Chemistry

Chapter 13
s and p — BLOCK ELEMENTS
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After completing this lesson, you will be able to:

e Recognize the demarcation of perniodic table into s block, p block, d |
block and r block.

e Descnbe how physical properties ke atomic radius, ionization energy,
electron negctivity, electncal conductivity and melling and boiling
points of element change within a group and within ¢ period and the

Penodic Table.
o Describe reactions of penod 3 elements with woter, oxygen and chlorine,
e Describe reaction of oxides and chlorides of period 3 element with water,
e Describe reaction of group 1 element with water, oxygen and chlorine.
e Discuss the trend in solubllity of the hydroxides, sulphates and carbonates

of group 2 elements.
e Discuss the trends in thermal stability of the nitrates and carbonates of

group 2 elements.

Period 3 (Na to Ar)
Atomic and Physical Properties of The Period 3 Elements
(This period contains Na, Mg, Al Si, P, S, Cl and Ar)

This topic describes and explains the trends in atomic and physical properties of
the Penod 3 elements from sodium to argon. It covers ionization energy, atomic

radiuvs, electronegativity, electncal conductivity, melting point and boiling point.

a) Atomic Properties

13.1.1.1 Electronic Structures
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In penod 3 of the penodic table, the 3s and 3p orbitals are filing with electrons.
Just as a reminder, the shortened versions of the electronic structures for the eight
elements are:

Na [Ne] 3s’

Mg [Ne] 3s7?

Al [Ne] 3s? 3p)’

Si [Ne] 3s2 3px’ 3py’

P [Ne] 3s2 3px' 3py' 3p;’

S [Ne] 3s2 3p,2 3p,' 3p;’

Cl [Ne] 3s2 3p,Z 3p,? 3p;'
Ar [Ne] 357 3px? 3py? 3p:?

In each case, [Ne] represents the complete electronic structure of c neon atom.
Trends in Atomic radius

we know that the number of shells In all the elements of ¢ given penod remains
the same but the value of effective nuclear charge, increases from left to nght.

The increasec ettective nuclecr charge pulls the electron cloud of the ctom
nearer to the nucleus ond thus the size of atoms and ions goes on decreasing
from left to right. Thus, in going from left to nght in a penodic of s-and p-block
elements atomic and iconic radil decrease with increase of atomic number. This
fact can be illustrated by considernng the atomic (covalent) and ionic radi of the

elements as shown below,
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Q1. Give Trends in Electronegativity in modern periodic table.

Electronegativity Is a measure of the tendency of an atom to attract a bonding
pair of electrons.

The Pauling scale is the most commonly used. Fluonne (the most electronegativity
element) is assigned a valuve of 4.0, and vclues range down to cesium and
francium which are the least electronegativity at 0.7,

The Trend

The trend across Penod 3 looks like this:
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Fig. 13.2 Electronegativities

In going from lett to nght N ¢ penod of s- and p- block elements, the
electronegativity value increase. This increase can be explained on the basis of
any of the following facts.

). On moving from left to nght iIn g penod, there is g decregse In size of the
atoms. Smaller ctoms have greater tendency to attract the electrons
towards themselves |.e. smaller atoms have higher electronegativity values.

. On mobbing from left to nght In ¢ penod the 1s an Increase of ionization
energy and electron affinity of the elements. The atoms of the elements
which have higher value of ionization energies and electron gaftinities also

nave higher electro negativities.

The vanation of electronegativity in @ penod and ¢ group of reprehensive

elements (s- and p- block elements) 1s show in Fig 13.3
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Fig 13.3 Periodic vanation of electronegativity in s and p block elements
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Notice that argon is not included. Electronegativity is about the tendency of an
atom to attract a bonding pair of electrons. Since argon doesn't form covalent
bonds, you obviously can't assign it electronegativity.

Explaining the Trend
The trend Is explained Iin exactly the same way as the trend in atomic radii.

AS yOU go across the period, the bonding electrons cre always in the same level
- the 3- level. They are always being screened by the same inner electrons.

All that differs is the number of protons steadily increases and so attracts the

bonding pair more closely.
B) Physical Properties

This section 1s going to look at the electnical conductivity and the melting and
boiling points of the elements. To understand these, you first have to understand

the structure of each of the elements.

Structure of the elements

The structure of the elements chonges as you go across the penod. The first three
(i.e. Na, Mg, Al) are metallic, siicon Is giant covalent, and the rest (i.e. P, S, Cl, Ar)

are simple molecules.
Three Metallic Structures
Sodium, magnesium and aluminium all have the metallic structures.

In sodium, only one electron per atom is involved in the metallic bond - the single
3s electron. In magnesium, both of its outer electrons are involved, and in

aluminium all three.

The other difference you need to be aware of is the way the atoms are packed
In the metal crystal.

Sodium is 8-co-ordinated — ecch sodium atom i1s touched by only 8 other atoms.
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Both magnesium and cluminium are 12-co-ondnted (clthough in sightly different
ways.) This is @ more efficient way to pack atoms, leading to less wasted space in

the metal structures and to stronger bonding Iin the metal.

Q2. Draw and discuss structure giant molecuvules.
Answer

Siicon has a giant covalent structure just ike dioamond. A tiny part of the structure

looks like this:

Fig 13.4

The structure is held together by strong covalent bonds in all three dimensions,
Four simple molecuvular structures

The structures of phosphorus (l.e. white etc.) and Sulphur (i.e. rhombic or

moncechnic etc) vary depending on the type of phosphorus or Sulphur you are

I e C

a Py moleaule an Sg moleaue aClomolecide an Armoiecse

ralking cbout.
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The atoms in each of these molecules are held together by covalent bonds

(apart, of course, from crgon).

In the liquid or solid state. the molecules are held close to each other by van der

Waals dispersion forces.
Electrical Conductivity

e Sodium, magnesium and aluminium are all gcod conductors of electncity.
Conductivity increases as you go from sodium to magnesium to aluminium
as they have free electrons,

e Silicon is a semiconductor,

e None of the rest conduct electncity.

The three metagls, of course, conduct electricity because the delocalized
electrons (the "sea of electrons”) are free to move throughout the solid or the

iquid metal.

In the siicon case, explaining how semiconductors conduct electncity i1s beyond
the scope of this level. With a dicmond structure, you mighin't expect it to

conduct electncity, but it does!

The rest don't conduct elecincity because they are simple molecular substances.

There are no electrons free to move around.

Q3. Draw and discuss Trends in Melting and Boiling Points of si, p, Cl and Ar.

Answer

The chart shows how the melting and boiling points of the elements change as
you go across the penod. The higures are plotted in Kelvin rather than ¢C to avoid

having negative values,
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Fig 13 5 Mchung and Botling Point

Silicon

Sihcon has high melting and boiling points because it 1s a giant covalent

stfructure. You have to break strong covaolent bonds before it will melt or boll.

Because you are talking cbout ¢ ditferent type of bond, it isn't possible to try to

directly compare siicon’'s melting and boiling points with aluminums,
The four molecvular elements

Phosphorus, Sulphur, chionne. and argon are smple molecular substances with
only van der wWaals attraction between the molecules. Ther melting and boiling
points will be lower than those of the first four members of the period which have
giant structures.

-

'he size of the melting and boilling points is govermned entirely by the sizes of the

molecule: Remember the structure ot the molecules.

e C

a P4 moleaule an Sg moleade a Cl, molecue an Ar moiecse

Phosphorus
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Phosphorus contains P« molecules. To melt phosphorus, you don't have to break
any covalent bonds -just the much wecker van der Waals forces between the
molecules.

Sulphur

Sulphur consists of Ss nngs of atoms. The molecules are bigger than phosphorus
molecules, and so the van der Waals attractions will be stronger, leading to a

higher meting and bolling point,
Chlorine

Chlonne, Clz 15 ¢ such smaller molecule with comparatively weak van der Waals
attraction, and so chlorine will have a lower melting and boiling point than Sulphur

or phosphorus.
Argon

Argon molecules are just smple argon ctoms, Ar. The scope for van der Waals
attractions between these is very imited and so the melting and boiling points of
argon are lower again,

Q4. Give Chemical Reactions of the Period 3 Elements.
Answer

This section describes the reaction of the Penod 3 elements from sodium to argon

with water, oxygen and chlorine.

1) Reaction with Water
Sodium
Sodium has a very exocthermic reaction with cold water producing hydrogen
ond a colorless solutions of sodium hydroxide.
2Nc + 2H;0 - » 2NQOH + H;
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Magnesium

Magnesium hes a very slight reaction with cold water, but burns in steam.

A very clean coil of magnesium dropped into cold water eventually gets covered
In small bubbles of hydrogen which float it to the surface. Magnesium hydroxide
s formed as a very thin layer on the maognesium and this tends to stop the

reqaction.

Mg + 2H:0 » Mg(OH)2z + Ha
Magnesium bums In steam with its typical white flame to produce white
magnesium oxide and hydrogen.
Mg + H;O » MgO + H;

Aluminium
Aluminium powder hecated in steam produces hydrogen and aluminium oxide.
The reaction is relatively slow because of the strong aluminium oxide layer on the
metal, and the build-up of even more oxide during the reaction.

2Al + 3H;0 » Al;O3 + 3H2

Phosphorus and Sulphur

These have no reaction with water.

Chlorine
Chlonne dissolves in water to some extent to give a green solution. A reversible
reaction takes place to produce a mixture of hydrochlonc acid and chloric(l)
acid (hypochlorous acid).

Chk + HO * HCI + HOCI
In the presence of sunlight, the chlonde(l) acid slowly decomposes to produce
more hydrochlonc acid, releasing oxygen gas, and you mgy come QcCross an
equation showing the overall change:
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2Cl; + 2H0O » 4HCI + Oy

Argon

There 15 no reaction between argon and water.

2) Reaction with Oxygen
Sodium
Sodium burmns in oxygen with an orange flame to produce a white solid mixture

of sodium oxide and sodium peroxide.

For the simple oxide:
4No + O »  2N0;O

For the peroxide:
2Na + O3 » Nax0:

Magnesium
Magnesium burns in oxygen with an intense white flame to give white solid
magnesium oxide,

2Mg + O > 2MgO

Phosphorus

White phosphorus catches fire spontaneously in air, burning with a white flame
and producing clouds of white smoke - a mixture of phosphorus (3) oxide and
phosphorus (5) oxide.

The properties of these depend on the amount of oxygen available, In an

excess of oxygen, the product will be almost entirely phosphorus (5) oxide.

For the phosphorus (3) oxide:
P4 - - 302 » P.‘O&
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For the phosphorus (S) oxide:
Ps + SO2 » PO

Sulphur
Sulphur burns In air or oxygen on gentle heating with a pole blue fame. It
produces coloriess Sulphur dioxide gas.

S + O > SO2

Chlorine and argon
Despite having several oxides, chlornne won't react directly with oxygen. Argon

doesn't react either.
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3) Reactions with chlorine

Sodium
Sodium burns in chlorine with @ bright orange flame. White solid chloride is
produces.

2Na + Cl; - »  2NaCl

Magnesium

Magnesium burns with its usual intense white flame to give with magnesium
chlonde.

Mg + Clp » MgCl

Aluminium
Aluminium is often reacted with chlorine by passing dry chlonne over
aluminium foil heated in a long tube. The aluminium bums in the stream of
chlonne to produce very pale yellow aluminium chlonde. This sublimes (turns
straight from solid to vapour and back again) and collects further down the
tube water it is cooler,

2A1 + 3Cl2 » 2AICI3

Silicon
When chlorine is passed over siicon powder heated in a tube, it reacts to
produce silicon tetrachloride. This is a colorless liquid which vapornzes ond
can be condensed further along the cpparatus.

Si + 2Ch » SICly

Phosphorus
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White phosphorus bums in chlonne to produce a mixture of two chlorides,
phosphorus (3) chlonde and phosphorus (S) chionde (phosphorus tnchloride
and phosphorus pentachlonde).

Phosphorus (3) chlonde is a colorless fuming liquid.

P« + 6Ck > 4PCls
Phosphorus (5) chlonide is an off-white (going towards yellow) solid.
P4 + 10Chk » 4PCls

Sulphur
When a stream of chlornne is passed over some heated Sulphur, it reacts to

form an orange, evil-smeling liquid, disulphur dichloride, S;Cl;
25 #Ch > Sk

Chlorine and argon
It obviously doesn’t make sense to talk about chlonne reacting with itself, and

argon doesn’'t react with chlonne.

Q5. Give Physical Properties of the Oxides of 39 period elements.

Answer
This section explains the relationship between the physical properties of the

oxides of Penod 3 elements (sodium to chlonne) and their structures. Argon is
obviously omitted because it doesn't form an oxide.

