s-BLOCK ELEMENT

OBJECTIVES

After studying this unit you will be able to :

Describe the general characteristics of the alkali metals and their compounds;
Explain the general characteristics of the alkaline earth metals and their compounds;

Describe the manufacture, properties and uses of industrially important sodium and calcium

compounds including Portland cement : y

Appreciate the biological significance of sodium, potassium, magnesium and calcium.

The s-block elements of the Periodic Table are those in which the last electron enters the outermost
s-orbital. As the s-orbital can accommodate only two electrons, two groups (1 & 2) belong to the
s-block of the Periodic Table. Group 1 of the Periodic Table consists of the elements: lithium,
sodium, potassium, rubidium, caesium and francium. They are collectively known as the alkali
metals. These are so called because they form hydroxides on reaction with water which are strongly
alkaline in nature. The elements of Group 2 include beryllium, magnesium, calcium, strontium,
barium and radium. These elements with the exception of beryllium are commonly known as the
alkaline earth metals. These are so called because their oxides and hydroxides are alkaline in nature
and these metal oxides are found in the earth’s crust™.

Among the alkali metals sodium and potassium are abundant and lithium, rubidium and caesium
have much lower abundances. Francium is highly radioactive; its longest-lived isotope 223Fr has a
half-life of only 21 minutes. Of the alkaline earth metals calcium and magnesium rank fifth and
sixth in abundance respectively in the earth’s crust. Strontium and barium have much lower
abundances. Beryllium is rare and radium is the rarest of all comprising only 10-10 per cent of

igneous rocks .

The general electronic configuration of s-block elements is [noble gas]ns1 for alkali metals and
[noble gas] ns? for alkaline earth metals.

The thin, rocky outer layer of the Earth is crust. T A type of rock formed from magma (molten
rock) that has cooled and hardened.

Lithium and beryllium, the first elements of Group 1 and Group 2 respectively exhibit some properties
which are different from those of the other members of the respective group. In these anomalous
properties they resemble the second element of the following group. Thus, lithium shows similarities
to magnesium and beryllium to aluminium in many of their properties. This type of diagonal similarity
is commonly referred to as diagonal relationship in the periodic table. The diagonal relationship is
due to the similarity in ionic sizes and /or charge/radius ratio of the elements. Monovalent sodium

and potassium ions and divalent magnesium and calcium ions are found in large proportions in
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biological fluids. These ions perform important biological functions such as maintenance of ion
balance and nerve impulse conduction.
10.1 GROUP 1 ELEMENTS : ALKALI METALS
The alkali metals show regular trends in their physical and chemical properties with the increasing
atomic number. The atomic, physical and chemical properties of alkali metals are discussed below.
10.1.1 Electronic Configuration
All the alkali metals have one valence electron, ns' outside the noble gas core. The loosely held
s-electron in the outermost valence shell of these elements makes them the most electropositive

metals. They readily lose electron to give monovalent M* ions. Hence they are never found in free
state in nature.

Element |Symbol |Electronic configuration
Lithium Li 1s%s!
Sodium Na 1s® 25.22p63s1
Potassium K 1522522p6f‘>sz3p64s1
Rubidium Rb  |15°25°2p°3s°3p°3d 45 ™4p°5s'
Caesium Cs  |1572572p°3s°3p°3d""4s74p’ 4d'’55°5p"6s' or [Xe] 65
Francium Fr [Rn]7s !
(10.1.2 Atomic and Tonic Radii A

Li<Na<K<Rb<Cs

Increase down the group, because value of n (principal quantum number) increases.
10.1.3 Ionization Enthalpy

Li>Na>K>Rb > Cs.

This is because the effect of increasing size outweighs the increasing nuclear charge, and the

L outermost electron is very well screened from the nuclear charge. )

10.1.4 Hydration Enthalpy
The hydration enthalpies of alkali metal ions decrease with increase in ionic sizes.
Li*> Na* > K* > Rb* > Cs*
Li* has maximum degree of hydration and for this reason lithium salts are mostly hydrated,
e.g., LiCl- 2H,0

10.1.5 Physical Properties
1) All the alkali metals are silvery white, soft and light metals.

(11) Because of the large size, these elements have low density which increases down the group
from Li to Cs. However, potassium is lighter than sodium.
Li <K <Na<Rb<Cs.

(i)  The melting and boiling points of the alkali metals are low indicating weak metallic bonding
due to the presence of only a single valence electron in them.

(iv)  The alkali metals and their salts impart characteristic colour to an oxidizing flame. This is
because the heat from the flame excites the outermost orbital electron to a higher energy
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level. When the excited electron comesback to the ground state, thereisemission of radiation
inthevisibleregion asgiven below :
Metal Li Na K Rb Cs
Colour | Crimsonred | Ydlow | Violet | Red violet Blue
Alnm 670.8 589.2 | 766.5 780.0 4555
(v) Alkali metals can therefore, be detected by the respectiveflame tests and can be determined by
flame photometry or atomic absorption spectroscopy .
(vi) Theseelementswhen irradiated with light, the light energy absorbed may be sufficient to make
an atomlose electron.
Table: Atomic and Physical Propertiesof the Alkali Metals
Property Lithi.um Sodium Potassium K Rubidium | Caesum | Francium
Li Na Rb Cs Fr

Atomic number 3 11 19 37 55 87
Atomic mass (g morl) 6.94 22.99 39.10 8547 132.91 (223)
Electronic configuration [He]2s™ | [Ne] 3s' | [Af] 4s' [Kr]5s' | [Xe 65 | [Rn]7s'
lonization enthal py/kJ mol ™ 520 496 419 403 376 ~375
Hydration enthalpy/kJ mol ™ -506 —406 -330 -310 —276 -
Metdlic radiugpm 152 186 227 248 265 -
lonic radius M*/pm 76 102 138 152 167 (180)
m.p/K 454 371 336 312 302 -
b.p/K 1615 1156 1032 961 944 -
Density / gcm™ 053 0.97 0.86 1.53 1.90 -
Stanard Potentias & /v for -3.04 —2.714 —2.925 —2.930 —2.927 -
(M*IM)
Occurrencein lithosphere 18* 227** 1.84** 78-12* 2-6* ~10718

*ppm (part per million), ** percentage by weight; T Lithosphere: The Earth’ souter layer: itscrust
and part of the upper mantle.

This property makes caesium and potassium useful as electrodesin photoel ectric cells.

10.1.6 Chemical Properties
Theakali metalsare highly reactivedueto their large size and low i onization enthalpy. Thereactivity
of these metal sincreases down the group.

() Reactivity towards air : The alkali metalstarnish in dry air due to the formation of their oxides
which in turn react with moisture to form hydroxides. They burn vigorously in oxygen forming
oxides. Lithium forms monoxide, sodium formsperoxide, the other metalsform superoxides. The
superoxide O,~ ion isstable only in the presence of large cations such asK, Rb, Cs.

4Li + O, — 2Li,0 (oxide)
2Na+ O, — Na,O, (peroxide)
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M + O, — MO, (superoxide)
(M=K, Rb, Cs)
In al these oxidesthe oxidation state of the alkai meta is+1. Lithium showsexceptional behaviour

in reacting directly with nitrogen of air to form the nitride, Li;N as well. Because of their high
reactivity towards air and water, alkali metalsarenormally kept in ker oseneoil.

Problem 10.1

What isthe oxidation state of K in KOZ?

Solution

(ii)

(iii)

(iv)

v)

Thesuperoxide speciesisrepresented as O, ; sincethe compound isneutral, therefore, the oxidation
state of potassumis+1.

Reactivity towardswater : Thealkali metalsreact with water to form hydroxide and dihydrogen.
2M +2H,0 - 2M* + 20H" + H,
(M =an alkali metal)

It may be noted that although lithium has most negative E° value, itsreaction with water is less
vigorous than that of sodium which hasthe least negative E® valueamong the alkali metals. This
behaviour of lithiumisattributed to its smal sze and very high hydration energy. Other metal s of
the group react explosively with water.
They also react with proton donors such as a cohol, gaseous ammonia and akynes.
Reactivity towards dihydrogen: The alkali metals react with dihydrogen at about 673K
(lithium at 1073K) to form hydrides. All the alkali metal hydridesareionic solidswith high melting
points.

2M + H, — 2M*H-
Reactivity towards halogens : The alkali metals readily react vigorously with halogens to form
ionic halides, M+X—. However, lithium halides are somewhat covalent. It is because of the high
polarisation capability of lithiumion (Thedistortion of electron cloud of the anion by thecationis
caled polarisation). TheLi+ ionisvery small in size and hashigh tendency to distort electron cloud

around the negative halideion. Since anion with large size can be easily distorted, among halides,
lithium iodideisthe most covalent in nature.

Reducing nature: Theakali metasare strong reducing agents, lithium being the most and sodium

the least powerful. The standard electrode potential (E® ) which measures the reducing power
representsthe overall change:

M(s) — M(g) sublimationenthal py

M(g) — M*(g) + € ionizationenthal py

M* (g) + H,O — M* (ag) hydrationenthal py
Withthesmall szeof itsion, lithium hasthe highest hydration enthal py which accountsfor itshigh
negative E® value and its high reducing power.

