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Some Basic Concepts of Chemistry

Chapter Contents INTRODUCTION

All developmentis in chemisiry are based on scientific approach.

*  Introduction

= Maiter A scientist s always very keen to perform experiments, make
+ Elamant observations and draw inferences from the observations. In order
*  Compound to achieve correct results, he has to rely upon the various skills
«  Mixture connected with the measurements.

«  Afom

Chemisiry is the science of molecules and their transformations

+  Uncertainty in Measurement
v which deals with the study of matter. its composition, the changes

+ Dalton's Atomic Theory

hat m r under an elation between chan il
. Atomic Weiaht and Molecut that matter undergoes and the relation between changes

Weight composition and changes in encrgy. Chemistry plays a central
*  Alomic Mass and Molecular role in science and is often intertwined with other branches of
Mass

science. Chemistry plays an important role in meeting human

*  The Mole
needs for food, health care produets.
+*  Chemical Formulae
«  Solution The term “Stoichiometry™ refers to calculations based on chemical
=  Measurement of Concenfration  equalions. A chemical equation is a symbolic representation of
= Normality chemical reaction. It indicates the number of moles, molecules,
* n-Factor or Valence Facior mass and volume (in case of gases) of reactants and their
= Sioichiometry and Stoichiometric | tive nroducts formed
Calculations w F ' ’
= Limiting Reagent MATTER
*  Some important Definitions Matier is anything that occupies space, has mass, offer resistance
*  Quick Recap and can be perceived of directly by our senses.
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68 Some Basic Concepts of Chemistry

ELEMENT

Element iz the purest form of matter, It iz made up of only one type of atoms,
Ex.- carbon, iron, copper, oxygen afc.

Board & Competitive Exams

Symbol
Symbol of an element is either the 17 alphabet or first alphabet along with one other alphabet of the
Latin name.
Element Symbols Latin Name
Magnesium Mg Magnesia
Potassium K Kalium
Sodium MNa Matrium
COMPOUND

Compound is the substance which is made up of two or more elements combined together in a fixed
ratio by their weight e.g., carbon dioxide.

Try Yourself f*

1.  ldentify the elements and compounds among the substances given below.
(a) Water {b} Sodium chloride ic] Sodium metal
(d)y Carbon dioxide gas {e} Ammonia gas

MIXTURE

Mixture is the substance which is made up of two or more substances in any ratio,
e.d., 3ugar + Water, Sodium Chiloride + Water, Sand + Water

On the basis of compaosition, mixtures are of following type :

1. Homogeneous mixture ;: The mixiure which has uniform composition throughout.
&.4., sugar solution.

2. Heterogeneous mixture : The mixtures which do nol have uniform compasition throughout.
&.q. sand in water.

ATOM

Atom is the smallest particle which may or may not exist free but takes part in chemical reaction. Atom
word means not to be cut.

The International System of Units (S5.1.)

The international system of units (in French Le Systeme Intemational d” Unités - abbraviated as S|) was
astablished in 1960 by the 1* general conference on weights and measures (CGPM from Conference
Generale des Poids al Measures). The CGPM is one of the inter governmental treaty organization
created by a diplomatic treaty known as Meter Convention which was signed in Paris in 1875.

Sl system is a modification of metric system and has seven base units pertaining to the seven
fundamental scientific quantities.
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The s-Block Elements

INTRODUCTION
Chapter Contents
In this chapter, we will study the general characteristics of the

*  Introduction alkali and alkaline earth metals and their compounds. We
» The s-Block Elements will also study the compounds of s-block elements, their uses
«  Group-1 Elements - Alkali and importance., commercially and industrially. The biological

Metals significance of sodium, potassium, calclum and magnesium will

. G | Characteristics of the also be discussed in this chapter.

Compounds of the Aliali Metals
. Anomalous P w05 of Lithi THE s-BLOCK ELEMENTS
+  Compounds of Sodium and s-block is located at extreme left-hand side of the periodic table.
Potassium Since s-orbital can accommodate only two electrons, the elements
»  Group-2 Elements - Alkaline having one electron in their outermost s-orbital is grouped Into
Earth Metals group-1 and those having two elecirons are grouped into group-2
+  General Characteristics of of periodic table.
mmdeMEaﬂh Group-1 of periodic table contains : Lithium (Li), Sodium (Na),
) Potassium (K), Rubidium (Rb), Caesium (Cs) and Francium (Fr).
: ms | Together these elements are called alkali metals because they
. C is of Magnesium and form hydroxides on reaction with water, which are strongly alkaline
Calcium in mature, Sodium and Potassium are abundant in nature while
= Cement Lithium, Rubidium and Caesium have lower abundance. Francium,
- Biological Importance of Sodium, the last element of group-1, is radioactive.
Potassium, Magnesium and The group-2 includes Beryllium (Be), Magnesium (Mg), Calcium
Calcium (Ca). Strontium (Sr), Barium (Ba) and Radium (Ra). Except
*  Quick Recap Beryllium, rest of the elements of group-2 are called the alkaline

earth metals. These are called so because their oxides and
hydroxides are alkaling in nature and these metal oxides are found
in the earth crust.
Beryllium is not considered alkaline earth metal because its oxide
i.e., BeD is amphoteric is nature, which can be explained by its
reachon with acids as well as alkalies.
BeQ + 2HCI — BeCl, + H,O
BeO + 2NaOH + H,O — Na,[Be{OH),]

Sodium beryllate

Out of alkaline earth metals, calcium and magnesium are ranked
5" and 6" respeciively as per their abundance in the Earth’s crust,
Strontium and Barium have comparatively lower abundance,
Beryllium is rare and Radium is the rarest of all alkaline earth
metals.
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General electronic configuration for alkall metals is [noble gas] ns' and that for alkaline earth metals
is [noble gas] ns”.
The first element in each group shows some anomalous behaviour or properties as compared to othar
members of the respective group due to
(i}  Smaller size of the atom
{i} Their higher ionization enthalpies
(iii) Their higher slectronegativities
{iv) Absence of vacant d-orbitals in their valence shells
In these anomalous properfies they resemble the second element of the next group. Thus lithium shows
similarities 1o magnesium and beryllium to aluminium in many of their properties, and this similarity is
known as diagonal relatonship.

Group-1 Group-2 Group-13  Group-14

’ B\_ B \_
Cause of diagonal relationship

In moving along the period from left fo nght the electropositive character decreases while in descending
a group, electropositivity of the elements increases. These twa effects iend to cancel each other in
moving diagonally from top left o bottom right. Therefore, the elements diagonally related in this way
tend to have similar properties or we can say that diagonal relationship is due to the similarity in icnic
sizes.

Biological fluids contain large amount of Na™, K', Mg® and Ca® ions. These ions are also impartant
in maintaining ion balance and nerve impulse conduciion.

Period-2

Period-3

GROUP-1 ELEMENTS : ALKALI METALS
The alkali metals show a regular trend in thair physical and chemical properties with the increasing
atomic number,

Electronic Configuration

The alkali melals have one valence electron, oulside the noble gas core.

[Noble gas] ns' ;wheren=21ta 7

Since the outermost electron is loosely held, alkali metals readily lose electron to give mongovalent M
ions, that is why they are most electropositive metals and are never found in free state in nature.

The electronic configurafions of alkali metals are given below in table

Element Symbaol Electronic configuration

Lithium Li 15725’ or [He]2s'

Sodium Na 15"25"2p°35" or [Nej3s’

Potassium K 15725 2p735%3p%45" or [Ards’

Rubidium Rb 15°25'2p 35" 3p" 30" 45°4p°55" or [Kr]5s'

Caesium Cs 15725 2p°35°3p"3d" 45°4p°4d " 55°5p"6s" or [Xe)Bs'

Francium Fr 15°25°2p"35°3p" 30 454" 40" 41 *55°50 50657657 s" or [Rn]7s

Atomic and lonic Radii
The atoms of alkali metals have the largest size in their respective periods. The atomic radius increases
on moving down the group.
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The s-Block Elements

INTRODUCTION
Chapter Contents
In this chapter. we will study the general characteristics of the

*  Introduction alkali and alkaline earth metals and their compounds. We
s The s-Block Elements will also study the compounds of s-block elements, their uses
«  Group-1 Elements - Alkali and importance, commercially and industrially. The biological

Metals significance of sodium, potassium, caleium and magnesium will

. G | Characteristics of the also be discussed in this chapter.

Compounds of the Aliali Metals
. Anomalous P o< of Lithi THE s-BLOCK ELEMENTS
+  Compounds of Sodium and s-block s located at extreme left-hand side of the periodic table.
Potassium Since s-orbital can accommodate only two electrons, the elements
»  Group-2 Elements - Alkaline having one electron in their outermost s-orbital is grouped Into
Earth Metals group-1 and those having two elecirons are grouped into group-2
*  General Characleristics of of penodic table.
mmdeMEaﬂh Group-1 of periodic table contains : Lithium (Li), Sodium (Na),
) Potassium (K), Rubidium (Rb), Caesium (Cs) and Francium (Fr).
: mg — Togezther these elements are called alkali metals because they
. C is of Magnesium and form hydroxides on reaction with water, which are strongly alkaline
Caloium in mature. Sodium and Potassium are abundant in nature while
= Cement Lithium, Rubidium and Caesium have lower abundance. Francium,
+ Biological Importance of Sodium, the last element of group-1, is radicactive.
Potassium, Magnesium and The group-2 includes Beryllium (Be), Magnesium (Mg), Calcium
Calcium {Ca). Strontium (Sr), Barium (Ba) and Radium (Ra). Except
*  Quick Recap Beryllium, rest of the elements of group-2 are called the alkaline

earth metals. These are called so because their oxides and
hydroxides are alkaling in nature and these metal oxides are found
in the earth crust.
Beryllium is not considered alkaline earth metal because its oxide
i.e., BeD is amphoteric is nature, which can be explained by its
reachon with acids as well as alkalies.
BeQ + 2HCI — BeCl, + H,O
BeD + 2NaOH + H,0 — Na,[Be{0OH),]

Sodium beryllate

Out of alkaline earth metals, calcium and magnesium are ranked
5" and 6" respeciively as per their abundance in the Earth’s crust,
Strontium and Barium have comparatively lower abundance,
Beryllium is rare and Radium is the rarest of all alkaline earth
metals.
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General electronic configuration for alkali metals is [noble gas] ns' and that for alkaline earth metals
is [noble gas] ns”.
The first element in each group shows some anomalous behaviour or properties as compared to othar
members of the respective group due to
(i) Smaller size of the atom
(i} Their higher ionization enthalpies
(iii) Their higher electronegativities
(iv) Absence of vacant d-orbitals in their valence shells
In these anomalous properiies they resemble the second element of the next group. Thus lithium shows
similarities to magnesium and benyllium to aluminium in many of their properties, and this similarity is
known as diagonal relationship.

Group-1 Group-2 Group-13  Group-14

\ Mo . a
Cause of diagonal relationship

In moving along the period from left o nohi the electropositive character decreases while in descending
a group, electropositivity of the elements increases, These two effects tend o cancel each other in
moving diagonally from top left lo bottem right. Therefore. the elements diagonally related in this way
tend to have similar properties or we can say that diagonal relationship is due to the similarity in ionic
sizes.

Bialogical fluids contain large amount of Na™, K, Mg™ and Ca® ions. These jons are also impartant
in maintaining ion balance and nerve impulse conduction.