A quick summary of the frends

The oxides

The oxides we'll be looking ot are:
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Those oxides in the top row are known as the highest oxides of the various

elements. These are the oxides where the Penod 3 elements are in their highest

oxidation states. In these oxides, all the outer electrons In the penod 3 element

are being involved in the bonding - from just the one with sodium, to all seven of

chlonne’'s outer electrons.

.  Structures

The trend in structure is from the metallic oxides contaning giant structures

of ions on the left of the penod vic a giant covalent oxide (silicon dioxide)

in the middle to molecular oxides on the right.

.  The metallic oxides (e.g. Sodium, magnesium, aluminium etc.)

Sodium, magnesium and aluminium oxides structure/diagram is same Qs

sodium chlonde which you have read in previous classes.

. Giont Covalent Oxides (e.g. Silicon dioxide (silicon (4) oxide))

Structure

Crystalline silicon has the
same structure Qs
dgigmond. To turn it Into
siilcon dioxide, all you
need to do i1s to modity
the silicon structure Dby
ncluding some oxygen
ctoms.
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li. The molecvular oxides (e.g. Phosphorus, Sulphur and chlonne

oxicdes)

A. The phosphorus oxides

Phosphorus has two common oxides, phosphorus (lil) oxicde, PL06, and phosphorus(V)
oxide, P4010,

. Phosphorus (111) oxide
Phosphorus (ll) oxide is a white solid, melting at 24°C and boiling at 173°C.
The structure of its molecules best worked out starting from o P4 molecule which is

a little tetrahedron

Pull this apart so that you can see the bonds...
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and then replace the bonds by new bonds linking the phosphorus atoms via

oxygen atoms. These will be in a V-shape (rather like in water).

pao0 IMNAUOCAC

The phosphorus B using only three of its outer electrons (the 3 unpared p electrons) to
form bonds with the oxygens.

i) Phosphorus(V) oxide

Phosphorus(V) oxide is also a white solid, subliming (tuming straight from solid to vapour)
at 300°C. In this case, the phosphorus uses al five of its outer electrons in the bonding.

Sokd phosphorus(V) oxide exists n several different forms - some of them polymeric.
We are going to concenfrate on a smple molecuky form, and this s ako present n the

vapOUL.

This is most ecsily drawn starting from P.0s, The other four oxygens are oftacched to the
four phosphornus atoms via double bonds.

e P40 1A pmatouse

B) The Sulphur oxides
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Sulphur has two common oxides, Sulphur dioxide (Sulphur (IV) oxide), SO2, and
Sulphur fnoxide (Sulphur (V1) oxide), SOs,

1) Sulphur dioxide

Sulphur dioxide 1s a coloress gas ot room temperature with an ecsily recognized

choking smell. It consists of simple SOz molecules.

o/ s\o

The Sulphur uses 4 of its outer electrons to form the double bonds with the oxygen,
leaving the other two as a lone pair on the Sulphur. The bent shope of SO: is due to this

lone par.

Il) Sulphur frioxide

Pure Sulphur tnoxide 1s a white sokd with a low melting and boiéing point.

Gaseous Sulphur tnoxide consists of simple SOs molecules in which all six of the
Sulphur’s outer electrons are involved in the bonding.

O
I
o7 o

There are various forms of solid Sulphur tnoxide. The simplest one s a fnmer, S203,
where three SO3; molecules are joned up and aranged in a nng.

Fig. 13.8

There are ako other potymenc forms in which the SOs molecules join together in long
chamns. For example:
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Fig. 13.9

The fact that the smple molecules 1on up N this way to moke bigger structures s what
makes the Sulphur inoxide a sold rather than a gaos.

C) The chlorine oxides

Chicnne forms several oxides. Here we discuss only two which are - chionne(l) oxde,
C120. and chlorine (Vi) oxde, C1:0.

Chlorine(l) oxide

Chlonne (1) oxcde s o yellowish-red gas at room temperature. It consists of simple

smaoll molecules.
0
o o
Fig. 13.10

In this structure chlonne uses its one outer electron and bonds with oxygen.

Chlorine (VII) oxide
Chionne (Vi) oxigde 15 a coloress ody iqud at room tempercture.

In chicnne (V) oxide, the chionne uses dl of ifs seven outer electrons and bonds with

oxygen. This produces ¢ much bigger molecule.
(,T 0O
0=—=Cl—0—CI=0

5 o

Fig. 13.1]

Melting and boiling points
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The giant structures (the metal oxdes and siicon dioxide) will have high melting and
boiling points because a lot of energy s needed to break the strong bonds (ionic or

covalent) opercting in three dimensions,

The oxdes of phosphorus, Sulphur ang chionne consist of Nndvdual molecules - some
small and smple; others polymenc.

The attrachve forces between these molecules will be van der Waals dispersion and
dipcle-dipole interactions. These vory In size depending on the size, shape and polanty
of the vanous molecules - but will alwoys be much wegker than the ionic or covalent
bonds you need to breck n g giant structure.,

These oxides tend to be gases, iquids or low melting point solids.

Q6. Give Acid-Base Behavior of the Oxides of 3rd period

Answer

This topic looks at the reactions of the oxides of Penod 3 elements (sodium to chlonne)
with water and with acids or bases where relevant. [Take guick review from table 13.2)

Electrical conductivity

None of these oxides has any free or mobile electrons. That means that none of
them will conduct elecincity when they are soid.

The ionc oxdes can, however, undergo electrolysis when they are molten. They can
conduct electcity because of the movement of the ions towards the electrodes and the
dscharge of the ions when they get there.

i. Trend in acid-base behavior

The trend in acid-base behaviour s shown in vanous reactions, but as a simple

sUMMary:
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The frend s rom strongly basic oxdes on the left-hand side to strongly acidic ones on
the nght, via cn amphotenc oxide (cluminium oxide) in the middle. An amphoteric
oxide is one which shows both gcidic and basic properties.

ii) Reactions of Oxides with water, Acids and Bases
Chemistry of the individual oxides
Sodium oxide (Naz0)

Sodium oxxde s a simple strongly basic oxde. it is basic because it contains the oxide
ion, 07°, which is @ very strong base with a high tendency to combine with hydrogen

IONS.

Reaction with water

Sodium oxide reacts exothermicdally with cold water to produce sodium hydroxide
solution. Depending on its concentration, this will have ¢ pH arcund 14.

Naz0 + H;0 o >  2NoOH

Reaction with acids

As a strong base, scdium oxide also reacts with acids. For example, it would react wath
dilute hydrochlonc acid to produce sodium chionde solution.

Na;0 + 2HC] ~—»  2NaCl + H,O

Magnesium oxide (MgO)

Magnesium oxide is again a simple basic oxide, because it also contains oxide ions.
However, it isn't as strongly basic as sodium oxide becguse the oxide ions aren't so
free.

In the sodium oxide case, the solid is held together by attractions between I+ and
lions. In the mognesium oxde case, the attrachons are between 2+ and 2-. It takes more
energy 1o break these.
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Reaction with water

If you shake some white magnesium oxide powder with water, nothing seems to
happen (it doesn't look ¢s if it reacts). However, if you test the pH of the iquid, you
find that it 5 somewhere around pH 9 (showing that it i slightly ckaline).

There must have been some sight reaction with the water to produce hydroxde ions in
solution. Some magnesium hydroxide is formed in the reaction, but this is almost

INsoluble - and so Nnot many hydroxide 1ons actually get into solution.

MgO + H;0O " Mg(OH);
Reaction with acids

Magnesium oxide reacts with acids as you would expect any smpile metal oxde to
react. For example, it reacts with warm dilute hydrochionc acid to give magnesium
chlonde solution.

MgO + 2HCI >  MgCl + H0
Aluminium oxide (Al03)
As it s amphotenc oxde, It has reactions as both a base and an acid,
Reaction with water

Aluminium oxide doesn't react n a smple way with water and coesn't dissolve in it.
Although it still contains oxide ions, they are held too strongly in the solid lattice to,
react with the water.

Reaction with acids

Aluminium oxide will react with hot dilute hydrochloric acid to give aluminium
chionde solution.

Al,O; + 6HCI »  2AICIl; + 3H;0O
Reaction with bases
Aluminium oxxde has also got an acidic side to its nature, and it shows this by reachng

with bases such as sodium hydroxde soluhon.
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Vanous cluminates cre formed, compounds where the aluminum is found in the
negative ion. This is possible beccuse cluminium has the cbility to form covalent bonds with

oxygen.
With hot, concentrated sodium hydroxice soiution, aluminium oxide reacts to give o
coloress solution of sodium tetra-hycdroxociuminate.

Al203; + 2NaOH + 3H:O0 *»  2NaAl(OH).«

Phosphorus(V) oxide (Ps010)
Reaction with Water

Phosphorus(V) oxide reacts violently with water to give a solution containing ¢
mixture of acids. the nature of which depends on conditions. We usually just
consider one of these, phosphornc(V) acid, HiPOu (also known just as phosphoric

ocid or as orthophosphonc acid).

P4«Oiw + 6H20 o ¥ 4H3PO,

N
HO — P —OH

OH

Reaction with Base:

As it is acidic so it reacts with NaOH as follows:

NGOH + HiPO. ¥ NaOh:PO: + HO
ZNQOH + HiPO, . = NaOh,PO, + 2H,0
3NaOH + HiPQOq« *» NaOhzPO4 + 3H20
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Again, if you were to react phosphorus(V) oxide directly with sodium hydroxide
solution rather than making the acid first, you would end up with the same

possible salts.

This is getting ndiculous, and so | will only give one example out of the possible

equations:

12NaOH + PsOp | »  4NaiPO: + 6HO

The sulphur Oxides (SOx)

We are going to be looking at sulphur dioxide. SO2, and sulphur frioxide, SOs.

Sulphur Dioxide
Reaction with Water:

Sulphur dioxide is fairty solution in water, reacting with it to give a solution of
sulphurous acid, HzSO:s.

SO; + H,O ¥  H:S0s

Reaction with Base:

As it is acidic so it reacts with NaOH and CaO as follows:

SOz + 2NaOH » Na:SOs + H0O
Na,SO; + H,O + SO, > 2NaHSO4
CaO + SO; % CaSO;
Sulphur frioxide

Sulphur tnoxide reacts violently with water to produce ¢ fog of concentrated

sulphuric acid droplets.
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SOs + H,O »  H:SO4

Reaction with Base:

ZNaOH + H2SOq4 * NaxSO4 + 2H20

In pAnciple, you can ako get sodum hydrogen sulphate solution by using half as much
sodium hydroxde and just reacting with one of the two acxic hydrogens in the acd. In
pracfice, | personcly have never ever done it.

Sulphur trioxicde itselt will also react directty with bases to form sulphates. For
example, it wil react with calcium oxde to form calcium sulphate. This 5 just ke the
reachon with sulphur dioxide descnbed above.

CaO + 503 " » CaSOq

The chlorine oxides (C1:0,)

Chlonne forms severcl oxides, but the only two are chionne (Vi) oxide, 01,0;,, and
chionne(ljoxde, C1:0. Chionne (Vi) oxde 5 also known as Dichionne heptoxde, and
chlonne(l) oxide as Dichlonne monoxde.

Chlorine(V11) oxide

Chlonne (V) oxde s the highest oxide of chionne - the chionne 15 In its maxmum
oxidation state of +7, It continues the trend of the highest oxides of the Period 3
elements towaords being stronger acids.

Reaction with Water:

Chionne (V) oxxde reacts with water to give the very strong acid, chlornc (Vi) acid -
also known as perchionc acid. The pH of typical solutions wil, ke sulphunc acd, be

oround 0.
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ChO; + H,O » 2HCIO4

Reaction with Base:

Chicnc (V) acid reacts with sodium hydroxide solufion to form a solution of sodium
chiorate (V).

NaOH + HCIO, P NaClO, + H,0O

Chionne (V1) oxde itself also reacts with sodium hycroxde solution o give the same

product.

2NaOH + CkO; > 2NaClOs + HO

Chlorine(l) oxide
Reaction with Base:

Chlonne(l) oxide is far less acidic thin chionne (VIl) oxide. It reacts with water to some
extent to give chionc(l) acia, HOCI - ako known as hypochlorous acid.

CO + H O = 2HOC

Reaction with Base:

Chioric(l) ccid reacts with sodium hydroxide solution to give a solution of sodium
chiorate (1) (sodium hypochlonte).

NaOH + HOCI > NaOCl + H,0

Chionne(l) oxide also reacts directly with sodium hydroxide to give the same product.

2NQOH + CLO = 2NaOCl + H;0

Q7. Discuss Chlorides of the Period 3 Elements.

