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CHAPTER

13

s AND p - BLOCK ELEMENTS

thlslnnn. ou will be able to:
7% Recognize the demarcation GRPENodic Table 100  DIOCK, P PIOCK 0 DIOCK, And T DInG
¥ ® Describe how physical properties like atomic fadius, iohization energy,

negativity, electrical conductivity and melting and boiling points of element c.lun
within a group and within a period and the Periodic Table.

Describe reactions of period 3 elements with water, oxygen and chlorine. a :
Describe reaction of oxides and chlorides of period 3 elements with water. :
Describe reaction of group | elements with water, oxygen mdcl:htnz

Discuss the trend in solubility of the hydroxides, sulphates and carbonates of m i

elements.

Discuss the trends in thermial stability of the nm-msmdurbcmmufm
clemeats. &
Explm&ncumdsmphymdpropcﬂmmdundntmmmml,nw od, i
of the periodic table,
. Exphn:ﬁuuufhnmnmm;ndhym bona fq[
elements. :

_s+Different _ 2 beny iy from gther members ofiig group &
Perlod zmh 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
Period 3 elements from sodium to argon. It covers ionisation energy, atomic radius,
electronegativity, electrical conductivity, melting point and boiling point.

a) Atomic Properties

13.1.1.1 Electronic structures
In Period 3 of the Periodic Table, the 3s and 3p orbitals are filling with electrons. Just
as a reminder, the shortened versions of the electronic structures for the eight elements
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Na [Ne]3s'
Mg [Ne]3s'
Al [Ne] 3s’ 3p.’

Si  [Ne] 3s’ 3p.' 3p,’

P [Ne]3s’3p, 3p,' 3p.

S [Ne]3s’ 3p,’ 3p,' 3p,' s
Cl [Ne]3s’ 3p. 3p," 3p: -

N
Ar  [Ne] 35’ 3p, 3p," 3p, N\

In each case, [Ne] represents the complete electronic str&m::ﬂ:fl neon atom.

Trends in Atomic radius e,
We know that the number of shells in all the demc'l! of a given periods remains the
same but the value of effective nuclear charge, increases from left to right. The
increased effective nuclear charge pulls the electron cloud of the atom nearer to the
nucleus and thus the size of the atoms and ions goes on decreasing from left to right.
Thus in Loing from left to right in a period of s-and p-block elements atomic and ionic
radii decrease with the increase of atomic number. This fact can be illustrated by
considering the atomic (covalent) and ionic radii of the elements as shown below.

Table 13,1 Jonic radsi (in ) of represertative dement (3- and p-block demens). In parentharer
are given the axidation states of the dements.
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** Q1. Give Trends in Electronegativity in modern periodic table.
Answer
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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. Fluorine (the most electronegative
element) is assigned a value of 4.0, and values range down to caesium and francium
which arc the least electronegative at 0.7.

The trend
The trend across Period 3 looks like this:

Na Mg

Fig. 13.2 Electroncgativitics
In going from left to right in a period of s- and p-block elements, the electronegativity
values increase. This increase can be explained on the basis of any of the following
facts.

1) On moving from left to right in a periad, there is a decrease in the size of the atoms.
Smaller atoms have greater tendenCy 10 attract the electrons towards themselves i.c.
smaller atoms have higher electronegativity values.

i) On moving from left to right in a period there is an increase of ionization energy and
electron affinity of the elements. The atoms of the elements which have higher value of
ionization energics and electron affinitics also have higher electronegativities.

The varniation of electronegativity in a period and a group of representative elements (s-
and p-block elements) is show in Fig. 13.3
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Fig 13.3 Periodic variation of electronegativity in s and p block elements.
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Notice that argon isn't 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 in exactly the same way as the trend in atomic radii.

As you go across the period, the bonding electrons are 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 in the nucleus. As you go from sodium to
chlorine, the number of protons steadily increases and so attracts the bonding pair more

closely. 2

B) Physical Properties N
This section is going to look at the electrical conductivity and the melting and boiling
points of the elnﬁmts.Tnundcrsmdlhm.yauﬁm&lgwmeﬂmﬂ
of each of the elements. L A PN
Structures of the elements £ 4

The structures of the elements change as you go across the period. The first three (i.c.
Na, Mg, Al) are metallic, silicon is giant covalent, and the rest (i.e. P, S, Cl, Ar) are
simple molecules. : '

Three metallic structures
Sodium, magnesium and aluminium all have metallic structures.

In sodium, only one electron per atom is involved in the metallic bond - the single 3s
clectron. In magnesium, both of its outer electrons are involved, and in aluminium all
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 - each sodium atom is touched by only 8 other atoms.

Both ium and aluminium are |12-co-ordinated (althbugh in slightly different
ways). a more efficient way to pack atoms, leading to less wasted space in the
metal s ug and to stronger bonding in the metal.

-

Q2. W and discuss structure giant molecules.
!

Silicon has a giant covalent structure just like diamond. A tiny part of the structure
looks like this:
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Fig 13.4
The structure is held together by strong covalent bonds in all three dimensions.
Four simple molecular structures

The structures of phosphorus (i.e. white etc) and sulphur (i.e. rhomic or mrrmlmm etc)
vary depending on the type of phosphorus or sulphur you are talking about.

5 e O

a P4 molecue an Ss molecie aCmolecde an Armolecide
The atoms in each of these molecules are held together by covalent bonds (apart, of

course, from argon).

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 good conductors of electricity.
Conductivity increases as you go from sodium to magnesium to aluminium as they

have free e

« Silicon is neqicnnductor.

e None of the rest conduct electricity.
The three ﬁgtais of course, conduct electricity because the delocalised electrons (the
"seaof electrons”) are free to move throughout the solid or the liquid metal.
"In the silicon case, explaining how semiconductors conduct electricity is beyond the
scope of this level. With a diamond structure, you mightn't expect it to conduct
electricity, but it does!
The rest don't conduct electricity because they are simple molecular substances. There
are no electrons free to move around.

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

Answer
The chart shows how the melting and boiling points of the elements change as you go
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across the period. The figures are plotted in Kelvin rather than °C to avoid having
negative values.

3000
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0

Il MP(K)
Il BR(K)

Na Mg A Si P S C M
Fig 13.5 Melting and Boiling Point

Silicon .
Silicon has high melting and boiling points because it is a giant covalent structure. You

have to break strong covalent bonds before it will meltor boil.

Because you are talking about a different type of b(id, it isn't profitable to try to
directly compare silicon's melting and boiling points with aluminium'’s.

The four molecular elements

Phosphorus, sulphur, chlorine and argonare sunph molecular substances with only van
der Waals attractions between the molecules. Their melting or boiling points will be
lower than those of the first four members of the period which have giant structures.
The sizes of the melting and boiling points are governed entirely by the sizes of the
molecule: . Remember the structures of the molecules:

YO e® O

IHW an Sy moease aClymoeade an Armoeode
_ 5

(not crawn 1D scale)

Phos s
' s contains P; molecules. To melt phosphorus you don't have to break any

m-lhnl bonds - just the much weaker van der Waals forces between the molecules.

Sulphur
Sulphur consists of Sy rings of atoms. The molecules are bigger than phosphorus

molecules, and so the van der Waals attractions will be stronger, leading ln a higher
melting and boiling point.

Chlorine -
Chlorine, Cly, is a much smaller molecule with comparatively weak van der Waals

attraction . and so chlorine will have a lower melting and boiling point than sulphur or

phosphor. ;.
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Argon

Argon molecules are just single argon atoms, Ar. The scope for van der Waals

attractions between these is very limited and so the melting and boiling points of argon
are lower again.

Q4. Give Chemical Reactions of the Period 3 Elements.

Answar
leuis section describes the reactions of the Period 3 elements from sodium to argon
with water, oxygen and chlorine.
) Reactions with water o\
Sodium

Sodium has a very exothermic reaction wnthmidwﬂ:rpmdudnghrdmsmﬂndl
colourless solution of sodium hydroxide.

2Ma + 2H0 — ZNIQH\Q

Magnesium
Magnesium has a very slight reaction with cold wltlr, .m bllml 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 is
formed as a very thin layer on the magnesium and this tends to stop the reaction.

Mg + 2H0 ———— MgIOH); + H;
Magnesium burns in steam with its typical white flame to produce white magnesium
oxide and hydrogen.

Mg + HO ———70—p MgO + H;

Aluminium
Aluminium powder heated 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.

2M + 3H;0 ———p AI303 + 3H;

Pho sulphur
These have n:l:tiun with water.
nrilu
&L dissolves in water to some extent to give a green solution. A reversible
| reaction takes place to produce a mixture of hydrochloric acid and chloric(l) acid
(hypochlorous acid).
C + HH0 ————= HQ + HOQ

In the presence of sunlight, the chloric(l) acid slowly decomposes to produce more
hydrochloric acid, releasing oxygen gas, and you may come across an equation
showing the overall change:

2C12 + 2H20 ~—p 4HCI + 02

Argon
There is no reaction between argon and water.
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Sodium
Sodium bumns in oxygen with an orange flame to produce a white solid mixture of
sodium oxide and sodium peroxide.
For the simple oxide:

4Na + 07 ———» 2N2;0
For the peroxide:

2Na + O —» NE0;
Magnesium )
Magnesium burns in oxygen with an intense white flame to give white solid
magnesium oxide. . R

2Mg + O ————» 2MgOD \ ‘

R

Silicon NP

Silicon will bumn in oxygen if heated strongly. Silicon d#h produced.

S+ 0 —— S0
Phosphorus t
White phosphorus catches fire spontaneously in air, buming with a white flame and
producing clouds of white smoke - a mixture of phosphorus (Ill) oxide and
phosphorus(V) oxide.
The proportions of these depend On the amount of oxygen available. In an excess of
oxygen, the product will be almost entirely phosphorus(V) oxide.

For the phosphorus(lll) oxide:
Pi+ 307 —p= PyOg

For the phosphorus(V) oxide:
Py + 507 ——» POy

(
Sulphur in air or oxygen on gentle heating with a pale blue flame. It produces
colourless ulphur dioxide gas.
: E + O —-—» 503

: and argon
Despite having several oxides, chlorine won't react dirgctly with oxygen. A,rgon doesn't

react either.
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Properties of the oxides of elements In period 3

F;'.;fl' ofNa;0 MgO LD,  BiO; P:Ow 5O, Kho
(P.Oy) (SO,) [C1,O)
State of Oxidepolid bolid _ boiid __ olid poiid fiquid_Jiquid
onduction o - i :
s Fwd good W _poorNil. Nil.  Nil.
olten
iquid Oxide
Simple molecular structure
602 1676|910 }2984 355
N
NS
J P A
602 1559 455 1298 __*J (132 BO
L |

ature  ofasic sic  AAmphotericiAcidi JAcidic
~ meuy F-Hy ‘
: Ikaline)

ii) Heacﬂ;n& r.h'-ln.rint

m
_Aﬁ:ﬂms in chlorine with a bright orange flame. White solid sodium chloride is

2Na + Ol ——— 2NaC)

Magnesium
Magnesium bumns with its usual intense white flame to give white magnesium chloride.

Mg ¢+ O =———— MO
Aluminium

Aluminium is often reacted with chlorine by passing dry chlorine over aluminium foil
heated in a long tube. The aluminium bums in the stream of chlorine to produce very
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pale yellow aluminium chloride. This sublimes (turns straight from solid to vapour and
back again) and collects further down the tube where it is cooler.
2A + 3Cly — 2ACH

Silicon
When chlorine is passed over silicon powder heated in a tube, it reacts to produce
silicon tetrachloride. This is a colourless liquid which vaporises and can be condensed
further along the apparatus.

S+ 20 —p= 5SChH4

Phosphorus .

White phosphorus bums in chlorine to produce a mixture of two chlondes,

phosphorus(lll) chloride and phosphorus(V) chloride {pho:pw trichloride and

phosphorus pentachloride).

Phosphorus (111) chloride is a colourless fuming liquid.
Py + 6C2 ———pmendPCly

Phosphorus(V) chloride is an off-white (going towards #llm&} solid.

Pq + 10Cl} ——b"4PCH

-

r

Sulphur
When a stream of chlorine is passed over some hwd sulphur, it reacts to form an

orange, evil-smelling liquid, disulphur dithloride, $,Ch,.
25 + Cp ——> SO

Chlorine and argon '
It obviou_ly doesn't make sense to talk about chlorine reacting with itself, and argon

doesn't react with chlorine,

Q5. Give Physical Properties of the Oxides of 3rd period elements.

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

Period 3 el ts (sodium to chlorine) and their structures. Argon is obviously omitted
because it form an oxide.

A quick summary of the trends

s
ﬁuzldn we'll be lnok:ng al are:

Those oxhles in the top row are known as the highest oxides of the various elements.
These are the oxides where the Period 3 elements are in their highest oxidation states.
In these oxides, all the outer electrons in the Period 3 element are being involved in the
bonding - from just the one with sodium, to all seven of chlorine’s outer electrons.
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i) structures

The trend in structure is from the metallic oxides containing giant structures of ions on
the left of the period via a giant covalent oxide (silicon dioxide) in the middle to
molecular oxides on the right.

i) The metallic oxides (e.g Sodium, Magnesium, aluminium etc.)
Sodium, magnesium and aluminium oxides structure/diagram is same as sodium
chloride which you have read in previous classes.

ii) Giant Covalent Oxides (e.g Silicon dioxide (silicon(IV) oxide))

i. structure
Crystalline silicon has the same structure as
diamond. To turn it into silicon dioxide, all you
need to do is to modify the silicon structure by
- including some oxygen atoms.
Notice that each silicon atom is bnidged to its
neighbours by an oxygen atom,

iii) The molecular oxides (e.g. Phosphorus,
sulphur and chlorine oxides) v

A) The phosphorus oxides .
Phosphorus has two common oxides, phesphorus(lll) oxide, P4Os, and phosphorus(V)
oxide, P,Oq.
i) Phosphorus(lll) oxide i
Phosphorus(l11) oxide is a white solid, melting at 24°C and boiling at 173°C.
The structure of its moleculé’is best worked out starting from a P, molecule which is a

little tetrahedron.
(
\:\
a P4 moleculsa
N Fig. 13.6

Bull‘iﬂ)mu so that you can see the bonds . . .

a %4 miecle
Fig. 13.7 .
and then replace the bonds by new bonds linking the phosphorus atoms via oxygen
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atoms. These will be in a V-shape (rather like in water),

a PyOy Mmoot
The phosphorus is using only three of its outer electrons (the 3 unpaired p electrons) lo
form bonds with the oxygens. .
i) Phosphorus(V) oxide /)

Phosphorus(V) oxide is also a white solid, subliming (turming snuhl from solid to
vapour) at 300°C. In this case, the phosphorus uses all fi fwaf:wterelewvns in the
bonding. N

Solid phosphonw[\"’} oxide exists in several different fo(ms,; lﬂllr. of them polym:ru:

We are going to concentrate on a simple molecular fomh this is also present in the
vapour.