Problem 10.2
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The E® for CL,/CI” is +1.36, for I,/I" is + 0.53, for Ag* /Agis +0.79, Na*/Na is —2.71 and for
Li+/Liis — 3.04. Arrange the following ionic species in decreasing order of reducing strength :

I-, Ag, Cl7, Li, Na

Solution
The order is Li > Na > [-> Ag > Cl-

(vi)  Solutions in liquid ammonia : The alkali metals dissolve in liquid ammonia giving deep blue solutions
which are conducting in nature.
M+(x + y)NH; — [M(NH,), ]" + [e(NH,)y]"
The blue colour of the solution is due to the ammoniated electron which absorbs energy in the
visible region of light and thus imparts blue colour to the solution. The solutions are paramagnetic
and on standing slowly liberate hydrogen resulting in the formation of amide.

M(,,, +¢€ +NH;(1) — MNH2(am) + %2H,(g) (where ‘am’ denotes solution in ammonia.) In
concentrated solution, the blue colour changes to bronze colour and becomes diamagnetic.

( .. . . R
(vii)  Reaction with H,

They react with H, forming metal hydride with formula MH which are of ionic nature. Stability of
hydride decreases down the group.

(viii) Reaction with N,

Only Lithium reacts with N, to form ionic lithium nitride Li;N.
3
3Li+ ENZ — Li;N
(ix)  Sulphides

All metals react with S forming sulphides such as Na,S and Na,S_(n =2, 3, 4, 5 or 6). The
polysulphide ions are made from zig-zag chains of sulphur atoms.

/S\ /S\/S AN
S 5 s s S S s

(x)  Crown Ethers and Cryptands :

o /7
@( AN . < O @ONO@

e
. S

Cryptand - 222

3
C

Dibenzo-18-Crown-6
[Na (Cryptand 222)]* Na~ [Contains Na~ (sodide ion)]
[Cs*(Cryptand - 222)] [(Cyrptand-222)e7] [electride]
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10.1.7 Uses:

Lithium metal isused to makeuseful alloys, for examplewith lead to make‘white metal’ bearings
for motor engines, with aluminium to make aircraft parts, and with magnesium to make armour
plates. It isused in thermonucl ear reactions.

Lithiumisaso used to make electrochemica cells. Sodiumisused to make aNa/Pb aloy needed to
make PbEt, and PbMe,. These organolead compounds were earlier used asanti-knock additivesto
petrol, but nowadays vehicles use lead-free petrol. Liquid sodium metal isused asacoolant in fast
breeder nuclear reactors. Potassum hasavita roleinbiological syssems. Potassum chlorideisused
as afertilizer. Potassium hydroxide is used in the manufacture of soft soap. It isaso used asan
excellent absorbent of carbon dioxide. Caesum isused in devising photoel ectric cells.

10.2 GENERAL CHARACTERISTICSOF THE COMPOUNDS OF THE ALKALI METALS

All the common compounds of thealkali metalsare generaly ionicin nature. Genera characteristics
of some of their compounds are discussed here.

10.2.1 Oxidesand Hydroxides
On combustion in excess of air, lithium forms mainly the oxide, Li,O (plus some peroxideLi,0,),
sodium formsthe peroxide, Na,O, (and some oxide Na,O) whilst potassium, rubidium and caesium
form the superoxides, MO,. Under appropriate conditions pure compounds M,0, M, 0, and MO,
may be prepared. Theincreasing stability of the peroxide or superoxide, asthe Sze of the metal ion
increases, is due to the stabilisation of large anions by larger cationsthrough lattice energy effects.
Theseoxidesareeasily hydrolysed by water to form thehydroxidesaccording to thefollowing reactions:

M,O + H,0 — 2M™ + 20H~

M,0, + 2H,0 — 2M* + 20H™ + H,0,

2MO, + 2H,0 — 2M* + 20H + H,0, + O,
The oxides and the peroxides are col ourlesswhen pure, but the superoxides are yellow or orangein
colour. The superoxides are also paramagnetic. Sodium peroxide is widely used as an oxidising
agent ininorganic chemistry.

Problem 10.3
Why isKO, paramagnetic ?

Solution

(" The superoxide O, Is paramagnetic because of one upaired electron in *2p molecular orbital)

The hydroxideswhich are obtained by the reaction of the oxideswith water are al whitecrystalling

solids. The alkali metal hydroxides are the strongest of all bases and dissolve freely in water with
evolution of much heat on account of intense hydration.

Sodium Oxide (Na,0) :

Preparation :

() It isobtained by burning sodium a 180°Cin alimited supply of air or oxygen and distilling off the
excess of sodium in vacuum.

1 '
2Na+ 2 0, —2%% 5 Na,0
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ﬁi) By heating sodium peroxide, nitrate or nitrite with sodium.
Na,O, +2Na 2, 2Na,0
2NaNO; + 10Na —2 5 6Na,0 + N,
2NaNO, + 6Na —2 5 4Na,0 + N,

Properties:

() It iswhite amorphous mass.

(i) It decomposesat 400°C into sodium peroxide and sodium

(iii)

(i1)

(iii)

(iv)

2Na,0__4%0°C . Na,0, + 2Na
It dissolveviolently in water, yielding caustic soda.
Na,O + H,0 —— 2NaOH

Sodium Peroxides (Na,0,) :
Preparation: Itisformed by heating the metal in excessof air or oxygen at 300°, whichisfreefrom

moisture and CO,,
2Na+ O,—— Na,0,
Properties:
() Itisapaleyellow solid, becoming whitein air from theformation of afilm of NaOH and Na,CO,.

In cold water (~0°C) produces H,O, but at room temperature produces O,. In ice-cold mineral
acids a'so produces H,O,.

Na,0, + 2H,0 — > 2NaOH + H,0,
2Na,0, + 2H,0—>“— 4NaOH + O,

Na,O, + H,S0,— > Na,SO, + H,0,
It reacts with CO,), giving sodium carbonate and oxygen and hence its use for purifying air ina
confined spacee.g. submarine, ill-ventilated room,
2Na,0, + 2CO, — 2Na,CO, + O,
Itisan oxidising agent and oxidises charcoal, CO, NH,, SO,
3Na,0, + 2C —— 2Na,CO, + 2Na [deposition of metallic Na]
CO + Na,0, — Na,CO,
SO, + Na,O, — Na,SO,
2NH; + 3Na,O, — 6NaOH + N,
It contains peroxideion [-O-0-]2

For preparing H,O,, O,
Oxygenating theair in submarines
Oxidising agent in thelaboratory.

s-Block Element
N
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(i)

**

**

(i)
(iii)

Oxides of Potassum :

K,0, K,0,, K,O;, KO, and KO,
Colours: White White Red Bright Yellow Orange Solid
Preparation :

(White) (Yellow)

2KNO, + 10K g, 6K O + N,
KZO heating KZO

K,O + H,0 —> 2KOH

2K + 0O, % K,O, [Props: Similar with Na,O,]
air a °

Passage of O, through ablue solution of K inliquid NH, yields oxidesK,O, (white), K, O, (red)
and KO, (deep yellow) i.e

K inlig. NH, —22

K,0, K,0,— KO,
white red yellow

10.2.2

KO, reacts with H,O and produces H,O, and O, both
2KO, + 2H,0 —%€ 5 2KOH + H,0, + O,
KOj: KOH + O, (ozonised oxygen) ——10"to-15°C KO,
(Dry powdered) (orange solid)

Halides

Theakali metal haides, M X, (X=F,Cl,Br,l) areall high melting, colourlesscrystalline solids. They
can be prepared by the reaction of the appropriate oxide, hydroxide or carbonate with agueous
hydrohalic acid (HX). All of these halides have high negative enthal pies of formation; the A,H®

values for fluorides become less negative as we go down the group, whilst the reverse istrue for
A.H® for chlorides, bromides andiodides. For agiven metal A,H® alwaysbecomes|essnegative
fromfluoridetoiodide.
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10.2.3

10.3

10.3.1

—AH°/(kJ mol™)

700

600 ¢

500

400

300

-616

\<ﬁ74

—567 /

N

-558

—409

Cl

-411

-437

-435

-351

Br

-361

O

-334

-394

] —328
2288

-270

200

Li Na K Rb Cs

The standard enthalpies of formation of the
halides of Group 1 elements at 298 K

Saltsof Oxo-Acids

Oxo-acids are those in which the acidic proton ison a hydroxyl group with an oxo group attached
to the same atom e.g., carbonic acid, H,CO, (OC(OH).,; sulphuric acid, H,SO, (O,S(OH),). The
akali metalsform saltswith al the oxo-acids. They are generally soluble in water and thermally
sable.

Their carbonates (M,CO;) and in most cases the hydrogencarbonates (MHCO,) aso are
highly stableto heat. Astheelectropositive character increases down the group, the stability of the
carbonates and hydorgencarbonates increases. Lithium carbonateis not so stable to heat; lithium
being very small insize polarisesalarge COZ ionleadingto the formation of morestable Li, O and
CO,, Its hydrogencarbonate does not exist asasolid.

ANOMALOUS PROPERTIES OF LITHIUM

The anomalous behaviour of lithiumisdueto the: (i) exceptionally smal size of itsatom and ion,
and (i) high polarising power (i.e., charge/ radius ratio). As aresult, there isincreased covalent
character of lithium compoundswhich isrespongblefor their solubility inorganic solvents. Further,
lithium shows diagonal relationship to magnesium which has been discussed subsequently.

Pointsof Differencebetween Lithium and other Alkali Metals

(i)
(i)

Lithium ismuch harder. [tsm.p. and b.p. are higher than the other alkali metals.
Lithiumisleast reectivebut thestrongest reducing agent amongdl theakai metds. On combustion
inar itformsmainly monoxide, Li,O andthenitride, Li;N unlikeother alkali metals

(ili)  LiCl is deliquescent and crystallises as a hydrate, LiCl.2H,O whereas other alkali metal
chloridesdo not form hydrates.

