxide to be exceeded. Therefore no
catt precipitation occurs.
Add sodium . S '
carbonate White Mg?*,Ca**, Ba**| Calcium ions react with carbonate ions to
solution drop | precipitate Zn**,Pb** | form insoluble calcium carbonate.
wise until in" - | insoluble in Probably Ca**(aq) + CO3~(aq) —»Cal0;(s)
excess excess present
Ba2t or Ca*t | Calcium ions react with sulphate ions to
Add dilute White Probably Jorm insoluble calcium sulphate.
sulphuric acid | precipitate present Ca?*(aq) + S0Z~(ag) —>CaS0,(s)
Add potassium | Yellow
chromate(VI) precipilC.ZtQ Calcium ions react with chromate ions to
solution soluble in - Jform insoluble calcium chromate.
followed by ethanoic Ca®" present
ethanoic acid/ acid/sodium Ca?* (aq) + Cr0s~ (aq) —Calro, (s)
sodium hydroxide | p, ydroxi de.
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Add
ammonium White Calcium ions react with oxalatem
- oxalate precipitate form insoluble calcium oxalate.
Ca® | sotution insoluble in | Ca** confirmed | cq?*(aq) + €,0% (ag)—Lac,0,(s)
Sfollowed by ethanoic acid | Present
dilute

ethanoic acid

Ba2+

Barium ions react with hydroxyl ions to

dilute ethanoic
acid

Add sodium White Mg**,Ca**,Ba**| form insoluble barium hydroxide. Barium
hydroxide precipitate Probably hydroxide is basic hence cannot react with
drop wise until | insoluble in | present excess sodium hydroxide

in excess .excess Ba?*(aq) + 20H(aq) —>Ba(0H),(s)
Add ammonia | White Barium ions react with hydroxyl ions to |
solution drop | precipitate Mg?*, Ba?* form insoluble barium hydroxide. Barium
wise until in insoluble in | Probably hydroxide is basic hence cannot react with
excess excess present excess sodium hydroxide

Ba?*(aq) + 20H(aq) —> Ba(0H),(s)

Add sodium White

carbonate precipitate Mg?*,Ca**, Ba?*| Barium ions react with carbonate ions to
solution drop | insoluble in Zn**,Pb** | form insoluble barium carbonate.

wise until in excess Probably Ba?*(aq) + C02~ (aq) —BaC0,(s)
excess present

Add dilute White Ba?* or Ca?* | Barium ions react with sulphate ions to
sulphuric acid | precipitate Probably Jorm insoluble barium sulphate.

present Ba**(aq) + S02~(aq) —>BaS0,(s)

Add White Barium ions react with oxalate ions to
ammonium precipitate . Jorm insoluble barium oxalate.

oxalate soluble in Ba*®" present Ba**(aq) + C,03 (aq)—»BaC,0,(s)
solution ethanoic acid Barium oxalate is soluble in ethanoic acid.
followed by
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Add
potassium Yellow
chromate(VI) | precipitate
solution insoluble in
Ba** followed by sodium
sodium hydroxide/
hydroxide ethanoic
solution/ acid.
ethanoic acid

Ba** confirmed
present

Barium ions react with chromate ions to
form insoluble barium chromate.

Ba?*(aq) + Cr03~(aq)—>BaCr04(s)
Note; Barium chromate is however
soluble in nitric acid to form a yellow
solution of chromic acid and barium
nitrate

BaCr0,(s) + 2HN Os(aq)%Hz.Cr04(aq) + Ba(N0O3);(aq)

Qn. When ammonia solution is added to magnesium chloride solution, a white
precipitate insoluble in excess is formied but when the same solution is added

to calcium chloride solutlon, there is no observable change.
‘v

Magnesium ions react with hydroxyl ‘tons to form insoluble magnesium
hydroxide. This is- becanisé the” solubzltty product of magneszum hydroxzde is
exceeded. o RIS PN IREANS
Mgz.‘.‘__(aq) + 20H(aq) —Mg(OH)(s)
Ammonia is a weak base Wh'i‘cii pdﬁidll)) ionises to form few hydroxyl ions
NHs(aq) + H20(l) NH} (aq) + 0H(aq)

The concentratwn of the hydroxyl ions formed from the weak ammonia base is
low for the ionic ' product’ of calcium’ hydroxide to exceed its solubility product.

Therefore, no precipitation occurs.
Name a reagent that can be used to dlstmgulsh between the following pairs of

ions;

(i) Mg?* and Ca®*
(ii) Ca?* and Ba®*
(iii) Mg?* and Ba**
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MANUFACTURE OF CEMENT
Raw materials
Name Formula
Limestone CaCO;
Clay Al,05.25i0,.2H,0 |
Gypsum CaS0,.2H,0

Portland cement is a mixture of calcium silicates and calcium aluminates
Limestone and clay containing aluminosilicates is crushed into fine powder.
The fine powder is then mixed with water and allowed to flow down a rotating
cylinder in which it is strongly heated. :
The limestone is decomposed by the heat to form calcium oxide and carbon
dioxide.
CaC03(s)—>Ca0(s) + CO,(g)
The calcium oxide then reacts with aluminium oxide and silicon(IV) oxide in the
clay to form lumps which are a mixture calcium aluminates and calcium silicates
respectively
Ca0(s) + Si0,{s)——>CaSi0;(s)

Ca0(s) + Al,03(s)———— Ca(Al0,),(s)
The product is the crushed to form cement as a fine powder
Gypsum is then added to slow the reaction between cement and water.

DIAGONAL RELATIONSHIP
There is a marked resemblance between the following pairs of elements in the
Periodic Table

I II III IV
L{ Be, B, C
Na Mg Al Si

This relationship is called the diagonal relationship and it occurs for the pairs of
elements

* Lithium and magnesium
¢ Beryllium and aluminium
* Boron and silicon
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A diagonal relationship is the similarity in properties of elements in Period 2

and their adjacent diagonally opposite neighbours.in Period;3,of the Pericdic
Table. _ , ' rs.1n Feroa: o,

The reasons as to why lithium resemblés magnesium. are because;

* Both lithium and magnesium have almost similar atomic radii
¢ Both lithium and magnesium have similar electronegativity
o Both lithium ion and magnesium ion have similar polarising power

o Both lithium ion and magnesium ion have almost similar standard electrode
potential :

Lithium resembles magnesium in the following properties;

L.

=3

They both combine directly with nitrogen to form nitrides
6Li(s) + N,(g)—>2LizN(s)
3Mg(s) + No(g) —> MgsN,(s)
Both react with oxygen to form normal oxides only. Other group I elements can
form peroxides.

. Both lithium carbonate and magnesium carbonate decompose on heating to

form oxides and carbon dioxide. Other group I carbonates do not decompose on
heating

Li,CO5(s) ——>Li,0(s) + CO,(g)

MgC05(s) ——>MgO(s) + C0,(g)

Both lithium hydroxide and magnesium hydroxide decompose on heating to
form oxides and water. Other group I hydroxides do not decompose on heating.

2Li0OH(s)—*Li, 0(s) + H,0(l)

Mg(OH),(s) —> Mg0(s) + H,0(D

Both lithium nitrate and magnesium nitrate decompose on heating to form
oxides, nitrogen dioxide and oxygen. Other group I nitrates form nitrites and

oxygen on decomposition.

4LiN03(s)—>2Li,0(s) + 4N0,(g) + 02(9)
2Mg(NO3),(s) —>2Mg0(s) + 4N0,(g) + 0(9)
Both lithium and magnesium react with carbon to form ionic carbides
Both lithium hydroxide and magnesium hydroxide are weak bases.
All phosphates, carbonates and fluorides of both lithium and magnesium are

insoluble in water
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"The reasons as to-why beryllium resembles aluminium are because;

‘Both berylliuin and aluminium have almost the same atomic radius

Both beryllium and aluminium have the same electronegativity

Both beryllium ion and aluminium ion:have almost similar polarising power
Both beryilium and aluminium have almost snnllar standard electrode
potentials (i.e. -1.7V and -1.66V respectlvely) “

Beryllium resembles aluminium in the following properties;

e

!\J

|95

Both beryllium and aluminium react with hot concentrated sodium
hydroxide to form beryllate and aluminate respectively. Other group II
elements do not react with sodium hydroxide

Both beryllium oxide and aluminium oxide are amphoteric. Other group II
oxides are basic

Both beryllium hydroxide and aluminium hydroxide are amphoteric. Other
group II hydroxides are basic

Both beryllium chloride and aluminium chloride are covalent. Other group Il
chlorides are ionic

Both beryllium chloride and aluminium chloride dimerise in vapour phase

. Both beryllium and aluminium are rendered passive by concentrated nitric

acid
Both form polymerised covalent hydrides

. Both beryllium carbide and aluminium carbide form methane on hydrolysis

Boron resembles silicon because;

both boron and silicon have the same electronegativity
both boron and silicon have almost similar atomic radii.

Boron resembles silicon in the following properties,

1.
2.
3.

Both boron and silicon form acidic oxides

Both boron and silicon form covalent compounds

Both silicon tetrahydride and boron trihydride are hydrolysed to form acidic
solutions

Both silicon tetrachloride and boron trichloride are hydrolysed to form
hydrogen chloride/ hydrochloric acid

Both silicon and boron react with hot concentrated sodinm hydroxide to
form silicate and metaborate ion respectively and hydrogen

- Both silicon tetrafluoride and boron trifluoride are hydrolysed to form acidic

solutions.
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9.

USES OF GROUP Il COMPOUNDS

. A tSuslcalensmn of magnesium hydroxide in. water is used in medicine as an
_ antaci -

- Calcium - hYdr0x1de is used in the Solvay process for making sodium

carbonate, making builders’ mortar, ma?k.mg white wash, bleaching powder,
neutralising acidic soil, sugar refining and for softening hard water

. Strontium hydroxide may be used instead of calcium hydroxide in sugar

P RIEN

refining; it is more efficient
Anhydrous Calcium chloride is used in the laboratory as a drying agent

. B.arimn chloride is used in detection of sulphates
. Limestone (a natural form of calcium carbonate) is used in making quick

lime, cement, glass, and sodium carbonate, in iron extraction 'and as building
stones.

. Purified calcium carbonate is used in tooth pastes and, metal pollshes

Barium carbonate is added in making the glass of television tubes to. prevent
exposure to X-rays.
Calcium nitrate is used as a fertiliser

10.Strontium nitrate is used in fireworks to give a crlmson ﬂame and banum

nitrate to give a green one.

11.Magnesium sulphate is used as a purgative drug, filler 1n makmg glazed

paper, as a mordant in dyeing textiles.

12. Gypsum is used in manufacture of cement.

MISCELLANEOUS TOPICAL QUESTIONS
Short answer type questions

1. The table below shows the atomic radii and ionic radii of alkaline earth
metals.
Element Be Mg Ca Sr Ba
Atomic radius(nm) | 0.112 [0.160 0.197 0215 |[0.221
Ionic radius(nm) 0.030 |0.065 0.094 0.110 {0.134
(a) Explain what is meant by the term atomic radius. (02 marks)
(b) The ionic radius in each case is smaller than the atomic radius. Explain
(02 marks)

(c)Explain why atomic radius increases from Beryllium to Barium (02 marks)
(d) The potassium ion and the calcium ion have the same electronic

configurations, yet the potassium ion is larger than the calcium 1on.
(02 marks)
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2. The table below shows the standard electrode potentials of some elements in
group II of the Periodic Table.

Element Mg |Ca |Sr Ba

Standard electrode potential(E®) (Volts) | -2.34 | -2.87 -2.8.9 -2.91
(a) (i) Identify the element which is the most powerful reducing agent.

(2 mark)
(i) Give a reason for your answer in (2)(1) (01 mark)
(b)(i) State the trend in the standard electrode potential of the elements.
(01 mark)
(ii) Explain your answer in b (i) above. (2 /2 marks)

3. (a) Beryllium, magnesium, calcium and barium are some of the elements that
belong to Group II of the Periodic Table. . -
State how the elements react with sulphuric acid and give the conditions for

the reactions. (03 marks)
(b)(1) State how the solubilities of the sulphates of Group II elements vary
down the group. (01 mark)
(i1) Explain your answer in (b) (i) (02 marks)
(f) Write equation for the reaction of;
(iii) Beryllium with sodium hydroxide solution. (1 %2 marks)
(iv) Calcium carbide with water. (1 % marks)
4. Write equation(s) for the reaction between each of the following and sodium
hydroxide. ' (06 marks)

(1) Beryllium
(i) Aluminium
(iit) Beryllium oxide
(iv)  Aluminium oxide
5. The elements beryllium, magnesium, calcium, strontium and barium belong
to group II of the Periodic Table. -

(a) Write the general outermost electronic conﬁguratfc;n of group II

elements in the Periodic Table. (01 mark)
(b) Explain why; |

(i)  the second and the third ionisation energies of magnesium are

1450 XJmol™ and 7730 kJmol™ respectively. (03 marks)

(ii)  the melting points of chlorides of the elements generally increase

from beryllium chloride to barium chloride. (03 marks)
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(c) (i) State one use of barium chloride in the laboratory. ( V2 mark)

(ii) Write an ionic equation to support your.answer in (i) (01 mark)

6. The first ionisation energies of some group Il :elements of thée Periodic Table
and the melting points of their chlorides are given below.

Element Mg (Ca |Sr. |Ba
First ionisation energy (kJmol™) | 738 [590 |549 -] 505"
Melting point of chloride(°C) [708 [772 |873 [967
Explain;
(i) Why ionisation energy decreases with increasing atomic number.
(02 marks)
(i) Why melting points of the chlorides of these metals increase with
increase in atomic number. (02 marks)
7. State what is observed and write equatlon for the reaction between the
following and water (08 marks)
(i)  Aluminium chloride
(ii) magnesium chloride
(iii) aluminium hydride
(iv) magnesium hydride
8. (a) State three reasons why lithium and magnesium resemble. (1 %2 marks)
(b) Mention three properties to show the relationship between lithium and

magnesium. (03 marks)

9. (a) What is meant by the term diagonal relationship? (02 marks)
(b) State three properties in which Beryllium resembles Aluminium.

(03 marks)

(c) State four properties in which Beryllium behaves differently from other

group II elements. " ‘(04 marks)

10.The chemical properties of beryllium differ from those of other group II

elements but resemble those of Aluminium.
(2) State the term used to describe the similarities in chemical properties

between beryllium and aluminium, ( 72 mark)
(b) State three reasons why the properties of beryllium;

(i)  differ from those of other group II elements. (1 %2 marks)

(ii) resemble those of aluminium. (1 ¥» marks)
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(c) (i) State what will be observed and write equation for. the reaction ‘Fhat
takes place when a piece of beryllium -metal is dropped into
concentrated sodium hydroxide solution. - (01 mark)
(ii) Write equation for the reaction (01-mark)

11.Although Boron is in group (III) of the Periodic Table, it resembles silicon
which is in group (IV) in some of its properties.

(a) State four properties in which-Boron resembles silicon. . . (04 marks)

(b) Give two reasons why boron resembiles silicon. - - (02 marks)

12.(a) Outline a method of preparing each of the following from the stated
reagent.

(1) calcium hydroxide from calcium carbonate. (02 marks)

(i) ethyne from calcium carbide (02 marks)

(b) Explain each of the following statements.
(i) anhydrous calcium chloride is commonly contaminated with calcium

oxide. ' (03 marks)
(i) beryllium carbonate has a lower decomposition temperature calcium
carbonate. (02 marks)

13.(a) Beryllium, Magnesium, Calcium and Barium are elements in group II of

the Periodic Table. Briefly describe how the hydroxides of the elements
~ above react with ;

()  sodium hydroxide solution (02 marks)
(i) hydrochloric acid ' (02 marks)
(b) The table below shows the solubility of* group II hydroxides in water at
20°C.
Hydroxide Be(OH), | Mg(OH), | Ca(OH), | Sr(OH),| Ba(OH),
Solubility(g/100g at 20°C) | Insoluble | 0.002 0.15 0.9 40 |

(1) - State and explain the trend in solubility of the hydroxides. (3 % marks)
()  Different masses of solid calcium hydroxide and barium hydroxide
containing the same number of moles were separately shaken with the

same volume of water at 25°C. Identify the solution with higher pH value.
Give a reason for your answer. (1 %2 marks)
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14.Explain each of the following observations.
(b)  The ions Na* and Mg?* have the same electronic configuration, yet
the ionic "radius of Mg?* is lower than that of Na*
(02 marks)
(c) Although standard électrode potentials of alkali metals and alkaline
earth metals become more negative down the groups, the standard
electrode potentials of Lithium and beryllium are most negative in the

respective groups. (04 marks)

(d)  The melting points of group II elements are higher than the melting
~ points of corresponding group I elements. (03 marks)

(e)  Second ionisation energies of group I elements are higher than second
ionisation energies of group II elements. (02 marks)

(f) Decomposition temperatures of group II carbonates increase from
berylliuni carbonate to barium carbonate. -(02 marks)

Long answer type questions
15.Beryllium, magnesium, calcium, strontium and barium belong to group II of

the Periodic Table
(a) Explain the trend in
(i) electropositivity of the elements (03 marks)
(ii) melting points (03 marks)
(b) Describe the reaction of the elements with; '
(1) water ‘ (4 %2 marks)
(i) sulphuric acid (04 marks)
(c) Beryllium hydroxide is soluble in aqueous sodium hydroxide whereas
'magnesium hydroxide does not dissolve. Explain. (04 marks)

(d) Write equation for the hydrolysis of magnesium carbide. (1 %2 marks)
16.Beryllium is a group I element but behaves differently from other elements.
(2) State the reasons why beryllium behaves differently from other elements
(03 marks)
(b) The table below shows the temperatures for complete decomposition of
group 11 metal carbonates to the metal oxides at 1 atmosphere.

