properties

Depending upon the type of the orbital which
receives the last electron, the element in the long
form of the periodic table have been divided into
four blocks, viz., 5, p, d and f-blocks. Since s-subshell
has only one orbital which can accommodate only
two electrons, there are only two groups of s-block
elements. Thus, elements of group 1 or LA (alkali
metals) and group 2 or [1A (alkaline earth metals)
constitute s-block elements. The elements of these
groups contain one or two electrons in their outer-
most s-orbital while all the inner shells are com-
pletely filled. Thus, the electronic configuration of
group 1 (alkali metals) may be represented as
[Noble gas] ns' while that of group 2 (alkaline earth
metals) may be represented as [Noble gas] ns*
where n is the number of outermost shell. Although
hydrogen which has one electron in the s-orbital
and helium (inert gas) which has two electrons in
the s-orbital may also be regarded as s-block ele-
ments but they are usually discussed separately
because of their peculiar behaviour. Therefore, in
this unit, we shall discuss the chemistry of alkali and
alkaline earth metals only.
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12.1.1. Occurrence and Abundance.

Both alkali and alkaline earth metals arc high-
ly reactive and hence do not occur in the free state
but are widely distributed in nature in the combined
state. Whereas alkali metals mostly occur as halides
oxides, silicates, borates and nitrates, alkaline earth
metals mainly occur as silicates, carbonates, sul-
phates and phosphates.

Although alkali metals have similar chemical
properties yet they do not occur together mainly
because their ions are of different sizes. Similarly,
alkaline earth metals usually do not occur together
except dolomite which is a double carbonate of
calcium and magnesium [MgCQ, . CaCO,).

Likewise some double salts of alkali and alkaline
earth metals such as carnallite
(KC1.MgClL, . 6 H,0) are also known to occur in
nature.

Some alkali and alkaline earth metals occur
abundantly in nature. For example, calcium is the
fifth, rmagnesium is the sixth, sodium is the seventh
and potassium is the eighth, barium is the four-
teenth and strontium is the fifteenth most abundant

1211
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element by weight in the earth’s crust. Sodium and
magnesium are also present in relatively large
amounts in sea water, brine wells and a few salt
lakes. Calcium and potassium also occur in sea
water but to smaller extents.

It is interesting to note that although sodium and
potassium arc almost equally abundant (2-B3% Na and
2:59% K) in the earth's crust, yet sea water contains 2-8%
NaCl but only 0-8% KCL. This is due to the reason that much
of patassium appearing in ground water from dissolved
minerals intaken up preferentially by plants while sodium ion
goes to the sea water.

The remaining elements are much less abun-
dant, i.e,, rubidium is the twenty-third, caesium is
the forty-sixth and beryllium is the fifty-first most
abundant clement by weight in the earth’s crust
while both francium (alkali metal) and radium
(alkaline earth metal) are extremely scare and are
also radioactive. Radium was isolated by Pierre and
Marie Curie by processing many tons of the
uranium ore pitchblende. It was used for
radiotherapy treatment of cancer at one time but
now %Co is used. Marie Curie was awarded the
Nobel Prize for chemistry in 1911 for isolating and
studying radium and polonium.

The element francium was discovered later in
1939 by Pierre at the Curie Institute, Paris. Its
longest lived isotope 22*Fr has a half-life period of
21 minutes. As a result, not much is known about
it: chemistry. Nevertheless, whatever little
knowledge we have about this clement clearly
shows that in its physical and chemical properties,
it closely resembles alkali metals,

12.1.2. Anomalous behaviour of first elernent
of a group.

The first element of a group differs consider-
ably from the rest of the elements (heavier ele-
ments) of the same group. This anomalous
behaviour is due to (i) small atomic and ionic radii
(if) high electronegativity and ionization enthalpy,
(iii) high polarising power* of its cation and (iv)
absence of d-electrons in its valence shell. Thus, Li
differs from rest of the alkali metals (Na, K, Rb and
Cs) and Be differs from rest of the alkaline earth
metals (Mg, Ca, Sr and Ba).

12.1.3. Diagonal relationship.

Some elements of certain groupsin the second
period resemble with the certain elements of the
next higher group in the third period. This is called
diggonal relationship. These are usually weaker
than the similarities within a group but are quite
pronounced in the following pairs of elements.

Group 1 Group 2 Group 13 Group 14
2nd period: Li Be B C
3rd period: Na Mg\—‘A} \—' Si

Thus lithium resembles magnesium, beryllium
resembles aluminium and boron resembles silicon. Jt
may, however, be noted that these similarities are much
weaker than similarities found within the group. The
main reason for the diagonal relationship are :

() Similarity in electropositive character.

We know that electronegativity increases
along a period but decreases down a group. Con-
versely, electropositive character decreases along a
period but increases down a group. Evidently on
removing diagonally these two opposing trends
partly cancel out. As a result, diagonally related
elements have similar electropositive character
(Fig. 12.1) and hence exhibit similar properties.

(i) Simélarity in atomic orionic radii. We know
that atomic and ionic radii decrease across a period
but increase down a group. Evidently, on removing
diagonally, these two trends partly cancel out. As a
result, diagonally related elements have similar
atomic and ionic radii (Fig. 12.1) and hence have
similar properties.

Electronegativity increases, Atomic and ionic
sizes decrease, Polarizing power increases

saseal0ap Jamod Buizuejoy
ISRAITU) SBZIS 2IUO| pue DOy
‘saseanap flagebaucsasg

Simitar electronegativity, Similar atomic and
ionic radii, Similar polarizing power

FIGURE 12.1. llustration of diagonal relationship.

*When a cation and an anion approach each other, they attract the electron clouds of each other, but the effect of a small cation
on a large anion is more pronounced than that of the large anion on the small cation. This distartion of the electron cloud af an anion by
a cation is called polarization and the capacity of a cation to polarize an anion is known as its polarising power, Genera Iy, the polarizing
power increases as the charge on the cation increases and the size decreascs. It is expressed in terms of charge/size ratio or (ionic

ionic charge

charge)/(ionic size). Polarising power is also sometimes measured in terms of charge per unit area, ie.,

3% (ionic radius)2
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(iit) Similarity in polarising power. On moving
across a period, the charge on the ions increases
and size decreases, causing the polarizing power to
increase. On moving down a group, the size in-
creases and the polarizing power decrcases. On
moving diagonally, these two trends partly cancel
out. As a result, diagonally related elements have
similar polarizing power and hence have similar
properties.

SECTION—I

ALKAILL MFTALb

The group 1 of the periodic table contains six
elements, namely lithium (Li), sodium (Na), potas-
stum (K), rubidum (Rb), caesium (Cs} and fran-
cicium (Fr). All these elements are typical metals.
These are usually referred to as alkali metals since
their hydroxides from strong bases or alkalies.

12.2 OcocUrmence gt

Alkali metals are highly reactive and
hence do not occur in the free state but are widely
distributed in nature in the combined state in form
of halides, oxides, silicates, borates and nitrates.

Lithium is the thirty-fifth most abundance ele-
ment by weight in the earth’s crust (lithosphere)
and mainly occurs in form of silicate minerals, i e.

(i) spodumene, LiAl(S10,),, and (i) Iepidolite,
Li,AL,(Si0,) (FOH),. Sodium and potassium are

the seventh and eighth most abundant elements by
weight in the earth’s crust. INaCl and KCI occur in
large amounts in sea water. The largest source of
sodium is rock salt (NaCl). Other important
minerals of sodiumare : Na,B,0, . 10 H,0 (borax),
Na,CO, . NaHCO; . 2 H,O (frona), NaNQ, (chile
salt petre) and sodium sulphate (mirabilite).
Potassium mainly occurs as KCl (sylvite), a
mixture of KCl and NaCl {sylvinite) and the double
salt, KCLMgCL, .6 H,0 (camallite) - and as

K,0.ALO, . 6 8i0, (felspar).

12.3. Electronic Configuration .

Alkali metals are s-block elements, be-
cause last electron in them enters the s-orbital.
They contain only one s-electron outside the noble
gas core. Therefore, their general electronic con-
figuration is [nable gas] ns! where n = 2to 7. Since
all these elements have similar valence shell or
outer electronic configuration, they have similar
physical and chemical properties. The electronic
configurations of alkali metals are given in Table
121,

A R N R B

IABLE 12. 1 Eleuromc cont'guratlon of alkali metals

Rleiatnts Atomic - Electronic Conf’guranon L
; Number Complete . Wth rnert Ras core
Lithium (Li) 3 152 24! [He] 25!
Sodium (Na) 11 152 25% 2p5 35 [Ne] 35!
Potassium (K) 19 152 257 295 352 3p8 45! [Ar] 45!
Rubidium (Rb) 37 152 2% 2p8 352 3p% 3410 {Kr] 5!
452 4}:;»6 551
Caesium (Cs) 55 152 252 2p6 352 3p6 3410 [Xe] 65"
4s® 4p5 4d10 542 5p5 65!
Francium (Fr) 87 152 252 296 352 3p° 341C [Rn] 75!
452 4p8 4410 4714 552 5p5
540 652 6p° 751
12.4. Trends | in Atomic and Physlcal Propertles s R

Some important physical propertics by alkali metals are given in Table 12.2.
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TARLE 12.2. Some physical properties of group 1 elements (alkali metals)
Elements

, Property Li Na K Rb Cs Fr

: (Radioactive)
Atomic number 3 11 19 Y7 55 87
Alomic mass 694 22-99 3910 85-47 132-91 223

| Metallic radius (pm1) 152 186 227 248 265 S
ionic radius (M ¥ /pm) 76 102 138 152 167 180

I lonization enthalpy 1 520 496 419 403 376
(kJ mol™h I |7298 4562 3051 2633 2230

|

| Fletronegativity

| (Pauling scale) 0-98 0-93 0-82 0-82 0-79 —

| Density/gcm ™3 (at 293 K) | 0-53 0-97 0-86 1-53 1:90 -
Meiting point/K 454 7 336 312 302 —

| Boiling point/K 1615 1156 1032 961 944 ot

' F° (V) at 298 K for
MY (@) +e”— M@ |-304 -2-714 -2-925 -2-930 2927 -
Occurrence in Lithosphere | 18* 227 1-84** 78-12* 2-6* _—

These proprties are briefly discussed below :

1. Large atomic radli. The atornic radii of
ulkali metals are the largest in theirrespective periods.
These increase as we travel down the group from Li
to Cs as shown in Table 12.2

Explanation. This is due to the reason that as
the atomic pumber increases, the number of energy
shells increases by one with each succeeding ele-
ment. As a result, the screening effect of the inner
filled shells on the valence s-electron increases and
the electron cloud tends to expand. In other words,
the distance betweeen the nucleus and the last shell
increases and thus the atomic radius increases with
increase in atomic number. It may, however, be
slaled here that as the atomic number increases, the
nuclear charge also goes up. This tends to decrease
the atomic radii by attracting the electron cloud
inward more forcibly. But the screening effect is so
large that it overcomes the contractive effect of the
increased nuclear charge. Hence the increase in

itomic radius as we move down the group from Lito

s s primarily due to the predominant screening

cifect (addition of a new energy shell ) of inner filled
shells on the valence s- electron.

2. Large ionic radii. The ionic radii of the
cations formed by them are smaller in size than the

*ppm (parts per million  **percentage by weight.

corresponding atoms. However like atomic radii,
these are the largest in their respective periods.

Explanation. When the valence s-electron is
lost from the alkali metal atom, the monovalent
cation formed has onc shell less than the cor-
responding metal atom. Further,with the loss of one
electron, the cffective nuclear charge increases and
thus the remaining electrons are pulled closer to
the nucleus thereby decreasing the size of each
individual energy shell. Hence, it can be concluded
that due to contractive effect of the increased nuclear
charge and lesser number of energy shells, the radii of
cations are much smaller than the comresponding
atoms.

Trend in the group. Like atomic radii, the
fonic radii increase we move down the group from Li
to Cs primarily due to the addition of a new energy
shell with each succeeding element as shown in
Table 10.1.

3. Low ionization enthalpies. The ionization
enthaipies of the alkali metals are the lowest as com-
pared to the elements in the other groups.

Explanation. This is mainly because of the
fact that noble gas core shields the lone s-electron
in the valence shell from the direct attraction of the
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positive charge on the atomic nucleus. As a result,
the valence s-electronis loosely held by the nucleus
and can be easily knocked off by supplying only a
small amount of energy.

Trend in the group. The ionization enthalpies
of alkali metals decrease progressiely as we move
down the group from Li to Cs.

Explanation. This is due to the fact that the
s-electron to be removed becomes farther and far-
ther away from the nucleus because of the addition
of a new shell with each succeeding element (Li,
25! ; Na, 3s' ; K, 45t ; Rb, 55 ; Cs, 65! and Fr, 7s').
Due to an increase in the number of inner shells,
the screening effect also increases. As a result, the
attraction of the nucleus for the valence s-electron
decreases and hence the ionization enthalpies
decrease as we travel down the group from Lito Cs.

4. +1 Oxidation state— Unipositive ions.
The alkali metals exhibit oxidation state of + 1 in
their compotinds and are strongly eleciropositive in
character. The electropositive character increases
from lithiurm down to caesiurn in the group.

Explanation. As the alkali metals have low
iomization energies, they have a strong tendency to
lose the single valence s- electron to form the
unipositive ions. Thus they show an oxidation state
of +1 and arc strongly electropositive.

M — M*+e™

The second ionization energics of these ele-
ments are fairly high and thus the loss of second
electron is quite difficult. This is due to the fact that
the second electron has to be lost from the most
stable noble gas core , i.e. ns? npS. Thus, we may
conclude that the chemistry of alkali metals is essen-
tially the chemistry of unipositive ions.

As we go down the group, the atomic size
increases and the ionisation energy of the elements
decreases, i.e. the tendency of the elements to lose
electrons increases. Consequently the electroposi-
tive character increases.

§. Metallic character. The elements of this
group are typical metals and are soft. These can be
easily cut with a knife. When freshly cut, they are
silvery white and on exposure to air they are tar-
nished (f.e. become dull.) The metallic character
increases down the group.

Explanation. The tendency of an element to
lose valence electrons to from positive ions deter-
mines its metallic character. As alkali metals have
low ionization energies, they have high tendency to
lose valence electrons and are, therefore, typical

metals. The metallic character increases down the
group because ionization energy decreases down
the group.

The bigger the kernel or smaller the number
of valence electrons, the weaker is the metallic
bond.

Since the atoms of alkali metals have bigger
kernels and smaller number of valence electrons,
the metallic bonds in them are very weak. Hence
they are soft and can be cut with a knife.

6. Melting and boiling points, The melting and
boiling points of alkali metals are very low and
decrease with increase in atomic number.

Explanation, As alkali metals have large size,
the intermetallic bonds in them are quite weak.
Hence they have low melting and boiling points
which decrease down the group with the increase
in the atomic size,

7. Nature of bonds formed. Al the alkali me-
tals form ionic (electrovalent) compounds. The ionic
character increases from Li to Cs as we move down
in the group.

Explanation. This is because alkali metals
have low ionization encrgies which decrease down
the group.

8. Density. The density of alkali metals are quiite
low as compared to other metals. Li, Na and K are
even lighter than water. These densities increase from
Lito Cs.

Explanation. Because of their large size, their
atoms are less closely packed. Consequently they
have low densities. Further as we move down the
goup from Lito Cs, both the atomic size and atomic
mass increase. But the increase in atomic mass
more than compensates the bigger atomic size. As
a result, the densities of alkali metals increase from
Li to Cs. Potassium is, however, lighter than sodium.
This is probably due to an abnormal increase in
atomic size of potassium.

9. Flame colouration. AN the alkali metals
impart a characteristic colour to the flame.

Metal Li - Na K Rb Cs
Colour| Crim- | Yellow | Pale Red Blue
son violet | violet
Amm | 670-8 | 589-2 | 766-5 | 780-0 | 455-5

Explanation. On heating an alkali metal or its
salt especially chioride due to its more volatile
nature in a flame, the electrons are excited easily to
higher energy levels because of absorption of ener-
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gy. When these excited electrons return to their
ground states, they emit extra energy in form of
electromagnetic radiations which fall in the visible
region thereby imparting a characteristic colour to
the flame. .

The colour actually arises from electronic
transitions in short lived species which are formed
momentarilyin the flame. The flame is arich source
of electrons, and in case of sodium, the ions are
temporarily reduced to atoms

Na* +e¢~— Na

The yellow flame of sodium commonly called
sodium D-line (actually consists of a doublet
centred at 589 -0 nm and 5896 nm) ariscs from the
clectronic transition 3 s — 3 p! in sodium atoms
formed in the flame. It may be noted here that the
colours from different elements do not all arise from
the same transition, or from the same species. For
example, crimson colour of lithium arises from a
short lived LiOH specics formed in the flame.

10. Photoelectric effect. Alkali metals (except
Li) exhibit photoelectric effect. Photoelectric effect
is the phenomenon of ejection or emission of
electrons from the metal surfaces when electromag-
netic radiations are made to strike against them.

Explanation. Due to low ionization energics,
alkali metals, specially potassium and caseitm,
eject electrons when exposed to light. It may be
notcd that lithrum which has the highest ionization
energy amongst the alkali metals cannot be used in
photoelectric cells because it does not release
electrons when exposed to light.

12.5. Chemical Properties mamummssmmins

Some important chemical properties of
alkali metals are discussed below :

12.5.1. Reactivity and Electrode Potential.

All the alkali metals are highly reactive ele-
ments since they have a strong tendency to lose the
single valence s-electron to form unipositive ions
having inert gas configuration. This reactivity arises
due to their low ionization enthalpies and high
negative values of their standard electrode poten-
tials {Table 12.2). Further due to their strong tenden-
cy to lose electron, alkali metals also act as strong
reducing agents. In other words, reactivity of an ele-
ment is measured in terms of its reducing character.

Reducing character. lonization enthalpy is a
measure of the tendency of an atom to lose
electrons in the gaseous state. Thus, lower the
ionization enthalpy, greater is the tendency of an

element to lose electrons and hence stronger is the
reducing character or higher is the reactivity of the
element. Since the ionization enthalpies of alkali
metals decrease down the group, therefore, their
reducing character or reactivity in the gaseous state
increases from Lito Cs,i.e, Li < Na< K < Rb <
Cs.

However, in aqueous solutions, it has been
observed that the reducing character of alkali me-
tals follows the sequence : Na < K < Rb < Cs <
Li. In other words, Li is the strongest while sodium
is the least powerful reducing agent in aqueous solu-
tion. This may be explained in terms of electrode
potentials (E°) of alkali metals.

Electrode potential is a measure of the ten-
dency of an element to lose electrons in the aqueous
solution. Thus, more negative is the electrode poten-
tial, higher is the tendency of the element to lose
electrons and hence stronger is the reducing agent.

Since the standard electrode potentials (E°)
of alkali metals become more and more negative as
we move down the group from Na to Cs, therefore,
reducing character of these elements increases in
the same order, i.e., Na to Cs. Howcver, standard
clectrode potential of lithium, is the lowest, i.e.,
—3- 04 volts. In other words, fithium is the strongest
reducing agent in the aqueous solution. This may be
explained as follows.

Electrode potential, among other things,
depends upon : (i) enthalpy of sublimation,
(if) ionization enthalpy and (jii) enthalpy of hydra-
tion as shown below :

Sublimation enthalpy
(i) Li(s) Li(g)

@) Li(g) Lit (g)
(#ii) Li* (g) + ag — Li™* (ag)
+ enthalpy of hydration

The sublimation enthalpies of alkali metals
are almost similar. Since lithium has the smallest
ionic size among alkali metals, its enthalpy of hydra-
tion is the highest. Although ionization enthalpy of
lithium is the highest among alkali metals, it is more
than compensated by the large hydration enthalpy
released in step (iit). Thus, among alkali metals,
lithium has the most negative standard clectrode
potential (E° = —3-04 V) and hence is the strongest
reducing agent in the aqueous solution. Since, in
general, stronger reducing agents have higher reac-
tivity, therefore, Li should also be most reactive in
aqueous solution. This is, however, not correct as
discussed below :

lonization enthalpy
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12.5.2. Reaction with water.
Alkali metals react with water, liberating H, and

forming their hydroxides. The reaction becomes more
and more violent as we move down the group. Thus,
lithium reacts gently, sodium melts on the surface of
water and the molten metal moves around vigorously
and may sometimes catch fire, potassiurn melts and
always catches fire and so are Rb and Cs.

2Li+2H,0 — 2LiOH + H,
2Na+2H,0 — 2NaOH +H,
2K +2H,0 — 2KOH + H,

Because of their large negative reduction
potentials alkali metals are better reducing agents
than hydrogen. Hence they react with compounds
containing acidic hydrogen atoms such as water,
alcohol and acetylene liberating hydrogen gas.

M +2H,0 — 2MOH +H,

(Alkali metals) Alkali metal
hydroxide
2M + 2 C,H;OH—— 2C,H,0OM + H,
Atkali metal
ethoxide

2M+HC=CH —— M* C= C™ M*+H,
Alkali metal acetylide
Thus, lithium is the least reactive while the
reactivity of other alkali metals towards water and
other acidic hydrogen containing compounds in-
creases on moving down the group from Na to Cs.
Cause for low reactivity of lithium, The low
reactivity of lithjum may be explained as follows :

Standard electrode potential (E°) and Gibbs
free energy (AG®) are related by the equation,

AG® = — nFE°

where 1 is the number of electrons lost by the
metal and F is the faraday constant.

Since E° for the reaction, Lit (ag) + e~ —
Li (s) has the lowest negative value, ie. —3-04 V,
therefore, AG® of the reaction has the largest posi-
tive value. In other words, this reaction does not
occur. However, the reverse reaction, Li (s) —
Li* (ag) + ¢~ has alarge negative value of AG®, so
Li liberates more encrgy than any other alkali metal
whenit reacts with H,O. In view of this, at first sight,
it appears surprising why Li reacts with H,O gently,
whereas Na, which liberates less energy, reacts
more vigorously and the hydrogen produced
catches fire. The explanation for this observation
lies in the kinetics (i.e., the rate at which the reac-
tion proceeds) and not in the thermodynamics (j.e.,
the total amount of energy liberated).

Sodium has a low melting point, and the heat
of the reaction is sufficient to make it melt or even
vaporize. The molten metal thus spreads out there-
by exposing a larger surface to water. As a result, it
reacts even faster, gets even hotter and catches fire.
Lithium, on the other hand, has high melting point.
Although the heat of the reaction is high, it is still
not sufficient to melt the metal and the hence the
reaction proceeds gently. Other metals of this
group with lower melting points react explosively
with water,

From the above discussion, we learn that we
should be cautious while predicting the chemical
behaviour of elements on the basis of one single
fundamental property of atoms since in many cases
it may depend upon many other factors.

12,53, Reaction with oxygen,

The alkali metals tarnish in air due to the
formation of an oxide or hydroxide on the surface.
When heated in excess of air, alkali metals form
different types of oxides depending upon the nature
of the metal, e.g,

Lithium when heated in oxygen forms lithium
monoxide (and some lithium peroxide).

4Li+ 0, — 2L},0

Sodium when heated with oxygen at about
575K forms mainly sodium peroxide (and some
sodium oxide).

SISK
2Na+ 0, —  Na,0,
Sodiom peroxide

Other alkali metals, i.e., X, Rb and Cs react
with oxygen to form superoxides of the general
formula, MO, where M = K, Rb and Cs, e.g.

K+0, — KO,
Potassium superoxide

Thus the reactivity of alkali metals with oxygen
increases down the group. Further the increasing
stability of peroxide or superoxide, as the size of the
metal jon increases, is due to the stabilization of
larger anions by larger cations through higher lattice
energies.

: ol
Na E i
Rb gg
Cs =
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Explanation. Because of the small size, Li*
has a strong positive field around it which attracts
the negative charge so strongly that it does not
permit the oxide anion, O*~ to combine with another
axygen atom to form peroxide ion, O3~ On the other
hand, Na* ion because of its larger size than Li*
ion has comparatively weaker positive field around
it which cannot prevent O*~ ion to combine with
another oxygen atom to form peroxide jon, 03™.

The larger, K*, Rb* and Cs* ions have still
weaker positive fields around them which cannot
prevent even peroxide ion, 02~ to combine with
another oxygen atom to form superoxide, O, .

1720, 0,

0" ——— 0} —— 205

Oxide Peroxide

It may be pointed out here that superoxide ion

Superoxide

[ : 0= O:)" has athree electron bond, i.e., it has
one unpaired electron which makes it coloured
(LiO,, NaO, are yellow, KO, is orange, RbO, is
brown and CsO, is orange) and paramagnetic.
Sodium peroxide is yellow in colour probably due
to the presence of a smatl amount of superoxide in
it. The normal oxides of alkali metals are however,
colourless and diamagnelic.

12.5.4. Action of atr and moisture.

All the alkali metals on exposure to atmosphere
(air and moisture) get converted into oxides,
hydroxides and finally to carbonates. Thus alkali me-
tals get tarnished when exposed to air and moisture.

4M+ 0, —2M,0

M,0 + H,0 — 2MOH

It is because of these reactions that alkali
metals are stored in inert hydrocarbon solvents like
petroleum ether and kerosene oil which prevent
them from coming in contact with air and moisture.

