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1. The Group1 elements
Li
Na
K
Rb
Cs
Fr
Introduction
The elements in the Groups 1 and 2 are called s-block elements. The Group 1 elements (formerly
Group I or IA) include lithium (Li), sodium (Na), potassium (K), rubidium (Rb), caesium (Cs)
and francium (Fr). They are also called “alkali metals”. In some Periodic Tables, hydrogen is
placed just above Li though its properties are somewhat different to other elements in Group1.
The chemistry of hydrogen will be discussed separately.

1.1 Occurrence and isolation
Alkali metals are reactive and they are not found in nature as free metals. Sodium and potassium
are relatively more abundant than the other metals in this group. Na is present as a salt
(e.g.Sodium chloride, NaCl) in huge quantities in underground deposits (salt mines), in seawater
and other natural waters. Potassium salts are found naturally in seawater, and as carnalite,
KCl•MgCl2•6H2O or potash (KOH). The concentrations of Na+ and K+ ions in seawater are
10,800 and 590 ppm, respectively.

Sodium and lithium are obtained by electrolysis of their molten chloride. For example,
2 NaCl(l)

2 Na(s) + Cl2(g)

During electrolysis Na+ ions are reduced to Na metal and chloride ions are oxidized to chlorine
gas.
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Activity

1. Can we obtain Na metal by electrolyzing a concentrated aqueous solution of NaCl?

Potassium is made by the reaction of sodium vapor with molten/fused KCl at 850 OC.
Na(vapour) + KCl(l)

NaCl(l) + K(l)

Rb and Cs are made by the reduction of their chlorides with calcium metal at 800 OC.
Ca(l) + 2 RbCl(l)

CaCl2(l) + 2 Rb(l)

All isotopes of francium are radioactive.

1.2 Some properties of alkali metals
In this lesson, we will mainly concentrate on the chemistry of Na, K and Li. The elements of
Group 1 are soft metals and they conduct electricity and heat. Table1 provides you with some of
the physical data of Group 1 elements. As one would expect the ionic radius, r(M+), increases as
you go down the group. The melting point (m.p.) decreases from Li to Cs. Alkali metals have
low densities and the densities(d) of Li, Na and K are less than that of water; thus these metals
float on water.

Table 1: Some properties of Group 1 elements
Element
Li (Lithium)
Na (Sodium)
K (Potassium)
Rb (Rubidium)
Cs (Caesium)

r(M+)
/ pm
60
95
133
148
169

Electron
m.p./ oC
configuration
[He] 2s1
181
1
[Ne] 3s
98
1
[Ar] 4s
63
[Kr] 5s1
39
1
[Xe] 6s
29

d/gcm−3
0.53
0.97
0.86
1.53
1.90

EO
-3.04
-2.71
-2.94
-2.94
-3.03

IE1
520
496
418
401
376

IE2
7590
4560
3060
2630
2430

Activity

2. Why are alkali metals soft and have low melting points?
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The valence electron configuration of these elements can be written as ns1 and they have a
tendency to lose the single s-electron and attain a noble gas electron configuration.
M

M+ +e

(oxidation)

Therefore, these alkali metals are the most reactive and electropositive elements known. This is
due to the low first ionization energy (IE1) shown by each element. They all form only M+ ions
as the second ionization energy (IE2) is very high when compared to IE1(see Table 1).

Q : Write the electron configuration of Na, Na+ and Ne.
A:
Electron configuration of Na

1s2,2s2,2p6,3s1

(11 electrons)

Electron configuration of Na+

1s2,2s2,2p6

(10 electrons)

Electron configuration of Ne

1s2,2s2,2p6

= [Ne] (10 electrons)

Electron configuration of Na

1s2,2s2,2p6,3s1

= [Ne] 3s1

Activity

3. Cs has the lowest first ionization energy (see Table 1), explain. Comment on the
electropositivity of the cations as you go down the Group.

Group 1 elements form colorless ionic salts with common simple anions and the oxidation
state/number of the metal is always +1. Almost all derivatives of alkali metals are ionic except
some lithium compounds. The Group 1 metal ions (M+) are quite stable towards reduction to its
free elements (M), for example Na+ is more stable than free Na metal.
Standard reduction electrode potentials (Eo) of the Group 1 metals are given in Table 1. The
negative values indicate that these elements are good reducing agents. Li has a more negative
Eovalue than Na because of its high hydration energy. Simple salts of alkali metals tend to be
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very soluble in water, but LiF and Li2CO3 are partially soluble in water. Free alkali metals are
normally stored in dry hydrocarbon solvents (paraffin oil) to prevent them from reacting with
atmospheric oxygen or moisture.

1.3 Compounds of alkali metals
In this section, we will consider some reactions and properties of simple salts of alkali metals:
metal oxides, metal hydroxides and metal halides.
Alkali metal oxides
The product(s) obtained due to combustion of Group 1 elements in oxygen vary with the alkali
metal and the amount of oxygen used: three different oxygen containing anions (e.g.oxide,
peroxide and superoxide) are formed (Table 2). Hydrolysis (reaction with water) of
lithiummonoxide gives LiOH. Hydrolysis of sodium peroxide at 0 oC gives NaOH and H2O2 , but
H2O2 is unstable at room temperature and liberates O2 as the temperature is raised. The
corresponding metal hydroxide, H2O2 and O2 are produced when superoxides of K, Rb and Cs
are hydrolysed. K, Rb and Cs form all three oxides.
Table 2: Stable oxides (main product) obtained by reacting alkali metals with oxygen, and the
product(s) due to hydrolysis of the corresponding salt
Metal

Product isolated

Anion type

Product/s due to
hydrolysis

Li

Li2O

O2(oxide)

OH−

Na

Na2O2

O22(peroxide)

OH−, H2O2

K, Rb, Cs

MO2

O2(superoxide)

OH−, H2O2, O2

Lithium forms only the monoxide (Li2O). Superoxide of sodium is unstable. The superoxide
becomes more stable as you go down the group. K, Na and Cs are known to form all three
oxides. Large alkali metals form stable superoxides MO2 (M = K, Rb, Cs), which are ionic and
paramagnetic. Note that paramagnetic compounds contain unpaired electrons, like in the oxygen
molecule.
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Activity

4. Write the balanced equations for the reaction of Na with O2.

Preparation of metal oxides
The reaction of LiOH with H2O2, generates unstable lithium peroxide [Li2O2], which
decomposes to Li2O and O2.
2 LiOH(s) + H2O2(l)

[Li2O2]

Li2O(s) + ½ O2(g)

K2O is prepared by reducing KNO2or KNO3 with free metal.
2 KNO3(s) + 10 K(s)

N2(g) + 6 K2O(s)

2 KNO2(s) + 6 K(s)

N2(g) + 4 K2O(s)

Sodium peroxide is produced by passing carbon dioxide free dry air over heated Na.
2 Na(s) + O2(g )

Na2O2(g)

Upon heating, sodium peroxide decomposes to sodium monoxide and oxygen.
2 Na2O2(s)

2 Na2O(s) + O2(g)

These peroxides (M2O2) have ionic structures and they react with cold water (0oC) to give H2O2.
(M = Li, Na, K and Cs)
M2O2(s) + 2 H2O(l)

H2O2(l) + 2 MOH(aq)

Alkali metal peroxides are powerful oxidizing agents and they oxidize sulfides to sulfates. Na2O2
absorbs CO2 and gives out O2.
2 Na2O2(s) + 2 CO2(g)