GROUP-1 ELEMENTS : ALKALI METALS
The alkali metals show a regular trend in thair physical and chemical properties with the increasing
atomic numb.er.

Electronic Configuration

The alkali metals have one valence eleciron, culside the noble gas core.

[Noble gas] ns' ;wheren=21t0 7

Since the outermost electron is loosely held, alkali metals readily lose electron to give monovalant M’
ions, that is why they are most electroposiive metals and are never found in free state in nature.

The electronic configurations of alkali metals are given below in table

Period-2

Period-3

Element Symbeol Electronic configuration

Lithium Li 15°2s" or [He]2s'

Sodium Na 15°25°2p"35" or [Ne]3s'

Polassium K 15°25*2p%35" 345" or [Arjds’

Rubidium Rb 15°25°2p"35°3p" 30" 45°4p°55" or [Kr]5s'

Caesium Cs 15°25"2p"35 30 30" 45°4p°4d *55°5p°6s or [Xe)Bs'

Francium Fr 15°25°2p" 35" 3p 30" 45" 4p"4d " 47 *55°5p"5d 65 6p"Ts" or [Rn]7s’

Atomic and lonic Radii
The atoms of alkali metals have the largest size in their respective periods. The atomic radius increases
on moving down the group.
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Reason : On moving down the group there is a progressive addition of new energy shells. Althaugh, the
nuclear charge also increases down the group but the effect of addition of new shells is more dominant
and hence atomic radii of alkali metals increases on going down the group from top to bottom.
Alkali metal change itself into positively charged ions by losing their one valence electron. The
monovalent ions (M") are smaller than of the parent atom. Within the group, the ionic radii increase
with increase in atomic number.

lenization Enthalpy

The first ionisation enthalpies of alkali metals are low as compared to the elements of other groups
belonging to the same period. However, within the group the ionization enthalpies of the alkali metals
decrsase down the group.

The radii of atoms of alkali metals are the largest in their respective periods, therefore, the outermost
electrons which are far away from the nucleus expearieance a less force of attraction from the nucleus
and hence can be easily removed.

Dacrease in ipnization enthalpy on moving down the group is due to increase in size of the atoms
of alkali metals and increase in the magnitude of screening effect due o increass in the number of
intervening electrons.

Hydration Enthalpy
The alkali metal ions are extensively hydrated in agueous solutions. Smaller the ion mora is the axtent
of hydration. The hydration enthalpies of alkali metal ions decrease with increase in ionic size.
Li" = Na” > K" > Rb” > Cs’ (hydration energy decreases)
Li* has maximum degree of hydration and for this reason many lithium salts exist as hydrated salts.
For example, LiCl. 2H,0.

Physical Properties

Alkali metals are silvery white in colour and are generally soft and light metals. Softness of alkali metals
is due to weak metallic bonding in them because of [@rge size of the atoms. As we move down the
group metallic bonding weakens and hence, sofiness increases. Polassium is softer than sodium. The
densities of alkali metals are low and increase down the group. Potassium, however, is lighter than
sodium. Lithium is the ightast metal having a density of 0.534 g,’i:.m’. It cannot be stored in kerosane
oil because it floats on the surface. It is kept wrapped in paraffin wax. The low density of alkali metals
is atiributed o their large aiomic size and weak metallic bond. However, going down the group, atomic
size as well as atomic mass increases but the corresponding increase in atornic mass is not neutralised
by the increase in atomic volume : Thus. the ratio, mass/volume, ie., density gradually increases.
Alkali metals have low melling and boiling point. The low melting point are altributed to their larger
atomic size, due fo which the binding energies of their atoms in the crystal lattice are low. Further, in
mowing down the group, their atomic size increase and the strength of metallic bond decreasas which
causes decrease in melting points. The beiling points of the members of this group also follow the
same order due fo sama reasons.

(i} Flame colouration

When alkali metals and their salls are heated in the oxidizing flame of a Bunsen burmner, they
impart characieristic colours to the flame. This happens because the heal from the flame exciles

the outermost orbital electron 1o a higher energy level. When the excited electron comes back
to the ground state, there is emission of radiation in the visible region as given below.

Metal Li Na K Rb Cs
Colour Crimson red Yelow Wiolst Red violet Blus
Afnm BT0.8 5892 766.5 780.0 4555

This particular property of alkali metals is helpful in detecting them by respective flame tests and
can be determined by flame photometry or atomic absorplion spectroscopy.
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(i) Photoelectric Effect
Alkali metals {except Li) exhibit photoelectric effect (a phenomenon of emission of electrons from
surface by exposing it to visible light). These elements when irradiated with light, the light energy
absorbed may be sufficient to make an atom lose electron. This property makes caesium and
potassium useful as electrodes in photoelectric cells.

Why does alkali metals impart characteristic colour to the flame?

Solution : This happens because the heat from the flame axcites the outermost arbital electron to a
higher energy level. When the excited electron comes back to the ground state, there is
emission of radiation in the visible region.

Chemical Properties

The alkali metals are highly reactive elements. The cause for their high chemical reactivity is (i} low
value of first ionisation enthalpy (i) large size (i) low heat of alomisation. The reactivity of these metals
increases down the group.
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(i)

(ii}

Reactivity towards air

You might have seen that alkali metals tamish in dry air because of formation of their oxides and
when these oxides react with moisture they form hydroxides.

Alkali metals burn very fast in oxygen and form different kind of oxides like monoxides, peraxides
and superoxides. Lithium forms monoxide, sodium forms peroxide and other metals form
superoxides. The superoxide O; ion generally remain stable only in the presence of large cations
like K, Rh, Cs. This stability is related to the compalibility of size and higher lattice ensrgy

4Li+ 0, — 210 (oxide)

2Ma + O, ——> Na 0, (peroxide:)
M+ O, — MO, (superoxide)
(M=K, Rb, Cs)

In all the compounds formed by alkali metals with axygen, their oxidation state is +1.
Due to diagonal relationship with magnesium, lithium like magnesium forms its nitride, Li,N on
heating with N,. Rest of the alkali metals do not behave in this way.
BLi + N,—s 2Li.,N
Alkali matals are generally kept immersed in kerosene oil because thay are highlty reactive towards
air and water.
Reactivity towards water
The alkali metals on reaction with water from their respective hydroxide and dibydrogen.
2M + 2H,0 —— 2M" + 20H + H,

(M = an alkali matal)
This tendency of forming hydroxidewith water depends upon their elecitrode polential (E™) and this
electrode potential is @ measure of the tendency of an element to lose electron in the aqueous
solufion. Thus, more negative is the electrode pofential, higher is the tendency of the element to
lose electron and hence stronger is the reducing agent. Lithium has most negative E® value
therefore its reaction with water is less vigorous than that of sodium which has the least
negative E* value amang the alkali metals. Rest of the members of the alkali metal react
vigorously with water and may sometimes catch fire, they also react with proton donors
or acidic hydrogen such as aleghol, gaseous ammonia, hydrogen halide and alkynes.
2M + 2C H.OH — 2C H,OM + H,
Z2M+HC=CH— M C=CM +H
ZM + 2ZHX — 2 MX + H.

However, magnitude of AtydrsenH” of Li" is maximum but reaction of sodium with water is most
violent as m.pt. of sodium is achieved by the heat evolved in the process of hydration of sodium,
50 it sublimates and now ils surface area increases manifold, therefore, reaction becomes violent.

{iii) Reactivity towards dihydrogen

Alkali metal react with dry di-hydrogen at about 673 K (lithium at 1073 K) to form crystalline
hydrides which are ionic in naiure and have high meliing poinis.,
2M +Hs —2. 2M"H
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(iv) Reactivity towards halogens
The alkali metals react vigorously with halogens and form halides which are ionic in nature, MX".
But the halides of lithivum are a bit covalent in nature, this is due to the fact that lithium ion has
high polarisation capability (The distortion of electron cloud of the anion by the cation is called
polarisation). Since the Li" ion is very small in size, it has high tendency to distort electron cloud
around the negative halide ion. Since anion with large size can be easily distorted, among halides,
lithium modide is the most covalent in nature.

(v} Reducing nature
The alkali metals have strong tendency o get oxidised, that is why they act as strong reducing
agents, among these lithium is the sirongest and sodium is the least powerful reducing agent.
The standard electrode potential (E*) measures the reducing power and represents the changes.
M(s) — M(g) Sublimation enthalpy
M(g) —» M’(g) + & ionization enthalpy
M{g) + H,O —» M {aq} hydration enthalpy
Since lithium ion has small size. it has the highest hydration enthalpy which gives an explanation
for its high negative E® value and its high reducing power,
Higher the negative value of E* value more reducing will be the ionic specias.

(vi} Solutions in liguid ammonia
All alkali metals dissolve in liquid ammonia and give deep blue colour solufion which are conducting
in nature. These solutions contain ammoniated cations and ammoniated electrons as shown
beldow
M + (x + yINH, — [M{NH),] + [e(NH,).]

The blue colour of the =clution is considersd to be due to ammonisted electrons which absorb
energy comesponding to red region of visible light for their excitation to higher energy levels. The
fransmitted light thus, imparts blue colour to the solution. The electrical conductivity of the
solution is due to both ammoniated cations and ammoniated electrons. The blue solution
on standing slowly liberates hydrogen resulting in the formation of amide.

M’ + & + NH,{l} — MNH,{am) + %Hz{g]
ikéatal amidal
(where "am’ denotes solution in ammonia). At concentrations above 3M, the solution of alkali
metals in liguid ammonia are copper bronze-coloured. These solutions contain cluster of metal
ions and hence possess metalic lustre. The blue solutions are paramagneatic whereas bronze
coloured solutions are diamagnetic.

Reducing Property

The free ammoniated electrons make the solution a very powerful reducing agent. The ammoniacal
solution of an alkali metal is favoured as a reducing agent than its agueous solution becausa in aqueous
solution, the alkali metal being highly electropositive evolves hydrogen from water while its solution in
ammaonia is guite stable. provided no catalyst is present.

Lt H P
CH,—C=C—CH, —— =C

2-Butyna H.C “\H

Nofe : Terminal atkynes do not give this test. Terminal alkynas give alkynide jons.
Reaction with sulphur and phosphaorous : All metals form sulphides and phosphides

iNa + P — Maz P
Snaiem phosphets

ZNa + § — Na:zS
Sodium sulphide

(Birch reduction)
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Reaction with mercury : Alkali metals combine with mercury o form amalgams. The reaction is highly
exothermic in nature

Na + Hg —  NalHg]

Sodium Amalgam

USES

LS

10.

Lithium is used as a metal in a number of alloys. lis alloys with magnesium, containing about 14%
lithium is extremely tough and cormosion resistant which is used for armour plate and aerospace
components; with lead to make white metal with aluminium to make aircraft parts.

Lithium hydroxides is used in the venlilation systems of space crafis and submarines to absorb
carbon dioxide.

Lithium aluminium hydride (LiAIH,) is a powerful reducing agent which is commonly used in
organic synthasis.

Liguid sodium ar its alloys with potassium is used as a coolant in nuclear reactors.
Sodium-ead alloy is used for the preparation of tetrasthyl lead, Pb{C.H.),. which is used as an
antiknocking agent in petrol.

(Pb + 4Na) + 4C,H.Cl — (C.H.),Pb + 4NaCl

Lead-sodium alloy Telraeiy bead

Sodium is used in the production of sodium vapour lamps.
Fotassium chiloride iz used as fertilizer.