12.5.5. Reaction with hydrogen.

All the alkali metals react with hydrogen at
673 K (Lithium at 1073 K) to form colourless crys-
talline iomic hydrides of the general formula,
M*H™ where M stands for the alkali metals

Heat
2M +H, — 2M*H~
where M = Li, Na, K, Rbor Cs

The order of reactivity of the alkali metals
towards hydrogen decreases as we niove down the
group from Lito Cs. This is due (o the reason that the
lattice energies of these hydndes decrease progres-
sively as the size of the metal cation increases and
thus the stability of these hydrides decreases from
LiH to CsH.

1073 K
2Li+H, ——  2LiH
Lithium hydride
673K
2INa £ H—— 2 NaH

Sodium hydride

All the alkali metal hydrides are ionic solids
with high melting points.

Since these hydrides contain the hydride ion
(H™), therefore, they liberate hydrogen at the
anode on electrolysis.

All these hydrides react with proton donors
such as water, alcohols, gaseous ammonia and
alkynes liberating H, gas.

LiH (s) + H,0 () —— LiOH (aq) + H, (g)
NaH (5) + ROH (/) — RONa (s) + H, (g)

NaH (5) + NH, (g) Sl NaNH, (s) + H, (g)

2KH (s)+HC=CH (g)fl-t KC=CK (5)+2H, (g)

Lithium hydride is used as a source of
hydrogen for military purposes and for filling
metrological balloons since it has a low molecular
weight and on reacting with H, 0, it evolves highest

percentage of hydrogen by weight.
12.5.6. Reaction with halogens.

Alkali metals react vigorously with halogens
to form metal halides of the general formula,
M* X~ where M stands for the metal and X for the
halogen.

M+ X,—— 2M*¥X~
where M = Li, Na, K, Rb or Cs and
X=FCLBrorl
The reactivity of alkali metals towards a par-
ticular halogen increases as we move down the

group from Lito Cs. For example, potassium reacts
with chlorine more vigorously than sodium.

On the other hand, reactivity of halogens
towards a particular alkali metal decrcases form
F,tol,, ie,

F,>ClL >Br,> L
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12.5.7. Solubility in liquid ammonia.

L o F2
3 E
Na §5§§ G | 2
=
K |5553 oy | €
HE<a =
Rb m:IZ g
- E I,
Cs = s

All atkali metais dissolve in liquid ammonia
(solubility may be as high as 5 M) giving highly
conducting deep blue solutions.

Explanation. These solutions contain am-
moniated cations and ammoniated electrons as
shown below :

M+(x +y) NH;— M¥(NH,), +¢"(NH,),

When ordinary light falls on these am-
moniated electrons, they get excited to higher levels
by absorbing encrgy corresponding to red region of
the visible light. As a result, transmitted light is blue
which imparts blue colour to the solution. Some
important properties of blue solutions of alkali
metals in liquid ammonia are as under :

(¥) Dilute solutions of alkali metals in liquid
ammonia are dark blue in colour but as the con-
centration increases above 3 M, the colour changes
to copper-bronze and the solutions acquire metal-
lic lustre due to formation of metal ion clusters.

(#i) The blue coloured solutions are paramag-
netic due to the presence of large number of un-
paired electrons but bronze solutions are
diamagnetic due {0 formation of electron clusters
in which ammoniated electrons with opposite spin
group together, i.e.,

2¢7 (NH;),— [1 e~ (NHy), 1 [} e~ (NH,),]

(#) The solutions of alkali metals in liquid
ammonia are good conductors of electricity due to
the presence of ammoniated cations and am-
moniated electrons. However, the conductivity
decreases as the concentration increases since the
ammoniated metal cations are bound by the free
unpaired clectrons which have been described as
expanded metals,

{iv) These solutions are stronger reducing
agents than hydrogen and hence will react with
water to liberate hydrogen.

(v) In presence of inpuritics or catalyst such
as Fe, the blue coloured solutions decompose to
form metal amides with the liberation of H,.

2M* (NH;), + 2¢” (NH,),—
ZM¥TNH; +H, + (x + y — 2) NH,
However, under anhydrous conditions and in
the absence of catalytic impuritics such as transi-

tion metal ions, these solutions can be stored for
several days.

12.6. General Characteristics of the
Compounds of the Alkali Metals

All the compounds of alkali metals are
predominantly ionic. Some of the general charac-
teristics of these compounds are discussed below :

12.6.1. Oxides and Hydroxides

Alt the alkali metals, their oxides, peroxides
and superoxides readily dissolve in water to
produce corresponding hydroxides which are
strong alkalies, e.zz.,

2Na + 2H,0—— 2 NaOH + H,

Na,0 + H,0 — 2 NaOH
2KO, + 2 H,0 ——2KOH + H,0, + O,

Thus, peroxides and superoxides also act as
oxidising agents since they react with H,O forming
H,0, and O, respectively.

The hydroxides of all the alkali metals arc
white crystalline solids. They are strongest of all
bases and readily dissolve in water with the evolu-
tion of much heat. A number of hydrates of the
heavier alkali metal hydroxides e.g., NaOH.» H,0
(wheren = 1,2,3,4, 5 and 7) have been preparcd
from their aqueous solutions but little is known
about their structures.

(¥) Basic strength. The basic strength of these
hydroxides increases as we move down the group
from Li to Cs. Thus, NaOH is a stronger alkali than
LiOH ; KOH is a stronger alkali than NaOH and
50 on.

LiOH
NaOH
KOH
RbOH
CsOH

%)
2
&

STRENGTH
INCREASES

Explanation. The hydroxides of alkali metals
behave as strong bases due to their low ionization
energies. Duc to low ionization energies, the M — O
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bond in M — O —H can easily break giving M* and
OH ™ ions,

MOH — M™ + OH™ (basic nature)

As we move down the group, the ionization
energy decreases. As a result, the M— OH bond is
more and more easily cleaved and hence the basic
strength increases down the group from LiOH to
CsOH.

() Solubiliity and stability.  All these
hydroxides are highly soluble in water and thermal-
ly stable except lithium hydroxide.

A
2LIOH —— Li,0 + H,0

(#i) Formation of salts with acids. Alkali metal
hydroxides being strongly basic react with all acids
forming salts.

N4OH + HCl —» NaCl + H,0
2NaOH + H,S80, -— Na,S0, + 2 H,0
The salts are colourless jonic solids which are
soluble in water.
12.6.2. Halides
The alkali metals combine directly with halogens
under appropriate conditions forming halides of the
general formula, MX. These halides can also be
prepared by the action of aqueous halogen acids (HX)
on metal oxides, hydroxides or carbonates.
M;0 + 2HX~— 2 MX + H,0

MOH + HX — MX + H,O
M,CO, + 2HX —» 2 MX + CO, + H,0
(where M = Li, Na, K, Rb or Cs and X = E

Cl, Bror 1)

All these halides are colourless, high melting
crystalline solids having high negative enthalpies of
formation. However, the ﬁ.Hf“ values for fluorides
become less and less negative as we move down the
group while for chlorides, bromides and indides,
these values become more and more negative

'Em:mtf MF | MCl | 'MBr Ml

Li 612 ~398 ~350 2N
Na -569 —400 -360 -288
K —563 —428 =392 -328
Rb -549 —423 -389 =329
Cs -531 ~424 -395 ~337

From the above table it is evident that for any
given metal, the values decrease in the order 4
fluoride > chloride > bromide > iodide. Thus,
fluorides are the most stable while iodides are the
least stable,

The trends in melting points, boiling points
and solubility of alkali metal halides can be under-
stood in terms of polarization effects, lattice ene rey
and hydration of ions as discussed below :

(@) Polarization effects — Comparison of
ionic and covalent character of alkali metal
halides.

When a cation approaches an anion, the
electron cloud of the anion is attracted towards the
cation and hence gets distorted. This effect is called
polarization. The power of the cation to polarize
the anion is called its polarizing power and the
tendency of the anion to get polarized is called its
polarizability,. The greater the polarization
produced more is the concentration of electrons
between the two atoms thereby decre asing the ionic
character or increasing the covalent character of
the bond.

M+ e
S
\
® C>
'
I T\‘ )

POLARIZING POLARZED I
CATION ANION UNPOLARIZED
ANION

The covalent character of any compound, in
general, depends upon the following factors.

(7) Size of the cation. Smaller the cation, freater
is its polarizing power and hence largeris the covalent
character. For example, the covalent character
decreases as the size of the cation increases :

LiCt > NaCl > KCI > RbC! > CsCl. Thus,
LiCl is more covalent than KCI.

(#) Size of the anion. Larger the anion, greater
is its polanizability. This explains why covalent char-
acter of lithium halides is in the order

Lil > LiBr > LiCl > LiF

For the same reason, dipole moment of Lil
(6:25 D} is much less than the theoretically ex-
pected value of 11-5 D if it were 100% ionic.,

(#ii) Charge on the fon. Greater the charge on
the cation, greater is its Ppolarizing power and hence

A}
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larger is the covalent character. That is why the
covalent character of some of the halides increases
in the order Na*Cl™ < Mg?*Cl, < AP*Cl,.

Similarly, greater the charge on the anion,
more easily it gets polarized thereby imparting
morc covalent character to the compound formed.
For example, covalent character increases in the
order : NaCl < Na,50, < Na,PO, as the size of
the anion increases and hence larger is the covalent
character. Thus, the covalent character decreases s
the size of the anion decreases.

(iv) Electronic configuration of the cation. If
two cations have the same charge and size, the one
with a pseudo noble gas configuration, i.e., having 18
electrons in the outermost shell has greater polariz-
ing power than a cation with noble gas configura-
tion, i.e., having 8 electrons in the outermost shell.
For this reaction, CuCl is more covalent that NaCl
(although Na* and Cu* have same charge viz. +1
and nearly the same size viz. Na* (1-02 A) and
Cu*(0-96 A).

() Lattice enthalpies. Lattice enthalpy is
defined as the amount of energy required to
separate one mole of solid ionic compound into its
gaseous ions. Evidently greater the lattice enthalpy,
higher is the melting point of the alkali metal halide
and lower is its (Table 12.4) solubility in water.

TABLE 12.4. Lattice enthalpies, hydration en-
thalpies (in k) mol™ 1), (solubilities (in ¢/100 g
H,0)} and melting points (in K) of some afkali

metal halides,

| Com- | Lattice | Hydration* | Solu- | Melting
pound [enthalpy| enthalpy | bility point
LiCl —845 -876 63-7 887
NaCl =770 =776 357 1084
KCI -703 =700 347 1039
RbC! | —674 680 | 77-0| 988
CsCl | 644 —646 162 | 925
NaF —893 -919 4-22 1261
NaCl =770 =776 35-7 1084
| NaBr =730 =745 116 1028
Nal —685 -685 184 944
LiF -1005 ~1019 0-27 1115
Csl —582 —670 | 44-0

*Sum of the hydration enthatpies of cations and anions.

{¢) Hydration enthalpy. It is the amount of
enthalpy released when one mole of gaseous ions
combinge with water to form hydrated ions.

M* (g) + ag —» M* (ag) + hydration enthaipy
X~ (g) + ag — X (ag) + hydration cnthalpy
Higher the hydration enthalpy of the ions®*,
greater is the solubility of the enthalpy in water.
Further, the extent of hydration depends upon
the size of the ion. Smaller the size of the ion, more
highly it is hydrated and hence greater is its hydrated
ionic radius and less is its ionic mobility (conduc-
tance). Thus the order of their radii and mobility are

Jonic radius :  Lit <« Nat < Kt < Rb* < Cst

(in pm) 76 102 138 152 167

Hydration

number*** 25-3 16-6 10-5 10-0 99

Hydrated

radius : Lit > Na* > K* > Rb* > Cst
{in pm) SAN G 232 4 P28 PPN

Tonic mobility: Lit < Na¥ < K* < Rb* < Cs*
(at infinite 33-5 435 645 675 68
dilution)

In the light of above arguments, let us now
explain the melting points of alkali metal halides and
their solubility in water or organic solvents. Thus,

(i) A delicate balance between lattice enthal-
py and hydration enthalpy determines the ultimate
solubility of a compound in water. For example, low
solubility of LiF (0-27 g/100 g H,0) is due to its high
lattice energy (-1005 kJ mol™) whereas the low
solubility of CsI (44 g/100 g H,0) is due to smalier
hydration energy of the two ions (670 kJ mol™Y).

(i) The solubility af maost of the alkali metal
halides except those of fluorides decreases on des-
cending the group since the decrease in hydration
enthalpy is more than the corresponding decrease
in the lattice enthalpy. For example, difference in
lattice enthalpy between NaCl and KCl is 67 kJ
mol™! but difference in hydration enthalpy of
Na* and K* ion is 76 kJ mol™". Thus KCV is less
soluble in H,0 than NaCl.

(i) Because of the small size and higher
electronegativity, lithium halides except LiF are
predominantly covalent and hence are soluble in

##The hydration enthalpy of the alkali metal cations and halides (inkJ rnol_I) respectively are
Li* (-506), Na™ (—406), K™ (-330), Ro ¥ (-310), Cs™ (-276) and F~ (-513), CI” (-370), Br~ (-339), " (-3%4).
»e*The hydration number is the average number of water molecules associated with the metal jon.
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organic solvents such as alcohol, acetone, ethyl
acetate ; LiCl is also soluble in pyridine. In contrast,
NaCl being ionic is insoluble in organic solvents.

(#v) Due to high hydration enthalpy of Li* ion,
lithium halides are soluble in water except LiF which
is sparingly soluble due to its high lattice enthalpy.
However, as we move down the group, the solubility
of alkali metal fluorides increases regularly as we
move from LiF to CsF since the decrease in lattice
enthalpy more than compensates the decrease in
hydration enthalpy.

(v) For the same alkali metal, the melting
points decrease in the order : fluoride > chloride >
bromide > iodide.

Explanation. For the same alkali metal ion,
the lattice energies decrease as the size of the halide
ion increases. For example, lattice enthalpies of
NaF, NaCl, NaBr and Nal are 919, 776, 745 and 685
kI mol ™. As the lattice enthalpies decrease, energy
required to break the lattice (melting point) decreases
and hence the melting points of sodium halides
decrease from NaF (1261 K) — NaCl (1084 K)
—=> NaBr (1028 K) — Nal (944 K).

(vi) For the same halide ion, the melting points
of lithium halides are lower than those of the cor-
responding sodium halides and thereafter they
decrease as we move down the group from Na to Cs.

Explanation. The low meiting point of LiCl
(887 K) as compared to that of NaCl is probably
because LiClis covalent in nature while NaCl is ionic
(because Li atom is smaller in size than Na atom).
Thereafter, the melting points decrease as we move
from NaCl (1084 K) — KC! (1039 K) — RbC]
{988 K) — CsCl (925 K) because the lattice en-
thalpies decrease as the size of the alkali metal atom
increases.

12.63. Salts of Oxoacids

Since the alkali metals are highly electroposi-
tive, therefore, their hydroxides are very strong
bases and hence they form salts with all oxoacids
(H,CO,, H,P0,, H,50,, HNO,, HNO, etc).
They are generally soluble in water and stable
towards heat. Here, we shall discuss only car-
bonates and bicarbonates.

The carbonates (M,CO,) of alkali metals are

remarkably stable upto 1273 K, above which they
first melt and then ::w:muall}r decompose to form
oxides. Li,CO,, however, is considerably less stable

and decomposes readily.

A
Li,CO, — Li,0 + CO,

Being strongly basic, alkali metals also form
solid bicarbonates. No other metals form solid
bicarbonates, though NH,HCO, also exists as a

solid. Lithium, however, does not form solid bicar-
bonate though it does exist in solution, All the
bicarbonates on gentle heating undergo decom-
position to form carbonates with the evolution of
CO,.

A
2MHCO, — M,CO, + CO, + H,0

As the electropositive character increases
down the group, the stability of carbonates and
bicarbonates increases.

All the carbonates and bicarbonates are
soluble in water and their solubilities increase
rapidly on descending the group. This is due to the
reason that their lattice energies decrcase more
rapidly than their hydration energies on moving
down the group.

12.7. Anomalous behawour of thlum

Lithium— the first element of group
I {alkali metals) differs from rest of the elements of
this group in many respects contrary to the expec-
tations. This anomalous behavioos.of lithinanisdine -
to the following reasons :

() very small size of lithipm atom and its jon.

(#) higher polarizing power of Li* (e
charge/size ratio) resulting in increased covalent
character of its compounds which is responsible for
their solubility in orgaric solvents.

(#i¥) comparatively high ionization energy and
low electropositive character of lithium as com-
pared to other alkali metals.

() non-availability of d-orbitals in its valence
shell.

(v) strong intermetallic bonding.

Some of the properties in which lithium differs
from the other members of its group illustrating its
anomalous behaviour are as follows :-

() Lithium is harder while all other alkali
metals are soft.

{#) The melting and boiling points of lithium
are comparitively high.

(%) Lithium forms monoxide with oxygen
while other alkali metals form peroxides (M;0,) as

well as superoxides (MO,).

?
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(iv) Lithium combines with nitrogen to form
nitride while other alkali metals do not

6Li+ N, ——> 2LiN

(v) LiOH is a weak base while the hydroxides
of other alkali metals are strong bases.

(vi) Lithium hydroxide on heating decom-
poses to form lithium oxide while other alkali metal
hydroxides do not

ZEHOH —— it o HLO

(vii} Lithium carbonate® on heating decom-
poses to give CO, while other alkali metal car-

bonates do not
Li,CO, — Li,0 + CO,

(viii) Lithium bicarbonate does not form a
solid though it exists in solution whije ali other alkali
metals form solid bicarbonates.

(ix} Lithium does not react with ethyne (acety-
lene) to form lithium acetylide while all other alkali
metals react to form the corresponding acetylides,

Lig. NH,

ZNa+HC=CH ———

196 K
N =C='C~ Ma* + 1§,
Disodium acetylide

However, when Li is heated with carbon, it
forms lithium acetylide (or lithtum carbide) while
other alkal: metals do not react with carbon directly

A
2Li+2C — Li* "C=C™ Li*
Dilithium acetylide

(x) Lithium nitrate on heating decomposes to
give Li,O, NO, and O, while other alkali metal
nitrates decompose to give the corresponding
nitrite and oxygen

4LINO;, —— 2Li,0+4NO, + O,

{(xi} The oxide, hydroxide, carbonate, phos-
phate and fluoride of lithium are sparingly soluble
in water whereas the corresponding salts of other
alkah metals are soluble in water

(i) Because of covalent character, halides of
lithium (like LiCl) are soluble in organic solvents
while those of other alkali metals are insoluble.

(xiii) LiCl is deliquescent and crystallizes as a
hydrate, LiCl.2H,0, whereas other alkali metal

chlorides do not form hydrates.

Oy POy
e
Li-0~"

*Structure of Li; CO; is

(xiv) Lithium ion, being very small in size, is
very strongly hydrated in aqueous solution than
other alkali metals ions that is why effective size of
Li* ion in aqueous solution is the largest.

12,8. Diagonal relationship of

Lithium with Magnesium &

Lithium resembles magnesium mainly
due to the similarity in sizes of their atoms (Li =
152 pm, Mg = 160 pm) and ions (Li* = 76 pm,
Mg?* = 72 pm). The main points of similarity are :

(#) Both LiOH and Mg(OH), are weak bases.

(#7) Both form ionic nitrides when heated in an
atmosphere of nitrogen.

A
6Li+ N, —> 2 Li;N

A
3Mg + N, — Mg,N,

(ifi) The hydroxides and carbonates of both Li
and Mg decompose upon heating.

A

2LiOH —— Li,0 + H,0
A

Mg(OH), —— MgO + H,0
A

Lis 005 e Lis @it D,

A
MgCO; —— MgO + CO,
{(iv) Both Lithium and magnesium do not form
solid bicarbonates.
{(v) L1,0 and MgO do not combine with excess
of oxygen to give a peroxdde or a superoxide.
(vi) Both lithium and magnesium nitrates
decompose on hcating producing nitrogen dioxide.

4 LINO, —> 2Li,0 + 4NO, + O,
A
2 Mg(NO,), —» 2MgO + 4 NO, + O,

(vii)} The hydroxides, carbonates and flucrides
of both lithiom and magnesium are sparingly
soluble in waier.

(viii) Because of covalent character LiCl and
MgCl, are soluble in ethanol.

(ix) Both lithium perchlorate and magnesium
perchlorate are highly soluble in ethanol.

(x} LiCland MgCl, are deliquescent and crys-
tallise from aqueous solution as hydrates,
LiCl.2 H,0 and MgCl,.6 H,0.
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Monoxides, peroxides and superoxides of alkali metals. All the five alkali metals can be induced to form
normal oxides (i.e. monoxides), peroxides and superoxides by dissolving the metal in liquid ammonia and
bubbling in the appropriate amount of oxygen.

Crystal structures of monoxides of alkali metals. Except Cs, O which has anti-CdCl, layer structure, all other

monoxides, Le., Li,0, Na,0, K;0 and Rb,0 have anti-fluorite structures.
Potassium superoxide (KO ;) isused asasource of oxygen in submarines, spaceshuitles and inemergency breathing

apparatus such as axygen masks. Such masks are used in rescue work in mines and in other areas where the air iss0
deficient in oxygen that an artificial atmosphere must be generated. The moisture of the breath reacts with
superoxide to liberate cxygen, and at the same time the potassium hydraxide formed removes carbon dioxide as it
is exhaled thereby allowing the atmosphere in the mask to be continuously regenerated.

4KO; (5) + 2 H,0 (§) — 4 KOH (aq) +3 0, (¢) ; KOH (aq) + CO, (g)— KHCO, (5)
KO, also combines directly with CO, forming K,CO, and with CO, and the moisture forming KHCO,.
4K0, +2C0O, —2K,C0,+30; ; 4KO; +4C0, +2H,0 — 4KHCO,3 +30,
Potassium ozonide (KO ,) is formed when ozone is passed through KOH.
2KOH + 50, — 2KO, +50, + H,0
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It is an orange coloured solid and contains the paramagnetic O3 ion.
Lithium hydroxtde (LiOH) is used to remove CO, from exhaled air in confined quarters like submarines and

space vehicles.
The alkali metals react with fuzlogens and interhalogen compounds forming fonic polyhalide compounds.

Ki+I, — K[l,]
KBr + ICl — K [BrICi}

KF + BrF, — K[BrF,]
The solution of alkali metals such as Li, Na or K in liquid ammonia is used for reduction of ethylenic double
bonds, acetylenic triple bonds to double bonds and aromatic compounds under the name Birch reduction.
Lithium is the lightest known metal, having density = 00-534 gicc. Therefore, it cannot be, stored in kerosene
oil because it floats on the surface. It is kept wrapped in paraffin wax.
Cs is the most electropositive clement due to its lowest ionization energy.
Lithium cannot be used in making photoelectric cells because out of all the alkali metals, it has highest
jonization enecgy and cannot emit electrons when exposed to light.
The compounds of alkali metals are colouriess (unless the anion is coloured like permanganate or dichromate)
and diamagnelic. This is because they have noble gas configuration with no unpaired electron.
The peraxides of alkali metals are colouriess and diamagnetic while superaxides are paramagnetic and coloured.
All alkali metals exist as body-centred cubic lattice with a coordination number of 8.
Due to small size, lithium does not form atlums.
Alkali metals combine with mercury to form compounds known as Amalgams. This reaction is highly exothermic.

mineral is always small and thus extraction of the

Lithium is the first member of alkali me-
tals. It is the lightest metal known.

12.9.1. Occurrence.

Lithium is the thirty-fifth most abundant ele-
ment by weight in the earth’s crust. It mainly occurs
as silicate minerals but the amount present in any

metal is not so easy. Some important minerals of
lithium are :

Minerals of lithium

() Spodumene, LiAl(5i0;), containing 4 —
6% lithium.

(if) Triphylite, (Li, Na),PO,.(Fe, Mn);(PO,),
containing upto 4% lithium.



s-BLOCK ELEMENTS

12/15

(iii) Petalite, LiAl(S1,0¢), containing 2-7 —
3-7% lithium.

(iv) Lepidolite, (Li, Na, K), (8i0,), (FOH),
containing 1-5% lithium.

(v) Amblygonite, LIA(PO,)F.

Lithium also occurs in certain spring waters
and in some plants such as tobacco, beat and sugar-
cane. In India, lithtum is mainly found as lepidolite
in Bihar, Rajasthan, Karnatka and Kashmir.,

12.9.2. Difficulties encountered during ex-
traction of alkali metals.

Alkali metals, cannot be extracted from their
ores by the usual methods of extraction of metals
because of the following difficulties :

(i) Alkali metals are strong reducing agents and
hence cannot be extracted by reduction of their oxides
or chiorides.

(if) Alkali metals being highly electropositive
cannot be displaced from the aqueous solutions of
their salts by other metals.

(i) Alkali metals cannot be isolated by
electrolysis of the aqueous solution of their salts since
hydrogen is liberated at the cathode instead of the
alkali metal because the discharge potentials of alkali
metals are much higher than that of the hydrogen.
However, by using mercury as cathode, the alkal:
metals can be deposited at the cathode but the
alkali metal so deposited readily combines with
mercury to form an amalgam from which its
recovery is very difficult.

Therefore, in view of the above difficulties, the
only successful method is the electrolysis of their
molten (fused) salts usuaily chiorides.

But the melting point.. of these chlorides are
very high which are normally difficult to attain. This
difficulty can, however, be overcome to some extent
by lowering the melting points of these chlorides by
the addition of suitable salts such as CaCl,, KF etc.