Carbonate BeCO; | MgCO3 | CaCO3 | SrCO; | BaCO,
Decomposition temperature °c) 25 540 900 1290 1360
Explain the trend in thermo stability of the carbonates (2 V2 marks)
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(c) Compare the thermo stability of group II carbonates and carbonates of

group II carbonates (02 marks)
(d) Write a general equation for the reaction of carbonates of group II |

carbonates with hydrochloric acid. (1 %2 marks)
(¢) Cement, a mixture of calcium silicates and calcium aluminates is a

useful substance in the construction industry.

(i) State the main raw materials used in the manufacture of cement.
(03 marks)

(ii) Describe how cement is made from the raw materials above.
(08 marks)

17. (a) Write the outermost electronic configuration of group II elements.
(01 mark)
(b) Describe the reactions of group II elements with:
(i) water ' (5 %2 marks)
(i) sulphuric acid (7 %> marks)
(iii) sodium hydroxide (02 marks)
(c) Potassium chromate solution was added to barium chloride solution
followed by dilute nitric acid drop wise until in excess.
(1) State what was observed. (02 marks)
(11) Write equation(s) for the reaction(s) that took place.
(02 marks)
18.A compound Z, whose molecular mass is 142, contains 16.9% magnesium,
33.8% carbon, 45.1% oxygen, and the rest being hydrogen.
(a) (i) Determine the empirical formula of Z. (02 marks)
(ii) Work out the molecular formula of Z. (02 marks)
(b)On heating, Z decomposes to form a white residue, X and a gas Y that
forms a yellow precipitate with 2 4-dinitrophenylhydrazine in acidic

medium.

(i) Deduce the chemical formula of Z. (01 mark)

(ii) Identify X and Y. (02 marks)
(c) Write equation for the reaction that;

(i)  takes place when Z is heated. (1 ¥ marks)

(ii)  leads to formation of the yellow precipitate. (01 mark)
(d) (i) State what will be observed when dilute sulphuric acid is added to X.

(02 marks)
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(ii) Wrxte equatlon for the reaction between dilute sulphurlc acid and X.
- ; ' (1 2 marks)

(e) Write; .
(i)  the mechanism for the reaction in (c)(ii) (04 marks)
(ii)  equation(s) for conversion of Y to ethene. , (03 marks)

19.Briefly explain the following observations.
(a) The melting points of group II elements decrease down the group whereas '

that of group VII elements increase down the group. . (06 marks) .
(b) Beryllium chloride is more soluble in ethanol than in water whereas
barium chloride is more soluble in water than in ethanol. (04 marks)

(c) When both sodium’and magnesium were burnt in excess air and the
products treated with water, there was effervescence of a gas in each case.
(05 marks)
(d) Calcium phosphate is sparingly soluble in water. It is less soluble in
calcium nitrate solution but more soluble in dilute hydrochloric acid.
' (04 marks)
(e) When ammonia solution is added to a solution of magnesium sulphate, a
white precipitate is formed. However, when ammonia solution is added to
the same solution in the presence of ammonium chloride solution, no
precipitate is formed. ’ (05 marks)
(f) The atomic radius of group ITA metals increases down the group.
(03 marks)
(g) Beryllium hydroxide dissolves in excess sodium hydroxide solution
whereas magnesium hydroxide is insoluble in the alkali. (04 marks)
(b) The melting points of group IIA metal chlorides are in the order
MgCl, < CaCl, < SrCly < BaCl, whereas the melting points of the
oxides are in the reverse order. (05 marks)
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THE CHEMISTRY OF GROUP IV ELEMENTS

Electronic structures/ configurations

Element | Atomic number Configuration Y
C 6 - | 152 252257

Si 14 152 252 296 35232
Ge 32 - 15?252 2p® 3523p%3d 945242
Sn 50 152 252 2p® 35%3p°®3d*°4524p°4d 055257
Pb 82 152 252 2p® 3523p53d %4524p®4d 104 1*5525p55d 10652 6p1 |

From the above electronic configurations, it can be concluded that the outermost
electronic configuration of group IV elements is ns?np?.

The concept of inert pair effect
The general outermost configuration of group IV elements is ns® np>.

As atomic radius increases from carbon to lead, the fwo outermost ns-
electrons experience increased nuclear attraction due to poor screening by the
electrons in the d and f—orbitals. This makes the ns- electrons less available for
bonding. :

Inert pair effect is therefore the inability of the two outermost s- electrons of
group IV atoms to participate in bonding.

Metallic character

Element Character
Carbon Non metal
Silicon

Germanium | Metalloids
Tin

Lead Metals

Metallic character increases from carbon to lead. Carbon is a non-metal; silicon
and germanium are semi-metals but silicon being more of a non-metal than a metal

and germanium being more of a metal than a non-metal. Tin and lead are weakly
electropositive metals.
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Bonding and structure
In diamond, each carbon atom is covalently bonded to four other carbon atoms
to form a tetrahedral structure which is continuous to form a giant molecular
structure.
In graphite, each carbon atom is covalently bonded to three other carbon
atoms to form hexagonal layers of carbon ‘atoms held together by weak Van-
der-Waals® forces of attraction. s
Silicon and germanium have a giant molecular diamond like structure. Each
silicon or germanium atom is covalently bonded to four other atoms to form a
tetrahedral structure which is-continuous to form a giant molecular structure.
Tin and lead have a giant metallic structure in which the atoms are held by
strong metallic bends. However, the metallic bonds in lead are stronger than
tin. '

Diamond

Carbon atoms

Strong covalent bonds

Graphite

trong covalent bond

| .
| L{/{SWeak van der Waals forces
|
|

|
'| ! _Carbon atoms

Layer one

Layer two _{ :
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VARIATION IN ATOMIC AND PHYSICAL PROPERTIES OF THE ELEMENTS

1. Melting point
The table below shows the melting points of group II elements

o o —

Element C(diamond) | Si Ge Sn Pb
Atomic number 6 14 32 50 g2 |- "‘
Melting points("C) | 3550 1410 |937 232 327

(a) Plot a graph of melting pomt against atomic number

— = v

(You are advised to plot own graph. The graph below is just a sketch and not
on scale)
(b) Explain the trend in melting points of the elements
(a) 3500 C

2800

2100

1400

Melting-point (°C)

700

6 14 32 50 82
Atomic numbers

(b) Melting point decreases from carbon to tin and then increases slightly from
tin fo lead.

Carbon has the highest melting point because it has a large number of short and

strong covalent bonds which require high amount of energy to break before it

mells. |

From carbon to germanium, atomic radius increases, bond length increases, '

bond strength decreases, and lower amount of energy is required to break the '

covalent bonds.

The further decrease in melting point from germanium to tin is because of

weaker metallic bonds in tin.

Melting point increases slightly from tin fo lead due to increase in metallic bond

strength as a result of inert pair effect.

DEMYSTIFFYING INORGANIC CHEMISTRY BY Joseph Jobs Kayiira , BScED(Hons. CHEM/MTC)
Emailzjosephkayiirab@gmuil.com Cull 0782601038 WhatsApp 0753 124/0192‘
1




_—

2. lonization energy

None of the group IV elements forms ions in the "+1"oxidation state. ThlS means
that first ionisation energy alone is not helpful. However some of the elements
form ions in the +2 and +4 oxidation state

Therefore total of first and second 1on1sat1on energles can be con51dered or the total
of the first four ionisation energles which both a general trend.. EHE

State and explain the trend in ionization energy of the elements
Ionization energy generally decreasés from carbon to lead.

This is because from carbon to lead, nuclear charge increases, screening effect
also increases, because an extra energy level completely filled with electrons is
added from element to element. Increase in screening effect outweighs increase in
nuclear charge. Effective nuclear charge decreases, atomic radius increases and
outer most electrons are far and weakly attracted by the nucleus requiring a low
amount of energy to be removed.

3. Eleciropositivity

The tendency of an atom of an element to lose its valence electrons to become
- positively charged. -
Electropositivity generally increases from carbon to lead because metallic

character increases, atomic radius increases and the valence electrons experience
a lower nuclear attraction than repulsion hence easily lost.

4, Electrical Conductivity
Electrical conductivity increases from carbon to lead.

Graphite is a conductor of electricity although diamond is a non-conductor.
Silicon and germanium are semi-conductors. The electrical conductivity of
graphite, silicon and germanium increases on heating.

Tin and lead are good conductors. The electrical conductivity of tin and lead
decreases on heating.
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The catenation of carbon

Catenation is the ability of an atom to form longs chains of identical atoms. Carbon
is ‘'one of the few elements which can catenate. Carbon atoms are able to link
covalently to form stable chains which may contain from two up to very large
numbers of carbon atoms. In these chains, only two valencies of carbon are used,
leaving other two free to link with other elements or other carbon atoms (forming
branched chains). The chains act as a backbone or skeleton on which an enormous
number of organic compounds can be formed. For an element to be able to
catenate, it must have a valency of at least two and able to form relatively strong
covalent bonds with itself.

Briefly, carbon is able to catenate due to its small atomic radius that enables it to
form stable and strong carbon-carbon bonds

N N/ N/ N\,
PN A PN A A
OXIDATION STATES
Qn. (a) State the common oxidation states exhibited by elements in group IV
of the Periodic Table.
(b) Discuss the stability of the oxidation states in (a) from carbon to lead

using the;
(i) Chlorides
(i) Ocxides

(a) Group IV elements exhibit the +2 and +4 oxidation states
(b) (i) Considering the tetrachlorides;

CClL, (D

Sicl, (D)

GeCl, (1)

Sstrong heat
SnCly(l) —5 $ncl,(s) + Cl,(q)
PbCl4 (l) room temperature

etrachloride and germanium tetrachloride exist and

Carbon tetrachloride, silicon ¢
are stable to heat.

g b '
CT;:;Z] I ) chloride on strong heating decomposes to form tin(ll) chloride and
hlorine. .
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Lead(IV) chloride is unstable. It decomposes on simple warming or even at room
temperature to form lead(Il) chloride and chlorine. This means that the +2
oxidation state is more stable than the +4 oxidation state for compounds of lead.
Carbon(Il) chloride and silicon(Il) chloride do not exist but tin(1l) chloride and
lead(Il) chloride exist with increasing stability down the group

Therefore stability of +2 oxidation state increases from carbon to lead whereas
stability of +4 oxidation state decreases from carbon to lead.

(ii) Considering the dioxides.
€02(9)

Si0,(s)

Ge0,(s)

Sn0,(s)

2Pb0,(s) o 2PbO(s) + 0,(9)

Carbon dioxide, silicon(IV) oxide, Germanium(I V) oxide and tin(IV) oxide exist
and are stable to heat. ‘ |
Lead(IV) oxide exists but decomposes on heating to form lead(Il) oxide and oxygen

implying that the +2 oxidation state is more stable in lead.
Carbon monoxide exists but easily oxidise to more stable carbon dioxide
2€0(g) + 0,(g)—>2€0(9)
Silicon(Il) oxide  and germanium(Il) oxide are unstable and undergo
disproportionation to form corresponding stable dioxides and the elements.
2Si0(s) Si(s) + Si0,(s)
2Ge0(s) =—=Ge(s) + GeOy(s)
Therefore stability of +2 oxidation state increases from carbon to lead whereas

stability of +4 oxidation state decreases from carbon to lead
This variation in stability of the two oxidation states is due to inert pair effect.

CHEMICAL PROPERTIES OF THE ELEMENTS
2. pescribe the reactions of group IV elements with air.
Strongly heated carbon reacts with air to form carbon dioxide.
C(s) + 0,(g) — €02(9)
Strongly heated silicon reacts with air to form silicon(IV) oxide.
Si(s) + 0,(g) — Si0,(s)
Strongly heated germanium reacts with air to form germanium(I'V) oxide.
Ge(s) + 0,(g)—>Ge0(s)
Strongly heated tin reacts with air to form tin(I'V) oxide.
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Sn(s) + 0,(g) S$n05(s)
Heated lead burns iﬁ air to form lead(I¥) oxide

- 2Pb(s) + 0,(g)— 2PbO(s)
Note; Lead does not form lead(IV) oxide because its compounds are more
stable in the +2 oxidation state.
However when heated up to 470°C the lead(II) oxide is oxidised further to
dilead(IT) lead(IV) oxide.

6PbO(s) + 0,(g)——> 2Pb30,(s)

3. Describe the reactions and conditions under which group IV elements
react with water

Carbon, silicon, germanium and tin do not react with cold water

Red hot carbon reacts slowly and reversibly with steam to form carbon

monoxide and hydrogen. The gaseous mixture of carbon monoxide and hydrogen

is called water gas

C(s) + H,0(g) CO(g) +.Hx(g -
Red hot silicon reacts with steam to form silicon(IV) oxide and hydrogen.

Si(s) + 2H,0(g) Si0,(s) + 2H,(g9)

"Germanium does not react with water under any condition.

Red hot tin reacts with steam to form tin(IV) oxide and hydrogen.
Sn(s) + 2H,0(g) ——> Sn0,(s) + 2H,(g)
Lead reacts with soft water containing dissolved oxygen to form lead(Il)
hydroxide. ,
2Pb(s) + 2H,0(1) + 0,(g)—>2Pb(0H),(s)

4. Describe how group IV elements react with;
(a)dilute acids
(b)concentrated acids
(a) dilute acids
(1)  Dilute hydrochloric acid. : .
Carbon, silicon and germanium do net react with dilute hydrochloric acid.

Tin reacts with cold dilute hydrochloric acid to form tin(II) chloride and
hydrogen gas.
Sn(s) + 2HCl(aq)—SnCl,(aq) + H,(g)

Lead also reacts slowly with dilute hydrochloric acid and the reaction stops due

to formation of insoluble lead(II) chloride.
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()  Dilute sulphuric acid _ _
Cgrbon, silicon and germanium do not react with dilute sulphuric acid.
Tin does not react with sulphuric acid. -
Lead reacts slowly with dilute sulphuric acid and the reaction stops due to
formation of insoluble lead(IT) sulphate. AU |
(iti)  Dilute nitric acid | ‘ .
Carbon, silicon and germanium do not react with dilute nitric acid
Cold dilute nitric acid oxidises tin to tin(II) nitrate, itself reduced to ammonium
nitrate and water. ' | -
45n(s) + 10H*(aq) + NO3 (aq)—>45n?*(aq) + NHf (aq) + 3H,0()
4Sn(s) + 10HNO;(aq)—4Sn(N03),(aq) + NH,NO3(aq) + 3H,0(D)
) , C.fFeand Zn 7
Dilute/ moderately concentrated/ half concentrated nitric acid oxidises lead to
lead(Tl) nitrate, itself-reduced to nitrogen monoxide and water.
3Pb(s) + 8H*(aq) + 2N05 (aq)—>3Pb**(aq) + 2N0(g) + 4H,0(D)
3Pb(s) + 8HNO3(aq) —3Pb(N0;),(aq) + 2N0(g) + 4H,0(1) .

(b)concentrated acids
(i)  concentrated hydrochloric acid. _ N
Carbon, silicon and germanium do not react with concentrated hydrochloric acid.
Tin reacts vigorously with hot concentrated hydrochioric acid to form tin(IT)
chloride and hydrogen. ‘ o c
Sn(s) + 2HCl(aq)—>SnCl,(aq) + H,(g)
Lead also reacts with boiling concentrated hydrochloric acid to form lead(Il)
chloride and hydrogen.
Pb(s) + 2HCl(aq) —>PbCl,(aq) + H,(g)

(ii)  concentrated sulphuric acid
Hot concentrated sulphuric acid oxidises carbon to carbon dioxide and itself

reduced to Sulphur dioxide and water.
C(s)+ 2H,S0,(aqy—>C0,(g) + 250,(g) + 2H,0(1)
Silicon does not react with concentrated sulphuric acid

Germanium does not react with concentrated sulphuric acid.

Hot concentrated sulphuric acid oxidises tin to tin(lV) sulphate and itself

reduced to Sulphur dioxide and water.
sn(s) + 4H,S0,(aq) —* Sn(S0,),(aq) + 250,(g) + 4H,0(D)
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Hot concentrated sulphuric acid oxidises lead to lead(II) sulphate and itself
reduced to Sulphur dioxide and water.
Pb(s) + 2H,50,(aq) —>PbS04(aq) + S0,(g) + 2H,0(D)
(iii) concentrated nitric acid
Hot concentrated nitric acid oxidises carbon to carbon dioxide and itself
reduced to nitrogen dioxide and water
C(s) + 4HNO;(aq) — C0,(g) + 4N0,(g) + 2H,0(1)
Silicon does not react with concentrated nitric acid
Germanium is oxidised by hot concentrated nitric acid to germanium(IV) oxide
and itself reduced to nitrogen dioxide and water. ‘
Ge(s) + 4HNO;(aq) —— GeO,(s) + 4N0,(g) + 2H,0(D)
Tin is oxidised by hot concentrated nitric acid to tin(IV) oxide and itself reduced
to nitrogen dioxide and water.
Sn(s) + 4HNO5(aq) —> Sn0,(s) + 4N0,(g) + 2H,0(D)
Lead is oxidised by hot concentrated nitric acid to lead(II) nitrate and itself
reduced to nitrogen dioxide and water.
Pb(s) + 4HNOs(aq) —Pb(NO3);(aq) + 2N0,(g) + 2H,0(1)
Other acids.
(i)  hydrofluoric acid
Silicon is the only element that reacts with hydrofluoric acid to form
hexafluorosilicic acid and hydrogen.
Si(s) + 6HF(aq) — H,SiFg(aq) + 2H,(g)
(i) ethanoic acid ' B \
ILead reacts with ethanoic acid in presence of air to form lead(Il) ethanoate and

water.
2Pb(s) + 2CH;CO0H(aq) + 0,(g) ——2(CH;C00),Pb(aq) + 2H,0(1)

5. Describe the reaction of group IV elements with dilute and
concentrated sodium hydroxide. "

Carbon does not react with dilute or concentrated sodium hydroxide solution.