2 Na2CO3(s) + O2(g)

These peroxides are used to purify air (by removing CO2) in closed spaces such as submarines.
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Alkali metal hydroxides
Alkali metals react with water to give an alkaline solution with hydrogen evolution.
2 M(s) + 2 H2O(l)

2 MOH(aq) + H2(g)

Li, Na and K all float on water, Li reacts steadily, Na reacts vigorously and K reacts violently.
NaOH is a very deliquescent white solid. On exposure to air it absorbs moisture. A solid sample
of NaOH could combine with CO2 in air to form a layer of Na2CO3. This layer protects NaOH
from reacting further with moisture and CO2. Due to these reactions NaOH cannot be used as a
primary standard for the standardization of acid solutions. NaOH is produced by electrolyzing
NaCl.
Alkali metal hydroxides are used in various acid-base titrations. For example, NaOH can
neutralize dilute sulfuric acid giving a salt and water.
2 NaOH(aq) + H2SO4(aq)

Na2SO4(aq) + 2 H2O(l)

Nonmetals such as carbon, nitrogen and oxygen do not react with aqueous NaOH but many other
elements do react with NaOH. For example,
2 Al(s) + 6 NaOH(aq) + 6 H2O(l)
Si(s) + 2 NaOH(aq) + H2O(l)
4 S(s) + 6 NaOH(aq)

2 Na3[Al(OH)6](aq)+ 3 H2(g)
Na2SiO3(s) + 2 H2(g)

2 Na2S(aq) + Na2S2O3(aq) + 3 H2O(l)

Alkali metal halides
Alkali halides (MX) of sodium and potassium are ionic compounds and readily dissolve in water
(a polar solvent). But LiCl, LiBr and LiI have some covalent character and are more soluble in
alcohol (a less polar solvent than water). The covalent character of lithium compounds is due to
the strong polarizing power of the Li+ ion. Large anions are polarized by the Li+ ion by attracting
outermost electrons of the anion and at the same time repelling the positively charged nucleus of
the anion. This distortion or polarization of the anion by the cation results in a certain degree of
sharing of electrons between ions, i.e. the bond would become partially covalent in character.
The small fluoride ion resists polarization by the lithium ion thus LiF has more ionic character.
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The degree of polarization/polarizing power increases as the

Q:

(i)

charge of the cation increases,

(ii)

charge of the anion increases,

(iii)

size of the cation decreases, and

(iv)

size of the anion increases.

List the halides in the order of increasing degree of polarization.
F− < Cl− < Br− < I−

A:

Q : List the cations of alkali metals in the order of increasing polarizing power.
Cs+ < Rb+ < K+ < Na+ < Li+

A:

Summary


Group 1 elements are soft, reactive metals with low melting points; low densities; low
first ionization energies; very high second ionization energies; very negative standard
reduction potentials. Most simple salts of alkali metals are soluble in water.



Valence electron configuration of alkali metals (M) is ns1 and they readily form M+ ions.
Therefore, they are strong reducing agents.



Na and Li are obtained by electrolyzing of their molten chloride; K is made by reacting
molten KCl with sodium vapor.



They form three types of oxides: monoxide, peroxide and superoxide.



Alkali metal hydroxides are used in acid-base titrations.
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Learning Outcomes
At the end of this lesson you should be able to


give the sources and methods used to isolate alkali metals, particularly, Na and K.



compare the variation in properties of alkali metals such as ionic radius, melting points,
density, ionization energies, and standard electrode potentials as you go down the Group.



write the electron configuration of a Group 1 element or ion.



mention preparation methods of alkali metal oxides, peroxides and superoxides.



explain reactions of alkali metal oxides and metal hydroxides.

Activity

5. Determine the oxidation states of the non metals in the following substances.
(i) Na2O2

(ii) KClO4

(iii) Na2CO3

(iv) Na2SO4

6. Draw the structures of the following anions NO3−, CO32−, SO42−, ClO42−
(Hint: Think about the valency and possible oxidation state(s) of atoms/ions)
7. What is the order of reactivity of alkali metals towards water?
8. Give two organometallic reagents of alkali metals, i.e. organic derivatives of alkali metals?
9. Which alkali metals form stable superoxides when it is reacted with oxygen?
10. Which alkali metals do not form stable superoxides?
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2. The Group 2 elements
Be
Mg
Ca
Sr
Ba
Ra

Introduction
Here we will discuss the properties and chemistry of Group 2 elements and their compounds.
The Group 2 (formerly Group II or IIA) elements include beryllium (Be), magnesium (Mg),
calcium (Ca), strontium (Sr), barium (Ba) and radium (Ra). They are also called “alkaline
earth metals”. We will also make an attempt to compare the chemical properties of Group 2
elements with the Group 1 elements.

2.1 Occurrence and isolation
The Group 2 elements are too reactive to occur as free elements in nature. Mg is the second
most abundant element in seawater and it occurs as MgCl2 (0.3%), MgBr2 (0.04%) and MgSO4
(0.18%). Magnesium also occurs in carnalite deposits, KCl•MgCl2•6H2O. Dolomite
(CaCO3•MgCO3) is found in Digana (Kandy District) and Rattota (Matale District) which is used
in the manufacture of Porcelain and Fertilizer. Limestone, chalk and marble contain CaCO3.
Calcium also occurs as a sulfate, CaSO4•2H2O in gypsum. Apatite, Ca3(PO4)2 is found in
Eppawala (Anuradhapura District). Seawater also contains CaSO4. Sr and Ba are rare and Be is
even rarer and found as beryl, an aluminosilicate, Be3Al2(SiO3)6. The most important source of
calcium is the deposits of CaCO3, which are the fossilized remains of dead shellfish.
Dolomite is the major constituent of the mountain range, the Dolomite Alps in Italy. Ca and Mg
are the fifth and sixth most abundant element in the earth’s crust. From an Industrial standpoint,
Mg is the most important metal.
Group 2 elements are normally prepared by electrolysis of the corresponding fused chlorides.
Electrolysis of anhydrous MgCl2 using a graphite anode and a steel cathode produces Mg at the
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cathode. Anhydrous carnalite can be directly used for electrolysis; usually NaCl is added to
lower the melting point of MgCl2.

Activity

11. Write the half-cell reactions for the above process - electrolysis of anhydrous MgCl2.

The anhydrous MgCl2 can also be prepared by heating magnesite (MgCO3) with coke (carbon)
and passing chlorine over the mixture.
MgCO3(s)

MgO(s) + CO2(g)

MgO(s) + C(s) + Cl2(g)

MgCl2(s) + CO(g)

Magnesium can also be obtained from seawater as shown below.
(i)

Mg(OH)2 is precipitated by adding Ca(OH)2.
Mg2+(aq) + Ca(OH)2(s)

(ii)

Mg(OH)2(s) + Ca2+(aq)

MgO is obtained by heating Mg(OH)2.
2000 0C

Mg(OH)2(s)
(iii)

MgO(s) + H2O(g)

MgO is reduced to Mg by heating with carbon (coke).
MgO(s) + C(s)

CO(g) + Mg(s)

Calcium metal is also obtained by electrolysis of a mixture of CaCl2 and CaF2. CaF2 is
added to lower the melting point of the mixture.
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2.2 Some properties of Group 2 elements
All Group 2 elements are metals and all are powerful reducing agents. Table 3 provides you with
some physical properties of Group 2 elements. The valence electron configuration of these
elements can be written as ns2 and they have the tendency to lose both s-electrons and attain a
noble gas electron configuration.
Table 3: Some properties of Group 2 elements
(E.Con. = Electron configuration; 100 pm (picometres) = 1Å)
Element (name)

E.Con

IE1
kJmol-1

IE2
kJmol-1

IE3
kJmol-1

r(M2+)
pm

Be

(Beryllium)

[He] 2s2

899

1757

14848

59

Mg

(Magnesium)

[Ne] 3s2

738

1451

7733

86

Ca

(Calcium)

[Ar] 4s2

590

1145

4912

114

Sr

(Strontium)

[Kr] 5s2

549

1064

4207

132

Ba

(Barium)

[Xe] 6s2

503

965

3500

149

Ra

(Radium)

[Rn] 7s2

As seen in the Table3, the ionic radius of the divalent ions increases as you go down the group.
Each free atom has two valence s-electrons (when compared to Group 1 elements) which results
in atoms being held together much more strongly in the free metal. Hence the Group 2 elements
are harder, denser and have a much higher melting point than the corresponding alkali
metals(see Table 4).