Potassium hydroxide is used in the manufacture of soft seaps and also as absorbent of
carbon dicwide.

Potassium ions play a vital role in bialogical systems.
Caesium is used in photoelectric cells.

GENERAL CHARACTERISTICS OF THE COMPOUNDS OF THE ALKALI METALS

All the common compounds of the alkali metals are generally ionic in nature

(i)

Oxides and hydroxides

Alkali metals when bumt in air form different kinds of oxides. For example, the alkali meatals on
reaction with limited quantity of oxygen foom normal oxides of the formula, M,O.

aM + 0, — 2M.O

fwhera M = Li, Na, K, Rb, Cs)

However, when heated with excess of air lithium forms normal oxide, (Li.O) and some peroxide
Li, 0, sodium forms peroxide, Na, O, and some superoxide NaQ, whereas potassium, rubidium
and caesium form superoxide having general formula MO,.

4L+, — 21,0

Lithium oxide
2Na+ 0, — Na.O.

Sodium penaxde
K+0, — KO,

Polassum superoxite

The temperature required for the reaction to take place decrease on descending the group.
The stability of peroxide or superoxide increases as the size of the alkali metal increases. This
is due to stabilization of large anions by large cations through latfice energy effects.
The oxides and the peroxides are colourless when pure but superoxides are yallow or orange in
colour, peroxides are diamagnstic whereas supsroxide are paramagnelic in naturs,
The normal oxides of alkali metal dissolve readily in water to form hydroxides and a lange amount
of heat is produced.

M,O(s) + H,0(l) — 2MOH(aqg) + Heat— 2M" + 20H
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(i)

(i)

The peroxides and superoxides are also readily hydrolysed by water as shown below:

MO, + 2H.0 — 2M" + 20H + H,0,

Ma,0. + 2ZH.0 —s 2NaOH + H.O,

2MO, + 2H,0 — 2M + 20H + H, 0, + O,

2KO, + 2H,0— 2KOH + H,O, + O,
The higher oxides generally act as good oxidising agent, sodium peroxide is widely used as an
oxidising agent in inorganic chemistny.
The hydroxides which are obtained by reaction of the oxides with water are all white crystalline
solids. The hydroxides of alkali metals are strong bases. The basic character of alkali metal
hydroxides increases in going down the group.
LiOH < NaOH < KOH < RbOH < CsOH (Basic character increases)
Alkali metal hydroxides are freely soluble in water and their dissolution in water is accompanied
by evolution of much heat due to infense hydration.
Halides
The alkali metals combine with halogens to form metal halides, which are ionic colourless,
crystalline solids having high melting point and general formula MX,
{(X=F Cl,EBrl)

2M + X, —— 2 MX

2Ma + Cl, — 2NaCl
Reactivity with particular alkali metal M follow the order

F,=Cl=Br,>= |,
The alkali metal halides can be prepared by the reaction of the appropriate oxide, hydroxide or
carbonate with aquecus hydrohalic acid (HX). All of these halides have high negative enthalpies
of formation; the AH" value for fluorides become less negative as we go down the group, while
the reverse is frue for AH® for chiorides, bromides and iodides. For a given metal, AH" always

becomes less negative fram fluonide ta lodide. The melting and bolling points always follow the
trend, fluoride > chloride > bromide > iodide.

All halides of the alkali metals except lithium fluoride (LiF) are frealy soluble in water. The low
solubility of lithivm fluorda is aftibuted 1o greater force of attraction between lithium ions and
fluoride ions in the crystal |attice or high lattice enthalpy. Caesium iodide (Csl) also has relatively
low solubility in water, This is atfributad to smaller hydration energy of its large sized ions. LiCl,
LiBr and Lil are soluble in ethanol, acetone and other solvents of low polarity. This is due lo
predominant covalent characier of these halides. The predominant covalent character of lithium
halides is due to greater polarizing power of Li” ion. Among lithium halides Lil has maximum
cowvalent character due to large polarizability of iodide lon. LiCl is soluble in pyridine also.

Salts of oxo-acids

Qxo-acids are those acids in which the acidic proton is on a hydroxyl group with an oxo group
altached to the same atom. e.g., carbonic acid, H.COJOC(OHL). sulphuric acid, H,SO,[O.S(0OH).].

The alkali metals form salts with all the oxo-acids.

The salts of oxo-acids are generally soluble in water and thermally stable.

The carbonates (M.CO.) and bicarbonates (MHCO,) of alkali metals are quite stable towards
heal. Li,CO,, however, is considerably less slable and decomposes readily on heating. Lithium
being very small in size polarises a large CDﬁ' ions leading to the formation of stable Li,0 and
CO, on heating.

LizCOs —— LizO+CO;
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As the electropositive character increases down the group, the stability of the carbonates and
hydrogen carbonates increases.

The main oxides formed on combustion of Li, Na and K in excess of air are, raspectively

(1) LD, Na,0, and KO {2) Li,0, Na,0,and KO,
{3) L0, Na,O, and KO, {4) Li0, Na,O and KO,
Solution : Li mainly gives oxide, Na gives peroxide and K gives superoxide.

ANOMALOUS PROPERTIES OF LITHIUM
Lithium shows properties which are very different from the other members of its group. This is due to
the (i} exceptionally small size of its atom and ion and (i} greater polarizing power of Iithium ion (Le.,
chargefradius rafio}. Due to these factors, there is increased covalent character of lithium compounds
which iz responsible for their solubility in organic solvents. Further, lithium shows diagonal relationship
to magnesium which has been discussed subsequentty.
Points of difference between Lithium and other Alkali Metals

(i) As compared to other alkali metals, lithium is harder and its melting point and boiling paint
are higher.

(i} Among all the alkali metals lithium is least reactive but the strongest reducing agent. When burnit
in air it forms mainly monoxide, Li,O and the nitride, LN unlike ofher alkali metals,

(iii) LiClis deliquescent and crystallises as a hydrate, LiCl-2H,0 whereas other alkali metal chiorides
do not form hydrates.

(iv}) Except for lithium, rest of alkali melal's hydrogen carbonates are obtained in the solid form.
(v) Lithium unlike other alkali metals forms no ethynide on reaction with ethyne.
(vi) Lithium nitrate when heated gives lithium oxide, Li.O, whereas other alkali metal nitrates
decompose to give the comesponding nitrite,
4LINO, — 2Li.0 + 4NO, + O,
2ZNaNQ, —— ZNaND, + O,
{vii} LiF and Li,O are comparatively much less soluble in water than the comasponding compounds
of other alkali metals.

Points of similarities between Lithium and Magnesium
The similarity between lithium and magnesium is hecause of their similar sizes; comparable atomic
radii and slectronagativities.

Li= 152 pm

Mg = 160 pm

lonic radii ;Li" = 76 pm
Mg =72 pm

The major similarities are

{iy Both lithium and magnesium are harder and lighter than other elements of the respective groups.

(i} Both lithium and magnesium react slowly with water. Their oxides and hydroxides are less soluble
and their hydroxides decompose on heating. Both lithiurmn and magnesium form nitride, Li,N and
Mg.N;. by direct combination with nitrogen.

(i} Their oxides like Li,O and MgO do not combine with excess oxygen to give their superoxide.

(iv) The carbonates of both decompose easily on heslting and form oxides and CO, and bath do not
form solid hydrogen carbonates.

{v) Both LiCl and MgClL, are soluble in ethanol, are deliquescent and crystallise from agueous solution
as hydrates, LiCl-2H,0 and MgCl,-8H,0.
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The products oblained on heating LINO, will be

(1) Li,O+NO+0, (2) LiNC,+0,
(3) Li,O+NO,+0, (4 LiN+O,
Solution : 4LINO, —» 2Li,0 + 4NO, + O,

Bath lifhium and magnesivm display several similar properfies due fo the diagonal
relationship, however, the one which is incomrect, is
(1)  Both form nitnides
{2)  Nitrates of both Li and Mg yield NO, and O, on healing
(3} Both form basic carbonates
{4)  Both form soluble bicarbonates
Solution : Mg forms basic carbonate

3MaCO:- MgiOH} -3H:C but no such basic carbonate is formed by Li.
SV An excess of KO, is placed in a dosed container of 00, (g). After reaction is compleled,
will the gas pressure be same, greafer or fass than initial value. Explain,

Solution : ZKOz(s)+ COzig) —— KzCOs(s) + 372 Ozig)

The gas pressure will increase as number of moles of gaseous product is 3/2 while that of
gaseous reactant was one.

EXERCISE |

[Group-1 elements, Properties of group-1 elemants]
1.  Which is a correct statement regarding alkali metals?

{1} Cation is larger in size than atom {2) Sizes of cation and atom are same
{3} Cation is smaller in size than atom {4) Cation is less stable than atom
2. Which alkali metal has highest tendency for half reaction: Mig) — M'{aq) + 1e 7
{1} Li {2} Ma {3) Cs 4) K
3. Sequence of lonic mobility in agueows solution is
(1) Rb" = K" = Cs™ = NMa’ {2) Na' =K »Rb" = Cs’
(3) K>Na"=Rb > Cs {4) Cs">Rb" > K = MNa’
4.  Which alkali metal is most metallic in natura?
{1} K i#) Cs {3) Ma 4 Li
8.  The colour imparted by sodium to the flame is
{1} Crimson red {#) Brick red {3) Apple green (4) Golden yellow
6. Elements of group 1A provide a colour to the Bunsen burner flame due to
{1) Low ionisation potential (2) Low melting point
(3) Softness {4) Presence of one & in outermost orbit
7. With the increase in atomic weights, melting points of alkali metals
(1) Increase {2) Decrease
{3} Remain constant {4) Don't show definite trend
8. Which of the following mainly form metal oxide on heating in air?
{1} Na (2} K (3) C= {4) Li
9.  When sodium reacts with excess of oxygen. Oxidation number of oxygen changes from
(1} O to =1 {2} 0to=2 {(3) =1to =2 i4) +1 to -1
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10.

11.

12.

13.

14.

15.

16.

17.

18.

Thermal stability of hydrides of first group slements follows the order

(1) LiH = KH > RbH = NaH {2) LiH > NaH = KH = RbH

{3) LiH > RbH > KH = NaH {4) RbH > KH = NaH = LiH

Alkali metals are strong reducing agents because

{1} These are monovalent

{2) Their ionisation potentials are very high

{3) Their standard electrode potentials are very much negative

(4} They are metals

Solution of sodium metal in liguid ammonia is strongly reducing due to the presaenca in solution of the
following

{1) Sodium hydride (2) Sodium atom {3) Solvaled slectrons (4) Sodium hydroxide
The alkali metal that reacts with nitrogen directly to form nitride is

{1y Li {2) Na (3) K i4) Rb

Which of the following gives CO, on healing?

(1) Li,CO, (2) Na,CO, 3) K.CO, (4) Rb,CO,

Yhich salt of heating does not give brown coloured gas?

{1) LiNO, (2) KNO, {3} PbNO, 4) AgNQ,

Lithium shows diagonal relationship with

(1) Mg (2) Be 3) Al (4) B

Lithiurm shows similarities 10 Mg in its chemical behaviour because of

(1) Similar size, greater electronegativity and similar polarising power

(2} Similar size, same E.M and lower polanising power

(3} Similar high polarising power of their calions

(4] None of these

Which of the following does not illustrate the anomalous properties of lithium?