Silicon reacts with both dilute and hot concentrated sodium hydroxide to form

sodium silicate and hydrogen gas

Si(s) + 20H(aq) + H,0()— Si0%~(aq) + 2H,(g)
or Si(s) + 2Na0H(aq) + H,0(l)—> Na,Si0s(aq) + 2H,(9)
Gennanmm reacts with hot concentrated sodium hydroxide to form sodium
germate(IV) and hydrogen gas
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Ge(s) + 20H(aq) + H,0(l) —Ge02 (aq) + 2H,(g)
or Ge(s) + 2NaOH(aq) + H,0(l) —» Na,Ge05(aq) + 2H,(9)
or Ge(s) + 20H(aq) + 4H,0(1) —»>Ge(0H)% (aq) + 2H2(9)
or Ge(s) + 2NaOH (aq) + 4H,0(l)—> Na,Ge(OH)¢(aq) + 2Hz(9)
Tin reacts with hot concentrated sodium hydroxide to form sodium
stannate(IV) and hydrogen gas

Sn(s) + 20H(aq) + H,0(D)— Sn0%~(aq) + 2H,(g)
or Sn(s) + 2NaOH(aq) + H,0(1) ——*Na,Sn0s(aq) + 2H; )
or Sn(s) + 20H(aq) + 4H,0(l) —>Sn(0H)Z (aq) + 2H,(9)
or Sn(s) + 2NaOH(aq) + 4H,0())—> Na,Sn(0H)¢(aq) + 2H,(g)
Lead reacts with hot concentrated sodium hydroxide to form sodium
plumbate(Il) and hydrogen gas

Pb(s) + 20H(aq) —> Pb03 ™ (aq) + Hz(9g)
or Pb(s) + 2NaOH (aq) —>Na,Pb0,(aq) + H2(9)
or Pb(s) + 20H(aq) + 2H,0(l)—> Pb(0H)} (aq) + Hz2(g)
or Pb(s) + 2NaOH(aq) + 2H,0(1) —Na,Pb(0H)4(aq) + H,(9)

6. Describe the reactions of group IV elements with chlorine
Carbon does not react with:chlorine. a
Heated silicon reacts with dry chlorine to form silicon tetrachleride.
Si(s) + 2Cl,(g)— SiCl,(D
Heated germanium reacts with dry chlorine to form germanium(IV) chloride.
Ge(s) + 2Cl,(g) — GeCl, (1)
Heated tin reacts with dry chlorine to form tin(IV) chioride.
Sn(s) + 2Cl,(g) —> SnCly(D)
Heated lead reacts with dry chlorine to form lead(Il) chloride.
Pb(s) + Cl,(g)—> PbCly(s)

7. Discuss the reactions of group IV elements with sulphur
Heated carbon reacts with sulphur vapour to form carbon disulphide
C(s) + S2(9) CSa (D)
Heated silicon reacts with sulphur vapour to form silicon(IV) sulphide
Si(s) + Sa(g) — SiSz(s)
Heated germanium reacts with sulphur vapour to form germanium(IV)
sulphide
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U Gels) + Sp(g)—GeS(s)
Heated tin'reacts with sulphur vapour to form tin(IT) sulphide
ST 25n(s) + S2(@)— 25nS(s) |
Heated lead reacts with sulphur vapour to form lead () sulphide
2Pb(s) + S,(g) —>2PbS(s)

COMPOUNDS OF GROUP 1V ELEMENTS

THE DIOXIDES
Formula of the oxide co, . . $i0, GeO, Sno, Tbm
Physical state Gas - Solids | ]
Bonding and structure Simple’ Giant Giant  Giant Giant ]
molecular covalent | covalent |ionic " Vionic

{a) Structure and bonding ‘
Carbon dioxide has a simple molecular structure with discrete molecules held by

weak Van der Waals’ forces.
Silicon dioxide and gér‘manium dioxide have giant covalent structures with a 3-
dimensional network of strong covalent bonds.

Tin(IV) oxide and lead(IV) oxide have giant ionic structures held by strong ionic
bonds.

Qn. Briefly explain why carbon dioxide is a gas whereas silicon(IV) oxide is 2
solid at room temperature.

Carbon dioxide is non-polar. It has discrete molecules with a simple molecular
structure held by weak van der Waals forces of attraction which are easily
overcome at room temperature keeping them far apart from each other.

However, in silicon(IV) oxide, each silicon atom is covalently bonded to four
oxygen atoms to form a tetrahedral structure which is continuous to form a giant
molecular structure with very many strong covalent bonds that keep its molecules
very close to each other. R

0=C=0

S
o/‘J“\o
— + ~
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(b) .With relevant equatjons, describe how the dioxides of Groupili'_V;‘i
elements can be formed, R e
Carbon(IV) oxide, silicon(IV) oxide , germanium(IV) oxide and tin(IV) oxide can
be formed by heating the elements in oxygen St T
C(s) + 0,(g) —» CO,(g) -
Si(s) + 0,(g) —> Si0,(s)
Ge(s) + 0,(g)—> GeO,(s) -
o Sn(s) + 0,(g) ——>Sn0,(s) S
Lead(IV) oxide is formed by the reaction between dilead(Il) lead(IV) oxide with
warm dilute nitric acid. . . L :
Pb30,(s) + 4HNO3(aq) ——> Pb0,(s) + 2Pb(N03),(aq) + 2H;0()
It can also be prepared by heating a mixture of lead(Il) nitrate and sodium
chlorate(I) at about 300°C.

+¢ -
2+ ' + .

Pb?*(aq) + ClO~(aq) + H,0())——>Pb0,(s) +2H*(aq) + Cl" (aq)

Lead(IV) oxide can also be prepared by heating a mixture of lead(Il) nitrate,

calcium chlorate(I) and calcium hydroxide.

2+
Pb**(aq) + 20H(aq) + C10™(ag)—>Cl™(aq) + Pb0,(s) + H0())

() The table below shows the melting points of group IV dioxides.
Explain the trend in meiting points of the oxides

Oxide 602 SiOz GEOZ .S'nOz PbOz

Melting point of oxide(°C) | -56.5 | 1700 1116 | 1827 752

the lowest melting point because it has a simple molecular
weak Van der Waals forces.

Carbon dioxide has
structure with discrete molecules held by
Silicon dioxide and germanium dioxide have giant covalent structures with a 3-
dimensional network of strong covalent bonds. However, germanium dioxide has
a lower melting point than silicon dioxide because germanium has a bigger
atomic radius making the covalent bonds in germanium(IV) oxide longer and

weaker than those in silicon(l V) oxide.
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Tin(IV) oxide and lead(IV) oxide have giant ionic structures held by strong ionic
bonds. However, lead(IV) oxide has a lower melting point than tin(IV) oxide
because the lead(IV) ion has a bigger ionic radius than the tin(IV) .ion hence
weaker ionic bonds than those in tin(IV) oxide.

(d) Discuss the reactivity of the above oxides with
(i) dilute and concentrated acids
(ii) dilute and concentrated alkalis
(i)  reaction with dilute acids.
Carbon dioxide, germanium(IV) oxide, tin(IV) oxide and lead(IV) oxide do
not react with dilute acids. o
Only silicon (IV) oxide reacts with dilute hydrofluoric acid to form
hexafluorosilicic acid and water ( o silicon tetrafluoride and water)
Si0,(s) + 6HF(aq) — H,SiFg(aq) + 2H,0(1)
or Si0,(s) + 4HF (aq) — SiF,(g) + 2H,0(D)
N.B Silicon dioxide is an acidic oxide hence does not react with:other dilute strong
acids. However, it reacts with hydrofluoric acid because it is a weak acid the
fluorine atom has a very small atomic radius and highly electronegative.

reaction with concentrated acids
Carbon dioxide, germanium(IV) oxide and tin(IV) oxide do not react with

concentrated acids.
Silicon (IV) oxide reacts with concentrated hydrofiuoric acid only to form

hexafluorosilicic acid and water ( or silicon tetrafluoride and water)

Si0,(s) + 6HF(l) —>H,SiF¢(aq) + 2H,0(1)

or Si0,(s) + 4HF(l) — SiF,(g) + 2H,0(D)
Lead(IV) oxide reacts with cold concentrated hydrochloric acid to form
lead(IV) chloride, a yellow liquid and water.

Pb0,(s) + 4HCl(aq) — PbCl,()) + 2H,0(1)
Lead(IV) oxide reacts with excess cold concentrated hydrochloric acid to form
complex of hexachloroplumbate(IV) ions and water.

Pbh0,(s) + 4H*(aq) + 6Cl~(aqg) —> PbCl?(aq) + 2H,0(0)
Lead(IV) oxide reacts with hot concentrated hydrochloric acid to form
chlorine, lead(II) chloride and water,

Pb0,(s) + 4H* (aq) + 2Cl~ (aq) —>Pb?*(aq) + Cl,(g) + 2H,0(1)
or Pb0,(s) + 4HCl(ag) — PbCl,(aq) + Cl,(g) + 2H,0(1)
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Lead(IV) oxide reacts with h
ot concent . .
lead(IX) sulphate and water, centrated sulphuric ac@ to form oxygen,

2Pb0,(s) + 2H,50,(aq) —» 2PbS0,(aq) + 0,(g) + 2H,0(D)

(i)  reaction with dilute alkalis
Carbon dioxide reacts with cold dilute alkalis to form a carbonate and water (or
a hydrogencarbonate) :
CO,(9) +20H(ag) — €03 (aq) + H0(D)
or C0,(g) + OH(aq) —> HCO03(aq) .
Silicon dioxide, germanium(IV) oxide, tin(TV) oxide and lead(IV) oxide do net
react with dilute alkalis.
reaction with concentrated alkalis
Carbon dioxide reacts with hot concentrated alkalis to form a carbonate and
water )
C0,(g) + 20H(ag) —» CO03~(aq) + H,0(D)

Silicon dioxide reacts with hot concentrated alkalis to form a silicate and water.
Si0,(s) + 20H(aq) — Si03 (aq) + H,0(1)
Germanium(IV) oxide reacts with hot concentrated alkalis to form a

germate(IV).
Ge0,(s) + 20H(aq) — Ge0%~(aq) + H,0(D)
or Ge0,(s) + 20H(aq) + 2H,0(1) —>Ge(OH)Z ™ (aq)
Tin(IV) oxide reacts with hot concentrated alkalis to form a stannate(IV)
Sn0,(s) + 20H(aq) — Sn0%~(aq) + H,0(D)
or $n0,(s) + 20H(aq) + 2H,0(1) —>Sn(0H)Z (aq)
Lead(IV) oxide reacts with hot concentrated alkalis to form a plumbate(IV)
Pb0,(s) + 20H(aq) ‘—* Pb0} (aq) + H,0(D
or Pb0,(s) + 20H(aq) + 2H,0()) ——Pb(0OH)§ (aq)

Redox properties of the dioxides
Group IV dioxides are strong oxidising agents. Lead(IV) oxide is the most
powerful oxidising agent among them.

Qn. State what would be observed and explain your observation in each case
when;
(2) A piece of burning magnesium is lowered into a gas jar of dry carbon
dioxide.
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Observation, magnesium continues to burn with a bright white flame forming a

white ash and black specks.

Explanation;
Magnesium is oxidised by carbon dioxide to magnesium oxide, the

being reduced to carbon.

2Mg(s) + CO,(g) —2MgO(s) + C(s) ,

(b)dry carbon dioxide is passed over red hot charcoal
Observation; A colourless gas is formed.

Explanation; .
Carbon is oxidised by carbon dioxide to carbon moxide

C(s) + CO,(g) —>2€0(9)

(c) silicon(IV) oxide is heated with magnesium powder .
Observation,; The grey and white solid mixture formed & white ash and grey solid.
Explanation; S '

Magnesium is oxidised by silicon dioxide to magnesium oxi
being reduced to silicon. : -
2Mg(s) + Si0,(s) —p2MgO(s) + Si(s)

(d)concentrated hydrochloric acid is added to lead(IV) oxide and the

. mixture heated.

Observation; The dark brown solid dissolves forming a colourless solution and
bubbles of a greenish yellow gas

Explanation, A

Lead(IV) oxide oxidises concentrated hydrochloric acid to chlorine and itself
reduced to lead(Il) ions

Pb0,(s) + 4H*(aq) + 2C1~(aq) —*Pb**(aq) + Cl,(g) + 2H,0())
or Pb0,(s) + 4HCl(aq) —> PbCly(aq) + Cly(g) + 2H,0(1)

(e)Lead (IV) oxide is added to a solution containing manganese {dm

sulphate and concentrated nitric acid and the mixture boiled.

carbon dioxide

de, the silicon dioxide

i
f

Observation,; Dark brown solid dissolves and the pale pink solution turns
purple.

Explanation; .
quiganese(ll) ions are oxidised by lead(IV) oxide to manganate(VII) ions in
acidic medium, the lead(IV) oxide being reduced to lead(Il) ions.

(PbQ 65) } 4H+an) L2a » Pb%eﬂfﬂ L 2H QGQ}—X—S
2+ - -+
5Pb0,(s) + 2Mn?*(aq) + 4H* (aq)—>5Pb** (aq) + 2Mn0; (aq) + 2H,0(D)

D 4 4 ~ ,
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(f) Lead (IV) oxide is added to sodium bromide solutlon followed by dllute
nitric acid and the mixture heated. ~ ni
Observation, Dark brown solid dzssolves to form a colourless solutzon and reddzsh

brown vapows ; : o ,

Explanation; . ! o
Bromide ions are oxidised by lead(] V) oxide to bromine, the lead(IV) oxide bemg

reduced to lead(ll) ions.
%&és)—%aq)—k—%—%ﬁé&@%
@Br=(ag)—rBralg)+2¢)
Pb0,(s) + 2Br~(aq) + 4H*(aq)—> Pb**(aq) + Brz(g) + 2H,0(D)
(g) Lead (IV) oxide is added to potassium iodide solution followed by dilute
nitric acid and the mixture heated.
Observation; Dark brown solid dissolves to form a colourless solution and purple
Vapours.

Explanation;
Iodide ions are oxidised by lead(I V) oxzde to zoa’me the lead(IV) oxzde bemg

reduced to lead(1l) ions.
(PbOL5)+ 4H+€ﬂ§‘9 20 > Pb’?"‘an)'l 2L a) EQ) )
PbO,(s) + 21~ (aq) + 4H*(aq)—>Pb**(aq) + I,(g) + 2H,0(1)
(h)Dilute nitric acid is added to lead(IV) oxide followed by hydrogen

peroxide
Observation; Dark brown solid dissolves forming a colourless solution and

bubbles of a colourless gas.

Explanation;
Hydrogen peroxide is oxidised by lead(IV) oxide to oxygen and the lead(1V) oxide

being reduced to lead(Il) ions.
PO+ 4H  (aq)+ 26— P (aq)+2H- 00
Hz0(e)——-Oz(g+2H e +2e>

Pb0,(s) + H,0,(aq) + 2H*(aqg)—>Pb?*(aq) + 0,(g) + 2H,0(1)

(i) Sulphur dioxide is passed over heated lead(IV) oxide.
Observation; Dark brown solid forms a white solid
Explanation;
Lead(1V) oxide is reduced by sulphur dioxide to lead(Il) sulphate .
Pb0O,(s) + S0,(g) —>PbS0,(s)
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THE MONOXIDES ‘.
Formula of co Si0 Ge0 | SnO Pbo
the oxide .
Brown powder but
Physical Colourless unstable, readily A yellow solid but | Bluish- Yellow/orange
state gas disproportionates and unstable, readily nblack powder
known only to exist as | disproportionates solid
a gas at 2300°C 3

Nature Neutral, but - o

slightly Neutral Amphoteric

acidic _ SN .
Bonding and Simple Simple molecular Covalent Giant; |, Giantionic
structure molecular ionic | _

(a) Structure and bonding co
Carbon monoxide has a simple molecular structure with discrete molecules hf:ld
by weak Van der Waals’ forces. . : : ORIV
Silicon monoxide also has a simple molecular structure with discrete ‘molecules
held by weak Van der Waals’ forces.

Germanium(II) oxide is held by covalent bonds

Tin(I) oxide and lead(Il) oxide have giant jonic structures held by strong ionic
bonds.

(b) Withrelevant equations, describe how the monoxides of Group IV
elements can be formed. .
Carbon monoxide is formed by dehydration of methanoic acid with concentrated
sulphuric acid. Sodium methanoate may be used instead of methanoic acid.
HCOOH(aq) — C0(g) + H,0(1)

HCOONa(s) + H,50,(aq) —>NaHS0,(aq) + CO(g) + H,0(1)
or carbon monoxide can also be formed by dehydration of oxalic acid with
concentrated sulphuric acid “and. removing the carbon dioxide by passing the
gaseous mixture through potassium hydroxide solution.

H,C,04(s) ——> CO(g) + CO,(g) + H,0(D)
or carbon monoxide can be formed by passing a stream of carbon dioxide over red
hot charcoal :
C(s) + CO,(g) —>2€0(g)
Silicon monoxide is formed when silicon(IV) oxide and silicon are heated in a
vacuum at 1527°C Silicon monoxide vapour is formed and forms a brown powder
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on cooling. However, the brown powder rapidly disproportionates into the dioxide
and the metal. :

- 'Si0,(s) + Si(s) 2Si0(s)
Germanium monoxide is formed by hydrolysis of germanium(lI) chloride
GeCl,(s) + H,0(l) — GeO(s) + 2HCl(aq)
Germanium monoxide can also be formed reduction of germanium(IV) oxide with

germanium.

Ge0,(s) +Ge(s) 2Ge0(s)
Tin(II) oxide is formed by heating tin(I) oxalate in absence ofair.
-SnC,04(s) — Sn0(s) + €C0(g) + €O, (9)

CfFeO

Lead(ID) oxide is formed by heating lead(II) carbonate or lead(II) nitrate or lead(Il)

hydroxide.
PbCO5(s) —» PhO(s) + .€0:(9)

2Pb(N03),(s) —— 2PbO(s) + 4N0;(g) + 02(9)
Pb(OH),(s) —» PbO(s) + H,0(D)

(c) Discuss the reactivity of the above oxides with
(i) dilute and concentrated acids
(i) dilute and concentrated alkalis

(i)  reaction with dilute acids. |
Carbon monoxide is neutral hence does not react with dilute acids. .