Table 4: Densities and melting points of the elements of Groups 1 and 2
Metal

Li

Be

Na

Mg

K

Ca

Rb

Sr

Cs

Ba

Density (gcm-3)

0.53

1.85

0.97

1.75

0.86

1.55

1.53

2.63

1.90

3.62

Melting Point (oC)

181

1287

98

649

63

839

39

768

29

727
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Group 2 elements form colorless largely ionic compounds in the solid state in which the
oxidation state of the metal is always +2. No stable compounds containing M+ ions are known.
All Group 2 metals form only M2+ ions. The high charge density of Be2+ means that the free ions
cannot exist, and all its compounds are either covalent or exist as solvated ions such as
[Be(H2O)4]2+.
Beryllium thus shows properties markedly different from the other elements in Group 2. The
higher charge density of M2+ ions of the Group 2 elements (when compared to M+ ions of the
Group 1 elements) results in
(i)
(ii)
(iii)
(iv)

smaller M2+ ions; e.g. r(Ca2+) is 114 pm and r(K+) is 133 pm.
strongly hydrated complexes than Group 1 elements
higher lattice energies
salts which are less soluble in water.

Activity

12. Group 2 elements do not form M3+ ion. Explain.
13. Why is IE3 for Magnesium very large when compared to its IE2?

2.3 Compounds of Group 2 elements
In this section, we will discuss the preparation and reactions of Group 2 metal oxides (MO),
hydroxides M(OH)2, peroxides (MO2), halides (MX2), hydrides (MH2), nitrates [M(NO3)2],
sulfates (MSO4) and carbonates (MCO3).
Oxides
Let us consider preparation of metal oxides. There are three methods to prepare metal oxides: (i)
direct reaction with oxygen, (ii) decomposition of metal carbonates, and (iii) direct reaction with
water at high temperature.
5 Be(s) + O2(g) + N2(g)

2 BeO(s)↓+ Be3N2(s)

Air
Similar reactions do occur with Mg, Ca, Sr and Ba. Metal oxides are essentially ionic solids with
a divalent cation and an anion (M2+O2−). Beryllium oxide (BeO) may have some covalent
character. This may be due to higher polarizing power of Be2+ ion.
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Group 2 metal oxides are normally prepared by thermal decomposition of the corresponding
metal carbonate.
MCO3(s)

MO(s) + CO2(g)

Magnesium reacts with steam to produce MgO and hydrogen.
Mg(s) + H2O(g)

MgO(s) + H2(g)

Some of the reactions of metal oxides are given below.
(i) Group 2 metal oxides have high lattice energies and are less soluble in water compared to
those of Group 1 metal oxides. BeO and MgO are quite insoluble in water whilst CaO,
SrO and BaO readily react with water giving ionic hydroxides. For example, CaO is a
basic oxide and it reacts with water to give Ca(OH)2.
CaO(s) + H2O(l)
(ii)

Ca(OH)2(aq)

CaO reacts with gaseous acidic oxides such as SO2 to give sulphite.
CaO(s) + SO2(g)

CaSO3(s)

(iii) At higher temperatures, CaO reacts with solid acidic oxides such as silica and P4O10to
give silicate and phosphate, respectively.
CaO(s) + SiO2(s)
6 CaO(s) + P4O10(s)

CaSiO3(s)
2 Ca3(PO4)2(s)

CaO is used in the laboratory as a drying agent in desiccators for drying organic solvent (e.g.
ethyl alcohol). During this process Ca(OH)2 is produced.

Hydroxides
We know that metal hydroxides can be prepared by hydrating the corresponding metal oxide.
The basic character of metal hydroxide increases with the size of the cation, thus basicity
increases as shown below.
Be(OH)2 < Mg(OH)2 < Ca(OH)2 < Sr(OH)2 < Ba(OH)2
Be(OH)2 shows amphoteric properties; it dissolves in mineral acid (HX) to form the
corresponding halide (BeX2); in alkaline solutions (e.g. NaOH), it produces beryllates,
Na2[Be(OH)4].
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Be(OH)2(s) + 2 HCl(aq)

BeCl2(s) ↓ + 2 H2O(l)

Be(OH)2(s) + 2 NaOH(aq)

Na2[Be(OH)4](aq)

An aqueous solution of calcium hydroxide is called limewater; which is used to test for carbon
dioxide. When carbon dioxide is passed into limewater, a precipitate of calcium carbonate is
formed first.
Ca(OH)2(aq) + CO2(g)
CaCO3(s) ↓ + H2O(l)
Addition of more CO2 converts the carbonate into more water soluble calcium bicarbonate so
that CaCO3 precipitate dissolves up giving a clear solution.
CaCO3(s) + CO2(g) + H2O(l)

Ca(HCO3)2(aq)

If more limewater is added, CaCO3 re-precipitates.
Ca(HCO3)2(aq) + Ca(OH)2(aq)

2 CaCO3(s) ↓+ 2 H2O(l)

CaCO3 can be precipitated by boiling a solution of Ca(HCO3)2
CaCO3(s) ↓ + CO2(g) ↑ + H2O(l)

Ca(HCO3)2(aq)
Peroxides

The formation of metal peroxides (MO2) is observed with larger cations. BaO2 is readily formed
when BaO is heated in air or oxygen.
2 BaO(g) + O2(g)

2 BaO2(s)

SrO2 is obtained in a low yield by heating SrO in oxygen under pressure at 400 oC.
Hydrated peroxides of the type MO2•8H2O can be obtained by adding H2O2 to a concentrated
solution of metal salts.
Halides
Group 2 metals react directly with halogen to give metal dihalides, MX2. M = Be, Mg, Ca and
Sr; X = Cl and Br.
M(s) + X2(g)
MX2(s)
The reaction with bromine takes place at higher temperatures. Calcium can react with F2 and I2
to give CaF2 and CaI2, respectively.
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Beryllium chloride (BeCl2) is a covalent polymer in the solid state containing Be-Cl-Be bridges.
In the vapor phase, the polymer [BeCl2]n is broken into a mixture of the monomer BeCl2 and the
dimer Be2Cl4 .