(iv)  Lithium hydrogencarbonateisnot obtained in the solid form while all other elementsform
solid hydrogencarbonates.

(V) Lithium unlike other alkali metalsformsno ethynide on reaction with ethyne.

(vi)  Lithium nitrate when heated giveslithium oxide, Li,0, whereas other alkai metal nitrates
decomposeto givethe corresponding nitrite.
4LINO; — 2Li,0 +4NO, + O,
2NaNO; — 2NaNO, + O,

(vii)  LiF and Li,O are comparatively much less soluble in water than the corresponding
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compoundsof other alkali metals.

10.3.2 Pointsof Similaritiesbetween Lithium and Magnesium

104

The similarity between lithium and magnesium is particularly striking and arises because of their

similar sizes: atomicradii, Li = 152 pm, Mg =160 pm; ionic radii : Li* =76 pm, Mg?*=72pm. The

main pointsof smilarity are:

0] Bath lithium and magnesium are harder and lighter than other e ementsin the respective groups.

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

(iii)  Theoxides, Li,O and MgO do not combine with excess oxygen to give any superoxide.

(iv)  Thecarbonates of lithium and magnesium decompose easily on heating to form the oxides
and CO,,. Solid hydrogencarbonatesare not formed by lithium and magnesium.

(V) Both LiCl and MgCl,, are solublein ethanol.

(vi)  Both LiCl and MgCl, are deliquescent and crystallise from aqueous solution as hydrates,
LiCl-2H,0 and MgCl,,-8H,,0.

SOME IMPORTANT COMPOUNDS OF SODIUM

Indudtrially important compoundsof sodium include sodium carbonate, sodium hydroxide, sodium
chloride and sodium bicarbonate. The large scal e production of these compounds and their usesare
described below :

Sodium Carbonate (Washing Soda), Na,CO,-10H,0

Sodium carbonate isgenerally prepared by Solvay Process. In this process, advantage istaken of
the low solubility of sodium hydrogencarbonate whereby it gets precipitated in the reaction of
sodium chloride with ammonium hydrogencarbonate. The latter is prepared by passing CO, to a
concentrated solution of sodium chloride saturated with ammonia, where ammonium carbonate
followed by ammonium hydrogencarbonate are formed.

The equationsfor the compl ete process may be written as.
2NH; + H,0 + CO, — (NH,), CO,
(NH,), CO; + H,0 + CO, — 2NH,HCO,
NH,HCO, + NaCl — NH,Cl + NaHCO,
Sodium hydrogencarbonate crystal separates. These are heated to give sodium carbonate.
2NaHCO,; — Na,CO, + CO, + H,0O
In this process NH, is recovered when the solution containing NH,Cl is treated with Ca(OH),..
Calcium chlorideisobtained as aby-product.
2NH,Cl + Ca(OH), — 2NH, + CaCl,, + H,0
It may be mentioned herethat Solvay process cannot be extended to the manufacture of potassium
carbonate because potassum hydrogencarbonate i stoo solubleto be precipitated by the addition of
ammonium hydrogencarbonateto asaturated solution of potassium chloride.

Properties : Sodium carbonate is a white crystalline solid which exists as a decahydrate,
Na,CO,;-10H,0. Thisis dso called washing soda. It is readily soluble in water. On heating, the
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decahydrate losesitswater of crystallisation to form monohydrate. Above 373K, the monohydrate
becomes compl etely anhydrous and changes to awhite powder called soda ash.

Na,CO,.10H,0 —¥* Na,CcO,.H,0 + 9H,0
Na,CO,.H,0 —2* Na,cO, + H,0

Carbonate part of sodium carbonate gets hydrolysed by water to form an alkaline solution.
Cco? +H,0— HCO; + OH-

Uses: (i) It isused in water softening, laundering and cleaning.

(i) It isused in the manufacture of glass, soap, borax and caustic soda.

(i)  Itisusedin paper, paintsand textileindustries.

(iv)  Itisanimportant |aboratory reagent both in qualitative and quantitative analyss.

Note: K,CO, cannot be prepared by Solvey process because KHCO; is soluble in water and cannot be
separated formNH ,Cl.

Sodium Chloride, NaCl
The most abundant source of sodium chlorideis seawater which contains 2.7 to 2.9% by mass of
the salt. In tropical countries like India, common salt is generally obtained by evaporation of sea

Crude sodium chloride, generally obtained by crystalisation of brine solution, contains sodiu

sul phate, cal cium sulphate, calcium chloride and magnesium chlorideasimpurities. Calcium chloride

easily from the atmosphere).
To obtain pure sodium chloride, the crude sat is dissol ved in minimum amount of water and filtered
to removeinsolubleimpurities. The solution isthen saturated with hydrogen chloride gas. Crystals
of pure sodium chloride separate out. Calcium and magnesium chloride, being more soluble than
sodium chloride, remain in solution.
Sodium chloride melts at 1081K. It has a solubility of 36.0 g in 100 g of water at 273 K. The
solubility doesnot increase appreciably with increasein temperature.

Uses:
0] It isused asacommon salt or table salt for domestic purpose.
(i) It is used for the preparation of Na,0O,, NaOH and Na,CO,.
(@ii) It isusedto prepare freezing mixture in laboratory [Ice-common salt mixtureis called

freezing mixture and temperature goes down to —23°C.]

(iv)  For melting ice and snow on road.
Sodium Hydroxide (Caustic Soda), NaOH

Sodium hydroxide is generally prepared commercially by the electrolysis of sodium chloride in
Castner-Kellner cell. A brine solution is electrolysed using a mercury cathode and acarbon anode.
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Sodium metal discharged at the cathode combineswith mercury to form sodium amalgam. Chlorine

gasisevolved at the anode. (The anodes are now made of steel coated with titanium. Titaniumis
very resistanceto corrosion)

Anode coated
with titanium

Brine in .
+  Chlorine out

1 1
T | Hydrcigen out
t N | Wat
| ater
Mercury)| Mercu/ry e — T in
Cathode B ) I: Caustic
graphite —soda
Mercury \ /_ out
— 51
IPumpI

Mercury

Cathode: Na* + & —19— Na— amalgam

1
Anode: CIm— ECIZ +e

The amalgam is treated with water to give sodium hydroxide and hydrogen gas.
2Na-amalgam + 2H,0 — 2NaOH + 2Hg + H,,

Sodium hydroxideisawhite, translucent solid. It meltsat 591 K. It isreadily solublein water to give

astrong akaline solution. Crystals of sodium hydroxide are deliquescent. The sodium hydroxide

solution at the surface reacts with the CO, in the atmosphere to form Na,CO,,.

Uses: Itisusedin
M The man o
\"/ - - - ST i i tut

() In petroleum refining,

(@ii)  Inthepurification of bauxite,

(iv)  Inthetextileindustriesfor mercerising cotton fabrics, (v) for the preparation of purefatsang
oils, and

(vi)  Asalaboratory reagent.

Sodium Hydrogencarbonate (Baking Soda), NaHCO,

Sodium hydrogencarbonate isknown as baking sodabecause it decomposes on heating to generate
bubbles of carbon dioxide (leaving holesin cakes or pastriesand making them light and fluffy).

Sodium hydrogencarbonateismade by saturating asolution of sodium carbonatewith carbon dioxide.
Thewhite crystalline powder of sodium hydrogencarbonate, being lesssoluble, gets separated out

Na,CO, + H,0 + CO, — 2NaHCO,

J
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Sodium hydrogencarbonateisamild antiseptic for skininfections. It isused in fireextinguishers.

Potassium carbonate, K ,CO,
It isalso called potash or pearl ash. It cannot be made by the use of solvay process as potassum
bicarbonate is more solubl e than sodium bicarbonate. However, it can be prepared by L e-Blanc
process. KCl isfirst converted into K ,SO,,. Potassium sulphate (K ,SO,) isthen heated with CaCo,
and carbon.

KCl + H,S0,— KHSO, + HCI

KHSO, + KCl — K,SO, + HCl

K,SO, + CaCO, + 2C—— K,CO, + CaS + 2CO,,
It isawhite powder , deliquescent in nature. It ishighly solublein water.

Uses: It isused in the manufacture of hard glass. The mixture of K,CO;and Na,CO;isused a
fusion mixtureinlaboratory.

105 BIOLOGICAL IMPORTANCE OF SODIUM AND POTASSIUM

A typical 70 kg man contains about 90 g of Naand 170 g of K compared with only 5 g of iron and

0.06 g of copper. Sodium ions are found primarily on the outside of cells, being located in blood
plasmaandintheinterstitial fluid which surroundsthe cells. Theseions participatein the transmission
of nerve sgnals, in regulating the flow of water across cell membranes and in thetransport of sugars
and amino acidsinto cells. Sodium and potassum, athough so smilar chemicaly, differ quantitatively

intheir ability to penetrate cell membranes, in their transport mechanismsand intheir efficiency to
activate enzymes.

Thus, potassium ions are the most abundant cations within cell fluids, where they activate many
enzymes, participate in the oxidation of glucoseto produce ATP and, with sodium, areresponsible
for thetransmission of nerve signals.