Silicon monoxide is neutral hence does not react with dilute acids.
Germanium monoxide reacts with dilute acids to form germanium(Il) salts and

water.
GeO(s) + 2H* (aq) —Ge?*(aq) + H,0()
Tin(I) oxide reacts with dilute acid to form tin(II) salts and water.

Sno(s) + 2H*(aq) —Sn?*(aq) + H,0()
Lead(I) oxide reacts slowly with cold dilute hydrochloric acid and dilute
suphuric acid and the reactions stop due to formation of insoluble lead(IL)

chloride and insoluble lead(II) sulphate respectively.
Lead(Il) oxide reacts with hot dilute hydrochloric acid to form lead(II) chloride

and water.

However, lead(II) oxide reacts with dilute nitric acid to form lead(Il) nitrate and

water.
PbO(s) + 2HNO; (aq) — Pb(NO3),(aq) + H,0(1)
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reaction with concentrated acids
Carbon monoxide does not react with concentrated acids.
Silicon monoxide does not react with concentrated acids
Lead(ll) oxide reacts with excess concentrated hydrochloric acid to form
complex of tetrachloroplumbate(II) ions; a colourless solution and water.
. .PbO(s) + 2H*(aq) + 4Cl~(aq) —> PbCI~(aq) + H,0(D)

(i)  reaction with dilute alkalis
The monoxides do not react with dilute alkalis.
reaction with concentrated alkalis : ‘
Carbon monoxide reacts with fused sodium hydrox1de to form sodium
methanoate

: .CO{g) + NaOH(s) — HCOONa(s)
Silicon(Il) oxide dees not react with concentrated alkalis
Tin(II) oxide reacts with hot concentrated alkalis to form stannate(IL) ions

Sno(s) + 20H(aq) —> Sn0%(aq) + H,0(1)
or Sn0(s) + 20H(aq) + H,0(1)—> Sn(0H)3 (aq)
Lead(Il) oxide reacts with hot concentrated alkalis to form a plumbate(II)
PbO(s) + 20H(aq) — PbOz"(aq) + H,0(l) ..
or PbO(s) + 20H (aq) + H,0(1)——>Pb(0H)3 (aq)

Redox properties of the monoxides’
Carbon monoxide is a reducing agent. It is oxidised in most of its reactions to
carbon dioxide. :
Tin(II) oxide and lead(II) oxide can be reduced by carbon, carbon monox1de or
hydrogen.
Qn. State what would be observed and explain your observation in each case
when; . :
(a)carbon monox1de is passed over heated lead(II) oxide.
Observation; reddish brown hot solid formed a grey residue.
Explanation;
Carbon monoxide reduces lead(Il) oxide to lead, itself oxidised to carbon
dioxide

PbO(s) + CO(g) — Pb(s) + CO,(g)

(b)carbon monoxide is passed over heated copper(Il) oxide.
(c) carbon monoxide is passed over heated iron(1IT) oxide.
(d) A mixture of carbon and lead(II) oxide is heated.

(e) A mixture of carbon and tin(Il) oxide is heated.
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Observation; the black solid mixture formed a silvery white solid.
Explanation; : S
. Carbon reduces tin(1l) oxide to tin, itself o oxzdzsed to car bon monoxide.c.;1s

- 8Sn0(s) + C(s) —Sn(s) + C0(g)
(f) dry hydrogen is passed over heated lead(II) oxide.

LAl Lt
by

Observation; the reddish brown h_ot. ‘s_qlid formed a grey solid and a ..
colourless condensate.

Explanation; '
Hydrogen reduces lead(]I) oxzde to lead, ztself oxzdzsed to wate,

PbO(s) + Hy(g) —> Pb(s) + Hy01).
(g)dry hydrogen is passed over heated tin(II) oxide.

THE TETRACHLORIDES
Formula of the chloride | CCl, | SiCl, GeCl, SnCl, PbCl,
Physical state Celourless liquids Yellow liquid
Bonding All covalent
Volatility All non-volatile
Shape All tetrahedral

(a) Structure and bonding
All the molecules are tetrahedral, covalent and liquids at room temperature.
Although their bonds are polar, the molecules as a whole are non-polar due to their
symmetry.
Qn. Carbon tetrachloride is non-polar yet the carbon—chlorme bond is poiar.
Explain this observation. ,
Chlorine is movre electronegative than carbon. The chlorine atom iherefore tends
to attract the bonding electrons towards itself hence acquires a partial negative
charge (6 —) and the carbon atom gains a partial positive charge (3+). This makes
the carbon- chlorine bond polar.
However, the whole molecule is non-polar because it has a tetrahedral structure
in which the chlorine atoms are symmetrically distribured about the carbon atom

This creates equal and opposite dipole moments in all directions that cancel out
making the resultant dipole moment zero.
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(b) Withrelevant equations, describe how the each of the above
tetrachlorides is formed.
Carbon tetrachloride is formed by the reaction between chlorine and carbon
disulphide in presence of iron(III) chloride or aluminium(III) chloride catalyst
at 30°C
€S, (D) + 3Cl(g)— CCL(D + S:CL 1D
Silicon tetrachloride is formed by passing dry chlorine over heated silicon.
Si(s) + 2Cl,(g) — SiClL, (D )
Silicon(IV) chloride can also be prepared by heating a mixture of silicon(IV)
oxide and carbon in a dry current of chlorine."
Si0,(s) + 2C(s) + 2Cl,(g)—> SiCl, (D) + 2C0(g)
Germanium tetrachloride is formed by passing dry chlorine over heated
germanium.
Ge(s) + 2Cl,(g) —> GeCly(l)
Tin tetrachloride is formed by passing dry chlorine over heated tin.
Sn(s) + 2Cl,(g) —> SnCl (1)
Heated lead however reacts with dry chlorine to form a more stable lead(Il)
chloride but not lead(IV) chloride. Therefore this method cannot be used to form
lead(IV) chloride. '

Lead(IV) chloride is therefore formed by the reaction betWéen lead(IV) oxide
and cold concentrated hydrochloric acid.
Pb0O,(s) + 4HCl(agq) —> PbCL(D + 2H,0(1)

(c) The table below shows the boiling points of the tetrachlori.c-les of
group IV elements.

Tetrachloride CCly, SiCl, GeCl, SnCl, PbCl,

Boiling point("C)| 77 58 83 114 Decomposes

Explain the trend in variation of the melting points of the chlorides.

Boiling point decreases from carbon tetrachloride to silicon tetrachloride and
then increases to tin tetrachloride.

Lead tetrachloride decomposes even at room temperature.

The liquids are held by van der Waals’ forces of attraction whose strength
increases with increase in molecular size and increase in the total number of
electrons in the molecules that can be polarised. Silicon tetrachloride has a lower
boiling point than carbon tetrachloride because Silicon is mich less
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electr Ofiegattve than carbon and the silicon tetrachloride molecules have greater
repulsive forces than those of carbon tetrachloride.

Lead(IV) chloride is unstable. It decomposes even at room temperature o form
more s'table lead(II) chioride and chlorine because lead compounds are more
stable in +2 oxidation state than the +4 oxidation state due to increase in inerl

pair effect.

(d) Discuss the trend in thermal stability of the tetrachlorides

Thermal stability decreases from carbon tetrachloride to lead tetrachloride.
Carbon tetrachloride, silicon tetrachloride and Germanium tetrachloride are
thermally stable hence do not decompose. .
Tin tetrachloride decomposes. on strong heating to form tin(II) chloride and
chlorine. o
+SnCly (1) —»SnCly(s) +C 1,(g9)
Lead tetrachloride decomposes slowly at room temperature and rapidly when
heated to form lead(II) chloride and chlorine.

PbCl () —>PbCLy(s) + Cl,(9)
This decrease in thermal stability is because atomic radius increases from the
carbon atom te lead atom, element-chlorine bond length increases and bond
strength decreases. Hence a decreasing amount of energy is required to break

the increasingly weakening bonds.

, Hydrolysis of the tetrachlorides
Apart from tetrachloromethane, other tetrachlorides are easily hydrolysed (react
with water) to form dioxides (white solids) apart from lead(IV) oxide which forms
a brown solid. This is the same reason why the tetrachlorides fume in moist air.

This is due to presence of empty d- orbitals that accommodate lone pairs of
electrons from the oxygen atom in water.

Note; From the electronic configurations;

14Si- 1522522p®3s23p?, ‘

132.Ge- 15225221963523;7‘53d1°11z3215¢p2

505N~ 1522522p®3523p®3d*°4s24p° 4d1°5s25p2and
3_7Pb-15‘22$22p63323p63d104524p6 4d105525p64 f145d1°65%6p*: Silicon,
germanium, tin and lead have empty 3d orbitals, 4d orbitals, 5d orbitals, and 6d
orbitals responsible for hydrolysis respectively.
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Explain why silicon (IV) chloride fumes in moist air and also forms a white

solid but carbon(IV) chloride does not.

1451 1s? 257 2p6 35’ 3p2 3d°

L 157257 2’
The silicon atom in silicon tetrachloride has an empty 3d-orbital to accommodate
lone pairs of electrons from the oxygen atom in water hence silicon tetrachloride
easily undergoes hydrolysis to form silicon(IV) oxide and hydrogen chlovide.
Howeveér, the carbon atom in carbon tetrachloride lacks an enipty. d-orbital hence
does not undergo hydrolysis.

SiClL (1) + 2H,0 (I) ——>Si0,(s) + 4HCL (g)

(a) Discuss the reactions of tetrachlorides of group IV elements with water.
Carbon tetrachloride does not react with water.
Other tetrachloride reacts with water to form corresponding dioxides and
hydrogen chloride gas.

SiCl, () + 2H,0 (I) —> Si0,(s) + 4HCL (g)

snCl,(1) + 2H,0 () ———»Sn0,(s) +4HCL (g)

GeCl, (1) + 2H,0 () ——>GeO,(s) + 4H Cl(g9)

PbCL, (1) + 2H,0 () —>Pb0,(s) + 4HCl (9)

(b) reaction with acids
Tin(IV) chloride reacts with cold concentrated hydrochloric acid to form

hexachlorostannate(IV) ions.

sncl,() + 2Cl~(aq)——>SnClg~(aq)
Lead(IV) chloride reacts with cold concentrated hydrochloric acid to form
hexachloroplumbate(I'V) ions

PbCl, () + 2Cl~(aq)——>PbCl% (aq)
Qn.When cold concentrated hydrochloric acid was added to lead(IV) oxide, a
yellow liquid was formed. On addition of excess hydrochloric acid, a yellow
solution was formed. Explain this observation.
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THE DICHLORIDES

The dichlorides .
of carbon and silicon do not exi in stabili
C 14 ot exist due to decrease in
+2 oxidation state on ascending the group. stab%llty of the

O . . . .. . - <. - o
nly germanium(II).chloride, tin(IT) chloride and:lead(II) chloride exist

Formula of the chloride | _ GeCl, " Ssncl, PbClz
Physical state | .. .. . Al solids |
Bonding . Mainly covalent Mainly?é;)‘c,zlent Mainly Ionic
Shape V-shaped in vapour phase

(@) Withrelevant equations, describe how the each of the above
dichlorides is formed. :
Germgmum(ll) chloride is formed by passing germanium(IV) chloride vapour
over heated germanium. - e
. o GeCly (D) + Ge(s)——> 2GeCly(s)
Tin (I)chloride is formed by passing dry hydrogen chloride over heated tin.
Sn(s)+ 2HCL(g) —> SnCly(s) + Hy(g)
Lead(ID) chloride is formed by passing dry chlorine or dry hydrogen chloride
over heated lead.
Pb(s) + Cl(g)— PbClL(s) .
Pb(.sj) + 2HCI(g) — PbCl,(s) + H2(g)

(b) The melting point of iead(II) chloride is 500°Cwhereas tha
tin(1I) chloride is 247°C Explain this observation. SN

The tin(IL) ion has a smaller ionic radius than the lead(Il) ion. Therefore the

tin(IT) ion has a‘higher charge density and polarising power than the lead(II)

ion. This makes tin(IT) chloride mainly covalent whereas lead(ID) chloride is
mainly ionic. Covalent bonds need a lower amount of energy to break than

ionic bonds.

of

(c) Discuss the thermal stability of the dichlorides
Germanium(II) chloride- decomposes -on heating to ‘form germanium(IV)
chloride and germanium REETEERE :

L .. 2GeCl,(s)===-GeCl,(1) + Ge (s)
Tin(1I) - chloride and lead(Il) chloride - are stable to heat hence do not
decompose. -
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(d)Discuss the difference in solubility of tin(Ii) chloride and lead(II)
chloride in;

(i) water
(ii) concentrated hydrochloric acid

() Tin(ID) chloride is very soluble in cold water due to hydrolysis to form tin(II)
hydroxide and hydrogen chloride.

SiCl,(s) + 2H,0 () —Sn(0H),(s) + 2HCI (g)
Lead(Il) chloride is sparingly soluble in cold water because it does not undergo
hydrolysis. However, lead(II) chloride is more soluble in hot water.

Germanium(Il) chloride is also hydrolysed by water to form germanium(Il) oxide
and hydrogen chloride

GeCl,(s) + H,0 (I) === GeO(s) + 2HCI (g)

(ii) Both tin(Il) chloride and lead(Il) chloride "are soluble in concentrated

hydrochloric acid due to formation of soluble complexes of tetrachlorostannate(Il)
ions and tetrachloroplumbate(Il) ions respectively.

SnCly(s) + 2Cl~(aq)—SnCli~(aq)
PbCl,(s) + 2Cl~(aq)—— PbCl5(aq)

THE HYDRIDES
Formula of the hydride CH, SiH, GeH, SnH, PbH,
Name Methane | Silane | Germane | Stannane | Plumbane
Physical state All colourless gases
Bonding All covalent
Structure All simple molecular
Shape All tetrahedral

(a) Structure and bonding

The metals form covalent hydrides with a simple molecular structure, tetrahedral in
shape. They are all colourless gases.

(b} With relevant equations, describe how the hydrides of group IV
elements can be formed.

Methane is formed by hydrolysis of beryllium carbide or alumininm carbide
Be,C(s) + 4H,0(l) — 2Be(0H),(aq) + CH,(9)
Al C3(s) + 12H,0(1) —— 4AI(OH)3(aq) + 3CH,(g)
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Silane, Germane, Stannane and Plumbane ar
corresponding tetrachlorides b
ether at 0 °C

SICL(Y) + LiAlH,(s) ——>SiH,(g) + LIiCI(s) + AICl5(s)
GeCly(1) + LiAlH,(s)—— GeH,(g) + LiCl(s) + AICl5(s)
SnCly(l) + LiAlH,(s)—>SnH,(g) + LiCl(s) + AICLy(s)
PbCly(1) + LiAlH,(s)——PbH,(g) + LiCl(s) + AICL,(s)

e formed by reduction of their
y Lithium aluminium tetrahydride in presence of dry

(c) The table below shows the boiling points of the hydrides of group
IV elements, - -

Hydride CH, | SiH, | GeH, | SnH, | PbH,
Boiling point(’C) | -161.5 [ -1119 | -88 | -52 | -13
Explain the trend in variation of the melting points of the hydrides.

Boiling point increasés from methane to plumbane.

This is because molecules of the hydrides are covalent and held by weak van der

Waals’ forces of attraction whose strength increases with increase in'molecular
weight and molecular size.

(d) The table below shows the decomposition temperatures of the
hydrides of group IV hydrides. Explain the trend in thermo
stability of the hydrides.

Hydride | CH, | SiH,|GeH,| SnH, | PbH,
Decomposition temperature(OC) 800 450 | 285 150 0
Since decomposition temperature decreases from methane to Plumbane, thermo
stability decreases in the same order. This is because atomic radius increases
from the carbon atom to lead atom, effective overlap of orbitals decreases, bond
length increases, bond strength decreases from one hydride to the next. Therefore
the amount of energy required to break the bonds decreases.

4
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Hydrolysis of the hydfides_
Only silane is immediately hydrolysed by water containing a trace of alkali, but
methane and other hydrides are unexpectedly not hydrolysed.
Qn. Explain why methane does not react with water but silane does.
14Si 1s? 257 2p° 35° 3p? 3d
L 158258 2’
The silicon atom in silicon(IV) hydride has an empty 3d-orbital to accommodate
lone pairs of electrons from the oxygen atom in water hence easily undergoes
hydrolysis to form silicate ions and hydrogen gas. However, the carbon atom in.
carbon tetrachloride lacks an empty d-orbital hence does not undergo, hydrolysis.
SiH,(g) + 20H(aq) + H,0 ()—>5i05 (aq) + 4H (9)
N.B. An alkaline catalyst is required because the Si—H bond is less polar since
hydrogen and silicon have almost equal electronegativity.