‘..—--.--.-—.l.-_-.-—

www.topstudyworld.com



www.topstudyworld.com

1)

2)

3)

4)

This topic looks at the structures of the chiondes of the Penod 3 elements (sodium to
sulphur), ther physical properties and therr reactions with water,

The structures

Sodium chlonde and magnesium chioride are ionic and consist of giant ionic lathices

at room temperature

Aluminium chlonde and phosphorus(V) chlornde are tncky! They change therr
structure from ionic to covalent when the solid tums to a liguid or vapour. The others

ore simple covalent molecules.

Melting and boiling points

Sodium and mcgnesium chlondes are solids with high melting and boiling points
because of the large amount of heat which is needed to breck the strong ionic

attractions.

The rest are hquids or low melting point solds. Leaving aside the aluminium chiornde
ond phosphorus(V) chloride cases where the situation is quite complicated, the
ottractions in the others will be much weaker intermolecular forces such as van ger
Waals dispersion forces. These vary depending on the sze and shape of the molecule,
but wil clways be far weaker than ionic bonds.

Electrical conductivity
Sodium and magnesum chilondes ore ionic and so will undergo efec frolysis when they

ore maoiten. Becincity s camed by the movement of the ions and ther dscharge at the
electrodes.

In the aluminium chionde and phosphorus(V) chionde cases, the solid doesn't conduct
electncity beccuse the ions aren't free to move. In the liquid (where it exsts - both of
these subimes at ordinary pressures), they have converted into a covalent form, and
sO don't conduct either.

The rest of the chlondes don't conduct elecincity either solid or molten because they
don't have any ions of any mobile electrons,

Reactions with water

Crrds irm vy rmirmrsnscs irm ~hlnAis o ot Aeenlus i wrtor
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The other chiondes all recct with water in a vonety of ways descnbed below for each
individual chlonde. The reaction with water is known as hyadrolyss.

The individual chlorides
Sodium chloride, NaCl

Sodium chlonde is ¢ smpile ionic compound consisting of a gant aray of sodium and

chlonde ions.

A small representative bit of a sodium chionde lattice looks like this:

The strong attraoctions between the positive and negative ions need a lot of heat
energy to breck., and so sodium chionde has high melting cnd boiling points,

It doesn't conduct elecincity in the solid state because it hasn't any mobile
electrons and the ions aren't free to move. However, when it melts it undergoes

electrolysis.
Sodium chlonde simply dissolves in water to give a neutral solution.
Magnesium chloride, MgCl;

Magnesium chionde is also ionic, but with ¢ more complicated arangement of the

ions to allow for having twice as many chilornde ions as magnesium ions.

Again, lots of heat energy is needed to overcome the attractions between the ions,

and so the melting and boilling points are again high.
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Solid magnesum chloride is a non-conductor of electncity because the ions aren't
free to move. However, it undergoes electrolysis when the ions become free on
melting.

Magnesium chloride dissolves in water to give a faintly ccidic solution (pH =
approxmately 6).

When magnesium ions are broken off the solid lattice and go into solution, there s
enough attroction between the 2+ ions and the water molecules to get co-
orgdinate (dctive covalent) bonds formed between the magnesium ions and
lone pairs on sumrounding water molecules.

Hexaaquamagnesium ions are formed, [Mg(H20)6)%.

MgCI2(J + 6H20(1) > Mg [H 2963 (ed) + 2Crac ]

lons of this sort are acidic.

Aluminium chloride, AIC13

Al2ClI = > 2AICkK

Solid aluminium chloride doesn't conduct electricity at room, temperature becaouse
the ions aren’t free to move. Molten aluminium chloride (only possible at increased

pressures) doesn't conduct elecihncity because there aren't any ions any more.

The reachon of aluminium chionde with water is surpnsing. If you crop water onto solid
cluminium chlornde, you get a violent reaction producing clouds of steamy fumes of

hydrogen chionde gas.

The aluminium chioride reacts with the water rather than just dissolving in it. In the fist
instance, hexaaguaciummium ions are formed together with chionde 1ons.
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AlChy + 6HOy - *>  [AIHD)e)*" (0q) + 3CH(og)

You will see that this is very ssmilar to the magnesium chloride equation given above - the
only real difference is the charge on the ion.

Silicon tetrachloride, SiCl,

Slicon tefrachlonde 18 a smple covdlent chionde. There isn't enough electronegativity
difference between the silicon and the chlonne for the two to form ionic bonds.

Do you know?

Siicon tefrachlonde is a colodess liquid at room temperature which fumes in
moist ar. The only atfrachons between the molecules are van der Waak
dispersion forces.

It doesn’t conduct electrcity because of the lack of ions or mobile
elechrons.

It fumes in moist air because it reacts with water in the arr to produce hydrogen chiorde.
if you add water to sikcon tetrachlonde, there is a violent reaction to produce silicon dioxide
and fumes of hydrogen chlonde. In a large excess of water, the hydrogen chionde wil, of
course, dissolve to give a strongly acidic solution containng hydrochlonc acid.

SiCls + 2H20 *  Si0; + 4HCI

The phosphorus chlorides

There are two phosphorus chlondes - phosphorus (lll) chlonde, PCls, and phosphorus(V)
chlonde, PCls.

Phosphorus (lIl) chlonde (phosphorus tnichionide), PCls

This s another simple covalent chlonde - agan a fuming kquid at room temperature.

| Do you know:; |
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Phosphorus (lll) chloride reacts violently with water. You get phosphorous acid,
HiP03, and fumes of hydrogen chioride (or a solution containing hydrochloric acid if

lots of water s used).

PCls + 3H:0 *  HaiPOs + 3HCI
Phosphorus(V) chloride (phosphorus pentachloride), PCls

Unfortunately, phosphorus(V) chlonde is structurally more complicated.

Phosphorus(V) chloride is a white solid which sublime at 163°C. The higher the
temperature goes above that, the more the phosphorus(V) chloride dissociate (spitfs

up reversibly) to give phosphorus (111) chionde and chionne.

PCls < * PChL + Cl;

Phosphorus(V) chlonde has ¢ violent reaction with water producing fumes of hycrogen
chionde. As with the other covalent chlondes, if there s encugh water present, these will
dissolve to give a solution containing hydrochlonc ccid.

The reaction happens in two stages. In the first, with cold water, phosphorus oxychlonde,
POC;, 8 produced clong with HC 1.

PCls + H:0 o > POCIls + 2HCI

Iif the water is boiing, the phosphorus(V) chionde reacts further to give phosphonc(V) acid and
more HC 1. Phosphorc (V) acid s also known' just as phosphonc acid or as orthophosphonc acid.

POOI3 + 3H20 - —®  H3PO4 + 3HCI

The overdl equahon in boling water s just a combination of these:

PCls+4H0 - > HsPO4 + SHC
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Disulphur dichloride, S;Ck,
Disuiphur dichionde is formed when chionne reacts with hot sulphur.

Disulphur dichlonde is a smple covalent liquid (orange and smelly).

The shape is difficult to draw convincingly. The atoms are all joined up In @ ine but twisted:

Tese Pree abmg
ae ¥ » One plane

The regson for drawing the shape 5 to give a hint about what sort of intermoleculor
attractions are possible. There is no plane of symmmetry n the molecule and that means that it
will have an overall permanent dipole.

Do you know?

Disulphur Dichloride has Von der Waals dispersion forces and dipole-dipole

ottractions.

Disulphur dichlonde reacts siowly with water to produce ¢ complex mixture of things ncludng
hydrochionc acid, suiphwr, hydrogen sulphide and vanous Sulphur containng acids and anions
(negative ions).

Q8. Discuss Hydroxides of The Period 3 Elements.

Answer

This topic looks briefly at how the chemistry of the "hydroxides’ of the Penod 3 elements from
sodium to chlonne vanes as you cross the penod.

A quick summary of the trends.

Sodium and magnesium hydroxides.
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Aluminium hydroxide, ke cluminium oxide, is amphotenc - it has both basic ond acidic
properhes.

The other "hydroxiges”

In all of these -OH groups covalently bound to the atom from period 3. These
compounds are all acidic - ranging from the very weakly acidic silicic acids

(one of which is shown below) to the very strong sulphunc or chloric acids.

There are other acids (also containing ~<OH groups) formed by these elements,
but these are the ones where the penod 3 elements is in its highest oxidation

state.

* OH ?

| |
HO—II’ ~——OH

OH

prosphonc' V) sced

0 0

| |

HO— 86 —OH HO—CI==0

j ]

1) Sodium and magnesium hydroxides
These are both basic because they contain hydroxide ions - a strong base.

Both react with acids to form salts. For example, with diute hydrochlonc acid, you get colorless
solutions of sodium chionde or magnesium chicnde.

NaoH + HCI | | i NaCl + H,O

Mg(OH)z + 2HCI > MgCh + 2H,0O
2) Aluminium hvdroxide
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Alumnium hydroxde s amphotenc.

Lke sodium or magnesium hydroxides, it will react with acids. This is showing the basic side of
ifs nature.

With dilute hydrochlonc acid, a colorless solution of aluminium chionde is formed.

Al(OH)s + 3HCI » AICk + 3HO

But aluminium hydroxide also has an acidic side to its ncture, It will react with sodium
hydroxide solution to give a colorless solution of sodium tefrchydroxoaluminate.
Al(OH)s + NaCH » NGCAI(OH).

3) The other "hydroxides”
1) Orthosilicic acid 1s very weak.

2) Phosphonc(V) acid s ¢ weak acid - although somewhat stronger than smpile orgonic acids
ke ethanoic acid.
3) Sulphuric acid and chiloric (Vi) acids are both very strong acids.

The main factor n determining the strength of the acid is how stable the anion (the
negative ion) 1s once the hydrogen has been removed. This in turn depends on how

much the negactive charge can be sprecd around the rest of the ion.

If the negative charge stays entrely on the oxygen atom left behind from the -OH
group. it will be very attractive to hydrogen ions. The lost hydrogen ion wil be easily
recaptured and the acid wil be weak.

On the other hand, if the charge can be spread out (delocahized) over the whole of the
ion, it will be so "dilute” that it won't attract the hydrogen back very easily. The acid wil then

be strong.

QY. Discuss Group 1 Elements.

Answer

1Y Atomic and Phvsical Pronerties of the Groun 1 Hements
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Thes sechon explores the frends in some atomic and phyicol properhes of the Group | elements

ithium, sodivm, potassium, iubidium and cesium. You will iind separgte sections below
covernng thy trends in atomic radius, first ionization energy. electronegatvity, meting
ond bailing points, and density.

2) Trends in Atomic Radius

0. 01

albmic
radius 02 4
(nm) |
0.1
U
L Na K Rb Cs

Fig. 13.12 Atomic Radi of the Grou

MIENTS

L |
1-
L ]
-
—

ASs we move from lithium to cesium. an exira shell ot electrons 1s added to each

element. The adahon of an extra shell ncreases the atomic volume. We hnd theretore,

trwf]t !r‘ler“ 'l'l (1["‘ :r]f*Ip#]ku r’\f f]fr‘if“lif' f“l’](ﬁ :f‘\ AT il 4 = 1"1;i ,U;‘ LY 1 .' iur]rﬁt f"r‘ "f -e rI'O‘\"e “‘ICFI‘ I'?r\‘ LJFT]
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10 cCesium.

Some Physical Properties of alkali metals

Alomic weight 6.94 2299 391 |25.47 1329

Atomic volume 12.97 23.63 4536 | 558 L9 95

Atomic (.e. metalic radiws for | 1.55 1Y 2.35 2.46 2.6

coordination number 12)

Covalent radius

N
.
on
o
N
:j:J
)
N
O
N
J
O\

loNIC radius M+ 10NS 0.4 .95 1 .33 ] 48 | &Y
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Boiling Point 1330 | 892 760 | 688 | 670

lonzations energy (ki/mol) (1) 520.3 495.8 4189 |403.0 |375.7

| /298.] 4562.4 | 3051.4 | 2633.0 | 2230.0

}Sfcmc:c:'c: oxigahon potential | 3.04 | 2 2.99 2.7 2.99
Sublimation energy(ev/ion) T 1.74772 # 1.2432 | 1.032 | 0.984 0.9024
| Hydrahon Energy(eV/ion) | 5.904 | 3.792 | 3.6955 | 3.36 | 0.624
| Electrorwégoiivity ! | *‘0.9 '.'0.8 - "“0.8 '. 0.7 |
| Colour of the flame ! Cnmson *'-Colcion Violet | Violet | Violet
Red Yellow

Heat of atomization ¢t 25¢ (cV/atm) - |./4/2 1.2432 | 1.032 |0.984 |[0.9024

. -

lonic conduction of M+ 10N 335 43.5 b64.6 67.5 63

3) Trends in First lonization Energy

First ionization energy 1s the energy needed to remove the most loosely held electron
from each of one mole of gaseous atoms to make one mole of singly charged gaseous

IoNs - INn other words, for | mole of this process.

sl orsan OO0
oy

(k) /MO | 400 «
JX)
<UL
00
T N K M Cs

Fg. 13.13 Frstdonzation Energy of the Group 1 elements

'-—-
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Nohce that first ionizohon energy falls as you go down the group.

wWe know thot alkall metol has only one electron in ther outermost shell (nsl
electron). This nsl eleciron s so weakly held with the nucleus that it can be removed

very eqsily, Alkal metals therefore have low ionzahon energies.