This is most easily drawn starting from P,O,. The olher four oxygens are attached to
the four phosphorus atoms via double bonds.

& Pyl im0 L

B) The sulphur oxides
Sulphur has two common oxides, sulphur dioxide (sulphur(IV) oxide), SO, and

sulphur trioxs (sulphur(V1) oxide), SO,.

i) Sulphur
Sulphur dioxide is a colourless gas at room temperature with an easily recognised
w:mﬂ It consists of simple SO, molecules.

N

The sulphur uses 4 of its outer electrons to form the double bonds with the oxygen,
havmgth:oﬂwrmullnmpmmmuulphur The bent shape of SO, is due to this
lone pair.

i) Sulphur trioxide
Pure sulphur trioxide is a white solid with a low melting and boiling point.
Gaseous sulphur trioxide consists of simple SO, molecules in which all six of the
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sulphur’s outer electrons are involved in the bonding.
o

e

There are various forms of solid sulphur trioxide. The simplest one is a trimer, S,0y,
where three SO; molecules are joined up and arranged in a ring

)
) 4
Fi'ﬂ. 138 h Y
There are also other polymeric forms in which the SO; molecules join together in long
chains. For example: N >
L
Fig. 13.9

The fact that the simple molecules join up in‘this w;j;h make bigger structures is what
makes the sulphur trioxide a solid rather than a gas,

C) The chlorine oxides
Chlorine forms several oxides. Here we discuss only two which are - chlorine(l) oxide,
Cl,0, and chlorine(VIl) oxide, Cl,0,.
Chlorine(l) oxide
Chlorine(l) oxide is a yellowish-red gas at room temperature. It consists of simple
small molecules.

o
( o o
NN Fig. 13.10

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

Ch Il) oxide
Ch VII) oxide is a colourless oily liquid at room temperature.
In chlorine(V1I) oxide, the chlorine uses all of its seven outer electrons and bonds with
oxygen. This produces a much bigger molecule.
ﬁ 0
0 =—Cl—0—CI==0

.

Fig. 13.11
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i) Melting and boiling points
The giant structures (the metal oxides and silicon dioxide) will have high melting and
boiling points because a lot of energy is needed to break the strong bonds (ionic or
covalent) operating in three dimensions.
The oxides of phosphorus, sulphur and chlorine consist of individual molecules - some
small and simple; others polymeric.
The attractive forces between these molecules will be van der Waals dispersion and
dipole-dipole interactions. These vary in size depending on the size, shape and polarity
of the various molecules - but will always be much weaker than the ionic or covalent
bonds you need to break in a giant structure, ,

These oxides tend to be gases, liquids or low melting point solids. _ 4

Q6. Give Acid-Base Behaviour of the Oxides of 3rd period. =~
Answer \
This topic looks at the reactions of the oxides of Period 3 duneys (sodium to chlorine)
with water and with acids or bases where relevant.(Take qﬂ,‘vfww from table 13.2)

li) Electrical conductivity y
None of these oxides has any free or mobile electrons. That means that none of them
will conduct electricity when they are solid. ;
The ionic oxides can, however, undergo tkcfmw when they are molten. They can
conduct electricity because of the movement of the ions towards the electrodes and the
discharge of the ions when they get there.

i. Trend in acid-base behaviour
The trend in acid-base behaviour i1s shown in various reactions, but as a simple
summary:
The trend is from strongly basic oxides on the left-hand side to strongly acidic ones on
the right, via an amphoteric oxide (aluminium oxide) in the middle. An amphoteric
oxide is one which shows both acidic and basic properties.

ii) Reactions of Oxides with water, Acids and Bases
Chem the individual oxides
Sodium (Na,0)
Sodium oxide is a simple strongly basic oxide. It is basic because it contains the oxide

\aq’ which is a very strong base with a high tendency to combine with hydrogen

Reaction with water
Sodium oxide reacts exothermically with cold water to produce sodium hydroxide
solution. Depending on its concentration, this will have a pH around 14.

Na;0 + H)O0 e 2NaOH

Reaction with acids
As a strong base, sodium oxide also reacts with acids. For example, it would react with
dilute hydrochloric acid to produce sodium chloride solution.

Nay0 + 2HCI ——— = 2NaCl + H20


https://www.perfect24u.com/
https://www.perfect24u.com/
https://www.perfect24u.com/

More Notes, Books Visit Now: www.perfect24u.com

Magnesium oxide (MgO)
Magnesium oxide is again a simple basic oxide, because it also contains oxide ions,

fHow“ﬂ' it isn't as strongly basic as sodium oxide because the oxide ions aren't so
ree.

!n the sodium oxide case, the solid is held together by attractions between 1+ and 2-
ions. In the magnesium oxide case, the attractions are between 2+ and 2-. It takes more

energy to break these.

Reaction with water

If you shake some white magnesium oxide powder with water, nothing seems to
happen (it doesn't look as if it reacts). However, if you test the pH of the , you

find that it is somewhere around pH 9 (showing that it is slightly alkaline).

There must have hunmﬁlﬂummwmmemm%
solution. Some magnesium hydroxide is formed in the ru:tpn. this is thnll
insoluble - and so not many hydroxide ions actually get into solution:

MgO + H0 ——— MgIOH)Z,
Reaction with acids :
Magnesium oxide reacts with acids as you would expect any simple metal oxide to
react. For example, it reacts with warm dilute hydrochloric acid to give magnesium
chloride solution. - j

MgO + 2HO ——< = Mglh + H0

Aluminium oxide (Al,O,)
As it is amphoteric oxide, It has reactions as both a base and an acid.

Reaction with water

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

Aluminium it‘wil[ react with hot dilute hydrochloric acid to give aluminium
chloride H}II&
. Al203 + BHO! e 2AICIy + 3H0

with bases
Aluminium oxide has also got an acidic side to its nature, and it shows this by reacting
with bases such as sodium hydroxide solution.
Various aluminates are formed, compounds where the aluminium is found in the
negative ion. This is possible because aluminium has the ability to form covalent bonds
with oxygen.
With hot, concentrated sodium hydroxide solution, aluminium oxide reacts to give a
colourless solution of sodium tetrahydroxoaluminate.
A0y + 2NaOH + 3H0 ———— 2NaAl(OH)y

Phospharus(V) oxide (P,O,,)
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Reaction with Water

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

or as orthophosphoric acid).
P4Oig + BHO —» 4HIPO4
0
I-IU-—-T —OH .
Reaction with Base: '\
As it is acidic so it reacts with NaOH as follows: . \ \
NaOH + HjPOy ———— NaHzPO4 + H20
ZMa0OH + HiPOy ——— +

3NaOH + H3POy ———p= (NasPOq¢ ¥ 3H20
Again, if you were to react phosphorus(V) oxide directly with sodium hydroxide
solution rather than making the acid first, you would énd up with the same possible

salts, 3
This is getting ridiculous, and so | will only gift one example out of the possible
equations: & .

12NaOH + P4Oyp ——cepe 4N2POq + 6H0

The sulphur oxides (50,)
We are going to be looking at sulphur dioxide, SO,, and sulphur trioxide, SO,.

Sulphur dioxide

Reaction with Water:
Sulphur dioxide is fairly soluble in water, reacting with it to give a solution of

sulphurous lt H;S0,.

S0 + H)0 ——— H;50;
Rncﬂnn}"i Base:

As it is aeidie so it reacts with NaOH and CaO as follows:
,\v S0; + 2NaOH = =  NaS03 + H)O
NaS503 + H20 + 50 i 2NaHSOy
Ca0 + 80 —» (CaS0;

Sulphur trioxide
Sulphur trioxide reacts violently with water to produce a fog of concentrated sulphuric
acid droplets.

803 + H0 ———» HS04

Reaction with Base:
2NaOH + H3804 —————» Na3S04 + 2H;0
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In principle, you can also get sodium hydrogensulphate solution by using half as much
sodium hydroxide and just reacting with one of the two acidic hydrogens in the acid. In
practice, | personally have never ever done it.

Sulphur trioxide itself will also react directly with bases to form sulphates. For
example, it will react with calcium oxide to form calcium sulphate. This is just like the
reaction with sulphur dioxide described above.

CaD + 803 —» (CaS04

The chlorine oxides (Cl,0,)

Chlorine forms several oxides, but the only two are chlorine(VII) omd; Cl,0,, and
chlorine(l)oxide, C1,O. Chlorine(VIl) oxide is also known as dud\lunne heptoxide, and
chlorine(l) oxide as dichlorine monoxide. \

Chlorine(VIl) oxide
Chlorine(V1l) oxide is the highest oxide of chlorine - the ¢t is'in its maximum
oxidation state of +7. It continues the trend of the h;hqt ymdes of the Period 3

elements towards being stronger acids. 3

Reaction with Water: |
Chlorine(V1I) oxide reacts with water to give the very strong acid, chloric(VII) acid -
also known as perchloric acid. The pH of typical sdlﬂﬁns will, like sulphuric acid, be
around 0. p

Cl1;07 + H:rU ————» 2HCIO4

Reaction with Base:
Chloric( V) acid reacts with mdlum hyd!oxldc solution to form a solution of sodium

chlorate(Vil).

NaOH # HCID4 =~ ————p NaCiDgq + H;0
Chlorine{ V11) oxide itself also reacts with sodium hydroxide solution to give the same
product.

2MNa0OH + Cii07 ——————p= 2ZNaCi04 + H20
Chhrine[l)ﬁé

Reaction with Base:
Chidring(l) oxide is far less acidic than chlorine(V1l) oxide. It reacts with water 1o
some extent to give chloric(l) acid, HOCI - also known as hypochlorous acid.

C1,0 + H30 2HOCI

———
Reaction with Base:
Chloric(l) acid reacts with sodium hydroxide solution to give a solution of sodium
chlorate(l) (sodium hypochlorite).
NaOH # HOCl —————p NaOCl + H;0
Chlorine(l) oxide also reacts directly with sodium hydroxide to give the same product.
2Na0OH + Ci20 —— 2Na0CI + H;0
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The strong attractions between the positive and negative ions need a lot of heat energy
to break, and so sodium chloride has high melting and boiling pointsy,

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

Sodium chloride simply dissolves in water to give a neutral solution.

Magnesium chloride, MgCl, \

Magnesium chloride is also ionic, but with a more complicated arrangement of the ions
to allow for having twice as many chloride ions as magnesium ions.

Again, lots of heat energy is needed to overcome the attractions between the ions, and
50 the melting and boiling points are again high,

Solid magnesium chloride is a nonsconductor of electricity 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 acidic solution (pH =
approximately 6).

When magnesium ions are broken off the solid lattice and go into solution, there is
enough attraction betwéen the 2+ ions and the water molecules to get co-ordinate
(dative covalent) bonds formed between the magnesium ions and lone pairs on
surrounding water molecules.

Hexaaquamagniésium ions are formed, [Mg(H,0)¢)*".

MgClas) + BH20) ——— (Mg(H20)]2*(aq) + 2Crag)
hﬂi'x‘ismﬂ are acidic.
Aluminium chloride, AICI,

AlzClg 2AICH

Solid aluminium chloride doesn't conduct electricity at room temperature because the
ions aren't free to move. Molten aluminium chloride (only possible at increased
pressures) doesn't conduct electricity because there aren't any ions any more.
The reaction of aluminium chloride with water is surprising. If you drop water onto
solid aluminium chloride, you get a violent reaction producing clouds of steamy fumes

of hydrogen chloride gas.
The aluminium chloride reacts with the water rather than just dissolving in it. In the
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first instance, hexaaquaaluminium ions are formed together with chloride ions.

AiClys) + 6H20p ———— [AI(H20)5)%*(aq + IClag)
You will see lt}at this is very similar to the magnesium chloride equation given above -
the only real difference is the charge on the ion.

SIthn tetrachloride, SiCl,
Sflm tetrachloride is a simple covalent chloride. There isn't enough electronegativity
difference between the silicon and the chlorine for the two to form ionic bonds.

:oyoum

ihcon tetrachloride is a colouriess liquid at room temperature which ]
in moist air. The only attractions between the molecules are van is
dispersion forces. ,

It doesnt conduct electricity because of the lack of ions or mobile
electrons

It fumes in moist air because it reacts with water in the air to produce hydrogen
chloride. If you add water (o silicon tetrachloride, there is a violent reaction to produce
silicon dioxide and fumes of hydrogen chloride. In a large excess of water, the
hydrogen chloride will, of course, dissolve to give a strongly acidic solution containing
. hydrochloric acid. '

SiCly + 2H:0 —lly, 503 + 4HO!

The phosphorus chlorides S
There are two phosphorus chlorides - phosphorus(lil) chloride, PCly,, and
phosphorus(V) chloride, PCls.

Phosphorus(lll) chloride (phosphorus trichloride), PCl,
This is another simple covalent chloride - again a fuming liquid at room temperature.

Do you know: \

s trichlonde is a liquid because there are only van der Waals

dispersion forces and dipole-dipole attractions between the molecules. It

doesn’t conduct electricity because of the lack of ions or mobile electrons.
Phosphorus(lll) chloride reacts violently with water. You get phosphorous acid,
H:PO,, and fumes of hydrogen chloride (or a solution containing hydrochloric acid if
lots of wa used).

24 PCls + 3H;0 ——» H3PO3 + 3HCI

,,mm-m chloride (phosphorus pentachloride), PCl,
nately, phosphorus(V) chloride is strugturally more complicated.
Phosphorus(V) chloride is a white solid which sublimes at 163°C. The higher the
temperature goes above that, the more the phosphorus(V) chlonide dissociates
(splits up reversibly) to give phosphorus(lil) chloride and chlorine.

PCls ———— FPCs+Ch
Solid phosphorus(V) chloride contains ions - which is why it is a solid at room
temperature. The formation of the ions involves two molecules of PCl,.

Phosphorus(V) chloride has a violent reaction with water producing fumes of hydrogen
chloride. As with the other covalent chlorides, if there is enough water present, these
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will dissolve to give a solution containing hydrochloric acid,
The reaction happens in two stages. In the first, with cold water, phosphorus
oxychloride, POCl,, is produced along with HCI.