(a) Discuss the reactions of hydrides of group IV elements with water.
Methane, germane, stannane and plumbane do not react with water
Only silane reacts with water in presence of an alkali to form silicate ions and

hydrogen gas :
SiH,(g) + 20H(aq) + H,0 ()—>5i03™(aq) + 4H: (g)

(b) Discuss the reactivity of the above hydrides with
(i) acids
(ii) alkalis
(i) The hydrides do not react with acids

(ii) Methane does not react with alkalis

Silane reacts with aqueous alkalis to form silicate ions and hydrogen gas
SiH,(g) + 20H(aq) + H,0 ()—>Si03~(aq) + 4H; (9)

Germane, stannane and plumbane do not react with alkalis

(c) Describe the combustion of group IV hydrides.
Methane burns in air at temperatures above 500 °C to form carbon dioxide and
water.
CH4(g) + 20,(g)—> C0x(9) + 2H,0 (D
Silane burns spontaneously in air to form silicon dioxide and water.
SiH.(g) + 20,(g)—> SiO,(s) + 2H,0 (1)
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Germane burns in air at an intermediate tempcrature to form Germanium(lV)
oxide and water . ,
GeH, (g) +20,(g)——>Ge0,(s) + 2H,0(1)
Stannane burns in air to form tin(IV) oxide and water
SnH, (g) +20,(g) — Sn0,(s) + 2H,0(1)
Plumbane burns in air to form lead(IT) oxide and water
2PbH, (g) + 30,(g)—>2Pb0(s) + 4H,0(1)

RED LEAD ‘
Formular: Pb;0,
IUPAC name: Dilead(1l) lead(IV) oxide
Other names: trilead tetraoxide, lead(IL1l, IV) oxide
The red solid is a mixed oxide of lead(II) oxide and lead(IV) oxide in a ratio of 2:1
respectively

Preparation
It is prepared by heating lead(II) oxide in air at about 470°C for several hours.

6PbO(s) + 0,(g) —= 2Pb304(5) .

Reaction of the mixed oxide with acids

(i) Nitric acid : o
The dilead(Il) lead(IV) oxide reacts with warm dilute nitric acid to form lead(IV)
oxide, lead(I]) nitrate and water. This reaction is used to prepare lead(IV) oxide.
Observation: - '
The red solid dissolves to form a brown solid'and'a colourless solution.

Pb30,(s) + 4HNO3(aq) —— Pb0,(s) + 2Pb(N05),(aq) + 2H,0())

(i) Hydrochloric acid ' ; ;
Dilead(Il) lead(IV) oxide reacts with hot concentrated hydrochloric acid to form
lead(II) chloride, chlorine gas and water.

Pb;0,(s) + 8HCl(ag)—>3PbCly(aq) +Cl; (9) +4H,0(D)

(iii) Sulphuric acid
Dilead(1l) lead(IV) oxide reacts with hot concentrated sulphuric acid to form
Jead(II) sulphate, oxygen gas and water.

2Ph30,(5) + 6H,S50,(aq)——>6PbS04(aq) + 0 (g) + 6H,0(1)
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Reaction with sodium hydroxide,.
Dilead(Il) lead(IV) oxide reacts with hot concentrated sodium hydroxide to form
both plumbate(II) and plumbate(IV) ions.
Pb30,(s) + 60H(aq) + 4H,0 () —> 2Pb(0H)% " (aq) + Pb(0H)E (aq)
or Pby0,(s) + 60H (aq) —* 2Pb03~(aq) + Pb03~(aq)

Reducing reactions of tin(II) ions
Solutions of tin(Il) ions are good reducing agents. During the redox reactions, they
are oxidised to tin(IV) ions according to the half-cell reaction below;
Sn?t(aqg) ——— Sn**(aq) + 2e
However, solutions of tin(II) ions can be reduced by zinc which has a greater
negative standard electrode potential than tin
Tin(II) ions reduce each of the following;
o Iron(IIl) ions to iron(II) ions L
o Acidified potassium permanganate solution to manganese(1I) 1ons
o Acidified potassium dichromate solution to chromium(III) ions :
e Jodine solution to iodide ions
Qn. State what would be observed and write equations when tin(II) chioride
solution was added to I
(i) acidified potassium dichromate solutﬁjn
(ii) acidified potassium manganate(VII) solution
(iii) iron(III) chloride solution

QUALITATIVE ANALYSIS FOR Pb%*AND Sn** IONS
The deductions given are general and DO NOT depend en any previous tests that could
have been done. The tests for tin(II) ions are only required for theory purposes.

TEST OBSERVATION | DEDUCTION | EXPLANATION ]
White Lead(Il) ions react with hydroxyl ions 10
o precz'pz’tc.zte - | zn2+ a3+, pp2+ form insoluble lead(Il) hydroxide.
Zldj soc‘z'zum soluble in probably Pb**(aq) + 20H(aq) — Pb(OH),(s)
3% roxz.a'e | excess fo present lead(Il) hydroxide is amphoteric hence
flr op wise until | form a reacts with excess hydroxide ions to form @
In excess colloz{rless soluble complex of plumbate ions.
solution Pb(OH),(s) + 20H (aq)—>Pb(OH)L
Add ammonia | White AP*, Pb?*, Mg** | Lead(Il) ions react with hydroxyl ions 10
pp*t| solution drop | precipitate ,Ba** Jorm insoluble lead(Il) hydroxide.
wise untilin | insoluble in | Probably Pb**(aq) + 20H (aq) — Pb(OH),(5)
excess excess present J
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Pb2+

Add sodium
carbonate

White

- | precipitate

Mgz+' Ca”, Ba2+

lead(1l) ions react with carbonate ions to

solution.

solution.

solution drop .| Insoluble in Zn**,Pb** | form insoluble Lead(Il) carbonate.
wise until in excess Probably Pb?**(aq) + CO% (aq) —> PbCO;5(s)
excess present
‘ Pb%*,Ba?* lead(Il) ions react with sulphate ions to
Add dilute White -, or Ca®* form insoluble lead(Il) sulphate.
sulphuric acid | precipitate - | Probably Pb?**(aq) + SOZ~(aq) —>PbS0,(s)
: present :
| White lead(1l) ions react with sulphate ions to
Add dilute precipitate Ph** form insoluble lead(Il) sulphate,
sulphuric acid | insoluble on Present Pb**(aq) + S02~(aq) —>PbS0,(s)
and heat heating Lead(1l)sulphate is insoluble on heating
Add dilute White Pb3* lead(II) ions react with chloride ions to
hydrochloric | precipitate Present Sform insoluble lead(Il) chloride.
acid Pb?*(aq) + 2C1~(aq) —>PbCl,(s)
Add dilute White - -1 lead(1l) ions react with chloride ions to
hydrochloric | precipitate - pp?t form insoluble lead(Il) chloride.
acid and soluble on Present Pb**(aq) + 2C1~(aq) —> PbCl,(s)
heat/warm/ heating and Lead(Il) chloride is soluble in hot water
Boil reprecipitates but insoluble in cold water
' on cooling '
Add potassium | Yellow Pp** lead(Il) ions react with iodide ions to form
iodide solution | precipitate " Present: insoluble lead(Il) iodide.
‘ Pb**(aq) + 21 (aq) —> Pbl,(s)
Add potassium | Yellow _
iodide solution | precipitate lead(1l) ions react with iodide ions to form
followed by soluble in Pp*t insoluble lead(ll) iodide.
dilute sodium | sodium Present Pb**(aq) + 21~ (aq) —>PbI,(s)
hydroxide hydroxide - ' .
solution solution
Add Yellow lead(Il) ions react with chromate ions to
potassium precipitate Jorm insoluble Lead(Il) chromate.
chromate(VI) | solublein Pb**(aq) + Cro%~(aq)—>PbCro,(s)
solution sodium Pb™* confirmed
followed by hydroxide present Note; Lead(Il) chromate is soluble in
sodium solution to dilute nitric acid to form a yellow
hydroxide form a yellow solution. Its however insoluble in ethanoic

acid.
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Wihite Tin(l]) ions react with hydroxyl iom
Add sodium precipitate form insoluble tin(ll) hydroxide.
Inwdroxide soluble in Zn?*, Al*, Ph** | sn?*(aq) + 20H (agq) —Sn(0OH),(s)
solution drop | excess (o ,Sn* probably | Tin(I1) hydroxide is amphoteric hence
wise until in [ form a present reacts with excess hydroxide ions to form
ONCOSS colourless soluble complex of Stannate ions.

solution Sn(OH),(s) + 20H (aq) ——*Sn(OH)2-
Add ammonia | White AR+ pb2t Mg** | Tin(Il) ions react with hydroxyl ions o 1
solution drop | precipitate ,Ba?*,Sn** . | form insoluble tin(1l) hydroxide.
wise until in insoluble in | probably Sn2*(aq) + 20H (ag) —>Sn(0H)(s)
excess excess present

The purple Tin(1l) ions reduce manganate(VID) ions in |
Add acidified | solution turns Sn*t present acidic medium to manganese(ll) ions, as
potrassium colourless they are oxidised to tin(IV) ions.
pepmanganate AnOrCag—+ 8H*(ag)+-5e > MnZt{ag)+4H 002
solution 2+ 4+

2Mn0; (aq) + 16H* (aq) + 55n** (aq) —2Mn?* (aq) + 55n** (aq) + 8H,0()
Add acidified Tin(II) ions reduce manganate(VII) ions in
potassium acidic medium to manganese(1l) ions, as
permanganate | Dirty yellow Sn?* present they are oxidised to tin(IV) ions.
solution until | precipitate The tin(IV)ions formed reacts with

24 no fuurther ) sulphide ions to form insoluble tin(IV)
Sn** | decolourisation. | . sulphide.
Z};’;f;:mm 2Mn0; (aq) + 16H*(aq) + 55n%* (aq) —»2Mn** (aq) + 55n** (aq) + 8H,0())
solution Sn**(aq) + 25% (ag)—> SnS;(s) ]
Add iron(ll) | Brown Tin(Il) ions reduce iron(Ill) ions to iron(ll)
chloride solution turns | Sn** present ions, as the tin(Il) ions are oxidised to
solution green tin(IV) ions |
25n?t(aq) + 2Fe3*(aqg) —* Sn**(aq) +=2Fe_2+_(_a_(]L

Add acidified | Orange Tin(Il) ions reduce dichromate(V1) ions in
potassium solution turns | Sn** present acidic medium to chromium(IIl) ions, a3
dichromate green they are oxidised to tin(lV) ions. ___—
solution Cr,02~(aq) + 3Sn**(aq) + 14H* (aq)—2Cr3*(aq) + 3Sn4+(aq)4-1:_7f_zﬁ@

A white Tin(1I) ions reduce mercury(Il) chloride 0 |
Add precipitaic mercury(l) chloride as they are oxidised !
mercury(ll) which slowly Sn** present tin(1V) ions |
chiloride urns grey /i
solution Sn?*(aq) + 2HgCly(aq) — Hg,Cly(s) + Sn** (aq) + 2Cl’4((1_q_)/E
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Sn2+

Add

dilute

ammonium
molybdate A blue -

solution colouration -
Sfollowed by

sulphuric acid

Sn*™ present Not required. -

UNIQUENESS OF CARBON

In some of its properties, carbon behaves uniquely from the other elements.

1. State the reasons for this unique behaviour.

Carbon has the smallest atomic radius among the elements
Carbon has the greatest electronegativity compared to other elements

Carbon has a maximum covalency of 4
Carbon can form very stable multiple covalent bonds with itself and m

other elements
Carbon does not show inert pair effect

any

2. State the properties in which carbon behaves uniquely from other elements

Carbon (diamond) has an abnormally high . melting point than other

elements
Carbon has the ability to form longs chains of carbon atoms. Other elements

do not catenate
Carbon reacts with air to form gaseous oxides. Other elements form solid

oxides.
Carbon does react with chlorine. Other elements react with chlorine to form

tetrachlorides. Lead forms lead(II) chloride
Carbon reacts with sulphur to form a liquid, carbon disulphide. Other

elements form solid sulphides.
Note; The chemistry of carbon compounds is not included here since

question is specific to carbon
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THE GREEN HOUSE EFFECT
The level of Carbon dioxide in the atmosphere has shown an increase since
industrial revolution. This is due to the extensive combustion of fossil fuels and the
production of the gas from car exhausts, and the destruction of large areas of
rainforest to burn the trees as a source of fuel. The carbon dioxide is slowly
building up in the atmosphere, which results intc an overall increase in the
temperature of the atmosphere (greenhouse effect).

USES OF GROUP IV ELEMENTS
1. A number of carbon allotropes have different uses;

e Diamond, the hardest naturally occurring substance known, is used for
making jewellery and, industrially, for cutting and drilling equipment.

» Graphite is used in making lead pencils and as electrodes in electrolysis

e Wood charcoal is used in drawing and as a fuel

e Animal charcoal is used to remove brown colour from sugar

e Lamp black is used in making shoe polish and printer’s ink

o Coke in extraction of iron as a reducing agent and manufacture of
producer gas and water gas

2. Silicon and germanium are used as semiconductors in transistors.
3. Tin is used in making alloys like bronze, solder and type metal(Sn, Pb and Sb)

4- Lead is used in tmaking alloys like solder.

_ MISCELLANEOUS TOPICAL QUESTIONS
' Short answer type questions
1. Carbon, silicon, germanium, tin and lead are group IV elements in increasing
atomic number. '
(a) (i) Write the general outermost configuration of the elements. (01 mark)
(ii) Tin and lead show inert pair effect. Briefly explain what is meant by
the term inert pair effect and give an example to illustrate your
answer." B (3 ¥ marks)
(b) State the reason why carbon has a very high melting point compared to other
# elements. | (1 Y2 marks)
(c) (i) Write the formulae of the hydrides formed by the elements. (2 2 marks)
(ii) Identify the thermally most stable hydride in ¢ (i) above. (V> mark)
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. The elen-lents tin and lead belong to group IV of the Periodic Table. Describe
the reactions of the elements with: |

(a) Water , (03 marks)

(b) Concentrated sulphuric acid. (03 marks)

(c) Alkalis _ (03 marks)

. (a)State the conditions and write equations for the reaction between carbon and;

(1) water ' ' (2 Y2 marks)

(ii) sulphuric acid. (2 %2 marks)
(b) Compare the reactions of carbon and silicon with:

(1) concentrated nitric(V) acid. _ ' (2 % marks)

(ii) concentrated sodium hydroxide. =~ (2 ¥ marks)

. () Draw the structures and name the shapes of the following species.(09 marks)

Species Structure | Shape

co,

Si0,

.CCl,

CH,

CS,

Sn03~

(b) Briefly explain why €O, adopts the shape you have named in (a) above.
‘ (02 marks)

(c) Compare the bond angle of CS, and Sn03~. Give a reason for your answer.
(03 marks)

DEMYSTIFYING INOR ‘GAJ\:’I C CHEMISTRY BY Joseph Jobs Kayiira , BScED(Hons. CHEM/MT (&)
Email;josephkayiirab@gmail.com Call 0782601038 ) VhatsApp 0753247098

147




5. (a) Carbon, silicon, germanium and tin belong to group IV of the Periodic Table

and their respective bond energies are given below.
Bond c—cC Si—Si Ge—=Ge Sn—=Sn

Bond energy(kJmol ') 346 175 168 156
(i) State the trend in bond energy. Give a reason for your answer. (1 % marks)
(ii) How does bond energy affect the tendency of the above elements to

catenate? (01 mark)

(b) Describe the reactions of the elements in (a) above with concentrated
' (02 marks)

(1 % marks)

hydrochioric acid.
(c) Write equation for the formation of silane.

6. (a) Lead(IV) oxide reacts with hydrochloric acid by redox reaction.
(i) State the conditions for the reaction. (01 mark)
(ii) Write the reduction and oxidation half reactions for the redox reaction that
occurs above. : (02 marks)

(b) Lead(IV) oxide was added to a solution of manganese(Il) sulphate in the
presence of concentrated nitric acid. :'
(i) State what was observed. .- (% mark)
(ii) Write the equation for the reaction that took place. (1 % marks)
7. (a) State how the following anhydrous chlorides can be prepared.

(i) tin(II) chloride (01 mark)
(i) tin(TV) chloride (01 mark)
(b) State the reasons why tin(IV) chloride exists but tin(TV) bromide does not.
. (02 marks)
(c) Write equations for the reaction of each of the chlorides in (a) (i) with water.
(02 marks)
(d) (i) State what would be observed when sodium hydroxide solution was
added drop wise until in excess to a solution of tin(IV) ions. (1 ¥ marks)
(ii) Write equations for the reaction(s) in d(i) above. (02 marks)

(e) (i) State what would be observed and write equation for the reaction that
would take place when tin(II) chloride is added to an acidified solution of

sodium dichromate(VI) (2 V> marks)
(ii) Give a reason for your answer in (e)(d) (01 mark)
8. Carbon, silicon, germanium, tin and lead are in group IV of the Periodic Table.
(a) State

(i) the common oxidation states exhibited by the elements in their ions or

compounds. (01 mark)
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_.(i1) how the stability of the oxidation states of the elements in (a) (i) vary

‘down the group. (01 mark)
(b) Give a reason for your answer in (a)(ii) (01 mark)

(c) Compare the thermal stabilities of carbon tetrachloride and lead
tetrachloride. (Include equations of reactions if any) (2 % marks)

(d) Describe the reaction if any between each of the carbon tetrachloride and

~lead tetrachloride with water. (3 ¥ marks)

9. (a) Compare the thermal stabilities of silicon(IV) chloride and tin(IV)
chloride. (Include the equations of reactions if any) (2 Y2 marks)
(b) (i) Write equation for the reaction between tin and chlorine. (1 % marks)
(ii) State the conditions for the reaction. (01 mark)

(c) State what would be observed and write equation for the reaction that
would take place if the product in (b) (i) was exposed to moist air.

. (2 % marks)
(d) State why silicon(IV) chloride readily undergoes hydrolysis whereas carbon
tetrachloride does not. (02 marks)

10.(a)(i) Write the electronic configuration of tin( Atomic number is 50)
(i)  State the common oxidation states exhibited by tin in its compounds.

(01 mark)
?‘ (b) (i) State how anhydrous tin(II) chloride can be prepared. (01 mark)
(ii) Draw the structure and name the shape of tin(II) chloride. (01 mark)

(c) Write equation for the reaction between tin(II) chloride and water.
(1 %> marks)

11.(a)(i) Draw the structure and name the shape of tin(IV) chloride. (01 mark)

(i)  State how anhydrous tin(IV) chloride can be prepared. (01 mark)

(iii) ~Write equation for the reaction leading to formation of tin(IV)
_ chloride. (1 %2 marks)

(b) State what would be observed and write equation for the reaction that
would take place if tin(IV) chloride is treated with water. (02 marks)
12.The atomic number of element Q is 32.
"’(a) Write the electronic configuration of Q. (01 mark)
(b) Write the formula of the;

" (i) hydride of Q. (V2 mark)
(ii) chloride of Q. (Y2 mark)

(c) Water was added to the chloride of Q. State whether the resultant solution
was neutral, acidic or alkaline. Explain your answer giving an equation for
the reaction. - (03 marks)
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13.The elements tin and lead belong to group IV of the Periodic Table.
(a) Write equation for the formation of the tetrachlorides of the elements.