12.93. Extraction of Lithium.

It involves the following steps :

I. Preparation of lithium chloride. The
minerals are first of all converted into lithium
chloride by any one of the following methods :

(i) Acid treatment method. The finely pow-
dered silicate ore is first heated to about 1373 K to
make it more friable and then with H,80, at 523 K.
The Li,SO,.H,0 thus formed is cooled, leached

with water and then filtered to remove silica

(8i0,). The filtrate thus obtained is treated with a
calculated amount of Na,CO; to precipitate
aluminium and iron as carbonates which are fil-
tered off. Excess of Na,CQ, is then added to the
filtrate to precipitate Li,C(,. This is filtered and
dissolved in HCI to obtain LiCl which is purified by
cxtraction with alcohol.

(it) Fusion method. The powdered silicate
mineral is fused with CaCO, and the fused mass is

extracted with HCI and filtered. The filtrate con-
tains chiorides of Li, Al, Ca, Na and K whereas
silicon is removed as insoluble residue. The filtrate
is evaporated to dryness and the residue is ex-
tracted with pyridine in which only LiCl dissolves.
Pyridine is distilled off while LiCl is left behind. The
method discussed above may be summed up in the
following flow-sheet.

Lithium ore (Spoditmene or Lepidolite)
] Fuse with CaCOj3,

and extract with HCI and filter

Insoluble Filtrate

(5i05) {Chlorides of Li, Al, Ca, Na, K)
Evaporate to dryness and
extract with pyridine

Soluble Insoluble

(LiCl} (NaCl, KCl, CaCl,, AICly)

2. Electrolysis of lithium chloride. A mixture
of dry lithium chloride (55%) and potassium
chloride {45%) is fused and electrolysed in an
clectrolytic cell shown in Fig. 12.2.

Potassinm chloride is added to increase the
conductivity of lithium chloride and to lower the
fusion temperature. The cell is operated at a
temperature of about 723 K and voltage of 8-9 volts
is applied.

As a result of electrolysis, the following reac-
tions take place :

Lcl —, Lt + o1

At cathode : Lit + ¢~ — Li

Atanode: 2CI7 —2¢~—> Cl,

Chlorine gas, a valuable by product, liberated
at the anode leaves the cell through the exist while
molten hthium rises to the surface of the fused
electrolyte and collects in the cast iron enclosure
surrounding the cathode. The metal thus obtained
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FIGURE 12.2. Electrolytic cell for extraction of lithium.

s 99% pure and is preserved by keeping it wrapped
in paraffin wax. It may be noted here that lithium
being the lighest metal known (density = 0-534 g
em™3) cannot be stored in kerosene oil since it floats
on the surface.

12.9.4. Propertles of Lithinm,

(a) Physical properties.

(i) Lithium is a silvery white metal.

(i) Ttis the hardest alkali metal but still is soft
enough to be cut with a knife.

(iti) Atomic and ionic radii of lithium are the
lowest amongst alkali metals.

(iv} It is the lighest element known (density
5:3dg em™3).

(v) Being the first member of alkali metals, it
has the highest electronegativity (0-98), highest
ionization enthalpy (520 kJ mol ™", highest melting
point (453-5 K) and highest heat of atomization
(1603 K).

(vi) When voliatilized, it imparts a crimson
red colour to the flame.

(b) Chemical properties. Lithium like other
alkali metals, is a monovalent electropositive ele-
ment. It a highly reactive element. However,
amongst alkali metals, it is the least reactive. Some
important chemical properties of lithium are :

(i) Action of air. Lithium tarnishes slowly in
moist air while dry air has no effect. When heated

in air or oxygen at about 375 K, it burns with a
brilliant white light forming lithium monoxide,
Li,O

4Li+ 0, — 2Li,0

(it) Action of water. Lithium reacts slowly with
water evolving H, gas. However, the reaction is

much less vigorous than in case of Na or K.
2Li + 2H,0 — 2LiOH + H,

(ii¥) Action of acids. Lithium being a strongly
electropositive metal, readily reacts with dilute
acids evolving H, gas.

2Li + H;80, — Li,SO, + H,
2Li + 2 HNO, —> 2LiNO, + H,

{iv) Reaction with non-metals. Lithium on
heating combines readily with number of non-me-
tals forming their corresponding compounds.

2l EIHE —A» 2 LiH (Lithiurn hydride)
6Li+ N, —A-b 2 LigN (Lithium nitride)
2Li+Cl —E-b 2 LiCl (Lithium chloride)
16 LY sy 28 ST (GH ipas

A
12Li + P, —> 4 Li,P (Lithium phosphide)
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In fact, lithium is the only alkali metal which
combines directly with nitrogen to form lithium
nitride. Lithium nitride is ionic and is ruby red. On
heating to a bigh temperature, it decomposcs to its
constitutent elements. Tt also reacts with water
evolving ammonia

A
2Li,N —>6Li+ N,
Li,N + 3 H,0 — 3 LiOH + NH,

(v) Reaction with ammonia. Like other alkati
metals, lithium dissolves in liquid ammonia to form
a deep blue solution due to the formation of am-
moniated electrons.

196-200 K

Li+ (x+y)NH; —

Li (NH,), + e~ (NH,),

However, when NH, gas is passed over mol-
ten lithium, lithium amide is iormed.

A

2Li+ 2NH, — 2LiNH, + H,

12.9.5, Uses of Lithium.

(7) It is used in the manufacture of alloys : (4)
lithium-lead alloy (0-05% Li) which is used for
making toughened bearings and sheats for cables.

(b) Lithium-aluminium alloy has great tensile
strength and elasticity like that of mild steel. It is
used for aircraft construction.

(c) Lithium-magnesium alloy (with 14% Li) is
extremely tough and corrosion-resistant which is
used for armour plate and aerospace components.

(@) It is used for producing thermonuclear
energy required for propelling rockets and guided
missiles.

(iif) Lithium is used as a getter or scavenger
since it combiens readily with oxygen and mitrogen.
Thus it is used for removing last fraces of oxygen
and nitrogen during refining of metals such as cop-
per and nickel.

(iv) Lithium carbonate is used in making 2
special variety of glass which is very strong and is
weather proof.

(v) Lithium chloride is used in air-condition-
ing plants to regulate the humidity. It isalsousedin
Ni-Fe accumulators.

(vi) Lithium brimide is used in medicine as
sedative.

(vif) Lithium bicarbonate and lithium salicy-
late have been used for treatment of rheumatism
since the resulting lithium urate is soluble in water.

(viii) Lithium hydride is used as source of
hydrogen for meterological purposcs and for filling
of balloons.

(ix) Lithium hydroxide is used for removing
CO, from exhaled air in closed quarters like sub-
marines and space vehicles.

(x) Lithium aluminium hydride (LiAIH,) is
used as a reducing agent in synthelic organic
chemistry.

12.10. Sodium =z

L L s s ]

Sodium is the seventh most abundant
element by weight found in the earth’s crust.

Minerals of sodium
(i) Albite or 30da feldspaf Nazo .A1203.68i02
or NaAlSi,O,

(if) Rock salt or sodium chloride NaCl
(iii) Chile salt petre or sodium nitrate NaNO,

(iv) Glauber’s salt or sodium sulphate
Na,$0,.10H,0
(v) Borax or sodium borate
Na,[B,05(OH),]. 8H,0 or Na,B,0,.10H,0

Out of these minerals only NaCl has been used
economically to extract the metal and hence NaCl
is the ore of sodium.

12.10.2. Extraction of Sodium

Sodium is extracted by the electrolysis of
fused sodium chloride by a process called Down’s
process.

Difficulties encountered Although sodium
chloride is very cheap and is abundantly available
yet the development of Down’s process for the ex-
traction of sodium from fused sodium chioride was
delayed because of the following reasons :

(i) Sodium chloride melts at 1074 K and it is
difficult to attain and maintain this high temperature.

(i) Sodium boils at about 1156 K and hence at
the temperature of electrolysis, the metal liberated
witl vaporise.

(iii) Molten sodium forms a metaliic fog (col-
loidal solution) with fused sodium chloride.

(iv) The products of electrolysis, sodium and
chlorine, corrode the material of the cell at this high
temperature.

In1924, J.C. Down overcame all these difficul-
tics. He observed that the addition of calcium
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chloride and potassium fluoride lower the melting
point of sodium chloride to 850 — 875 K.

Further at this low temperature : (i) the
vapour pressure of sodium is low and hence does
not allow sodium to ignite in air (ii) the liberated
sodium metal does not dissolve in the melt. Had it

: . At INSULATION
dissolved, it would short-circuit the electrodes and |

thus prevent further electrolysis. (if) the products
of electrolysis, i.e., sodium metal and chlorine do
not corrode the material of the cell appreciably.

Actually during electrolysis both sodium and HOOD FOR
calcium are liberated at the cathode. These rise CATHODE

through a cooled collecting pipe which allows cal-
cium to solidify and fall back into the melt or the
eutectic mixture.

Details of the process. The electrolysis of a
fused mixture of sodium chloride (409 ) and cal-
cium chloride (60%) is carried out in Down’s cell
at 873 K (Fig. 12.3). The cell consists of an iron tank
lined inside with fire bricks. In the centre, there is
a circular graphite anode surrounded by a hood
shaped iron cathode. These two electrodes are
separated by a wire gauze connected to the lower
end of the iron hood so that sodium and chlorine
produced during electrolysis do not come in con-
tact with each other. The cathode compartment is
provided with a pipe through which the molten
sodium produced as a result of electrolysis rises and
collects in the receiver.

Reactions. The chemical reactions taking
place during electrolysis are :

Dissociation
NaCl ———— Na* + ¢I-

N i‘m\i}&?iﬂﬂﬁ?i‘ém*iﬁsﬁ2§l’z'e's'&ié‘i%??.\?%‘?.ﬂ?‘;?%’%‘?{iﬂiﬁﬁﬁ'iﬁmﬁEﬂﬁ-’;-f%' Pt -
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FIGURE 12.3. Down's cell for extraction of Sodium.

Nat + ¢~ — Na
ClIT —— Cl4e™
Cl + ]l — Cl,

Af cathode -
At anode -

Advantages of Down’s Process.

(!) Sodium metal obtained is of high purity
(about 99.5%).

(i) The starting material, ie., sodium

chloride is very cheap.

(itf) Chlorine is obtained as a valuable by
product.

(iv) This process is cheaper than Castmer’s
process involving electrolysis of fused sodium
hydroxide.

b

Extration of Potassium. Since K metal is more soluble in KC1 (than Na metal is soluble in NaCl), potassium
cannot be obtained by electrolysis of a fused solution of KCt. It can, however, be obtained by the following two

methods :
1. By electrolysis of fused KOH

KOH — Kt 4+ OoH~

At cathode :
At anode :
2. Reduction of KCI with sodium.

KhEE ¢- — K

40H™ — 0, +2H,0 + de—

Potassium can also be obtained by reduction of KClwith Na vapoursatabout 1125Kinalarge fractionating column.
KCi + Na -—— NaCl + K

99-5% pure

T

e T e e
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12.103. Properties of Sodium

(a) Physical properties

(¢} Sodium is a soft, silvery white metal.

(#) It is lighter than water, its density being
0-97g cm™.

(#i) 1t is sufficiently malleable and ductile.

(iv) It imparts golden yellow flame when in-
troduced into bunsen flame.

(v) Like other metals, it is a good conductor
of heat and electricity.

(b) Chemical properties. Sodium is more
reactive than lithium. Some important chemical
properties of sodium are :

(7) Action of air and moisture. Sodium is a
highly reactive metal. It is tarnished rapidly on
exposure to motst air. At first a thin film of sodium
monoxide, Na,O is formed which changes readily
into sodium hydroxide by the action of moisture
and finally into sodium carbonate by the action of
carbon dioxide present in air.

4Na + O;— 2Na,O

Na,O + H,0 — 2 NaOH
2NaOH + €O, — Na,CO, + H,0
or Na,O + CO, — Na,CO,

(i) Action of oxygen. When heated in a current
of air or oxygen, it burns forming a mixture of
sodium monoxide and sodium peroxide.

4Na + O, — 2Na,0
2Na,0 + 0, — 2Na,0,
(i) Action of water. It reacts with water more
vigorously than lithivm producing H, gas.
2Na+2H,0 — 2NaOH + H,

Since ionization energy of Na is lower than
that of Li, therefore, NaOH is a stronger base than
LiOH.

(iv} Action of alcohol. It reacts slowly with
alcohol evolving H, gas.

2 G,H;0H + 2Na —+ 2 G,H,0Na + H,
Sod. ethoxide

This reaction is widely used for removing ex-
cess of sodium from various reactions involving
sodium.

(v) Action of acids. Sodium being more
electropositive than lithium reacts with dilute acids
and liberates H, gas.

2Na+ 2HCl —s 2NaCl + H,

(vi) Action of hydrogen. When heated with
hydrogen, it forms sodium hydride.

A
2Na+H, — 2Na*H~

(vii) Action of other non-metals. It combines
readily with chlorine, sulphur and phosphorus
forming sodium chloride, sulphide and phosphide
respectively.

A

2Na + Cl, — 2NaCl
A

16 Na + §; — 8 Na,S

A
12Na + P, — 4Na,P

(viii) Action of ammonia. Sodium dissolves in
liquid ammonia to form a blue solution which is @
good conductor of electricity.

The blue colour of the solution is due to the
formation of ammoniated electrons.

196K
+
Na+(x+y)NH; — Na (NH;),
Ammoniated sodium
+e (N'H3)y
Ammoniated electrons (biie)

However, when ammonia is passed through
molten sodium, it yiclds sodamide evolving H, gas.

475K
2Na + 2NH; — 2NaNH, + H,

(éx) Reducing action. Sodium is a strong reduc-
ing agent. It reduces many chlorides and oxides.

A
BeCl, + 2Na —> Be + 2 NaCl
A
AICl; + 3Na — Al + 3 NaCl

A
ALO; + 6Na —» 2 Al + 3 Na,0
12,10.4. Uses of Sodium.

() Sodium is used as a reducing agent in the
extraction of boron and silicon.

(it} In the laboratory it is employed as a reduc-
ing agent in form of sodium amalgam and as a
reagent in Wirtz reaction and in the synthesis of
many organic compounds,

(iii) It is also used in Lassaigne’s test for the
detection of N, S and halogens in organic com-
pounds.

() About 60% of world production of
sodium is used to make tctracthyl lead,
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Ph(C,H;), which is used as an anti-knocking agent
for gasoline.

{+) Liquid Na or its alloy with potassium is
used as a coolant in nuclear reactors.

(vi) Tt is used in the manufacture of number of
chemicals such as Na,O,, NaCN and NaNH,.

(vif} Sodium is used in sodium vapour lamps.
(viif) Sodium is largely used in industry for the
production of artificial rubber, dyes, drugs efc.
(ix) Because of its lightness and high thermal
conductivity, it is used for filling exhaust valves of
aeropiane engines.
9 11, 3odium Carbonate. Soda Ash, NazCO3" ..

Sodium carbonate commonly known as
washing soda is mamufactured by Solvay ammonia
Process.

(a) Principle. The process is based upon the
principle that when carbon dioxide is passed
through brine (sodium chloride) solution satur ated
with ammonia, the following ions are present in the
solution.

Na*,NH; ,Cland HCO;

Out of the various compounds possible,
sodium bicarbonate being sparingly soluble crystal-
lizes out. This is finally calcined to form sodium
carbonate.

(b) Theory. When carbon dioxide is passed
iirough brine solution saturated with ammonia,
sodiem bicarbonate is formed :

NH, + H,0 — NH, H,0— NH + OH™
Na* + CI” + NHf + OH™ + CO,—
Na* + HCO; + NHy + CI”
Nat + HCO; —» NaHCO; (as precipitate)
NH; + CI” — NH,CI

Because of the common ion effect due to the
presence of Na* ions of sodium chloride, sodium
bicarbonate precipitates out. It is filtered and then
ignited to get sodium carbonate.

heat
2 NaHCO; ——> NayCOy + CO, + H0 ...(i)

Sodium carbonate as obtained above is con-
taminated with ammonium salts. It is purified by
passing CO, through its aqueous solution. The

(insolution)  (j)

sodium bicarbonate thus formed is filtered and

*Non-evaluative,

heated to give pure sodium carbonate. Recrystal-
lization from water produces washing soda,
N2,C0,.10 H,0.

Na,CO, + CO, + H,0 — 2 NaHCO;,

2 NaHCO, — Na,CO,; + H;0 + CO,

Function of ammonia. CQ, is only slightly
soluble in water. As a result, the concentration of
H,CO, is very low. Further since H,CO, is a very
weak acid, the concentration of HCOj in the reac-
tion mixture is extremely low.

CO, + H,0 == H,CO, -(5)

H,CO, == H* + HCO;  ..(i)

To shift the equilibrium in the forward direc-
tion, a base such as NH, is used which combines

with HT to form NH;' ion.
H* + NH, — NH{

Thus the function of NH, is to produce a
sufficient amount of HCO; ion which enables
sparingly soluble NaHCO, to precipitate out of the
reaction mixture.

(¢) Details of the process. The manufacturing
details of the Solvay ammonia process are
described below

(i) Ammoniation tower. A saturated solution
of brine (30% ) is introduced into the top of the iron
tower while gaseous ammonia from ammonia
recovery tower is passed from below (Fig. 12.4). As
a resull of this counter current process, brine gets
saturated with ammonia while impurities of cal-
cium and magnesium present as impurities in com-
mercial sodium chloride get precipitated as their
corresponding insoluble carbonates.

2 NH,+CO,+H,0 —— (NH,);CO;

CaCl,+(NH,),C0; —— 2NH,Cl + CaCOj {

The ammoniated brine thus obtained is
passed through filters to remove precipitated cal-
cium and magnesinm carbonates and then passed
through the carbonation tower.

(ii) Carbonation tower. It is made up of iron
and is fitted with a number of perforated horizontal
partitions. The clear ammoniated brine solution is
made to trickle down from the top of the tower
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AMMONIA + LITTLE CARBON DIOXIDE

This recovered ammonia mixed
with little carbon dioxide is used for

STEAM
NH4Cl + ALITTLE NH4HCO3 EgCI? ]

saturation of brine in the ammoniation
tower as discussed above. Calcium

The carbon dioxide is brought to
the carbonation tower while lime is
slaked with water in a tank known as
slaker to form milk of lime which is

i
w C“\ g = = {LIMEKILN chloride is obtained as a by product.
= 2=~ \D o« : . . Ariie
T L s (vi) Lime kiln. Here, carbon
- s |2 VWATER s dioxide is generated by heating lime-
) R e I 22| | stone to about 1273 K
= i ST Bipes oz 1273K
5 A § Calon), §§ CaCO; —— Ca0 + CO, ...(ifi)
e
2 i D2

FILTER
NaHCO3 FOR IGNITION

FIGURE 12 4. Solvay-Ammonia process for the

manufacture of sodium carbonate.

while carbon dioxide from lime kiln is introduced
from the bottom at a pressure of 1 —2 atmospheres,
Carbon dioxide rises through the small holes and
reacts with ammoniated brine to form sodium
bicarbonate.

NaCl + NH; + CO, + H,0 ——
NaHCOs(s) + NH,CI (aq)

Throughout the process, a temperature of
300 - 310 K is maintaincd.

(iii) Filtration. The solution flowing out of the
carbonation tower contains tiny crystals of sodium
bicarbonate. These are filtered by passing through
vacuum filters.

(iv) Calcination of sodium bicarbonates. The
sodium bicarbonate obtained above is heated
strongly or calcined in a kiln when sodium car-
bonate is formed.

2 NaHCO,; — N2,CO; + €O, + H,0

(v) Ammonia recovery tower. The filtrate
{rom the carbonation tower contains ammonium
chloride and a little ammonium bicarbonate. It is
made to flow down the ammonia TECOVETY fower
while a current of steamn is made to go up. Milk of
lime is introducad at a point little above the middle
of the tower. Ammonium bicarbonate is decom-
posed by steam and ammonium chloride by milk of
lime as follows :

Heat
NH,HCO, — NH;, + €0, + H,0
INH,Cl+Ca(OH), —— 2NH, +CaCl, +2H,0

pumped to the ammonia recovery
tower.

Raw Materials. The solvay-am-
monia process is very economical since
except NaCl and CaCQj; all other raw

materials used are not consumed in the process.
For example,

(@) Quick lime (CaQ) left in the lime kiln and
ammonium chloride (NH,Cl) left in the mother

liquor after removal of NaHCO; are reacted to
produce NH;. Therefore, except for small losses,
no additional NH, is required.

(6) CO, produced during conversion of
NaHCO; to Na,CO, according to reaction (i) is
reintroduced in the carbonation lower.

Thus, NaCl and CaCO, are the only raw

materials used which are quite cheap. At the same
time CaCl, is produced as a bye product which, of
course, has no large scale industrial applications.
Thus, solay ammonia process is cconomical, con-
tinuous and self-contained as shown in Fig. 12.5.

CaCO 3

Cad

H,0 A l
NH,CI

Ca{OH); | ¢——+[NaHCO

| Ca(OH); + NH,CI

FIGURE 12.5. Flow-sheet for
Solvay-Ammonia process,
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Why potassium carbonate cannot be
prepared by Solvay process ? Potassium carbonate
cannot be prepared by the Solvay-ammonia
process. This is due to the reason that unlike
sodium bicarbonate (NaHCO,) which is sparingly
soluble in water, potassium bicarbonate (KHCO,)
is fairly soluble in water. Thus, when CO, is passed
through ammoniated brine, NaHCO, gets
precipitated while KHCO, does not get
precipitated when CO, is passed through an am-
moniated solution of potassium chloride. Hence,
potassium carbonate cannot be prepared by the
Solvay-ammonia process.

Properties. (i) Sodium carbonate is a white
crystalline solid which crystallizes as decahydrate
(Na,CO;.10H,0).

(i) It is readily soluble in water.

{iii) Action of heat. On heating below 373 K,
it loses 9 molecules of water of crystallization to
form monohydrate (Na,CO;.H,0). On heating
above 373 K, the monohydrate changes to an an-
hydrous white powder called soda ash but does not
decompose further.

Below 373K
Above 3T3K
NazCO:.,.HzO N32C03 + H20

(iv) Hydrolysis. Being a salt of a strong base
(NaOH) and weak acid (H,COj), when dissolved
in water, sodinm carbonate undergoes hydrolysisto
form an alkaline solution.

(Weakly (Strongly
ionized) ionized)

(v) Action of acids. It reacts with dil. mincral
acids evolving CO, gas.

(vi) Reaction with milk of iime. With hot milk
of lime, Ca(OH),, it reacts to form sodium

hydroxide.

Ca(OH), +Na,CO; —— CaCO;y | +2NaOH
Uses. () It is used for softening of hard water,

Jaundry and cleaning.

(éf) It is used in paints and dyes.

(i) It is used in the manufacture of soap,
glass, borax, caustic soda, sodium phosphate etc.

(iv) A mixture of Na,CO, and K,COj is used
as a fusion mixture.
(v) It is used in paper and textile industry and
also in petroleum refining and metal refining.
(i) It is used as a reagent in the laboratory.
SECTION—II
ALKALINE EARTH ELEMENTS

The group 2 of the periodic table consists of
six metallic clements, These are beryllium (Be),
magnesium (Mg), calcium (Ca), strontium (S1),
barium (Ba) and radium (Ra). These (except beryl-
lium) are commomly known as alkaline earth me-
tals or simply alkaline earths. The name alkaline
carths was initially given only to magnesium, cal-
cium, barium and strontium since their oxides®
were alkaline in nature and these oxides remained
unaffected by heat or fire and existed in earth. The
term has now been extended to include all the
elements of group 2.

12,12, DecuUrrance s sy

Like alkali metals, alkaline earth metals
are also highly reactive and hence do not occur in
the free state but are widely distributed in nature in
the combined state as silicates, carbonates, sul-
phates and phosphates.

Beryllium is the fifty-first most abundant ele-
ment by weight found in the earth’s crust. Itis found
in small quantities as silicate minerals beryl
Be,AlSig0, g and phenacite, Be, 510,

Magnesium is the sixth most abundant ele-
ment by weight found in the earth’s crust as car-
bonate, sulphate andsilicate. It also occurs to about
0-13% in sea water as chloride and sulphate.

Calcium is the fifth most abundant element by
weight found in the earth’s crust. It mainly occurs
as CaCOj in form of limestone, marble and chatk.
Other important minerals of calcium are
fluoropatite |3 (Ca,(PO,),) . CaF,|,  gpsum
CaS0, . 2 H,0 and anhydrite CaSO,.

Strontium and barium are much less abun-

dant. Whereas strontium is mined as tcelestite
SrSO, and strontianite SrCO, and barium is mined

as barytes, BaSO,. Radium is extremely scrare and
is radioactive.

*Magnesia (MgO), lime (Ca0), strontia (SrO) and baryta (BaO).
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12.13. Electronic Conflguratlon it i Al e L R ST Y

The atoms of all the alkaline earth metals have two s-electrons in their outermost shell (ns?) us shown
in Table 12.5,

B o e P B P e A BN a3t B AR A

TABLE 12.5 ELectromc conﬁguratlon of alkaline mrth met.x]s

Atomic Electronic Configuration
Element Nm"_b“ Complete With Inert gas core
Beryllium (Be) 4 152 252 [He] 252
Magnesium (Mg) 12 152 252 2p5352 [Ne) 352
Calcium (Ca) 20 157 252 2p5 352 3p6 452 [Ar] 452
Strontium (Sr) 38 152 252 2p6 352 3p8 3410 442 46 5,2 [ Kr] 552
Barium (Ba) 56 1% 2¢% 2p53523p63410457 4p6 4410 5,2 556 52 [Xe] 652
Radium (Ra) 88 152 257 205 352 355 3410 45 46 4510 414 [Rn} 752
557 5p® 5419 652 6p8 752
I

As these clements have similar valence shell eletronic configuration , they show similar physical and
chemical properties.
Some important physical properties of alkaline earth metals are given in Table 12.6.