Coordination number = 3

Coordination number = 4

Some hydrated chlorides are MgCl2•6H2O, CaCl2•6H2O and BaCl2•H2O. Hydrated magnesium
chloride decomposes on heating to give a basic chloride.
2 MgCl2•6H2O(s)

MgO•MgCl2(s) + 2 HCl(aq) + 11 H2O(l)

Calcium chloride crystallizes as CaCl2•6H2O. Anhydrous CaCl2 is used as a drying agent for
organic solvents. It also absorbs ammonia and alcohols giving compounds such as CaCl2•8NH3
and CaCl2•4CH3OH.
Hydrides
Magnesium hydride is formed when Mg powder is reacted with hydrogen under pressure at a
high temperature. MgI2 acts as a catalyst.
Mg(s) + H2(g)

MgH2(s)

MgH2 reacts with water to give Mg(OH)2 and hydrogen.
MgH2(s) + 2 H2O(l)

Mg(OH)2(s) + 2 H2(g)

Group 2 metal hydrides are thermally more stable than the alkali metal hydrides. CaH2 is used as
a reducing agent and also as a drying agent.
Nitrates
The reaction of nitric acid with metal oxides, hydroxides or carbonates gives Group 2 metal
nitrates. Mg(NO3)2 and Ca(NO3)2 are very soluble in water. Unlike Group 1 metal nitrates,
nitrates of Group 2 metals can be decomposed to their oxides by heating. The thermal stability
increases from Mg(NO3)2 to Ba(NO3)2.
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Sulfates
Be (powdered) and Mg dissolve in dilute H2SO4 to give BeSO4 and MgSO4, respectively.
M(s) + H2SO4(aq)

M2+(aq) + SO42 (aq) + H2(g)

CaSO4 can be precipitated by adding dilute H2SO4 to a solution of calcium salt.
Ca(NO3)2 (aq) + H2SO4(aq)

CaSO4(s) + 2 HNO3(aq)

The solubility of sulfates decreases as you go down the group. MgSO4 is soluble in water but
BaSO4 is insoluble. Thus BaCl2 is used as a reagent to determine sulfate ions in inorganic
analysis,
Ba2+(aq) + SO42(aq)
BaSO4(s)

Carbonates
When magnesium salts are treated with a Na2CO3 solution, a precipitate of the basic carbonate,
3MgCO3•Mg(OH)2•4H2O is formed. The composition of the precipitate varies. The normal
carbonate(MgCO3) can be obtained by adding a solution of NaHCO3 to a solution of Mg2+ ions.
Mg2+(aq) + NaHCO3(aq)

MgCO3(s) + Na+(aq) + H+(aq)

MgCO3 is fairly insoluble in water but if CO2 is bubbled through a suspension of MgCO3 in
water, the soluble bicarbonate is formed.
MgCO3(s) + H2O(l) + CO2(g)

Mg(HCO3)2(aq)

Group 2 metal carbonates react with acids to give the corresponding salt and CO2.
CaCO3(s) + 2 HCl(aq)

CaCl2(aq) + H2O(l) + CO2(g)

Thermal stability of metal carbonates increases with the size of the cation as indicated by their
decomposition temperature (TD).

Compound

MgCO3

CaCO3

SrCO3

BaCO3

TD / o C

540

900

1290

1360
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Summary


Group 2 elements are shiny and reactive. They do not occur as free elements in nature.



Valence electron configuration of alkali earth metal (M) is ns2 and they readily form
M2+ ions. Therefore, they are strong reducing agents.



All elements can be obtained by electrolysis of their molten salts.



The Group 2 elements are harder, denser and have a much higher melting point than
the corresponding alkali metals.



M2+ ions of the Group 2 elements are (i) smaller (ii) strongly hydrated and (iii) less
soluble in water than the M+ ions of Group 1 elements.



Metal oxides can be prepared by (i) direct reaction with oxygen, (ii)decomposition of
metal carbonates and (iii) direct reaction with water at high temperatures.



The basic character of metal hydroxide increases with the size of the cation, thus basicity
increases from Be(OH)2 to Ba(OH)2.



Group 2 metals react directly with halogen to give metal dihalides, MX2. M = Be, Mg, Ca
and Sr and X = Cl and Br.



Group 2 metal hydrides are thermally more stable than the alkali metal hydrides.

Learning Outcomes
At the end of this session you should be able to


give the sources and methods used to isolate alkali earth metals, particularly,
magnesium.



compare the variation in properties of alkali earth metals such as ionic radius, melting
points, density, and ionization energies, as you go down the Group.



write the electron configuration of a Group 2 element or ion.



explain the properties and reactions of alkaline earth metals and their compounds.
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Activity

14. Determine the oxidation states of the non-metals in the following substances:
(i) SiO32

(ii) SO32

(iii) PO43

(iv) [Be(OH)4]2

15. Draw the structures of the following anions: SiO32, SO32, PO43, [Be(OH)4]2
(Hint: Think about the valency & possible oxidation state(s) of atoms/ions)
16. What do you think about the relative solubility of Mg(OH)2 and Ca(OH)2 in water?
17. What is the alkaline earth metal which does not react with water?
18. Write a balanced equation for the reaction between strontium and bromine.
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3.

Uses and industries of s-block elements

Introduction
In this lesson, we consider uses and some industries based on s-block elements. The chloralkali
industry refers to the industries that produce chlorine (Cl2), sodium hydroxide (NaOH) and
sodium carbonate (Na2CO3). These three chemicals are used in a large number of chemical
processes; for example, production of paper, glass, soap, alkaline cleaners and polymers. In
industry, Na2CO3 is known as soda ash. In USA, there are deposits called ‘trona’ which are
mixtures of sodium carbonate and bicarbonate, Na2CO3•NaHCO3•2H2O. Na, Li and Mg are
obtained by the electrolysis of their molten chlorides. Methods for preparation of calcium salts
such as CaO, Ca(OH)2, CaCl2, CaSO3 and CaSO4were discussed in the previous lesson.

3.1 Production of chlorine and NaOH
Chlorine and NaOH are both made by the electrolysis of brine (salt water). There are two types
of cells used for this process.
1. The diaphragm cell
2. The mercury cell

The diaphragm cell method
In Sri Lanka at Paranthan, NaOH is produced by the diaphragm cell method. In the diaphragm
cell the anode (graphite) and the cathode (steel) are separated into two compartments by a
diaphragm made of asbestos. A NaCl solution is electrolyzed to produce chlorine, hydrogen and
NaOH as shown below.
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Figure 1: Diagram of a diaphragm cell

Anode reaction
At the anode, Cl ions are oxidized to chlorine gas.
2 Cl(aq)

Cl2(g) + 2e

Cathode reaction
At the cathode, H+ ions (from water) are reduced to hydrogen gas.
2 H2O(l) + 2e

2 OH(aq) + H2(g)

or
2 H+(aq) + 2e

H2(g)

During electrolysis, OH− ions are produced, therefore the solution becomes increasingly alkaline.
Na+ ions can pass through the diaphragm into the cathode compartment. These Na+ ions combine
with OH−ions to form an aqueous solution of NaOH.
Na+(aq) + OH− (aq)

NaOH (aq)
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It is important to maintain the liquid level in the anode compartment higher than that in the
cathode compartment. This allows continuous flow of sodium ions into the cathode
compartment. Otherwise OH− ions may reach the anode and get oxidized to give O2.

The mercury cell method
In the mercury cell method, brine is continuously passed into a cell that has graphite anodes and
a moving layer of mercury as the cathode. As usual, Cl− ions are oxidized to give Cl2. In contrast
to the diaphragm cell method, here Na+ ions are reduced to form sodium amalgam (NaHg)
which with unused mercury travels out of the cell into a chamber containing water. In this
chamber, NaHg reacts with water to give NaOH, Hg and H2 as given below.