PCls + H00 ——& POCl3 + 2HCI
If lh: water is boiling, the phosphorus(V) chloride reacts further to give phosphorig(V)
acid and more HCI. Phosphoric(V) acid is also known' just as phosphoric acid or.as
orthophosphoric acid.

POCl3 + 3H0 ————» H3iPD4 + FHCT

The overall equation in boiling water is just a combination of these: s

PCls + 4H;0 ————8 H3iPOy + SHCI I

Disulphur dichloride, S,Cl, \

Disulphur dichloride is formed when chlorine reacts with hot sulphur.

Disulphur dichloride is a simple covalent liquid (orange and smelly).

The shape is difficult to draw convincingly. The atoms are all Jjoined up in a line but
E

twisted:
@ ‘
’ £

/' i ’ .
This Shiome alom 3 /
cermvg ouf Dwards, you A 'b
< £ =

Tese tves alpms
ae adl n e plane

The reason for drawing the shape is to give a hint about what sort of intermolecular
attractions are possible. There is no plane of symmetry in the molecule and that means
that it will have an overall permanent dipole.

Do you know?

Disulphur Dichioride van der Waals dispersion forces and dipole-dipole altractions.

There are no ions in dichionde and no mobile electrons - 50 it never conducts electricity.
Disulphurdichloride reacts slowly with water to produce a complex mixture of things
including loric acid, sulphur, hydrogen sulphide and various sulphurcontaining

acids and amions (negative ions).
Q&‘Dmll Hydroxides Of The Period 3 Elements.

Answer
This topic looks briefly at how the chemistry of the "hydroxides™ of the Period 3

elements from sodium to chlorine varies as you cross the period.

A quick summary of the trends

Sodium and magnesium hydroxides

These contain hydroxide ions, and are simple basic hydroxides.

Aluminium hydroxide _ B ) o _
Aluminium hydroxide, like aluminium oxide, is amphoteric - it has both basic and
acidic properties.
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much the negative charge can be spread around the rest of the ion.

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

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

Q9. Discuss Group 1 Elements.

Answer

1) Atomic and Physical Properties of the Group 1 Elements
This section explores the trends in some atomic and physical properties of the Group |
elements - lithium, sodium, potassium, rubidium and caesium. You will find separate
sections below covering thg trends in atomic radius, first ionisation energy,
electronegativity, melting and boiling points, and density:

2) Trends In Atomic Radius

u Ha K Ab Cs

Fig. 13.12 Atomic Radii of the Group | elements

As we movq from lithium to caesium, an extra shell of electrons is added to each
element. The addition of an extra shell increases the atomic volume. We find therefore,
that there igin in increase of atomic and ionic radii (of M™ ions) as we move from
lithium to caesium.

<
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Some Physical Properties of alkali metals
Property : Li Na K Rb Cs
Atomic weight 7 6.94 22.99 39.1 2547 | 13291
Atomic volume / 12.97 2363 4536 | 558 69.95
Atomic (ie. metallic radius for
coordination number 12 1.55 1.9 2.35 246 26
covalent radius 1.23 1.54 203 2.16 2.36
lonic radius of M+ ions 06 0.95 1.33 148 | 1.69
Meiting point 180.5 97.8 63.7 389 | 287
Boiling point 1330 892 760 688 | 670
lonisation energies (kJ/mol) (1) 520.3 4958 4189 | 4030 |3757
Iz 72981 45624 | 3051.4 | 2633.0 | 2230.0
Standard oxidation potential 304 2.7 2,!2 5 299 299
Sublimation energy (eV/ion) 1.7472 12432 | 1032,)0984 | 09024
Hydration energy (eV/ion) 5 904 3%2 3?*5 336 | 0624
Electronegativity 1 098 (g0 08 0.7
Colour of the flame Cnmson | Golden &
red yellow Violet | Violet | Violet
Heat of atomisation at 25C (eV/atm) | 17472, | 12432 |1032 | 0984 | 05024
lonic conduction of M+ ion 335 435 64 6 67.5 63

2) Trends in First lonization Energy
First ionisation energy is the enérgy needed to remove the most loosely held electron
from each of one mole of gaseous atoms 1o make one mole of singly charged gaseous
ions - in other words, for | mole of this process:
Mo — X+ &

N

L Cs

Fig. 13.13 First lonization Energy of the Group | elements

Notice that first ionisation energy falls as you go down the group.
We know that alkali metal have only one electron in their outermost shell (nsl
electron). This ns| electron is so weakly held with the nucleus that it can be removed
very easily. Alkali metals therefore have low ionisation energies.
As the distance of ns| electron from the nucleus increases on moving from Li to Cs its
removal becomes more and more easy as we proceed from Li to Cs i.e. the amount of
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energy (ionisation energy) used in the removal of ns| 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 ionisat%on energies are fairly high, since the loss of the second electron
from M+ cation which has a noble gas configuration is quite difficult.

3) Trends in Electronegativity

LlcclrunegaliViF}' is a measure of the tendency of an atom to attract a bonding pair of
electrons. It is usually measured on the Pauling scale, on which the most
electronegative element (fluorine) is given an electronegativity of 4.0.

8
Jo+

14 <

Fig 13.14 Electronegativties of the Group | elements

We have seen that the outer electron (€. nsl €lectron) of the atom of alkali 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 metals or their salts
into Bunsen burner). During the excitation process the electron absorbs some energy
and when this excited electron comes back 1o its original position, it gives out absorbed
energy in the form of lightin visible region of the electromagnetic. Since the amount of
energy absorbed during the excitation process is different in different atoms, different
colours are imparied by the atoms to the flame. The property of alkali metals 1o give
colouration in the bumer flame has been used to detect their presence in salts by a test,

known as flame test.
4) Trends In"mn‘ and Bolling Points

(*C)
2000 - - B Mebhng posrt
B Ooing poin
1000 - -
]
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You will see that both the melting points and boiling points fall as you go down the
Group.

The melting and boiling points are very low because of the presence of weak inner
atomic bonds in the solid state of the alkali metals. These bonds are due to their atomic
radii and mainly due to the their electronic configuration having a single valence
electrons as compared to large number of available vacant orbital. As the size of the
metal atoms increases, the repulsion of the non-bonding electrons also increases. This
increase in the.repulsion of non-bonding electron decreases the melting and boiling
points of alkali metals when we move from Li to Cs (as shown in table 13.3).

Trends in Density

m E S —

Fig. 13.16 Densities of the Group | elements

The densities of alkali metals are quite low due to the large atomic volumes. Li, Na and
K are lighter than water. The densities increase with the increase in atomic from Li to
Cs indicating that greater atomic with more than compensates for the bigger size of the
atoms. K is however, lighter than Na which is due 1o an unusual increase in atomic size
of K.
Elements Li Na K Rb Cs

Densities

at0°C Wl:.o:)( 0534 0972 0859 1525 1903

\:\
6) Trends In Reactivity with Water
i topic, we discuss the reactions of the Group | elements - lithium, sodium,
& | rubidium and caesium with water. It uses these reactions to explore the
trend in reactivity in Group 1.
With the exception of Li, the alkali metals are extremely soft and readily fused. They
are highly malleable (i.e. can be pressed out into sheets) and ductile (i.e. can be drawn
into wires). When freshly cut, they have a bright lustre which quickly tamished as soon
as metal comes in contact with atmosphere.

Summary of the trend in reactivity
The Group | metals become more reactive towards water as you go down the Group.

Explaining the trend in reactivity
Looking at the enthalpy changes for the reactions
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The overall enthalpy changes

As you go down the Group, the amount of heat given off increases as you go from
lithium to caesium. Not so!

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

Ko + HOpp ————> XOHgg + '2Hyg

il

You will see that ﬂérei:nlm ndhﬂm-ﬁlﬂ:‘l‘h}rmdl fairly similar
and, surprisingly, lithium is the metal which releases the most heat during the reaction!
When these reactions happen, the differences between them lie entirely in what is
happening to the metal atoms present. In each case, you start with metal atoms in a
solid and end up with metal ions in solution.
Overall, what happens to the metal is this:

Ny —0 EgtT

Reactions with Oxygen
This topic y looks at the reactions of the Group | elements (lithium, sodium,

potassium, rubidium and caesium) with oxygen - including the simple reactions of the
various kinds'of oxides formed.

s with Air or Oxygen

A) .
ﬁﬂ metals react with O; or air rapidly and thus get tamished due to the formation of
their oxide on the surface of the metals. [t is for this reason that alkali metals are stored

in kerosene or paraffin oil.
Li when bumt in O; gives mainly lithium monoxide, (normal oxide) Li,0.

4Li+0; 9 2Li,0
Na when burnt in O; forms wdmmm
2Na + Oy 9 NayOy
Other alkali metals react with Oy to form super oxide of MO, type.
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M+ 0; = MO,
Since the normal oxides of alkali metals other than that of Li (Li;O) are not formed by
the direct reaction between the metals and O; they are formed by indirect methods, ..
_ by reducing peroxides, nitrite and nitrates with the metals itself.
2Na;0; + 4Na = 4Na,0

2NaNO; + 6Na = 4Na;O + N,

2NaNO; + |0Na = 6Na,O + N,
Properties. Normal oxides (O%) react with H;O to form hydroxides by proton
exchange. .

N
-5 III.O = OH- + (QH\_
A
»
" Loses proton : _‘J'L
The peroxides (0;”) and superoxides (O") are. strong axidising agents and react with
H,0 to give H,0, and O,. |

)

Caing proton 3

0," + 2H,0 ¥H,0, %
2[0-0] + 2H,Q.2 H,0,+ 0,
Normal oxides have anti-fluorite structure and are ionic in nature since they contain
monoxide in, O” Peroxides contain peroxide ion, O;" or [-0-0]*.
The super oxide ion has a three electron bond as shown below.

(;9: — o)
The presence of one unpaired electron in it makes this in paramagnetic and coloured.

B) Reactions of the Oxides with Water and Dilute Acids
i) The simple‘qides. X,0
Heuﬁoﬂm' water
These are simple basic oxides, reacting with water to give the metal hydroxide.
F ple, lithium oxide reacts with water 1o give a colourless solution of lithium

“hydroxide.
X0 + HI0 ————p 2X0H

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 hydrochloric acid to give colourless sodium
chloride solution and water, ;

X320 + 2HCI ————p 2XCI + H30

i) The peroxides, X,0,
Reaction with water
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If the reaction is done ice cold (and the temperature controlled so that it doesn't rise
even though these reactions are strongly exothermic), a solution of the metal hydroxide
and hydrogen peroxide is formed.

X20; +2H20 ————» 2X0OH + H20;
If the temperature increases (as it inevitably will unless the peroxide is added to water
very slowly), the hydrogen peroxide produced decomposes into water and oxygen. The
reaction can be very violent overall.

Reaction with dilute acids
These reactions are even more exothermic than the ones with water. A solution

‘containing a salt and 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 reaction! N\
X207 + 2HO ———» 2XCl + Hy02 \
iii) The superoxides, XO, R
Reaction with water oy

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

2X0;z +2H0 — 00 + H02 + O3

Reaction with dilute acids
Again, these reactions are even more exothermic than the ones with water. A solution
containing a salt and hydrogen peroxide is formed together with oxygen gas. The
hydrogen peroxide will again decompose 10 give water and oxygen as the temperature
rises. Violent!

2X03 + 2HO ———— 2XC1 + H203 + O3

C) Reactions of the elements with Chlorine
Sodium bums with an intense orange flame in chlorine is exactly the same way that it
does in put en. The rest also behave the same in both gases.

In each casestherc is a white solid residue which is the simple chloride, XCl. There is
nothing in-any way complicated about these reactions!

& 2X + C ——— 2XCI
D) Effect of heat on Nitrates, Carbonates and Hydrogen-Carbonates
i) The facts

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

Nature of carbonates, bicarbonates and nitrates
The carbonates (M;CO,) and bicarbonates (MHCO,) are highly stable to heat. With
increase of electropositive character from Li to Cs, the stability of these salts increases.
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Their nitrates decompose on strong heating to the corresponding nitrite and O,
(Exception is LINO;).

2NaNO; = 2NaNQ, + O,

ii) Explaining the trend in terms of the polirising ability of the positive ion
When alkali metal cations approach near an anion attracts the outer most electrons of
the anion and repels the nucleus. Thus the distortion or polarisation of the anion takes
place. This distortion results in the sharing of electrons between two oppositely
charged ions, i.e. the bond between the cation and anion becomes partly covalent in
character, In general the smaller cations polarise the anions more effectively. than
bigger one. Therefore, the lithium salts are slightly covalent while other alkali metal

salts are ionic. ) ]

E) Flame Tests
This topic describes how to do a flame test for a nr“an ions, and briefly
describes how the flame colour arises. 3

Flame tests are used to identify the presence of a Mﬂ\ol,,lﬁall number of metal ions
in a compound. Not all metal ions give flame colours. »

For Group | compounds, flame tests are usually by far the easiest way of identifying
which metal you have got. For other metals, thqe are usually other easy methods
which are more reliable - but the flame test can gm a useful hint as to where to look.

p
Q10.Give Flame Tests of Gmup I-A elements.
Answer

Practical detalls

Clean a platinum or nichrome (a nickel-chromium alloy) wire by dipping it into
concentrated hydrochloric acid and then holding it in a hot Bunsen flame. Repeat this
until the wire 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 solid you are testing so that some sticks to the wire. Place the wire
back in the e again.

If the f1 r is weak, it is often worthwhile to dip the wire back in the acid again
and put it into the flame as if you were cleaning it. You often get a very short but
intense flash of colour by doing that.

A~
m“m shown by different elements are gw:n below.

golden yellow
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“ red (reddish-violet) |

| blue-green (often with white flashes)

greyish-white

Note: £

What do you do if you have a red flame mlour/l'glnmknﬁnmpound and don't know which
the various reds it is? . - '

Get samples of known lithium, strontium (eic) compounds and repeat the flame test, comparing the
colours produced by one of the known compounds and the unknown compound side by side until you
have a good match. Ty |

The origin of flame colours
We have seen that the outer electron (i.e. ns' electron) of atom of alkali 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 metals or their slats
into Bunsen burner). During the excitation process the electron absorbs some energy
and when this excited electron comes back to its original position, it gives out absorbed
energy in%\ 1 of light in visible region of the electromagnetic spectrum and hence
the colour is imparted by the atoms to the flame. Sine the amount of energy absorbed
during the excitation process is different in different atoms, different colour are
immby the atoms to the flame. The property of alkali metals to give coloration in
“the Bunsen flame has been used to detect their presence in salts by a test known as

flame test.

Group 2 Elements

Q11.Give Trends of Properties of lI-A elements Atomic And Physical
Properties.