D e S e 252 N B e SN 00,

TABLE 12 6. Ph)su.al properties ofgmup 2 elemem‘s (.'.llkdllru earth metals)
Elements
Property
Be Mg Ca Sr Ba Ra
Atomic number 4 12 20 38 56 88
Atomic mass 9-01 243 40-08 87-62 137-33 226-03
Metallic radius/pm 112 160 197 215 222 —
Ionic radius/pm 51 72 100 118 135 148
Ionisation enthalpy I 899 737 590 549 503 509
(kJ mol—7) I 1757 1450 1146 1064 965 979
Enthalpy of hydration of ~2494 -1921  -1577 -1443 —1305 2
M2* ions (kI mol™1)
Electronegativity
(Pauling scale ) 1-57 1-:31  1-00 0-95 0-89 0-9
Density/g mol~! at 293 K 1-85 1-74 1-55 2:63 3.62 55
Melting point /K 1562 924 1124 1062 1002 913
Boiling point /K 2745 1363 1767 1655 2078 (1973)
(uncertain)
E® (V) at 298K for
M**@g) +2c"~—s M(s) | -1-97 -2-37 -2-87 -2-89 -2-90 -2.92
Occurence in lithosphere 2* 2-76%*  4-6** 384¢ 390* 1071040

*ppm {parts per million) ** percentage by weight
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12.14.

Trends in Physical Properties s

1. Atomic radii The atomic radii of alkaline
earth metals are fairly large though smaller than the
corresponding atkali metals and they increase down
the group.

Explanation. This is due to higher nuclear
charge of these atoms which tends to pull the orbital
clecirons inwards i.e. towards the nucleus.

On moving down the group, atomic radii in-
creasc primarily due to addition of an extra shell of
¢lectrons in each succeeding element.

2. Tonic radii. The atoms of these elements
form divalent ions which show the same trend of
incredse in their size down the group.

3. Tonisation enthalpy. The alkaline earth me-
tals have fairly low ionization enthalpies though
greater than those of the corresponding elements of
group 1 and they decrease down the group.

Explanation, The low ionisation enthalpy of
the alkaline carth metals is because of their strong
tendency to lose electrons due to their smaller
nuclear charge and comparatively larger atomic
size which results in weaker forces of attraction
between the valence electrons (ns*) and the
nucleus. But the values of the first ionization enthal-
py of elements of group 2 are greater than those of
the clements of group 1 because the atoms of the
alkaline earth metals have smaller size and higher
nuclear charge than those of alkali metals.

On moving down the group, ionization enthal-
py values go on decreasing because of the increase
in atomic size due to addition of new shells and
screening effect of the electrons in the inner shells
which overweigh the effect of increased nuclear
charge.

Itis of interest to note that the second ionization
enthalpies 1E, of the elements of group I are higher
than those of the elements of group 2. The IE, and
IE, values of sodium (alkali metal) and magnesium

(alkaline earth metals ) are given below :

EJement IE, (kImol™h) | IE; (kfmol™?)
Na (Group 1) 496 4562
Mg (Group 2) 737 1450

L

Explanation. The second electron in case of
alkali metals (e.g. Na) is to be removed from a
cation (unipositive ion) which has already acquired
a noble gas configuration whereas in case of

alkaline earth metals (e.g. Mg), the second electron
is to be removed from a cation (unipositive ion)
which is yet to acquire the stable noble gas con-
figuartion. Therefore, removal of second electron
in case of alkaline earth metals requires much less
energy than that in case of alkali metals.

4. Dipositive oxidation state (M*). The
chemistry of alkaline earth metals is dominated by
the dipositive (M?*) oxidation state just as uniposi-
tive (M*) axidation state is the predominant axida-
tion state of group 1 elements. Alkaline eath metals
always form divalent cations.

Explanation. In view of lower value of first
ionisation enthalpy, it would appear that the
alkaline earth metals should prefer to form +1
jons (M*) rather than +2ions (M?*). However in
actual practice, these give only +2 ions eg
Mg2* ,Ca?*, etc. If ionisation enthalpy were the
only factor involved, we would have got the
monovalent ions. i.e. Mg¥ ,Ca® etc. rather than
the divalent ions i.e. Mg T+ Ca®" etc. But actually
we get divalent ions, This anomaly is explained as
follows :

(i) The divalent cations of alkaline carth me-
tals acquire stable inert gas configuration.

(ii) The existence of divalent ions in the solid
state is due to greater enthalpy of formation of
MX,, rather than MX compou nds. For example, the

enthalpy of formation of hypothetical MgCl is
—125kJ mol~" and the corresponding value for
MgCl, is — 642 ki mol™". Thus, the enthalpy of

disproportionation reaction,
2 MgCl — MgCl, + Mg
is — 642 — 2 (- 125) = — 392 kJ mol ™!

This implies that any method used to prepare
MX would always result in the formation of MX,

compounds. Similarly, we can show that in case of
alkaline earth metals. MX, compounds arc not

formed. In other words, alkaline earth metals
uniformally form dipositive ions.

(iii) The existence of divalent ions in the
aqueous solution is due to greater enthalpy of hydra-
tion of the divalent ions which counterbalances the
higher value of second ionisation enthalpy. For
example, enthalpy of hydration of divalent alkaline
earth metal jons are about 4-5 times higher than
those of alkali metal ions of comparable size [e.g.,
AHyd for Li* (size 76 pm) = — 506kJ mol ™!,
AHyd for Mg?* (size 72 pm) = — 1921 kJ mol™']
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while those of monovalent alkaline earth metals are
lower [e.g. AHyd for Mg* = — 365 kJ mol~!] than
the corresponding alkali metal ions. Larger hydra-
tion enthalpy is due to the fact that the alkaline
earth metals ions, because of their much larger
charge to size ratio, exert a much stronger electros-
tatic attraction on the oxygen of water molecule
surrounding them,

As aresult, the enthalpy of hydration of MgCl 518
much higher [- 1921 (Mg?*) - 2 x 370 (2CI7)

i T e

Comparison of energy changes in the formation of M

= = 2661 kI mol™'] than that of MgCl[—365
(Mg*)=370(C1") =~765kImol™'| and this
higher enthalpy of hydration more than compen-
sates the higher value of IE,. Consequently, the net
energy change accompanying the formation of
MgCl, (aq) is much higher (i.e. 774 kJ mol~1) than
that of MgCl (ag) i.e. 74 kJ mol~! as calculated
below. Therefore, alkaline earth metals prefer to
form divalent ions rather than menovalent ions.

A Al i

£Cl (aq) and MgCl, (

a4])

— Mg¥ (@g) + C1I” (ag)
Net energy change = —74

MzCl (aq) AH (k) mol™}) MgCl, (o) AH (kI mol™h
Mg (5) —— Mg () 150 Mg (1) — Mg (g) 150
Mg@) — Mgt (@ +e” 737 Mgs) — Mg @y +2¢” 2187
%Clz ® — Clg) 122 ClL(g) — 2CIE) 244
Clg) +e~ — Q™ (g) —348 2CI@g +2¢” —— 2CI~ (p) — 696
Mgt @)+ CI7 (g) + ag — 735 Mt @) +2017 (@) + ag — 2661

— Mg?t (@) + 2 Q1™ (agq)
Net energy change = —774

Lo

5. Electropositive or Metallic character The
alkaline earth metals are highly electropositive and
hence metallic and their eletropositive or metallic
character increases down the group. However they are
less electropositive or metallic than the alkali metals,

Explanation. On account of their relatively
low ionization energies, the alkaline earth metals
have a strong tendency to lose both the valence
electrons to form dipositive cations. Thus, these
elements show strong eletropositive or metallic
character.

On moving down the group, the atomic radij
increase and ionization encrgies decrease. Conse-
quently, the electropositive or metallic character
increases.

Further since the atoms of the alkaline earth
metals have smaller size and higher ionization ener-
gies as compared to corresponding alkali metals,
their tendency to lose valence electrons is lesser
than those of alkali metals. Consequenctly, alkaline
carth metals have less electropositive or metallic
character as compared to alkali metals,

Dwue to smaller size of the kernels and greater
number of valence eletrons, the metallic bonding in
alkaline earth metals is stronger as compared to

alkali metals. Because of this reason, these metals
are less soft (i.e. they are harder) than alkali metals.

6. Melting and boiling points, The alkaline
earth metals have higher melting and bailing points
as compared to those of alkali metals. However
down the group, there is no regular trend in their
melting and boiling points.

Explanation. Because of their smaller size
and more close packed crystal lattice as compared
to alkali metals, their melting and boiling points are
higher than those of group I elements.

7. Nature of bonds formed Like alkali me-
tals, alkaline earth metaly predominantly form ionic
compounds which are, however, lesy ionic than the
correponding alkali metal compounds, The tendency
te form ionic compounds increases dawn the group.
The first member, Be forms covalent compounds. Mg
alse shows some tendency for co valency. Al other
elemments form ionic compounds.

Explanation. They form ionic compounds be-
caue they have low jonization energies. Their com-
pounds are less ionic because their jonization
energies are higher than those of the corresponding
alkali metals. The tendency to form ionic com-
pounds increases down the group because ioniza-
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tion energy decreases. Beryllium forms covalent
compounds because it has smaller size and high
ionization energy.

8. Density The alkaline earth metals are denser
than the alkali metals. However the densities of
alkaline earth metals do not show any regular trend
with increasing atomic number. The density of these
metals first decreases from Be to Ca and then in-
creases from Ca to Ba.

Explanation. Because of their smaller size
and hence better packing as compared to alkali
metals, they are denser than alkali metals. The
deerease in density from Be to Ca may be due to
decrease in the packing of atoms in their solid
lattice.

9. Flame colouration Alkaline earth metals
impart a characteristic colour to the flame.

Calcium Barium Radium
Brick red Apple green  Cnimson.

Explanation. When alkaline earth elements
or their compounds are put into a flame, the
electrons absorb energy and are excited to higher
levels. When they return to their ground state (nor-
mal state), the absorbed energy is emitted in form
of visible light of particular wavelength.

Beryllium and magnesium atoms are smaller
in size and their electrons are strongly bound to the
nucleus. They need large amounts of energy for
excitation to higher energy levels which is not avail-
able in the bunsen flame. So they do not impart
colour to the flame.

Strontium
Crimson

$9 5 Reactivity ang Zlectrode Potential s

All the alkaline earth metals are highly
reaclive elements since they have a strong tendency
to lose the two valence s-clectrons to form the
corresponding dipositive jons having inert gas con-
figuration.

This reactivity arises due to their low ioniza-
tion energies and high negative values of their
standard electrode potentials (Table 12.6). Further,
the chemical reactivity of alkaline earth metals in-
creases on moving down the group from Be to Ba
because the ionization enmergies decrease and
electrode potentials become more and more nega-
tive with increasing atomic number from Be to Ra.
Thus, beryllium is the least reactive while Ba (or Ra)
is the most reactive element.

Further since the ionization energies of
alkaline earth metals are higher and their electrode
potentials less negative than the corresponding

alkali metals, therefore, alkaline earth metals are
less reactive than corresponding alkali metals.

12.15.1. Reducing character.

The alkaline earth metals are weaker reducing
agents than the alkali metals. Like atkali metals,
their reducing character also increases down the
group.

Explanation. Except beryllium, the alkaline
earth metals have a fairly strong tendency to lose
two eclectrons to form dipositive ions
(M— M2?* + 2¢) because of their low ionisation
energies and high negative values of standard
electrode potentials. Therefore, they act as reducing
agents.

The reducing character of alkaline earth me-
tals however, increases as we move down the group
from Bc to Ba because the ionization energies in-
crease and electrode potentials become more and
more negative with increasing atomic number from
Be to Ba.

Further since the ionization energies of
alkaline earth metals are higher and their electrode
potentials are less negative than the corresponding
alkali metals, therefore, alkaline earth metals are
weaker reducing agents than alkali metals.

12.152. Reaction with water — Formation of
hydroxides.

The electrode potential of beryllium
(Be?*/Be = —1-97 V) is least negative amongst
all the alkaline carth metals. This means that Be is
much less electropositive than other alkaline earth
metals and hence does not react with water or
steam even at red heat.

The electrode potential of Mg (Mg?* /Mg =
—2-37V), although more negative than that of Be,
yet is still less negative than those of alkali metals
and hence it does not react with cold water but
reacts with boiling water or steam.

Mg + H,0 —» MgO + H,
or Mg + 2H,0 —> Mg(OH), + 2H,.

Mg, in fact, forms a protective layer of oxide
on its surface. therefore, despite its favourable
¢lectrode potential, it does not react readily with
water unless the oxide layer is removed by amal-
gamating it with mercury. In the formation of oxide
film, Mg resembles Al

Ca, Sr and Ba have more negative electrode
potentials similar to those of the corresponding
group 1 alkali metals and hence react with increas-
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ing vigour even with cold water, liberating H, and
forming the corresponding metal hydroxides
Ca +2H,0 — Ca(OH), + H,

This means that reactivity of alkaline earth
metals increases as we move down the group. How-
ever, the reaction of alkaline earth metals is less
vigorous as compared to alkali metals.

Be
7]
T W
Ew
3
Ca E_Z_
23
Sr H%
Q
BaJ\/

12.153. Reaction with air (mitrogen and
oxygen)

(@) Formation of oxides and nitrides. Beryl-
llum metal is relatively unreactive in the massive
form and hence does not react below 873 K. How-
ever, powdered beryllium is more reactive and
burns brilliantly on ignition to give a mixture of
beryllium oxide (BeO) and beryllium nitride

(Be;Ny)
A
2Be + O, (air) — 2Be0O

A
3Be + N, (air) — Be;N,

Magnesium is more electropositive than
beryllium and hence burns with dazzling brilliance
in air to form a mixture of magnesium oxide and
magnesium nitride

A
Mg + air — MgO + Mg;N,

Calcium, strontium and barium being even
more electropositive react with air readily to form
a mixture of their respective oxides and nitrides.

Thus, reactivity towards oxygen increases as
the go down the group. Thus, Ca, Ba and Sr are
stored in paraffin but Be and Mg are not because
they form a protective layer of oxide on their sur-
face.

(b) Formation of nitrides. All the alkaline
earth metals burn in dinitrogen to form ionic
nitrides of the formula, M;N,. This is in contrast to

alkali metals where only Li forms Li,N.

A
3M+N, — M;N,
BeyN, being covalent is volatile while the

nitrites of all other elements are crystalline solids.

All these nitrides decompose on heating and
react with water liberating NH,

A
Be,N, —» 3 Be + N,
CayN, + 6 H,0 — 3 Ca(OH), + 2NH,
(¢) Formation of peroxides. Since larger ca-
tions stabilize larger anions, therefore, tendency to

form peroxide increases as the size of the metal ion
becomes larger. Thus barium peroxide (BaO,) is

formed by passing air over heated BaO at 773 K but

TBK
2Ba0 + 0, —— 2BaO0,

73K
28t0 + 0 ———— S10,
high pressure

310, is prepared in a similar way but under
high pressure and temperature. CaQ, isnot formed

this way but can be prepared as the hydrate by
treating Ca(OH), with H,0, and then dehydrating

the product.
Ca(OH), + H,0, — Ca0,.2H,0
Crude MgO, has been made using H,0, but
peroxide of beryllivm is not known.

All peroxides are white crystalline ionic solids
containing the peroxide ion, O2~, Treatment of

peroxides with acids liberates hydrogen peroxide.
Ba(, + 2 HCl — BaCl, + H,0,
12.15.4, Reaction with hydrogen — Forma-
tion of hydrides.

Allthe alkaline earth metals except berryllium
combine with hydrogen directly on heating to form
metal hydrides of the formula MH,.

Heat
M+H, — MH,

Metal hydride
The hydride of beryllium can also be obtained
by the reduction of BeCl, with LiAIH,
2 BeCl, + LIAIH, —» 2 BeH, +LiCI+AIC,
Both beryllium hygride (BeH,) and mag-
nesivm hydride (Mgl-lz) are covalent compounds

having polymeric structures in which H-atoms be-
tween beryllium atoms are heid together by three
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centre-two electron (3¢ — 2¢) bonds as shown
below :
H H H
W Al s A \Be<

e e
L G 7%

The hydrides of other elements of this group,
i.e., CaH,, StH, and BaH, are ionic and contain the

H~ ions. All the hydrides of atkaline earth metals
react with water liberating H, gas and thus act as
reducing agents
MH, + 2H,0 — M(OH), +2H,

CaH, is called hydrolith and is used for
production of H, by action of water on it.

12.15.5. Reaction with carbon — Formation of
carbides.

When beryllium oxide is heated with carbon
at 2175—2275 K, a brick red coloured carbide of
the formula, Be,C is formed.

2175-275K

2Be0 +2C Be,C +2CO

It is an ionic compound and reacts with water
forming methane

Be,C + 4H,0 — 2Be(OH), + CH,
The rest of the alkaline earth metals (Mg, Ca,

Sr and Ba) form carbides of the general formula,
MC, either when the metal is heated with carbon

in an electric furnance or when their oxides are
heated with carbon.

135K
Ca+2C — CaG,

215K
Ca0 +3C — CaC, +CO

All these carbides react with water producing
acetylenc gas.

CaC, + 2H,0 — HC = CH + Ca(OH),
Cal. carbide Acetylene

It may be noted here that MgC, on heating
gives M,C,. This carbide contains C3~ units and
reacts with water to form propyne (e
methylacetylene)
Mg,C, + 4 H,0— CH,C = CH + 2 Mg(OH),

Propyne

Calcium carbide is an important chemical in-

termediate. When CaC, is heated in an electric

furnace with atmospheric dinitrogen at 1375 K, it
forms calcium cyanamide, CaNCN

1375 K
CaC, + N, —— CaNCN +C

Cal. cyanamide
The mixture of calcium cyanamide and carb-
on is called nitrolim and is used as a slow acting
nitrogenous fertilizer as it hydrolysis slowly over a
period of months evolving NH; gas

CaNCN + 3 H,0 —> CaCO, + 2NH;

12.15.6. Reaction with acids.
All alkaline earth metals react with acids
liberating H,.
M+2HCl—  MCL+H,
(M=Be, Mg, Ca, Sr, Ba)
Be being amphoteric also dissolves is alkali
liberating H,.
Be + 2NaOH + 2 H,0 —>Na,[Be(OH),] + H,
Sod, beryllate
12.15.7. Reaction with Liquid Ammonia
Like alkali metals, all alkaline earth metals
dissolve in liquid ammonia. The dilute solutions are
bright blue in colour due to solvated electrons but
concentrated solutions are bronze coloured due to
the formation of metal clusters.

These solutions decompose very slowly form-
ing amides and evolving H,, but the reaction is
accelerated by many transition metals and their
compounds.

M+ (x + 2y) NH; —

M2+ (NH,), + 2¢~ (NHy),
¢~ (NHy),— NH; + ZH, + (/- 1) NH;

Whereas evaporation of ammonia from solu-
tions of alkali metals gives the metal, evaporation
of ammonia from solutions of alkaline earth metals
gives hexammoniates which slowly decompose to
give the corresponding metal amides.

M(NH,)s — M(NH,), + 4NH, + H,

12.16. General Characteristics of Compounds

Asdiscussed above, due to higher enthal-
py of formation in the solid state and due to higher
hydration enthalpy in the aqueous solution,
alkaline earth metals unformally form dipositive
ions.

Further due to increased nuclear charge and
smaller size, alkaline earth metals form compounds
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which are less ionic than the corresponding com-
pounds of the alkali metals. Usually the cxides and
other salts of Be and Mg are more covalent than
those formed by the heavier and larger members
{Ca, Sr, Ba). A general survey of some of their
compounds is presented below.

12,16.1. Oxides and Hydroxides

Oxides. The oxides of alkaline earth metals
MO, are obtained either by heating the metals in
dioxygen or by thermal decomposition of their car-
bonates.

A
ZM+0; —2MO (M = Be, Mg, Ca)

A
MCO; — MO + CO,
(M = Be, Mg, Ca, Sr, Ba)
Except BeO, all the oxides have rock-salt
structures. Further, the enthalpies of formation of

these oxides are quite high and consequently they
are very stable.

Metal axide BeO | MgO | CaQ | SrO | BaQ)

ApHE (ki mol~h| 550 | 590 | 623 [ 590 [ 545

These have high melting points, have very low
vapour pressures, are very good conductors of heat,
are chemically inert and act as electrical insulators.
Because of these properties, these oxides are used
for lining furnances and hence are used as refrac-
tory materials. Due to small size of beryllium ion,
BeO is covalent but still has high melting point
because of its polymeric nature. Each Be atom is
tetrahedrally coordinated to four other oxygen
atoms. Therefore, like other metal oxides, BeQ is
aiso used as a refractory.

Hydraxides. The hydroxides of Ca, Sr and Ba
are obtained either by treating the metal with cold
water or by reacting the corresponding oxides with
water. The reaction of these oxides with H,O is also

sometimes called as slaking.
M +2H,0 — M (OH), + H,
(M = Ca, 81, Ba)
MO + H,0 — M (OH),
(M = Ca, Sr, Ba
Be(OH), and Mg(OH), being insoluble are

obtained from suitable mectal ion solutions by
precipitation with OH ™ ions.

The solubility of a salt in water depends upon : (i) Lattice energy and () Hyaration cnergy.

BeCl, + 2 NaOH —» Be(OH), § + 2 NaCl
MgSO, + 2 NaOH — Mg(OH), | + Na,S0,

Properties of hydroxides. (i) Basic character.
Due to small size and high iconization enthalpy,
Be(OH), is amphoteric. It, therefore, dissolves
both in acids and bases.

Be(OH), + 2 HCl~—> BeCl, + 2 H,0

Be(OH), + 2 NaOH — Na,BeO, + 2 H,0
Sod. beryllate
or Be(OH), + 2 OH™ — [Be(OH),|*~
Beryllate ion

The hydroxides of Mg, Ca, Sr and Ba are
tasic. Their basic strength increases as we move
down the group. This is because increase in their
sizes and decrease of their ionization energies
weaken the strength of M—O bonds in MOH
which ultimately breaks to give OH™ ions and thus
increase the basic strength.

However, these hydroxides are less basic than
the corresponding alkali metal hydroxides because
of higher ionization energics, smaller jonic sizes
and greater lattice energics.

(#) Solubility in water*. Alkaline carth metal
hydroxides are less soluble in water as compared to
the alkali metal hydroxides.

The solubility of the alkaline carth metal
hydroxides in water increases with increase in
atomic number down the group. This is due to the
reason that both lattice energy and hydration energy
decrease down the group as the size of the cation
increases but lattice energy decreases more rapidly
than the hydration energy and hence their solubility
increases down the group.

Be(OH), i

m%g

MglOH), | B

w 502

Gu e

wt OOk

Ca(OH), & 2>

<3 oc

Sa ELz

Sr{OH) 8% ﬁég

= = o

o 282

o= F

aEw
Ba(OH)a\/Vg/

In general, If hydration energy > lattice energy, sali dissolves.

If hydration cnergy < lattice energy, salt does nor dissolve.



12/30

Pradeep’s New Course Chemistrg[i )]

12.16.2. Halides

The alkaline earth metals combine directly
with halogens at appropriate temperatures forming
halides , MX,.

These halides can also be prepared by the
action of halogen acids (HX) on metals, metal
oxides, hydroxides and carbonates.

M + 2 HX—> MX, + H,
MO + 2 HX— MX, + H,0
M(OH), + 2 HX — MX, + 2H;0
MCO, + 2HX —— MX, + CO; + H,0

Properties of halides

1. All beryllium halides are essentially
covalent and are soluble in organic solvents, They
are hydroscopic, and fume in air due to hydrolysis.
On hydrolysis, they produce acidic solution.

BeCl, + 2 H,0— Be(OH), + 2HCL.

2 The halides of all other alkaline ¢arth me-
tals are ionic. Their ionic character, however, in-
creases as the size of the metal ion increases.

3. Except BeCl,, all other chlorides of group 2
form hydrates but their tendency (o form hydrates
decreases. For example, MgCl, .6 H,O,

CaCl, 6 H,0, SrCl,.6 H,O and BaCl,.2 H,0.

4, The hydrated chlorides, bromides and
iodides of Ca, Sr and Ba can be dehydrated on
heating but those of Be and Mg undergo hydrolysis.

Anhydrous beryllium halides are best
prepared by the following methods :

A
—» BeF, + 2NH,F
873K
BeO + C + Cl, —— BeCl, + CO

973K
2BeO + CCl, — 2 BeCl, + CO,

5. BeF, is very soluble in water due to the high

hydration encrgy of the small Be>* ion. The other
fluorides (MgF,, CaF,, StF, and BaF)) arc almost
insoluble in water. Since on descending the group,
lattice energy decreases more rapidly than the
hydration energy, therefore, whatever little
solubility these fluorides, have much that increases
down the group.

The chlorides, bromides and iodides of all
other elements, i.e., Mg, Ca, 5r, Ba are ionic, have
lower melting points than the fluorides, and are
readily soluble in water. The solubility, decreases
somewhat with increasing atomic number.