2 NaHg(s) + 2 H2O(l)

2 Na+(aq) + 2 OH−(aq) + 2 Hg(l) + H2(g)

3.2 Production of Na2CO3
Large scale production of Na2CO3 is achieved by the Ammonia-soda or Solvay process (see
figures 2 and 3). Limestone (CaCO3) and NaCl are the starting materials, and the production
process consists of the following steps.

(1)

Production of saturated brine solution

(2)

Saturation of brine solution with ammonia

(3)

Production of carbon dioxide by roasting of limestone

(4)

Production ofNaHCO3

(5)

Conversion of NaHCO3 to Na2CO3.
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Figure 2: Production of Na2CO3 by the Solvay process (from reference)

Saturated brine solution is made by dissolving NaCl in water (Step 1). It is important to have the
brine solution free from magnesium and calcium ions; otherwise the final product (Na2CO3) gets
contaminated with CaCO3 and MgCO3. Then, this brine solution is treated with ammonia to
saturate the brine with ammonia (Step 2).
CO2 is produced by heating limestone in the column (Step 3).
CaCO3(s)

CaO(s) + CO2(g)

Now, the solution containing brine and ammonia is passed down a tower, against an upward
moving current of CO2 which precipitates NaHCO3 (Step 4). The reaction can be summarized as
given below.
NaCl(aq) + NH3(aq) + CO2(g) + H2O(l)

NH4Cl(aq) + NaHCO3(s)

The resulting NaHCO3 precipitate is separated and heated in a rotary drier to obtain Na2CO3
(Step 5)
2 NaHCO3(s)

Na2CO3(s) + H2O(g) + CO2(g)

The resulting CaO (in Step 3) is converted into Ca(OH)2 by adding water.
CaO(s)+ H2O(l)

Ca(OH)2(aq)
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NH4Cl(aq) filtrate obtained in (Step 4) is reacted with aqueous Ca(OH)2 to regenerate NH3 gas.
Thus NH3 is reused during the ammonia-soda process.
Ca(OH)2(aq) + 2 NH4Cl(aq)

CaCl2(aq) + 2 H2O(l) + 2 NH3(g)

The only by-product of this process is CaCl2, therefore the overall reaction can be summarized as
given below.
CaCO3(s) + 2 NaCl(s)

Na2CO3(s) + CaCl2(s)

Sodium carbonate can be crystallized from water as the decahydrate Na2CO3•10H2O. An aqueous
solution of Na2CO3 is alkaline. In the laboratory, Na2CO3 is used as a primary standard to
standardize acids. in qualitative analysis, Na2CO3 is used to precipitate carbonates of Ca2+, Ba2+
and Sr2+. In industry, Na2CO3 is used to make glass, caustic soda (NaOH) and other salts.

Figure 3: Flow chart of the key stages of the production of Na2CO3 by the Solvay process

3.3 Production of NaCl
In Sri Lanka, NaCl is produced by concentrating sea water. As the first step, sea water is
collected to a tank. Concentration of the solution is achieved by evaporation of water under the
hot sun with the help of blowing wind. Precipitation of CaCO3 takes place as the concentration
of the solution increases. CaCO3 precipitate is separated by transferring the concentrated solution
into a second tank. Further concentration of the solution, leads to the precipitation of gypsum
(CaSO4•2H2O). Gypsum is removed by transferring the concentrated solution to a third tank.
24
Published by The Open University of Sri Lanka
2015

Upon further concentration, NaCl crystallizes out leaving MgCl2, MgBr2 and MgSO4 in the
solution, which can be used to extract magnesium. Finally, NaCl crystals are washed with an 8%
NaCl solution to get rid of any impurities attached to the solid. A small amount of iodate (IO3−)
salts is added as a food supplement (source of iodine) before table salt is marketed for human
consumption.

3.4 Production of salts of Group 2 elements
Methods for preparation of calcium salts such as CaO, Ca(OH)2, CaCl2, CaSO3 and CaSO4 are
givenunder the topic the Group 2 elements (see section 2.3).

3.5 Solubility of salts of s-block elements
Salts of s-block elements are used in every laboratory. Your knowledge in solubility of common
salts of s-block elements in water is important in terms of purification and isolation of products
from a reaction mixture. Solubility of common salts of s-block elements is given below.
Group 1 elements
Almost all the salts (halides, hydroxides, carbonates, bicarbonates, nitrates, nitrites, sulfides,
sulphates, sulphites) of Group 1 elements are soluble in water.

Group 2 elements
All the halides, sulphides, nitrates, nitrites, and bicarbonates of Group 2 elements are soluble in
water.
Be(OH)2 and Mg(OH)2 are insoluble in water, Ca(OH)2 and Sr(OH)2 are slightly soluble in water
and Ba(OH)2 is soluble in water.
BeSO3 and MgSO3 are soluble in water, CaSO3 is slightly soluble in water, SrSO3 and BaSO3 are
insoluble in water.
BeSO4 and MgSO4 are soluble in water, CaSO4 is slightly soluble in water, SrSO4 and BaSO4 are
insoluble in water.
All carbonates of Group 2 elements are insoluble in water.
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3.6 Uses of s-block elements and their compounds
Some important uses of s-block elements and their compounds are given below.
Li2CO3 is used as an inorganic drug to treat manic-depressive disorders; LiAlH4, butyl lithium
(BuLi), methyl lithium (MeLi) are used as reagents in organic chemistry; Li and lithium
compounds are used in dry cells and storage batteries.
Compounds of sodium including “common salt” (NaCl), “soda ash” (Na2CO3), “baking soda”
(NaHCO3), “caustic soda” (NaOH) are important to paper, glass, soap, textile and chemical
industries. NaOCl is a bleaching agent.
KNO3 and KClO3 are used in fireworks; KMnO4 is an important oxidizing agent; KOH is used in
the preparation of potassium phosphate for liquid detergents.
Soap contains sodium salts (RCO2Na) of long chain carboxylic acids. Sodium stearate is
produced by reacting NaOH with stearic acid.
Mg(OH)2 is used to neutralize acids in the mouth and stomach.
Calcium carbide (CaC2) is used to generate acetylene (C2H2) which is used to generate oxyacetylene flame. CaO is used for the production of cement.
BaSO4 is an imaging agent used to detect stomach ulcers.

Summary


The chloralkali industry refers to the industries that produce chlorine (Cl2), sodium
hydroxide (NaOH) and sodium carbonate (Na2CO3).



Chlorine and NaOH are both made by the electrolysis of brine (salt water).



In Sri Lanka at Paranthan, NaOH is produced by the diaphragm cell method. In the
mercury cell method, brine is continuously passed into a cell that has graphite anodes and
a moving layer of mercury as the cathode.



Large scale production of Na2CO3 is achieved by the Ammonia-soda or Solvay process.



Methods for preparation of calcium salts such as CaO, Ca(OH)2, CaCl2, CaSO3 and
CaSO4 are given in section 2.3.



Solubility of salts of s-block elements is given in section 3.5.
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Learning Outcomes
At the end of this session you should be able to


describe the production of chlorine, NaOH, NaCl and Na2CO3



compare the solubility of salts of s-block elements



list the uses of s-block elements and their salts

Activity

19. What is meant by “Chloralkali industry”?
20. Describe the production of NaOH and chlorine using a diaphragm cell.
21. What is the starting material used in the production of chlorine in the chemical factory at
Paranthan, Sri Lanka. What are the electrodes used for this process?
Write the equations for the anodic and cathodic reactions.
22. Identify the electrodes used in the mercury cell method? Describe the chemical process
which takes place at the cathode.
23. How is CO2 produced for the ammonia soda process?
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Abbreviations

(aq)

- Aqueous; dissolved in water

(g)

- Gas state



- Heat

(l)

- Liquid state

(s)

- Solid state

b.pt./b.p.