Answer
This section explores the trends in some atomic and physical properties of the Group 2
elements - beryllium, magnesium, calcium, strontium and barium. You will find
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scparate sections below covering the trends in atomic radius, first ionization energy,
electronegativity and physical properties.

1) Trends in Atomic Radius

Atomic Radi of the Group 2 elements
L

014

Be My Ca J 3a
Fig. 13.17 Atomic Radii of the Group 2 elements

You can see that the atomic radius increases as you go down the Group. Notice that
beryllium has a particularly 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 elements from Be to Ra,
the atomic volume increases from Be to Ra. With the increases of atomic volume the
atomic and ionic radii (of M** ions) also increase from Be to Ra. The atomic radii of
these eleménts are however, smaller than those of alkali metals in the same period.
This is due torthe fact that the alkaline earth metals in the same period. This is due to
the fact lhlt the alkaline earth metals have higher nuclear charge which tends to draw
the orbit electrons towards the nucleus. The smaller values of atomic radii result in that
_ the"alkaline carth metals are harder, have higher densities and higher melting points
than alkali metals.
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Some physical properties of alkaline earth metals

Property Be Mg Ca Sr Ba Ra
Atomie weight 9.01 2431 | 4008 87.62 137.34 226
Abundance (Y of 6.4% 104 2.0 3.45 0.91% 0.040 | 1.3x10.10

carth's crust)

Densin (gm/c.c.) 1.84 L.74 1.55 1.54 3.7% 6.00
Melting peint (°C) 12717 650 §38 763 714 700
Beiling peint (*C) 2770 107 1440 1380 1610 | -
Atomic volume (¢.c.) 4.90 13.97 259 M 3.7 | o
Atomic (ie., metuk 112 160 | 1.97 a8 | a2 | -

lic) radius for co- %

ordination num-

ber 12 (A%) : .

Covalent radiue (A®) 0.90 1.36 1.74 190 | 198 -
Tonic (erystal radius 0.31 065 | 099 | a3 | 138 140

of M* + jon for co- &

erdination number

+(A")

lenisation encrgies
(KJ/meole)
L ¥99.5 7377 | 8298 5475 029 509.4
b 1757.1 1450.7 | 1145.4 1064.3 | 9652 979.06

L +h 26%6.6 2884 | 17352 | 16138 | 14681 1488.46
Oxldation stato +2 +2 +1 +2 +2 42
Elect ronegativity 1.5 1.2 1.0 0.9 0.9 0.9
Flame colourution None Nene B:"lﬁi C Enm' Am:l- Red
Onhidation potentials 170 1.37 187 189 2.90 292

(volts) for S
MDY TR [
Heat nruumhmna 327.26 146.89 | 181.21 163.21 | 17577 =
at 28°C and |
.mwmm
Mﬁk:""’“ 234545 1925.1 | 1653.07 | 148667 1276.42 -
potential of M1 + 6.66 .08 .12 1.82 1.58 1.3}

TR Sy

2) Trends in First lonisation Energy
First ionisation energy is 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 - in other words, for | mole of this process:

g ——— X%y W
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First lonisabon Ensrgy of e Orowp 7 slements

~BHEBEBHEE

Be Mg Ca & @ Ba

Fig. 13.18 First lonisation encrgy of the Group 2 clements
Notice that first ionisation energy falls as you go down the group.

Explaining the decrease in first ionisation energy

The first and second ionisation 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) v

3) Trends in Electronegativity
Electronegativity is a measure of the tendency of an atom to attract a bonding pair of

clectrons. It is usually measured on the Pauling scale, on which the most
electronegative element (fluorine) is given an electronegativity of 4.0.
Elsctronegatiaty of the Group ? slemenis

'8 4

0s-

ok TR W T

Fig. 13.19 Electronegativity of the Group 2 elements
Notice that electronegativity values fall as you go down the group (for values see table)

Swummarising the trend down the Group 5
As the metal atoms get bigger, any bonding pair gets further and funther away from the metal nucleus,
and so is less strongly sitracted towards it. In other words, as you go down the Group, the elements
become less electronegative.

As you go down the Group, the bonds formed between these elements and other things such as
chlorine become more and more ionic. The bonding pair is increasingly attracted away from the Group

2 element towards the chlorine (or whatever).
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4) Trends in Melting Point and Boiling Point
A) Melting points

L P o e e
mﬁ Va0
1200
A0N0
[
B
A00 +
2000 4
o

oo

- B
Fig. 13.20 You will see that {Ipll: from where the smooth trend is broken
by magnesium) the melting point falls as you go down the Group.

B) Boiling points

Boding Pomnis of Ihe noup 2 Hements

1000

Ba Mg ©Ca

Fig. 13.21 You will see that there is no obvious pattern in boiling points.
It would be guite wrong to suggest that there is any trend here whatsoever.
If we look at figure, the ionisation 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 ion easily.

5) Trends in Reactivity with Water
This section lgoks at the reactions of the Group 2 elements - beryllium, magnesium,
calcium, strontium and barium - with water (or steam). It uses these reactions to
explore théw in reactivity in Group 2.

The Facts =

Beryllium

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

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

Mgis) + H20ig) ———— MgOgy) + Hyg)
Very clean magnesium ribbon has a very slight reaction with cold water. After several
minutes, some bubbles of hydrogen form on its surface, and the coil of magnesium
ribbon usually floats to the surface. However, the reaction soon stops because the
magnesium hydroxide formed is almost insoluble in water and forms a barrier on the
magnesium preventing further reaction.
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Calyy + S0y ——» CaSOy
Gernamium, tin and lead oxides

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

These oxides all react with acids to form salts.

For example, they all react with concentrated hydrochloric acid. This can be
summarised as:

XOg) + 2HChsg  ——  XCiaag + H20p %
Where X can be Ge and Sn, but unfortunately needs modifying a bit for lead. ©

Lead(ll) chloride is fairly insoluble in water and, instead of gmin&fﬂkliu!. it would

-

form an insoluble layer over the lead(11) oxide if you were to u ilute hydrochloric
acid - stopping the reaction from going on. al

PhOW + Ol —> + H20y
However, in this example we are talking about using concy hydrochloric acid.

The large excess of chloride ions in the concentrated acid react with the lead(ll)
chloride 1o produce soluble complexes such as PbCL’". These ionic complexes are
soluble in water and so the problem disappears. 4 )
PEClyfs) # 2Clag o PoCls?ieg

The acidic nature of the oxides
All of these oxides also react with bases like sodium hydroxide solution,

XOgs) + 20Hag) ==  XO2%jaq + H20y
‘Lead(ll) oxide, for example, would react to give PbO," - plumbate(1l) ions.
The dioxides :
These dioxides are again amphoteric - showing both basic and acidic properties.
The basic nature of the dioxides
The dmddﬁau with concentrated hydrochloric acid first to give compounds of the

type XClit, ™
% X0z + 4HCI —_— XCly + 2H30

These wm’g?n with excess chioride ions in the hydrochloric acid to give complexes
XClg™.
s

XCy + 201 —0 Xt
In the case of lead(IV) oxide, the reaction has to be done with ice-cold hydrochloric 4

acid. If the reaction is done any warmer, the lead(1V) chloride decomposes 10 give

lead(il) chloride and chlorine gas. This is an effect of the preferred oxidation state of
lead being +2 rather than +4.

Q22.Write note on the acidic nature of the dioxides of Group IV-A
elements.
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The dioxides will react with hot concentrated sodium hydroxide solution to give
soluble complexes of the form [X(OH)s)".

XOys) + 20H1g + 2H20p ————b  [X(OH)%1%q)
Some sources suggest that the lead(IV) oxide needs molten sodium hydroxide. In that
case, the equation is different.

PDOys) + 2NaOHy ———»  Na;PDO3s) + H20()

Group 7-Elements: (Halogens)

Atomic And Physical Properties :
This article explores the trends in some atomic and physical properties of the Group
elements (the halogens) - fluorine, chlorine, bromine and iodine. You will find separate
sections below covering the trends in atomic radius, electronegativity, electron affinity,
melting and boiling points, and solubility. There is also a ‘section on the bond
enthalpies (strengths) of halogen-halogen bonds (for eum;i£ Cl.Cl)yand of hydrogen-

halogen bonds (e.g. H-Cl) D,
1) Trends in Atomic Radius £ y
“lﬂdh“l*ﬁ
e T N 2

)

o1

0
Thore  chame domve | odre

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

greater shielding effect and less nuclear change.

2) Trmmmunegitrﬂity 7
Halogens haye large values of electronegativity. These values decrease as we proceed
from F tol in the group. Large electronegativities values of halogen atoms indicate that

X have a strong tendency to form X-ions.

» 3) Trends in First Electron Affinity
Electron affinity values decrease from Cl 1o I. why the electron affinity value of F is

less than that of Cl has already been explained.

4) Trends in Melting and Boiling Points
The melting and boiling points of the halogens regularly increase form F 1o I. This

indicates that the attractive forces between molecules become progressively more
prominent as the molecules increase in halogens. F and CI are gases at ordinary
temperature Br is a heavy liquid while | is a solid.
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5) Bond enthqpie: (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 original substance in the gas state, and ending with
gaseous atoms.

g:“t;or chlorine, Clyy, it is the heat energy needed to carry out this change per mole of

Cl=Clgg ——— 20y

F:: bromine, the reaction is still from gaseous bromine molecules to separate gucms
atoms.

& 8y ——— 28y

Hote GAS noliguag .

\

Q23.Discuss Bond enthalpy in the halogens, Xag. =
Answer 4

Look at following figure

®

berd envhair y
moy

04

FF cQ BB H

The bond enthalpies of the CI-Cl, Br-Br and I-1 bonds fall just as you would expect, but
the F-F is deviated from the sequence.
This is be a of:
Due to very small F-F bond length very large as compared to other X-X bond lengths.
s the F atoms in F; molecule repel each other and helps the dissociation of F,
-*’mﬂuuc into F atoms. (ii) X-X bond in Cl,, Br; and 1; molecules is stronger than F-F
bond in F; 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 happen.

There are no lone pairs on a hydrogen atom.
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The acidity of the hydrogen halides

Hydrogen chloride as an acid

All the halogen acids in the gaseous states are essentially covalent but in the aqueous
solution they ionise to give solvated proton (H,07) and hence acts as acids.

H:O + Hx"')' H;O + .K

HF ionises only slightly while HCI, HBr, and HI ionise completely. Hence HF is the
weakest acid and strength of these acids increases from HF to HI, i.e. HF (weakest
acid)<HCI<HBr<HI (strongest acid). The weakest acidic nature of HF is due to the fact
that the dissociation energy of H-F bond is HF molecule is the highest and hence this
molecule has least tendency to splits up into H' and F* ions in aqueous solution.
Another explanation 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', CI', Br
and I of these acids. The hydrides show no acidic character Wrﬁaﬂly dry.

Q27.Discuss Halide lons as Reducing Agents lnq 'l;!‘ndt in Reducing
Strength Ability of Halide lons.
Answer
THE REDOX REACTIONS BETWEEN HALIDE IONS AND CONCENTRATED
SULPHURIC ACID
This section describes and explains the redox reactions involving halide ions and
concentrated sulphuric acid. It uses these reactions to discuss the trend in reducing
ability of the ions as you go from fluoride 1o ciloride to bromide to iodide.

Fluorides and Chlorides do not reduce concentrated sulphuric acid.
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 oxidised to bromine.
28 — p B + 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 ‘\\)
H2804 + 2H* + 2&¢ —» 80 + 2H;0
.
Ysu can combine these two half-equations to give the overall ionic equation for the

HyS04 + 2H* + 2Br ———» Bra + 807 + 2H;0
2) With iodide ions
lodide ions are stronger reducing agents than bromide ions are. They are oxidised 1o
iodine by the concentrated sulphuric acid.
2r —» h+oer
The reduction of the sulphuric acid is more complicated than before. The iodide ions
are powerful enough reducing agents to reduce it
3) first to sulphur dioxide (sulphur oxidation state = +4)
4) then to sulphur itself (oxidation state = Q)
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3) 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:

H;S04 + BH* + Be= ————» HS+ 4H;0
Combining these last two half-equations gives:
HS04 + BH* + BF — . 417 + H5+ 4H;0
Summary of the trend in reducing ability

I.  Fluoride and chloride ions won't reduce concentrated sulphuric acid.
2. Bromide ions reduce the sulphuric acid to sulphur dioxide. In the process, the bromide ions
are oxidised to bromine.
3. lodide ions reduce the sulphuric acid 10 a mixture of products in:iudiqf_hydm%q sulphide
The iodide ions are oxidised to iodine. <
4. Reducing ability of the halide ions increases as you go down the
Explaining the trend N
1) When a halide ion acts as a reducing agent, it gives obgcu"nyh something else. That
means that the halide ion itself has to lose electrons.
2) The bigger the halide ion, the further the mlerdum are from the nucl:us.. and the
more they are screened from it by inner electrons. It therefore gets easier for the halide

ions 10 lose electrons as you go down the Grguﬁ: because there is less attraction
between the outer electrons and the nuc/kus.

Q28.Write a note on: Food and pwlugo Canning.

Answer
As early as 1940, can mlnuflcturers begln to explore adapting cans to package
carbonated soft drinks. The can had to be strengthened to accommodate higher internal
can pressures created by carbonation (especially during warm summer months), which
meant increasing the thickness of the metal used in the can ends. Otherwise, distortion
of the end would strain the seal, creating potential leaks or making cans unstackable for

storage and transit.

Another congern for the new beverage can was its shelf life. Even small amounts of
dissolved tig Or iron from the can could impair the drinking quality of both beer and
soft drin unately, beer, which is only mildly acidic, is relatively noncorrosive. In

addition, beer ages naturally, so it has a limited shelf life of about three months in any
In contrast, the food acids, including carbonic, citric and phosphoric, in soft
inks present a risk for rapid corrosion of exposed tin and iron in the can. The
consequences of off-flavors, color changes and leakage through the metal needed to be
addressed. Al this point, the can was upgraded by improving the organic coatings used
to line the inside, making cans heavier and more encasing.
The use of cans for carbonated beverages was delayed because of wartime material
limitations mandated by the U.S. government. When the restriction ended in 1953 after
the Korean War, the improved can was introduced and marketed nationwide. The can
manufacturers 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 making. These efforts
were in part inspired by a new competitor — aluminum.

P
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Q29.Write a note on Mining and Extraction of metals.

Answer
Different elements/metals are not obtained such rather these are obtained after passing

through different steps.