As the distance of ns | electron from the nucleus increases on moving from L to Cs
IS

removal becomes more and more easy as we proceed from L 1o Cs 1.e. the
amount of energy (ionization energy) vsed Iin the removal of nsl electron is
maximum in case of energies of alkali metals go on decreasing from Li to Cs

as shown in table 13.3.

The second ionization energies are fairly high, since the loss of the second

electron from M+ cation which has a noble gas configuration is quite difficult.
4) Trends in Electronegativity

tlectronegativity 1S a measure of the tendency of oan gtom to ottract o

bonding pair of electrons, It 1s usually measured on the Pauling scale,

on which the most electronegctive element (fluonne) I1s given an

electronegativity of 4.0.

L  Nse X Ry  Cs

Fig 13.14 Electronegativities of the Group | elements

We have seen that the outer electron (i.e. ns | electron) of the atom of alkali
metals s loosely held with the nucleus and hence It can be easily excited 1o

the hiaher enerav levels even bv a small amount of heat enerav [e.a. bv
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heating the metals or ther salts into Bunsen bumer). Dunng the excitation
process the electron absorbs some energy and when this excited electron
comes back to its onginal position, it gives out absorbed energy in the form of light
N visible region of the electromagnetic. Since the cmount of energy absorbed
during the excitation process is different in different atoms, different colors are
mparted by the ctoms to the flame. The property of alkall metals to give
colorction in the burner flcme has been used to detect their presence In solts by

a test, known gs flame test.

5) Trends in Melting and Boiling Points

(°C)
2000 - - B Meing posrt
B Ooeng pon
100D -

J

(217 Cs

L Ne X

Fig 13 15 Meluing and Borling Points of the Group | clements

You will see that both the melting points and bolling points fall cs you go down the
Group.

The melting and boiling points are very low because of the presence of weak inner
atomic bonds n the solid state of the alkall metak. These bonds are due to ther atomic
radil and mainly due to ther electronic configuration having a single valence electron
as compared to large number of gvailable vacant oroital. As the size of the metal gtoms
ncreases, the repulsion of the non-bonding electrons also ncreases. This Increase in the
repulsion of non-bonding electron decreases the melting and boiling points of alkal

metals when we move from b to Cs (as shown in table 13.3).

Trends in Density

www.topstudyworld.com



www.topstudyworld.com Chemistry

Dawtty ¢

(gem?)

L

01 TR X ' AR (m
Fig. 13.16 Densities of the Group | clements

The censhes of ckall metck ae quite low due to the large atomic volumes. L, N and K
are ighter than wgter, The densiies increase with the increase n atomic from U to Cs
nadicahng that grecater atomic with more than compensates for the bigger sze of the atoms. K

s however, ighter than Na which 1s due to an unusuadl Increase Iin atomic sze of K.

Bements U NG K Rb Cs
Densities
at OC (g/c.c) 0334 0972 0857 1525 1.903

6) Trends in Reactivity with Water

In this topic, we discuss the reachtions of the Group 1 elements - ithium, sodium,
potassium, rubidium and cesium with water. It uses these reachonrs to explore the frend n

recctvity n Group 1.

With the excephon of b, the alkahk metals are extremely soft and readily fused. They are
highly malleable (1.e. can be pressed out nto sheets) and ductie (1.e. can be drawn into
wres). When freshly cut, they have a bnght luster which quickly tamished Qs soon as metal

comes N contact with atmosphere.

e

Summary of the trend in reachvity

Ihe Group | metals become more recchve towards water as you go down the Group.
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Explaining the frend in reactivity
Looking at the enthalpy changes for the reachons

The overall enthalpy changes

As you go down the Group, the amount of heat given off increases as you go from lithiwm

to cesium. Not so!

The table gives estimates of the enthalpy change for each of the elements undergoing the
reaction:

Xisp + Ha0py = HOHcq + '2Hz(g)

change

You will see that there is no pattem all in these values. They are all faidy similar and,
surprsngly, ithium s the metal which releases the most heat dunng the reaction!

When these reachons happen, the differences between them ke entrely n what s

happening to the metal atoms present. In each case, you start with metal atoms in ¢ soikd
ond end up with metal ions in solution.

Overall, what hcppens to the metal s this:

Xisp | i Xticql + e

Reactions with Oxygen
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This topic mainly looks at the reactions of the Group 1 elements (lithiwm, sodium, potassivm,
rubidium ond cesium) with oxygen including the simple reactions of the vancus kinds of oxides
formed.

A) The Reactions with Air or Oxygen

Akal metds react with 0; or ar rapidly and thus get tamshed due to the formation of ther oxde on
the surface of the metak. It is for this reason that alkali metak are stored in kerosene or paraffin
oill,

U when bumt in 0z gives moinly ithium monoxide, (nomal oxide) Li0.

44 + O, » 20110

Na when bumt in 0z forms sodium peroxde, No:0:

2Nc + O; > NQ,0»

Other akal metak react with 02 to form super oxade of MO2 type.

M+ O > MO:

Since the nomal oxides of alkali metak other than that of Li (L120) cre not formed by the drect
reaction between the metcls and 0. they ore formed by indrect methods, e.g. by reducing
peroxides, nifnte and nitrates with the metals itself.

ZNa202 + 4Na » 4NGZ0
2NaNO; + 6Na » 4Na;0 + N,
2ZNaNO; + 10Nao > 6Na O+ N;

Properties. Normal oxides (077) react with H20O to form hydroxides by proton exchange.

Ceina proton
o + HO &=— OH- 4+ OH-

|

I

Loses protoo
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The peroxides (0:¢) and superoxide (0¢) are strong oxidiang agents and react with HO fo
gve H, and O..

04 + 2H,0 + H:,0;
2(0-0] + 2H20 » H202 + O2

Nomnal oxides have anfi-fluonte structure and are ionic In nature snce they contain monoxide

in, 02’ Peroxides contain peroxde ion, 022 or [- O - O)2.

The super oxide ion has a three-electron bond as shown below.

(;0 —=0: )
The presence of one unpored electron in it makes this in paramagnehic and colored.

B) Reactions of the Oxides with Water and Dilute Acids
1. The simple oxides, X:0

Reaction with water

These are smple basc oxides, reacting with water to give the metal hydroxide.

For example, ithium oxide reacts with water to give a coloriess Solution of ithium hydroxide.
X20 + H20 » 2X0OH

Reaction with dilute acids

These simple oxides all react with an acid to give a salt and water, For example, sodium
oxide will react with dilute hydrochlonc acid to give coloress sodium chionde solution

and water.

X20 + 2HCI - -+ 2XCIl + H:0

2. The peroxides, X;0;
Reaction with water
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If the reaction s done ice cold (and the temperature controlled so that it doesn't nse even
though these reactons are strongly exothermic), a solution of the metal hydroxde and

hydrogen peroxide is formed.

X202 + 2H20 > 2XOH + H20:2

Iif the temperature increases (as it inevitably will unless the peroxide is added to water very
siowly), the hydrogen peroxide produced decomposes into water and oxygen. The reaction can
be very viclent overall.

Reaction with dilute acids

These reactions cre even more exothermic than the ones with water. A solution containing
a sclt cnd hydrogen peroxide is formed. The hydrogen peroxide will decompose to give
water and oxygen if the temperature rises again, it is almost impossible to avoid this. Another

potentially violent reachon!

X202 + 2HCI > 2XCIl + HO2
3. The superoxides, XO,

Reaction with water

This ime, @ solution of the metal hydroxide and hydrogen peroxide is formed, but oxygen gas
s given off as well. Once again, these are strongly exothermic reactions and the heat
produced wil inevitably decompose the hydrogen peroxide to water and more oxygen. Again
violent!

2X0; +2H,0 > 2XOH + H,0, + 07
Reaction with dilute acids

Again, these reactions are even more exothermic than the ones with water. A solutfion
containing a salt and hydrogen peroxide is formed together with oxygen gos. The hydrogen
peroxide will again decompose to give water and oxygen as the temperature nses. Violent!

2X0O; + 2HCI > 2XCI| + H202 + Oz

C) Reactions of the elements with Chlorine
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Sodium bums with an intense orange flame in chlonne s exactly the same way that it does in
pure oxygen. The rest also behave the same in both gases.

In each case, there is a white solid resicdue which is the smple chionde, XCI. There is nothing n any
way compicated about these reachons!

2X + Clz >  2XCI
D) Effect of heat on Nitrates, Carbonates and Hydrogen-Carbonates
i) The facts

Group | compounds are more stable to heat than the comesponding compounds in Group 2.
You will often find that the lithium compounds behave smilorty to Group 2 compounds, but the
rest of Group 1 are in some way different.

Nature of Carbonates, bicarbonates and nifrates

The cabonates (M2C0.) and bicarbonates (MHCO:) are highly stable to heat. With increase
of electropositive character from LU to Cs, the stability of these salts increases therr nitrates

decompose on strong heating to the comresponding nitnte and 02, (Excephion 1s LNOa3).
ZNaNO:3 »2NaNO; + O;

i) Explaining the trend in terms of the polarizing ability of the positive ion

when alkal metal cations approach near an anion attracts the outer most electrons of the
anion and repek the nucleus. Thus, the dstortion or polanzation of the anion takes place. This
distortion results in the shanng of electrons between two oppositely charged ions, 1.e. the
bond between the cahon and anion becomes partly covalent m character. In general, the
smaller ccotions polanze the cnions more effectively thon bigger one. Therefore, the lithiwm

salts are shightly covalent while other alkall metal saits are ionic.
E) Hame Tests

This topic descnbes how to do ¢ flame test for a range of metal ions and bnefly descnbes

how the flcme colour anses.

Flame tests are used 1o identify the presence of a relafively small number of metal ions in G
compound. Not all metal ions give flame colors.
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For Group | compounds, flame tests are usually by for the easiest way of identifying which metal
you have got. For other metals, there are usually other ecsy methods which are more relicble

- but the fliome test can give a useful hint as to where to look.

Q10. Give Flame Tests of Group I-A elements.

Answer
Practical details

Clean a platinum or nichrome (a nickel-chromium alloy) wire by dipping it Into concentrated
hydrochlonc acid and then holding it in a hot Bunsen flame. Repeat ths until the wre doesn't
produce any colour in the flame.

When the wire is clean, moisten it again with some of the acid and then dip it into a small
amount of the scid you are testing so that some sticks to the wre. Place the wire back in the
flame agaoin.

Iif the flcme colour s weak, it is often worthwhile to dip the wire back in the acid agoin and put
it back into the flame as if you were cleaning it. You often get a very short but interse flash of
colour by doing that.

The colors

Different colors shown by different elements cre given below.

e
O
m Golden Yellow

- Lilac{pink)
“ Red (reddish-violet)
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Orange-red
Red
Pale green
Cu Blue-green (often with white flashes)

Greyish-white

Note:
What do you do if you have o red flcme colour for an unknown compound and

don't know which of the various reds it 52

Get samples of known ithium, strontium (etc) compounds and repeat the flame test,
companng the colors produced by one of the known compounds and the unknown
compound side by sde until you have ¢ good match.

The origin of flame colour

We have seen that the outer electron (i.e. ns' electron) of atom of alkal metals is loosely
held with the nucleus and hence it can be easily excited to the higher energy levels even
by a small amount of heat energy (e.g. by heating the metalk or ther slats into Bunsen
bumer). Dunng the excitation process the electron absorbs some energy and when this
excited electron comes back to its ongincl position, it gives cut absorbed energy in the form
of light in visible region of the electromagnetic spectrum and hence the colowr s imparted
by the atoms to the flkame. Sine the amount of energy absored during the excitation

process 1s different in different atoms, different colour are imparted by the atoms to the
flome. The property of akah metals to give coloration in the Bunsen flome has been used

to detect ther presence in salts by o test known as flome test.

Group 2 Elements
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Q11. Give Trends of Properties of lI-A elements Atomic and Physical Properties.