- Boiling point

C.N.

- Coordination number

eV

- Electron Volt

IEi

-i

J

- Joule

L

- Ligand

M

- Metal

M

- Zerovalent metal = M(0) = M

M(g)

- Element in gas state

m.pt/m.p

- Melting point

M+

- Monovalent metal = M(I) = MI

M2+

- Divalent metal = M(II) = MII

nm

- nanometres

O.N.

- Oxidation number

pm

- picometres

X

- Halogen

Z

- Atomic number

th

ionization energy

0
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Glossary

Acid-base titrations

: The determination of the concentration of an acid or base by exactly
neutralizing the base/acid with an acid/base of known concentration.

wï,-NIau wkqudmkh : okakd idkaøK iys; wï,$NIau u`.ska NIau$wï, iïmQ¾Kfhkau
WodiskSlrKh lr wï,hl fyda NIauhl idkaøKh yßhgu ks¾Kh lsÍu
mkpy fhu epakpg;G

: njhpe;j nrwpTila mkpy/fhuj;ij cgNahfpj;J jpUj;jkhd
eLepiyahf;fk; nra;tjd; %yk; nrwpT mwpag;gl Ntz;ba
mkpy/fhuj;jpd; nrwpit fz;lwpjy;.

Allotropic forms

: The property of some chemical elements to exist in two or more different
forms

nyqrEmS wdldr

: iuyr uQ,øjH j,g wdldr folla fyda Bg jvd jeä wdldr .Kklska
mej;Sfï .=Kh

gpwjpUg;gk;

: rpy ,urhad %yfq;fspd; 2 my;yJ mjw;F Nkw;gl;l ntspg;gLk;
epiyfspd; ,ay;G.

Alloys

: Metallic substance made by mixing and fusing two or more metals, or a metal
and a nonmetal, to obtain desirable qualities such as hardness, lightness, and
strength, e.g. brass, bronze, and steel, etc.

ñY% f,day

: oDv;djh, ieye,a¨ nj iy Yls;su;a nj hk wNsu; ,laIK ,nd .ekSug
f,day folla fyda jeä .Kkla, f,dayhla yd wf,dayhla fyda ú,hkh lr ñY%
lr idokq ,nk f,dayuh øjH Wod( ms;a;,, f,dalv, jdfka

fyg;GNyhfk;

: ,uz;L my;yJ mjw;F Nkw;gl;l cNyhfq;fs;>my;yJ cNyhfk;
kw;Wk; mNyhfg; gjhh;j;jq;fspd; Nrh;f;ifahy; cUthf;fg;gl;l cNyhfg;
gjhh;j;jk;.

Alums

: Crystalline double salts of a trivalent metal (such as Al, Cr, or Fe) and a
monovalent metal (such as K or Na).

we,ï$iSklaldrï

: ;%sixhqc f,day ^Al , Cr fyda Fe jeks& iy tal ixhqcf,dayj, ^K fyda Na jeks&
iaMáluh oaúfhda. ,jK.

rPdhf;fhuk;> gbfhuk;

: %tYtsTs;s cNyhfj;jpdJk; xUtYtsTs;scNyhfj;jpdJk;
,ul;ilg; gspq;FUTs;s cg;G
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Amorphous

: Not crystalline; lacking definite form; having no specific shape; formless.

wiaMál

: iaMál fkdfõ; iaÓr yevhla yd jHqyhla fkdue;.

cUtw;w jpz;kk;

: gspq;FUtw;w> Fwpg;gpl;l cUtkpy;yhj> cUtw;w> jpl;lkhd>epiyapy;yhj
gjhh;j;jk;.

Amphoteric

: Capable of functioning either as an acid or as a base.

WNh.=KS

: wï, yd NIau f,i l%shd lsÍug yelshdj we;.

<hpay;G

: mkpykhfTk; fhukhfTk; njhopw;gLk; jd;ik

Analogue

: One of a group of chemical compounds similar in structure but different in
respect to elemental composition.

iudldr

: jHqyfhka iudk ridhksl ixfhda. j,ska tlla jk kuq;a uQ,øjH ixhq;sh
w;ska fjkia fõ'
: XNu fl;likg;igAk; NtWgl;l %yfq;fspd; mikg;Gk; nfhz;l ,urhad
Nrh;itfspd; xU $l;lkhFk;.

Anhydrous

: Not containing water, especially water of crystallization

ks¾c,Sh

: c,h wvx.= fkdfõ" úfYaIfhkau iaMál c,h'

ePuw;w

: ePh; mw;w epiy> gspq;FUtpw;fhd ePh; mw;w epiy.

Basicity

: The state of being a base.

NdIañl;djh

: NIauhla f,i mej;Sfï yelshdj

%yj;jpwd;

: %ykhf njhopw;gLk; epiy

Brine

: Any saline (salt) solution

lrÈh

: ¨Kq wvx.= ,jKuh ødjKhla

cg;G

: VjhtJ cth;g;ghd (cg;G) fiury;.
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Chloralkali Industry

: An industrial chemical process based on the electrolysis of brine (aqueous
sodium chloride) for the production of caustic soda and chlorine.

laf,dafrdaCIdr l¾udka;: lrÈh ^NaCl c,Sh ødjKh& úoHq;a úÉfþokh lsÍu u`.ska fldaiaála fidavd iy
laf,daÍka ksmoùfï ridhksl l%shdj,sh yd ne÷Kq l¾udka;hs'
: cg;Gf;fiuriy kpd;gFg;G nra;tjd; %yk; vhpNrhlhTk;>
FNshhpDk; cw;gj;jp nra;Ak; xU njhopw;rhiy Kiw

Coordination number

: The number of coordinated atoms surrounding the central metal atom/ion in
a complex or crystal.

ix.; wxlh

: ixlS¾K ixfhda.hl fyda iaMálhl uOH f,daymrudKqj$whkh jgd ix.;j
ne£ mj;sk mrudKq ixLHdj

,izg;G vz;

: xU rpf;fw; Nrh;itapy; my;yJ gspq;fpy; cs;s ikamZit #o
,ize;Js;s mZf;fspd; vz;zpf;if

Cracking

: The process of breaking down complex chemical compounds by heating
them.

ì£u

: ixlS¾K ridhksl ixfhda. r;alsÍu u`.ska ì| ±ófï ls%hdj,shhs'

ciljy

: ntg;g
rf;jpia
toq;Ftjd;
cilj;Jg; gphpf;Fk; Kiw

%yk;

,urhad

rpf;fw;Nrh;itia

Degree of polarization : A quantity used to describe the portion of an electromagnetic wave which is
polarized.
O%eùlrK m%udKh

: úoHq;a pqïNl ;rx.hla fldmuK ÿrg O%eùlrKh ù we;s±hs úia ;r lsÍug
Ndú;d lrkq ,nk m%udKhhs$ñKquhs'

Kidthf;fj;jpd; msT: Kidthf;fg;gl;l kpd;fhe;j miyia tpghpg;gjw;F gpuNahfpf;fg;gLk;
msTg;gpukhzk;.