6. Except BeCl, and MgCl,, the other

chlorides of alkaline carth metals impart charac-
teristic colours to flame.
CaCl, SiCl, BaCl,
Brick red colour  Crimson colour  Grassy green colour
Structure of BeCl,. In the solid phase, BeCl,
has polymeric structure with halogen bridges in
which a halogen atom bonded to one beryllium
atom uses a lone pair of electrons to form a coor-
dinate bond to another beryllium atom as shown
below:

S m\

a2
cl

98 B

cl
/ 3
o “\
cl vl

In the vapour phase it tends to form a chloro
bridged dimer which dissociates into the linear
triatomic monomer at high temperatures (at nearly
1200 K).

Cl
c'/ -y Be - Cl
i
(Dimer}

Cl—Be - Cl

Monomer

Cl—-B

Uses. (i) Calcium fluoride or fluorospar
(CaF,) is by far the most important of all the

fluorides of the alkaline earth metals since it is the
only large scale source of fluorine.

(i) CaCl, is widely used for meiting ice on
roads, particularly in very cold countrics because
30% entectic mixture of CaCl,/ice freezes at 218 K
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compared to NaCl/ice at 255 K. It is also used as a
desiccant (drying agent in the laboratory).
(#i5) Anhydrous MgCl, is used in the
electrolyte extraction of magnesium.
12.17. Solubility and Thermal
Stability of Oxo Salts e

R R 0

The salts containing one or more atoms of
oxygen such as oxides, hydroxides, carbonates,
bicarbonates, nitrites, nitrates, sulphates oxalates
and phosphates are called oxo salts. Let us now
discuss the solubility and thermal stability of some
of the oxo salts of alkaline earth metals.

12.17.1. Sulphates,

The sulphates of alkaline earth metals
(MSQ,) are prepared by the action of sulphuric
acid on metals, metal oxides, hydroxides and car-
bonates.

M + H,SO, — MSO, + H,
MO + H,50, —— MSO, + H,0
M(OH), + H,80, —— MSO, + 2H,0
MCO; + H,S0, ~— MSO, + CO, + H,0

Properties of sulphates.

() The sulphates of alkaline carth metals arc
all white solids. Beryllium, magnesium and calcium
sulphates crystallise in the hydrated form, ie.,
BeS0,.4H,0, MgS0,.7TH,0, Ca$0,2H,0 but
sulphates of strontum and barivm crystallise
without water of crystallization.

59504 % 5 u@
=
Mgso, | HE 3
00T
CaSO, E E e
@ >
SrS0, § 32
28¢
BaSO, W

(i) Solubility. The solubility of the sulphates
in water decreascs down the group, i.e. Be > Mg
> > Ca > Sr > Ba. Thus, BeSO, and MgSQ, are
highly soiuble, CaSO, is sparingly soluble but the
sulphates of Sr, Ba and Ra are virtually insoluble.

Explanation. The magnitude of the lattice
energy remains almost constant as the sulphate is
so big that small increase in the size of the cations
from Be to Ba does not make any difference. How-

ever the hydration enmergy decreases from
Be?* to Ba®* appreciably as the size of the cation
increases down the group. Hence, the solubilities of
sulphates of alkaline earth metals decrease down the
group mainly due to the decreasing hydration energies
from Be** to Ba®*. The high solubility of BeSO y and
MgSQ, is due to the high hydration energies due to
smaller Be** and Mg** ions.

(i) Stability. The sulphates of alkaline earth
melals decompose on heating giving the oxides and
SO,

A
MSO, — MO + SO,

The temperature of decomposition of these
sulphates increases as the basicity of the hydroxide
of the corresponding metal increases down the
group. For example,

Compounds :

BeSO,  MgSO, CaSO, SiSO,

Temp. of

decomposition: 7713 K 1168K 1422K 1647K

Uses. (/) The almost negligible solubility of
BaS0O, in water is used in the detection and estima-

tion of SO}~ ions.

(#) BaSO, is both insoluble in H,0 and opa-
que to X-rays. Thercfore, ‘barium meal is used to
obtain a shadow of the stomach on an X-ray film
which is useful in diagnosing stomach ulcers.

12.17.2. Carbonates and Bicarbonates.

Alkaline earth metal carbonates are obtained
as white precipitates when

(i) calculated amount of carbon dioxide is
passed through the solution of the alkaline metal
hydroxides

M(OH),(ag)+CO, (g) —> MCO5(s) + H,0(!)
and (fi) sodium or ammonium carbonate is

added to the solution of the alkaline earth metal salt
such as CaCl,

CaCl, (ag) + Na,CO; (ag)
— CaCQ, (s) + 2 NaCl (aq)

Properties of carbonates. (i) All carbonates
are ionic but beryllium carbonate is prone to
hydrolysis. It contains the hydrated ion
[Be(H,0),]** rather than Be?* and hence is

precipitated only in an atmosphere of CO,.
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I BeCO, MgCO; CaCO;  SICO; BaCO,
e =
9 'E_) &) @ <373K 813K 1173 K 1563 K 1633K
Mgco; | EE3
oo .
CaC0Os ax § g BeCO, is thus unstable and can be kept only
E @ = in an atmosphere of CO,.
Sl’COg 2 8 = ' 5
E Ry g Bicarbonates. The bicarbonates of alkaline
BaCO; W & earth metals are prepared by passing CO, through
a suspension of metal carbonates in water.
Absence of CO, M,CO, + H,0 + CO, — M(HCO;),
BeCO4 + 4H,0 ———— (Insoluble) (Sohble)

Presence of CO,

(Be(H,0),J** + CO3~

(ii) Solubility. The carbonates of magnesium
and other alkaline earth metals are sparingly
soluble in water and their solubility decreases down
the group from Be to Ba. For example, MgCO,4 is

slightly soluble in water but BaCO; is almost in-

soluble.

As we move down the group, the lattice ener-
gies of carbonates remain approximately the same.
The reason being that carbonate ion is so large that
relalivel; small changes in the sizes of the cations
from Be?* to Balt do not make any maierial dif-
ference. However, the hydration tﬂﬂ%lﬁ of the
metal cations decrease from Be?* to Ba**. Hence,
the solubilities of carbonates of the alkaline earth
metals decrease down the group mainly due to
decreasing h{dmﬁm energies of the cations from
Be** to Ba®*.

All the carbonates of alkaline earth metals
are, however, more soluble in the presence of
CO, due to the formation of corresponding bicar-

bonates. For example,
CaCO, (s) + CO, (g) + HO ()

—— Ca(HCO5), {aq)

(i) Stability. The carbonates of all alkaline
carth metals decompose on heating to form the
corresponding metal oxide and CO,.

A&
MCO,—* MO + CO,

The temperature of decomposition, i.e., thermal
stability of these carbonates, however, increases down
the group as the basicity of metal hydroxide increases
from Be(OH), to Ba(OH),. For example,

All the bicarbonates of alkaline carth metals
are stable only in solution and have not been iso-
lated in the pure state.

Uses. The extremely low solubility of alkaline
earth carbonates in water is made use of in qualita-
tive analysis. For example,

(i) The cations of group v
(Ba*,Sr2*, Ca**) of qualitative analysis are
precipitated as their insoluble carbonates from the
solution of their soluble salts by adding
(NH,),CO; in presence of NH,Cl and excess of

NH,OH.

(i) The soluble carbonates, i.e., carbonates of
alkali metals and NH; ion are detected by
precipitation as insoluble magnesium carbonate.

(i) CaCO, is used in solvay-ammonia
process for manufacture of Na,COj, in glass
making and in cement manufacture.

12.173. Nitrates

Alkaline earth metal nitrates are prepared in
solution and can be erystallized as hydrated salts by
the action of HNO, on oxides, hydroxides and car-

bonates.
MO + 2 HNO, — M(NO3), + H,0
M(OH), + 2 HNO; — M(NO,), + 2H,0
MCO, + 2 HNO, ~— M(NO;), + CO; + H,0
(M = Be, Mg, Ca, Sr or Ba)

Magnesium  nitrate  crystallizes  as
Mg(NO,),.6H,0 while Ba(NO;), crystallises as an-

hydrous salt.

Beryllium nitrate is unusual because it forms
basic nitrate, i.e., [Be,O(NO;);] in addition to the
normal salt.

All nitrates on heating give the corresponding
oxides.
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2M(NO,), ~—» 2 MO + 4NO, + 0,

(M = Be, Mg, Ca, Sr or Ba)

Strontium and barium nitrates are used in
pyrotechnics for giving red and green flames
respectively,

From the above discussion, it follows that cal-
cium, strontium and barium are the three clements
of group 2 whose physical and chemical propertics
are closely related and change systematically with
increasing atomic size, Thus, Ca, Sr and Ba are
highly electropositive, have high negative electrode
potentials (i.e. E°) and show systematic trends in
the solubility of their oxo salts.

12.18. Anomalous behaviour of Beryllium P

Beryllium, the first member of alkaline
earth metals, shows an anomalous behaviour, i.e.,
differs from the rest of the members of its family.
The main reasons for this difference are as follows:

(@) exceptionally small atomic and ionic size

(b) high ionization energy

{c) absence of d-orbitals in its valence shell.

Some important properties in which beryllium
differs from the rest of the members of its group
(especially the next member, Mg) are as follows

(i) Beryllium is harder than other members of
its group.

(i) It has higher melting and boiling points
than the other members.

(iii) Beryllium does not react with water even
at high temperatures while other metals do, e.g,,

Mg+ H,0 — MgO + H,
(Boiling)

() Beryllium forms covalent compounds
{because of high charge density and hence greater
polarizing power) whereas other members form
ionic compounds.

Because of covalent character, salts of beryl-
lium are easily hydrolysed. For example,

BeCO, + 4 H;0— [Be(H,0),]* + CO~

(v) Beryllium oxide and hydroxide are am-
photeric whereas oxides of other alkaline earth
metals are basic.

BeO + 2 HCl —— BeCl, + H,0
BeO + 2NaOH —— Na,BeQ, + H,0
Sod. beryllate

(vi) Carbides of Be(Be,C and BeC,) are

covalent (e.g, Be = C = Be) whereas carbides of

other members ionic
Ca¥* (C=C)*

(vii) Beryllium carbide reacts with water to
produce methane gas whereas carbides of other
alkaline earth metals give acetylene gas. Thus

Be,C +4H,0 —— 2Be(OH), + CH,
CaC, +2H,0 — Ca(OH), + GH,

(vii) Beryllium does not exhibit coordination
number of more than four since its valence shell (n
= 2) has only four orbitals. The remaining elements
of this group can show a coordination number of six
by making use of d-orbitals in addition to s- and
p-orbitals,

(ix) Beryllium forms fluoro complex anion
(BeF; ~) whereas other members of the group do

not form fluoro complex anions.

12.18

are eg, CaC, is

Rese :*‘-hi.arlr e between Ber vilium and

Aluminium (Diagonal Relationship) s

Just as lithium shows resemblance with
its diagonally opposite element magnesium, in a
similar way beryllium shows resemblance with its
diagonally opposite element aluminium. This is due
to the reason that these two elements have the same
electronegativity (Be = 1-5, Al = 1-5) and the
polarising power i.e. charge/radius ratio, (Be?* =
231 = 0064 and AP* = 3/50 = 0-060) of their
ions are very similar,

Some points of similarity are given below :

(i) Both metals have a tendency to form
covalent compounds, e.g., the chlorides of both (i.e.
BeCl, and AICL) being covalent are soluble in
organic solvents,

(i7) Both BeCl, and AIC, act as strong Lewis
acids.

(iii) Both BeCl, and AICl, have bridged
chloride structures in the vapour phase.

Cl Cl Cl

N e rd
4 Be--Cl /AIR >Al\
Cl Cl Cl Cl

(iv) Both the metals dissolve in strong alkalies
to form soluble complexes : beryllates
[Be(OH),J*~ and aluminates [AI(OH),]~

{v) The oxides of both beryllium (BeQ) and
aluminium (Al O;) are hard high melting insoluble

solids.

Cl
Cl—Be
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(vi) The oxides and hydroxides of both Be and
Al are amphoteric and dissolve in sodium
hydroxide solution as well as in hydrochloric acid.

BeO +2HCl —— BeCl, + H;0
BeQ + 2NaOH —— Na,BeO, + H,0
ALO, + 6 HCl — 2AICL +3H,0

ALO, + 2 NaOH — 2NaAlO, + H,0
Sod. meta—aluminate

(vii) Carbides of both the metals react with
water liberating methane gas.

ADD TO YOUK

ALC, + 12H,0 —> 4 Al(OH); + 3CH,

(viii) Salts of both these clements form
hydrated ions eg, [Be(OH,), 2+  and
[AI(OH,)¢]* in aqueous solutions.

(ix) Because of similar polarising power both
beryllium and aluminium forms complexes. For ex-
ample, beryllium forms tetrahedral complexes such
as [BeF,Jf'~ and [Be(C,0,),[*” and aluminium
forms octahedral complexes like [AlFgP~ and
[AGO);F ™

e A e N e e T e R e Mot -
R e S e e

The compounds of alkaline earth metals in which the metal is divalent are diamagnetic and cotourless unless

the anion is coloured. This is because they have noble gas configuration with no unpaired electrons.
w5 2. Reduction of sulphates with carbon gives sulphides. Therefore, most of the barium compounds are made from

barium sulphate.

A
BaSQ, + 4C — BaS +4CO

12.20. Magnesium s

12.20.1. Minerals of Magnesium.

Magnesium is the sixth most abundant ele-
ment by weight in the carth’s crust. Its chief
minerals are :

(i) Carnallite, ~KCl. MgCl,. 6 H,0
(i) Magnesite, MgCO,

(ii§) Dolormite, CaCOj3. MgCQ,

(iv) Epsomite,  MgS0,.7H,0.

(v) Langbeinite, K,50,.2MgSO,

(vi) Tal, H,MgSiO,

(vii) Asbestos,  Ca,Mg;Sig0y,(OH),

Magnesium is also present in sea water up to
an extent of 0-13% as MgCl, and MgSO, from

which it is being extracted on an increasing scale.
India has a good reserve (approx. 250 million ton-
nes of magnesite ore, mostly in U.P, Tamil Nadu
and Rajasthan.

Magnesium perchlorate (MgCl0,) js used as a drying agent called anhydrone.

Besides these minerals, magnesium is the es-
sential constituent of chlorophyll, the green colour-
ing matter of the plants.

12.20.2. Extraction of Magnesium

1. From Magnesite or Dolomite. The ore is
calcined to form the oxide.
A

MgCO; —> MgO + CO,
A
MgC0,.CaCO; —* MgO.CaO +2CO,

The mineral is obtained from the oxide or the
mixed oxides as follows :

() From MgO. The oxide is mixed with carb-
on and heated in a current of Cl, gas.

MgO + C + Cl, — MgCl, + CO

The anhydrous MgCl, thus obtained is sub-
jected to electrolysis (discussed below).

(b) From mixed oxides, Mg0.CaO. The mixed
oxides obtained above is reduced with ferrosilicon
under reduced pressure above 1273 K.

. > 128K
2 MgO.CaO+FeSi———2 Mg + Fe + Ca,Si0,
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2. From sea water. The sea water containing
magnesium chloride and magnesium sulphate is
concentrated under the sun and is treated with
slaked lime, Ca(OH),.

MgCl, + Ca(OH),—> Mg(OH), + CaCl,

Magnesium hydroxide being almost insoluble
thus precipitated is filtered and heated to give the
oxide.

A
Mg(OH), — MgO + H,0
The oxide so obtained is converted into
MgCl, as described under 1 (2) above and then

subjected to electrolysis as described below :

Electrolysis of anhydrous magnesium
chloride. The anhydrous MgCl, obtained above is

added to a molten mixture of NaCl and CaCl,

(973 —1023 K) and electrolysed. The electrolysis is
carried out in an iron vessel which serves as the
cathode (Fig. 12.6). A graphite rod which dips in
the molten electrolyte (MgCl, + NaCl + CaCl,)
acts as the anode. The anode is surrounded by a
porcelain tube which prevents the intermixing of
the products of electrolysis (Mg and Cl)). The
electrolytic tank is heated to 923— 1023 K to melt
the electrolyte. A stream of some inert gas such as
coal gas is passed through the tank to expel air in
order to protect the molten magnesium from oxida-
tion. On passing electric current, fused MgCl, un-

dergoes clectrolysis as follows :

PORCELAIN
TUBE

——— CHLORINE GAS

CATHCDE
FUSED

MOLTEN
MAGNESIUM

{MgCiy+ NaCl
+ Ca 2)

}— IRON
________________ == VESSEL

FIGURE 12.6. Extraction of Magnesium.

MgCl, —— Mg?* + 2C1°
At cathode : Mg?t +2¢~ —— Mg

zﬂ_i—COAL GAS

Atagnode: ClIT—— Cl+e™
Cl + Cl—— Cl,.

Chlorine liberated at the anode passes out
from the exist provided in the porcelain tube while
the magnesium liberated at the cathode is in the
molten state (m.p. 924 K). It being lighter rises to
the surface of the molten electrolyte from where it
is removed from time to time by means of per-
forated laddles. Magnesium thus obtained is about
99% pure. It is refined further by subliming at 873
K under a pressure of 1 mm mercury.

3. From carnallite, 2 KC1.MgCl,.6H,0. Car-

nallite is heated to 625 K in an atmosphere of
hydrogen chloride gas to make it anhydrous. Excess
of HC! gas prevents the hydrolysis of magnesium
chioride by its own water of crystallisation.

MgCL, + H,0 — MgO + 2 HCl

The anhydrous carnallite thus obtained is
fused with anhydrous CaCl, and NaCl. The
electrolysis of the fused mixture is then carried out
as described above.

12.203. Properties of Magnesium

(a) Physical properties. (/) Magnesium is a
silvery white metal which soon becomes dull in air

@)1t is a light metal with a density of
1-74gem™3,

(#ir) Tt is fairly malleable and ductile.

(b) Chemical properties. Magnesium is a fair-
ly active metal although much less reactive than
calcium, strontium and barium. Some important
chemical properties of magnesium are :

(i) Action of oxygen or air. Magnesium does not
react with dry air but slowly gets tarnished in moist
air due to the formation of a thin film of the oxide,
MgO. It burns in oxygen or air with a dazzling light.

A
2Mg + 0, —> 2MgO
(i) Action of carbon diaxide and sulphur

ELECTROLYTE dioxide. Because of its great affinity for oxygen,

magnesium keeps on burning even in CO, or SO,.
A
IMg+CO, — 2MpgO+C

A
2Mg + 80, — 2MgO + 8§

(ifr) Action of nitrogen. On heating, mag-
nesium combimes with nitrogen Lo form magnesium
nitride.

IMg + N, —— MgN.
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Thus when magnesium burns in air both the
oxide and the nitride are formed.

(iv) Action of halogens. Magnesium on heating
with halogens readily forms the halides, e.g.,

A
Mg + Cl, — MgCl,

{v) Action of water Magnesium does not
decompose water in cold but decomposes boiling
wadter or steam.

Mg + H,0 (steam) —> MgO + H,
Magnesium amalgam, however, iiberates H,
[rom cold water.

(vi) Action of acids. Dilute acids including
nitric acid react with magnesium to produce
dihydrogen.

Mg + 2HCl — MgCl, + H,

Mg + Dil. H,50, — MgSO, + H,

Mg + 2HNO, — Mg(NO,), + H,

However with conc. H,SO,, SO, is produced

Mg + H,80,—MgSO, + S0, + 2 H,0
(conc.)

(vii) Reaction with alky! and aryl halides. Mag-
nesium reacts with alkyl and aryl halides in dry
ether to form covalent compounds called Grignard
reagents.

Dry ether

Mg + G H,I C,H Mgl
Ethylmag, iodide
Dry ether
Mg + CcHsBr ———— CHMgBr
Phenylmag. bromide

12.20.4. Uses of Magnesium,

(i) Magnesium is the lightest structural metal
having density two-thirds of aluminium. It is there-
fore, widely used in the preparation of alloys, Some
of the magnesium alloys contain more than 90% Mg
together with 2-9% Al and 1% Zn. Duralumin (Al
= 95%, Cu=4%, Mn = 0.5% and Mg = 0.5%)
being light tough and resistant to corrosion is used
for the manufacture of airplanes and automabile
parts. Magnalium (Al=90% and Mg = 10%) being
light, tough and hard is used for making balance
beams.

{(ii) Magnesium burns with an intense light.
Therefore, magnesium (as powder or ribbon) is
used in flash bulbs for photography, fireworks and
signal fires,

(iii) Magnesium is also used in cathodic
protection of metals and as an oxygen scavenger in
metallurgy.

(iv) Being a reducing agent, magnesivm is
used in the extraction of boron and silicon from
their respective oxides.

B,O, +3Mg —3MgO + 2B
Si0, + 2Mg — 2MgO + Si

It is also used in the extraction of other metals
such as Ti, Zr and Hf.

(v) Magnesium is used in the preparation of
Grignard reagents which are widely used in organic
synthesis.

(vi) Magnesivm is used for ignition of ther-
mite charge in aluminothermy.

(vit) A suspension of magnesium hydroxide
known as milk of magnesia is used as an antacid for
patients suffering from acidity.

(viii) Magnesium carbonate is one of the com-
ponents of tooth paste.

SECTION—IT

12.21. Compouna-s;f Alk;IEe Earth Metals ...

Sl Sty

Alkaline carth metals form many com-
opounds. Some of these are discussed below :

12.21.1. Magnesium sulphate, Epsom salt,
MgS0,.7H,0.

Magnesiom  sulphate occurs as Kieserite,
MgS0,.2 H,0 in Stassfurt (Germany) deposits or
as Epsomite, MgSO,.7 H,0 in the mineral waters

of the Epsom springs in England. It is prepared
from these minerals by fractional crystallization.

Preparation (i) From dolomite. The dolomite
ore is boiled with dil. H,SO,.

CaCO4,MgCO, + 2H,80, —>
Dolomite

CaSO, | + MgSO, +2H,0 +2CO,

The precipitates of sparingly soluble calcium
stulphate are filtered off and the two sulphates from
the resulting solution can be separated by fractional
crystallization.

(ii) From magnesite. The magnesite ore is
powdered and dissolved in dil. H,SO,. The result-

ing solution is concentrated and crystallized in the
temperature range 275-320 K when crystals of
Mg80,.7 H,O separate out.

MgCO, + H,S0,——->MgSO, + CO, + H,0
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(iii) From kieserite. The mineral Kkieserite
(MgS0,.H,0) is powdered and dissolved in water.
The resulting solution upon concentration and
crystallization is the temperature range 275-320 K
gives crystals of MgSO,.7H,0.

(iv) Laboratory preparation. In the
laboratory, magnesium sulphate is prepared by dis-
solving magnesium metal or magnesium oxide or
magnesium carbonate with dil. H,SO,.

Mg + H,S80, —— MgS0, + H,
MgO + H,80, —— MgS0O4 + H,0
MgCO; +H,50, —— MgS0O, + CO, + H,0O
The resulting solution upon concentration

and cooling (275-320 K) gives crystals of
MgS0,.7H,0.

Properties. (i) Magnesium sulphate is a col-
ourless efforescent (loses water of crystallization
slowly) crystalline solid highly soluble in water.

Its extract formula is [Mg(H,0)¢]S0,.H,0.

(i) Isomorphism*. MgSO,7H,0 shows
isomorphism since it exists in two crystalline forms
; one isomorphous with ZnS0O,.7H,0O and the other
isomorphous with FeSO,. 7TH,0.

(¢} It forms double salts with alkali metal
sulphates. The double salt, K,50,.Mg80,.6H,0 is
sold as a fertilizer under the name potash magnesis.

(iv) Action of heat, When heated to 423 K, it
loses six molecules of water of crystallisation and
changes into magnesinm sulphate monohydrate,
The monohydrate becomes anhydrous when
heated to 503 K and on further strong heating, it
decomposes to give MgO and SO, gas.

423K
MgS0,.7H,0 —— MgSO,H,0
=6H,0
503K Strong
—— MgSO, — MgO + SO,
-H,0 heating

Uses. Magnesium sulphate is used :

(/) in weighting, sizing and fire-proofing of
paper and cloth.

(i) as a mordant for dycing and tanning.

(iii) in the preparation of paints and soaps.

(iv) as a purgative in medicine.

{v) Anhydrous magnesium sulphate is used as
a drying agent in Organic Chemistry.
12.21.2, Calcium oxide*¥*, Quick lime, CaQ

Preparation. Calcium oxide is called quick
time. It is prepared by heating limestone in a
rotatory kiln at 1273 K.
1273 K
e AN
==

CaCO, CaO + CO, ;

AH = +179-9KJ
itis only above 1100 K that CO, escapes frecly
and hence a temperature of 1273 is maintained.

The necessary conditions for obtaining a good
yield of quick lime are :

{(f) Since the reaction is reversible, carbon
dioxide should be removed as soon as it is formed in
order to shift the equilibrivm in the forward direc-
fion in accordance with Le Chatelier’s Principle.

(if) The temperature should not be allowed to
rise above 1273 K otherwise silica present as im-
purity in lime will combine with calcium oxide to
form infusible calcium silicate.

. Above 273K
Ca0+8i0, ——— CaSiQ; (calcium sili-
cate)

Properties. ({) It is a white amorphous solid
with am.p. of 2273 K.

(@) It is usvally obtained in form of hard
lomps. When heated is oxyhydrogen flame, it emits
brilliant white light called limelight,

(ii') When exposed to atmosphere, it absorbs
moisture and carbon dioxide forming slaked lime
and calcium carbonate respectively.