{1) Li forms Li,N. unlike group | metals

{2) Li is much softer than other alkali metals

{3} M.P. and B.P. of Li are comparatively high

{4} The ion of Li and its compounds are more heavily hydraled than those of rest of the group.

COMPOUNDS OF S0DIUM AND FOTASSIUM

Sodium [Na)

Sodium is highly reactive and always found in combined state.
The isotope of sodium (Ma) is used in detection of leukemia.

Compounds of Sodium

1. Sodium Oxide (Na,0) :
Preparation :
(i} 2NaNO,+ 10Na — BNa,0 + N,
(i) 2MaNO,+6Na = 4Na, O + N,
(i) 3INaM. + NaNO, —— 2Na,0 + 5N,

(iv) Na,0,+2Na — 2Na.0
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Properties :

(i} Sodium oxide is a colourless ionic solid.

(i} Aqueous solution of sodium oxide is strongly basic.
Na,0 + H,O0 — 2NaOH

4007

(i} 2Na,O Ma.O, + ZNa (Disproportionation reaction)
(iv) Sodium oxide on reaction with iquid ammonia forms sodamide.
Na O + NH, — NaNH, + NaOH

What is the best description of the change that occurs when Na,Ofs) is dissolved in water?

Solution :

(1)  Oxidation number of oxygen increases

{2) Oxidation number of sodium decreases

{3 Oxidge ion accepis sharnng in 2 pair of elecirons
{4) Oxide ion donafes a pair of elecfrons

Answer (4)

o= . _
00— H'—s O—H
Sodium Peroxide (Na,0,) :

Preparation :
Sodium when heated in excess of air (fres from moisiure and carbon dioxide) or when heated in
excess of pure oxygen gives sodium pergxide,

I50TC

2Na + 0, (sxcess)
Properties :
(iy Sodium peroxide is a pale-yellow diamagnetic compound.
(i} Sodium peroxide is a powerful exidising sgent.
(iii) Sodium peroxide combines with CO and CO, to give carbonate.
Na, O, + CO— Na,CO,
2Ma, 0, + 2C0,—— ZNa.CO, + O,
fiv) At low temperature, when sodium peroxide is reacted with water or acids, H,O, is formed.
Na, O, + 2H,0 — 2Na0H + H,0,
Na,0, + .50, — Na,30, + H.0,
{v} At high temperature, axygen is formed.
2Na,0, + 2H,0 —» 4NaOH + O,
Z2Na,0; + 2H,50, — 2Na,50, + Z2H,0 + O,
Sodium Hydroxide (Caustic Soda) (NaOH) :

Preparation :
(a) Gossage process : When sodium carbonate is freated with calcium hydroxide it give
calcium carbonate along with sodium hwdroxide. Also known as lime caustic soda process.,
It is a reversible reaction.
Ma,CO, + Ca{OH), = 2NaOH + CaC0,
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(b)

(i}

(iii})

()

(v)

(i)

Electralysis of NaCl : Casiner - Kellner Cell.
lron cathode  State partition

MNaCl NaCl
soln—0 - -———-§-- - o D soln
gl S madl B O —

hite =---1-1 Y = hite
Graphite| " =>----1-1 Wil B Grap

The cell consists of a large rectangular frough divided into three compartmeants which do
not touch the bottoam of cell. Middle of cell is with mercury which is used as cathode.

The mercury can flow from one compariment to other, but solution in each compartment
can’l flow.

In two outer compartments NaCl solution is taken and dilute sodium hydroxide in middle
compartment.

Meicury in two oulsr companments act as cathode and mercury in touch with middle
compariment acis as ancde by induction.

The outer compariment on elecirolysis gives CL, gas and sodium at Hg cathode.
MaCl = Na + Cl

At anode : 201 = 201+ 2
2Cl—=CL
At cathode : Ma"+e—Na

Na + Hg — Amalgam

The sodium amalgam thus formed moves in inner middle compartment where it itself acts
as anode and iron acts as cathode.

At anode : Na (amalgam) =+ Na" +Hg + &
At cathode - 2HO+ 28 5 H,T+0H

Thus, MaOH is taken oul from inner comparmant and evaparated to give solid NaOH.

Properties of Sodium Hydroxide :

(il Sodium hydroxide is a white crystalline deliquescent solid.

(i} Sodium hydroxide is commosive in nature.

(i} Sodium hydroxide is highly soluble in waler.

{iv) Sodium hydroxide reacts with acid forming corresponding salts,
NaOH + HCl— NaCl + H,O
2MaOH + H,50, — Na,S0, + 2H,0
3NaOH + H,PO, — Na,PO, + 3H,0

Corporate Office : AESL, 3rd Floor, Incuspaze Campus-2, Pioi-13, Sector-18. Udyog Vihar, Gurugram, Haryana-122015



108 The s-Block Elements Board & Competitive Exams

(v} Sodium hydroxide combines with acidic oxide like S0O,, NO,, CO, to form respective

salt.
=2\ Na,SO, +H.O
NO,
MNaOH———*NalN0, + H,O + NalNQ.
co.,

—+Na,C0, + HO
{vi) Sodium hydroxide combine with oxides of Zn, Sn, Pb, Al to give salts.

MNaZnQ, + HO
Na,SnO, + H,0
a,PbO, + H,0

Na.PbO, + HO
MNado, + HO
(vii) Sodium hydroxides reacts with metals like Zn, Ph, Sn. Al to evolve hydrogen.
Zn
Na,ZnO; + H,

.tm}"'H:
2,50, + H.
L+ H,

bl
{viil} Sodium hydroxide attacks on non-metals like halogans, yellow phosphorous,
Sulphur, Silicon.
{a) Cl + 2NaOH {cold and dilute)——s NaCl + NaCIQ + H.O
(b) Br,+ 2NaOH (cold and dilute)——> NaBr + NaBrO + H,0
{c) L.+ 2NaOH (cold and dilute)— NalO + Nal + H.O
{d) 3X,+ 6NaOH (hot and conc.) —> SNaX + NaX0, + 3H.0
{(X=Cl,Br, 1)
(e} P,+3NaOH+ 3H,0—- 3NaH PO, + PH,
{fi 45+ 6Na0OH—— Na, 5.0, + 2Na,S + 3H,0
{g) Si+ 2NaOH + H,O—— Na,Si0, + 2H,
() Some salts of ransition metals give insoluble hydroxide with sodium hydroxide,
{a) FeCl, + NaOH —> Fe{OH),~
(b} CrCl, + NaOH — Cr{OH),+
{c) CuS0,+ NaOH — CuiOH),1
(x) Sodium hydroxides when treated with ammonium salts decompose to give NH,.
{a) NH,Cl+ NaODH — NH.T + NaCl + H,O
(b} (NH,).SO,+ 2NaOH —> 2NH,T + Na.SO, + 2H.0

4. Sodium Carbonate (Na,CO,) :

Preparation :

(a) Trona, ie., sodium sesquicarbonate (Na,CO,.NaHCO,.2H,0)} on decomposition gives
sodium carbonate.

2(Na,C0,NaHCO,.2H.0) —— 3Na,CO, + CO, + 5H.0
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5.

(b)

{c)

Le-Blanc process :

(i} Conversion of NaCl into Na S0, (salt cake)
MaCl + conc. H.S0, —— NaHSO, + HCI
NaHSO, + NaCl —— Na,SO, + HCl

{ii} ~Conversion of salt cake (Na,S0,) into black ash
Na, S0, + CaCO, + 4C —— Na CO, + 4CaS + CO
Black ash is a solid residue with 45% of Na,CO,

{iiy RecoveryofNa,CO, from black ash is done with help of H, 2 where sodium carbonate
dissolve in it leaving behind insoluble impurities. The soluble solution is evaporated
to get solid Na,CO..

Solvay ammonia soda process : The reactions involved in Solvay process are
NH, + H,0 + CO, —> NH,HCO,

NaCl + NH,HCO, — NaHCO, + NH,CI
ZNaHCO, —— Na,CO, + H,0 + CO,
Note : NH,C! is trealed with CafOH), to gel back NH, in ammonia recovery lower.

Properties :

(i)
(i)

(i)
{iv)

{v)
(wi)

(i)

Sodium carbonale is a while crysizlline solid.

MNa,C0O,. 10H.0 is known as washing soda.

Na,C0,.H,0 is known as crystal carbonate

Ma,CO, iz known as light ash or soda ash.

MNa,CO, is a thermally stable compound.

Sodium carbonale reacts with acids to give carbon dioxide,
MNa,CO, + HCl —— NaHCO, + NaCl

MaHCO, + HCl—— MaCl + H,0 + CO,

Sodium carbonate on reaction with CO, gives sodium bicarbonate.
Na,CO, + H,O + CO, —— 2NaHCO,

Sodium carbonate on reaction with sulphur dioxide gives sodium sulphite which on further
reaction gives sodium thiosulphate.

Na,CO, + SO, ——— Na,S0, + CO,
NHEEU‘; + E — Maisio_a
Sodium carbonate reacts with metal salts (except alkali metals) to give carbonates.

CaCl, + Na,CO,— CaCO, + ZNaCl
BaCl, + Na,C0, —» BaCO, + 2NaCl

2AgNO, + Na,CO,—— Ag,CO, + ZNaNO,

Sodium Bicarbonate (Baking Soda) (NaHCO,) :
Preparation :

1.

2,

In Solvay’s process, it is oblained as an inlermediate.

NaCl + NH, + CO, + H,—— NaHCO, + NH,CI

When NaOH is treated with CO. in presence of H,O it gives sodium bicarbonate.
NaOH + CO, + H,O0— NaHCO,
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Properties :
On heating sodium bicarbonate loses CO, and H,O forming Na,CO,.

2MaHCO, —— Na.CO, + H,0 + CO,
Sodium Chloride (NaCl) :

Manufacture of sodium chloride is done from sea water. Ses water is allowsd to dry up under

summer heat in small tanks and solid crust so formed is collected.

Properties :

{1} Sodium chloride is a white crystalline solid.

{2) Itis slightly hygroscopic.

{3} Iti=s soluble in waler and insoluble in alcohol.

Sodium Sulphate (Na,S0,) :

Preparation :

Saodium sulphate is oblained by heating NaCl with NaH30,.

MaCl + NaH50, — Na .50, + HCI

Properties :

(1}  Anhydrous sodium sulphate is known as salt cake. Sodium sulphate is hygroscopic
in nature.

(2) Agueous solution of Na_SO, when cooled below 32°C, Glaubers salt (Na,S0,.10H,0)
separaies out and if cogling is done below 12°C, Na,50,.7H,0 crystals are formed.

Potassium (K)

Potassium is the eighth most abundant Alkal metal in santh crust.
All plants contain considerable amounts of potassium compounds which they receive from soil.

Compounds of Potassium

1.

Oxides :

When potassium is hested in presence of exygen il can form potassium monoxide, K.O; polassium

tetra oxide, K,0,; potassium superoxide, KO;; potassium sesquioxide, K,O,; out of these oxides

the stable oxide is KO..

Preparation :

(a) K+ 0O,— KO,

() 2KOH + O, — 2KO, + H.O

Properties :

{a) Potassium superoxide (KO, ) is a chrome yellow powder. It can act as oxidising agent.