(02 marks)

(b) Tin(1V) chloride fumes in moist air. Explain-this observation. (03 marks)
14.(a) Lead is an element in group IV of the Periodic Table. L

Write the general electronic configuration of group IV elements. . (0’2 mark)

(b) State what would be observed.and write an equation when leagl(IV) oxide
was heated on a deflagrating spoon and quickly plunged in gas jar of sulphur
dioxide. . (2 %> marks)
(c) When red lead (trilead tetroxide) was heated with nitric acid, a solid was
formed. Write the equation for the reaction. o (1 ¥2 marks)
(d) The mixture in (c) was filtered and the residue warmed with concentrated
hydrochloric acid. :
(i) What was observed? Explain your answer. (2 ¥ marks)
(ii) Write the equation for the reaction. (1 %2 marks)
() The filtrate from (d) was divided into three parts. :

(i) to the first part was added aqueous potassium iodide. State what was

observed and write equation for the reaction. (02 marks)
(ii) aqueous sodium chromate solution was added to the second portion.
State what was observed and write equation for the reaction. (02 marks)

(iii) the third part was evaporated to dryness and then heated strongly.
Explain what was observed and write equations for the reaction that took

place. (3 %2 marks)
15.(a) Write:
(i) the formulae of the possible oxides of lead. (1 Y2 marks)
(ii) equation to show how each of the oxides in (a)(i) can be prepared.
(1 % marks)
(b) Describe how the oxides in (a) react with dilute nitric acid. (04 marks)

(c) When one of the oxides in (a) was added to a mixture of a manganese(II)

salt and concentrated nitric acid, a purple solution was formed.

(i) Identify the oxide (%2 mark)

(ii) Write the equation for the reaction that took place. (1 ¥ mark)
16.Trilead tetraoxide (red lead oxide), Pb30, can be prepared when lead(ll) oxide

is heated in excess oxygen.

(a) Write equation for formation of Pb30y. (1 ¥ marks)
(b) \’_\’rite equation for the reaction of Pb;0, with;
(i) hot concentrated sodium hydroxide solution. (1 Y2 marks)
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(11) hot concentrated hydrochloric acid. (1 %2 marks)
(c) Lead(Il) oxide is almost insoluble in dilute hydrochloric acid, but readily
dissolves in concentrated hydrochloric acid. Explain this observation.
(4 4 marks)
17.Lead and iron form mixed oxides of the formulae Pb;0, and Fe30,
respectively.
(a) Write the:
(1) IUPAC name of the mixed oxide of lead that represents the ratio in which
the oxides mix. (01 mark)
(ii) equation to show that is P30, a mixed oxide. (1 %2 marks)
(b) Pb30, oxidises hot concentrated hydrochloric acid to a pale green gas and
itself reduced to a colourless solution which forms a white precipitate on
cooling.

(i) Identify the pale green gas and the white precipitate. (01 mark)
(ii) Write the equation for the reaction between Pb; 0, and hot concentrated
hydrochloric acid.. (01 mark)
(c) State any two other chemical properties to show the similarity between iron
and lead. (01 mark)
18.Write equation for the reaction between sodium hydroxide and; (09 marks)
(1) lead(II) oxide
(ii) lead(IV) oxide

(iii)) Tin(IV) oxide
(iv) Tin(Il) oxide
(v)  Carbon(II) oxide
(vi) tin ‘
19.(a) A compound Q contains 63.7% lead, 14.8% carbon, 1.8% hydrogen and the
rest being oxygen. When vapourised, 0.225g of Q occupies 15.5 cm” at standard

temperature and pressure.

(i) Calculate the empirical formula of Q. : (02 marks)

(ii) Deduce the molecular formula of Q. (03 marks)

(b) Compound Q decomposed on heating to form a yellow residue on cooling
and a colourless vapour that turned limewater milky and formed a yellow
precipitate with 2,4-dinitrophenyl hydrazine in presence of sulphuric acid.
(i) Write the name and formula of Q. (01 mark)
(ii) Write equation leading to formation of the yellow precipitate.

(1 %2 marks)
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20. D is a dark-brown solid which on heating loses mass to form a yellow
compound E, D reacts with cold concentrated hydrochloric acid to form a
colourless liquid F of formula mass 349. On warming, F decomposes to form a
white solid G. G dissolves in both concentrated sodium hydroxide and
concentrated hydrochloric acid.

(a) Identify D, E, F and G.
(b) Write equations for all the five reactions that take place.

(04 marks)
(05 marks)

21.:Explain each of the following observations.

_(a) Carbon tetrachloride is stable to water but other group(I'V) tetrachlorides
. arereadily hydrolysed. ' 77103 -marks)
- (b):Carbon atoms are able to form long chains to a greater extent than other
- .group IV .elements. : - (03 marks)

(c) Although both silicon dioxide and carbon dioxide are covalent, carbon
dioxide is a gas whereas silicon dioxide is solid of high melting point.

R , (04 marks)
. (d) Iron(I1I) chloride and tin(II) chloride cannot exist together in solution.
- S : (2 Y2 marks)
() The carbon- oxygen bond is polar but carbon dioxide is non-polar.
SR +: (03 marks)
(f) The bonds in carbon tetrachloride are polar yet the carbon tetrachloride
molecule is not polar. -+ (03 marks)

(¢) Silicon(IV) chloride is hydrolysed by water whereas carbon tetrachloride
(1 V> marks)

is not.
(h) Lead(IV) chloride exists but lead(IV) bromide does not. " (02 marks)
(i) Both graphite and copper conduct electricity. (02 marks)
() Silicon(IV) oxide is a solid of very high melting point. However, lead(IV)
oxide easily decomposes when heated. (2 ¥ marks)
(k) Lead(II) chloride is insoluble in ethanol whereas lead(IV) chloride readily
dissolves in ethanol. (03 marks)
.. (1) 'When an aqueous solution of sodium chlorate(I) was and lead(Il) nitrate
was warmed, a brown precipitate was formed. (2 %2 marks)
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Long answer type questions :
22.The eiements carbon, silicon, tin and lead are in group IV of the Pefiodic Table.
Carbon differs in some properties from other members of the group. N
(a) (i) Give two reasons why carbon differs from other members of the group.

: (02 marks)
(i) State two properties that distinguish carbon-from other members of the
group. (02 marks)
(b) Describe the reactions of the dioxides of these elements with sodium
hydroxide. - IR ' (06 marks)
(¢) Describe the reactions of the chlorides of group IV elements with water.
(04 marks)
(d) Write an equation for the reaction to show how you would prepare:
(1) lead(II) oxide. (01 mark)
(11) lead(IV) oxide. (01 mark)
(e) Describe the reactions of lead(IV) oxide with hydrochloric acid. (04 marks)
23.Carbon, Silicon, germanium and tin are some of the elements in group IV of the
Periodic Table.
(a) Describe the trend among the elements in; :
{ (i) metallic character . . . . __ . _ - _ . _ - (02marks)
a (ii) electropositivity . (3 % marks)
(b)Describe the reactions of the elements with: R
(i) air o : * . (04 marks)
(ii) nitric acid - . ' (05 marks)
(iii) Chlorine - | : (03 marks)
(c) Excess tin(II) chloride solution was added to iodine solution.
(i) State what was observed. (01 mark)
(ii) Write equation for the reaction that took place. (1 %2 marks)

24.Both tin and lead are group IV elements.
(a) State the oxidation-states exhibited by tin and lead in most of their

compounds. | (02 marks)
(b) Write equations to show how the chlorides and the oxides of tin and lead

in the +4 oxidation state can be formed. (06 marks)
(c) Compare the thermo stability of the following compounds of tin and lead

(i) the tetrachlorides

(ii) the dioxides (06 marks)
(d) State two similarities in the chemistry of the following compounds of tin

and lead. (Illustrate your answers with equations)
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(1) oxides

. (i) chlorides B (06 marks)
25.(a) Compare the thermo stability of the monoxides and dioxides of group JAY
elements. (04 marks)

(b) Describe the reactions of the oxides of:
(i) carbon and tin with sodium hydrexide.
(ii) lead with hydrochloric acid.

- (f) Explain the following observations. _
(i) carbon(IV) oxide is a gas whereas silicon(IV) oxide is a solid. (04 marks)

(ii) silicon(IV) oxide reacts with hydrofluoric acid but does not react with
hydrofluoric acid. _ (2 V2 marks)
26.The elements Carbon, silicon, tin and lead belong to group IV of the Periodic
Table. -
(a) State the oxidation states of the elements. o (01 mark)
(b) Explain the trend in the stability of the oxidation states. (03 marks)
(c) (i) State the type of bonding that is in the chlorides of lead.(01 mark)
(ii) State two physical properties of each chloride that shows the type of
bonding you have mentioned above. (04 marks)
(d) Describe the reactions of the chlorides of the elements above with water.
Write equations for the reactions that take place. (04 marks)
(e) Describe the reaction of the oxides of these elements with sodium
hydroxide. Write equations for the reactions that take place. (07 marks)
27.(a) Carbon, silicon, tin and lead belong to group IV of the Periodic Table.
(i) State the two oxidation states exhibited by these elements. (01 mark)
(ii) Explain how the stability of the two oxidation states varies from carbon to
lead. (03 marks)
(b) Describe the reactions between:
(i) the elements in (a) above with sulphuric acid. (06 marks)
(ii) silicon(IV) chloride with water (02 marks)
(iv) Lead(IV) oxide and hydrochloric acid. (04 marks)
(c) State two chemical properties in which carbon differs from the rest of the
group IV elements. (02 marks)
(d) Give reasons why carbon differs from the rest of the group IV elements.
(02 marks)

(5 2 marks)
(04 marks)

D ALY C Y ~ . . . s )
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28.The elements carbon, silicon, germanium, tin and lead belong to group IV of

the Periodic Table.
(2) Describe the reactions of the elements with;
(1) water (05 marks)
(i1) sodium hydroxide solution (04 marks)
(ii1)  Sulphuric acid (04 marks)
(b) Below are the boiling points of the tetrachlorides of group IV elements.
Tetrachloride CCl, | SiCly | GeCly | SnCly PbCl,

Boiling point(’C) | 76.4 | 57.0 | 86.0 118 | Decomposes
State and explain the trend in the boiling points of the tetrachlorides. __

:2" (04 marks)

(c) State what would be observed and write equation for the reaction that would
take place if excess concentrated hydrochloric acid was mixed with lead(IV)
oxide and heated. (03 marks)

29.Explain each of the following observations.

(2) Solid lead(II) chloride can be prepared in the laboratory by heating lead(II)
oxide with dilute hydrochloric acid and cooling. When lead(II) oxide is
treated with concentrated hydrochloric acid under the same conditions, no
solid is formed. (04 marks)

(b) When concentrated hydrochloric acid is added to lead(II) ethanoate solution,
a white precipitate is formed which dissolves in excess acid. (05 marks)

(c) When lead(IV) chloride is added to water, white fumes and a brown
precipitate are observed. (03 marks)

(d) When lead(IV) oxide was added to a solution containing manganese(II)
sulphate and concentrated nitric acid and the mixture boiled, the colour of

the solution changed from pale pink to purple. (04 marks)
(e) Diamond melts at 4827°C and silicon melts at 2355°C although both have
similar structures. (04 marks)

(f) When concentrated hydrochloric acid is added to lead(II) nitrate solution
drop wise until in excess, the curve below is obtained. Explain the shape of

the graph. (04 marks)
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A

Solubility (gdm™)

SRR Concentration of hydrochloric acid added (mOldm'3)

(g) The bond dissociation energy of the hydrides of group IVB are in the._‘g.r;ﬁler
CHy >SiH, > GeH, > SnH, > PbH,. However, the boiling points are in
the reverse order. : “ - : ' (05 marks)

(h) The boiling points of the hydrides of group IV elements are in the order

' CH, < SiH, < GeH,.< SnH, < PbH, whereas the boiling points of the

.hydi‘i'des.o,fugroup VII elements are in the order HCI < HBr < HI < HF
= : (05 marks)

N
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THE CHEMISTRY OF GROUP VII ELEMENTS, _

Electronic structures/ conﬁgﬁrations '

Element | Atomic number ' Configuration
Cl 17 T T 152 252 2pS 3523pS
Br 35 " 152 252 2p® 3523pS 3d104524p5
I 53 152 252 2p® 3523p®3d04524p®4d105s25p5

From the above electronic configurations, it can be concluded that the outermost
electronic configuration of group VII elements is ns*np®

Bonding and structure
: Physical state and colour at
Element Bonding Structure room temperature
Fluorine Pale yellow gas
Chlorine All covalent All simple Greenish yellow gas
Bromine molecular | Red liquid
lodine Grey/ black solid

Qn. Explain why fluorine and chlorine exist as gases whereas bromine and
iodine exist as liquid and solid respectively at room temperature

From fluorine to iodine, atomic radius increases, molecular size and molecular
mass increases, hence magnitude of Van der Waals’ forces of attraction holding
the molecules increases in the order; Fy < Cly, < Br, < I,. The Van der Waals’
forces in bromine and iodine are strong enough to hold the molecules closer to
each other existing as liquid and solid respectively. Fiuorine and chlorine have
weaker Van der Waals’ forces due to their small size and low molecular masses.
Their molecules are therefore far apart.
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VARIATION IN ATOMIC AND PHYSICAL PROPERTIES OF THE ELEMENTS

1. Melting points/ boiling points
The table below shows the boiling points/melting points of halogens

Element F . Cl | Br I
Boiling point(°C) | -187.9 | -34.0 | 58.2 | +184.5

Melting points(°C) | -219.6 | -102.4 | -7.2 | +113.6

Explain the trend in boiling points/ melting points of the halogens

Boiling point/melting point increases from fluorine: to iodine because atomic
radius increases, molecular size and molecular mass increases, hence magnitude
of Van der Waals’ forces of attraction holding the molecules increases in the
order Fy < Cl, < Br, < I,. The energy required to break the forces therefore
increase from fluorine to iodine.

2. Atomic and ionic radius
The table below shows the atomic radii and ionic radii of the elements in
Group VII of the Periodic Table. '

.| Element F Cl Br I
Atomic radius(nm) |[0.072 10.099 |0.114 {0.133
Ionic radius(nm) 0.136 1 0.181 | 0.195 | 0.216

(a) State and explain the trend in atomic radius of the elements
Atomic radius increases from fluorine to iodine.

This is because from fluorine to iodine, nuclear charge increases because a proton
is added to nucleus from element to element. Screening effect also increases,
because an extra energy level completely filled with electrons is added. Increase in
screening effect outweighs increase in nuclear charge. Effective nuclear charge
decreases, and outer most electrons are far and weakly attracted by the nucleus.

(b)Explain why the ionic radius is larger than the atomic radius of
corresponding neutral atom for each element.
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ngiljgj So_t;reeljgoc;::z bby gaining electrons. When the electrons are gained, the
Screening effect i ecomes fg)"eater than the number of existing protons.

& ¢lject increases. Effective nuclear charge reduces. The electrons become
more Stronlgly r_ep elled by the nucleus than they are attracted. In the neutral atom,
the screening ef, oct is counterbalanced by nuclear charge.

3. Firstionization energy :
The table below shows the first ionization energies of Group VII elements.

Element F a Br 4

First ionisation energy (kJmol™) | 1681 | 1255 | 1142 | 1007

(a) Define the term first ionisation energy.
(b)State and explain the trend in ionization energy of the elements

4. Electron affinity
The table below shows the first electron affinities and atomic numbers of the

elements in Group VII

Element F Cl Br I
‘| Atomic number 9 17 35 | ... 53
First electron affinity(kJmel™) -354 -370 -348 -320

(a) Explain what is meant by the term first electron affinity

(b)Plot a graph of first electron affinity. against atomic number of the
elements.
(To be done by student. When plotting the graph, the negative sign may be
eliminated since it’s on all values and it just indicates that the process is
exothermic. The graph below is just a sketch and not on scale) ,

(¢) (i) Explain the general trend in variation of the first electron affinities
(iii) Explain why fluorine has an abnormal value

(a) This is the energy given out when one mole of electrons combines with one
mole of gaseous atoms to form one mole of uninegatively charged gaseous

ions
or The energy given out when an electron is added to a gaseous atom to

form a uninegatively charged gaseous ion.

X(@g)+e——X"(9)
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" (b)

A graph of first electron affinity
against atomic number
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(c) (i) Generally, first electron affinity decreases from fluorine to iodine.
This is because from fluorine to iodine, nuclear charge increases, Screening
effect also increases, because an extra energy level completely filled with
electrons is added from element to element. Increase in screening effect
outweighs increase in nuclear charge. Effective nuclear charge decreases,
atomic radius increases and incoming electron is far and weakly attracted
- by the nucleus giving off a low amount of energy.
(ii) Fluorine has the smallest atomic radius, highest electron density,

“strongly repels the incoming electron and energy is consumed to add the
electron to its atom.

5. Electronegativity

The tendency of an atom in a molecule to attract bonding electrons towards itself
The table below shows the electronegativity values of the elements in Group
VII of the Periodic Table.

Element F Cl Br I
Electronegativity | 4.10 | 2.83 | 2.74 | 2.21
State and explain the trend in electronegativity values of the .elements
Electronegativity decreases from fluorine to iodine.