Thereisavery consderable variation in the concentration of sodium and potassum ions
found on the opposite sidesof cell membranes. Asatypica example, in blood plasma, sodiumis
present to theextent of 143 mmolL 1, whereasthe potassium level isonly 5 mmol L1 within thered
blood cdlls. These concentrationschangeto 10 mmol L (Na*) and 105 mmolL 1 (K*). Theseionic
gradients demondtrate that adiscriminatory mechanism, called the sodi um-potass um pump, operates
across the cell membranes which consumes more than one-third of the ATP used by a resting
animal and about 15 kg per 24 hin aresting human.

10.6 GROUP 2 ELEMENTS: ALKALINE EARTH METALS
The group 2 elements comprise beryllium, magnesium, calcium, strontium, barium and radium.
They follow alkali metalsin the periodic table. These (except beryllium) are known as alkaline
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earth metals. Thefirst element beryllium differsfrom the rest of the members and shows diagonal

relationship to aluminium. The atomic and physical propertiesof thea kaline earth metalsare shown

inTable.
10.6.1 Electronic Configuration

These elements have two electrons in the s-orbital of the valence shell. Their general electronic

configuration may be represented as [noble gas] ns?. Like alkali metals, the compounds of these

elements are also predominantly ionic.

Element Symbol Electr onic configuration
Beryllium Be |1s2¢

M agnesium Mg |1 2s2p°3s?

Calcium Ca |125°2p°33p’ 47

Strontium St |15°252p°353p° 3d 45 4p°5s”

Barium Ba [15252p°3573p°3d" s’ 4p® 4d"5s°5p°6s” or [X €] 65
Radium Ra [|[Rn]7s?

10.6.2 Atomic and lonic Radii

Theatomic and ionic radii of the alkaline earth metalsare smaller than those of the
Table: Atomic and Physical Propertiesof the AlkalineEarth Metals

Property Beryllium |[Magnesium| Calcium [ Strontium | Barium | Radium
Be mg Ca Sr Ba Ra
Atomic number 4 12 20 38 56 88
ATomic mass (g mol 1) 901 2431 70708 8762 373322603\
Electronic configuration [He]2s® | [Ne] 3s° | [Ar] 4s® | [Kr] 5s° | [Xe] 65° | [Rn] 7§
lonization enthalpy (1)/kJ mol™ 899 737 590 549 503 509
lonization enthyalpy(11) kdmol™| 1757 1450 1145 1064 965 979
Hydration enthalpy/kJ mol™ —2494 -1921 -1577 —1443 —1305 -
Metallic radius/pm 111 160 197 215 222 -
lonic radius M */pm 31 72 100 118 135 148
m.p./K 1560 924 1124 1062 1002 973
b.p/K 2745 1363 1767 .1655 2078 | (1973)
Density / g cm™ 1.84 1.74 1.55 2.63 3.59 (5.5)
Standard Potentials E /V for
(M*2M) -1.97 —-2.36 -2.84 -2.89 —-2.92 —-2.92
bccurrence In lithosphere 2% 2./6™% 4.6%* 384* 390* 107

*ppm (part per million); ** percentage by weight :
Corresponding akai metal sinthe same periods. Thisisdueto theincreased nuclear chargein these
elements. Withinthe group, theatomic and ionic radii increase with increasein atomic number.
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10.6.3 lonization Enthalpies
| onization Enthalpy
Be>Mg>Ca> S >Ba
Down the group | E decreases dueto increasein size

Q. IE, of AM < IE, of AEM
IE, of AM > I|E,of AEM
[where AM = Alkali metal, AEM = Alkaline earth metal]

Reason : |IE, of AEM islarge duetoincreased nuclear chargein AEM ascomparedto AM but IE,
of AM islarge because second electron in AM isto be removed from cation which has

already acquired noble gas configuration.

10.6.4 Hydration Enthalpies
Likedkali metal ions, the hydration enthal pies of alkaine earth metal ions decreasewithincreasein
ionic size down the group.
Be?™> Mg?* > Ca?t > Sr2* > Ba?*
Thehydration enthalpiesof akaine earth metal ionsarelarger than those of dkali metd ions. Thus,
compounds of akaline earth metals are more extensively hydrated than those of alkali metals,
e.g., MgCl,, and CaCl,, exist as MgCl,,.6H,0 and CaCl,,- 6H,0 while NaCl and KCI do not form
such hydrates.

10.6.5 Physical Properties

) Theakaline earth metals, in genera, aresilvery white, lustrousand rel atively soft but harder
than theakai metals. Beryllium and magnes um appear to be somewhat greyish.

() The melting and boiling points of these metals are higher than the corresponding alkali
metalsdueto smaller sizes. Thetrend is, however, not systematic.

(i)  Because of the low ionisation enthalpies, they are strongly electropositive in nature. The
electropositive character increases down the group from Beto Ba.

( (lv)  Cacium, strontium and barium impart characteristic brick red, crimson and apple greei
coloursrespectively to theflame. In flamethe electrons are excited to higher energy levels
and when they drop back to the ground state, energy isemitted in the form of visiblelight
The electronsin beryllium and magnesium are too strongly bound to get excited by flame
Hence, these elements do not impart any colour to the flame. The flametest for Ca, Sr ang
Baishelpful intheir detectionin quditative analysis and estimation by flame photometry.

(V) The alkaline earth metals like those of alkali metals have high electrical and thermal
conductivitieswhich aretypical characteristicsof metals.

10.6.6 Chemical Properties
The akaline earth metals are less reactive than the dkali metals. The reactivity of these elementg
increases on going down the group.
. J
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(i)

(ii)

Note:

(iii)

(iv)

v)

(M)

Reactivity towards air : Beryllium and magnesium are kinetically inert to oxygen and water
because of the formation of an oxide film on their surface. However, powdered beryllium burns
brilliantly onignitioninair to give BeO and Be;N,,. Magnesiumis more electropositive and burns
with dazzling brilliancein air to give MgO and Mg;N,,. Calcium, strontium and barium are readily
attacked by air to form the oxide and nitride.

Reactivity towardswater.
Reaction with H,O : AEM have |esser tendency to react with water as compared to AM. They
form hydroxides and liberate H,, on reaction with H,O
M +2H,0 —2— M(OH),*+ H,
Beisinert towardswater.
Magnesium react as
Mg + 2H,0 — Mg(OH), + H,
or Mg + H,0 — MgO + H,O
MgO forms protective layer, that is why it does not react readily unless layer is removed
amalgamating with Hg. Other metalsreact quitereadily (Ca, Sr, Ba).

Be(OH), isamphoteric but other hydroxidesare basicin nature.

Reactivity towards the halogens : All the akaline earth metals combine with halogen at elevated
temperaturesforming their halides.

M + X, — MX, (X =F, Cl, Br, I)
Thermal decomposition of (NH,),BeF, isthe best route for the preparation of BeF,, and BeCl,, is
conveniently madefrom the oxide.

BeO + C + Cl, —=220 BeCl, + CO
Reactivity towards hydrogen : All the eements except beryllium combine with hydrogen upon
heating to form their hydrides, MH,.. BeH,, however, can be prepared by the reaction of BeCl,
with LiAIH,,.

2BeCl,, + LiAIH, — 2BeH, + LiCl + AIC,
Reactivity towards acids: AEM react with acids & liberate H,,

Mg + 2HCl — MgCI, + H,
Beisamphoteric asit also react with NaOH, other metals do not react asthey are purely basic.
Be+ 2NaOH — Be(OH), s NaOH_, [Be(OH),]2-
Reducing nature: Like alkali metas, the alkaline earth metals are strong reducing agents. Thisis
indicated by large negative values of their reduction potentials. However their reducing power is
lessthan those of their corresponding alkali metals. Beryllium has less negative val ue compared to

other alkaline earth metals. However, itsreducing nature isdueto large hydration energy associated
with the small size of Be2* ion and rel atively large val ue of the atomi zation enthal py of the metal.
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(vii)

10.6.7

10.7

Solutionsin liqguidammonia: Likeakali metas, the akaline earth metalsdissolvein liquid ammonia
to givedeep blue black solutionsforming ammoniated ions.

M + (x +y) NHy— [M(NH,),]?* + 2[e(NH,), ]~ (except : Beand M)
From these sol utions, the ammoniates, [M(NH,) ] 2+ can be recovered.

Uses:

Be: Berylliumisusedinthemanufacture of aloys. Copper-berylliumalloysare usedinthepreparation
of high strength springs. Metallic beryllium isused for making windowsof X-ray tubes.

Mg : Magnesum forms alloyswith aluminium, zinc, manganese and tin. Magnesium-aluminium
aloysbeng light in massare usedin air-craft construction. Magnesium (powder and ribbon) is
used in flash powders and bulbs, incendiary bombs and signals. A suspension of magnesium
hydroxidein water (called milk of magnesa) isused asantacid in medicine. Magnesium carbonate
isaningredient of toothpaste.

Ca: Cacium isused in the extraction of metals from oxides which are difficult to reduce with
carbon. Calcium and barium metals, owing to their reactivity with oxygen and nitrogen at
elevated temperatures, have often been used to remove air from vacuum tubes.

Ra: Radium saltsare used in radiotherapy, for example, inthe treatment of cancer.

GENERAL CHARACTERISTICS OF COMPOUNDS OF THE ALKALINE EARTH
METALS

The dipositive oxidation state (M2*) isthe predominant valence of Group 2 elements. The alkaline
earth metalsform compounds which are predominantly ionic but lessionic than the corresponding
compounds of alkali metals. Thisis dueto increased nuclear charge and smaller size. The oxides
and other compounds of beryllium and magnesium are more covalent than those formed by the
heavier andlarge sized members(Ca, Sr, Ba). Thegeneral characteristicsof some of the compounds
of alkali earth metalsare described below.