(b} Potassium superoxide (KO.) reacts directly with carbon monoxide and carbon dioxide.
2KO, + CO— K,CO, + 0,

2KO, + CO, — K,CO, + %D;-

(¢) Potassium superoxide reacts with sulphur to give polassium sulphate.
2KO, + 53— K50,
Potassium Hydroxide (KOH) :
Potassium hydroxide is manufactured by electrolysis of KCI solution,
Properties :
Potassium hydroxide is used in adsorption of CO,, 30, eit.
Potassium Carbonate (K,CO,) :
Preparation :
Le-Blanc Process : KCl is reacted with H,S0,, which gives K,S0,. This K.S0, is further reactad
with CaCQ, and carbon, which finally converts it into K,CO,.
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KCl + H.S0, — KHSO, + HCIT
KHSO, + KCl — K, S0, + HCIT

K.30, + CaCO, + 2C — K.CQ, + CaS + 200,
Properties :
(i} Potassium carbonate is white powder.
(i} Potassium carbonate is deliquescent in nature and is highly soluble in water.
(i} Potassium carbonate on hydrolysis gives KOH and H,CO,,
K.CO, + 2H,0 — 2KOH + H.CO,
(iv) Potassium carbonate on reaction with hot steam gives KOH and CO,.
K,CO, + H,0 (steam) — 2KOH + CO,"
4. Potassium Chloride (KCI) :
Potassium chlonide is prepared by the electrolysis of camallite Le., KCL.MgCL.6H, 0.
§. Potassium Sulphate :

{iy  The mineral — K;S0, MgS0, 6H,0 (Schonite) when treated with KCl in agqueous solution,
K,S0, separates out.
K50, MgS0, 6H.0 + 2KCl — 2K, S0, + MgCl, + 6H,0
(i) Potassium when heated with excess of oxygen followed by S gives K,S0,.
Properties :
(i} K.50,is highly scluble inwater and can form double salts to form potash alum
K,S0, + Al(SO,), + (aq) — K.S0,AL(SO,),.24H,0
(i} K,50,when heated with carbon gives CO and K5
K.50,+4C — K.S +4C0O7
(i} K.S0,when treated with BaCl, gives Barium sulphate.

S R

1. MaH is an example of
{1} Metallic hydride {2) Electron-rich hydride
(3} Molecular hydride (4) Saline hydride

2. The metal mainly used in devising photoelectnc cells is
(1) Na {2) Rb
3y u {4) Cs

3. Metallic sodium does not react normally with:
(1) Ethyne (2) Gaseous ammonia
(3) Bul-2-yne {4) Ten-butyl alcohol

4, Which one of the following compounds is used as a chemical in certain type of fire
extinguishers?
(1) Baking soda (2) Soda ash
{31 Washing soda {4} Caustic Soda

Why potassium carbonate cannot be prepared by Solfvay process?

Solution : This is due to the reason that potassium bicarbonate (KHCO,) formed as an intermediate
{When CO, is passed through ammoniated solution of potassium chloride) is highly soluble
in water and cannot be separated by filtration.
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Following statement are given.

Statemant - | lonic mobility in agueous solution is in order

Statement - Il Stability for the foflowing superaxide is Cs0O, > RbO, > KO,
Statement - llf Thermal siabiity order

FC03 > Calls = MgCOs > BeC s

Which of following are comect statement|s)

Ay L i 8y I M
(C) L um o I only
Solution : All orders given are comect.

The comect statement for the molecule. Csi,, is

(1] it is 3 covalent molecule

(2) It contains Cs™ and I ions

{3) It contains Cs™ and I jons

(4) It contains Cs', I and lattice |, molecule

Solution : It contains Cs’ and | ions.

19.

20,

21.

22.

23.

24,

295,

26,

27,

EXERCISE

[Compounds of group-1 elements]

The electronic configuration of metal M is 1s°, 25°, 25", 3s'. The formula of ifs oxide would be
(1) MO (2) MO (3) MO, {4) MO,
Sodium carbonate is prepared by

(1) Sclvay's process {2) Kolbe's process  (3) Contact process {4) Haber's process
Aqueous solution of Na_CO, is basic in nature due fo

(1) Hydrolysis of Na” {2) Hydrolysis of Cﬂ,’

(3} Hydrolysis of both Na” and CO,™ (4) Hydrolysis of both Na” and HCOQ,
A mincture of KCl and KF iz added to sodium chionida

(1) To increase the conductivity of NaCl

(2} To decreases Melting point of Nall

{3) To supress the degree of dissociation of NaCl

(4) To decrease the volatility of NaCl

¥Which one of the following salts gives aqueous solution, which is weakly basic?

(1) NH,HCO, (2) NaHSO, (3) NaHCO, (4) NaCl
Sodium peroxide which is a yellow solid, when exposed to air becomes white due to the formation of ?
(1} H,0, (2) Na,0 (3) Na,O and O, (4) MaOH and Na.CO,
A+NaCO,—-B+C
E2 s Milky cloud, C
(1} Ca{OH).. NaOH, CaCO, (2) NaOH, Ca(OH)., CaCO,
(3} Ca(OH),. CaCO, and NaOH (4) CaO, NaOH, Ca(OH),
During electrolysis of fused sodium chloride, the anodic reaction is
{1} Reduction of Na™ to Na {2) Oxidation of Na to Na™
(3) Reduction of chionde ions (4) Owidation of chlonde ions
Which of the following is paramagnetic?
(1) KO, (2) Na,0, (3) BaQ, (4) NaCl
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28. Solubility of alkali metal carbonates

{1} Increases first and then decreases {2) Does not show regular variation

{3} Increases as we go down the group {4) Decreases as we go down the group
29. RbO,is

{1} Peroxide and paramagnetic {2) Peroxide and diamagnetic

{3) Superoxide and paramagnetic (4) Superoxide and diamagnatic
30. Which one of the following on heating will not give CO.,?

(1) Li,CO, (2) PbCO, {3) CaCoO, {4) Na,CO,

GROUP-2 ELEMENTS : ALKALINE EARTH METALS

The elemeants of group-2 are Beryllium (Be), Magnesium {(Mg). Calcium (Ca). Strontium (Sr), Barium
{Ba) and Radium {(Ra). Except for Be, rest are known as alkaline earth metals, because they were
alkaline in nature and existed in the earth. Be differs from rest of the members and show diagonal
relationship with aluminium.

Electrenic Configuration
The alkaline earth metals have 2 electrons in the s-orbital of the valence shell. Their general electronic
configuration may be representad as
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[Noble gaslns®; where n=2107

Element Symbaol Electronic configuration

Beryllium Be 15725 or [He]2s"

Magnesium Mg 15°25"2p"35" or [Ne]3s”

Calcium Ca 15°25°2p" 357345 or [Ar|ds’

Strontium Sr 15°25°2p 35 3p"3d " 45"4p"55" or [Kr]5s”

Barium Ba 15°25°2p 35" 3p"3d" 45" 4p"4d 55 50"65" or [Xel6s”

Radium Ra 1572572035 3p 30" 45" 4p Ad " af *55°5p" 54" 656p 75" or [Rn] 75°

Atomic and lonic Radii

The atomic radii as well as ionic radii of the members of the family are smaller than the cormesponding
members of alkali metals. This is due to the fact that the alkaline earth metals have a higher nuclear
charge due to which the electrons are more strongly attached towards the nudleus causing a decrease
in atomic size, Within the group, the atomic and ionic radii increase with increase in atomic number,

lenization Enthalpies

The alkaline earth metals owing to their large size of aloms have fairty low values of ionization enthalpias.
Within the group, the ionization enthalpy decreases as the atomic number increases. It is because
of increase in atomic size dus to addiion of new shells and increase in the magnitude of screening
effect of the electrons in inner shells.

The first ionisation enthalpies of the alkaline earth metals are higher than those of the cormesponding
group 1 metals. This is due 1o their small size as compared o the comesponding alkali metals. It is
interesting to note that the second ionization enthalpies of the slkaline earth matals are smaller than
those of the comesponding alkali metal.

Hydration Enthalpies

The hydration enthalpies of alkaline earth metal ions arz larger than those of alkali metal ions. Therefore,
compounds of alkaling earth metals are more extensively hydrated, for example, magnesium chloride
and calcium chioride exists as hexahydrates (MgCl,-6H,0 and CaCl,-6H,0} whereas sodium chloride
and potassium chloride do not form such hydrates.

Like alkali metal ions, the hydration enthalpies of alkaline earth metal ions decrease with increase in
ionic size down the group.

Be™ >Mg™ > Ca™ > 57 > Ba"

Physical Properties

The alkaline earth metals are silvery white, lustrous and relatively soft but harder than the alkali metals.,
Beryllium and magnesium appear o be somewhat greyish., The melting and boiling points of these
metals are higher than the comesponding alkali metals due to smaller sizes. But this trend is not
systematic, because of the low ionisation enthalpies, they are strongly electropositive in natura. The
electropasitive character increases down the group from Be to Ba.

Calcium, strontium and barium impart characteristic brick red, crimson and apple grean colours
respectively lo the flame. In flame the electrons are excited to higher energy levels and when they
drop back to the ground state, energy is emitted in the form of visible light. The electrons in benyllium
and magneasium are too strongly bound to get excited by flame. Hence, these alements do not impart
any colour to the flame. Ca, Sr and Ba give flame test which helps in their detection in gualitative
analysis and estimation by flame photometry. The alkaline earth metals just like those of alkali metals
have high electrical and thermal conductivities which are a typical characieristics of metals.

Which one of the following alkaline earth metal sulphates has its hydration enthalpy greater

than its lattice enthalpy?

{1) CaS0, (2] BeSQ,

(3) BaSO, (4) SrSO,
Solution : BeS0, has hydration energy greater than its lattice energy.
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Chemical Properties
As compared to alkali metals, alkaline earth melals are less reactive due to their relatively higher

ionization enthalpies. The reactivity of alkaline earth metals increases on going down the group because

their ionization enthalpies decreases and electropositive character increases.

Chemical Properties of Group-2 Elements

(i) Reaction with water : Ca Sr, and Ba have reduction potentials similar to those of corresponding
group Ist metals and are quite high in the electrochemical series. They react with cold water
readily, liberating hydrogen forming metal hydroxides.
Ca+2H,0 —» Ca(OH), + H,
Magnesium has an intermediate value and it does not react with cold water but it decomposes
hot water. Be(Be™/Be = —1.97 V) is least negative amongst all the alkaline earth metals. This
means that Be is much less electropositive than other alkaline aarth metals and hence does not
react with water or steam even when red hol.

L E—

The: alkaline earth metals react with water with increasing vigour even in cold to form hydroxide. All
the alkaline earth metal hydroxides are bases exceplt Be{OH). which is amphoteric.
The: solubllities of hydroxide of alkaline-earth metals increase markedly on moving down the group

as shown below,
Hydroxide  Solubility in water at 295 K (gL
Be{OH), Insoluble 2
Mg(OH), ooz i
. X
5=
Ca(OH), 1.3 iz
SH{OH), 8 =3
Ba(OH), 380 22

Among the hydroxides of this group, it is observed thal the magnitude of hydration enthalpy remains
almost unaltered whereas the magnitude of latlice enthalpy decreases significantly down the group
due to increase in size. Thus, the net effect of the two factors, (AH, .., — AHy o = AH 00 ) MHon
becomes more negative from Be to Ba accounting for increase in solubility.

(ii} Reaction with Air : Except Be these metals are easily tarmished in air as a layer of oxide is
formed on their surface. The effect of atmosphere increases as the atomic number increases,
Ba in powdered form bursts inta flame on exposure to air.