CaO + H,0 — Ca(CH),
(mo;sm‘re) (calcium SI:I!'CGIG)
CaO + CO, —— CaCO, (calcium carbonate)

(iv}) On adding water, it produces a hissing
sound and a large amount of heat is evolved which
converts water into steam. This process is called
staking of lime and the fine powder thus obtained is
called slaked lime.

Ca0 +H,Q —— Ca(OH), ;
AH = —64-5k] mol™!

(v) Action of acids and acidic oxides. It is a
basic oxide and hence combines with acids and
acidic oxides forming salts.

2 Conil_)ounds having same crystal structure are cailed isomorphous and the phenomenoh_is_ called somorphism.

**Non-evaluative.
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CaO + 2HCl — CaCl, + H,0
CaO + Si0, —— CaSiO,

6 Ca0 + P,0;q— 2 Cay(PO,),
CaO + SO, — CaSO;,

(vi) Reaction with coke. When heated with
coke in an electric furnace at 2273-3273 K, it forms
calcium carbide.

2213-2NK

CaO + 3C CaC, + CO

(vii) Reaction with ammonium salts. On heat-
ing with ammonium salts, it liberates ammonia gas.

Ca0 + 2 NH,Cl —— CaCl, + 2NH; + H,0

Uses. (i) As a constituent of mortar, it is used
on a very large scale in building constructions.

(#) In the preparation of cement, glass, cal-
cium carbide and sodium carbonate (from caustic
soda).

(iv) 1t is used in the preparation of ammonia
and soda-lime (CaO + NaOH).

(v) 1t is used for drying alcohols and non-
acidic gases.

(vi) It is used as a basic lining in furnaces.

12213, Calcium hydroxide,* Slaked lime,
Ca(OH),

Preparation. (i) From quick lime. Calcium
hydroxide is prepared on a commercial scale by
adding water to quick lime. This process is called
slaking of lime.

CaO + H,0 —— Ca(OH),

During the process of slaking, lumps of quick
lime crumble to a fine powder,

(ii) From calcium chloride. It is also obtained
by treating calcium chloride with caustic soda.

CaCl, + 2NaOH — Ca(OH), + 2 NaCl

Properties, (i) Itis a white amorphous powder
sparingly soluble in water, the solubility decreasing
further with rise in temperature. An aqueous sohi-
tion is known as lime water and a suspension of
slaked lime in witer is called milk of lime.

(ii) Action of heat. On heating, slaked lime
loses water only at temperatures greater than 700 K

700K
Ca(OH), —» CaO + H,0.

*Non-evaluative,

(ifi) Reaction with chlorine. Slaked lime
reacts with chlorine to form calcium hypochlorite,
a constituent of bleaching powder

2Ca(OH), +2Cl, —
CaCl, + Ca(OCl), + 2 H,O.

(iv) Reaction with carbon dioxide. When
carbon dioxide is passed through lime water, it
turns milky due to the formation of insoluble cal-
cium carbonate.

Ca(OH), + CO, — CaC0O,; | + H,0

(Milkiness}

On passing excess of carbon dioxide, the
precipitates of calcium carbonate dissolve to form
soluble calcium bicarbonate and hence the milki-
ness disappears.

CaCO; + CO, + H,0 —— Ca(HCO;),
(Saluble)

If this clear solution of calcium bicarbonate is
heated, the solution again turns mitky due to the
decomposition of calcium bicarbonate back to cal-
cium carbonate.

Ca(HCO;),(aq) —-}ﬂ CaCO,4(s) + CO,(g)
+ H,0()

(v) Reaction with acids. Slaked lime being o
strong base reacts with acids and acidic gases form-
ing salts.

Ca(OH), + 2HCl —— CaCl, + H,0
Ca(OH), + 8O; — CaSO, + H,0

However, Ca(OH), does not dissolve in dil.
H,SO, because the calcium sulphate formed is
sparingly soluble in water.

Uses. (i) Calcium hydroxide is used

(/) for absorbing acidic gases such as
CO,, NO,, 8O,, SO, etc.

(it) for preparing ammonia from ammonium
salts.

(é#f) in the production of mortar which is used
as a building material.

(iv) in white washing due to its disinfectant
properties.

(v) for softening of hard water.
(vi) in the manufacture of bleaching powder.

{vii) in the laboratory, as lime water for detec-
tion of carbon dioxide.
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(viif} 1t is also used in making glass, in tanning
industry, as a cheap alkali for ncutralising acids and
in the purification of sugar and coal gas.

12.21.4. Plaster of Paris*, CaS0,.1/2 H,0
or {CaS0,),.H,0.

Plaster of Paris is calcium sulphate hemihy-
drate CaSQ,. 172 H,0.

Preparation. It is prepared by heating gypsum
to 393.

93 K
2 CaS0,.2 H,0 2 CaS0,.1/2H,0
Gypsum Plaster of Pans
+3H,0

The following conditions are necessary ;

(/) The temperature should not be allowed to
rise above 393 K because above this temperature
the whole of water of crystallisation is lost. The
resulting anhydrous CaSO, is called dead burnt

plaster because it loses the properties of setting with
water.

(i) The gypsum should not be allowed to
come in contact with carbon containing fuel other-
wise some of it will be reduced to calcium sulphite.

Properties, (i) It is a white powder.

i/} On mixing with one-third its weight of
water, it forms a plastic mass which setsinto a hard
mass of interlocking crystals of gypsum within 5 to
15 minutes. It is due to this reason that it is called
plaster. The addition of common salt accelerates
the rate of setting, while a little borax or alum
reduces it. The setling of Plaster of Paris is believed
to be due to rehydration and its reconversion into

gypsum.,
2 CaSO,. 1/2 H,0O +3 H,0 ——2 CaS0, 2 H,0
Plaster of Pairs Gypsum

During the process of setting, slight expansion
(1%) in volume occurs. As a result, it can take the
shape and impression of the mould in which it is
put.

Uses. (i} Plaster of Paris is used for producing
moulds for pottery and ceramics and casts of
statues and busts.

(i) 1t is used for making statues, models and
other decorative materials.

(##) It is used in surgical bandages used for
plastering broken or fractured bones of the body
and for preparing black board chalks.

"Non-evaluative.

{iv) 1t 15 also used in dentistry.
—_r.-:. | ._':\"';:' -|__.._. 1 irm "'.'-|'|_"‘." . ;¥E‘-_<'

Uses of lime. Calcium oxide is called lime or
quicklime. Its main industrial uses are :

() Tt is used in steel industry to remove phos-
phates and silicates as slag.

(if) It is used to make cement by mixing it with
silica, alumina or clay.

(i6i) Tt is used in making glass.

() In chlor alkali industry (includes the
production of three main chemicals : NaOH, Cl,,
Na,CO,), it is used in the lime-soda process for the
conversion of Na,CO, to NaOH and vice-versa.

(v) It is used for softening water, for making
slaked lime, Ca(OH), by treatment with water and

calcium carbide.

Uses of slaked lime. Calcium hydroxide is
called slaked lime. Its main industrial uses are :

(i) Slaked lime is used as a building material
in form of mortar. It is prepared by mixing slaked
lime with 3-4 times its weight of sand. The mixture
is made into a thick paste with gradual addition of
water. The paste is called mortar and is used in
building construction. It sets into a hard mass by
loss of H,O and gradual absorption of CO, from

the air. Sometimes coal ash is mixed with lime
instead of sand.

(if} It is used in the manufacture of bleaching
powder by passing Cl, gas.

(¢i) It is used in making glass and in the
purification of sugar and coal gas.

() It is used in softening of hard water.

Uses of limestone. Limestone rock is the com-
mon form of calcium carbenate. It occurs as chalk,
marble, corals, calcite, aragonite etc. Mixed with
magnesium carbonate, it occurs as dolomite. Its
main uses are :

(#) It is used as a building material in form of
marble.

(i) It is used in the manufacture of quick lime.

(¢} It is also used in the manmufacture of quick
lime, : s
{(iv) It is used as a raw amteriat for the
manufacture of sodium carbonate is Solvay-am-
monia process.
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(v) Commercial limestone contains iron
oxide, alumina, magnesia, silica and sulphur, with a
CaO content of 22 —56%, and MgO content upto
21%. It is used as such as a fertilizer.

Cement” . A Al a s Rl RN
e e R e

It is one of the most important building
materials of modern times. Its use was discovered
in 1824 by Joseph Aspdin, a mason of Leeds (U.K.).
He found that when a strongly heated mixture of
limestone and clay was mixed with water and al-
lowed to stand for some time, it hardened to a stone
like mass resembling Portland rock which was a
popular building stone in England those days. He,
therefore, named it as portland cement.

Cement is essentially a finely powdered mixture of
calcinm silicates and aluminates nlong with small
quantities of gypsum which sets into a hard stone
like mass when treated with water.

The chief components of cement are trical-
cium silicate, 3Ca0.8i0,, dicalcium silicate,
2Ca0.8i0, and tricalcium aluminate 3CaO.
ALQ,. Out of all these, tricalcium silicate is the
most important since it has property of setting

quickly and acquiring considerable strength within
a few days. It usually constitutes 509 of the cement.

12.23.1, Composition of Portland Cement

The average composition of portland cement
is

Lime (Ca0) 50 — 60%
Magnesium oxide (MgO) 2 —-3%
Silica (Si0,) 20 — 25%
Ferric oxide (Fe,0;) 1-—2%
Alumina (ALO,) 5 - 10%
Sulphur trioxide (SO,) 1-2%

For a good quality cement, the ratio of
alumina (AL, O,) tossilica (Si0,) should lie between
2-5 and 4 while that of lime (CaO) to silica +
alumina + ferric oxide should be as close to 2 as
possible.

12.23.2.. Raw Materials

The essential raw materials required for the
manufacture of cement are : (i) limestone CaCQ,,
(ii) clay which provides both silica and alumina and
(i) gypsum, CaSO,2H,0. Besides these, small

*Non-cvaluative.

amounts of magnesia (MgQ) and iron oxide
(Fe,0,) are also required for imparting suitable

colour to cement.
12.23.3. Manufacture of Cement

Portland cement is chiefly manufactured by
the following two processes :

(#) Wet Process (i) Dry Process.

The wet process is preferred when the raw
materialsi.e. lime stone and clay are soft, climate is
humid and the fuel is cheap. The dry process is
preferred when the raw materials are hard.

The main raw materials are lime stone and clay
whereas the former supplies lime while the latter is
a source of silica, alumina and iron oxide. The raw
materials are first crushed separately in a suitable
machine. They are then mixed in the required
proportions (3 parts lime stone + one part clay)
and ground together finely. This grinding is done
either by the dry process or by the wet process.

In the wet process, the clay is washed with
water in a wash mill to remove flint and other
foreign substances. It is then mixed with requisite
quantity of limestone and pulverised in a special
mill, The resulting pasty mass is then thoroughly
homogenised to get ‘raw slurry’ containing about
40% watcr.

In the dry process, the raw materials are dried
and mixed in desired proportions. The mixture i3
then fincly powdered and passed through 300 mesh
sieves and homogenised with the help of com-
pressed air. The homogeneous mass is called ‘raw
meal’,

The slurry or the raw meal is introduced into
the upper end of a rotary kiln (Fig. 12.7) by means
of screw conveyer. The kiln consists of an inclined
steel rotating cylinder, 150 —200 ft long and about
10 ft in diameter lined inside with firebricks. The
charge travels downwards slowly due to the
rotatory motiong given to the kiln and is heated by
burning coal dust which is blown in [rom the lower
end. The charge takes about 2—3 hours to cover
the entire journey in the kiln. In the kiln, the follow-
ing changes occur :

(i) In the upper part of the kiln, the temperature
is around 1000 — 1100 K. Here, the charge loses all
its water due to evaporation by hot gases.

(if) In the middle of the kiln, the temperature
is around 1100-1200 K. Here, limestone decom-
poses to form calcium oxide and carbon dioxide.
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FIGURE 12.7. Manufacture of Portland Cement.

(iii) The lower part of the kiln, from where coal
dust is blown in is the hottest with the temperature
ranging between 1770 -1870 K. As the charge
reaches here, chemical combination takes place
between lime, alumina and silica to form calcium
stlicates and aluminates :

2 Ca0 + Si0, —— 2 Ca0 Si0,
Dicalcium silicate
3 EUEFRSG aritwls iy 3 Ca0Si0,
Tricalcium silicate
3Ca0 + ALQ; —— 3 Ca0.ALO,
Tricalcium aluminate
2Ca0 + ALO, — 2 Ca0.ALO,

Dicalcium aluminate

4Ca0+ALO;+Fe,0;,—> 4 Ca0. AL,O,Fe,0,
Tetracalcium aluminoferrite

Due to very high temperature in this zone,
about 20— 30% mass melts and combines with solid
mass to form grey coloured balls (ranging in size
from a peato that of an egg) called cement clinkers.

The hot clinkers are cooled by cold air and are
mixed with 2—3% gypsum (to slow down the
process of setting of cement and thereby imparting
greater strength to it) and finely powdered to 325
mesh size in grinding machines. The fine powder
called the ‘Portland cement’ is sicved and packed in
bags.

The flow sheet diagram of the entire manufac-
turing process is given below :

Calcium silicates

B = . .
Lime stone and clay are 177 — Tgl'y;t[( (2Ca0.8i0; , 3Ca0.5i0y) Addition of
powdered and mixed + Calcium aluminates ——— | Portiand cement
ina rotatory kiln|  (3Ca0.AL 05, 2Ca0.ALO;)|  gypsum
(Cement Clinker)

12.23.4. Setting of Cement

The important constituents present in
Portland cement are dicalcium silicate (Ca,SiO,),
26%, tricalcium silicate (Ca,SiQs), 51% and trical-
cium aluminate (Ca,ALOy), 11%.

When water is added to cement, an exothermic
reaction occurs. During this process, the cement

reacts with water to form a gelatinous mass which
slowly sets into a hard mass having three-dimen-

sional net work structure involving —Si— O —Si—
and —8i-- O — Al— chains.

Out of the various constituents of cement, the
most important is tricalcium silicate. Tt sets quickly
and develops considerable strength within a few
days. Dicalcium silicate sets slowly and develops
appreciable strength after a month or so. Trical-
cium aluminate sets instantaneously in presence of
water. The internal strength acquired by cement is
primarily due to the setting of tricalcium aluminate.
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Tetracalcinm aluminoferrite also sets rapidly but
not as quickly as tricalcium aluminate.

12.23.5, Cement Substitutes

In the present industrial age, the demand for
cement is increasing day by day. To meet this in-
creasing demand, efforts have been made to find
some substitute of cement. One of these is fly ash
which is a waste product from steel industry and
mainly consists of calcium silicate (CaSiO;). This
can be added to cement to reduce its cost without
affecting the quality. In many countries, rice husk
with high silica content has been used to make
cement.

PRt T
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12.23.6. Cement industry in India

India is one of the major cement producing
countries in the world. At present more than 60
vnits, both in private as well as public sectors, are
engaged in the manufacture of cement. Their com-
bined annual production of cement is about 21
million tons. Of these, Associated Cement Com-
pany Ltd, (A.C.C), Dalmia Cement Ltd., and Ce-
ment Corporation of India (C.Cl-—a Gow.
undertaking) are among the largest manufacturing
groups.

In Haryana, there are two cement factories,
one at Surajpur and the other at Charkhi Dadri.

R R
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Q. 1. Sodjum fire in the laboratory should not be extinguished by pouring water. Why ?

Ans. Sodiuvm reacts violently with water producing H, gas which also catches fire. Asa result, the fire spreads rather
than being extinguished. Therefore, H,O should not be used for extinguishing sodium fire. Instead pyrene

(CCl,) should be used.
Q. 2. Why does tahle salt get wet in rainy season ?

Ans. Pure NaCl is not hygroscopic but table salt is impure NaCl containing impurities of Na,SO, , CaS0,, MgCl,
and CaCl,. All of these being hygroscopic absorb moisture from air in rainy season. As a result, table salt gets

wel.

Q.3.

Alkali metals are paramagnetic but their salts are diamagnetic. Explain.

Ans. Alkali metals contain one upaired electron (m") and hence are paramagnetic. However, during salt formation,
this unpaired electron is transferred 1o the non-metallic atom forming its anion. As a result, salt has paired
electrons both in the cation as well as in the anion and hence alkali metal salts are diamagnetic in nature.

Q.4. Which out of sodium or potassium has higher meiting point ?

Ans.

On going from Na to K, the size of the atom increases and hence the metaltic bonding weakens. In other words

sodium has higher melting point than potassium because of stronger metallic bonding.
Q- 5. Why cesium can be used in photoelectric cell while lithium cannot be ?
Ans. Cesium has the lowest while lithium has the highest ionization enthalpy. Hence Cs can lose electrons very easily

while lithium cannot.
Q. 6. Why alkali metals impart colour to the flame ?

Ans. Alkali metals have low ionization enthalpies. Their valence electrons easily absorb energy from the flame and are
excited to higher energy levels. When these electrons retumn tothe ground state, the energy is emitted in form of light.

Q-7- Why alkali metals are normally kept in kerosene ofl ?

Ans.

This is because in the air they are easily oxidized to oxides which may dissotve in the moisture of the air to form

hydroxides or they also combine directly with water vapours present in moisture to form hydroxides.
Q.8. Among alkali metals in aqueous solution, Li* ion has the lowest mobility Why ?

Ans,

Because of smallest size among alkali metals, Li™ ions are most highly hydrated in aqueous solution. As a

result, among alkali metals, mass of hydrated lithium ion is the highest and thus has lowest fonic mobility.
% Lithiwm has highest ionization enthalpy in group I elements, yet it is the strongest reducing agent. Why ?
Ans. This is because lithium has the highest oxidation potential.

Q.10 Give reasons for the following :
(i) LiCl is more covalent that KCL

{if) Lil has lower melting point than LiF.

{#if) MgCl, is more covalent than NaCL (iv) CuCl is more covalent than NaCl.
Ans. (i) Due to smaller size, Li™ is more polarising than Nat and hence LiCl is more covalent than NaCl.
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(i) Due to bigger size, I is more polarizable than F~ and hence Lil is more covalent than LiF
(éi7) Due to higher charge, Mg? is more polarising than Na* and hence MgCL, more covalent than NaCl.

(iv) Due to pseudoinert gas configuration, Cu * is more polarising than Na* and hence CuClis more covalent
than NaCl.
. 11, What makes lithium to show properties uncommon to the rest of the alkali metals ? (N.C.ER.T)

Ans. The unusual properties of lithium as compared to other alkali metals is due to (i) the exceptionally small size
of its atom and ion and (i) high polarising power (charge/size ratio).
(. 12. When is a cation highly polarising ? Which alkali metal has the highest polarising power ? (N.CE.R.T)
ADs. A cation is highly polarising if its charge/size ratio is very high. Li* ion has the highest polarising power among
the alkali metal ions.
Q. 13. The enthalpy of formation of hypothetical CaCl(s) is theoretically found to be — 188 kJ mol ™! and AJ.H"

for CaCly(s)is — 795 kJ mol !, Calculate A, H° for the disproportlonation reaction.

2 CaCl(s) — CaCly(s) + Ca(s) (NC.ER.T)
Ans. A, H” for the above reaction = A H* (products) — A, H® (reactants)

= & H° (CaCly) + 4, H° (Ca) - 2 A H® (CaCl)

=—795+0-2x—188 kI mol”! = — 419 kI mot™"
Q. 14. Why does the reaction —~C—Cl+MF — }"C—F + MCI proceed better with KF than with NaF ?
(N.CERT)
Ans. The standard enthalpies of formation of alkali metal chiorides become more and more negative as we move
down the group, ie. A H® of KCl is more negative (- 428 kJ mol ') than that of NaCl (~ 400 kJ mol™").
Therefore, the above reaction proceeds better with KF than with NaE
). 15. Why is it that on being heated in excess supply of air, K, Rb and Cs form superoxides in preference to oxides
and peroxides ? (N.C.ER.T)
Ans. K* | Rb* and Cs* are large cations and superexide (07) is larger than oxide (0% ™) and peroxide (02 ™) ion.
Since a large cation stabilizes a large anion, therefore, these metals form superoxides in preference Lo oxides
and peroxides.
Q. 16. Why solutions of alkali metals in liquid ammonia are conducting, paramagnetic and blue in colour ?
(PS.B. 1991 5)
Ans. Refer 1o Sec. 12.5.7 on page 12/9.

Q. 17. Magnesium metal burns in air to give a white ash. When this ash is treated with water, the odour of ammonin
can be detected. Explain.

Ans. Mg burns in air to form MgO and Mg;N.
2Mg + &, —2MgO ; 3 Mg + Ny, — Mg;N,
Magnesium nitride on hydrolysis with H,O gives NH,.
MgyN, + 6 H;O —— 3 Mg(OH), + 2 NH,
Q. 18. Why is calclum preferred over sodium to remove last traces of molsture from alcohol ?

Ans, Both Na and Ca react with water to form their respective hydraxides. But Na readily reacts with alcohol to
form sodium ethexide but Ca reacts only very slowly.

2 CH;OH + 2 Na—— 2 G H;ONa + H,
Therefore, Ca is preferred over Na to remove the last traces of moisture from alcohol.
Q. 19. What is the difference between milk of lime and lime water ?
Ans. Aswspension of slaked lime, ie,, Ca(OH), in water is called milk of lime but & clear decanted solution of slaked
lime in water is called lime water.
(- 20. A plece of burning magnesium ribbon continues to burn in sulphur diexide. Explain.
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Ans. A piece of magnesium ribbon continues to burm in SO, since it reacts to form MgO and S.

Heat
2Mg + S0, — 2MgO + 8§

This reaction is so much exothermic that heat evolved keeps the magnesium ribbon burning.

. 21. Alkaline earth metals always form divalent cations even though their second ionization enthalpies are
almost double than their first ionization enthalpies. Explain.

Ans. The higher enthalpy of lattice formation by M2 jons more than compensates the higher second ionization
enthalpies of metals.
(. 22. Halides of Be dissolve in organic solvents while those of Ba do not. Why is itso ?
Ans. Halides of Be are covalent because of high IE of Be while those of Ba are ionic due to low IE of Ba.
Q. 23. Explain why halides of beryllium fume in moist air but other alkaline enrth metal halides do not.
(PS.B. 1992)
Ans. BeCl, being a salt of a weak base, Be(OH), and a strong acid, HCl undergoes hydrolysis by water to form HCl
which fumes in air. BaCl,, on the other hand, being a salt of astrong base, Ba(OH), and strong acid, HCl does
not undergo hydrolysis by water to form HCl and hence does not fume in air.
BeCl, + 2 H,0 — Be(OH), + 2HC; BaCly + H,0 ¢+ Ba(OH), + 2 HCI
Q. 24. Why Be and Mg do not glve characteristic colour to the flame whereas other alkaline earth metals do give.
(HPS.B. 1993)
Ans. Be and Mg have high ionization enthalpies and hence their valence electrons are not easily excited.
Q. 25. Why superoxides of alkali metals are paramagnetic while normal oxides are diamagnetic ?

Ans. gyperoxides contain the ion O which has the structure (: 6=0 :)” containing a three electron bond, Le.,

it has one unpaired electron and hence is paramagnetic. Normal oxides containing the ion 0?~ do not have
any unpaired clectrons and hence are diamagnetic.

Very Short Answer Questions CARRYING 4 MARK

Q. 1. Name the alkali metals which form superoxides when heated in excess of air ? (NC.ERT)
Ans. K, Rband Cs.

Q. 2. Name the metal which floats on water without any apparent reaction with it. (NC.ERT)
Ans. Li.

Q. 3. Name the chief factor responsible for the anomalous behaviour of lithium. (N.C.E.R.T)

Ans. Small size, high electronegativity and high ionization enthalpy.
Q. 4. Name the element which Is invariably bivalent and whose oxlde is soluble in excess of NaOH and its
dipositive ion has noble gas core. (NC.ERT)

Ans. Be ; BeO dissolves in alkali to form beryllates.
Q. 5. Mention the main constituents of Portland cement ?
Ans. Dicalcium silicate, tricalcium silicate and tricalcium aluminate.
Q. 6. Draw the structure of (f) BeCl, (vapour) (i) BeCl, (s).
Ans. Refer to the text.
Q. 7. What happens when KO, reacts with water ? Write the balance chemical equation for the reaction.
5 O ol 8
Ans. 2KO, + 2 H,0—+2KOH + H,0, + 0,.
Q. 8. Predict giving reason the outcome of the reaction,

Lil + KF —
Ans. Lil + KF — LiF + KI ; larger cation stabilizes larger anion.
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Q.9.

Ans.

Q. 10.
Ans.

Q. 11.

Ans.
Q. 12.
Ans.
Q. 13,
Ans.
Q. 14,
Ans.
Q. 15.
Ans.
Q. 16.
Ans.
Q. 17.
Ans.

Q. 18.
Ans.

Q. 19.

Ans.

Q. 20.
Ans.
Q. 21.
Ans.
Q. 22.
Ans.
Q. 23.
Ans.

Q. 24.
Ans.

Q. 25.
Ans.

Q. 26.
Ans.

Q. 27.
Ans.

Name one reagent or one operation to distinguish hetween
(/) BeSO, and BaSO, (ii) Be(OH), and Ba(OH), R T
() BeSO, is soluble in H,O while BaSO, is nat (i) Be{OH), dissolves in alkali but Ba(OH}), does not.