Oxidesand Hydroxides:

The alkaline earth metal s burn in oxygen to form the monoxide, MO which, except for BeO, have
rock-salt structure. The BeO isessentially covalent in nature. The enthal pies of formation of these
oxides are quite high and consequently they are very stableto heat. BeO isamphoteric while oxides
of other elementsareionicin nature. All these oxidesexcept BeO are basicin nature and react with
water to form sparingly soluble hydroxides.

MO + H,0 — M(OH),
Thesolubility, thermal stability and the bas ¢ character of these hydroxidesincreasewith increasing

atomic number from Mg(OH),, to Ba(OH),.. Thealkaline earth metal hydroxidesare, however, less
basic and less stable than alkali meta hydroxides. Beryllium hydroxideisamphoteric in natureasit
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(i)

(iii)

reactswith acid and alkali both.
Be(OH), + 20H~ — [Be(OH),]*
Beryllateion
Be(OH), + 2HCI — 2H,0 + BeCl,
Halides:

Except for beryllium hadides, dl other haidesof alkaline earth metalsareionicinnature. Beryllium
halides are essentially covalent and soluble in organic solvents. Beryllium chloride has a chain
structure in the solid state as shown below:

CI\ /CI\B CI\
- <C|/ > >

In the vapour phase BeCl, tendsto form a chloro-bridged dimer which dissociatesinto the linear
monomer at high temperatures of the order of 1200 K. Thetendency to form halide hydratesgradually
decreases (for example, MgCl,,-8H,0, CaCl,,-6H.,0, SrCl,,-6H,0 and BaCl,,-2H,,0) downthe group.
The dehydration of hydrated chlorides, bromides and iodides of Ca, Sr and Bacan be achieved on
heating; however, the corresponding hydrated halides of Be and Mg on heating suffer hydrolysis.
Thefluoridesarerelatively less soluble than the chloridesowing to their high lattice energies.

Saltsof Oxoacids: The alkaline earth metals also form salts of oxoacids. Some of these are:

Carbonates: Carbonates of alkaline earth metalsareinsoluble in water and can be precipitated by
addition of asodium or ammonium carbonate sol ution to asolution of asoluble sat of these metals.
Thesolubility of carbonatesin water decreasesasthe atomic number of the metal ionincreases. All
the carbonates decompose on heating to give carbon dioxide and the oxide. Beryllium carbonateis
unstable and can bekept only inthe atmosphere of CO,,. Thetherma stability increaseswithincreasing
cationic gze.

Sulphates: The sulphatesof the akaline earth meta sare all white solids and stableto heat. BeSO,,
and MgSO,, arereadily soluble inwater; the solubility decreasesfrom CaSO, to BaSO,. The greater
hydration enthal pies of Be?* and Mg2* ionsovercomethe | attice enthal py factor and thereforetheir
sulphates are solublein water.

Nitrates: The nitrates are made by dissolution of the carbonatesin dilute nitric acid. Magnesium
nitrate crystalliseswith six molecul es of water, whereasbarium nitrate crysta lises asthe anhydrous
salt. Thisagain shows a decreasing tendency to form hydrateswith increasing size and decreasing
hydration enthal py. All of them decompose on heating to give the oxidelike lithium nitrate.

2M (NO,), — 2MO + 4NO, + O,
(M + Be, Mg, Ca, Sr, Ba)

Problem 10.4
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Why doesthe solubility of alkaline earth metal hydroxidesin water increase down the group?
Solution

Among alkaine earth metal hydroxides, the anion being common the cationic radiuswill influence
the lattice enthal py. Since lattice enthal py decreases much more than the hydration enthal py with
increasing ionic size, the solubility increases as we go down the group.

Problem 10.5

Why doesthe solubility of akalineearth metal carbonates and sulphatesin water decrease down the
group?

Solution

The size of anions being much larger compared to cations, the lattice enthalpy will remain almost
constant within aparticular group. Sincethe hydration enthal pies decrease down the group, solubility
will decrease asfound for alkaline earth metal carbonates and sul phates.

10.8 ANOMALOUS BEHAVIOUR OF BERYLLIUM

Beryllium, the first member of the Group 2 metals, shows anomal ous behaviour as compared to
magnes um and rest of the members. Further, it showsdiagonal relationship toaluminiumwhichis
discussed subsequently.

0] Beryllium has exceptionally small atomic and ionic sizes and thus does not compare well
with other members of the group. Because of high ionisation enthalpy and small size it
forms compoundswhich arelargely covalent and get easily hydrolysed.

(i) Beryllium does not exhibit coordination number morethan four asinitsvaenceshell there
areonly four orbitals. The remaining membersof thegroup can have acoordination number
of six by making use of d-orbitals.

(@ii)  Theoxideand hydroxide of beryllium, unlikethe hydroxidesof other e ementsin the group,
areamphotericin nature.

10.8.1 Diagonal Relationship between Beryllium and Aluminium

Theionic radius of Be?* isestimated to be 31 pm; the charge/radiusratio isnearly the sameasthat

of the AI3* ion. Hence beryllium resembles aluminium in some ways. Some of the similaritiesare:

0] Like aluminium, beryllium isnot readily attacked by acids because of the presence of an
oxidefilm on the surface of the metal.

(i) Beryllium hydroxide dissolvesin excessof akali to giveaberyllateion, [Be(OH)4]2_j ust as
aluminium hydroxide givesaluminateion, [AI(OH),] .

(i)  Thechloridesof both beryllium and aluminium have Cl bridged chloride structurein vapour
phase. Both the chlorides are solublein organic solvents and are strong Lewis acids. They
are used asFriedel Craft catalysts.
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Uses:

Uses:

(iv)  Berylliumand auminiumions have strong tendency to form complexes, BeF.,AIF."
SOME IMPORTANT COMPOUNDS OF CALCIUM

Important compoundsof calcium are cal cium oxide, calcium hydroxide, ca cium sulphate, calcium
carbonate and cement. These areindustrially important compounds. The large scal e preparation of
these compounds and their uses are described below.

Calcium Oxide or Quick Lime, CaO

It isprepared on acommercial scale by heating limestone (CaCO,) inarotary kilnat 1070-1270K.

CaCO, === Ca0 + CO,
The carbon dioxideisremoved assoon asit isproduced to enabl e the reaction to proceed to compl etion.
Calcium oxide is a white amorphous solid. It has a melting point of 2870 K. On exposure to
atmosphere, it absorbsmoisture and carbon dioxide.

Ca0 + H,O — Ca(OH),

Ca0 + CO, — CaCO,
The addition of limited amount of water breaks the lump of lime. This processiscalled slaking of
lime. Quick lime slaked with soda gives solid sodalime. Being a basic oxide, it combines with
acidic oxidesat high temperature.

Ca0 + S0, — CaSiO,

6Ca0 + P,0O,, — 2Ca,4(PO,),
) It isanimportant primary material for manufacturing cement and i s the cheapest form of
akali.
() It isused in the manufacture of sodium carbonate from caustic soda.
(i)  Itisemployedinthe purification of sugar and in the manufacture of dye stuffs.
Calcium Hydroxide (Slaked lime), Ca(OH),,
Calcium hydroxideis prepared by adding water to quick lime, CaO.
It isawhite amorphous powder. It is sparingly solublein water. The aqueous solution isknown as
lime water and a suspension of slaked lime in water is known as milk of lime.

When carbon dioxide is passed through lime water it turns milky due to the formation of calcium
carbonate.

Ca(OH), + CO, — CaCO, + H,0

On passing excess of carbon dioxide, the precipitate dissolvesto form cal cium hydrogencarbonate.
CaCO, + CO, + H,0 — Ca(HCO,),

Milk of limereactswith chlorineto form hypochlorite, acongtituent of bleaching powder.
2Ca(OH),, + 2Cl,, — CaCl,, + Ca(OCl), + 2H,0

@) Itisusedin the preparation of mortar, abuilding material.

(i) Itisused in white wash dueto its disinfectant nature.
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(i) Itisusedinglassmaking, intanning industry, for the preparation of bleaching powder and
for purification of sugar.
Calcium Carbonate, CaCO,
Calcium carbonate occurs in nature in several forms like limestone, chalk, marble etc. It can be
prepared by passing carbon dioxide through slaked lime or by the addition of sodium carbonateto
calciumchloride.
Ca(OH), + CO, — CaCO, + H,0
CaCl, + Na,CO; — CaCO, + 2NaCl
Excess of carbon dioxide should be avoided since this leads to the formation of water soluble
calcium hydrogencarbonate.
Cdcium carbonateisawhitefluffy powder. It isalmost insolublein water. When heated to 1200 K,
it decomposesto evolve carbon dioxide.
caco, —2*> ca0 + CO,
It reactswith dilute acid to liberate carbon dioxide.
CaCO, + 2HCI — CaCl, + H,0 + CO,
CaCO,; + H,S0O, — CasO, + H,0 + CO,

Uses: Itisused asabuildingmateria in theform of marble and inthe manufacture of quick lime. Calcium
carbonate a ong with magnesium carbonate isused asaflux inthe extraction of metalssuch asiron.
Specially precipitated CaCO, is extensively used inthe manufacture of high quality paper. Itisalso
used asanantacid, mild abrasiveintooth paste, aconstituent of chewing gum, and afiller in cosmetics.
Calcium Sulphate (Plaster of Paris), CaSO,-%2H,0
Itisahemihydrateof calciumsulphate. Itis obtained when gypsum, CaSO,-2H.0, is heated to 393 K.