(iii} Reaction with hydrogen : The elements Mg, Ca, 3r and Ba all react with hydrogen to form
hydrides MH.. Beryllium hydride is difficult to prepare and less stable than others. BeH,, however,
can be prepared by reaction of BeCl, with LiAIH,.

2BeCl, + LIAIH, — ZBeH, + LiCl + AICL,
It is polymeric as (BeH,), possesses hydrogen bridges. Three centre two electron bonds are
present in which a banana shaped molecular orbital covers three atoms Be-—--H------B& and
contains 2 electrons, The stability of hydrides decreases with increasing atomic number because

metallic nature of elements increases.
3¢ — 2¢ bond

. ,/”\(/'”\ SN 0N
Be Be B= Be Be
Ny Ny N\ Ny N\
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{ivl Reaction with oxygen : Except Ba and Ra the elements when burnt in oxygen form oxides of
the type MO. Beryllium metal is relatively unreactive and does not react below 600°C but the
powdered form is much more reactive and burns brilliantly. The element Mg, bums with dazzling
brilliance evelving a considerable amount of heat. Barium and radium being highly electropositive
form peroxides.

Lo O

5a BﬂriBJ:?n!n High e peratire .B,E,.,an?fmr.

Rnowisdge Giowd ]

Beryllium, magnesium and calcium form monoxides while strontium and barium form peroxides.

2M + O, = ZMO (M = Be, Mg or Ca)
{oncoide )
M+ 0, > MO, (M = Ba or Sr)
(Perowide)
The monoxide can also be prepared by decomposition of their respective carbonates.
MCO, —» MO + CO,

(M = Be, Mg, Ca, Sror Ba)
The reactivity of alkaline earth melals lowards oxygen increases as we move down the group.

{v) Reaction with halogens : When heated with halogens the alkaline earth metals directly combine
with them.

Ca + Clz CaClz
Beryllium halides are covalent in nature. This is due to small size and high charge of Be™ ions,
that is, it has high polarising power. The glassy forms of halide are known to have chain of .. X,

Be X, Be ...

RSN . T N

£ >~ N N

x x X
The halides of the type MX,; of olther metsls ara jonic solids.
{vi) Reaction with nitrogen : All alkaline earth metals react with N, to form nitrides.
3Mg + N, — Mg, M,

M. molecule is very stable and it requires a lot of energy to convert N, into N™, nitride ions. The
large amount of ensrgy reguired comes from the veny large amount of lattice energy evolved when
the crystalline solid is formed. The lattice energy is particularly high because of high charges

on the ions M™ and N, Be,N, is volatile but the other nitrides are not volatile, they are ionic
crystalline solids. The nitrides are hydrolysed with water and liberate ammonia.

{vii) Reaction with carbon : With the exceplion of Be, other melals when heated with carbon in an
electric fumace form carbides. These carbides are called acetylides.
Ca+2C — CaC,
On hydrolysis, these carbides evaolve acetylens, whan BeO is heated with carbon at about 2000°C

a brick red coloured carbide of formula Be,C is formead. On hydrolysis it evolves methane and is
thus called methanide. MgC., on heating changes to Mg, C.. Mg, C, on hydrolysis evolves propyne.

Be,C + 4H,0 — 2Be{OH), + CH,
Mg,C, + 4H,0 — 2Mg (OH), + CH.—C=CH
BaCz+Nz —— Ba(CN)z

CaCz+Nz —— CaCNz+C

g
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{vili) Reaction with acids and bases : All melals react with acids and liberate H, although Be reacts

(ix}
{x)

slowly

Mg + ZHCI — MgCl, + H,T
Be is amphoteric as it also reacts with NaOH giving H, and sodium beryllate

Be + 2NaOH + 2H:0 — MNa:Be0: 2H:0 +H:
Sodipm benglate

Formation of amalgams : Alkaline earth meials combine with mercury to form amalgams.

Complex formation : Alkaline earth metal cations da not have large size and their ionic charge
iz slightly more than those of alkali metals, so they are capable of forming complexes, but the
tendency of M ions to form complexes decreases with the increase in size of M™ ion. Be, being
smallest in size has maximum tendency to form complexes such as [BeF |, [EeFJI' and so on
while Ba™ has the least tendency to form complexes.

Uses of alkaline earth metals

1.

B.
=
10.

1.

Beryllium is used in the manufacture of alloys. Copper-Beryllium alloys are used in the making
of high strength springs.

Metallic beryllium is used for making windows of X-rays tubes.

Magnesium, being a light metal, forms many light alloys with aluminium, zine, manganesa
and tin.

Magnesium (Powder and ribbon) is used in flash powders and bulbs, incendiary bombs
and signals).

Magnesium-aluminium alloys are used in aircraft construction.

Magnesium is used as sacrificial anode for the prevention of carfosion of iron.

A suspension of magnesivm hydroxide in water {called milk of magnesia) is used as an ant-acid
1o control excess acidity in stomach,

Magnesium carbonate is an ingredient of tooth-paste.

Calcium is used in the exdraciion of metals from oxides which are difficult to reduce with carbon.
Calcium and barium metals are used to remove air from vacuum tubes, due to their tendency to
react with oxygen and nitrogen at high temperature.

Fadium salts are used for radio therapy of cancer.

Comparison of group? and 2 metals

i)

(i)
(iii)
(iv)

LicK<MNa<Rb=<Ca<Mg<Be<Cs<Sr<Ba {Density)
Cs=Rb=K<Na<Li=Mg=<=Ba<5r=Ca=<Bs {Melting point)
Cs<Rb<K<Na<Mg<Li<Sr<=Ca<Ba<Be {Bailing paint}
Li»Cs>Rb>K=>Ba>S5r>Ca>Na>Mg>Be {S.OP.(Egarkn=10r2}

GENERAL CHARACTERISTICS OF COMPOUNDS OF THE ALKALINE EARTH METALS

The most common valence of group 2 element is 2+, Le., dipositive oxidation state.

The alkaline earth metals commonly form ionic compounds but ionic character of their compounds
is lesser than that of the alkali mestals. This is due to high jonization energy due to increased nuclear
charge and smaller size.

The tendency lo form ionic compounds increases down the group, that is the reason why the oxides
and other compounds of beryllium and magnesium are more covalent than thase formed by the heavier
and larger sized members (Ca, Sr, Ba).
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The general charactenistics of some of the compounds of the alkaline earth metals are describad
below.
(i) Oxidesand hydroxides : The alkaline earth metals being less electro positive than alkali metals

(if)

react with air or oxygen slowly upon heating to form monoxides, MO and except for BeO, all
alkaline earth metals have rock-salt structure.
The Be( is essenfially covalent in nature, The enthalpies of formation of these oxides are quite
high and consequently they are very stable to heat.
Bel is amphotenc in nature and oxides of other elements are lonic and basic in nature, and react
with water to form sparingly soluble hydroxides.

MO + H,O — M{OH).
The solubility, thermal stability and the basic character of these hydroxides increase with increasing
atomic number from Mg{OH), to Ba{OH),. The hydroxides of alkaline earth metals are less basic
and less stable when comparad with that of the alkali metals. Beryllium hydroxide is amphoteric
in nature.

Benylate ion

Be(OH), + 2HCI + 2H,0 — [Be(H.O),CL
Halides : Beryllium forms covalent halides, all other members forms ionic halides. Beryllium
halides are soluble in organic solvents.
Beryllium chloride has a chain structure

ci il cl cl
\E!e< ;Ee/ \E!a< :;‘i;c: - E£< g0, oy pe_ g
s N Nor No o’

BeCl. in vapour phase form a chioro-bridged dimer which at high temperatures of the order of 1200
K dissociates into linear monomer. The iendency fo form halide hydrates gradually decreases,
(for example, MgCl-6H.0, CaCl-6H.0, SrCl,-6H,0 and BaCl,-2H,0) down the group. The
hydraied chlorides, bromides and iodides of Ca, 5r and Ba can be dehydrated by heating but the
comesponding hydrated halides of Be and Mg on heating undergoes hydrolysis. The fluorides of
alkaline earth metals are less soluble than chlorides due to their high lattice energies.

Mature of bicarbonates and carbonates : All ihe bicarbonales of alkaline earth melals are
known in solution only. On heating, these are decomposed with evolution of CO,.

Ca(HCO,), — CaCO, +CO, +H,0
Carbonates of alkaline earth metals are solids. These dissolve in water in the presence of CO..
On heating. the carbonates decomposes to give CO, and metal oxide.

CaCO, — Ca0 +CO,
The temperature of decomposilion increases from Mg to Ba. BeCQ, is kept in atmosphere of
CO, to prevent its decomposition.

. i BeCO; MgCO; CaCO; SrCO: BaCOs
Decomposition temp. "C) <100°c 540°C 900°C 1290°C 1360°C
BeCO. have unusual low thermal stability because it exist as [Be(H,0),]”C0O;’
Nature of sulphates : The solubility of sulphates decreases on moving down the group. CaS0, is
sparingly soluble, while Sr30,, BaS0O, and RaS0, are almost insoluble. The solubilities of BeS0,
and MgS0, are due to high energy of solvation of smaller Be™ and Mg™ ions. The sulphates
decomposa on heating to give comesponding oxide (MO)
2ZMS0; - 2ZMO + 250, + O,
Nitrates : All the nitrates on heating give the mibdure of NO, and O,. Baryllium forms a basic
nitrate in addificn to the nommal salt. Basic nitrate is a covalent compound.
Be(NO,), — [Be,O(NO.)J + NC.
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ANOMALOUS BEHAVIOUR OF BERYLLIUM

Beryllium shows different behaviour from the rest members of its group and shows diagonal relationship

to aluminium due to reasons discussed below.

(i} Beryllium has excepiionally small atomic and ionic sizes and therefore does not compare wall
with other members of the group. because of high ionisalion enthalpy and small size it forms
compounds which are largely covalent and get easily hydrolysed.

(i} Beryllium does not exhibit coordination number more than four as in its valence shell, thers are
only four orbitals. The remaining members of the group can have a coordination number of six
by making use of d-orbitals.

(ii) The oxides and hydroxide of beryllium unlike the hydroxide of other elements in the group, are
amphoteric in natura.

Diagonal relationship between Beryllium and Aluminium

The ionic radius of Be™ is approx. 31 pm: the charge/radius ratio is nearly the same as that of the

AI® ion. Hence beryllium resembles aluminium in some ways., Similarities bebween Al and Be is

given below.

{i} Like aluminium, beryllium is not readily attacked by acids because of the presence of an oxide
film on the surface of the metal.

(i} Beryllium hydroxide dissolves in excess of alkali to give a beryllate ions, [Be[GH].F' just as
aluminium hydroxide gives aluminate ion, [AI{CH),J .

{iiy The chlorides of both beryllium and aluminium have CI bridged chloride structura in vapour
phase, Both the chlorides are seluble in organic solvents and are strong Lewis acids. They are
used as Friedel-Crafts catalysts.

{iv) Beryllium and aluminium ions have strong tendency to form complexes, BeF,”, AIF.",
Why beryfiium is different from other members of s group in some properties?

Solution : {iy [Iis due fo small atomic and ionic size.
(i} Absence of d-orbitals.