Answer

This sechon explores the frends in some atomic and physical properties of the Group 2
elements - berylium, magnesium, calcium, strontium and banum. You will find
separcte sections below covenng the frends in atomic radius, frst ionzahon energy,

electronegaotivity and physcal properhes,

1) Trends in Atomic Radius

Alamic Radi of the Group 2 elements

o 03,
p e

m

Fig. 13.17 Atomic Radn of the Group 2 clements

You can see that the atomic radius increases as you go down the Group. Nofice that

beryliium has a particularty small atom compared with the rest of the Group.
Explaining the increase in atomic radius
Atomic volume, atomic and ionic radii

Because of the addition of an extra shell of electrons to each element from Be to Ra,
the atomic volume increqses from Be 10 Ra. With the ncreases of atomiC volume, the
atomic and onic rade (of M? 1ons) also Increase from Be to Ra. The atomic radi of
these elements cre however, smaller than those of glkall metals in the same pencd.
This 1s due to the fact that the alkaline earth metals In the same penod. Ths s due to

the fact that the alkaline earth metals have higher nuclear charge which tendads to araw

e vt Alasvane fraasrmawcie hhoa na 1o e Thhae e Allar imdh 1ae AP AbtAaarvaues el reed 1 iy et e
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akaline earth metals are harder, have higher densihes and higher melhing points than
ckohl metak.

Some physical properties of alkaline earth metals
My

Property
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2) Trends in First ionizafion Energy

Frst ionzahon energy s the energy needed to remove the most loosely held electron from
ecch of one mole of gaseous atoms to make one mole of sNgly charged gaseous ions © In

other wards, for 1| maole of this process:

Kig " Xt

First londsation Ensegy of the Orowp 2 slements

e

Ca I

Fig. 1318 First lomisation energy of the Group 2 elements

Notice that first ionizahion energy falls as you go down the group.
Explaining the decrease in first ionization energy

The first and second ionizahon energies of these elements decrease with the increase of
atomic radi from Be to Ba. However, both these values for Ra are slightly higher than

those of Ba (for values see table no 13.4)
3) Trends in Electronegativity

Electronegatvity is a measure of the tendency of an atom to attract g bonding par of
electrons. It 1s usuclly measured on the Pauling scale, on which the most

electronegative element (Hluonne) 1s given an elecironegativity of 4.0.
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Elecltronegatrmtiy of the Growp 2 sdementis
-

0S

Be Mg  Ca S | bBa

Fig. 13.19 Llectronegativity of the Group 2 elements

Summarizing the rend down the Group

AS The meial aioms gel bigger

OMS g Jger, ony bondiNg par gets further ana further away irom the metal

% f ¥ L f \ [ i ’ i - ! f .\ ": 4 4 i . ' - F y b \ Fa® §y C ’ * 4 o et s i . 1"'-.
NUCIeUS, anAgd SO 5 less stronQly gitrgcled 1owaras i, In omer words, Qs you go aown e Group

—

:t w !_“,'Il' 2IMEeNIS t JOLLOITCe 2SS ¢ ','I'.' ACITONE( 3anve,

"B

A& o ng 2 & i . ™ ws F v . ' ~ . 7N\ P PO P wvsharsesrs Ythesers Al . 2 s By . . . s ,
AS yOu go aown the Group, the bonds formed between these eliemenis and other things
such as chlonne become more and more ionc. The bonding par 15 iIncreasingly ottracted

awaqy from the Group 2 element towagrgs the chionne (or whotever).
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Notice that electronegahvity values fall s you go down the group (for values see table)
4) Trends in Melting Point and Boiling Point

A) Melting points

Maedting PFoimie Oof The Ovoup 3 sisimenis

Mg ' A0
0

VSO0
CC)

Y OO0

OO0
8O0
-
A0
o L)
O v v v
e MY Ca S e

Fig. 13.20 You will see that (apart from where the smooth trend is broken

. * :
by magnesium) the melting point falls as you go down the Group.

B) Boiling Points

BoMng Pomnts of the Group 2 slements

Bong 3000 -

QD0

I

B My Ca &  Ba

Fig. 13.21 You will see that there 1s no obvious pattern in boiling points.
It would be quite wrong to suggest that there is any irend here whaisoever.

If we look at figure, the ionization energies of carbon at the top of the group that there is
NO possibility of It forming simple positive ions, while Sn and Pb have low energies so form

positive 1Ion eqsily.
5) Trends in Reactivity with Water

This section looks at the reactions of the Group 2 elements - beryllum, magnesium, calcium,

strontium and pbanum - with water (or steam). It uses these reachions 10 explore the frend
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The Facts

Beryllium

Beryllium has no reaction with water or steam even at red heat.
Magnesium

Magnesium bums in steam to produce white magnesium oxide and hydrogen gas.

Mgg) + H2Og > MgOy,) + Haig

Very clean magnesium nbbon has a very sight reachon with cold water. After several minutes,

some bubbles of hydrogen form on its surface, and the coil of magnesivm nbbon usually
floats to the surface. However, the reaction soon stops because the magnesium hydroxide

formed 5 aimost insoluble in water and forms a bamer on the magnesium prevenfing further

regchon.

Mgy + 2H20g) > MgOHzj) + Hayg)
Calcium, stronfium and barium

These cll react with cold water with increasing vigor to give the metal hycdroxde and hydrogen.
Strontium ond banum have recctiviies smilor to lithiwm in Group 1 of the Penodic Table.

Calcium, for _example, reacts faily vigorously with cold water n an exothermic reaction.
Bubbles of hydrogen gas are given off, and o white precipitcte (of calcium hydroxde) is
formed, together with an dkaline sclution (also of calkcium hydroxide -calcium hydroxide s
shightly soluble).

The eqguation for the reactions of any of these metaols would be:

X{y) +3H:Op) = X(OH)2o{eqars) + H2lg)

The hydroxides aren't very soluble, but they get more soluble as you go down the Group.
The calcium hydroxide formed shows up mainly as a white precipitate (although some
does dissolve). You get less precipitate cs you go down the Group because more of the
hydroxide dissolves in the water.

Summary of the frend in reachvity

The Group 2 metck become more recchive towards water as you go down the Group.
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Explaining the frend in reactivity
Be[OH); is not at all basic; in fact it is amphoternc since it reacts with acids to form salts and with
alkalis to give beryllates.
Be(OH)2 + 2HCI » BaCk + 2H:0
Be(OH)2 + 2NaOH > BaeO: + 2HO

The hydroxides or other metals are basic n character. Ther basic character increases on moving
down the group. Thus Mg(OH)2 is weakly basic while Be[OH); is the strongest base. The increase
in basic character of the hydroxdes on moving down the group is due to the fact that with the
increase N sze of M?* cation both the polcnty of M-OH bond and the intemuciear distance
between oxygen of OH- ion and the metals atom increase. As a result of ths, there s greater
onzaton of M(OH); and hence basc character increqses.

Due to high polanzing power of small Be<* in, Be(OH); i1s covalent while other hydroxdes are
ONIC.
Be(OH)2 and Mg(OH)2 are amost insoluble in H;O while the hydroxides of other metals are

sightly soluble. Their solubility increases on moving down the group as shown by the increasing
value of the solubiiity products of these hydroxdes.

Be(OH); = 1.6 x 10%; Mg(OH}; =8.9x 10'% Ca(OH).= 1.3x 10%

N(OH)2=32x 104 Ba(OHJ)2= 5.4 x 104

6) Reactions with Oxygen and Nifrogen
i) Reactions of The Group 2 Bements with A or Oxygen

This topic looks at the reactions of the Group 2 elements - berylium, magnesium, calcium,
strontium and benum - with ar or oxygen.

A) Formation of simple oxides

Preparation: The alkaline earth metals form the nomal oxdes of MO type which are obtained
by heahng the metal in 0; or by heating their carbonates at high temperature e.g.

2Ca + 0, » 2Ca0
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ii)

1)

v)

Properties:

these oxides are extremely stable white crystal line solids due to their high crystal lottice
energy obtained by packing doubly charged in sin a sodium chloride type of lattice.

BeO anc Mg0 cre guite insoluble in H20 while H20 CcO, SrO qand BaO react with H20 to
give soluble hydroxides, M{OH)? which are strong bases

BeO is not at all basic in nature; in fact, it is amphoteric since it reacts with acids to form
salts and with alkalis to give beryllates.

Be(OH), + 2HC > BaCl; +2H0

Be(OH)2 + 2NcOH » Na:8eO: + 2H0

The oxides of other metals are basic in character. Ther basic character incregses on moving
down the group.

Due to small size Be?* ion, BeO is covalent which other oxide are ionic. Although Be0 is
covalent yet is has ¢ higher melting point and is harder than the oxides of other metcls as it

s polymenc. Each Be atom is tetrahedrally coordinated by four oxygen atoms.

b) Peroxides Preparation.
The peroxides of heavier metals (Ca, Sr, Ba etc.) can be obtained on heating the
nomal oxides with 0, at high temperature.

2Ba0 + O > 2Ba0O;

Properties.
The peroxides are white, ionic solids hoving peroxide anion, [0-0]7'. They react with acids to
produce HA:.

B) Formation of Nifrides on Heating in Air

All the elements bum in nitrogen to form nifndes, M2N; e.g.
3Ca +N; —» CasN;

These react with HXO to liberate NHs e.g.

BeaN: is volatie while other nitndes are not so.
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Q12. Give Trends in Solubility of the Hydroxides, Sulphates and Carbonates.

Answer

This topic looks at the solubility in water of the hydroxides, sulphates and carbonates of the

Group 2 elements - beryllium, magnesium, calcium, strontum and banum.

if) Solubility of the hydroxides

* The hydroxides become more soluble as you go down the Group.

This is ¢ trend which holds for the whole Group, and apples whichever set of data you choose.
Some examples may help you to remember the frend:

Magnesium hydroxide appecrs to be insoluble in water. However, if you shake it with water,
filter it and test the pH of the solution, you find that it is sightly alkaline. This shows that there are
more hydroxide 1ors in the scluhon than there were In the ongnal water. Some magnesium

hydroxide must have dissolved.

Calcium hydroxide solution is used as Time water”, 1 litre of pure water will dissolve about |
gram of calcium hydroxide at room temperature,

Barium hydroxide is soluble enough to be able to produce ¢ solution with @

concentration of arcund 0.1 mol dm? at room temperature.

ii) Solubility of the sulphates

» The sulphates become less soluble as you go down the Group.

i) Solubility of the carbonates

e [he carbongtes tend to become less soluble s you go down the Group.

Caorbonates are nsoluble n water ond therefore occur as soid rock minerak in natwre.,
However, they dissolve in H:O containing CO; due to the formahon of bicarbonates.

CaCO:+ CO:+ HO > Ca(HCOx)2

Q13. Trends in Thermal Stability of the Carbonates and Nitrates.

Answer
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This topic looks at the effect of heat on the carbonates and nifrates of the Group 2 elements
- berylium, magnesium, calcium, strontium and banum. it descnbes and explains how the

thermal stability of the compounds changes as you go down the Group.
The effect of heat on the Group 2 carbonates

Al carbonates decompose on heating, at appropnate temperature evolving CO?2

MC O3 * COz + MO

The stability of the carbonates of these metals increase on moving down the group. This is

llustrated by the values of the decomposition temperatures of these carbonates as given
pelow;

BeCOs; = 25C, MgCO; = 540°C, CaCO4; = 900°C,
SICO; = 1290°C, BaCO3 = 1360C

The effect of heat on the Group 2 nitrates

All the nifrates In this Group undergo themal decomposition to give the metal oxde, nifrogen
dioxide and oxygen.

The nifrates are white solids, ond the oxides procduced cre alse white solids. Brown nitrogen
dioxide gcs is given off together with oxygen. Magnesium and calcium nitrates normally
have water of crystalization, and the solid may dissolve in its own water of crystallization to

make a colorless solution before it starts to decompose.

Again, if "X’ represents any one of the elements:

N3 > 2X0[s) + 4NOxg) + Ongg

As you go down the Group. the nitrates also have to be heated more strongly before they
will decompose.

* The nitrgtes also become more stable to heat as you go down the Group.

Summary

Both carbonates and nitrates become more themally stable ¢s you go down the Group
The ones lower down hove to be heated more strongly than those at the top before
they will decompose.
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Q14. How Beryllium Differ from other Members of its Group?

Berylium, the frst elements of the goup differs from rest of alkaline earth metals due to its

small atomic sze and comparatively high electronegativity. The main points of difference
ore.

1) Hardness. Berylium is the hardest of cll the elements of its group.)

2) Melting and bolling points. The melting and boiling points of berylium are the highest.

3) Formation of covalent compounds. Beryllium has a tendency to form covalent compounds.
Thus, when it reacts with other elements the electronegativity difference s not so large and the
bond s therefore covalent.

4) Reaction with water. Berylium does not react with water even at high tempercture. Other
akalne earth metak decompose water libercting H2 gos.

Mg + H20 —» Mg0 + H2

5) Reaction with hydrogen. Ben/ium does not react with hydrogen directly to form its hydnde. Iits
hydnde however has been prepared ndrectty. The rest of the akaline earth metals combine with
hydrogen to form hydndes. The hydndes of Be and Mg are covalent, whereas the hydndes of

other metals are 1onicC.

é) Reaction with alkalis. Ben/dium reacts with alkals to form hydrogen.