Electrode potential

: The measure of individual potential of a reversible electrode at standard
conditions (E°).

bf,lafg%dav úNjh

: iïu; ;;aj hgf;a § m%;Hdj¾; bf,lafg%davhl úNjh ms<n| ñkquls'

kpd;thaOj;jk;

: epak epiyapYs;s kPSk; kpd;thapd; jdpg;gl;l mOj;j msT
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Electron configuration : Specific distribution of electrons in atomic orbitals of atoms or ions.
bf,lafg%daksl úkHdih: mrudKqjl fyda whkhl ldlaIslj, bf,lafg%dak me;sÍ we;s wdldrh’
,yj;jpudpiyaikg;G : mZf;fspdJ/mad;fspdJ mZnthOf;fpy; ,yj;jpud;fspd; Fwpg;gpl;l
guk;gy;.

Electronegativity

: The tendency of an atom to attract shared electrons

úoHq;a iDK;djh

: nkaOkhl we;s bf,lafg%dak ;ud foig weo .ekSfï yelshdjhs'

kpd;ndjphpay;G

: gq;fplg;gl;l ,yj;jpud;fis ftUk; mZf;fspd; jd;ik.

Electropositive

: The tendency of an atom to remove valence electrons.

úoHq;a Ok;djh

: ixhqc;d ljpfha mj;sk bf,lafg%dak bj;a lsÍug mrudKqjla i;= yelshdjhs'

kpd;Ndupay;G

: tYtsT ,yj;jpud;fis mfw;Wk; mZf;fspd; jd;ik.

Exothermic

: Heat energy is transferred to the surroundings during a chemical reaction.

;dmodhl

: ridhksl m%;sl%shdjl § ndysr mßirhg ;dm Yla;sh msg lsÍfï ls%hdj,sh

Gwntg;gk;

: ,urhad jhf;fj;jpd; NghJ Rw;Wg; Gwj;Jf;F ntsptplg;gLk; ntg;grf;jp.

Fractional distillation

: A process by which components in a chemical mixture are separated
according to their different boiling points.

Nd.sl wdijkh

: ñY%Khl mj;sk ixfhda. tajdfha ;dmdxl wkqj fjka lsÍfï l%shdj,shhs'

gFjpglfha;r;rp;

tbj;jy; : ,urhad fyitapYs;s Nrh;itfis mtw;wpd;
nfhjpepiyfspd; mbg;gilapy; gphpj;njLf;Fk; Kiw.

NtWgl;l

Furnace

: an enclosed chamber in which heat is produced to generate steam, destroy
refuse, smelt or refine ores, etc.

W!Iaulh

: yqud,h ksmoùug" wmøjH úkdY lsÍug" úreùug fyda Y=oaO
ksmojkq ,nk ixjD; l=àrhhs'

ciy

: fopTfis
ePf;Ftjw;F>
cUf;Fjy;
my;yJ
jhJg;nghUl;fis
Rj;jpfhpg;gjw;F> Mtpia cUthf;Ftjw;F Njitahd ntg;gj;ij
cw;gj;jpahf;Fk; xU %lg;gl;l miw.

lsÍug

;dmh
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Geometry

: The arrangement of a molecule in the space.

cHdñ;sh

: wKqjl ;%sudK ieliqu$jHqyh

Nfj;jpu fzpj cUtk;: xU ntspapYs;s %yf;$wpDila xOq;fikg;G.

Group number

: The number of a vertical column in the periodic table; there are 18 groups.

ldKav wxlh

: wdj¾;s;d j`.=fõ isria ;Srejlg wh;a wxlh.tys ldKav 18 ls'

$l;l vz;

: Mth;j;jd ml;ltizapy; epiyf;Fj;J epiu $l;lkhFk;

Hydration

: The act or process of combining or treating with water.

ic,kh

: c,h iu`. tl;= ùu fyda iïnkaO ùfï l%shdj,sh

ePNuw;wk;

: ePUld; Nrh;f;ifmilAk; jhf;fk;

Hydrolysis

: The breaking down of a chemical compound into two or more simpler
compounds by reacting with water.

c, úÉfþokh

: c,h iu`. m%;sl%shd lr ridhksl ixfhda.hla ir, ixfhda. folla fyda
lsysmhla njg ì| fy,Su

ePh;g;gFg;G

: ePUld; jhf;fkiltjd; %yk; ,urhadr; Nrh;itfs; 2 my;yJ mjw;F
Nkw;gl;l gFjpfshf cilAk; nghwpKiw.

Ionic radius

: The radius exhibited by an ion in an ionic crystal where the ions are packed
together to a point where their outermost electronic orbitals are in contact
with each other.

whksl wrh

: whksl iaMál ±,sil fjk;a whk iu`. iïnkaOj mj;sk ndysr bf,lafg%dak
iys; ldlaIslhla we;s whkhl wrh

mad;Miu

: mad;fs; jkJ ntspNahl;L ,yj;jpudpay; xOf;Ffspd; njhlh;gpdhy;
xd;whf mLf;fg;gl;L cUthf;fg;gl;l madhf;fg;gl;lgspq;FUtpYs;s
madhy; Njhw;Wtpf;fg;gl;l Miu.
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Ionization energies

: The minimum amount of energy required to remove the most loosely held
electron of an isolated gaseous atom or ion.

whkSlrK Yla;sh

: ksoyia jdhquh wjia:dfõ mj;sk mrudKqjl ,sys,aju ne£ we;s
bf,lafg%dakhla bj;a lsßug wjYH wju Yla;s m%udKh

madhf;fw; rf;jp

: jdpg;gl;l thA mtj;ijapy; cs;s mZ my;yJ madpy; typikaw;W
gpizf;fg;gl;L ,Uf;Fk; xU ,yj;jpuid mfw;Wtjw;fhf; Njitg;gLk;
kpff;Fiwe;j rf;jp.

Isoelectronic

: Several dissimilar atoms or ions with identical electronic configurations.

iubf,lafg%daksl

: tlu bf,lafg%daksl úkHdih iys; úúO mrudKq fyda whk

rktpyj;jpuDf;Fhpa

: xNu khjphpahd ,yj;jpud; epiyaikg;Gf; nfhz;l NtWgl;l mZf;fs;
my;yJ mad;fs;.

Isotopes

: Two or more forms of atoms of the same element with different masses;
atoms containing the same number of protons but different numbers of
neutrons.

iuia:dksl

: tlu uQ,øjHfha úúO ialkaO iys; mrudKq; tlu fm%dafgdak ixLHdjla iys;
kuq;a úúO ksHqfg%dak ixLHd iys; mrudKq

rkjhdpfs;

: NtWgl;l jpzpTila xU %yfj;jpdJ 2 my;yJ mjw;F Nkw;gl;l
mZtikg;G mt;tZf;fs; xNu khjphpahd GNuhj;jd;
vz;zpf;ifiaAk; NtWgl;l epA+j;jpud; vz;zpf;ifiaAk;
nfhz;bUf;Fk;.

Lattice energy

: The energy required to separate completely the ions in an ionic solid.

±,si Yla;sh

: whksl >Khla, whkj,g iïmQ¾Kfhkau fjkalsÍug wjYH Yla;sh

rhyfr;rf;jp

: xU jpz;k mad; fl;likg;gpypUe;J mad;fis Kw;whf gphpg;gjw;fhf
Njitg;gLk; rf;jp.

Magnetic resonance
imaging

: A medical imaging technique used in radiology to visualize detailed internal structures.

pqïNl wkqkdo o¾YKh: iúia;rd;aul f,i wNHka;r jHqy ±l .ekSug ffjoH úoHdfõ úlsrK
úoHdfõ§ Ndú;d lrkq ,nk o¾YKh lsÍfï Wml%uhhs'
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fhe;jg;gphpT cUg;glk; : tphpthd mfg;Gwf; fl;likg;ig ghh;itapl fjphpay;ig cgNahfpj;J
ngwg;gLk; kUj;Jt cUtg;glk;.