These steps are discussed as follows:
I. Mining and enrichment
2. Reduction

3. Refining and Casting
In fact 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 lnuulltunr nrcvu'y metal.

These are follows.
1. Mining \‘
i) Crushing ’

A
Obtaining ores by digging the rocks and hills is called mllm’;’l‘hls work is done by
engineers and laborers with the help of machines. But piur‘b this work it is confirmed
by survey and analysis that obtaining metals from this ifw:-omml or not.

il) Grinding
Breaking of rocks and larger stones into smaller size Stones is called crushing. This is
done by jaw crushers. p-

iii) Hand Picking, Jugging and Shaking
In Pakistan and other under developed countries where labour is cheap, metallic stones
are picked and separated by hands. Heavy metals are separated from useless material
i.e. gangue, by shaking with “chaage™. In some countries this process is done by
pressurized water.

iii) Magnetic Separation
The ground ore is passed over a magnetic belt which separates the magnetic metal from
gangue, This <occss is sued for metals which have magnetic properties like iron.

2) Reducti
For the c}pklc separation of a metal from gangue, ores are heated at high
temperature, At its melting pint, molten metal is separated from solid gangue. It must
that different metals are mixed with different compounds according to

the of impurities present in the metal ore and then they are passed through the
process of reduction. The process of reduction is carried out in the blast furnace.

Blast Furnace

It is lined inside with fire bricks. Its height and capacity are kept according to the
requirement. Hot gases enter from lower side and ores are charged from the tope of the
furnace. Temperature is maintained at 1500°-3000°C. This furnace is usually used for

iron and copper metallurgy.

3) Refining of Metals
Metals extracted in the above process are further refined by the following process.
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Open-Hearth Process:

A fire furnace is used 1o remove the impurities of metal. It is lined inside with fire
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 shorter time by this two way heating.

Q30.Give applications of bleaching powder.

Answer ;

Bleaching powder is actually a mixture of calcium hypochlorite (Ca(OCl);) and the
basic chloride CaCl,, HyO with some slaked lime, Ca(OH);
Bleaching powders take time to dissolve in water and longer to work but have a longer
shelf life in comparison 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 fabrics as it will cause fading.

1) Bleaching powder is highly effective for cleaning inside the home and outdoors. It can
be used for removing mildew from fabric, cleaning countertops and for removing mold

from grout between tiles, bathmats and shower curtains. Outside, the agent can be used
on plastic furniture, unpainted cement, paving and painted surfaces to eliminate mildew

and other stubborn stains.

2) Bleachin r can be used to safely disinfect and sterilize many things around the
home incl secondhand goods, trash cans, pet accessories and baby toys and
furniture,

B ing powder is a highly effective means of returning the luster to white porcelain
“and glassware. Glassware can regain its sparkle by adding a small amount of powdered
bleach to dishwater when washing glasses. Gardening

1) To kill any annoying weeds growing from cracks and crevices in the garden a jtrong
mixture of bieaching powder and water is applied. Moss and algae on garden walkways
can be easily eliminated by scrubbing with bleaching powder diluted in water.
Powdered bleach is also useful for sanitizing garden tools to avoid diseases spreading
between plants. Adding powdered bleach to the water of cut flowers will help to
preserve their freshness by preventing the growth of bacteria in the vase.

4) Bleaching powder is used for the disinfection of drinking water or swimming pool
water. It is used as a sanitizer in outdoor swimming pools in combination with a
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cyanuric acid stabilizer, which reduces the loss of chlorine due to ultraviolet radiation.
The calcium content hardens the water and tends to clog up some filters; hence, some
products containing calcium hypochlorite also contain anti-scaling agents.

Bleaching powder is used for bleaching cotton and linen. It is also used in bathroom
cleaners, household disinfectant sprays, moss and algae removers, and weedkillers.

In addition, bleaching powder may be used to manufacture chloroform.
Bleaching powder is used also in sugar industry for bleaching sugar cane juice before
its crystallization.

-

Q31.Give Commercial Uses of Halogens. 2
Answer ) 4
1. Chlorine is used as a cheap industrial oxidant in the manufacture of bromine
2. lodine is dissolved in alcohol, commonly known as tincture ine is used as a mild
antiseptic for cuts and scratches. lodine is also mixed with the detergents used in
cleaning diary equipment. e 4

3. Small quantities of fluorine are used in rocket propulsion, Much larger quantities are

used make uranium (V1) fluoride for the separation of ***1J and **U:
UFi(s) + F, () 7 UFs (8)

4. Fluorine is also used to make a wide range of fluorocarbon compounds for use as
refrigerants, aerosol propellants, anaesthetics and fire-extinguisher fluid. One of the
most important fluorocarbons is poly (tetrafluoroethene), PTFE, frequently sold under
the trade name Fluon or Teflons !

Q32.Write a note on: lodine Deficiency and Goiter.

Answer
lodine Deficiency
lodine is an clement that is needed for the production of thyroid hormone. The human
body cannot synthesize iodine, 5o it is an essential element.

I. The deficiency of iodine leads to enlargement of thyroid a condition called goiter.
Hypothyroadi$m and mental retardation in children and infants is observed if their
mothers suffered from iodine deficiency during pregnancy.

ore “1920, iodine deficiency was common in Appalachian, north-western US

& and in most of Canada. Approximately, 40% of the world's population

ains at the risk of iodine deficiency.

Goiter

+ The term goiter refers to the abnormal enlargement of thyroid gland due to deficiency
of iodine in diet. It results in swelling in neck. It is important to know that the presence
of goiter does not necessarily mean that the thyroid gland is malfunctioning
(hypothyroidism). A goiter can also occur in a gland that is producing too much thyroid
hormone (hyperthyroidism) or even the correct amount of hormone (euthyroidism). A
goiter indicates there is a condition present which is causing the thyroid to grow
abnormally.
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Q33.What is Fluoride Deficiency and Toxicity?

Answer
Fluoride Toxicity
Fluoride toxicity or fluoride poisoning is a condition in which more fluoride is taken
than the amount required for normal growth, development and metabolism. Fluoride
toxicity is characterised by a variety of signs and symptoms. Poisoning most
commonly occurs following ingestion of conspicuous amount of fluoride tnu'nining
products. Symptoms or set usually occurs within minutes of exposure. Fluoride is
found in many common household products e.g toothpaste, dietary supplementary,

insecticides, roderticides etc. fluoride toxicity results, &
i) Arthritis A 2
i) Stiff painful joints with or wistful swelling
iii) Asthma, especially after showering \
iv) Painful bony lumps where tendons and ligaments attach mh';:nc!,
Fluoride Deficiency e

Fluoride deficiency results when the amount of its up l‘n is less than required.
Fluoride deficiency results in

Brittle bones or demineralization of bones

Brittle bones or demineralization of bopes

Cavities

Weakened tooth enamel

Fluoride deficiency can lead to a higher likelihood of developing bone fractures and
possibly even steoporosis.

Halogens and their compounds are used or bleaching, refrigeration and as aerosols, etc

EXERCISE

Q1: Select the right answer from the choices given with each question

1) Oxides and hydroxides of Group1 elements are:

cidic b) Alhaline
“¢) ;Ni:ulrll d) Amphoteric
2) The flame colour of sodium metal or its compounds is:
a) A, Bright crimson b) Voilet
c) Golden yellow d) Bright blue
3) When sodium burn in air , it forms sodium:
a) Monixide b) Peroxide
¢) Oxide d) Superoxid

4) The carbonates of alkali mttal are not affected by heat except:
a) Li, CO, bl NI;CO}


https://www.perfect24u.com/
https://www.perfect24u.com/
https://www.perfect24u.com/

More Notes, Books Visit Now: www.perfect24u.com

¢) K.CO, d) Rb;CO;
5) Green is characteristic flame colour of:
a) Calcium b) Barium
¢) Strontium d) Sodium
6) All the carbonates, sulphates and phosphates of alkaline earth metals are
in water.
a) Sprangly b) Soluble
c) Insoluble d) Less soluble
7) The first ioniziatio energy is higher for the: 2
a) Alkaline earth metals b) Alkali metals 2
¢) Halogens d) Nobel gases
8) Which one of the element has the maximum akdlfll
a) F b) Cl ¢) Br ? d) 1
9) Which pair has both members from same plhint‘hdodlc t.uu?
a) Na-Ca b) Na-Cl CI d) Cl-
10) Melting points and boiling points of Mr mghfr
a) Decreases from top to bottom b) « Increases from top to bottom

¢) First increases then decreases _» d) Remains uncharged
11) Which of the following a:ldu is amphoteric in nature?

a) Rubidium oxide _ b) Barnum oxide

¢) Antimony d) Sulphur oxide
12) Oxidizing power of halogen depends upon:

a) Energy of dissociation b) Electron afTinity

¢) Heat of vaporization d) All of above

13) Which of following oxides amphoteric is nature?

a) Mgo b) BeO ¢) CO; d) Sn0O,
14) Se &rrcd increasing order of atomic radius?

a) ‘Ne 20>S> Al b) Ne<O>§> Al
¢) Ne<D>S>Al d) Ne>0O<S§> Al
15) ‘to inert pair effect _ Oxidation state is more stable than
For Sn and Pb.
a) 2+, 4+ b) I+ 4+ c) 4+ 2+ d) 2+ 3+
16) Highest electron affinity is shown by?
a) F; b) I ¢) Br d) Cl
17) Which is the strongest reducing agent?
a) HF b) HCI ¢) Br; d) HBr

18) Substance boiling at higher temperature among following is?
s) HI b) HF ¢) HCI d) HBr
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19) Group VII-A elements are generally called:

a) Halogens b) Nobel gases

c) Inert gases d) Metallods
20) The radioactive element in halogen group is:

a) Radon b) Radium ¢) Astatine d) Bromine
Answers

1) b) 2) €) 3) b) 4) a) 5) b)
6) €) 7) d) 8) b) 9) b) 10) a)
1y c) 12) b) 13) b) 14) c) 15) a)
16) d) 17 d) 18) b) 19) -} 20} e

—

Q2: Give brief answers for the foll

Q1. mw;hﬂlwrnpmththemwmldnmdﬂhnnt
in nature m,oumwnun,u,umw? ¢

Answer %
Na and P are present in same period But Na,O is basicand P;0; is acidic:

Na is an alkali metal present in |A group and has one electron in its outermost shell, It
gives a strong base (NaOH) on dissolving in water.
N&,0 + HiO ——» 2NaOH
Phosphorus is member of group - VA. It is non-metal and has five electrons on its
outermost shell. P;Oy on dissolving in cold water produce meta phosphoric acid and on
dissolving in hot water give orthophosphoric acid.
P;0¢ + HyO0 —— 2ZHPO, (metaphosphoric acid)

(Cold)
P05 + 3H,0 —~—» 2H,PO, (orthophosphoric acid)
{Hot)
Q2. How acidic basic and amphoteric behaviour of oxides is explained?
Answer
Basic, and amphoteric behaviour of oxides:

Odides ofalkali metals are basic in nature.
Na,O + H,;S0, + H;O —— Na;SO,
(| v (Base) (Acid)
Oxides of Be Saluminium are amphoteric in nature e.g SO, + PO,
SO, + Na;O —— Na,; S0,
(acid) (Base) {Salt)
Oxides of Be saluminium are amphoteric
BeO + INaOH ——— NayBeO; + HyO
(Acid) (Sodum beryllaie)
BeO + H,S0 — BeSO, + H,0
(Base)
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AQHS Why the elements of group 1 are called alkali metals?
swer
Elements of group IA are metals and their oxides and hydroxides are alkaline in nature.

eg Na;O + HSO, ——» Na;SO, + H,0
2NaOH + H,50, —» Na;SO, + H,O
Q4. Why all group of metals have low ionization energies?

Answer
All I{'L = group elements have one electron on their outermost shell. Except lithium all
alkali metal have strong shielding or screening effect. As a result '?uu of nucleus on
outermost electron dmmwhymmehﬂmufﬂh ?ed:nds may be

removed casily using low energy.

Qs. whyduth-m1mmmnmeummn\&nndu?

The metals which lose outermost clectrons easily md‘ ‘a stable cation are called
(electropositive. And group A metals lose théir ¢ single electron easily to
complete their outermost stable octet Therefore they are electropositive metals.

Q6. Why do group 1 metals show strong redur.lr"i:mpuﬂu?

Answer
All alkali metals have one electron in their outermost shell and on losing one outermost
electron their octet is completed which is a stable state. Therefore they try to lose their
valence electron and all as good reducing agent.

Q7. Why different colours are imported by the atoms of the group 1 metals to
the flame?

Answer
The outermost electron of group IA is ns’. This electron is loosely hold with the
nucleus.
When an element is brought 1o a flame of a bumer the clectron absorbs some energy
and goes to higher energy orbital and is called excited. This excited electron absorbs
encrgy g process of excitation Atoms of different clements absorb different
energies fore on dexitation they impart different colours to flame.

Q8. Why the elements of group 2 are called alkaline earth metals?

Anww
QA A group members are metals, their salts are found in earth and their oxides &
hydroxides alkaline in nature. Therefore they are called alkaline earth metals.
e.g CaO + H,S0, ——— CaS0O, + H;,0
Ca(OH); + H;SO = CaSO, + 2HO

Q9. Why do the group 2 earth metals have high meRting and boiling points than
alkali metals?

Answer
The alkaline carth metals have two electrons in their outermost shell whereas group 11

— A have one electron in their outermost shell. Therefore there are strong metal-metal
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bonds among group [IA. Therefore I -~ A members are harder and stranger than group
I-A members. Therefore the melting and boiling point of group [I-A members are
higher than group I - A members.

Q10. How do group 1 metals resemble with group 2 metals?