Be + 2NaOH —» Na2BeO:2 + H2

Other alkcine earth metak do not react with alkdis.

7) Behaviour of oxides and hydroxides. The oxxdes and hydroxides of berylium are amphoteric,

1.e. disscive In both acids and akalis to form salfs.

BeO + H,S0; - » BeSO, + H,O
8) Behowviour of carbides. Berylium caroide s decomposed by water to form methane (CH4)

BesC + 4H20. » 2Be(OH)2 + CHq

The cabicde of other dkaline earth metak s decomposed by water to form acetylene (CaHz). For
example:

CaC2+2H,0 = *Ca(OH); + C2H2

9) Behaviour of nitndes. Be3N2 is volatile while the nitndes of other alkkaline earth metak are
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10) Number of molecules of water of crystallization. The salts of Be2+ ion cannot have more
than four molecules of water of crystallization while other alkaline eorth metals have more

than fowr molecules of water of crystalization, This is expicined os folows. In case of Be?* ion
there are only four orbitals (namely one ortital can accept lone pairs of electrons denoted by O-

atoms on each of the water molecules as shown below.

o 2
Valence.she!)
eloctronic configuration } I' ‘I m]
of Bo atom (242, 2p*)

Valenco shell conBgura.
tion of De®+ ion (24°.2p%)

O L1
Attachment of 41130 mole. } B

culey with Bet+ ion 1 I

O O O O
H H, H; W,
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One the other hand, other ckaline earth metak ke Mg can extend ther coordination
number to six by using one 3s, three 3p and two 3d orbitcls belonging to ther

outerost shel.

11) Formation of complex compounds. Be‘* ion, on account of its small size, forms
stable complex compounds like [BeF:f, [BeFi¥ whie M# ions denved from other

akaline earth metals form very few complex compounds.

Group 4- Elements

Q 15. Give Physical properties of the elements Group IV-A.

Answer

1) Melting points end boiling points

As we move down the goup from C to P, the meltng ponts as wel as boding points generally
decrease, although the decrease s not In @ regukax order. Ths decrease N melhng points as

wel as n boding points indicates that inter-atomic forces also decrease n the same drechon.
The meltng and boiling ponts of C and Si are notably high because of the tendencies of these

elements to form giant molecules.

’Hdlhg“ Haling Points of Geoup § slements l

X)) - , —_—
aMM ...

TN .
2X0) -
1J0) -

J

BveieC)
Mo ~C)

C S Ce Sn ™
Fig. 13.22 Melung and Boiling Points of Group 4 elements
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The low value for tin's melting point compared with lead s presumably due to forming @

dstorted 12-co-ordincted structure rather thon ¢ pure one. The fin values in the chort refer to
metalic white fin,

2) Britleness

Carbon as dicmond s, of course, very hard - reflecting the strength of the covalent bonds.
However, if you hit it with @ hammer, it shatters.

Silicon, germanium and grey tin (all with the same structure as dicomond) cre also battle
SOICIS.

However, white tin ond lead have metalic structures. The atoms can roll over eacch other
without any permanent disrtuption of the metalic bonds - leading to typical metallic properties
ike being malleable and ductile. Lead in particular s a farty soft metal.

3) Elechical conductivity

Carbon as diomond coesn't conduct electicity. In diomond the electrons are all tightly bound
ond not free to move,

Unlike diamond (which doesn't conduct elecincity), slicon, germanium and grey fin are
semiconductors.

White tin and lead are normal metalic conductors of elecincity.

There s therefore a clear frend from the typically non-metalic conductivity behaviour of
carbon as diamond, and the typically metalic behaviour of white fin and lead.

4) Elechonegativity

Carbon is the most electronegative elements of this sub-group and the electronegatvities
decrease with the nse of atomic number but not a regular manner. This 5 probably due to the
filing of the d-orbital in cose of Ge and Sn and f-orbitals in case of Pb.

5) lonizafion energies

The onization energy values decrease on moving down the group form C to Pb, althcugh
the decrease does not occur in a reguler order. The megulonty in the decrecase of these volues Is
due to the filing of intervening d-orbitals n case of Ge and Sn ond f-orbitaks in case of Pb which
are not able’ to screen the valence electrons effectively in elements folowing them.
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Q16. The Trend from Non-Metal to Metal in the Group 4 Elements.
Answer

This topic explores the frend from non-metalic to metalic behaviour In the Group 4 elements -
carbon (C), sikicon (S1), germanium (Ge), tin (Sn) and lead (Pb). It descnbes how this trend s
shown In the structures and physical properties of the elements, and finally makes a not entirely

successful attempt to explain the trend.
Structures and Physical Properties

Structures of the elements

The trend from non-metal to metal as you go down the Group is clearly seen in the structures

of the elements themselves.

Carbon at the top of the Group has giant covalent structures in its two most familiar cllofropes
- diomond and graphite.,

Dicmond has @ three-dimensional structure of carbon atoms each joined covalently to 4 other
atoms. The diagram shows a small part of that structure.

Fig. 13.23

Exactly this same structure is found in sikcon and germanium and in one of the allofropes of

hn-"grey hn" or "clpha-hn’,

The common allotrope of tin (‘white tin" or "beta-tin”) s Mmetalic and has its atoms held
together by metalic bonds. The structure 5 @ distorted dose-packed amangement. In close-

packing, each atom is sumrcunded by 12 near-neighbors.

There Is therefore G clear frend from the typical covalency found in non-metals to the metalic
bonding In metals, with the change-over obvious in the two entirely different structures found

.
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Q 17. Discuss Oxidation State of Group IV- A elements.

Answer

This topic explores the oxidation states (oxdation numbers) shown by the Group IV elements -
carbon (C), skicon (S1), germanium (Ge), tin (Sn) and lead (Pb). It looks at the increasing
tendency of the elements to form compounds in which their oxidation states are +2, particulorty

with reference to tin and leqad.
a) Inert pair effect and positive oxidation states

Carbon and silicon show +4 oxdation states whie occunrence of +2 and +4 oxdation states in
case of Ge, Sn and Pb 1s explained as follows: when only two np electrons from the ns4p-

configurchon are lost. We get the elements in +2 oxxdahon states remain inert and hence are not
lost In the formation of M2 cations. This par of ns? electrons is colled inert par of electrons. Since
the group the stability of +2 oxidation state ako increases from Ge* to Pb** i.e. Ge* < Sn?* < Pb?*

When al the four ns’p? electrons are lost we get the elements in +4 oxdation state, i.e. M* cations

are formed. On descending the group stability of +4 oxidahon state decrease 1e. the stabiity of
M# catiors decrease from Ge# to Pb* 1.e. Ge* > Sn* > Pb*

Compounds of Ge#* cre less stable than those of Ge** and hence the compounds of Ge #* are
readily changed oxidized into those of Ge*'. In other words, compounds of Ge®! act as strong
reducing agents while those of Ge** act as oxdzng agents.

Ge®™ compounds - »  Ge* compounds
Less stabie More stable
Reduang cgent Oxidzng agent

On smilar and rounds it con be shown that the compounds of Sn?* are less stable than those of
Sn* into those of Sné*. In other words, compounds of Sn** act as strong reducing agents whie
those of S act as oxdiang agents.

Sn# compounds > Sn* compounds
Less siable More stable

Reducna aoaent Oxidizina aaent
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When we compare the stability of the compounds of Pb?* ond Pb* ions, we find that Pb?
compouncts are more stable than those of Pb* (PbC 1. and hence the compounds of Pb* are

readily changed (reduced] into those of Pb?*. In other words, compounds of Pb* act as strong
oxidang cgents while those of Pb#* act as reducing ogents,

P4 compounds > Po* compourcss
Less stabe More stable

Reducng agent Oxidizng agent
Thus, when we compare the stabiity of M2t and M#* catons of Ge, Sn and Pb, we find thaot ther
sticoty 5 N the order Ge <Ge*; Sne<Sn#; P2 <Pt
b) Negative oxidation state

Since the electronegativities of these elements are low, they do not have much tendency
to fom the negative ion. However, cabon foms C#4 and C2 ions n certain compounck, e. 5. Be4»#C2¢
or BeL(Be>* and C*ions), Al4* C# (Al* and Ctons) Na* CH* (Na*, C4 and frions), Na?* C2 (Na* and
CZ#ions), Co*'C# [Ca? ond C#10ns).

The inert pair effect in the formation of ionic bonds

If the elements in Group 4 form 2+ ions, they will lose the p electrons, leaving the e pair unused.
For example, to form a lead (ll) ion, lead wil lose the two ép electrons, but the és electrons will be
left unchanged - an "inert par'.

You woulkd normally expect ionizahon energies to fal as you go down ¢ Group as the electrons
get further from the nucleus. That doesn't guite happen in Group 4.

This frst chort shows how the total ionization energy needed to form the 2+ ions vanes as you go
down the Group. The values are all in kJ mot'.
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Nofice the sight increase between hn cnd lead.

This means thot it is shightty more dithcult to remove the p electrors rom lead than from fin.

However, If you look gt the pattern for the loss of all four electrons, the discrepancy

between tin and lead 1s much more marked. The relatively large increase between tin
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The reasons for all this lie in the Theory of Relativity. With the heavier elements like lead, there is
whaot is known as a relativishic contrachion of the electrons which tends to draw the electrons

closer to the nucleus than you would expect. Because they are closer to the nucleus, they cre
more difficult to remove. The heavier the element, the greater this effect.

This affects s electrons much more than p electrons.

a) In the case of lead, the relativistic contraction makes it energetically more difficult to remove
the 6s electrons than you might expect. The energy releasing terms when ions are formed (like

lattice enthalpy or hydration enthalpy) obviously aren’t enough to compensate for this extra
energy. Thot means that it doesn't make energetic sense for lead to form 4+ 1ons.

Q18. Discuss the inert pair effect in the formation of covalent bonds.
Answer

You need to think about why carbbon nommally forms four covalent bonds rather than two.

Using the electrons-in-boxes notation, the outer electronic structure of carbon looks like this:

e aja]w

Px 2y 22

There are only two unpared electrons. Before cartoon forms bonds, though, it normaly promotes one
of the s electrons to the empty p orbital,

promoton
-~ ®Px Py Py
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That leaves 4 unpaired electrons which (ofter hybndization) can go on to form 4 covolent
DONCS.

It i1s worth suppiying the energy to promofte the s electron, because the cartbon con then form
twice as many covalent bonds. Each covalent bond that forms releases energy. and this is
more than enough to supply the energy needed for the promotion.

One possble explanation for the reluctance of lead to do the same thing kes in faling bond
energies as you go down the Group. Bond energies tend to fall as atoms get bigger and the

bonding par is further from the two nuclel and better screened from them.

For example. the energy released when two extra Pb-X bonds (where X s H or Cl or whatever)
are formed may no longer be enough to compensate for the extra energy needed to promote
a és electron into the empty Op orbital.

This would be made worse, of course, if the energy gap between the és and by orbitals was
increased by the relativistic contraction of the 6s ortital.

Q19. Discuss the Chlorides of Carbon, Silicon and Lead.

Answer

This topic tokes a bnef look at the tetrachionde's of cartbon, siicon and lead, ond akso at lecd (Il)
chionge, it lcoks at ther structures, stobility and reachions with water,

1) Structures and Stability

Structures

Carbon, silicon and lead tetrachloride
These al have the formula XC 14.

They are al smple covdalent molecules with ¢ typical tefrahedral shape. Al of them are iquids at
room temperature, (Although ot rcom temperature, lead (IV) chionde will tend to decompose
to give lead (ll) chlonde angd chionne gas - see below.)

Lead (ll) chloride, PbClL
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Lead (ll) chlonde s a white solid, melting at SO1°C. It is very sightly soluble in cold water, but more
soluble in hot water. You can think of lead (ll) chlonde as being maoinly ionic in character.

Stability

At the top of Group 4. the most stable oxidation state shown by the elements is +4, This is the
oxidation state shown by carbon and silicon in CCls and SiICls. These therefore have no
tendency to spit up to give dichlonde.

However, the relative stability of the +4 oxidahon state falls as you go down the Group, ond
the +2-oxidction state becomes the maost stable by the time you get to lead.

Lead (V) chionde decomposes at rcom temperature to give the more stable lead (ll) chionde
and chionne gaos.

easy recduction oflead fom +4 0 +2

-

PbCla e PRYCNS # 1C12

2) Reaction with water (hydrolysis)
Actualy, the hydrolysis of tetra halides takes place through the fallowing two steps:
1% step.

In this step oxygen atoms of H which acts as o donor attacks the central atoms of the halde to
form a coordinate bond with it and thus produces an unstable intermediate compound

MX HLO
2nd step.

In this step four HX molecules are eliminated from this unstable intermediate compound
and hydroxide of the cenftral element is formed. Thus X atoms of MX4 molecule are replaced
by OH' 1ons.