2(Cas0,.2H,0) — 2(Cas0,).H,0 + 3H,0
Above 393 K, nowater of crystallisation isleft and anhydrous calcium sulphate, CaSO,, isformed.
Thisisknown as‘ dead burnt plaster’.
It hasaremarkable property of setting with water. On mixing with an adequate quantity of water it
formsaplastic massthat getsinto ahard solid in 5 to 15 minutes.

Uses: Thelargest useof Plagter of Parisisinthebuildingindusgtry aswell asplagers. Itisused for immoblisng

the affected part of organ wherethereisabonefracture or sprain. It isalso employed indentistry, in
ornamental work and for making casts of statuesand busts.
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Cement: Cement isan important building material. It wasfirst introduced in England in 1824 by
Joseph Aspdin. Itisalso called 'Portland cement' becauseit resembleswith the natura limestone
quarried in the Isleof Portland, England.

Cement isaproduct obtained by combiningamaterial richin lime, CaO with other materid such as
clay which contains silica, SiO,, along with the oxides of aluminium, iron and magnesium. The
average composition of Portland cement is:

Ca0, 50-60%; S0, 20-25%; Al,O,, 5-10%; MgO, 2-3%; Fe,0,, 1-2% and SO,, 1-2%. For a
good quality cement, theratio of silica(SiO,) to alumina(Al,O,) should be between 2.5 and 4 and
the ratio of lime (CaO) to the total of the oxides of silicon (S10,) aluminium (Al,O,) and iron
(Fe,O5) should be asclose as possibleto 2.

The raw materials for the manufacture of cement are limestone and clay. When clay and lime are
strongly heated together they fuse and react to form ‘ cement clinker’. This clinker is mixed with
2-3% by weight of gypsum (CaSO,-2H,,0) to form cement. Thusimportant ingredients present in
Portland cement are dicalcium silicate (Ca,SI0O,) 26%, tricalcium silicate (Ca;SIO;) 51% and
tricalcium auminate (Ca;Al,,Op) 11%.

Setting of Cement : When mixed with water, the setting of cement takes placeto give ahard mass.
Thisisdueto the hydration of the molecules of the constituentsand their rearrangement. The purpose
of adding gypsumisonly to dow down the process of setting of the cement so that it gets sufficiently
hardened.

Cement has become acommodity of national necessity for any country next toiron and steel. Itis
used in concrete and reinforced concrete, in plastering and in the construction of bridges, damsand
buildings.

BIOLOGICAL IMPORTANCE OF MAGNESIUM AND CALCIUM

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

0.06 g of copper. Thedaily requirement in the human body has been estimated to be 200 - 300 mg.
All enzymesthat utilise ATP in phosphate transfer require magnesium as the cofactor. The main
pigment for the absorption of light in plantsis chlorophyll which contains magnesium. About 99 %
of body calciumispresent in bonesand teeth. It aso playsimportant rolesin neuromuscular function,
interneuronal transmission, cell membraneintegrity and blood coagul ation. The calcium concentration
in plasma is regulated at about 100 mgL L. It is maintained by two hormones: calcitonin and
parathyroid hormone. Do you know that bone is not an inert and unchanging substance but is
continuously being solubilised and redeposited to the extent of 400 mg per day in man? All this
calcium passesthrough the plasma.

Summary : The s-Block of the periodic table constitutes Groupl (alkali metals) and Group 2
(akaineearthmetds). They are so caled becausetheir oxidesand hydroxidesaredkainein nature.
Thedkali metd sare characterised by one s-electron and the alkaline earth meta s by two s-electrons
inthe valence shell of their atoms. These are highly reactive meta sforming monopositive (M *) and
dipositve (M 2*) ionsrespectively.
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Thereisaregular trend in the physical and chemical properties of the alkali metal with increasing
atomic numbers. The atomic and ionic sizes increase and the ionization enthalpies decrease
systematically down the group.

Somewhat similar trends are observed among the properties of the alkaline earth metals.
The first element in each of these groups, lithium in Group 1 and beryllium in Group 2 shows
similaritiesin propertiesto the second member of the next group. Such smilaritiesaretermed asthe
‘diagonal relationship’ intheperiodictable.
Assuch these elementsare anomal ous asfar astheir group characteristics are concerned.

Thealkali metalsare silvery white, soft and low melting. They are highly reactive. The compounds
of alkali metasare predominantly ionic. Their oxidesand hydroxidesare solublein water forming
strong alkalies. Important compounds of sodium includes sodium carbonate, sodium chloride, sodium
hydroxide and sodium hydrogencarbonate. Sodium hydroxideismanufactured by Castner-K ellner
process and sodium carbonate by Solvay process.

The chemistry of alkaline earth metalsisvery much likethat of the alkai metals. However,
some differences arise because of reduced atomic and ionic sizesand increased cationic chargesin
caseof alkaline earth metas. Their oxidesand hydroxidesareless basic than theakali metal oxides
and hydroxides. Industrially important compounds of calcium include calcium oxide (lime), calcium
hydroxide (slaked lime), calcium sulphate (Plaster of Paris), calcium carbonate (limestone) and
cement. Portland cement isanimportant constructional materia.

It ismanufactured by heating apulverised mixture of limestoneand clay inarotary kiln. Theclinker
thus obtained is mixed with some gypsum (2-3%) to give a fine powder of cement. All these
substancesfind variety of usesin different areas.

Monovaent sodium and potassium ions and divalent magnesium and calcium ions are found in
large proportionsin biological fluids. Theseionsperform important biological functionssuch as

mai ntenance of ion balance and nerve impulse conduction.
FEW IMPORTANT POINTS

0] Magnesium Peroxide (MgO,) and Calcium Peroxide (Ca0O,) are obtained by passing H,O, in a
suspension of Mg(OH),, and Ca(OH).,..

(i) MgO, is used asan antiseptic in tooth paste and as a bleaching agent.

(iii)  Preperation of NaOH : Caustication of Na,CO, (Gossage's method):

Na,CO, + Ca(OH), — 2NaOH + Cacosi
(suspension)
Sincethe Ksp (CaCO,) < Ksp (Ca(OH),), the reaction shiftstowardsright.

(iv)  Asareagent KOH islessfrequently used butin aosorption of CO,, KOH ispreferably used compared
to NaOH. Because KHCO, formed is soluble whereas NaHCO; is sparingly soluble and may
therefore choke the tubes of apparatus used.

(V) Calcium hydroxideisused asamortar.

[Mortar isamixture of slaked lime (1 Part) and sand (3 Parts) made into paste with water.]

(vi)  NaCl isusedto preparefreezing mixturein laboratory [|ce-common salt mixtureiscalled freezing
mixture and temperature goesdown to —23°C.]

(vii)  Onheating MgCl -6H O undergoeshydrolysisasfollows:
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EXERCISE # O-1

SELECT THE CORRECT ALTERNATIVE (ONLY ONE CORRECT ANSWER)

Alkali metals
1 Cs" ionsimpart violet colour to Bunsen flame. Thisisdueto thefact that the emitted radiationsare
of -
(A) high energy (B) lower frequencies
(C) longer wave-lengths (D) zero wave number
SB0001
2. Thereaction of an element A withwater produces combustible gas B and an aqueous solution of C.

When another substance D reactswith thissolution C d so producesthe samegasB. D dso produces
the same gas even on reaction with dilute H,SO, at room temperature. Element A imparts golden
yellow colour to Bunsen flame. Then, A, B, C and D may beidentified as

(A) Na, H,, NaOH and Zn (B) K, H,, KOH and Zn
(C) K, H,, NaOH and Zn (D) Ca, H,, CaCOH,, and Zn
SB0002
3. Which of thefollowing carbonate of dkali metalshastheleast thermal stability?
(A) Li,CO, (B) K,CO,4 (C) Cs,CO, (D) Na,CO,
SB0003
4, The alkali metalswhich form normal oxide, peroxide aswell assuper oxidesare
(A) Na, Li (B) K, Li (C) Li, Cs (D) K, Rb
SB0004
5. The pair of compounds, which cannot exist together in asolutionis
(A) NaHCO, and NaOH (B) Na,CO, and NaOH
(C) NaHCO, and Na,CO, (D) NaHCO, and H,O
SB0005
6. Solution of sodium metal in liquid ammoniaisastrong reducing agent due to presence of
(A) solvated sodiumions (B) solvated hydrogenions
(C) sodium atoms or sodium hydroxide (D) solvated electrons
SB0006
7. The order of solubility of lithium halidesin non-polar solventsfollowsthe order
(A)Lil >LiBr>LiCl > LiF (B) LiF>Lil >LiBr>LiCl
(C) LiCl > LiF>Lil > LiBr (D) LiBr > LiCl > LiF > Lil
SB0007
8. The salt which findsusesin qualitativeinorganic analysisis
(A) CusO,-5H,0 or ZnSO,-5H,0 (B) K,SO,-Al(SO,);-24H,0
(C) Na(NH,)HPO,-4H,0 (D) FesO,(NH,),S0O,-6H,O