Why does beryllium show similarities with aluminium ? 5 Y
Due to same electronegativity (1-5) and very similar polarizing power (Be?* = 0.064 and AP = 0-060) of
their ions.

Arrange the following in order of the increasing covalent character : MCI, MBr, MF, MI (where M = alkali
metal). GG T LT
As (he size of the anion increases, covalent character increases and hence the order is MF < MCl < MBr < M1,
What is the general name for elements of group I ?

Alkali metals.

Which alkali metal is radioactive ? Give its atomic number also. RASE 2004
Er s #A8=28il.

Name the alkali metal which shows diagonal relationship with magnesium.

Li.

Which alkali metal acts as the strongest reducing agent in aqueous solution ?

Li.

Name the alkaline earth metal which forms covalent compounds.

Be.

Which alkaline earth metal is radioactive 7

Ra.

Name the alkaline earth metal hydroxide which is amphoteric.

Be(OH),,.

‘Why the elements of second row (first short period) show a number of differences in properties from other
members of their respective [amilies.

The difference in the properties of the first member of a group from those of the other members is due Lo
(¢} smaller size of the atom (i) presence of one inner shell of only two electrons and (ifi} absence of d-orbitals.

What is diagonal relationship due to ?

Similar size of atoms or jons, similar electronegativity or similar polarising power.

Why alkaline earth metals have a greater tendency to form complexes than the alkali metals.

Due to higher nuclear charge.

Alkali and alkaline earth metals cannot be obtained by chemical reduction method. Explain.

Since they are themselves stronger reducing agents than majority of the commen reducing agents.

Why does table salt get wet in rainy season ?

Table salt contains impurities of CaCl, and MgCli, which being deliguescent compounds absarb moisture from
the air in rainy season. :

Why is sodium metal kept under kerosene oit ?

Na metal is highly reactive and combines with moisture, O, and CO, of the air forming NaOH, Na,O and
Na, COj, etc. Therefore, to protect Na from meisture and air, it is kept under kerosene oil.

What are the raw materials used for the manufacture of washing soda by Sclvay process ?
NaCl, CaCO, and NH,.

Why is calcium preferred over sodium to remove last traces of maisture from aleohol ?

Both Na and Ca react with water forming their respective hydroxides. In contrast, Na reacts with alcohol to
form sodium alkoxide but Ca does not.

Bones contain calcium ions. What do you think would be the anion associated with them ?
PO;™ ion.
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Q. 28, Give one important ore of each of sodium and potassium.
Ans. Na: NaCland K: KCL
Q. 29. Give two ores of magnesium.
Ans. Carnallite (KCI.MgCl,.6H,0) and magnesium chloride (MgCl,).

Q. 30. The second ionization enthalpy of calcium is more than that of the first and yet calcium forms CaCl, and

not CaCl. Why? (NC.ERT)
Ans. The higher enthalpy of lattice formation by Ca?* ions mv.e than compensates the higher ionization enthatpy
of calcium.

Q. 31. Give the chemical formula of dolomite and carnallite.
Ans, CaC0,.MgCO, and KC1.MgCl,.6H,0.

Q. 32, What is the formula of gypsum ? What happens when it is heated ?
Ans. Ca50,.2H,0. When heated to 393 K, it gives Plaster of Paris (CaSO,.1/2H,0) but at 473 K it gives dead
burnt plaster (CaSQ,).

Q. 33. What is quick lime ? What happens when we add water to it ?
Ans. Ca0, slaked lime, Ca(OH), is formed.

Q. 34. What is the formula of Plaster of Paris 7
Ans. CaSO,5H,0.

Q. 35. What is dead burnt plaster ?
Ans. Anhydrous CaSO, which has no tendency to absorb H,O is called dead burnt plaster.

Q. 36. What is Epsom salt ? What is the action of heat on it ?
423K 51K Heat
Ans. MgSO,.7H,0 ; Mg80,.7 H,0 —— MgS80, . H;0 —— MgS80, —— MgO+80,.
-6H,0 -H,0

Q. 37. Why is it necessary to add gypsum in the final stage of preparation of cement ?
Ans. Gypsum is added to slow down the process of setting of cement and thus imparting greater strength to it.
Q. 38, What is fly ash ?
Ans. It is a waste product from steel industry and has properties similar to that of cement. It mainly consists of
calcium silicate.
Q. 39, Why cannot sodium and potassium be prepared by the electrolysis of their aqueous solutions ?
Ans. The electrode potential i.e. reduction potential of Na (- 2-71 V) or K (- 2-92) is much lower than that of
H,0 (- 0-83 V), therefore, upon electrolysis, water gets reduced in preference to Na* or K* ions. In other

words, sodium and potassium cannot be obtained by electrolytic reduction of Na* or K* jons in aqueous
solution.
Q. 40. Amongst alkall metals, why is lithivm regarded as most apt reducing agent in aqueous solutions ?
(D.S.B. 2001)
Ans. Amongst alkali metals, Li* has the smallest size and hence has the highest hydration energy. In other words,
it has the lowest electrode potential (E®* = —3-04 V}, Le., it has the maximum tendency (o lose electrons and
hence is the strongest (most apt) reducing agent amongst alkali metals.
Q. 41, State any one reason for alkaline earth metals having a greater tendency to form complexes than atkali
metals. (D.S.B. 2001)

Ans, Because of smaller size and higher charge on alkaline earth metal cations as compared to the corresponding
atkali metal cations, alkaline earth metal cations have a greater tendency to form complexes.
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See. 12.1.

Sec. 12.2.
to 12.8.

5hortﬂn5wer QLIBE‘IJ-IOHS _ CARRYING 2 or 3 MARKS

1.
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What are s-block elements ?

2. Comment on the statement, “The first element of a group shows anomalous behaviour with respect

10.

11.

12.
13.

14.

15.

16.

17.

18,

19,

to the rest of the members of the group.”
What is meant by diagonal relationship in the periodic table ? What is it due to ?
(N.CERT)
What is the cause of diagonal similarity ?
(A.15.B. 1992)
Why are the elements of group 1 called the alkali metals ?

Name the alkali metals in order of increasing atomic masses and write their electronic configurations.
The alkali metals follow the nobie gases in their atomic structure. What properties of these metals

can be predicted from this information ? (V.C.ERT)
Account for the following :

(i) Alkali metals show only +1 oxidation state.

(if) The hydroxides of alkali metals are strong bases. (PS.B. 2000)
(#if) Na and K impart colour to the flame but Mg does not.

(iv) Li is the best reducing agent in aqueous solution. (H.5.B. 2004)

Discuss the diagonal relationship of lithium with magnesium.
List three properties of lithium in which it differs from rest of the alkali metals.

(N.CE.RT)

Discuss the anomalous behaviour of lithium in its group. Compare the properties of lithium with those
of magnesium. (H.5.B. 2004 C)
Alkali metals have low ionization energies. Why is it so ? (A.15.B. 1993)
Account for the following
(i) There is a striking similarity between Li and Mg. (A.LS.B. 1994)
(if) Alkali metals are difficult to reduce. (H.PS.B. 1994)
Why aikali metals and their salts give characteistic colour to the flame ?

(H.S.B. 2001)
When an alkali metal dissolves in liquid ammonia, the solution acquires different colours. Explain the
reasons for this type of colour change. (NCERT)
What happen< when
{f) sodium metal is dropped in water ?
(if) sodium metal is heated in a free supply of air 7
(iii) sodium peroxide dissolves in water (N.CER.T)
Explain what happens when
(i) sodium hydrogen carbonate is heated
{it) sodium amalgam reacts with water
(i) fused sodium metal reacts with ammonia. (NC.ERT)
Write balanced equations for reactions between
(2) Na, 0, and water
() KO, and water
(c) Na;0 and CO,. (N.CER.T)

Comment on each of the following observations :
(a) The mobilities of alkali metal ions in aqueous solution are : Lit < Na* < K* < Rb™ < Cs*



12/48 Pradeep’s New Course Chemistrul[gqF)
(&) Lithium is the only alkali nmietal 10 form a nitride directly
(c) LiF is least soluble among the Auorides of alkali metals
(d) LiF is more soluble than KF in ethanol,
(e) Lil is more soluble than KI in ethanol. (N.C.EERT)
20. State as to why
{a) lithium on being heated in air mainly forms the monoxide and not the peroxide
(NCERT)
(b) sodium is stored in kerosene oil.
See. 12.9. 21, List some important minerals of lithium and sodium.
to 12,01
22. Enumerate the main difficulties encountered in the extraction of atkali metals by usual methods.
23. Sodium metal cannot be obtained by the electrolysis of aqueous sodium chiaride solution. Why ?
24. Describe the extraction of sodium by Down's process. What precautions are taken for collecting
sodium ?
25. Enilist some important uses of sodium and potassium metals.
26. 'Write equations for the reactions invotved in making sodium bicarbonate from sodium chloride.
27. Discuss briefly the function of ammonia in solvay- ammonia process for manufacture of sodium
carbonate.
28. Starting with sodium chloride how will you proceed to prepare (state the steps only)
(¥) sodium metal
(i7) sodium bhydroxide
{éi7) sodium peroxide
(iv) sodium carbonate. (NC.ER.T)
29, State as to why
(@) A solution of Na,CO, is alkaline
(b) Alkali metals are prepared by electrolysis of their fused chiorides
(c) Sodium is found more useful than potassium.
30. Give reasons for the following :
{#) Sodium carbonate is prepared indirectly through sodium bicarbonate in Solvay-smmonia process.
(i} Potassium carbonate cannot be prepared by Solvay- ammonia process. (NCERT)
J1. What happens when :
() Carbon dioxide is passed through ammoniacal brine solution.
(if) Carbon dioxide is passed through an aqueous solution of sodium carbonate.
(#t) Sedium hydrogen carbonate is heated
Sec. 12.12. 32, Why are elements of group 2 known as alkaline earth metals ?
to 12.22.
33. Name the alkaline earth metals and give their electronic configurations.
34. Why are alkaline earth metals good reducing agents ?
35. Alkaline earth metals form tonic salts having bivalent cations. Justify the statement by giving reasons
in favour of your answer. (H.S.B. Sample Paper 1991)
36. In what respects does BeCl, differ from the halides of other group 2 elements ?
37. What is diagonal relationship ? Discuss the diagonal relationship between Be and Al Give the points
of resemblance between Be and Al (. &K 1997; HS.B. 2004)
38. Explain the wrend of solubility of carbonates, sulphates and hydroxides of alkaline earth metals down
the group. (PS.B. 1992)
39. The second ionization energy of an alkaline earth metal is higher than its first ionization energy. Why

is it 50 7 (A.15.B. 1993)
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40.

41.

42,
43.

44,

45.

47.

49,

51.

52.

53.

55.

Why do alkaline earth metals not occur in the free state ? Name some important minerals of
magnesium.

How does magnesium occur in nature 7 How is the magnesium metal obtained by the electrolysis
method ?

Why alkaline earth metals cannot be obfained by reduction of their oxides with carbon ?
Give reasons for the following ?

(i) Alkaline earth metals do not occur free in nature.

(i) Magnesium does not impart colour to the flame while calcium does.

(ii) Alkaline earth metals always form divalent cations even though the second ionization energies of
these metals are almost double their first ionization enerpgies.

(iv) A piece of burning magnesium ribbon continues to burn in SO,.

{v) Be and Mg do not impart colour to the flame. (H.S.B. 2004)

The hydroxides and carbonates of sodium and potassium are easily soluble in water while the
corresponding salts of magnesium and calcium are sparingly soluble in water. Explain.

Give three important uses of each of calcium and magnesiuvm.
‘What happens when
(i} magnesium is burnt in air
(i) quicklime is heated with silica
(#ii) chlorine reacts with slaked lime
(#v) calcium nitrate is heated. (NC.ERT)
Commercial aluminium always contains some magnesium. Name two such alloys of aluminium. What
properties are imparted by the addition of magnesium to these alloys ?

{N.C.EE.R.T)
Beryllium exhibits some similarities with aluminium. Point out three such properties.

(NCE.R.T)

Like lithium in Group 1, beryllium shows anomalous behaviour in Group 2. Write three such
properties of beryllium which make it anomalous in the group. (N.C.E.R.T))

Complete the following equations for the reaction between

({)Ca + H,0

(#) BeOH + NaOH

(i) Ca(OH), + Cl,

{iv) BaO, + H,80,. (VC.ERT)

Contrast the action of heat on the following and explain your answer :

() Na,CO5 and CaCO;,

(i) MgCl,.6H,0 and CaCl, 6H,0

{iff) Ca(NQ,), and NaNO, (NC.ERT)

How will you explain ?

{¢{) BeO is insoluble but BeSO, is soluble in water

(it} BaO is soluble but BaSO, 1s insoluble in warer

(iii) E° for M2* (ag) + 2 ¢~ — M (s) (where M = Ca, Sr or Ba) is nearly constant.

(iv) NaHCO, is known in solid state but Ca(HCO,), is not isolated in solid state. (NCER.T)

Give one method of preparing quick lime. What happens when rain water falls on it ?

What is Epsom salt ? How is it prepared ? Enlist its important uses.

How is Plaster of Paris prepared ? Describe its chief property due to which it is widely used.
(NCERT)
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56.

57.

58.

See. 12.52. 89,

Sec. 12.1.
to 12.20.

60,

Differentiate between

{a) quick lime

(b) lime water

(c) slaked lime. (NC.ERT)
Describe two important uses of each of the following :
(¥) quicklime

(i) gypsum

(#i) calcium carbide

(iv) magnesium suiphate.

Describe the importance of the following :

(i) limestone

(i) cement

(éif) Plaster of Paris. (NC.ER.T)
List the raw materials required for the manufacture of Portland cement ? What is the role of gypsum
init. (N.CERT)

What is the effect of heat on the following compounds ? (Write equations for the reactions).
() Calcium carbonate

(i) Magnesium chloride hexahydrate ?

(iif) Gypsum

(iv) Magnesium sulphate heptahydrate.

Long Answer Questions  CARRYING sormora MARKS

1.

10.

AR e T RS SR e A A SR N R R

Discuss the position of tithium in the periodic table. How does it differ from other members of the
famity ? To what other elements in the periodic table does it resemble 7 Justify your answer with

suitable examples. (A.1.5.B. 1990 C)
Give general characteristics of alkali metals. Discuss the anomalous behaviour of lithium. Mention
similarities shown by lithium towards magnesium ? (AJ.5.B. 1992)

List some importance ores of lithium. Discuss the various difficulties encountered in the extraction
of alkali metals. Describe briefly the extraction of lithium from a silicate ore.

How is sodium obtained by the Down’s process ? Write equations for the reactions involved. Why
sodium cannot be obtained by electrolysis of an aqueous solution of sodium chloride ?

Describe in detail manufacture of sodium carbonate by the solvay process. State the principles
involved in this process. (N.C.ER.T)
Why is it that s-block elements never occur free in nature 7 What are their usual modes of occurrence
and how are they generatly prepared ? (N.C.LER.T)
Write three general characteristics of the elements of s-block of the periodic table which distinguish
them from the elements of the other blocks. (N.C.ERT)
Compare the solubility and thermal stability of the following compounds of the alkali metals with
those of the alkaline earth metals.

(@) nitrates (c) carbonates (c) sulphates (NC.ERT)
Mention the general trends in Group 1 and Group 2 with increasing atomic number with respect Lo
(i) density (i) melting point (iii) atomic size (iv) ionization enthalpy. (NC.ERT)

How do the following properties change on moving from Group 1 to Group 2 in the periodic table 7
{f) Atomic size

(if) Ionization enthalpy

(#ii) Density

{(iv) Melting points. (NCERT)
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1. Compare and contrast the chemistry of Group 1 metals with those of Group 2 metals with respect to

(i) nature of oxides

(i) solubility and thermal stability of carbonates

(iif) polarizing power of cations

(iv) reactivity and reducing power. (NCERT)
12. The chemistry of beryilium is not essentially ionic. Justify the statement by making a reference to the

nature of axide, chloride, fluoride of beryllium. (NCERT)
13. Give any three points of similarity between beryllium and aluminium and two points of dissimilarity.”

between beryllium and barium.

. 14. Describe three industrial uses of caustic soda. Describe one method of manufacture of sodium
hydroxide. What happens when sodium hydraxide reacts with (i) aluminium metal (i) CO,

(i) §i0, ? (NCERT)
Sec.12.21 15, Name chief forms of occurrence of magnesium in nature. How is magnesium extracted from one of
to 12.23. its ores 7 (NCERT)

16. Describe the manufacture of Portland cement., What is its appraximate compaosition ?
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1. Sodium peroxide 1
Manufacture. It is manufactured by heating sodium metal on aluminium trays in CO, free air.

2Na + O, (air) — Na,0,

Properties. (i) Pure Na,O, is colourless. The faint yellow colour of the ordinary sodium peroxide is due to
the presence of a small amount of sodium superoxide (NaO,) as an impurity. The yellow colour, however,
disappears when il comes in contact with moist air due to the formation of NaOH and Na,CO,. Thus,

4 NaO, + 2C0, — 2Na,CO; +30,
2 Na,0, + 2H,0 — 4 NaOH + O,
2NaOH + CO, — Na,CO, + H,0
(#) Sodium peroxide is a powerful oxidising agent. [t oxidises
(i Chromium (III) hydroxide to chromate ion
02~ +2H;0+2e”— 40H™ [x3
Cr(OH); + 50H™ — CrO7~ + 4H,0 +3e™ | %2

2 Cr(OH), + 203~ — 2Cr03” +20H™ +2H,0

(#i) Manganese sidphate to sodium manganate
MnSO, + 2 Na,0, — Na;MnO, + Na,80,
(iti} Sulphides to sulphates
§7~ +3027 +2H,0 — SO}~ +40H"
Uses. (i} It is used for the purification of air in confined spaces such a submarines since it combines with
CO, to form sodium carbonate and oxygen.
2
2Na,0, +2C0, —» 2Na,CO; + O,
(if) Pecause of its oxidising property, itisused asa bleaching agent.
(i) Na,O, is widely used in the manufacture of dyes and many che-icals such as benzoyl peroxide, sodium
- perborate etc.

2. Sodium hydrexide, Caustic soda, NaOH
Caustic soda is manufactured by the electrolysis of an aqueous solution of sodium chloride. The following

two types of cells are used.
12/52
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ADDITIONAL USEFUL INFORMAT_ION contd

(a) The mercury cathode cell-(Castner-Kellner cell). It consists of a large rectangular iron tank in which
mercury flows at the bottom of the cell and is made the cathode. The brine solution flows in the same direction.
The anode consists of a number of graphite blocks. When electricity is passed, electrolysis of brine occurs. Since
hydrogen has a high over voltage at mercury cathode, sodium is preferentially discharged at the cathade which
forms amalgam with mercury.

The sodium amalgam flows out and is reacted with water to give NaOH.

2ZNaHg + 2H,0 — 2NaOH + 2Hg + H,

Hydrogen and chlorine are the two bye-products of this process.
(b) Diaphragm cell-Nelson Cell. In this cell, NaOH and Cl, are kept separate by the use of a diaphragm. It

consists of a U-shaped perforated steel cathode lined on the inside with asbestos diaphragm and is suspended in
arectangular iron tank. The anode consists of a graphite rod and is suspended in the solution. On passing electricity,
electrolysis begins ; Cl, is iberated at the graphite anode and NaOH is formed at the outside edges of the cathode.

(¢) Using Nafion Membrane CelL. The natural brine is now electrolysed in a membrane cell in which cathode
and anode are separated by NAFION membrane. Nafion is a copolymer of tetrafluoroethylene and perfluoro-
sulphonylethaxy ether. The copolymer is supported on a teflon mesh. Plastic membranes (e.g Nafion) are
increasingly being used in diaphragm cells these days because of their lower resistance than asbestos.

Properties, (i) Sodium hydraxide is a deliquescent solid and absorbs moisture and carbon dioxide forming
a hydrated solid carbonate.
2NaOH + CO, +9H,0 — Na,CO;.10H,0
() Its aqueous solution contains a high concentration of OH™ ions and thus precipitates insoluble metal
hydroxides from their aqueous solutions containing these cations :
Fe** +30H™ —  Fe(OH), | 5

Ferric hydroxide
(Reddish brown ppt )

CP* +30H™ —  Cr(OH), 4

Chrominium hydroxide
(Green ppt.)

The hydroxides of Al, Zn, Pb and Sn being amphoteric dissolve in excess of NaOH giving clear solutions.
Zn(OH), + 2 OH™ — [Zn(OH), 2~
Zincale ion
or Zn+20H™ +2H,0 — [Zn(OH),*~ + H,
Al(OH); + 30H™ — [AIOH)sP~
Aluminate ion
or 2A1+60H™ + 6 HHO — 2[AOH)?~ + 3 H,
These metals also dissolve in NaOH liberating H, gas.

Uses. NaOH is widely used in (a) soap, paper, textile and petroleum industry (b) the preparation of pure
fats and oils and artificial silk.
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How is anhydrous magnesium chloride pre-
pared from magnesium chloride hexahydrate 2

Anhydrous MgCl, cannot be prepared by simply
heating MgCl, .6 H,O becausc it gets
hydrolysed by its own water of crystallization.
MECL, . 6 H,0 —— MgO + 2 HCl + 5 H;0
However, if hydrated magnesium chloride is heated
in an almosphere of HCl gas at 650 K, it checks the
above hydrolysis reaction and the hydrated mag-
nesium chloride now loses water of crystallization to
form anhydrous magnesium chloride

HCl gas
MgCl, .6 H,0 —— MgCl + 6 H,0.
650K
Account for the following :

(i) Be(OH), is insoluble but Ba(OH), is fairly

soluble in water.
(ii) Be(OH), is amphoteric while Mg(OH), Is

basic.

() This is because with increase in size (from Be
to Ba) the lattice enthalpy decreases significantly
but hydration enthalpy remains almost constant.
(if) Because of higher sum of IE, + IE; of Be

than that of Mg, the M—QOH bond can break less
easily in Be(OH), than in Mg(OH),. In other

words, Be(OH ), acts as a weak base even weaker
than Mg(OH ),.
Further because of smaller size and higher
electronegativity than that of Mg, Be(OH), can

accept OH ™ ions from alkalies to form beryllate
ion but Mg(OH), does not.
Be(OH), + 2 OH™ -— Be(OH); ™ —

BeO™ +2H,0

Beryllate ion

Mg(OH), + 2 OH™ -3 Mg(OH);~
Thus, Be(OH), acts as a weak acid but
Mg(OH), does not. Combining both the facts, we
conclude that Be(OH), is amphoteric but
Mg(OH)2 is basic.

C.B.S.E.-P.M.T. (MA INS) SPECIAL
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Q.3

Ans.

Q. 4.
Ans.

Q.5.

<
E= 1

Ans.

Ans.

Ans.

It is necessry to add gypsum in the final stages
of preparation of cement. Explain why i

Gypsum (CaSO,.2H,0) is added in the final stages
of preparation of cement since when Hy O is added

to cement it slows down the process of setting of
cement so that it gets sufficiently hardened thereby
imparting greater strength to it.

What is fly ash ?

It is a waste product from iron industry and has
properties similar to that of cement. It mainly
consists calcium silicate (CaSiO4).

Give briefly the isolation of magnesium from
sea water by the Dow process. Give equations for
the steps involved. (I.LT 1993)

See pages 12/30.

- MpgyN, when reacted with water gives off NH,

but HCl is not obtained from MgCl, on reaction
with water at room temperature. (I.LT 1995)
Mg;N, is a salt of a strong base, Mg(OH), and a
weak acid (NH,) and hence gets hydrolysed to
give NH, . In contrast, MgCl, isa salt of astrong
base, Mg(OH), and a strong acid, HCl and hence
does not undergo hydrolysis to give HCL.

The crystalline salts of alkaline earth metals con-

tain more water of crystallisation than the cor-
responding alkali metal salts. Why ? (ILIT 1997)

Due to smaller size and higher nuclear charge,
alkaline earth metals have a higher tendency than
alkali metals to attract H,O molecules and thus
contain more water of crystallization than alkali
metals. For example, LiC1.2H,0 and MgCl,.6H, 0.
Chlerination of calcium hydroxide produces
bleaching powder. Write its chemical equation.