Why the tetrahalides of C are not hydrolyzed whie those of Si, Ge and Sn get readily hydrolyzed
can be exploined as follows:
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We know that C atom being a member of 27¢ period of the penodic table, has no d-
orbitals In it valance shell cnd hence s unable to accommodate the lone pair donated

by the donor oxygen atom of H:O molecule to form an unstable intermediate
compound. Thus, the tetfrghalides of C are not hydrolyzed. On the other hand, Si, Ge aond Sn have
vacant d-orbitals which can accept the lone par and thus this tetrahalides get readily hydrolyzed.

The ease with which the tetrahalides are hydrolyzed by HO decreases from Si to Sn ¢s the metdlic

character of the cenftral atom increase n this order. Thus, GeXs and SnX4 tetfrchalides are less readily
hydrotyzed than SiXs tetrchalides.

it may be mentioned here that empty orbitclk are aways availoble with any atom and they con be
utized # sufficient energy s provided for the reaction to occur, e.g.. CCl4 uncergoes hydrolyss when
superheated steam s used.

CCls+ HO (swperhected steam) —®COCI;+2HC)

Hydrolysis of tetrahalides of Pb folows essenticlly the same pattem but due to the instcbilty of
tetfrovolent compounds of Pb, some decomposiion of PbCl to PDCI2 dso tokes ploce.

PbCls > PoCl2+Cl2
C 1.5 hydrolyzed by HO as follows:
POCls + 2H0 - » PD0; + 4HCI

Excepting the tetrahalides of C, those of Si, Ge, Sn and Pb react with halide ions and form the
hexahalo compiex ins like [SiF«f, [GeX6]+ . For example

SF,+ 2F > 4[SFe?

Q20. Discuss Oxides of Group IV-elements.

Answer

Thes topic takes a bnef look at the oxdes of cartbon, sicon, gemanium, tinand lecd. It concentrates on
the structural differences between carbon cioxde and siicon dioxde, and on the frends n acid-
base behaviour of the oxdes as you go down Group 4.

The structures of carbon dioxide and silicon dioxide
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There 8 an enomous difference between the physcal properties of caton dioxde and silicon
dioxide (also known as sicon(lV) oxice or silica). Carbon dioxide 1s a gas whereas sicon dioxde

s @ haord high-melhng solid. The other dioxces n Group 4 are also solids.

This obviously reflects ¢ difference in structure between carbon dioxide and the dioxides of

the rest of the Group.
The structure of carbon dioxide

The dipole moment of carbbon dioxide is zero. Therefore, it 8 ¢ Inear molecule.

*C= 0. :Cx -0

ek

Shared pairs of clectrons

Fig, Structure of carbon dioxde
Fig. 1326

The shructure of sibcon dkaficle

It 5 @ maecromolecular compound, N which silicon and oxygen sums oft linked together covaentty
N tefrchedd bosic und,

In crystotsitc these units are Kined as N damond, *Sik In quartz and idymite they are amanged sprclly
around an axs. becomes of its structure sicon dioxde 8 nonvoiatie and hard unike catbon dioxde,

Tnatomic molecules of sikcon dioxice and carbon dioxde. cartoon and siicon, we smiar nhaving,
1) 4 valence elecrons.

il) 4 covalent bond formation.
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i) Sicon atoms we much karger n sre than catbon wins and thius tend to be sumounded, by nu=

oxygen atoms.
) Sikcon from only snge bond with oxygen atoms whie cartbon fomms doubie boncs.

Fig. 3.4 Siicen dlexide
Fig 13.27

) Carbon forms a inear molecule of CO, with two oxygen atoms while siicon atom is
bound to four oxygen atoms N a fetfrchedrd structure which result in the formahon of sicon
dioxade crystal, The amplest formulo for senes s S0, However the whole aystal of skcon con
e consdered as one maolecuie,

Q21. Discuss the acid-base behaviour of the Group 4 oxides.

Answer

The oxides of the elements at the top of Group 4 are acidic, but acidity of the oxides falls as
you go down the Group. Towards the bottom of the Group, the oxdes become more basic -

although without ever losing ther acidic character completely.
An oxide which con show both acidic and basic properties is said fo be amphoterc.

The trend s therefore from acidic oxides at the top of the Group towards cmphotenc ones ot
the bottom,

Carbon and silicon oxides
Carbon monoxide

Carbon monoxide 1s usually treated as if it was a neutral oxide, but in fact it s very, very sightly
acidic. It doesn't react wvaith water, but it will react with hot concenfrated sodium hydroxide

solution to give a solution of sodiuvm methanolate.
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NaOH + CO " HCOONa
The fact that the corbon monoxide reacts with the basic hydroxide ion shows that it must be
acidic.,
Carbon and silicon dioxides
These are both weakly acidic.
With water

Silicon dioxide doesn't react with water, because of the difficulty of breaking up the giont
covalent structure.,

Caorbon dioxide does recct with water to a slight extent to produce hydrogen ions (strictly,

hydroxonium ions) and hydrogen carbonate ions,

Overall, this reaction is;

H2 + COzeq ” Hoa + HCOj3(0ql

The solution of carbon dioxide in water is sometimes known as carbonic acid, but in fact only
about 0.1% of the carbon dioxide has actually reacted. The position of equilibrium is well to
the left-hand side.

With bases

Carbon dioxde reacts with sodium hydroxige solution in the cold to give either sodium carbonate
or sodium hydrogen carbonate solution - depending on the reacting proportions.

2NaOH + CO; = Na2COs3 + H:0

NaOH + CO; *  NGHCO:

Silicon dioxide also reccts with sodium hydroxide solution, but only if it is hot and

concenfrated. Sodium silicate solution is formed.

2NQOH + SO» = Na2S105 + H20

You may also be familiar with one of the reactions happening in the blast fumnace extraction
of ron (in which calcium oxide (from the Iimestone which is one of the raw matenals) reacts with
siicon dioxide to produce a liquid slag, calcium silicate). This is also an example of the acidic

siicon dioxide reacting with ¢ base.
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CaO +Si0s » CaSiOsz

Germanium, tin and lead oxides

The monoxides

All of these oxides are amphotenc (they show both basic and acidic properties).
The basic nature of the oxides

These oxides all react with acids to form salfs.

For example, they all react with concentrated hydrochloric acid. This can be summarnzed

Qs.

XOp3 + 2HCl (o) - XClag) +HOy)
Where X can be Ge and Sn, but unfortunately needs modifying a bit for lead.

Lead (ll) chionde is farty insoluble in water ang, instead of getting a solution, it would form an
insoluble layer over the lead (ll) oxide if you were to use diute hydrochloric acid - stopping the
reaction from going on.

PbO(3) + 2Cl -1oq ¥ PbCl{s) + HOy,
However, in this example we are talking about using concenfroted hycrochloric acid.

The lorge excess of chlonde ions in the concentrated acid react with the leacd(l1) chlonde to
produce soluble complexes such gs PbC 144, These ionic complexes ore soluble n water and so

the problem dscppears.
PbClgizy + 2ChH (q » POCl4?- jcal

The ccidic noture of the oxides

All of these oxides also react with bases like sodium hydroxide solution.

X0 + 20H- aq! = XO# o +H20q
Lecd (ll) oxide. tor example., would react to give PbO - plumbate (ll) ions.
The dioxides
These dioxides are again amphotenc - showing both basic and acidic properties.

The basic nature of the dioxides
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The dioxides react with concentrated hydrochlonc acid first to give compounds of the type
XCL:

XO, + 4HC| ¥ XCle+ 2H,0

These will recct with excess chloride 1ons in the hydrochlonc acid to give complexes suchas
XClg?-

XClla # 2CI = X Clér

In the case of lead (IV) oxide, the reaction has to be done with ice-cold hydrochlonc g
acid. If the reachon is done any warmer, the lead (IV) chlonde decomposes o give lead
(11) chionde ond chlonne gaos. This s an effect of the preferred oxidation state of lead beng +2
rather than +4,

Q22.Write note on the acidic nature of the dioxides of Group IV-A elements.

Answer

The dioxdes will recct with hot concentrated sodium hydroxide solution to give soluble
complexes of the form [X{OH)..]#.

XO?(J) i QOH'(Q:;) + 2HIE‘O[I: > [x (m]6]?m

Some sources suggest that the lecd (IV) oxide needs molten sodium hydroxide. In that case,
the equation is different.

POO23 + 2NaOHp) > NaPbOxzy + Hz20

Group 7-Eements: (Halogens)

Atomic and Physical Properties

This arficle explores the frends in some atomic and physical properties of the Group 7 elements (the
halogens) - fluonne, chionne, brommne and ioane. You wil find separate sections below covenng

HAan tramde 1 At reavrle e Alastyrnamrsshnhge Alastvrany iy mmalbinsas A2 Al mmAante Al
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solubility. There i1s also a sechon on the bond enthalpies (strengths) of halogen-halogen bonds
(for example, CHCl) and of hycrogen-halogen bonds (e.g. H-Cl)

1) Trends in Atomic Radius

Alomec reds of the Group 7 slements

02,
AT s |

il

Atomic radius increases as we go down the group due to increase number of shell greater

ol

0"

(o

Trend,

shielding effect and less nuclear change.
2) Trends in Electronegativity

Halogens have large values of electronegatvity. These values decrease as we proceed from F to

| N the group. Large eleclronegativities values of halogen atoms ndicate that X atoms have a

strong tendency to form X-ons,

3) Trends in First Electron Affinity

Electron atfinity values decrease from Cl to |. why the electron affinity value of F is less than
that of Cl has aready been explained.

4) Trends in Melting and Boiling Points

The melting and boiling points of the halogens regularly increase form F to |, This indicates that
the attrachive forces between molecules become progressively more prominent gs the

molecules increase in halogens. F and Cl are goses at ordinary temperature Br is ¢ heavy
iquid while | 1s @ solid.

5) Bond enthalpies (bond energies or bond strengths)

Bond enthalpy is the heat needed to break one mole of a covalent bond to produce

individual atoms, starting from the onginal substance in the gas state, and ending with
gaseous atoms.
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50, for chlomne, C12a, It 18 the hecat energy needed to canmy out this change per mole of

bond:
Cl—Clg > 2G|

FOr boromine, the reachon is still from gaseous bromine molecules to separate gaseous

Q1Ooms.

BI_B[J ' < 2B[§j
>

Note gas not liquid

Q23. Discuss Bond enthalpy in the halogens, X2(9).

Answer

LOOk at following figure

Boad enthalples
<00
e enhalcy '
MO )
<00 4
100 4
0

The both enthalpies of the CHC 1, Br-Br and boncs tall just as you would expect, but

the F-F bond s devigted from the sequence.

This is because of:

Due 1o very small F-F bond length very large as compared 1o other X-X bond lengths. This makes

the F atoms In FZ2 molecule repel each other and helps the dssociahon of F2 molecule into F
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atoms. (1) X-Xbond in Clz, Brz and 12 molecules s stronger than F-F bond in F2 molecule. This is

due to the possibility of the existence of multiple bonds in X-X bond involving d- orbitals.

Q24. Discuss Bond enthalpies in the hydrogen halides, HX(;)

Answer
where the halogen atom is attached to a hydrogen atom, this effect doesn’'t hoppen.

There are no lone paws on a hydrogen atom,

Fig. 13.28

As the hdogen atom gets bigger, the bonding par gets more and more dstant from the nucleus. The
attrachon is less, and the bond gets weaker, exactly what s shown by the data. There s nothing

compicated happenng in this cose.

Q25. Discuss Strength of Halogens as Oxidizing Agents: F2>CI2>Br2>12.

Answer

This section explores the trend in oxidizing ability of the Group 7 elements (the halogens) -
fluonne, chionne, bromine and Iodine. We are going to look at the abiity of one halegen to

oxidze the ions of another one, and how that changes as you go down the Group.

FOCIS:
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A substance that has a tendency to accept one or more electrons is said to show oxdising
property. The halogens due to high electron affinity values have a great tendency to accept
electron and hence act as strong oxidising agent. The oxdising property of a halogen molecule,
X2 s represented by;

The above reachon s accompanied by the release of energy which s made up of many energy
terms like that of fusion, vaponzation etc. it has been seen that the values of E are decreasing
from F2 to 12 the oxdsing power of halogens 8 ako decreasing In the same drechon 1e. the
oxdsing power of halogen B n the or F2>C12=282>12 (weakest oxceing agents). Since F2 s the
strongest oxidising cgent in the senes, it will oxidise other halide ions to hdogens in solution or when
ary, F2. dsplaces other halogens from their comesponding haides. For example.