SB0008
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0. Fire extinguisherscontain
(A) conc. H,SO, solution (B) H,SO, and NaHCO, solutions
(C) NaHCO, solution (D) CaCOg solution
SB0009
10.  CsBrjcontains
(A) Cs—Br covalent bonds (B) Cs* and Br-ions
(C) Cs" and Brg-ions (D) Cs** and Br,*ions
SB0010
11, Na+Al,0, —Huhtemperatre_, (\:NO;: Y; compound Y is
(A) NaAlO, (B) NaHCO, (C) Na,CO, (D) Na,0,
SB0011
12.  ag. NaOH + P, (white) —— PH, + X; compound X is
(A) NaH,PO, (B) NaHPO, (C) Na,CO, (D) NaHCO,
SB0012
13. WhenK,Oisadded to water, the solution becomes basicin nature becauseit containsasignificant
concentration of
(A) K* (B) O*- (C) OH~ (D) 0,
SB0013
14.  Theorder of melting point of chlorides of alkali metalsis
(A) LiCl > NaCl > KCl < CsCl (B) LiCl > NaCl > KCl > CsCl
(C) NaCl > KCI > CsCl > LiCl (D) LiCl > NaCl > CsCl > KCI
SB0014
15.  NaOH(Solid) + CO —2“ X: product X is
(A) NaHCO, (B) Na,CO, (C) HCOONa (D) H,CO,4
SB0015
16.  Theagueoussolutionsof lithium saltsare poor conductor of electricity rather than other alkali metals
because of
(A) highionisation energy
(B) high e ectronegativity
(C) lower ahility of Li* ionsto polarize water molecules
(D) higher degree of hydration of Li*ions
SB0016
17.  InLiAlH,, metad Al ispresentin
(A) anionic part (B) cationic part
(C) inboth anionic and cationic part (D) neither in cationic nor in anionic part
SB0017
18.  Whichoneof thefollowing fluoride of alkali metalshasthe highest | attice energy?

(A) LiF (B) CsF (C) NaF (D) KF
SB0018
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19.

20.

21.

22.

23.

24.

25.

26.

Crown ethersand cryptandsform
(A) complexeswith alkali metals
(B) satsof alkali metals
(C) hydroxides of alkali metal s used for inorganic quantitative analysis
(D) organic sdtsof alkdi metals
SB0019
The correct order of degree of hydration of M*ions of alkali metalsis
(A) Li* <K* < Na" < Rb* < Cs* (B) Li* <Na* < K* <Rb* < Cs*
(C) Cs"<Rb" <K*<Na"<Li* (D) Cs*<Rb"<Na"<K*<Li*
SB0020

The commercial method of preparation of potassium by reduction of molten KCl with metallic
sodium at 850°C is based on the fact that

(A) potassiumissolid and sodium distils off at 850 °C

(B) potassium being more volatileand distils off thus shifting the reaction forward
(C) sodium islessreactive than potassium at 850 °C with respect to Cl,,

(D) sodium haslessaffinity to chlorideionsin the presence of potassiumion

SB0021
Alkaline earth metals
The ‘milk of magnesia used asan antacid ischemically
(A) Mg(OH), (B) MgO (C) MgCl, (D) MgO + MgCl,
SB0022

Analkaline earth metal (M) givesasat with chlorine, which issolublein water at room temperature.
It aso forms an insoluble sulphate whose mixture with a sulphide of atransition metal is called
‘lithopone’ -awhitepigment. Metal M is
(A) Ca (B) Mg (C) Ba (D) sr

SB0023

The hydroxide of 11" A metal, which has the lowest value of solubility product (Ksp) at normal
temperature (25°C) is

(A) Ca(OH), (B) Mg(OH), (C) Sr(CH), (D) B&(OH),

SB0024
Which of the following metal is inert towards reaction with H,O.
(A) Be (B) Na (C) Ca (D) K

SB0025

Mg,C; + H,0—— X (organic compound). Compound X is
(A) CH, (B) CH, (C) propyne (D) ethene
SB0026
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27.  Thehydration energy of Mg?*is
(A) more than that of Mg3*ion (B) morethan that of Na*ion
(C) morethan that of Al3*ion (D) more than that of Be?* ion
SB0027
28.  Thecorrect order of second ionisation potentials (IP) of Ca, BaandK is
(A) K>Ca>Ba (B) Ba>Ca>K (©)K>Ba>Ca (D) K =Ba=Ca
SB0028
29. EDTA isusedinthe estimation of
(A) Mg?*ions (B) C&?*ions
(C) both C&?* and Mg?* ions (D) Mg?* ions but not Ca?* ions
SB0029
30.  Thecorrect order of solubility is
(A) CaCO, < KHCO, < NaHCO, (B) KHCO, < CaCO, < NaHCO,
(C) NaHCO, < CaCO, < KHCO, (D) CaCO, < NaHCO, < KHCO,
SB0030
31l.  Thecomplex formation tendency of alkaline earth metal s decreases down the group because
(A) atomic 9zeincreases
(B) availability of empty d and f-orbitalsincreases
(C) nuclear chargeto volumeratio increases
(D) dl the above
SB0031
32.  Theakalineearth metals, which do not impart any colour to Bunsen flame are
(A) Beand Mg (B) Mg and Ca (C) Beand Ca (D) Beand Ba
SB0032
33 Y (AC  CasO,2H,0 _AL0C (X, X andY are respectively
(A) plaster of paris, dead burnt plaster
(B) dead burnt plaster, plaster of paris
(C) CaO and plaster of paris
(D) plaster of paris, mixture of gases
SB0033
34. A meta M readily formswater soluble sulphate, and water insoluble hydroxide M(OH).,. Itsoxide

MO isamphoteric, hard and having high melting point. The akaine earth metal M must be
(A) Mg (B) Be (©) Ca (D) sr
SB0034
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35.

36.

37.

38.

39.

40.

41.

42.

The purpose of addition of gypsum in the cement is -
(A) To slow down the process of setting of the cement
(B) To fasten the process of setting of the cement
(C) Not to affect the process of setting of the cement by any means
(D) None of these
SB0035
(Milky Cloud) C «<°2 A +Na,CO, —sB + C
The chemical formulae of A and B are
(A) NaOH and Ca(OH), (B) Ca(OH),, and NaOH
(C) NaOH and CaO (D) Ca0 and Ca(OH),,
SB0036
The correct order of basic-strength of oxides of akaline earth metalsis
(A) BeO > MgO > Ca0 > SrO (B) SrO > CaO > MgO > BeO
(C) BeO > CaO > MgO > SrO (D) SrO > MgO > Ca0 > BeO
SB0037
X—N28 y HO Z(colourless gas)WT(blue colour)
Then, substancesY and T are
(A) Y =Mg;N, and T = CuSO,-5H,0 (B) Y =Mg;N, and T = CuSO,-4NH,
(C) Y =Mg(NO,), and T = CuO (D) Y =MgOand T = CuSO,-4NH,
SB0038
Weakest base among KOH, NaOH, Ca(OH), and Zn(OH), is
(A) Ca(OH), (B) KOH
(C) NaOH (D) Zn(OH),,
SB0039

If X andY are the second ionisation potentials of alkali and alkaline earth metals of same period,
then -

(A) X >Y (B) X <Y ©)X=Y (D) X << Y
SB0040

In castner-kellner cell if cathodeis made up of graphite instead of mercury, then product that will
be obtained first at cathode will be -

(A) Na-amalgam (B) Naonly (C)H, gas (D) NaOH

SB0041
Na* ion can form complex with which of the following ligand.
(A) Cryptands (B) Crown ether (C)Both(A)and (B) (D) None

SB0042
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43.

45.

46.

47.

48.

49.

50.

X +C+Cl High temperature Y +CO : Y+2H20—> Z + 2HCI
2 of aboutl000K

Compound Y isfound in polymeric chain structureand isan electron deficient molecule. Y must be
(A) BeO (B) BeCl, (C) BeH, (D) AICI,
SB0043

BeCl, + LiAlH,—— X + LiCl + AICl,
(A) X isLiH (B) X isBeH,
(C) X isBeCl,-2H,0 (D) None

SB0044
The order of thermal stability of carbonatesof I1A groupis
(A) BaCO, > SrCO, > CaCO, > MgCO,
(B) MgCO, > CaCO, > SrCO, > BaCO,
(C) CaCO, > SrCO, > BaCO, > MgCO,
(D) MgCO, = CaCO, > SrCO, = BaCO,

SB0045
A pair of substanceswhich givesall the same products on reaction with water is
(A)MgandMgO  (B) Srand SrO (C) Caand CaH, (D) Be and BeO

SB0046
A metal which issolublein both water and liquid NH, separately -
(A) Cr (B) Mn (C) Ba (D) Al

SB0047
Be,C+ H,0— BeO + X
CaC, + H,O—— Ca(OH), + Y; then X and Y are respectively
(A) CH,, CH, (B) CH,, C,H, (C)CH,, CH, (D) C,H,, CH,

SB0048
Which of thefollowing groups of elementshave chemicd propertiesthat are most similar
(A) Na K, Ca (B) Mg, Sr, Ba (C) Be, Al, Ca (D) Be, Ra, Cs

SB0049
MgBr, and Mgl,, are soluble in acetone because of
(A) Theirionic nature (B) Their coordinate nature
(C) Their metallic nature (D) Their covalent nature

SB0050
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EXERCISE # O-2

SELECT THE CORRECT ALTERNATIVES (ONE OR MORE THEN ONE CORRECT ANSWERYS)

Alkali metals
1 Nitrogen dioxide can be prepared by heating-
(A) KNGO, (B) AgNQ, (C) Po(NO,), (D) Cu(NG,),
SB0051
2. Which of thefollowing compoundsare not paramagnetic in nature?
(A) KO, (B) K,0, (C) Na,O, (D) RbO,
SB0052
3. The golden yellow colour associated with NaCl to Bunsen flame can be explained on the basis of
(A) low ionisation potential of sodium
(B) emission spectrum
(C) photosengitivity of sodium
(D) sublimation of metallic sodium of yellow vapours
SB0053
4. KO, findsusein oxygen cylindersused for space and submarines. Thefact(s) related to such use of
KO, idare
(A) it produces O, (B) it produces O,
(C) it absorbs CO, (D) it absorbs both CO and CO,
SB0054
5. The compound(s) which have —-O-O—bond(s) iare
(A) BaO, (B) Na,0, (C) CrOg (D) Fe,O,
SB0055
6. Highly pure dilute solution of sodium in ammonia

(A) showsblue colouration dueto solvated e ectrons

(B) showselectrical conductivity dueto both solvated electrons aswell as solvated sodium ions
(C) showsred colouration due to solvated el ectrons but abad conductor of electricity

(D) produces hydrogen gas or carbonate

SB0056
7. Sodium metal ishighly reactive and can be stored under
(A) toluene (B) keroseneail (C) dcohol (D) benzene
SB0057
Alkaline earth metals
8. The compound(s) of 11" A metals, which are amphoteric in natureis/are
(A) BeO (B) MgO (C) Be(OH), (D) Mg(OH),

SB0058



s-Block Element

o

10.