(1T 1998)
Bleaching powder is obtained by passing Cl, into

Ca(OH),. Though bleaching powder is often
written as Ca(OCl),, it is actually a mixture.
3 Ca(OH), + 2Cl,—
Ca(OCl), . Ca (OH), . CaCl, . 2 H;O
B]eachmg powder

Calcium burns in nitrogen to produce a white
powder which dissolves in sufficient water to
produce a gas (A) and an alkaline solution. The

’.‘?‘.t'ﬂ‘ SEEERD :'l" T

solution on exposure to air prndum a thin solid
layer of (B) on the surface. Identify the com-
pounds A and B. (LLT 1996)
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Ans. Caburnsin air to form CaO and Ca,yN,. Identify A, B, C, D and E.
2Ca+ 0;— 2Ca0l (L1.T 1999)
3Ca + N; — CayN, Ans. (7} Ca0 + H,O0— Ca(OH),
Calcium nitride on hydrolysis with H,0 gives (A)
ammonia (A)
CayN; + 6 H,0— 3 Ca(OH), + 2 NH, {(#) NH, + H,O + CO, — NH,HCO,

ey (8)
The alkaline solution of Ca(OH), thus formed
reacts with CO, present in the air 1o form

CaCO,(B). {iif) 2 NaHCO; — Na,COy + CO, + H,0

Ca(OH), + CO, — CaCO, + H,0 ©
B .
Thus, A=NH; and B=CaCO, ] (white powder) (v) NH;HCO; + NaCl— NaHCO; + NH,Cl
Q. 2. The Haber-process can be represented by the (D)
following scheme.
2NH,Cl + Ca(OH), —
CaCo, o) 4 o
H.0
c:aw::%’@ “f, 2NH, + 2H,0 + CaQl,
H,0 n (E)
2 /R Thus, A = Ca (OH),,
i NaHCO, + D B= NH HCO;,,
MNaCl
C = Na,CO,
D =NH LI
NH, + H,0 + E and E = Cacl,.
R P mi%ﬂw"“wwﬁﬁﬁW%V*:i:”"‘?""!l'!ﬂxv;\-‘%*r“"l"""‘.‘:-\.""6?5EMHmﬂ“"‘ﬂx‘:'5-2%1"5‘“2"3&%—'&:3‘5““‘5‘*“’-’“”‘3‘CWEWHH.{"°T¥_
tULTIPLE CHOICE QUESTIONMNS
o i 5 A

ER: 7 :i:ﬁ..,qmw._:-:i._..1‘.\”.“..:.--._a\.n‘:ﬁ-._.:wo-e-m-...:-_ .:,,v_mp.rcowxi\-:f...Mﬂx_owwm: S i e
PMT (Preliminary), IIT Screening, AIEEE, AlIMS, AFMC, DPMT. CPMT, BHU
' _ and All Other Competitive Examinations

1. The raw materials used in the manufacture of 4. Which of the following is not present in cement ?

sodium carbonate by Solvay’s process are : () Gypsum (b) Clay
{(2) Ammonia and carbon dioxide (c) Alumina {d) Alum.
(b) Sodium chioride and carbon diaxide 5. Which of the following has the lowest melting
(¢) Sodium chloride, limestone and carbon dioxide point?
(4) Sodium chloride, limestone and ammonia. (a) LiCl (b) NaCl

L. Glauber’s salt is {c) KCl (d) RbC.
(2)FeSO,.7TH,0 (b) MgSO,.7H,0 6. Which of the following alkaline earth metal sul-

j 1 ?

(c)Ne,COy 10H,0  (d) Na,§O,.10H,0. l(’:)a]‘;:gg:as‘ =0I0kIctin S

3. Plaster of Paris is (c) SrSO, () CaSO,.
(3) (€250, H,0 ®) CBSO“ZHIO 7. The basic character of the oxides, MgO, SrQ, K,0,
(c) CaSO,.H,0 (d) CasS0O,. NiO and Cs,O increases in the order :

..... S e T s

1. d 2. d 3. a 4. d S a 6. a
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10.

11.

12.

13

14.

15,

1. ¢ 1

(a) MgO > Sr0 > K,0 > NIO > C5,0

(b) Cs,0 < K,0 < MgO < 510 < NiO

(¢) NiO < MgO < SrO < K,0 < Cs,0

(d) K,0 < Ni0 < MO < SrO < Cs,0.

Which of the following are arranged in increasing
order of solubilities ?

(a) CaCO, < KHCOj; < NaHCO,4

(b) NaHCO; < KHCO, < CaCO,

(c) KHCO, < NaHCO, < CaCO;

{d) CaCO, < NaHCO; < KHCO;.

The thermal stability of alkaline earth metal car-
bonates decreases in the order :

(a) BaCO, > SrCO; > CaCO, > MgCO4

(b) BaCO; > StCO; > MgCO; > CaCO;,

(¢) CaCO, > SrCO;3 > MgCO, > BaCO,

(d) MgCO, > CaCO; > S1CO, > BaCO,.

Which of the following alkali metal halides has the

lowest lattice energy ?

(a) LiF (b) NaCl

{¢) KBr {(d) Csl.

A solution of sodium metal in liquid ammonia is

strongly reducing due to the presence of

(@) sodivm atoms () sodium hydride

(c) sodium amide (d) solvated electrons.
(LLT 1981)

Sodivm reacts with water more vigorously than

lithium because, it

() has higher atomic weight

(b} is a metal

(¢) is more electropositive

(d) more electronegative

The hydration energy of Mg? ¥ is greater than that

of

(@) AP (b) Na*

(c) Be** @ Mg

The compound insoluble in acetic acid is

(a) calcium oxide (b) calcium carbonate

(c) caicium oxalate {d) calcium hydroxide.
0 S A L

(LIT 1981

(LLT 1984)

The metalliciustre exhibited by sodium is explained
by ‘

(a) diffusion of sodium ions

(b) oscillation of loose electrons

16.

17.

18.

i%.

20.

21.

22,

23.

{c) excitation of free electrons
(d) existence of body centred cubic lattice.

(LLT 198%)
Gypsum on heating to 390 K gives
(@) CaS0,.2H,0 {b) CaSQ,
(c) CaS0, 1/2H,0  (d)SO;and Ca0.

(C.PM.T 1993)
The by-product of Solvay ammonia process is

(a) Carbon dioxide (b) Ammonia
{c) Calcium chloride (d) Calcium carbonate.
(A.EM.C. 19%4)

The drying agent which absorbs carbon dioxide and
reacts violently with water is

(a) Sodium carbonate  (b) Alcohol

(c) Conc. H,50, (d) Calcium oxide.

(BHU 1994}

Metallic calcium is prepared by

{a) Displacement of calcium by iron from calcium
sulphate solution

(b) Electrolysis of molten calcium chloride

(c) Reduction of lime by coke

(d) Electrolysis of agueous solution of calcium
nitrate. (A.EM.C. 1994)

The following compounds have been arranged in

order of their increasing thermal stabilities. Identify

the correct order :

K,CO5 (1), MgCO,4 (I1), CaCOy (111), BeCO; (I1V)

@I<N <M <IV (B)IV<I <Il<]

(@IV<I<I<Il @N<IV<Il<I

(LLT 1990)
Among KO,, AlO; , BaO, and NO7, unpaired
electron is present in

(a)NOS andBaO, (b)) KO and AlO;
(¢) KO, only {d) BaO, only.
(V0 L e g

Property of alkaline earth metals that increases with
their atomic number is

(a) ionization energy

() solubility of their hydroxides

(c) solubility of their sulphates

(d) electronegativity

Calcium is obtained by the

(@) Roasting of limestone

(b) Electrolysis of a solution of calcium chloride in
H,

(IL.LT 1997}

AN'S W E'R'S

1. d
1l e

10. d
20.6

9. a

8d
8.4 19.0

1k ¢
i b

13. b 14. ¢ 15. b 16. £
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25,

26.

27.

28.

29.

30.

31.

23. 4
3. b

(¢) Reduction of caicium chloride with carbon

(d)Electrolysis of molten anhydrous calcium
chloride, (C.B.S.E. PM.T. 1997)

For two ionic solids CaO and KI, identify the wrong
statement among the following ?

(a) Lattice energy of CaQ is much higher than that
of KI

{(b) K1 is solubte in benzene

(c) CaO has high m.p.

(@) K1 has high m.p. (C.B.S.E. BM.T: 1997)

The compounds of alkaline earth metzls have the

following magnetic nature

{a) Diamagnetic (b) Paramagnetic

(c) Ferromagnetic {(d) Antiferromagnetic
(M.EPMT 1995)

The stability of the following alkali metal chlorides

follows the order :

(a) LiCl > KCi > NaCl] > CsCl

{5) CsCl > KCl > NaCl > LiCl

{c) NaCl > KCI > LiCl > Cs(

(d) KCI > CsCl > NaCl > LICl (M. PPALT 1995)

Which of the following substances can be used for

drying gases ?

{a) Calcium carbonate  (b) Sodium carbonate

(¢) Sodium bicarbonate (d) Calcium oxide.

M ECLEE 1999)

Epsom salt is

(a) MgS0,.7 H,0O (b) CaSG,.H,O

(c) MgS0,.2H,0 (d) Ba80,.2 H,0.
(MPC.EE 1999)

Among the alkaline earth metals, the element

forming predominantly covalent compound is

{a) Barium {b) Strontium

(¢} Calcium (d) Beryllium.
(M.PC.E.E. 1999}

The solubility in water of sulphates down the Be
groupis: Be > Mg > Ca > Sr > Ba. This is due to

(a) Increase in melting point

() High ionization energy

(c) Higher coordination number

{d) All of these. (ALLM.S. 1999)

Which of the following is the correct order of
graduaily decreasing basic nature of the oxides 7

(a) AL, O3, MgO, CL,0,, SO,
(b) C407, SO,, ALOy, MgO

24.d 25. a 26. 4 27.4d
_34. d JSa 36. a 3'_7. a

32.

.

34,

3s.

36.

37.

38.

39,

28.a
8. a

(€) O3, C1,04, MgQ, ALO,
(4) MgO, ALQ;, SO, CL0,. (D.C.E. 1999)

Which one is used a8 an air purifier in space craft ?
{a1) Quick lime (b) Slaked lime
(¢) Potassium superoxide

(d) Anhydrous CaCl,. (D.C.E. 2000)
The active constituent of bleaching powder is

(2) Ca(OCl, (b) Ca(OChHCI

(c) Ca(C10,), {d) Ca(ClO,)Cl.

(A.EM.C. 2000)

Bleaching powder loses its power on keeping for a
long time because

(=) it changes into calcium hypochlorate

(b)it changes into calcium chioride and calcium
hydroxide

{c) it absorbs moisture

(d}it changes into calcium chloride and calcium
chlorate. (Karnatka C.IT 2000)

The correct order of increasing ionic character is
(2} BeCl, < MgCl, < CaCl, < BaCl,

(b) BeCl, < MgCl, < BaCl, < CaCl,
(c) BeCl, < BaCl, < MgCl, < CaCl,
(d) BaCl, < CaCl, < MgCl, < BeCl,
(A EM.C. 2000,
KO, (potassium superoxide) is used in oxygen
cylinders in space and submarines because it
() absorbs CO, and increases 0, content
() eliminates moisture
(c) absorbs CO,

{d) produces ozone (A.LE.E.E. 2002)
A metal M readily forms water soluble sulphate
MS0,, water insoluble hydroxide M(OH}), and
oxide MO which becomes inert on heating. The
hydroxide is soluble in NaOH. The metal M is

(a) Be (b) Mg
{c)Ca (d)Sr (ALEE.E. 2002)
Which of the following process is used in the extrac-

Live metallurgy of magnesium ?

(a) fused salt electrolysis

(b) self reduction

(c) aqueous solution electrolysis

{d) thermite reduction (LLT 2002}

Identify the correct order of acidic strengths of
CQ,, Cu0, Ca0, H,0

S W E'R'S

29. 4 30. ¢ . d 32. ¢
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40.

41.

42.

43.

() CaO < Cu0 < H,0'% €O,
(h) HO < Cu0 < Ca0'< CO,
{c) Ca0 < H,0 < Cull'< CO,
(d) H,0 < CO, < Ca0 < Cu0 LLT 200
The paramagnetic spe'f:ié:s' is
{(a) KO, (b) Si0,
() IO, (d) BaO,
(A.LLAM.S. 2003)

On dissolving moderate amount of sodium metal
in liguid NH, al low temperature, which one of the

following does not oceur 7
(a) Blue coloured solution is obtained

(b) Na™ ions are formed in the solution
{c) Liquid ammonia becomes good conductor of
electricity

() Liquid ammonia remains diamagnetic.

(A LLM.5 2003)
The substance not likely to contain CaCO, is
(a) dolomite (b) a marble statue
(c) calcined gypsum (d) sea shells

(ALE.E.E. 2003)
Solubilities of carbonatés decrease down the mag-
nesium group due to decrease in
(a) entropy of solution formation
(b) lattice energies of solids
(¢) hydration energy of cations
() inter-ionic attraction \.IL.E.E.E. 2003)
In curing cement plasters, water is sprinkled from
time to time. This helps in
(a) converting sand into silicic acid
{b) keeping it cool
(c) developing interlocking needle like crystals of

hydrated silicates

45,

47,

49.

51.

(d) hydrating sand and gravel mixed with cement
(A.LE.E.I.. 2003)

Mg and Li are similar in their properties due o

(@) same e/m ratio (b) same electron affinity

(c) same group (d) same ionic potential
(A FM.C. 2004)

. Photoelectric effect is maximum in

(a)Cs {b) Na
©K (@Li (AFM.C 2004)
Which of the following metal has stable carbonates ?
(a) Na (b)Mg
(c) Al ()Si (AEMC 2004)

A sodium salt of unknown anion when treated with
MgCl, gives white precipitate only on boiling. The
anion is

() SO%~ (b) HCO;3

(c) CO%™ (A)NO3  (LIT 2004)
Asolid compound X on heating gives CO, gas and
a residue. The residue mixed with water forms “Y".
On passing an excess of CO; through ‘Y’ in water,
a clear solution ‘2’ is obtained. On boiling ‘Z’,

compound ‘X’ is reformed. The compound ‘X’ is
{(a) Ca(HCOy), (b) CaCO,
(c) Na,COy (d) K;CO;

(C.B.S.E. PM.T 2004)
One mole of magnesium nitride on reaction with an
excess of water gives
() one mole of ammonia
(b) one mole of nitric acid
(c) two moles of ammonia
(d) two moles of nitric acid (ALE.E.F
Which of the following is not a Mg ore ?
() Gypsum (b) Magnesite
{c) Dolomite (d) Carnallite

(C.PM.T 2004)

pLiTiE 3]

HI_NT5/EXP_ILAN_/§_\TION5 to Multiple Choice Questions

LiCl being covalent has the lowest m.p.
Alkali metal oxides are most basic followed by
alkaline earth metal oxides while transition metal
oxides are least basic. Amongst alkali and alkaline
earth metal oxides, basicity increases down the
group. Thus, Cs, 0 is more basic than K,0 and SrQ
is more basic than MgO. Therefore, the overall
arder is NiO < MgO < StO < K,0 < Cs,0.
The solubility of bicarbonates of alkali metals in-
creases down the group. But alkaline earth metal
carbonates are insoluble in H,0.

41. d 42. ¢

4. a
50.¢

10.

13,

TR i
44. ¢

Bigger the size of the jons, larger is the distance (r)
between thelr centres and lower is the lattice energy

@192/ 7

Na* has +1 unit charge, Mg2* and Be? " have +2
unit charge while Mg®* and AP* have 43 unit
charge, therefore, hydration energy of APY and
Mg®t is expected to be higher than those of
Mg2* and Be? ¥, which in turn, are cxpected to be
higher than that of Na*. Further the hydration

i

45. d 46. a 47. a 48. b
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14.

21.

24,

26

30.

31.

A5;

energy of Be?t is higher than that of Mg?* due to
its smaller size. In other words, hydration energy of

Mgt is expected to be higher than that of Na™.
Ca0, CaCQ, and Ca(OH), are all bases and hence

niust dissolve in acetic acid to form calcium acetale.
Only calcium oxalate docs nol  dissolve in
CH;COOIL

Only KO, has an unpaired electron,
g () —O g

Due o lower lattice energy of K as compared (o that
of Ca0, the m.p. of KIis much lower than that of CaO.

The stability of a compound depends upon its en-
thalpy of formation, AH",. Evidently more negative
the value of AH®, mare stable is the compound.
{Reier 1o Table 12.3 on page 12/10). Thus, option
(d) is correct, i.e., KCI (—428) > CsCl (—424) >
NaC} (—400) > LiCl (—399). The values given in
parentheses are in kJ mol ™!

As the size increases, the extent of hydration, Le.,
coordination number decreases and hence the
solubility decreases accordingly.

MgO is basic, Al, O, is amphoteric SO, and CL O,
both are acidic but C1,0, is more acidic than SO,
Therefore, option (d) is cortect.

As the size of the cation increases, electronegativity
decreases and hence the electronegativily dif-
ference increases and hence ionic character in-
creases accordingly.

3e.

3
39,

45,

48.

49,

4 KO, + 200, — 2K,C0O, + 30,

Aithough KO, also reacts with moisture of the

breath but does not completely efiminate i,
4 KO, + 2H,0— 4 KOH + 3 0,

For further explanation, refer to page 12/14.

BeO being amphoteric dissolves in NaOH.

H,0 is a peutral oxide. Non-metallic oxides, (Le.
CO, ) are acidic white metallic oxides (Z.e. CaO and

CuO) are basic. However, oxides of alkaline earth
metals are more basic than oxides of transition
metals. Thus, Lhe overall acid strength decreases in
the order : Ca0 < Cu0 < H,0 < CO,.

Li* and Mg” ions have similar polarising power
Or ionic potential.

Bicarbonates on heating form insolubte carbonates
MgCl, + 2 NaHCO, — NaCil + Mp(HCO,),

fa
Mg(HCO;), ~—» MgCO;} + CO, + HyO

A
CaCO, —» CO, + Ca0
X)
€a0 + H,0 —s Ca(OH),
)
Ca(QH), + 2 CO, — Ca(HCO,),

(exc:ss) Z
Ca(HCO,), — CaCOs + CO, + H,0

2 X
Mg,H, + 3H,0 — 3 Mg(CH), + 2 NH,

S 0 01t Ol O T T
£ :
i £
; -
..:4 e S P
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"For All Competitive Examlnatlons

Assertlon Reason Type Questlons

The following questions consist of an ‘Assertion’ in column 1 and the ‘Reason’ in column 2. Use the following

key to choose the appropriate answer.

(a) If both assertion and reason are CORRECT, and reason is the CORRECT explanation of the assertion.
(b) If both assertion and reason are CORRECT, but reason is NOT the CORRECT explanation of the assertion.

{(¢) If assertion is CORRECT, but reason is INCORRECT.
(d) If assertion Is INCORRECT, but reason is CORRECT,



12/60

10..

11.

12,

1Ll
14.

5.

16.

18,

19,

Assertion (Column 1)
Magnesivm can be obtained by the glectrolysis of
agueous MgCl,.

Common salt becomes damp after some time on
keeping in air.
Magnesium keeps on burning in CO,.

Calcium and magnesium oxides are not reduced by
carbon.

Li* (aq) has larger ionic radius than that of

Na™ (ag).
Potassium can be obtained by the electrolysis of
fused KCl in molten CaCl,.

The alkali metals are strong reducing agents.

Potassium carbonate cannot be manufactured by a
prosess similar to the Solvay’s soda ammonia process.
Li resembles Mg.

Na,80, is soluble in water while BaSO, is insoluble.

The alkali metals can form ionic hydrides which
contain the hydride jon, H™.

Sodium ions are discharged in preference o
hydrogen ions at a mercury cathode.

Alkali metals impart colour to the flame.
Sulphur is estimated as BaSQ, and not as MgSO,.

LiClis predominantly covalent compound.

Al(OH), is amphoteric in nature.

Barium is not required for normal biological
function in human.
Barium carbonate is more soluble in HNO, than in

plain water.

Mg is pot present in enamel of human teeth.

Pradeep's New Course Chemistry Bl.Ll)

Reason (Column 2)
The reduction potential of Mg?* is far lower than that
of H™.
Common salt is NaCl which is hygroscopic in nature.

Magnesium reduces CO, to C.

Calcium and magnesium oxides react with carbon to
form their respective carbides.

Li* (ag) is relatively more extensively hydrated as com-
posed to Na™ (aq).

Metallic potassium s suluble in melt (molten CaCl,).
Thus, the cell for electrolysis gets short circuited.

They have only one electron to be lost from their valence
shells.

Potassium hydrogen carbonate is less soluble in water
than sodium bydrogen carbonate.

Li* has same size as Mg2* (A.LLM.S. 1997)
Lattice energy of barium sulphate exceeds its hydration
energy. (A.ILM.S. 1997)
The alkali metals have low electronegativity ; their
hydrides conduct electricity when fused and liberate
hydrogen at the ancde, (LLT 1995)
The nature of cathode can affect the order of discharge
of cations. (A.LLM.S. 1996)
Their ionizaton energies are low. (ALIMS. 1998)

The ionic radius of Mg?* is smaller than that of Ba*.
(LT 1998)
Electronegativity difference between Li and Cl is too
small. (1T 1998)
Al—0 and O—H bonds can be broken with equal ease
in AKOH)s. (LLT. 1998)

Barium does not show variable oxidation state.
{AJIM.S. 2003)

Carbonate is a weak base and reacts with the H* from

the strong acid causing the barium salt to dissociate.
(A.LIM.S. 2003)

Mgisan essential element for biologica! functions of human,
(AJIMS. 2004

True/False Statements

Which of the following statemenis are true and
which are false ?

Flements found in the combined state are often
present as oxides, carbonates, sulphides and silicates.

All alkali metal hydroxides are strong bases.
Sodium carbonate is catled soda ash.

Magnesium imparts pink colour to the flame.

5. Dead burnt plaster can be used as a desiccant.

6. Calcium is present in the bones of animals and
human beings as phosphates.

7. Mg and Ca form dipesitive ions due to their high
hydration energies.

8. Solvay-ammonia process js used for the manufac-
ture of caustic soda.
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Lithium resembles magnesiom  since  their
electronegativitics are almost the same.

Lithium burns in nitrogen to give lithivm nitride.
Beryllium is more electropasitive than magnesium.
Alkaline earth metals are better reducing agents
than alkali metals.

Beryllium resembles aluminium closely in its
properties though it belongs Lo a different group.

14, Magnesium is an essentjal

constituent of
chlorophyll, the green colouring matter of plants.

15. Sodium when burnt in excess of oxypen gives

sodium oxide. (LLT 1987)

16. Ir group 1 of alkali metals, the icnization potential

decreases down the group. Therefore, Lithium is a
powerful reducing agents.

Fill In The Blanks

Highly electropositive metals like alkali metals are
obtained bv .....

Magnesium burns in air tn give .. . and

Lithium resembles niore with......than with sodium.
Be(OH), is.... ...and thus dissolves in alkalies as weli
45 acids.

Lithium nitrate on heating gives........and........ .

Na,CO;y is........ in water but BaCO, is........ 3

In Solvay process, excess cf.......is passed through
sodivm chioride solution which has been previonsty
saturated with........ :

Sodium is obtained by the electrolysis of .... as well
as ... in their molten state.
During electrolytic extraction of Mg from MgCl,,

.. is added to lower the melting point of the
clectrolyte.

1

]

1

1

1

et
=

Q0.

1.
2.

3.

€.

Calcium oxide is commonly known ..... while cal-
cium hydroxide is called ... .

The........of Be is highest among Ihe alkali metals.

The alkali metal hydroxides are......and the basicity
of the hydroxide with increase in size of the
cation.

Among alkaline earth metals, .... salts impart red
colour while ..... salts do not impart any colour o
the flame.

Ca is extracted by the electrolysis of a fused mixture
Ofip=andpty

a*¥ has a smaller jonic radius than K because it
has ... (LLT. 1993)

On heating, Rb(ICl,) will decompose giving..........
and (LLT. 1997)

A solution of sodium in liguid ammonia at =33°C
conducts electricity. On cooling, the conductivity of
this solution........

Matching Type Questions

Match items given in Column A against those giver in Column B.

Column B

(a) Flame test

(b} 5-Block elements
{c) Fire extinguishers
(<) Reducing agents
(e) Electrolytic method
() An ore of sodium

Column A

1. Alkali metals are extracted by
2. Sodium chloride

3. Sodium bicarbonate is used in
4. Alkali metals are

5. Alkaline carth metals are

6. Magnesium does not ive
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ASSERTION-REASON TYPE QUESTIONS

1.(d) 2. (c) 3. (a) 4. (a) 5. (a) 6. (d) 7. (a) 8. (c) 9. () 10. (@) 11. (a) 12. (@) 13. (@) 14. (b) 15. (c) 16. ()
17. (b) 18. (a) 19. (b).

TRUE/FALSE STATEMENTS

1. True 2. True 3. True 4. False, does not impart any colour 5. False 6. True 7. True 8. False, washing soda
9, True 10. True 11. False, Mg is more electropositive than Be 12. False, alkali metals because of their
more electronegative standard electrode potentials are better reducing agents than alkaline earth metals.
13. True, diagonal relationship. 14. True 15, False, Na, O, 16. False, electrode potential of Li in the most

negative amongst the alkali metals and hence it is the strongest reducing agent.
FILL IN THE BLANKS

1. electrolytic reduction 2. MgO, Mg,N, 3. magnesium 4. amphoteric 5. NO,, Li,O and O, 6. soluble,
insoluble 7. carbon dioxide, ammonia 8. sodium chloride, sodium hydroxide 9. NaCl and CaCl,
10. quick lime, slaked lime 11. ionization energy or electronegativity. 12. strong bases, increases.
13. Ca?*, Mg?* 14. CaCl,, CaF, 15. higher effective nuclear charge 16. RbCl and ICI 17. increases.

MATCHING TYPE QUESTIONS
1. (¢) 2. (f) 3. (c) 4. (d) 5. (b) 6. ().

HINTS/EXPLANATIONS to Assertion-Reason Type Questions

1. Correct assertion . Mg can be obtained by the 8. Correct reason : KHCO, is more soluble in H,0
electrolysis of fused MgCl,. than NaHCO,.

2. Correct reason : NaCl_'co_ntains impur_ities of 14. Correct explanation. BaSO, is insoluble while
Mgty CaCh, Moy Lo = D o MgSO, is soluble.

hygroscopic. o . . i . f
6. Correct assertion : K cannot be obtained by the 1 GimclIGiol TRETHAE Ml N
SRS share rather than donating electrons.

electrolysis of fused KCI in molten CaCl,.