Answer
Both group 1-A and group II-A members
1) are metals.
2) are iso-electronic up to subshell. >
eg Li=3 Is’, 28 g )
Be=4 1%, 28 ) .
3) have alkaline oxides and hydroxides N
e.g Na20, MgO N \
NaOH, CaCOH, ?
4) mgnudmndumr:furhmmdemnycﬂf*lhthhhﬁnmfmuh (X
NaCl, CaCl;
Q11. How do group 1 mntlkdﬂmhmmlm&h?
Answer
Group IA Metals y Group LIA Metals
1) Their have one electron- in. their | Their atoms have two clectons in their
outermost shell. R outermost shell, :
2) They are monovalent i.e M. They are divalent i.e M
| 3) They are soft metals. They are hard metals
4) 'l‘hci melting and boiling points are | Their melting and boiling points are high.
S}Thrcmmsmﬂuhcmm Their carbonates are insoluble in water.
6) Their are stable towards | Their carbonates decompose on heating.
\ CaCO, —2— Ca0 +CO,
. ﬂ]. _"x
7) Their llydromdcs are stable towards | Their hydroxides decompose on heating.
heat Ca (OH);, —— Ca0 + H,0
“1? NaOH —— X
Q12. Discuss the metallic and non-metallic character of group 4 elements.
Answer

Metallic and Non Metallic charcter of Group IV A Elements.
M:Mnfﬁmupw A elements increase from top to bottom.
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] Non - metals
Si
Ge - semi metals
i:} - Metals
Q13. Discuss the general trends of group 7 elements.
Answer
General Group Trends of Group VIl — A Elements - .
i) Trends in physical states: 4
As attractive forces among their molecules increase from F; h{h. therefore.
FI [ \
cl, ]‘"" ' X
Br, - Liq =y
~solid- |
Trends in :
Electronegativity decrease from tﬂp to boumi:m halogen group. i.e. Decreases from F
tol.

iii) Trends in Electron Affinity.
Due to high electron density, the E.A value of E is low. And E.A value of remaining

halogens decrease from Clto |,

iv) Bond Enthalpy in halogens
Due to very small size and high electron density F atoms repell each other in F;. As a
result the bond dissociation. Energy of F; is lower than the remaining halogens B D E
of remaining halogens decrease from Cl; to |,

v) Tmn% oxidising agents
Oxidiging ability of halogens decrease from F2to I,

Fi>Ch>Br; > |;

Vi) Trends of Activity of Halogen halides
Due to strong H — bonds, the HF ionizes slightly, therefore is a weak acid. Other halo
acids ionize completely and are strong acids.
Their acidic strength increases from HF to HI
HF <HCI<HBr<HI
(weakest scid) (Strong acid)

Q14. Why the term halogen is used for group 7 elements.
Answer .
Halogen means salt forming. The elements of Group VII-A on reaction with alkali and
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(As Base)
Q8. Explain the trends in oxidation states with suitable exam ples.
Answer
Trends In Oxidation State
The ability of an tom to loose or gain the number of electrons is called its oxidation
slale,
Trends within a Period
When we move from left to right oxidation state increases from upto mid of the
periodic table ) W
Q9. Discuss the inert pair effect in the N\ g
i) Formation of ionic bonds i) Fm?fQMhomll
Answer A
Inert pair Effect and lonic Bond 4

pe
In grqund state the electronic configuration of ; [\?M elements is n’p’. When we
move down the group atomic size Mdu% of new shells. They loos p-
electrons leaving the s” pair unused this is called. pair. For example to form Pb"
ion lead will loos two 6p— electrons but the 6s ~‘electrons will be left unused as an
inert pair. Also the ionization energy decreases to form 2 + ions therefore the chances
of formation of ionic bonds increases specially in case of Sn to form Sn'’ and Pb to
form Pb"? that is whey Sn and Pb like to form ions bonds.

ii) Inner pair Effect and Covalent Bond
According to theory of relativity the behaviour elements like Sn, Pb, P1, Si difficult 1o
remove the electros due to relativistic contact on. This effects “S™ electrons more than
“P" electrons. And one electron moves from S-orbital to empty p-orbital

Electrons configuration of Pb in ground state.

T

6px 6py bpz

\' 6s
EIM configuration of Pb in exiled state =

Py o LD

6px bpy 6pz
6s

Ll
The energy is released when atoms of halogen like chlorine come to attach with tin or
lead. Therefore no extra energy is needed to promote an electron from 6s orbital to 6p-
orbital. Now these four unpaired electrons like to form covalent bonds.

Q10.Discuss in detail acid base trend of group IV-A oxides?

Answaer
Acid-base trends in grup IV-A oxides.
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Group IV-A oxides are as follows:
- Acidic
Si0,
G{{ll
SnO
PbO,
Top most oxide of group IV-A are acidic in nature. Cﬂ‘zﬂﬂdlﬂﬂl"mﬂmm
produce carbonic acid ®
CO; + HyO —— HyCO; (carbonic acid) :

Lowermost oxide of group IV-A may gave O ion which on dissolving in water
produce OH ion and behave as Lu- flood bases. ’

PbO; — Pb* 420> . INND

0% + H;0 — 20N Y

Q11. Explain in detail the trends in group VI of follawing physical properties.
i) Electronegativity i) Mmr

Answer

Trends of Eh:trowlyh group H'Il-nh
Due to increase in atomic size and increase in shielding effect the electronegativityin
group V1l-A decreases from top 10, bottom

|- e

|- i

Element EN
F 40
Cl 3.2
Br 3.0
| 25
At 22
Trends on effinity in group Vil-A

Electron effinity of F has thick value due to high charge density (thick electronic
Wm electron effinity in group VII-A decreases from Cl 1o At,

Electron effinity
-322
-349
Br =325
| -295
At =270

Q12.a) Why is the bond enthalpy of F-F less as compared to CI| - CI
and Br- Br?
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b) Explain the order F>CI> Br>l with respect to oxidizing agent or
power.
Answaer

a) Why is the bond enthalpy of F-F less as compared to Cl - Cl and Br- Br?
Due to very high clectronegeitivity of F attract the clectrons towards their nuclei with
greater force which hardly allows the electrons to be shared to form a covalent bond.

Small amount of supply of energy increases the Kinetic energy of atom and break the
bond between atoms.

In cmnl’(‘.l:mﬂMMWl?WCIﬂd&mﬂMHﬂmlb‘
-llowm;mmm.mmrmmmmmmmchm Br,

exist stable gaseous molecules.
The order F>Cl> Br>1 with respect to ouﬁdhll’uht
The electronegativityorder of halogen is; ,

i) Element F> Cl> Br> 1 -y

Electronegetivity 4.05, 3.2>, 3.0>, 2.5 f

Due 1o highest value of electronegativityF imay sitract and lake the electron from a
substance and oxidize with more force as the order of electronegativitydecreases
towards | therefore oxidizing power tuwud_t also decreases.

Q13.a) Why is flourine much stronger oxidizing agent than chlorine?
b) HCI is strong acid as compared to HF. Why?
Answer
a) Why is flourine much stronger oxidizing agent than chlorine?
The electronegativityof F is 4.0 which is maximum in periodic table due to its high
electonegitivity it may take an clectrons from a sub stance to complete its octate
whereas Cl has somewhat lower electronegativityand has low oxidizing power.

b) HClis g acid as compared to HF. Why?
Due y high electronegativity F, the molecule HF is highly polar.
There are strong hydrogen bonds between HF molecules.
- & 6— 6—

Q o e /

H
5+ 5+ Er+

As a result the power of HF to release proton is decrencs, As a result HF behaves as
weaker acid than HC! which is completely ionized on dissolving in water.
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0

Gﬂ:h:?thlnnmqmdthHMofmmmwdkonMeb
[4
Answer ]
Tbemﬂu:ﬂuundnhwndmﬁ(ﬂ:pum}muhw’l melting and
hillnlpmnhmunmofwunadﬂhhﬂﬁem operating in 3
dimensions.

The attractive hmhmdunmdesofﬂmﬂmﬂmdduinwﬂlh
van der waals dispersion and dipole dipole interaction. y in size depending on
the size shape and polarity of the various molecules but will always be much weaker
than the ionic on covalent bonds need to break in a giant structure,

Q15: Write down the reaction of sodium oxide [un.'o; with acids and H,0.
Anywer

Sodlumnnde(ﬂmmulumpltm}rbﬁcm It is basic because it contains
the oxide ion, O™ Muwmbﬂmﬂnhﬁmﬁmylnwnhlmmd:

-

hydrogen ions.

Rex with H,O :

Na;O reacts r.xwm'miully will cold H;O produce sodium hydroxide solution.
Na;O + H;O ——— 2Na;OH

Rex with acids

Na;O + 2HC| —— 2NaCl + H,0

Q16: Write d?n the reaction of Magnesium Oxide (MgO) with H,0 and acids.

Answer
MgO s basic oxide because it also it also contain oxide ions. In Magnesium

mmﬁuﬂumwnmbet\m2+w2 it takes more energy to break these.

with H,0
jrourih.lk: some write magnesium oxide with H;O it doesn’t look as if it reacts. If
you test the PH of the liquid, you find that it is somewhere around PH 9. The must be
some lllght rex with H;O to pmdmc hydroxide ions in solution. Some Mg (OH), is
formed in the reaction, but this is almost insoluble and so not many hydroxide ion

actually get into solution.

Rex with acid ‘
MgO react with acid to form Mg Cl, solution.

MgO + 2HCl —— MgCh + H;0
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Q17:Write down the reaction of phosphorus (V) oxide (PO, with H,0 and
L]
Answer
Pbos?homs (V) oxide reacts violently with H;O to give a solution containing a mixtuire
of acids, the nature of which depends on the conditions, use usually ust consider one
of these, phosphoric acid H,PO, (also known just as phosphoric acid or as
orthophospheric acid).
P.0,; + 6H,0 4H,PO,—— 4H,PO,
0 .
I N

HO __ P =— OH ) 4
| N\

OH s
A
Reactions with Base <
NaOH + HyPO, ——» NiHsPO, 2¥,0
2NaOH + HyPO, —— Ny HPO, +2H,0
INaOH + H,PO, —— Ny HPO, + 3H,O
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 ridiculers, and, so will only give one example out of the possible
equations.
12NaOH +P,0y —— 4Na,PO, + 6H;0
Q18: Write down the reaction of sulphur dioxides (50,) with H,0 and base?
Answer
Reaction with H,0
Sulphur dioxide is fairly soluble in H;O reacting which it to give a solution of sulphurs
acid |

B 5{}7"'“70——5“1501

with Base
(| it is acidic so it reacts with NaOH and CAO as follows.
SO, + 2NaOH » Na;SO, + H,0

Ca + SO, —— CaS0O,

Q19: Write down the reaction of sulphur trioxide with Base?

Answer
Sulphur trioxide reacts violently with H,O to produce a fog of concentrated sulphuric

acid dioplets.

SO, + Hzo--—-——'l H;SU;
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Rex with Base
ZNaOH # H,S0; —— Na2S0, + 2H,;0
Sulphur trioxide itself will also reacts directly will bases to form sulphates. e.g. it. will
react with CaO to form calcium sulphates.
Ca0 + SO,——— CaSO,

Q20: Write down the reaction of chlorine oxides (C1,0) with H,0 and Base.
Chlnl:im forms several oxides but the only two are chiorine (VII) oxide ClyO; and
chlorine (1) oxide, Cl;0, and chlorine (1) oxide, ChO. Chlorine VII) oxide is also
known is dichlorine heptoxide and chlorine (1) oxide as dichlorine monoxide.
Chlorine (VIi) oxide 3
Chlorine (V1I) oxide is the highest oxide of chlorine the ‘ghlorine is in its maximum
oxidation state of +7. It continues the trend of the highest Oxides of the eriod 3
elements towards being stronger acids. (- Is
Reaction with H,0 8
Chlorine (VII) oxide reacts with H20 1o give the very strong acid chloric (VII) acid
also known as perchloric acid. The PH of typical solution will sulphuric acid. The PH
of typical solution will sulpohuric acidbe Il‘l)} 0.

ChO, +#30 s 2HCIO,
Reaction with Base _
Chloric (V1I) acid reacts with NaOH solution to form a solution of sodium chlorate
(Vi)
NaOH + HCIOy —— NaClO, + H;0
Chlorine (V1) oxide itself also react with sodium hydroxide solution to give the same

product.
INaOH + Cl;0; —— 2NaClO, + H;O

021:WIK the reaction of chlorine (1) oxide with Base?

Answer
Chlorine (1) oxide is for less acidic than chlorine (VII) oxide. It reacts with water to

same extent to give chloric (1) acid, HOCI also known as hypochloeous acid.
o~ CLO + HyO == 2HOCI

Reaction with Base
Chloric (1) acid reacts with sodium hydroxide solution to give a selection of sodium

chlorate (1) (sodium hypochirite).
NaOH + HOC| —— NaOCl + H,0

Chlorine (1) oxide also reacts directly with sodium hydroxide to give the same product.
2NaOH + Cl;0 ——— 2NaOCl + HO
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Q22: Give a detail note on sodium chloride NaCl.
Answer

Sodium Chloride is a simple ionic compound consisting of a gaint arrays of sodium
and chloride ions.

The strong attractions between the positive and negative ion need a lot of heat energy
to break, and so sodium chloride has high melting and boiling points.

If doesn’t conduce electricity 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 Elltllolzlil-

Sodium chloride simply dissolves in H;O to give a neutral solution.
Q23: Give a electric note on Magnesium chloride MgCl,. .
™~

Answer \
Magnesium chloride is also ionic, but with a more WWW of the ions
to allow for having twice as many chloride jons as magnesiumions.

Again, lots of heat energy is needed to mm-h-,eﬁau between the ions, and
50 the meiting and boiling points are again hygh. =

Solid magnesium chloride is a non conductor of electricity because the ions are’nt free
to move. Ilmiuﬁuumaclmwhighhmmﬁnm melting.
MEgCl; dissolves in H;O to give a faintly acidic solution (PH = approximately 6). When
magnesium ions are broken off the solid lantice and go into solution, there is enough
action between the 2+ ions and the water molecules to get co-ordinate bonds formed
between the magnesium ions Fd lone pairs on swrounding H,O molecules.

Hexaquamangnesium ions are formed [ME(H 10), ]h
MgCh + 6H:0 ~—=» [Mg(H,0), ] + 2CI" ions are acidic.

Q24: Give a detail note on Aluminium chloride AICI,.

Answer
At room perature, solid aluminium chloride has an ionic lattice with a lot of

:uvm ter.
At tempesature around 180 - 190°C (depending on the pressure aluminium chloride

to a molecular form AlCls. This causes it to melt or vaporise because there
B & only comparatively weak inter molecular attractions. As the temperature

a bit more, it increasingly breaks up into simple AICI; molecules.
Solid aluminium chloride doesn't conduct electricity at room temperature because the
ion are not free to move.
Molten aluminium chloride doesn’t conduct electricity because there are not any ions

any more.
The aluminium chloride react with H,O ratio than just dissolving in it. In the first
existence, hexaaquaaluminium ions are formed together with chloride ions.

AICI 6H;0 —— [AI(H,0), "+ 3Cr°
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Q25: Write down the details note on silicon tetrachloride SiCl,.

Answaer

SiCly i1s a simple covalent chloride between the silicon and the chlorine for the two to
form ionic bonds.

Silicon tetrachloride is a colourless liquid at room temperature which fumes in moist
air. The only attractions between the molecules are van der waals dispersion forces,

It doesn’t conduct electricity because of the lake of ions mobile electrons.