COMPOUNDS OF MAGNESIUM AND CALCIUM

Magnesium (Mg)
Magnesium salts cccur in 583 water,
Magnesium has closed packed hexagonal lattice. Magnesium ion is the essential element in human
body and is the important constituent of chlorophyil.
Compounds of Magnesium
1. Magnesium Oxide (MgO) :

Freparation :
{i}y Magnesium Ribbon when bumt in air (oxygen) give magnesium oxide {MgO).
2Mg + O,—— 2MgO

(i) When magnesium hydroxide is strongly heated, it gives magnesium oxide.
Mg{OH), — MgO + H.O

{iiiy When magnesium carbonale is strongly heated. it gives magnesium oxide.
MgCO, —— MgO + CO,

{iv) When magnesium nitrate is strongly heated. it gives magnesium oxide.
Mg(NO,), — 2MgO + 4NO_ + O,

Properties :

{1) Magnesium oxide is a white powder.

(i} Magnesium oxide is a basic oxide, which is soluble in water,
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2.

(i)

Magnesium oxide and magnesium chlofide is togather known as magnasia cemeant or
Sorel's cement, e.. MgCL.5MgQ.H.0, used for dental fillings.

(iv) Magnesium oxide when reacted with HCI or H.50, gives respective salts.

MgO + 2HCl—» MgCl, + H,0
MgO + H,50, —> MgSO0, + H,0

Magnesium Hydroxide (Mg(OH).) :
Preparation :
(i} When magnesivm chlonde is reacled with calcium hydroxide or sodium hydroxide,

(i}

magnesium hydroxide is formed.

MgCl, + Ca(OH), — Mg(OH]), + CaCl,

MgCl, + NaOH — Mg(OH). + 2NaCl

When magnesium oxide is reacted with water it gives magnesium hydroxide.,
MQC' + H;.I'.:} —* HQIC'H |

Properties :

(i)
(ii)

Magnesium hydroxide is a white powder,
Magnesium hydroxide is basic in nature.

(iii) Magnesium hydroxide on decompaosition gives magnesium oxide.
{iv) Magnesium hydroxide on reaction with NH,Cl gives magnesium chloride.

Mg{OH), + 2NH,Cl —» MaCl, + 2NH,OH

Magnesium Carbonate (MgCO,) :
Preparation :

(i)

(i)

Magnesium carbonale is prepared by adding sodium bicarbonate to a hot solution of
magnesium salt.

Mg30, + 2NaHCO, —— MgCO, + Na.S0, + H,0 + CO,

Magnesium sulphate when reacied with sodium carbonate gives white precipitate of a basic

carbonate which when suspended in water and CO. passed, magnesium bicarbonate is
formed which whean further boiled gives magnasium carbonate.

2MgS0, + 2Na,CO, + H.O —— MgCO,.Mg(OH), + 2Na,SO, + CO,
MgCO,.Mg(OH), + 3C0, + H,0— 2MglHCO,),
Mg{HCO,), —— MgCO, + CO. + H,0

Magnesium Chloride (MgCL,) :
Preparation :

i)

(i)

Magnesium chloride is prepared by dissolving Mg or MgO or Mg{OH), or MgCQ, in dil. HCL.
Mg + 2HCI — MgCl, + H,

MgQ + 2HC| —— MgCL, + H,0O

Mg(OH ). + ZHCl —— MgCL + 2H.O

MgCO; + ZHCI— MgCl,+H,0 + CO,

Carnallite (KCLMgCL.6H.O} when fused and cooled to 176°C. KCIl is deposited while
MgCl,.6H,0 is obtained in fused state.

Properties :

(i)
(i)

Magnesium chloride is a colourless crystalline solid, highly soluble in water.
MgCl,.6H,0 when reacted with sodium bicarbonate gives magnasium carbonate which on
further reaction with H.S0, give magnesium sulphate.

MgCl, 6H,0 ———— MgCO, ——— MgS0, 7H,0
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Magnesium Sulphate (Mg30,) :
Preparation :

(i} Whenmagnesite (MgCQO,)is treated with dil. sulphuric acid, magnesium sulphate is formed.
MgCQ, + H,S0, — Mg30, + H,0 + CO,

(i} When dolomite (MgCQ,.CaC0,) is treated with dil. sulphuric acid, magnesium sulphate is
formed.
MgCO,.CaCO, + 2H,50, — MgS0, + CaS0, + 2C0, + 2H,0

Properties :

{iy Magnesium sulphate is colourless crystalline compound soluble in water.

(i} Magnesium sulphate forms double salt with alkali melal sulphates (K50, .MgS0,.6H.0).

(i) Magnesium sulphate on strong heating gives MgO

MgS0,.7H,0 ——— MgSQ.H,0 ——— MgSO, —— MgQ + S0, + %Dg
Caleium (Ca)
Compounds of Calcium
1. Calcium Oxide (Ca0) :
Preparation :
Calcium carbonate when decomposed at 800°C gives calcium oxide.
CaC0: — 2. Ca0+ €03 !
Properties :

{1y Calcium oxide is also known as 'Quick ime” or "Bumt ime’, is white amorphous substance,

{iiy Calcium oxide when reacted with Si0, and PO, at high temperature gives calcium silicate
{Ca3i0,) and Calcium phosphate (Ca(PO.)) respectivaly. Cal is used as flux in blast
fumace for removal of impurities in the fom of slag.

Ca0 + 5i0, — Casi0,
6Ca0 + 2P0, —— 2Ca,(PO.)

{i} When water is added 1o lime a hissing sound is produced along with clouds of steam.
The lime forms slaked lime [CalCH)]. The paste of lime in water is called milk of
lime {CalOH),).

{iv) Calcium oxide reacts with moist chlorine to form bleaching powder.

Ca0 + Cl, — CaOCL, Midure of CaCl, + Ca(QCl)]

(v} Calcium oxide on reaction with moist S0, forms CaS0; and with maist CO, forms CaCO,.

Cal + 50, — CaSs0,
Cal + CO,—— CaCl,

{vi) Calcium oxide on reaction with moist HCI gas forms CaCl,.

Cal + 2HCl—— CalCl. + H.O

(vii) Calcium oxide on reaction with carbon at around 2000°C forms calcium carbide.
2000° &

Ca0+3C CaC:+COD
Calcium Carbonate (CaCQ,) :
Preparation :

{iy Carbon dioxide when passed through lime water gives calcium carbonate.,
Ca(OH), + CO, — CaC0, +H,O

(i} Calcium chioride on reaction with sodium carbonate gives calcium carbonate.
CaCl, + Na,CQ,—— CaCO, + 2NaCl
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Properties :
(i} Calcium carbonate is a white powder insoluble in water.
(i} Calcium carbonate dissolves in water in presence of CO, due to formation of
calciumbicarbonate,
CaCO, + H,O + C0O, — Ca(HCO,},
3. Calcium Chloride (CaCl,) :
Preparation :
Calcium oxide, calcium hydroxide or calcium carbonate when treated with HC| gives calcium
chloride.
Cal + 2HCl——» CaCl, + H,0
Ca(OH), + 2ZHC| — CaCl, + 2H,0
CaCO, + 2HCl— CaCl, + H,0 + CO,
CaCl, (Solution) — = caC) 6H,0 (Crystal)
Properties :

(i} Calcium chloride is a colourless deliqguescent crystalline substance which is soluble in
water as well as in alcohol.

(i) Crystals of calcium chioride when strongly heated gives off water of crystallisation.
Calcium sulphate {Plaster of Paris) [CaS0, - %H,D]
Preparation : When Gypsum is healed at abgut 1207 - 130°C, Plaster of Pans is formed.
2Ca504 - 2H2 0 — (CaS0s)Hz O +3Hz20

Gypaum Plaster of Pars
Properties :
(i} Itis a white crystalline solid. It is sparingly soluble in water,
(ii} It becomes anhydrous at about 200°C. Anhydrous form is known as dead bumnt plaster,

CaSOs 2Hz0 —22C . CaS0: ++H;0—22C . CasO:
gyRsam 2 ankyious
plazier of Pars ided bumt plastar)
Calcium hydroxide Ca(OH), or slaked lime
Preparation :

{iy From quick lime : Ca0 + H,C — Ca{OH),
{ii} From CacCl, : CaCl, + 2NaOH — Ca(OH}), + 2NaCl
Quick lime —22» Slaked lime
(Ca0) CalOH},

!

Suspension+— Suspended in waler

milk of lime
Ca(OH), 1 filter
Clear solution (lime water)
Ca(OH),
Properties :

It gives CaCO, and Ca(HCO,), with CO,

Ca(OH)z +C0z — CaC0s} +H:0
Lime waier mllcy

On prolong treatment with CO, milkiness disappears due lo formation of Ca(HCO,),

CaC03+Hz0+COz — Ca(HCO:)
Soluis
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iener

5. The ampholeric hydroxide is
{1} Mg(OH), {2) Be{OH),
(3} Sr(OH), {4) Ca(OH},
6. The number of water molecules in gypsum, dead bumt plaster and plaster of Paris,
respectively
(1) 2,0and1 {2) 0.5 0and 2
{3} 5.0and05 {4) 2.0and 0.5
7. sblock element which cannot be qualitatively confirmad by the flame test is
(1) L {2) Na
(3) Rb (4) Be

Predict the outcome of the following reactions and write balanced equations.
(#  BaOys) + H.50{aq) —
(i)  BafNQ,){aq) + Na .50 (aq) —
(i) Cafs) + Hfg) + Heat —
Solution : i BaQys)+HS04aq) — BaS0O(s)+ H,O,)
(1) Ba(NO,).(aq) + Na,S0Q.(aq) —» BaS0O,(s) + 2NaNO (aq)
(iiiy Cafs) + Hig) + Heat —» CaH.(s)

Explain why both BeCO, and BeS0, are unstable {o heat, while BaCO, and BaS0,
arz stabie.

Solution : The decomposition of & salt is promoted by the formation of a new compound with high
lattice energy. From BeCO: and BeS0s, BeD will be formed by decompaosition. The small
doubly charged ions will result in very high Bitice energy for BeO which will help to drive
the reaction. (Reaction is also favoured by an increase in entropy since a gaseous product
is formed).

CEMENT

Cement is a product obtained by combining a material rich in lime, Ca0 with other material such as
clay which contains silica, Si0, along wilh the oxides of aluminium, iron and magnesium. The average
composition of Portland cement is : CaD, 50-60%:; Si0,, 20-25%: ALC,, 5-10%:; Mg0, 2-3%; Fe.0,,
1-2% and 50, 1-2%. For a good quality cement, the ratio of silica (Si0,) to alumina (Al,O,)
should be between 2.5 and 4 and the ratio of lime (Ca0) to the total of the oxides of silicon
{Si0,} aluminium (Al,0,} and iron (Fe,0,} should be as close as possible to 2.

The raw materials for the manufacture of cement are limestone and clay. When clay and lime are
strongly heated together they fuse and react to form ‘cement clinker’. This clinker is mixed with 2-3% by
waight of gypsum {Cas0, - 2H,0) to form cement. Thus, important ingredients present in Portland
cement are dicalcium silicate {Ca Si0,) 26%. tricalcium silicate (Ca,5i0.) 51% and tricalcium
aluminate (Ca,AlLO,) 11%.

Setting of cement : When mixed with water. the setting of cement takes place to give a hard
mass. This is due to the hydration of the molecules of the constifuents and their rearrangemeant.
The purpose of adding gypsum is to show down the process of setting of the cement so that it gets
sufficiently hardened.

Uses : Cement has become a commaodity of national necessity for any country next to iron and steel.
It is used in concrete and reinforced concrete, in plastering and in the construction of bridges, dams
and buildings.