This is because from fluorine to iodine, nuclear charge increases, screening effect
also increases, because an extra energy level completely filled with elec;‘or;s is

added from element to element. Increase in screening effect outweighs increase in
nuclear charge. Effective nuclear charge decreases, atomic

the bonding electrons experience a greater repulsion than nu

radius increases, and

clear attraction.
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6. Bond dissociation energy -
The table below shows the values of Bond dissociation energy of halogens.

Element - I =
I

151

Clz -
2422

F
158.1

Brz
193

Bond dissociation energy(kJmol™)

(a) State the difference between bond dissociation energy and bond energy.
(b) Explain the trend, stating any anomalies in the bond '_dis'sociation
energy of the halogens.

(a) Bond dissociation energy is the heat absorbed to break one mole of a
covalent bond into its constituent gaseous atoms whereas bond energy is the
heat given out that when one mole of a covalent bond is formed from its
constituent gaseoys atoms. L

(b) Bond dissociation.energy decreases from chlerine to iodine but with fluorine
having an abnofzzé{'zﬂy low value of bond dissociation energy.

This is because from chlorine to iodine, atomic radius increases, bond length
increases and bond strength decreases, resulting into weaker attraction between
the atoms in the molecule, requiring a reducing amount of energy to break the
increasingly weakening bonds.

Fluorine has an abnormally low value of bond dissociation energy because
fluorine has the smallest atomic radius, and the non-bonding electrons in the
molecule ré_pel each other strongly. This strong repulsion tends to force the
Sfluorine ai‘éms far apart thus weakening the F-F bond, requiring low amount of
energy to break it.

7. Electrode potential
The table below shows the standard electrode potential values of Group VII
elements.

Element F Cl Br I
Standard electrode potential(E?) .
(Volts) for 2X,/X"(aq) 4+2.80 | +1.36 | +1.07 | +0.54
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(a) State;

()  the strongest oxidising agent :
(ii) order of oxidising strength of the halogens
. (b)Explain the trend in standard electrode potentlal of the elementS
(c) State what would be observed when; ; )
(i)  Chlorine is bubbled through potassium bromxde solution
(ii)  Chlorine is bubbled through potassium iodide solution
.(d)Explain your observatiens in c(i) and (ii) basing on the table above

(e) Explain why tin(IV) chloride exists but tin(IV) bromide and tin(IV)
iodide do not exist.

(a) (i) Fluorine or F, ( but not F)
(i) F; > Cly > Br, > I,

(b) Standard electrode potential becomes less posmve (increases) from fluorine
to iodine because atomic radius increases, electron affinity decreases, bond
dissociation energy generally decreases and hydration energy also
decreases. However, the decrease in electron affinity and:bond dissociation
energy is more rapid than decrease in-hydration energy. -

(c) (i) The greenish-yellow gas dissolves and the colourless solution.forms a red
liquid.

(ii) The greenish-yellow gas dissolves and the colourless solution turns
dark-brown finally forming a black solid deposit,

(d) The standard-electrode potential for Cl, /Cl™(aq) is more positive than that
of Bry,/Br—{(aq) or I,/I"(aq) and the chloride ion has a smaller ionic
radius than bromide and iodide ions respectively. Chlorine therefore a
stronger oxidising agent than bromine or iodine. Chlorine oxidises bromide
and iodide ions to bromine and iodine respectively.

Cly(9) + 2Br~(aq) —2C1" (aq) + Bry (D)
Cla(g) + 2I7(aq) —>2Cl (aq) + L (s)

(e) Bromide ions and iodide ions have a larger ionic radius than the chloride
ion. The ions are therefore strongly reducing. They reduce tin(IV) ions to
tin(Il) ions, as they are oxidised to bromine and iodine respectively.
Chloride ions cannot reduce tin(IV) ions.

sn**(aq) + 2Br~(aq) —>Sn?**(aq) + Br,(D)
sn**(aq) + 21" (aq) ———Sn?*(aq) + L (s)
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Qn. Describ METHODS OF PREPARATION OF HALOGENS
. ribe the general method of preparing halogens except fluorine

All halogens apart from fluorine are prepared by;

Heating a solid halide salt with concentrated sulphuric acid in presence of
manganese(IV) oxide.

2X~(aq) + 4H*(aq) + Mn0,(s)—> Mn?*(aq) + 2H,0(1) + X,(g/1 or s)
Where X = Cl,Br or I

N.B. The Chemistry in action heré is that concentrated sulphuric acid acts upon
the halide salt (KCI/KBr/KI or NaCl/NaBr /Nal) to form a hydrogen halide (HCI
or HBr or HI) which is then oxidised to the halogen by manganese(IV) oxide.

Qn. Describe the reactions, stating the conditions and under which chlorine
can be prepared in the laboratory. State any observations made.

1. Chlorine can be prepared by the reaction between cold concentrated

hydrochloric acid and potassium manganate(VII).
The purple solution turns colourless and bubbles of a greenish yellow gas.

2MnO; (aq) + 16H*(aq) + 10CI~(ag)—>2Mn?**(aq) + 5Cl,(g) + 8H,0(D)
or 2KMn0,(s) + 16HCl(aq)—2KCl(aq) + 2MnCl,(aq) + 8H,0(1) + 5Cl,(g)

2. Chlorine can also be prepared by heating concentrated hydrochloﬁc acid

with manganese(IV) oxide. o
The black solid dissolves forming a colourless solution” and bubbles of a

greenish yellow gas.
Mn0,(s) + 4H* (aq) + 2C1~(aq)—>Mn**(aq) + Cl(g) + 2H,0()
or Mn0,(s) + 4HCl(aq) —>MnCl,(aq) + Cl,(g) + 2H,0(1)

3. Chlorine can also be prepared by heating concentrated hydrochloric acid

with lead(IV) oxide.
The dark brown solid dissolves forming a colourless solution and bubbles

of a greenish yellow gas.
PbO,(s) + 4H*(aq) + 2Cl~(aq) —> Pb**(aq) + Cl(g) + 2H,0(D)
or Pb0,(s) + 4HCl(aq) — PbCl,(aq) + Cly(g) + 2H,0(1)

4. Chlorine can as well be prepared by heating concentrated hydrochloric
acid with Dilead(II) lead(IV) oxide.
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The red solid dissolves fo: ming a colourless SOIWO” and bubbles 0] a
greenish yellow gas.

Pb30,(s) + 8H*(aq) + 2C1-(aq)—>3Pb**(aq) + Clz(g) + 4H20(l)
or Pb30,(s) + 8HCl(aqg) —*>3PbCl;(aq) + Clz(g) + 4H20(l)

5. Chlorine can be prepared by heating solid sodium chloride w1th
concentrated sulphuric acid in presence of manganese(IV) oxide.
2C1(aq) + 4H* (aq) + Mn0,(s)—Mn?*(aq) + 2H0(D) + Cly(9)
2NaCl(s) + MnO,(s) + 2H2504(aq)——->Na2504(aq) + Mn504(aq) +2H,0(D + Clz(g)

6. Chlorine is also prepared by:the reaction between ‘bleaching powder
(Calcium hypochlorite) with dilute nitric acid or dllute hydrochlorlc ac1d
or dilute sulphuric acid. No heat is required.

Ca0Cly(s) + 2H* (aq)—>Ca**(aq) + Clz(g) + H,0(D)
or Ca0Cl,(s) + 2HNO3(aq)—> Ca(N0O3),(aq) +.C 1,(g) + H,0(1)
or Ca0Cl,(s) + 2HCl(aq) —>CaCl,(aq) + Cly(g) + H.0()
or CaOClz(s) + HzSO4(aq)—->CaSO4(aq) + Cl,(g) + H20(l)

. CHEMICAL PROPERTIES OF THE ELEMENTS

1. Describe the reactions of Group VII elements react with hydrogen.
State the conditions for the reactions.
Fluorine explodes in hydrogen even in darkness forming hydrogen fluoride.
F,(g) + Hy(g)—>2HF ()
Chlorine explodes with hydrogen on heating or presence of sunlight or
ultraviolet light to form hydrogen chloride.
Cly(g) + Hy(g) —*2HCI(g)
Bromine reacts with hydrogen on heating or in the presence of platinum
catalyst at 300 °C forming hydrogen bromide
Bry (1) + Hy(g) —>2HBr(g)
lodine reacts with hydrogen in the presence of platinum catalyst at 400 °C
forming hydregen iodide.

I;(s) + Ha(g)

2HI(g)
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2. (a) Describe the reactions of halogens with water. .

Fluorine reacts vigorously with water to form oxygen/ozone and hydrofluoric
acid.

2F,(g) + 2H,0(D) 0,(g) + 4HF (aq)

3F,(g) + 3H,0(D) 0s(g) + 6HF (aq)
Chlorine disproportionates in water to form chlorie(f) acid and hydrochioric
acid.

Cl,(g) + H,0(1) HOCl(aq) + HCl (aq)
Bromine disproportionates in water to form bromic(I) acid and hydrobromic
acid.

Brz(l) -+ HzO(l)
Iodine does not react with water.

HOBr(aq) + HBr (aq) .

(b) Explain why iodine is inscluble in water but soluble in potassium iodide
solution. ,
Iodine is non-polar yet water is polar. Intermolecular forces of attraction
between individual molecules of water and individual molecules of iodine are
on average stronger than intermolecular forces of attraction between
molecules of water and molecules of iodine. When the two are combined,
repulsion occurs. However, iodine reacts with potassium iodide to a soluble
complex of potassium triiodide.

L{(aq) + 1" (aq) ————>I5(aq)
or I(aq) + KI(aq) ——> KI3(aq)

3. Describe how fluorine, chlorine, bromine and iodine react with
sodium hydroxide under various conditions.
(i) cold dilute sodium hydroxide

Fluorine reacts with cold dilute sodium hydroxide solution to form oxygen
difluoride, fluoride ions and water.

2F,(g) + 20H(aq)—> OF,(g)+ 2F~(aq) + H,0()
or 2F,(g9) + 2NaOH(aq) —>0F,(g) + 2NaF(aq) + H,0()
Chlorine disproportionates in cold dilute sodium hydroxide to form chioride
ions, chlorate(I) ions and water,

Clo(g) + 20H(aq)—>Cl"(aq) + CIO(aq) + H,0()
or Cly(g) + 2NaOH(aq) —NaCl(aq) + NaClO(aq) + H,0(D)
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Bromine also disproportionates in cold dilute sodium hydroxide to form bromide
ions, bromate(l) ions and water. _
Br,() + 20H(aq)—>Br~(aq) + Br0(aq) + H,0(1)
or Bry(1) + 2NaOH(aq)—*>NaBr(aq) + NaBr0 (aq) + H,0(D
Iodine disproportionates in cold dilute sodium hydroxide to form iodide ions,
iodate(I) ions and water. . -
I,(s) + 20H(aq)— 1" (aq) + 10(aq) + H,0(D)
or I,(s) + 2NaOH(aq) —>Nal(aq) + NalO(aq) + H,0(D)
N.B; The chlorate(l) ions and bromate(l) ions formed by the above reactions
undergo further disproportionation if heated/ warmed to form chlorate(V) ions and
chloride ions, bromate(V) ions and bromide ions respectively. The yellow solution
turns colourless during this reaction
3Cl0{aq)——> Cl05 (aq) + 2Cl(aq)
or 3NaCl0(aq)——>NaCl0Os;(aq) + 2NaCl (aq)
3Br0(aq)——>Br05 (aq) + 2Br~(aq)
or 3NaBr0(aq) —NaBr0;(aq) + 2NaBr (aq)
(i)  hot concentrated sodium hydroxide.

Fluorine reacts with hot concentrated sodium hydroxide to form oxygen,
fluoride ions and water.
2F,(g) + 40H(aq) —>0,(g)+ 4F~(aq) + 2H,0(D)
or 2F(g) + 4NaOH(aq) —>0,(g) + 4NaF(aq) + 2H,0()
Chlorine disproportionates in hot concentrated sodium hydroxide to form
chloride ions, chlorate(V) iens and water. 4
3Cl,(g9) + 60H(ag)—>5Cl"(aq) + ClO3(aq) + 3H,0(l)
or 3Cl,(g) + 6NaOH(aq) —>5NaCl(aq) + NaClO3(aq) + 3H,0(1)
Bromine also disproportionates in hot concentrated sodium hydroxide to form
bromide ions, bromate(V) ions and water.

3Bry(g) + 60H(ag)—*5Br=(aq) + Br03(aq) + 3H,0(D)
or 3Br,(g) + 6NaOH(aq)—>5NaBr(aq) + NaBr0O3(aq) + 3H,0(])

Iodine also disproportionates in hot comcentrated sodium hydroxide to form
iodide ions, iodate(V) ions and water.

3I,(s) + 60H(aq)—>5I1"(aq) + 105 (aq) + 3H,0(0)
or 31,(s) + 6NaOH(aq)—+5Nal(aq) + Nal0;(aq) + 3H,0(0)
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L State wh QXIDISING ACTION OF HALOGENS
. . What would be observed and explain your observations when;
(i)  chlorine and bromine are separately added to iron(Il) chloride
solution.
(i)  chlorine is bubbled through potassium nitrite solution and silver
nitrate solution followed by excess ammonia added to the
resultant solution.

(i)  Observation; In each case, the green solution turns brown

Explanation; chlorine and bromine oxidise iron(Il) ions.to iron(Ill) ions as they

are reduced to chloride ions and bromide ions respectively.

2Fe?*(aq) + Cl,(g)—>2Fe**(aq) +2C1"(aq)
' 2Fe?*(aq) + Bry(I) —>2Fe3*(aq) + 2Br~(aq)
or 2FeCl,(aq) + Cl,(g) —*2FeClz(aq) '

(ii)  Observation; Greenish yellow gas dissolves and the colourless solution
formed a white precipitate soluble in excess ammonia to form a colourless
solution.

Explanation; chlorine oxidises nitrate ions 1o ‘nitrite ions and itself reduced to

chloride ions. | ‘

NO; (aq) + 3H,0() + Cl,(g) —>NO5 (aq) + 2H*(aq) + 2C1(aq)

Silver ions react with the chloride ions to form insoluble silver chloride

Ag*(aq) + Cl~(aq) —> AgCI(s) -

Silver chloride reacts with excess ammonia to form a soluble complex of

diammine silver(l) ion.

AgCl(s) + 2NHz(aq) —> Ag(NH3)3(aq) + Cl™(aq)
2. Chlorine gas was bubbled through sodium sulphite solution and to the
resultant solution was added barium nitrate solution. State what was

observed and explain your answer.

Observation; Greenish yellow gas dissolved and the colourless solution formed a
white precipitate with barium nitrate solution.
Explanation; Chlorine oxidises sulphite ions to sulphate ions and itself reduced to
chloride ions. ‘
S02-(aq) + H,0(D) + Cl,(g)—>S0%2 (aq) +2H*(aq) + 2C17(aq)
m ions react with sulphate ions to form insoluble barium sulphate
Ba?*(aq) + SOF (aq)—> BaS0,(s)

Bariu
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3. Chlorine gas was bubbled through petassium manganate(VI) solution
and to the resultant solution was dilute sulphuric acid and ﬁn(ID sulphate
solution. State what was observed and explain your answer.

Observation; Greenish yellow gas dissolved and the green solution tuined to a
purple solution which then turned colourless. ‘
Explanation; Chlorine oxidises manganate(VI) ions to manganate(VII) ions and
itself reduced to chloride ions. _
2Mn0Z~(aq) + Cl,(g)—>2Mn0; (ag) + 2Cl~(aq)
2K,Mn0,(aq) + Cl,(g)—>2KMn0,(aq) + 2KCl(aq)
The acidified manganate(VII) ions then oxidise tin(Il) ions to tin(IV) ions as they
are reduced to manganese(Il) ions.
2Mn0; (aq) + 16H*(aq) + 55n2* (ag) —2Mn?**(aq) + 8H,0(1) + 55n** (aq)
4. Describe the reactions of chlorine, bromine and iodine react with;
(i)  sodium thiosulphate solution
(ii) hydrogen sulphide.
(iii) sulphurous acid
(i) Chlorine and bromire oxidise thiosulphate ions to sulphate ions as
they are reduced to chloride ions and bromide ions respectively.
5,05~ (aq) + 4Cl,(g) + 5H,0(1)—>2507"(aq) + 10H*(aq) + 8Cl~(aq)
5,05~ (aq) + 4Br, (1) + 5H,0(1))—>2S0Z(aq) + 10H*(aq) + 8Br~(aq)
However, if limited chlorine is used, thiosulphate ions disproportionate into
sulphate ions and sulphur as the chlorine is reduced to chloride ions.
5,057 (aq) + Cl(g) + H,0()—2507 (aq) + 2H* (aq) + 2CI~(aq) + S(s)
Iodine being a weaker oxidising agent oxidises thiosulphate - ions to
tetrathionate ions and itself reduced to iodide ions.
I,(aq) + 25,05 (aq)—>S,0%"(aq) + 21~ (aq)
(i)  Chlorine, bromine and iodine oxidise hydrogen sulphide to deposit a
yellow solid of sulphur as they are reduced to corresponding hydrides.
Cly(g) + Hy5(9)—>S(s) + 2HCI(g)
Br,(1) + HS(g)—>S(s) + 2HBr(g)
I:(s) + HpS(g)——>S(s) + 2HI(g)
(iii)  Chlorine and bromine oxidise sulphurous acid to sulphuric acid as

they are reduced to hydrochloric acid and hydrobromic acid
respectively.

Brz(l) + Hzo(l) + H2503(aq) EE— HzSOq_(aq) -+ ZHBr(aq)
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1. Th HYDRIDES OF GROUP VII ELEMENTS
o VIIe table below shows the chemical formulae of the hydrides of Group
elements and their physical states at room temperature.

Element Formula of hydride | Physical state at room
temperature
Fluorine HF Liquid
Chlorine HCl Gas
Bromine HByr Gas
Iodine HI Gas

Explain why hydrogen fluoride is a liquid at 19°C whereas hydrogen bromide
is a gas at the same temperature.