Fo+2X = 2F-+ X2
Smiarty, Cl will dsplace Bl and 1 irs from ther solutions and By will dsplace 1+ ions from ther
solJhoNs.
Cly #2X:- 2> 2Ck + X,

Bry+ 2X 222Br-+ X;

Q26. Discuss the Acidity of The Hydrogen Halides.

Answer

This topic looks at the acidity of the hydrogen haldes - hydrogen fluonde, hydrogen chionde,
hydrogen bromide and hydrogen iodice.

The acidity of the hydrogen halides

Hydrogen chloride as an acid

All the halogen acids in the gasecus states are essentially covalent but n the aqueous
solution they ionize to give solvated proton (H:0) and hence acts as acids.

H,O + HX = H30 + X-

HF ionzes only sightly while HCI, HBr, and Hl ionize completely. Hence HF s the weakest acid
and strength of these acids increases from HF to HI, 1.e. HF (weakest acd)<HCI<HBr<HI
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of H-F bond 1s HF molecule is the highest and hence this molecule has least tendency to splits
vp Into Fr and F ions in aqueous solution. Another explonction of the above order of the
acidic strength of HX acids can be given by finding out the relative order of the basicity of
the conjugate bases viz F, CF, Brend I of these acids. The hydndes show no acidic character
when perfectly dry.

Q27. Discuss Halide lons as Reducing Agents and Trends in Reducing Strength Ability of
Halide lons.

Answer
The redox reactions between halide ions and concenfrated suiphuric acid

This section descnbes and explains the redox recactions involving halide ions ond
concentrated sulphunc acic. It uses these reactions to discuss the frend in reducing ability of

the ions as you go from fluonde to chlonde to bromide to iodide.

Huondes and Chlondes do not reduce concentrated sulphunc ocid.

1) With bromide ions

The bromide ions are strong enough reducing agents to reduce the concentrated

sulphuric acid. In the process the bromide ions are oxidzed to bromine.
2Br- 2Brz + 2e-

The bromide ions reduce the sulphuric acid to sulphur dioxide gas. This is a decrease of
oxidation state of the sulphur from +6 in the sulphuric acid to +4 in the sulphur dioxide.

H2SO4 + 2H* + 2€- 2 S02 + 2H20

You can combine these two half-equations to give the overall ionic equation for the

reqachon;

HSO4 + 2H* + 2Br- = Brz + SOz + 2H0
2) With iodide ions

lodide ions are stronger reducing agents than bromide ions are. They are oxidized to iodine
by the concenirated sulphunc acid.
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The reduction of the sulphunc acid is more complicated than before. The iodide ions are

powerful encugh reducing agents to reduce it

3) first to sulphur dioxide (sulphur oxidation state = +4)
4) then to sulphur itself (oxidation state = 0)

5) and all the way to hydrogen sulphide (sulphur oxidation state = -2).

The most important of this mixture of reduction products is probably the hydrogen sulphide.

The half-equation for its formation is:
H2304 + 8H* + Be 2 H2S + 4H;0
Combining these last two half-equations gives:

H:SOs+ 8H'+81- = 412+ H:S + 440

Summary of the tfrend in reducing cblity

Huonde and chlonde ions won't reduce concentrated sulphunc acid.

Bromide ions reduce the sulphunc acid to sulphur dioxide. in the process, the bromide ions are
oxidized to bromine.

lodide ions reduce the sulphunc acid to g mixure of products including hydrogen sulphide. The
lodide ions are oxidized to iodine,

. | Reducing ability of the halide 1ons iIncreases as you go down the Group.

Explaining the frend
1) When a halide ion acts as a reducing agent, it gives electrons to something else. Thot

means that the halide ion itself has to lose electrons.

2) The bigger the halide ion, the further the outer electrons are from the nucleus, and the more
they are screened fromit by inner electrons. It therefore gets ecsier for the halide ions to lose
electrons cs you go down the Group because there is less attraction between the outer

electrons and the nucleus.
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Q28.Write a note on: Food and Beverage Canning.

Answer

As early as 1940, can manufacturers begin to explore adapting cans to package
carbonated soft dnnks. The can had to be strengthenec to accommodate higher
internal can pressures crected by carbonation (especially dunng worm summer months),
which meant increasing the thickness of the metal used In the can ends. Otherwise,

distortion of the end would strain the sedl, creating potential lecks or making cans unstack
able for storage and transt.

Another concern for the new beverage can was its shelf life. Even small amounts of
dissolved tin or iron from the can could impar the dnnking quality of both beer and
soft dnnks. Fortunagtely, beer, which is only mildly acidic, is relatively noncomosive. In
addition, beer ages naturally, so it has a imited shelf life of about three months in any
package. In contrast, the food acids, ncluding carbonic, citnc and phosphoric, in soft
dnnks present a risk for rapid corrosion of exposed tin and iron in the can. The
consequences of off-fiavors, color changes and leakcge through the metal needed to
be cddressed. At this point, the con was upgraded by improving the organic coahngs

used to ine the inside, making cans heavier and more encasing.

The use of cans for carbonated beverages was delayed because of wartime matenal
imitations mandated by the US. government. When the restnchon ended in 1953 after

the Korecn War, the improved con was infroduced ond marketed natiornwide. The can
maonufccturers then embarked on a program of material and cost savings by reducing
both the amount of steel and the amount of coatings used in can mcking. These efforts

were In part nspired by a new competitor — aluminum.

Q29. Write a note on Mining and Extraction of metals.
Answer
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Different elements/metak are not obtained such rather these are obtained ofter
passing through different steps.
These steps are discussed as follows:

l. Mining and enrichment
2. Reduction

3. Refining and Casting

In foct, some special methods are used to obtain each metal from its ores and to
develop it into useful articles, yet few steps are common in the metallurgy of every
metal. These are follows.

1. Mining

i) Crushing

Obtaining cres by digaging the rocks and hills 1s called mining. This work is done by
engineers and lkaborers with the help of machines. But prior to this work it iIs confirmed by

survey and analyss that obtaining metals from this s economical or not.

ii) Grinding

Breacking of rocks and larger stones nto smaller sze stones is called crushing. This is
done by jaw crushers.

i) Hand Picking, Jugging and Shaking

In Pakistan and other underdeveloped countries where Iabor 1s cheap, metalic stones
are picked ond sepcrated by hands. Heavy metals ore separated from useless
matenal 1.e. gangue, by shaking with "chaage”. In some countries this process is

done by pressunzed waoter.
iil) Magnetic Separation

The ground ore & passed over a magnefhic belt which separates the magnehc metal from
gangue. This process is sued for metcls which have magnetic properties like ron,
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2) Reduction

For the complete separation of a metal from gangue, ores are heated at high
temperature, At its melting pint, molten metal s separated from sold gangue. It must
be remembered that different metals are mixed with different compounds according
to the type of mpunties present in the metal ore and then they are passed through

the process of recduction. The process of reduction is camed out in the biast fumace.

Blast Furnace

It is ined inside with fre bncks. Its height and copacity are kept according to the
requrement. Hot gases enter from lower sde and ores are charged from the top of the
furnace. Temperature is maintained at 1500°-3000°C. This furmmace is usually used for ron

and copper metaliurgy.
3) Refining of Metals

Metals extracted in the above process ore further refined by the following process.
Open-Hearth Process:

A fire fumace is used to remove the mpunties of metal. It is ined inside with fre

bricks and is just like a room. Burning gases are entered from one side and exhaust
gases are removed from the opposite end. The process is operated form opposite

ends after an interval. Metals melt in a sherter ime by this two-way heating.
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Q30. Give applications of bleaching powder.

Answer

Bleaching powder is actuclly ¢ mixture of calcium hypochlorte (Ca(OCl)z) and
the basic chloride CaCl2, H:O with some slaked ime, Ca(OH)2.

Bleaching powders take time to dissolve in water and longer to work but hcve @
longer shelf life in companson to liquid bleaches and can be used on items like
upholstery, carpet and some delicate fabrics. However, bleaching powder
should never be combined with ammonia or used on colored fabncs s it will cause

fading.

1) Bleaching powder is highly eftective for cleaning inside the home and outdoors. It
can be used for removing mildew from fabric, cleaning countertops and forremoving
mold from grout between tiles, bathmats and shower curtains. Outside, the cgent

can be used on plashic fumiture, unpanted cement, paving and painted surfaces to
eiminate mildew and other stubbom stains.

2) Bleaching powder can be used to safely disinfect and stenlize mony things cround
the home including seconcdhend goods, trash cans, pet accessones and baby
toys and fumiture.

Bleaching powder is a highly effective means of retuming the luster to white
porcelain and glassware. Glassware can regon its sparkle by cdding a small amount

of powdered bleach to dishwater when washing glasses. Gardening

3) To kil any onnoying weeds growing from cracks and crevices in the garéen a pang
mixture of bleaching powder and water 15 applied. Moss cnd algae on garden
walkways can be easily eliminated by scrubbing with bleaching powder diluted in

water. Powdered bleach i also useful for saniting gorden tools to ovoxd diseases
spreading between plants. Adding powdered bleach to the water of cut flowers will

help to preserve ther freshness by preventing the growth of bacteric in the vase.
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4) Bleaching powder is used for the disinfection of drinking water or swimming pool
water. It s used as a sanitizes In outdoor swimming pools in combingtion with a as
a sanitizes in ovutdoor swimming pools iIn combination with a cyanunc acid stabilizer,
which reduces the loss of chionne due to ultraviolet radiation. The calcum content
hardens the water and tends to clog up some filters; hence, some products contaning
calcium hypochionte ako contain anti-sccling agents.

Bleaching powder is used for blecching cotton and inen. It is also used in bathroom
cleaners, household disinfectant sprays, moss and algae removers, and weed kilers.

In addition, bleaching powder may be used to manufacture chioroform.

Bleaching powder s used also in sugar industry for bleaching sugar cane juice before
its crystalizahon.

Q31.Give Commercial Uses of Halogens.
Answer

1. Chiorine s used as a cheap industrial oxidant in the manufacture of bromine

2. lodine is dissolved in alcohol, commonly known as fincture of iocine s used as @ mikd
anhiseptic for cuts and scratches. lodine i1s also mixec with the detergents used in
Cleaning diary equipment.

3. Small guantifies of fluonine are used in rocket propukion. Much larger quantities are
used make uranium (V) flucnde for the separation of “U and “U:

UF: (s) + F2 (g) = UF¢ (s)

4. Fluorne i also used to make a wide range of fluorocarbon compounds for use as
refngerants, aerosol propelants, an gesthetics and fre-extinguisher fluid. One of the
most important flucrocabons is poly (tefrafluoroethene), PTFE, frequently sold under the
trade name Fluon or Teflon.
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Q32. Write a note on: lodine Deficiency and Goiter.

Answer

lodine Deficiency

lodine s an element that 8 needed for the produchon of thyroid hormone. The human
body cannot synthesze 1odine, so it 1s an essential element,

1 The deficiency of iodine leads to enlargement of thyroid a condition called goiter.
Hypothyroidism and mental retardation in chidren and infants is observed if ther
mothers suffered from odine deficiency cunng pregnancy.

Before 1920, iodine deficiency was common in Appclachian, north-western US
regions, and in most of Canada. Approximcgtely, 40% of the world's population
remains at the nsk of iodine deficiency.

Goiter

The term goiter refers to the abnormal enlargement of thyroid gland due to deficiency
of iodine In diet. It results n sweling in neck. It s mportant to know that the presence of
goiter does not necessarily mean that the thyroid glond is malfunctioning
(hypothyroidism). A goter con aso occur in @ gland that s producing too much thyroid
homone (hyperthyroidism) or even the comect amount of hormone (euthyroidsm). A
goiter indicates there is a condition present which is causing the thyroid to grow

abnormally.

Q33.What is Fluoride Deficiency and Toxicity?

Answer
Fluoride Toxicity

Fuonde toxicity or fluoride poisoning is a condifion in which more fluonde is taken than
the amount required for normal growth, development and metcbolsm. Ruonde toxicity

Is characterized by a variety of signs and symptoms. Poisoning most commonly
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occurs following ingestion of conspicuous amount of fluonde entroning products.
Symptoms or set usually occurs within minutes of exposure. Fluonde is found in many
common household preducts e.g. toothpaste, dietary supplementary, nsechiciges,
rodenticides etc: fiuonde toxicity results,

1) Arthritis

") Stiff painful joints with or wistful swelling

1) Asthma, especially after showering

1v) Painful bony lumps where tendons and ligaments attoch to bones
Fluoride Deficiency

FAuonde deficiency results when the amount of its tip take is less than requred.
Fuonde deficiency results in

Brittle bones or demineralization of bones

Bittle bones or deminerolization of bones

Cavities

Wegkened tooth enamel

Fuornde deficiency can lead to a higher likeihood of developing bone frectures ond
possibly even osteopoross.

Halogens and ther compounds are used or bleaching, refrigeration and as aerosos,
etc.
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