It fumes in moist air because it least with H;O in the air to produce hydrogen chloride.
If you add H20 to silicon tetrachloride there is a violent mum ta produce silicon
dioxide and fumes of hydrogen chloride. 4
luahnmoffhﬁ&ehy&um:hhﬂﬁﬂdmwwmmwl
strongly acidic solution containing hydchloride acid.

SICl, + 2H,0 —— Si0; +4HCl .,

Qze: wmmunnuﬁonofphmpmmm‘uﬁn,o

Answer

There are two phosphorus chlorides plw:phorm\(lll}’ﬂluride. Pcly and phosphorus (V)
chloride Pcls. Phosphorus (111) chloride (phosphorus trichlorde ) Pel;.
This is simple covalent chloride-again a fuming quul al room temperature,
Phosphorus (111) chloride react violently with H;O.
PCly + 3H,0 ——» H,POy + JHCI

Phosphorus (V) chloride (Phosphorus pentachloride) PCl;.
Phosphorus (V) chloride is a white solid which sublimes at 163°C. The higher the

temperatue goes above that, the more the phosphorus (V) chloride dissociate to give
phuphons (111 chlgrideand chirine.
PCly === PCl, + Cl

Salul (V) chloride contain ions that is a solid at room temperature. The
ons nmlmulr.s two molecules of PCl,.
Mp& hloride has a violent reaction will H;O producing fumes of hydrogen

chloride. «
with the other covalent chlorides, if there is enough H;0 present, these mll dissolve
~ b‘ a solution containing hydrochloric acid.
PCly + H;0 — POCI; + 2HCI

If H;O is boiling, the phosphorus (V) chioride reacts further to give phosphorus (V)
acid and more HCI. Phosphoric (V) acid is also known just as phosphoric acid or as
ortho phosphoric acid.

POC), + 3H,0 — H,PO, + 3HCI
The overall equation in boiling HyO is just a combination of these.

PCls + 4H0 — HyPO, + SHCI
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Q27: Write down the formula of following: o
;3 Ortho silicic acid 2) Phospheric acid
) Sulphuric acid
4) Chloric acid
Orthosilicic acid.
OH

OH
Phospheric acid
R
o Yy
) -
HO — P AN OH
I
"OH
Sulphuric acid
0
[
B, — § — OH
Il
0
Chbn’c-?d
A\ 0
'\ 0
\ HO: o 01 eIl
< n
0
Q28: Aluminium hydronuclie is amphoteric. Justify it.
Angwar

Aluminium hydroxide is amphoteric like Na and Magnesium hydroxides, it will least

will acids. This is showing the basic side of its nature.

With dilute hydrochloric acid, a colourless solution of aluminium chloride is formed.
Al (OH); + 3HCl —— AICl; + 3H,0

But aluminium hydroxide also has an acidic side to its nature. It will react with sodium


https://www.perfect24u.com/
https://www.perfect24u.com/
https://www.perfect24u.com/

More Notes, Books Visit Now: www.perfect24u.com

hydroxide solution to give a colourless solution of sodium tetrahydro aluminate.
Al (OH)y + NaOH ——— NaAl + (OH);

E:B:why atomic Radii increases as we move from Li to caesium?

swar "
iﬁs we move from lithium to caesium an extra shell of electrons of an extra shelt
increases there in an in increases of atomic and ionic radii (of M” cons) as we move
from lithium to caesium.

Eau Define ionization energy and why Alkali metals have low ioinizaton energy?
nswer
Flﬁﬁlm“nulhwmhmﬂnmhudjhﬂem
fmmuﬂufmmhofmmummﬂemmleof@ydwﬂdm
ions, in other words for | mole of this process. \ -
“{g] —p X' ¢
A:youuudown the graph ionization energy falls, Alkali have only one electron
in their outermost shell (ns! electron). The nsl electron’is so weekly held with the
nucleus that it can be removed very easily. anﬂsmmmm“mhq

energies,
As the distance nsl electron from the nugleus mﬂnmmmvh.ﬁ-unumc:m
removal becomes more and more as are proceed from Li to Cs i.c the amount of

energy used in the removal of nsl mmmmcﬂ:ofmmnfﬂhh
metals go on decreasing from Li to Cs.

The second ionisation mﬁ“ fairly high, since the loss of the second electron
from M cation which has a'noble gas configuration is quite difficult.

Q31: Define electronegativity. And write down its trend in alkali metals.
Answer
Electronegativity is a measure of the tendency of an atom to attract a bonding pair of
electrons. In alkali metals to the outer electron of the atom of alkali metals is loosely
held with nucleus and hence Tt can be easily excited to the higher energy levels
even by a small amount of heat energy. During the excitation process the electron
ab : energy and when this excited electron comes back to its original positian,
it gives out absorbed energy in the form of light in visible region of the
electromagnetic. Since the amount of energy ablorbed during the excitatoin process is
in different atoms, different colours are impacted by the atom to the flame.
property of alkali metal to give colouration in the bum flame has been used 10
detect their presence in salts by a test, known as flame test.

Q32: Why the melting and boiling point of group 1 elements go down the group?
Answer
The melting and boiling points are very low because of the presence of weak inner
atomic bonds in the solid state of the alkali metals. These bonds are due to their atomic
radii and mainly due to their electronic configuration having a single valance electrons
are compared to large number of available vacant orbital.

As the size of the metal atoms increases the repulsion of non bonding electrons
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decreases the melting and boiling points of alkali metals when we move from Li to Cs.

Q33:The densities of alkali metal are low, why?

Angwer '
The densities of alkali metals are low due to large atomic volumes Li, Na, and K are"
highter than H,0. The densities increase with the increases in atomic from Li 1o Cs
indicating the greater atomic with more than compensates for the bigger size of the

T.Ki:hmmliﬂtmhmﬂﬂism:mu: increase in atomic size
of K.
Qﬂ:mdmﬂnm#ﬂrﬂmﬁﬁnﬂdwﬂu"mn

Alkali metal lead with O, OI air rapidly and thus trainshed due to the formation of their
nnﬁewunﬁmdmhﬁnhltisfwﬂﬁmﬁp- i metals are stored in
kerosene or paraffin oil. AN
4Li +0;—— L0 0,
Na when burnt in O, from sodium peroxide NayOy.
2Na + 0; —— NgyOy ©
Other alkali metal react with O2 to from space oxide of MO; type.
M+ 0;— MO,
Normal oxides of alkali metals other than that of Li (Li yO) are not formed by the direct
reaction b/w the metals and O2 they formed by indirect methods by producing
peroxides, nitrates, nitrate with metals itself.
2NajO; + 4Na —— 4Na;,0
2Na,0; + 6Na ——» 4Na;,0 + N,
2N§;0, + 10Na ——» 6Na;O + N, ¢
Normal oxide react with H;O to form hydroxides by proton exchange.
\ [ v
\ 0, - *T:O: e OH + ‘%H
-

peroxides (04'") and superoxides (0;'") are strong oxidising agent and react with
0, + 2H;0; + H,0; + 2H,0,
2[0-0]+2H,0—— H;0; + O;

Q35: er.tl down effect of Nitrates, carbonates and hydrogen carbonates.

Answer
Group | compounds are non stable (o heat than the corresponding compounds in group
2. Li compound behave similarly to group 2 compounds but the rest of group | are in
same way difference.
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Nature of carbonates, bicarbonates and Nitrates
The carbonates (M;CO;) and bicarbonates (MHCO) an highly stable to heat with
increase of electropositive character from Li to Cs, the ability of these salts increases.

' Their nitrates decomposes a strong heating 1o the corresponding nitrate and O;.
2NaNQy —— 2NaNO, + Oy

Q3e6: f:;ptlia':in; the trend in terms of the polarising ability of the positive ion.
Answer
When alkali metal cations approach near an anion attracts most electron of
ﬂwnmnndrqnhﬂumnl&:uhmmudiwdpohwﬁ ﬂnumnuﬂu
place. mlﬁmhnmﬂimgdmmmwb‘
bond between the cations and anion becomes partly mmm
the smaller cations polarise the anions more effectively one. Therefore, the
lﬁhmnh:m:ﬁwlymlhmwhmhmuhhmﬂlﬂummm

Q37: mﬂ-mummm-muyofmm&autummmm
Unumﬂumhuhmuudmmhmhmw.mt
known as flame test? Justify.

Answer
Fl:m:mmuﬂmmm:fythmﬂlmtﬁwmﬂmimm ions
in & compound,

We have seen that outer electron of atom of alkali metals is loosely hold will nucleus
and hence it can be easily excited 1o the higher energy links even by a small amount of
heat energy. During the excitation process the electron absorbs some energy and under
this excited electron comes back to its original position, it guess out absorbed energy in
the form of light in visible region of the electromagnetic spectrum and hence the celour
is imparted by the atoms to the flame. Since the amount of energy absorbed to the
flame. The property of alkali metals to give coloration in the Bunsen flame has been
used to detect their presence in salts by a test known as flame test.

Q38:A metals have higher nuclear charge which tends to draw the
orbit electrons towards the nucleus?

Answer e
Because of the addition of an extra shell of electrons to each clements from Be to Ra,

& atomic volume increases from Be to Ra. With the increase of atomic volume the
atomic and ionic radii (of M™* ions) also increases from Be to Ra. The stomic radii of
these elements are however smaller than those of alkali metals have higher nuclear
charge which tends to draw the electrons towards the nucleus. The smaller values of
atomic radii result in that the alkaline carth metals are harder, have higher densities and
higher melting points than alkali metals.

Q39: Mg (OH), is weakly basic while Be (OH), is the amphoteric why?

Answer
Be (OH), is not all basic infant it is amphoteric since it react with acids 1o from sals
and with alkalies 1o give beryllates.
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Be (OH); + 2HCl — BeCl, + 2H,0
Be (OH); + 2NaOH ———» Na;BeO; + 2H,;0

The hydroxides or other metals are basic character. Their basic character increase on
moving down the group. Thus Mg (OH) is weekly basic while Be (OH); Be (OH); is
the amphoteric. The increase in basic character of the hydroxides on moving down the
group is due to the fact that will the increase in size of M’ cation both the polarity of
M- OH bond and the intemuclear distance between oxygen of OH ion and the metals
atom increase. MlmﬁﬂﬁlhthmimiﬂjonnfM{OH};mdhﬁﬂbuk
character increases.

Due 10 high polarising power of small Be’* in k(ﬂﬂhnm_nl*h in H,0
while the hydroxides of other metals are slightly soluble. mwaaymuuon

mwmﬁmhwpumwhmmﬂcdwtlwm&
these hydroxides. A\ \

Q40: Dlswumeaﬂedsafhutmmemzm'f

Answer
All the numumlhummdlgodl:muldmmm to give the metal oxide
nitrogen dioxide and oxygen.
The mixtures are while solids, lndﬂwondcsm“ﬂ:onﬁh solids. Brown
nitrogen dioxide gas is given off sogether with oxygen, Magnesium and calcium
nitrates normally have water of crystallization and the solid may dissolve in its over
H20 of crysullinlimtomﬁllgm Skelton before its starts to decompose.

hgqo,h.’__.zno-b-mo,-ro,

As go down the group mixtures also have to be heated more strongly before they will
decompose.

Q41: How Beryllium differ from Members of its family?

Answer
Be the first element of the group differs from rest of alkaline earth metals due to its

small ic size and comparatively high electronegativity.
and Melting and boiling point
Be is hardest by all the element of its group and their melting and boiling point are also

N t:mm of Covalent Bond

Be has a tendency to form covalent compounds. Thus when its react with other
elements the clectronegativity difference is layer and the bond is therefore
covalent.

Reaction with H,0
Be does not react with H;O even at high ummmmhwalhlmwﬂtmnl
decompose water librating H, gas.

Mg + H;O—— MgO + H,
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Rex with alkalis
Be react with alkalis to form hydrogen

Be + 2NaOH ———» Na; BeO; + H;

Behaviour of oxides and hydroxides
Trf.;n:::s and hydroxides of Be are amphoteric dissolve in both acid and alkalis to

Be O + H;SOy —— BesO, + H;O

Q42: Write down the number of molecules of H,0 of crystallization of Be'*,
.HI'UPII' ’
The salts of Be™* ion cannot have more than four molecules of HyO of erystallisation
while other alkaline earth melts have more than four molecules of H;O of
crystallisation. This is explained as follow. In case of Be® ion there are only four

orbitals (namely one orbitals can accept lone pairs of el slenobed by 0 - atoms
on cach of the H;O molecules are as. e

e

E

v
Valance shell electronic configuration 28 2P
of Be atom = 25, 2P° w1,

p

Valance shell configuration of Be*’ )
(2S°, 2P°) iy, | '
Attachment of 4H;0 molecules with [xx |, [xx |xx {;:_I
Be™* ion *

H,0 H, 0 H;0 H;0
Other alkaline earth metals like Mg can ___ their coordinate ion no to six by using
one their most shells.

Q43:The and boiling pointing C to Pb are gradually decreases down the

group. Why?
Answer : |
move down the group from ¢ to Pb the melting point as well as boiling points

ly decreases, although the decrease is not in a regular order. This decrease in
melting points as well as in boiling point indicates that inter-atomic forces also
decreases in the same direction. The melting and boiling point of ¢ and Si are notably
high because of the tendencies of these elements to form giant molecules. The low
value for tin's melting point compared with lcad is presumably due to forming a
distorled 12 co — ordinate structure rather than a pore one.

Q44: Carbon and silicon doesn’t conduct electricity.

Answer
Carbon as diamond doesn’t conduct electricity. In diamond the electrons are all tightly

:-A“».
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bond and not free to move,

Unlike diamond (which doesn’t conduct electricity) silicon, germanican and grey tin
are semiconductor.

White tin and lead are normal conductors of electricity. There is clear trend from the
typically non metallic conductivity behaviour of carbon as diamond, and the typically
metallic behaviour of white tin and lead.

Q45: Electronegativity or ionization energy decreases of moving down type group
from ¢ to Pb. Why?

Answer ;
Carbon is the most electronegative element of this sub group and the ivities
decreases with like of atomic no but not a regular manner. This is probably due to the
filling of the d orbitals in case of Ge and S, and f orbitals in case of Pb.
The ionisation energy values decrease on moving down the group from ¢ to Pb
although the decreases does not occur in a regular order” The irregulating in the
decreases of those values is due to the filling of interviewing d — orbitals in case of Ge
and S, and f - orbitals in case of Pb which are not able 1o seen the valance electrans
effectively in elements. -

Q46: Carbon and silicon show +4 oxidation state while occurrence of +2 and +4
oxidations states in case of Ge, Sn and P8. Explain.