Fluorine atom is morve electronegative than the bromine atom. The fluorine atom
in hydrogen fluoride' has a smaller atomic radius than the bromine atom in
hydrogen bromide. This makes the hydrogen-fluorine bond more polar than the
hydrogen-bromine bond. The molecules of hydrogen fluoride are held by stronger
intermolecular hydrogen bonds which keep the molecules closer to each other
whereas the molecules of hydrogen bromide are held by weak Van der- Waals’
forces that keep the molecules far apart. '

METHODS OF PREPARATION OF THE HYDRIDES
2. (a) Describe the generai methods of preparing the hydrides in above.

The hydrides can be formed by three main general methods;
(i)  Direct combination of the elements with hydrogen.

Fluorine is reacted with hydrogen forming hydrogen fluoride
F,(g) + Hy(g)—2HF ()
Chlorine is reacted with hydrogen and the mixture is heated or exposed to sunlight
or ultraviolet light to form hydrogen chloride
Cl,(g) + H,(g)—>2HCI(g)
Bromine is reacted with hydrogen in the presence of platinum catalyst at 300 °C to
form hydrogen bromide
Br,(1) + H,(9)—>2HBr(g)
Iodine is reacted with hydrogen in the presence of platinum catalyst at 400 °C to
form hydrogen iodide
| I,(s) + H2(9) — 2HI(g)
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In general, the hydrides can be formed by the reaction hetween hydrogen and
the halogen :
X, + Hy(g)— 2HX(g o7 ) where X = F,Cl,Bror |

(i)  Reaction between concentrated sulphuric acid and the halide salts
Hydrogen fluoride “can best be formed by reaction between cold concentrated
sulphuric acid calcium fluoride.

CaF,(s) + H,S0,(1)—>Ca$ 0,(aq) + 2HF(D) .
Hydrogen chloride is also best formed by heating concentrated sulphuric acid
with either solid potassium chloride or solid sodium chloride.
KCI(s) + H,S0,(1) ————KHS0,(s) + HCl(g)
NaCl(s) + H,S0,(1) — »NaHS0,(s) + HCl(g)

However, this method is inconvenient for preparation of hydrogen bromide
and hydrogen iodide which are progressively stronger reducing agents than
hydrogen chloride.

(iii) Hydrolysis of corresponding phosphorus trihalides prepared in situ.

This is the best method for preparation of hydrogen bromide and hydrogen
iodide. ,

Hydrogen bromide is formed by adding bromine to a paste of red phosphorus and
water forming phosphorus(III) bromide which is then hydrolysed to form hydrogen
bromide and phosphorous acid

P,(s) + 6Bry,(I)—> 4PBr3(l)
PBr; (1) + 3H,0(l) ——>H;P05(aq) + 3HBr(g)
Hydrogen iodide is formed by adding water to a mixture of red phosphorus and
iodine forming phosphorus(III) iodide which is then hydrolysed to form hydrogen
iodide and phosphorous acid ‘
P,(s) + 6I,(s)—> 4PI3(s)
PI,(s) + 3H,0(l) —> H3P05(aq) + 3HI(g)
No heat is required in each of these two reactions.

N.B. Note that although the above methods can prepare the hydrides in general,
there is a more convenient method to prepare each of the hydrides.

(b) Hydrogen chloride can be prepared by the action of concentrated
sulphuric acid on potassium chloride but hydrogen iodide and hydrogen
bromide cannot be prepared by the action of concentrated sulphuric acid on
potassium iodide and potassium bromide respectively.
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Potassium chloride reacts with concentrated sulphuric acid to form hydrogen

ctior ide gas which is a weak reducing agent due to the smaller atomic radius of
chlorine.

KCI(s) + H,S0,(I) ——= KHS0,(s) + HCI(g)
On the other hand, hydrogen iodide and hydrogen bromide.that would be formed
are strong reducing agents due to' the-large atomic -radius of iodine and
bromine. They reduce sulphuric acid to.sulphur dioxide as:they are oxidiséd to
iodine and bromine respectively. The iodine is observed as purple vapours and
bromine as reddish brown vapours.
2HBr(g) + H,S0,(1)—Br,(g) + S0,(g) + 2H,0(l)
2HI(g) + H,S0,()—>1L,(g) + 50,(g) + 2H,0(D)
or 10HI(aq) + 2H,50,(1)(aq)—>51,(g) + S0,(g) + H,5(g) + 6H,0(D)

BOILING POINTS/ MELTING PCGINTS OF THE HYDRIDES
3. The table below shows both boiling points of group VII hydrides.

Hydride HF -HCl HBr HI
Boiling point(°C) +19.9 -85.0 -66.7 -35.4
Explain the variation in melting/ boiling points, including any anomalies
involved.

Boiling points generally increase from hydrogen fluoride to hydrogen iodide.
However, hydrogen fluoride has an abnormally high value of boiling point.

The increase in melting point from hydrogen chloride to hydrogen iodide is
because the three hydrides have simple molecular structures held by weak Van
der Waals’ forces whose magnitude increases with the increasing molecular
weight leading to an increasing amount of energy required to break the
increasingly stronger forces.

Hydrogen fluoride has an abnormally high melting point because the fluorine
atom has the highest electronegativity, the fluorine atom has the smallest atoric
radius, making the hydrogen-fluorine bond highly polar. The hydrogen fluoride
molecules are therefore held by strong intermolecular hydrogen bonds ‘hich

4
require a high amount of energy to break.
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Explain why hydrogen fluoride has a higher boiling pomt than hydrogen
iodide.

The fluorine atom is more electronegative than the iodine atom. The fluorine atom
also has a smaller atomic radius than the iodine atom. This makes the hydrogen-
fluorine bond more pelar than the hydrogen-iodine bond. The molecules of
hydrogen fluoride are held by stronger intermolecular hydrogen bonds which
require a higher amount of energy to break whereas the molecules of hydrogen
iodide are held by weak Van der Waals’ forces that require a lower amount of

energy to break.

THERMAL STABILITY
4. (a) State and explain the trend in thermal stability of the hydrldes
Thermal stability of the hydrides decreases in the order HF > HCl > HBr > HI.
This is because the atomic radius of the halogen atoms increases from fluorine to
iodine. This makes the hydrogen-halogen bond length longer, reducing the bond
strength from hydrogen fluoride to hydrogen iodide, reducing the amount of
energy required to dissociate the hydrogen-halééen bond.

ACID STRENGTHS
5. The table below shows acid dissociation constants, K4, of group VII
hydrides.
Hydride HF HCI HBy HI

K, (moldm=3)at25°C | 6.6 x10™* | 1.3x10° | 1.0x 10° | 3.2 x 10°

Explain the trend in K, values of the hydrides.

The K , values increase in the order HF < HCl < HBr < HI indicating that acid
strength increases in the same order. This is because atomic radius of the
halogen atoms increases from the fluorine atom to the iodine atom. This makes
the hydrogen-halogen bond length longer, reducing the bond strength from
hydrogen fluoride to hydrogen iodide, releasing many hydrogen ions in solution.

Hydrofluoric acid is the weakest acid because the fluorine atom is most
electronegative and the fluorine atom has the smallest atomic radius. Therefore
the hydrogen- fluorine bond is the shortest, most polar and strongest making the
acid 1o dissociate to a considerably smaller extent.
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Explain thy hydroflueric acid is a weaker acid than hydroiodic acid
.ﬁzef.luorme atom is Tfi_ib‘re electronegative than the iodine atom and the fluoride
ion in hydroﬂuoz‘ic dcid has a smaller ionic radius than the jodide ion in
hydroiodic acid. Therefore the hydrogen- fluorine bond is the shorter, more polar
and stronger than the hydrogen-' iodine bond in hydfdig‘di"c' “acid hence the
hydrogen-fluorine bond does not easily break, releasing fewer hydrogen ions in
solution than the hydrogen-iodine bond which easily breaks. C

Qn. Explain why hydrofluoric acid is a weak acid in dilute solution but its acid
strength increases with increasing concentration

The fluorine atom in hydrogen fluoride is highly electronegative due to a very
small atomic radius. Therefore the hydrogen- fluorine bond is highly polar and
very strong. When hydrogen fluoride is dissolved in water, the hydrofluoric acid
formed only partly ionises, doesn’t easily release hydrogen ions making it a weak
acid. .

In dilute solution; HF (1) + H,0() === H30%(ag) + F~ (aq)
However, in concentrated solution, the fluoride ions released react with
hydrofluoric acid to form hydrogen difluoride ion. ’

In concentrated solution; HF () + F~(aq) HF; (aq)

This reduces the concentration of fluoride ions at equilibrium. The equilibrium
shifts from left to right as more of the hydrogen fluoride dissociates releasing more
hydrogen ions making the solution a strong acid at high concentration.

REDUCING ACTION.
6. State and explain the trend in reducing action of the hydrides

Reducing strength increases in the order HF < HCl < HBr < HI because ionic
radius halide ions increases and electronegativity decreases from fluorine to
iodine. Hydrogen fluoride has no reducing action.

ANOMALOUS BEHAVICUR OF FLUORINE AND HYDROGEN FLUORIDE
7. Although fluorine is an element in group VII of the Periodic Table, it
behaves differently from other members of the group.
(a) State the reasons why fluorine behaves differently from the other
members of the group.
(b)State the differences between the Chemistry of fluorine as an element
and other halogens
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. Reasons / causes for anomalous behaviour of fluorine
(a)

Fluorine atom has the smallest atomic radius compared to other elements

Fluorine atom has the highest electronegativity among the elements

Fluorine molecule has an abnormally low value of bond dissociation energy

of the F——F bond compared to other halogen-halogen bonds.

Unlike other elements, fluorine atom cannot expand its octet

Fluorine has the largest positive standard electrode potential among the

elements

(b)
Fluorine oxidises water to oxygen and itself reduced to hydrofluoric acid.
Todine does not react with water and other halogens disproportionate in
water
Fluorine oxidises cold dilute sodium hydroxide solution to oxygen
difluoride gas, itself reduced to fluoride ions. Other halogens
disproportionate to form halide ions and halate(I) ions and water.
Fluorine oxidises hot concentrated sodium hydroxide solution to oxygen
gas, itself reduced to fluoride ions. Other halogens disproportionate to form
halide ions and halate(V) ions and water.
Fluorine combines directly with carbon. Other halogens do not react
directly with carbon.
Note with concern that the chemistry of compounds of fluorine is not
required here as the question is specific to fluorine. :

8. Altheugh hydrogen fluoride is a group VII hydnde, it behaves dlfferently
from hydrides of other members in the group.
(a) State the reasons why hydrogen fluoride behaves differently from the

hydrides of other members of the group.

(b)State the differences between the properties on hydrogen fluoride and

other group VII hydrldes

()

Hydrogen fluoride is strongly hydro gen bonded unhke other hydrides
It has a very low value of acid dissociation constant at room temperature
Hydrogen fluoride has the smallest bond length.

Hydrogen fluoride has the highest electronegativity difference between its
atoms among the hydrides.
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(b)

° Hydrogen fluoride is a liquid at room temperatufé whereas othgr .‘h“ydrides
are gases | -
° Hydrogen fluoride has an abnormally high value of boiling point compared
to other hydrides
* Hydrofluoric acid is a very weak acid in contrast, to hydrochloric acid,
hydrobromic acid and hydroiodic acid which are all strong acids
o Hydrogen fluoride has no reducing action yet other hydrides are reducing
9. The bond angle in phosphorus trifluoride is 96° while that of phosphorus
trichloride is 100°. Explain this observation.
Both phosphorus trifluoride and phosphorus trichloride adopt a trigonal
pyramidal shape. However, the fluorine atom is more electronegative than the
chlorine atom. The fluorine atom therefore draws away the bonded pairs of
. electrons from the phosphorus atom more than the chlorine atom does. This
makes the bonded pairs to be far apart reducing the repulsion between them.
Therefore phosphorus trifluoride has a smaller bond angle than phosphorus
trichloride.

POLARISABILITY OF HALIDE IONS

Polarisability is the ease by which the electron cloud of the anion can be
distorted. ‘
The greater the polarisability of the anion, the greater the tendency of the anion to
form a covalent bond. . ' :
Polarisability of an anion depends on the size of the anion
The smaller the anion, the lower it is polarizable and the larger the anion, the easier
it is polarized.
If we consider the halide ions, polarisability increases in the order
F-<Cl-<Br - <I™
Explain why the solubility of lead(IX) halides increases in the order;

PbI, < PbBr; < PbCl,
The cationic radius and cationic charge are the same in all compounds. However,
anionic radius decreases from the iodide ion to the chloride ion. The halide ions
therefore become less polarisable and the ionic character increases from lead(ll)
iodide to lead(Il) chloride. Since water is a polar solvent, the compounds become

more soluble in that order.
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Qn. Explain why aluminium chloride is soluble in methylbenzene and has a
low melting point yet aluminium:fluoride is soluble in water and has a higher

nielting point.

QUALITATIVE ANALYSIS FOR CI™,Br~AND I” IONS

ION | TEST OBSERVATION | DEDUCTION | EXPLANATION IR
Concentrated sulphuric acid reacts with |
To a spatula chloride ions to form hydrogen chloride
endful of the White fumes turn HCl gas gas.
solid, add 2-3 | blue litmus red and | evolved Cl=(s) + H,S0,(1) —HCl(g) + HSO; (aq)
drops of form dense white CI present Hydrogen chloride gas reacts with
concentrated | fumes with concentrated ammonia to form ammonium
sulphuric acid | concentrated chloride
and heat ammonia HCI(g) + NH3(g)—>NH,CI(s)
To the
solution, add C2042', S032',
Cl™ | dilute nitric White precipitate S0/, CT Lead(Il) ions react with chloride ions to
acid followed probably form insoluble lead(Il) chloride
lead(Il) nitrate present Pb?**(aq) + 2Cl~(aq) —>PbCl,(s)
solution
Add lead(1l)
nitrate S0/, Cr Lead(Il) ions react with chloride ions to
followed by White precipitate | probably form insoluble lead(Il) chloride
dilute nitric insoluble in acid | present Pb%*(aq) + 2C1~ (aqg)—> PbCL,(5)
acid '
To the White precipitate
acidified soluble on
solution, heating/boiling/wa Lead(Il) ions react with chloride ions to
lead(Il) nitrate | rming and Cl™ present . | form insoluble lead(Il) chloride
solution and | reprecipitates on Pb2*(aq) + 2C1~(aq) —> PbCLy(s)
heat/boil/ cooling
Warm
]
Add dilute
nitric acid C,0.7, SO, | Silver ions react with chloride ions to Jor"
Jollowed by White precipitate | CI insoluble silver chloride
silver nitrate probably Agt(aq) + Cl=(aqg) —> AgCl(S)
solution present

I e S -
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cl-

add aqueous
ammonia drop
wise until in
excess.

colourless solution

| 4dd silver

' nitrate White precipitate Silver ions react with chloride ions to form
solution insoluble in acid Cl~ present | insoluble silver chloride w
Jollowed by Ag*(aq) + Cl~(aq) —> AgCl(3)
dilute nitric
acid
Add dilute Silver ions react with chloride ions to form
nitric acid insoluble silver chloride
JSollowed by White precipitate Agt(aq) +C I=(aq) — AgCl(s)
silver nitrate | soluble in excess Cl- Silver chloride reacts with excess ammonia
solution. Then | ammonia to form a | confirmed to form a soluble complex of diammine

silver(l) ion.

AgCI(s) + 2NH;(aq) —> Ag(NH5)3 (aq) + C1™(aq)

To the
solution, add
bleaching
powder then
dilute nitric
acid (or add
chlorine

water)
followed by

tetrachloromethane
and shake.

Allow to stand

Tetrachloromethane
layer remains
colourless

Cl™ present

The acidified bleaching powder or
chlorine water produces Chlorine. The
chlorine cannot oxidise chloride ions.
hence the tetrachloromethane layer
remains colourless

Br~

To a spatula
endful of the
solid, add 2-3
drops of
concentrated
sulphuric acid
and heat (the
reaction may
take place
even before
heating)

Reddish brown
vapours

Br, evolved
Br~present

Bromide ions are strongly reducing due to
their large ionic radius.They reduce hot
concentrated sulphuric acid to sulphur
dioxide as they are oxidised to bromine.

2Br~(aq) + 4H*(aq) + S0~ (aq) —— Bry(g) + S0,(g) + 2H,0(D)
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Br~

To the
solution, add

CZ 042.1 S 032-1

—

Lead(Il) ions react with bromide ions fo

dilute nitric White precipitate | SO, CI form insoluble lead(Il) bromide

acid followed Br-probably | Pb**(aq) + 2Br~(ag)—> PbBry(g)
lead(Il) nitrate present

solution

Add dilute Silver ions react with bromide ionsm
nitric acid Pale yellow insoluble silver bromide

followed by precipitate Br~ present Ag*(aq) + Br~(aq) —> AgBr(s)
silver nitrate

solution

Add silver )
nitrate Pale yellow Silver ions react with bromide ions to forny
solution precipitate Br~ present | insoluble silver bromide
Jfollowed by insoluble in acid Ag*(aq) + Br~(aq) —> AgBr(s)
dilute nitric

acid

Add dilute ]
nirric acid Silver ions react with bromide ions to form
followed by insoluble silver bromide

silver nitrate | Pale yellow Ag*(aq) + Br—(aq) — -AgBr(s)
solution. Then | precipitate soluble | Br~ present | Silver bromide is sparingly soluble in
add aqueous in excess ammonia ammonia.

ammonia drop

wise until in

excess.

To the

solution, add

bleaching

powder then The acidified bleaching powder 0
dilute nitric chlorine water produces Chlorine which
acid (or add | Reddish brown oxidises bromide ions to bromine.
chlorine liquid in Br~ present | Cly(g) +2Br~(aq)—»2Cl"(aq) + Bry()
waler) tetrachloromethan Bromine is covalent hence dissolves it
Jollowed by e layer tetrachloromethane to form the reddish
tetrachloromet brown layer.

hane and
shake. Allow
to stand

1
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