Melting point

: The point at which the crystals of a pure substance are in equilibrium with the
liquid phase at atmospheric pressure.

øjdxlh

: jdhqf.da,Sh mSvkh hgf;a § ixY=oaO øjHhl iaMál tys øj l,dmh iu‘.
iu;=,s;j mj;sk WIaK;ajhhs'

cUF epiy

: gspq;FUthd J}a gjhh;j;jkhdJ tspkz;ly mKf;fj;jpy; mjd; jput
mtj;ijAld; rkepiyapy; ,Uf;Fk; Gs;sp.

Molten

: The phase change of a substance from a solid to a liquid.

øj ùu

: øjHhla >k wjia:djl isg øj wjia:djla olajd l,dm udre ùuh’'

cUFjy;

: rpy gjhh;j;jk; jpz;k mtj;ijapypUe;J jput mtj;ijf;F khWk;
nraw;ghL

Monobasic acid

: An acid that has only one hydrogen ion to donate to a base in an acid-base
reaction (e.g. HNO3, HCl).

talNdIañl wï,

:wï, NIau m%;sl%shdjl §" NIauhlg tla fm%dafgdakhla odhl lsÍug iu;a wï,

xU%y mkpyk;

: xU mkpy fhu jhf;fj;jpy;> fhuj;jpw;F toq;Ftjw;F xU Ijurd;
maid kl;LNk nfhz;l mkpyk; (HNO3>HCl)

Monoprotic acid

: Acid that can form only one proton (H+) per molecule; may be strong or weak.

tal fm%daál wï,

: tla wKqjla u`.ska tla yhsfv%dakshï whKhla muKla iEÈh yels wï,; fïjd
m%n, fyda ÿn, wï, úh yelsh’
: xU %yf;$wpypUe;J xU GNuhj;jid cUthf;ff;$ba mkpyk;. mJ
td;dkpykhfNth my;yJ nkd;dkpykhfNth ,Uf;fyhk;.

Oxidation state

TlaislrK ;;ajh :

: The state of an element or ion in a compound with regard to the electrons
gained or lost by the element or ion in the reaction that formed the
compound.
uQ,øjHl fyda whkhl wvx.= Ok fyda iDK wdfrdams; m%udKh
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xl;rpNaw;wy; epiy

:

jhf;fk; xd;wpd; xU Nrh;itia cUthf;Ftjw;fhf %yfk;
my;yJ mad; xd;wpdhy; ,yj;jpud;fs; Vw;fg;gLk; my;yJ
,of;fg;gLk; epiy.

Oxidizing agent

: A chemical compound that readily transfers oxygen atoms or a substance that
gains electrons in a redox chemical reaction

Tlaisldrl øjH

: m%;sl%shdjl § Tlaiscka msglrkq ,nk fyda bf,lafg%dak ,nd .kq ,nk fyda
ridhksl ixfhda.

xl;rpNaw;Wk; fUtp

:,urhad jho;j;jy; jhf;fj;jpy; xl;rprd; mZit ,lkhw;Wk; ,urhad
Nrh;it my;yJ ,yj;jpud;fis thq;Fk; gjhh;j;jk;.

Paramagnetic

: A substance that shows magnetic properties when placed in a magnetic field.

wkqlafIa;% pqïNl

: pqïNl lafIa;%hla ;=< ;enQ úg pqïNl ,laIK fmkajk øjHh’'

gufhe;jj;;jpw;Fhpa

: fhe;jg;Gyj;jpYs;s NghJ fhe;j ,ay;igf; fhl;Lk; xU gjhh;j;jk;.

Peroxide

: A compound containing the bivalent group O22, derived from hydrogen
peroxide (H2O2), sodium peroxide(Na2O2).

fmfrdlaihsv

: H2O2fyda Na2O2j,ska we;s jQ oaúixhqc O22ldKavhla mj;sk ixfhda.hls'

Ngnuhl;irl;L

: Ijurd; Ngnuhl;irl;L> Nrhbak; Ngnuhl;irl;L vd;gtw;wpypUe;J topte;j
,UtYtsT $l;lr; Nrh;it (O22)

Polarizing power

: A charged species such as a proton can attract negatively charged electrons
which causes a shift in the orbital.

O%eùlrK n,h

: (+) wdfrdams; wxY=jlg iDK f,i wdfrdams; bf,lafg%dak wdl¾YKh lr .;
yels w;r fïjd u`.ska ldlaIsl j, fjkila we;s lrkq ,nhs'

KidTf;Fhpa rf;jp

: xOf;Fg;ngah;T epfo;tjw;F fhuzkhd vjpNuw;w ,yj;jpud;fis ftUk;
GNuhj;jd; Nghd;w Vw;wk;.

Primary standard

: A primary standard is a substance from which a standard solution can be
prepared by direct weighing of substance and dissolving in a definite volume
of a solvent.
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m%d:ñl iïu;h

: fl,skau nr lsrd th okakd ødjl mßudjl Èh lr .ekSfuka iïu;
ødjKhla iEÈh yels øjH fõ'

Kjdpakk;

;: xU
gjhh;j;jj;jpd;
Fwpj;j
epiwia
Neubahf
epWj;J
mij
Fwpg;gpl;lsT fdtsT fiurypy; fiug;gjd; %yk; epakf;fiuriy
jahupf;fg; gad;gLj;Jk; gjhh;j;jk;.

Reducing agent

: A substance that causes another substance to undergo reduction and that is
oxidized in the process.

Tlaisydrl øjH

: fjk;a øjHhla TlaisyrKh lrjkq ,nk iy tu øjHhu TlaislrKh ùu
isÿjk øjHhka

jho;j;Jk; fUtp

: ,J jhd; xl;rpNaw;wg;gLtjd; %yk; Vidatw;iw jho;j;Jk; xU
gjhu;j;jk;.

Roasting

: Cooking (meat or other food) by direct exposure to dry heat, as on a spit.

lr lsÍu

: øjHhla fl,skau ;dmhg ksrdjrKh lr msiSu'

tWj;jy;

: Neub ntg;gj;jpw;Fs;shf;fg;gl;L rikf;fg;gLjy; (,iwr;rp>czT)

Steam

: Water in the form of an invisible gas or vapor.

yqud,h

: jdhquh fyda jdIam f,i mj;sk c,h

Mtp

: fz;Zf;Fg; Gydw;w thA mtj;ijapYs;s ePu;.

Superoxide

: A compound that possesses the superoxide anion with the formula O2.

iqm¾Tlaihsv

: O2hk ridhksl iQ;%h iys; iqm¾Tlaihsâ wekdhkh mj;sk ixfhda.

Nknyhl;irl;L

: O2 vDk; ,urhad #j;jpuKila mdad;.

Tetrahedral molecule

: A molecule in which the central atom is coordinated to four groups, located in
the four corners of a tetrahedron.

p;=ia;,Sh wKqj

: p;=ia;,hl fldka y;f¾ msysá ldKav 4 la uOH mrudKqjlg ix.; f,i
ne£ we;s ixfhda.hls'

ehd;Kfpf;Fupa %yf;$W : ika mZthdJ 4 $l;lq;fSld; ,izf;fg;gl;L mit
ehd;Kfpapd; 4 KidfspYk; mikag;ngw;w xU %yf;$W.
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