Anywer
Carbon and silicon show + 4 oxidation state while occurance of + 2 and +4 oxidation

states in case of Ge, Sn and Pb are when only two np electomns from the ns'P?
configuration are lost. The element in +2 oxidation states remain infect and hence are
not lost in the formation'of M*" cations. This pair of ns’ electrons is called inter pair of
electrons. Since thr.m the stability of +2 oxidation state also increases from Ge’* to
Pb™ ie. Ge2+ < Sn" <Pb”.

When all four ns’P’ electrons are lost we get the elements in +4 oxidation state i.e. M**
cations are formed. On decreasing the group stability of 44 oxidations state decreases
i.e. the stability of M"' cations decreases from Ge** 1o Pb". i.c. Ge** >Sn** >Pb*,

Q47:The di} moment of CO, and explain it?
e

Answer
The dipole moment of CO; is zero. Therefore it is a linear molecule.

- —
O=C=0

Q48: Draw and explain the structure of $iO,.

Answer
It is a macro molecular compounds in which silicon and oxygen atoms are linked

together covalently in tetrahedral basic unit.

In crystablite, these unit are joined as in diamond, circle in qwartz and tridymite they
are arranged spirally around an axis. Because of its structure of SiO; is non volatile and
hard unlike CO. Triatomic molecules of SiO, and CO,, carbon and silicon are similar

-

P
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in having.
1) 4 valence electron
2) 4 covalent bond formation
But they show a lot of difference in their physical properties. It is due to the fact that.
1) Silicon atoms are much layer is size than ¢ atoms and thus tend to be surrounded by
more oxygen atoms.
2) Silicon from only single bond with oxygen atom while carbon forms double bonds.
0 0 0

/|\o/i\o/| x
/|\ /I\D/T* \

0 O
Simhbcmdwfuwmmnmmn:w;’m%nhMmh

formation of SiO; crystal. The simplest formula for silica is SiO;.

Q49: Write dnwnthhnd:nfehdrmzﬂiﬁofHMmandalﬂﬂ:ﬂﬂ
electron of finally.

Answer &
Halogens have high values of electronegativity in the group. These value decreases as
the proceed from F to I in the group. Large electrmetivities values of halogen atom
indicates that x atoms have a strongly tendency to form x ions. Electronaffinity values
decreases from Cl o 1.

Q50: Define bond enthalpies and also explain the bond enthalpies in halogens?

Answer
Bond entholpyh is the heat needed to break one mole of a covalent Bond to produce

indivi atoms, stating from the original substance in the gas state, and ending with

gaseous Y

The bondheathalpies of the CI~Cl, Br - Br and I-1 bonds fall just as you would expect,

but the F' - F bond is deviated from the sequence. This is because duet to very small

‘bond length very large as compared to other x~ x bond lengths. This makes the F

& in F, molecules repel each other and helps the dissociation of F; molecules into

factors.

X - X bonds in Cl;, Br; and 1; molecules is stronger than F-F bond in F; molecule.

This is due to the possibility of the existence of multiple bond in x ~ x bonds involving

d - orbitals.

Q51: HF is the weakest acid. Why?

Answer
HF ionises only slightly while HCI, HBr, and Hl ionise completely. Hence HF is the
weakest acid and strength of these acids increases from HF to HI

-
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1.e. HF (weakest acid) <HCI<HBr <Hl.

The weakest acidic nature of HF is due to the fact that the dissociation energy of H-F
bonds is HF molecule is the highest and hence this molecule has least tendency to splits
up into H™ and F ion in aqueous selection.

Q52: Define open Hearth process.

Answer
A fie furnace is used to remove the impurities of metals. It is lined inside with fire
bucks 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 opposite ends
after an interval. Metals melts in a shorter times by this two way heati 2

Q53 :Write down the application of bleaching powder. '\_

Answer \
Bleaching powder is actually a mixture of calcium hm&h; (Ca(OCl),) and the
basic chloride CaCly, H;O will some stalked lime Ca(( pe

Bleaching powder is used for the disinfection of drinking H;O or swimming pools

H;0. ltilusudnluniﬁwhnmm&gmﬁinmhiuﬁmwhhumuﬁc

acid stabilizer which reduces the loos of chlorine due fo ultraviolet radiation.

The calcium content hardness the H;O and tends to' clog up some filters hence some

produce containing calcium antiscaling agents. |

Bleaching powder is used for bleaching cloth and limen. It is also used in bathroom,

cleaners, household disinfmhutkm mors and algae removers and cured/ .

In addition bleaching powder m’q be used to manufacture chlocoform. Bleaching

powder is used also in_sugar industry for bleaching sugar cane juice before its

crystallization.

Q54: Define Goiter?

Answer
The term goiter refers to the abnormal enlargement of thyroid gland due to deficiency
of iodine ifi diet. It results in swelling in neck. It is important 1o know that the presence
of goite not necessarily mean that the thyroid gland is malfunctioning
hypothra A goiter can also occur in a gland that is producing too much thyroid
harmone. (hyperthyroidism) or even the current amount of hormone (euthyroidism)
mmm‘unmdiﬁmpml which is carrying the thyroid to grow

e, ly.

Q55: Define fluoride deficiency and toxicity?
Answer

Fluoride Toxicity

Fluoride 1oxicity or fluoride poisoning is a condition in which more fluoride is taken
than the amount required for normal growth development and metabolism. Fluoride
toxicity is characterized by a variety of signs and symptoms poisoning most commonly
occurs following ingestion of conspicuous amount of fluoride entraining products,
Symptoms or set usually occurs within minutes of exposure. Fluoride is formed in
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many common household products toothpaste, insecticides etc.

Fluoride deficiency

Fluoride deficiency result when the amount of its up taken is less than required.

Fluoride deficiency results in Brittle bones or demineralization of bones. Fluoride

deficiency can lead to a higher likehood of developing bone fractures and possibly

even steoporesis.

We can combine these two half equations to give the overall reaction as follows:
H;S0, + 2H' + 2BR™ —— BR; +50; + 2H;0

Q56. What happen when Hl is added to conc. H,50,7? %
Answer #
lodide ions are stronger reducing agents they are oxidized to [; to 12 by the conc.

-

H;S0,. (21= ' ——s I + 2¢").
The reduction of the sulphuric acid is more complicated than before. The iodide ions
are powerful enough reducing agents to reduce ito y
This reduction takes place in following steps. . L
i) First to sulphur dioxide (oxidalation state of § = +4),
i) Then to sulphur itself (oxidation state of $=0). .
iii) Then formation of H2S (oxidation state of S = = 2).
The most important of this mixture 6f reduction products is probably the H;S. The half-
reaction for its formation is:
H;SG;;‘H%_I:‘—- H;S + 4H,;0
On combing these text two half equations
H;.SUJEH‘HI' — 4l + st * 4”;0

Quick Quiz
Q57. Hli is stronger acid then HF why?
Answer
Due high electronegativity of F (EN = 4). HF is highly polar molecule. Due to
this trong hydrogen bonds are formed ammg H-F molecules.
3 FEE -
- v a+b/li/Fl/ | H
&+ &6+ b+

On the other hand I° is @ large sized atom which can exist more freely. So HI releases
more hydrogen ions. That is why HI is stronger acid then HF,

Q58. Although hydrogen bonding in HF is stranger than in H,0 but H,0 has much
higher boiling point then that of H,0, Why?

Answer
HF molecule may form one hydrogen bond whereas one H20 molecule may form two
H-bonds.
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H
|
8- g- %- &+H -0
: &+
. H-{s H-O
o+ b+ H H

That is why boiling point of H;0 (100°C) is higher than that of HF (98°C).

Q59.The acidic character of hydrides of group VII-A elements increases on
descending the group,Why? .
Answaer Y .
Atomic sizes of halogeins increase from F 1o | in group VII-A as a I;ltlbltuyof
;TanMM':Wmﬁmofhhuﬂhm ion increases,

HF 1o HI.

Q60. lllustrate the oxidizing properties nfhducmhfﬂ%mnhiﬁﬂm
typical reactions. { ",

A substance which as high electronegativity and ability 10 accept one or more electrons
is said 1o slnwcmdmng property. Alsa the electron affinity values of halogens are
high. But the electron affinity decrease 'lmm F.to 1. So the oxidizing power of
halogens, also decrease from F to |,

Upper halogen in group VII-A ﬁuhphu! lower halogen that is F; may displace
lower halogen that is F,myduph«.cr ions then Ct; may displace Br™' ions from
their solution.
i+ 2T 2F Cl,
Cl; +Br' — 2C1 - Bn
Q61. Give reason
i) F is better oxidizing agent then Cl
ii) Electronegativity of halogens decreases in the order F>Ci>Br>|
Answer (i) \l

ighest electronegativity (EN = 4) whereas Cl has elecronegativity (EN =
imme:mtlhtlmswnhmfmwmmm

substance more than that of CI.
An i
" Atomic sizes of halogens increase from F to | due to increase in number of shells from
Ftol As a result pull of nucleus to attract the shared pair of electrons decreases from F

to I.
F > Cl > Br > |
F > Cl > Br > I
E N=Value =40 32 3.0 2.5
Q62. Give different steps to obtain iron from its ores.
Answer

Iron has the following ores:
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Manetite Fe,0,
Haematite Fe; O,
Limonite Fe;0,. 3H,0

Iron is mostly obtained from magnetite and hematite.
Steps to extract metal from their ores:

1) Removal of gangue or matrix:
In this step useless material from ores is removed manually or mechanically.

ii) Crushing .
In this step large pieces are broken down in to small pieces with the crushers.
iii) Grinding :

Teema Ball mill is oftenly used to grind the ores without Ewm

iv) Copcentration (Magnetic concentration of Iron) =~ *
Different methods are used to concentrate the ore before sending to fumace. In case of

iron magnetic separation method is used. 5
In this method powdered iron ore is passed over a magnetic pulley using rubber conve

belts. :
’ ’i\rn Owe
M agnetic nlry\. ‘
Uumnge ““i wbber
M::r'm comveye ble
Metal
Cnhacenirehe
Vi) Refining ©f metals (Open hearth Process)
In this-process metal is heated is a fire bricks linening fumace. Hot air is through the
molten | which oxidized paned and remove the impurities on the top of molien

metal o skimed off.
Qﬁa.'?h-t is bleaching powder? Give its common applications.
Answer

Bleaching powder is a mixture of calcium hypo chloride and calcium chloride
Ca(0C1), CaCl,, with some slaked lime (Ca(OH),).

Application of bleaching powder

i) Removal of stains |
Bleaching powder is used to remove stain from clothe and different materials to
climinate mildew and other stubbom stains.

ii) To Disinfect and sterilize the baby toys and other home applications.
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i) Removal of weeds, moss and algae from gardens and walk ways.
iv) Bleaching powder is used to keep freshness of cut flowers by adding it to the solutions
in which flowers are placed as it kills bacteria.
v) Disinfection of drinking water and swimming pool water.
vi) Bleaching of sugar in sugar industry.
Q#64. Give different uses of halogens.

Answer
i) Manufacturing Teflon: (Polytetra flowroethlene) i.c.
R oe/F \
F/~ \F

Teflon is used to store HF and other acids which corrode Is.
Fhmineiunudinmuﬁunol'umimndw . Separation UF; is
manufactured to separate 'L and **°U ?”

UFy + F]“_-,——Fw\ ‘)‘

Q65. Write notes an toxicity of fluorides and deficiency of fluorides.
Answer
Flouride Toxicity N
Flouride toxicity or fluoride poisoning is a condition is which more fluoride is takes
than the amount required for normal growth, development an metabolism. Flouride
toxicity is characterized by a4 variety of signs and sympioms. Poisoning most
commonly occurs following ingestion of conspicuous amount of flouride entraining
products symptoms or set usually occurs within mixtures of exposure. Flouride is
found in many common household products e.g. toothpaste, dietary supplementary
insecticides rodenticide etc. fluoride toxicity results.
1) Arthnit
2) Stiff painful joints with or wistful swelling.
3) Asthma, ially after showering. .
4) Pain lumps where tendons and ligaments attach to bones.

Q65. What problems are caused in human body by deficiency of lodine?

An
P human body cannot synthesize iodine so it is an essential element. The deficiency

.y jodine in human body leads to a disease goiter.

Goiter
The term goiter refers to abnormal enlargement of thyroid glands due to deficiency of
iodine in diet. It results in swelling in neck. The presence of goiter does not means that
the thyroid gland is malfunctioning (hypothyroidism): A goiter can also occur in a
gland that is producing too much thyroid ramones (hyperthyroidism).

I-A I1-A Hi-A IV-A

+| +2 +1.5 2+ 4+.6
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Trends within a Group

The oxidation state of group |-A and II-A elements is fixed. But in P-block when we
move from top to bottom the atomic size increases as a result the ability of atoms to
loose electrons also increases.

For example in group IV-A
C and Si show +4 oxidatin state. In case of Ge, Sn and Tb only two nP electrons from
the ns’P* configuration are lost. We get the elements in +2 oxidatin sates remain inert
and hence are not lost in the formation of M™* cations. This pair of ns’ electrons is
uﬂdhmﬁrufmmw:wmmhilhynfﬂuﬁmmm
increases from Ge™* 1o Pb™* i.e Ge** < Sn** < Pb™". e &%
When all the foru ns’P electrons are lost we get the clement in +4 oxidation state, i.c.
M" cations are formed. On descending the group stability of +4 oxidation state
decreases i.c the stability of Md+ cations decreases from | Pb* ie. Ge*' > Sn" >
M. A
: &

Compounds of Ge®* are less stable than those of Ge' hence the compounds of
Ge®* are readily charged oxidised into those of Ge*'act as strong reducing agents while
those of Ge'* act as oxidising agents. R

Ge™ Compounds — Ge'! compounds

(Less siable) mrll}

Reducing agent agent
Dnsimih:q,mumhimbu;bumﬂﬂﬂﬂmmuﬂof&"ﬂhmm

those of Sn*" into those of Sn'". In other words, compounds of Sn’* act as strong
reducing agents while those of Sn** act as oxidising agents.

Sn'“Compounds — Sn** compounds
(Less stable) (More stable)
Reducing agent oxidising agent

When we compare the stability of the compounds of Pb** and Pb" jons, we find that

Pb** than those of Pb** (PbCl,) and hence the compounds of Pb* are readily charged
{mﬁ%n those of Pb™". In other words compounds of Pb** act as strong oxidising
nis

age those of Pb™* act as reducing agents.
- Pb** Compounds —» Pb** compounds

(Less siable) (More suable)
AY‘ Reducing ageni oxidising agent
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