Cement is an imporiant building material. It was first infroduced in England in 1824 by Joseph Aspdin.
Il iz also called Poriland cement because it resembles with the natural limestone quarried in the Isle
of Portland. England.
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fitustration 1 :

Solution :
{fustration 2 :

Mustration 3 :

Solution :

fMlustration 4 :

Solution :

Solution :

fflustration 5 :

The matal that forms nitride by reacting directly with N, of air, is

(1) Li (2) Rb

(3) Cs 4) K

Onlly lithium react with N, among alkali metals. Answer (1)
The comect order of hydration enthalpies of atkali metal ions is

(1) Na'>Li >K >Rb">Cs" {2) Li>Na">K >Cs">Rb’

(3) Na'>Li >K >Cs" >Rb’ {4) Li>Na">K >Rb" >Cs’

Smaller is size more is hydration enengy.

Li'<Na' <K <Rb <Cs’ Size

Li'>Na">K >Rb">Cs" Hydration energy Answer (4)
The INCORRECT statement is

(1) Lithium is least reactive with waler among the alkali metals

(2) LiNQ, decomposes on heating to give LING, and O,

(3) Lithium is the strongesl reducing agenf among the afkali metals

(4) LiCI crysialfises from aqueous solution as LiCL.2H.0

4LiINO; —— 2Li;0 + 4NO,; + O, Answer (2)

A s-block element (M) reacts with oxygen fo form an oxide of the formula MO,. The
oxide is pale yellow in colour and paramagnetic. The element (M) is

(1) K 2} Na
(3) Mg {4) Ca
K + O, — KO, (Paramagnetic because of O ) Answer (1)
Match Lisi-l with Lisi-ll
List-f List-f
Elements Properties
fa) | Li (7 | Poor water solubiiify of I salt
{b) | Na {ii} | Most abundant element in cefl Auid
fc} | K {ifi) | Bicarbonate salt used in fire extinguisher
{d) | Cs {w) | Carbonare salf decomposes easlly on heating

Choose the comect answer from the apfions given below ;

(1) (a1, (o)), {c}-{u). (d)-{)

(2) (a1, (o)), (c)-Hm). (d)-{)

(3 (al-w). (b)-{F). {c)-{H). (d)-{])

(4) (a)-{w). (D)), (c)-{m). (d)-{7)

Among alkali metals and their compounds Li,CO, is thermally least stable and

decomposes easily on heating.

NaHCOQ, is usad as fire extinguisher.

K is most abundant element in call fuid.

Cszl is a covalent compound and has poor water solubility.
Comect answer

(@Hiv), (b)), (cH), (dHi) Answer (3)
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{ustration 6 :

Solution :

Hustration 7 :

{ustration 8 :

-

Solution :

fMustration 9 ;

filustration 10 :

Solution :

Siafement-I: An alloy of lthivm and magnesium is used fo make aircraft plates.
Statement-li: The magnesium jons are important for cell-membrane integrity.

in the light of the above sfafemenis. choose the correct answer from the oplions given
below:

(1) Both Statement-l and Stafement-Il are true
(2) Both Statementf and Stafement-lil are false
(3) Statemant-l is true but Statement-lf is false
{4} Staterment-l is false but Stafement-ll is true
Magnesium alloys are used to make body of aircraft which is lightweight and resistant

to corrosion. Calcium is responsible for cell membrane integrity. Answer (2)
The structures of beryliium chioride in the solid stale and vapour phase, respectively, are
(T} Chain and dimenc {2} Dimeric and dimeric

(3} Dimerc and chain {4} Chain and chain

BeCl, in vapour phase exisl as dimer (below 1200 K temperaiura).

BeCl, in solid state has chain siruciure. Answer (1)

The comect sequence of thermal stability of the following carbonates is :

(1) MgCO, < CaCO, < SrCO, < BaCO,

(2) BaCO,<SrCO, < CaC0y< MgCO,

(3) MgCO, < SrCO,; <CaCO0, <BaCO,

(4) BaCO,<CaCO0, < SrC0y< MgCO,

Stability of alkaline sarth metal carbonates increases down the group :

MgCO, < CaCO, < SrGQ, < BaCO, Answer (1)
Match the following compounds (ColumnH] with their uses (Column-ff).

5. NO. | Column-{ 5. NO. | Column-ii

() CafOH), {A) casts of slatues
(1) NaC! (B) | white wash

) | casogZHz0 |1 |antacie

{iv) CaCo, {D) washing soda preparation
(1) (W-(B), (M~C), (IM-(D). IVI-{A) (2} (I)4(B), (M-(D), (H}-{A), (IV)4C)
(3) (M-{C), (M-{D), (HD-(B). (IV)-{A) (4} (ID), (H)-(A), (H}-(C). (IV)-(B)

Ca(OH), - Used in white wash

MNaCl - Used for the preparation of washing soda (Na.CO,)
CEEDJ,-%HEG - Used for making casts of statues

CaCo, - Used as an antacid Answer (2]
The correct order of density is

(1} Be>Mg=> Ca=>Sr f2) Sr>Ca=>Mg>Be

(3) Sr=Ba>Mg=>Ca {4) Be>Sr>Mg=>Ca

Density of Sr = 2.63 gicm®
Density of Be = 1.84 g/em’
Density of Mg = 1.74 gicm®
Density of Ca = 1.55 gicm® Answer (3)
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31,

3.

33.

35,

36.

37.

38,

39,

40,

41,

42,

43.

EXERCISE|

[Group-2Z elements, Properties, Compounds of group-2]

Which metal does not impart colgur to the flame on heating?

(1) Be {2) Ca

(31 5r {4) Ba

Which of following hydroxide is least soluble in water?

(1) Mg{OH), (2) Ca(OH),

(3) Sr(CH), {4) Ba(OH),

Pair of amphaoteric hydroxides is

{11 Be(OH),, Mg{OH), (2) Be(OH),, Zn{OH),

{3} Be(OH),, B{OH), {4) LiOH, Be{OH),

Which of the following is strongest base?

(13 Si{OH), {2) AOH),

{3} Mg(OH), {4) Be(OH),

Correct order of covalent character of fluorides of alkaline earth metals is

{1} BeF, > MgF, > CaF, > &rF, > BaF, {2) BaF, > &F, > CaF, > MgF, > BeF,
{3} MgF, > BaF, > SrF, > CaF, > BeF, {4) BeF, = BaF, = 5rF, = CaF, = MgF,
Thermal stability of alkaline earth meatal carbonates in decreasing order is

(1} CaCO, > SrCQ, > MgCO, > BaCO, {2) MgCO, = GaC0, = 5rC0, = BaCO,
(3} BaCQ, = SrCO, > CaCO, > MgCO, {4) BaCO, > SrCO, > MgCQO, > CaCO,
Which of the following is most soluble in water?

(1) Casq, (2) 3r30, (3) Mgs0, (4) BasSO,
Which of the following oxide is amphotenc?

{1} CaQ {2) BaD {2) BeD 4) MgQ
Which of the following elements have the greatest tendency to form covalent compounds?
{1} Ca {2} Mg {3) Sr i4) Be
Grignard reagent is an organometallic compound of

(1) Calcium (2] Sodium {3) Magnesium (4) Potassium

Silica reacts with magnesium to form a magnesium compound “x’, which reacts with dil. HCl and forms
. Compound y is

(1} MgSiO, (2) SiCl, (3} MgCL {4) MgO

When C0, is passed through solution of calcium hydroxide, which one of the following compounds is
precipitated?

{1} CafHCO,}, (2) Ca0o {3) CaCO, i4) CalOH),
Hydrolith is the common name of
{1} CaH, {2) LiH {3) MNaF {4) NaH
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44, Plaster of Paris in contact with water sets into a hard mass, the composilion of hard mass is

(1) CaS0,H,0 (2) CasS0,.Ca(OH),

{3) CaS0,.2H,0 {4) CasS0,.2Ca(0OH).
45. Which of the following pairs can be distinguished by the action of heat?

. Na,CO, and CaCO,

Il. MgCL.6H,0 and CaCl,.6H.0

lll. Ca(NO,), and NaNO,

(1) 1&1N (2) 1 only
(3) 1& 1 (@ Lnam

BIOLOGICAL IMPORTANCE OF SODIUM, POTASSIUM, MAGNESIUM AND CALCIUM

()
(il
(i)
(iv)
v)

(i}

(vil)

They activate many enzymes.

Participate in oxidation of glucose to produce ATP (adencsine triphosphate), potassium ions.
In combination with sodium ions are responsible for transmission of nerve signals.

These jons participate in the transmission of nerve signals.

They alzo regulate flow of water across cell membranes and in transport of sugars and amine
acids into the cells.

An adult body contains about 25 g of Mg and 1200 g of Ca compared with only 5 g of iron and
0.06 g of copper.

All enzymes that uses ATP in phosphale transfer require magnesium as the cofactor.

(wiii) The chlorophyll contains magnesium

(ix)
(x)

(i)

(xil)

About 99% of body calcium is present in bones and teeth.

It also plays important roles in neuromuseular function, inter-neuronal transmission, cell membrane
integrity and blood coagulation.

The calcium concentration in plasma is regulated at about 100 mg L™'. Which is maintained by
two hormones: calcitonin and parathyroid hormaone.

Bone is continuously solubilised and redsposited to the extent of 400 mg per day in man.

Quektee

Group-1 {(alkali metals) and group-2 {alkaline earth metals) together constitute the
s-block of the perodic table. They are called so because their oxides and hydroxides
are alkaline in nature. The alkali metals are characterised by one selectron and the
alkaline sarth metals by two s-slectrons in the valence shell of their atoms. These are
highly reactive metals forming monopositive (M) and dipositive (M*") ions respectively.
It is seen that there is a regular trend in the physical and chemical properties of the
alkali metal with increasing atomic number. Tha atomic and lonic sizes increase and
the ionization enthalpies decrease systematically down the group. The same kind
of trends are observed among the properties of the alkaline earth metals. The first
element in each of the group, Le.. lithium in group-1 and beryllium in group-2 shows
similarities in properties to the second member of the next group. Such similarities
are termed as the diagonal relationship in the periodic table.
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2.  The alkali metals are silvery white, soft and have low melting paint. They are highly
reactive. The compounds of alkali metals are predominantly ionic. Their oxides and
hydroxides are soluble in water forming strong alkalies. Important compounds of
sodium includes sodium carbonate, sodium chloride, sodium hydroxide and sodium
hydrogen carbonate. Sodium hydroxide is manufactured by Casiner-Kellner process
and sodium carbonate by Solvay process.

3. The chemistry of alkaline earth metals is very much like that of the alkali metals.
Howewver, some difference arises because of reduced atomic and ionic sizes and
increased cationic charges in case of alkaline earth metals. Their oxides and
hydroxides are less basic than the alkali metal oxides and hydroxide.

4.  Industrially, important compounds of calcium include calcium axide (lime), calcium
hydrovide (slaked lime), calcium sulphate {Plaster of paris), calcium carbonate (lime
sfone) and cement. Portland cement is an important constructional material. It is
manufaciured by healting a pulverised mixture of limestone and clay in a rotary kiln.
The: clinker thus obtained is mixed with some gypsum (2 - 3%) to give a fine powder
of cement. Al these substances find variety of uses in different arsas.

5. lons of sodium, potassium. magnesium and calcum are found in large proportions
in biological fluids. These ions perform important biological functions such as
maintenance of ion balance and nerve impulse conduction.

o o aQ
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