11.

12.

13.

14.

Thecorrect statement is/are
(A) BeCl, isacovalent compound
(B) BeCl, isan electron deficient molecule
(C) BeCl,, can form dimer
(D) the hybrid state of Bein BeCl, is sp?
SB0059
Which of thefollowing substance(s) is/are used in laboratory for drying purposes?
(A) anhydrous P,Og (B) graphite
(C) anhydrous CaCl, (D) Na,PO,
SB0060
Na,SO, is water soluble but BaSO, isinsoluble because
(A) the hydration energy of Na,SO, is higher than that of its lattice energy
(B) the hydration energy of Na,SO, islessthan that of itslattice energy
(C) the hydration energy of BaSO, islessthan that of its attice energy
(D) the hydration energy of BaSO,, ishigher than that of itslattice energy
SB0061
Which of thefollowing statements are fal se?
(A) BeCl, isalinear moleculeinthevapour state but it is polymeric formin the solid state
(B) Calcium hydrideiscalled hydralith.
(C) Carbides of both Be and Careact with water to form acetylene
(D) Oxides of both Be and Ca are amphoteric.
SB0062
Which of thefollowing areionic carbides?
(A) CaC, (B) AlC, (C)sic (D) Be,C
SB0063
Which of the following orders are CORRECT
(A) AgCl > AgF : Covalent character order
(B) BaO > BaF, : Mélting point order
(C) BeF, > BaF, : Solubility order
(D) LINO, < RbNQ, : Thermal stability order
SB0064
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16.

17.

18.

19.

Which of the following statements are CORRECT :
(A) Mg ispresent in chlorophyll

(B) Alkaine earth metals does not form super oxide
(C) NaHCQ, is known as baking soda

(D) Permanent hardness of water is removed by boiling

Which of the following carbides on hydrolysis does not form methane :
(A) Be,C (B) CaC, (C) SC, (D) Mg,C,

Select the incorrect order for given properties:

(A) Thermal stability : BaSO, > SrSO, > CaSO,
(B) Solubility : BaSO, > SrSO, > CaSO,

(C) Thermal stability : Li,CO5 < Na,CO5 < K,COg4
(D) Soluhility : Li,CO5 > Na,CO5 > K,COq4

The correct statement(s) iSare

(A) Mg cannot form complexes

(B) Be can form complexesdueto avery small atomic size
(C) thefirst ionisation potential of Beis higher than that of Mg

(D) Mg formsan alkaline hydroxide while Beforms amphoteric oxides

Which of thefollowing isare the characteristic of barium?

(A) It produce water soluble sulphide, sulphite and sul phate

(B) Itisasilvery white metal

(C) Itforms Ba(NO,),, whichisused in preparation of greenfire

(D) It produce blue-black solutionin liquid ammonia

SB0065

SB0066

SB0067

SB0068

SB0069



s-Block Element

EXERCISE # S-1

NUMERIC GRID TYPE QUESTIONS:
Find the number of compounds from the following in which the element inthe anionic part isin the
minimum oxidation state of it
LiH, Mg,Bi,, Al,C,, Ca,P,, BaO,
SB0070
How many nitrate groups are present in 1 molecule of Basic beryllium nitrate?
SB0071
Consider the following order :
(1) CH, <CCl, <CF,: E.N. of central atom C
(2) Mg*?2 < K*<S?<Se?: lonic radius
©)) Be?azq) > Mgzazq) > Ca’(’azq) : lonic mobility
(4) Be?2 > Li* > Al*3 : Hydrated size
(5) Be> Li > Cs: Reducing power
(6) Fo > Clo, > Brdy
Then calculate value of |x —y|?, where x and y are correct and incorrect orders respectively.

SB0072

: Electrical conductance in infinite dilute solution

Consider the following elements :
Li, Cs, Mg, Pb, Al, N
* X =number of elements which can form MO type of oxides.
» y=thehighest oxidation state shown by any one of them.
e z=the number of elements which can form amphoteric oxide(s).
Find the sum of x, y and z.
SB0073
Fill your answer as sum of digitstill you get the single digit answer.

Find the number of s-block elementswhich can produce ammoniated cation and ammoniated el ectron
with liguid ammonia.
Li, Na, K, Rb, Cs, Ca, Sr, Ba

SB0074
How many of the following metal chloridesimpart characteristic colour to the oxidising flame.
LiCl, NaCl, KCl, BeCl,, MgCl,, CaCl, SrCl,, BaCl,

SB0075
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EXERCISE # S-2
COMPREHENSION BASED QUESTIONS
Comprehension #1

A -4, B (oxide) + CO,
B+HO—— C

C+CO, —— A (milky)
C+NH,Cl 2, D (gas)
D+HO+CO, —— E
E+NaCl—F

F -4, NaCO,+CO, +H,0

1 Alis:
(A) Ca(HCO,), (B) CaCO, (C) CaO (D) Na,CO,
SB0076
2. Band Care:
(A) CaO, Ca(OH), (B) Ca(OH),, CaCO,
(C) CaCO,, Ca(CH), (D) Ca(OH),, CaO
SB0076
3. D,Eand Fare:
(A) NH,, NH,Cl, NH,HCO, (B) NH,, NH,HCO,, NaHCO,
(C) NH,HCO,, Na,CO,, NaHCO, (D) None
SB0076
Comprehension # 2

Alkdi metasreadily react with oxyacidsforming corresponding sdtslike M,CO,, MHCO,, MNQ,,
M, SO, etc. with evolution of hydrogen. They aso dissolveinliquid NH, but without the evolution
of hydrogen. The colour of itsdilutesolutionisblue but whenit is heated and concentrated then its
colour becomesbronze.

4, Among the nitrate of alkai metals which one can be decomposed to its oxide easily?
(A) NaNOg (B) KNOg (C) LINO, (D) RbNOg
SB0077
5. Among the carbonates of alkali metals which one has highest stability?
(A) Cs,CO, (B) Rb,CO, (C) K,CO, (D) Na,CO,
SB0078
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‘6. Which of the following statement about the sulphate of alkali metal is correct?
(A) Except Li,SO, al sulphate of other alkali metals are soluble in water
(B) All sulphates of alkali metals except lithium sulphate forms alum.
(C) The sulphates of alkali metals cannot be hydrolysed.
(D) All of these
SB0079
7. Which of the following statement about solution of alkali metalsin liquid anmoniais correct?
(A) The solution have strong oxidizing properties.
(B) Both the dilute solution as well as concentrated solution are paramagnetic in nature
(C) Charge transfer isthe responsible for the colour of the solution
(D) None of these
SB0080
8. Which metal bicarbonates does not exist in solid state?
(i) LIHCO, (ii) Ca(HCO,), (iii) Zn (HCO,),
(iv) NaHCO, (v) AgHCO,
(A) (), (i), (i), (v)  (B) (i), (ii), (i) (C) (i), (ii), (V) (D) (i), (i), (iv)
SB0081
MATCH THE COLUMN :
9. Column-| Column-I11
(A) Hydralith (P) Contain Ca
(B) Nitrolim (Q) Usedasafertilizer
(C) Dolomite (R) Usedto prepareH,
(D) Pearl'sash (S) Contain potassum
SB0082
10. Column-| Column-I1
(A) Metal sulphate-2-metal oxide+ SO, + O, (P) Ba
(B) Metal cation + K ,CrO, — yellow ppt Q) Sr
(C) Metal + NH, "%, plue solution (R) Na
(D) MCI, + conc. H,SO, — white ppt. (S Mg

SB0083
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MATCH THE CODE : ¢
11. List— ListI
(P) CaH, (1) Paramagneticanion
(Q KO, (2) Homodiatomic, diamagnetic anion
(R) KO, (3) Neutral agueous solution
(S) NaCl (4) Giveshydrogenon hydrolysis
Codes :
P Q R S
(A) 3 2 1 4
(B) 4 2 3 1
© 4 3 2 1
(D) 4 2 1 3
SB0084
12. Column-| Column-I1
(P) Solvay process used for (1) NeCl
(Q) Evolve CO,T on heating (2) NaO,
(R) ag. soln. isneutral towardslitmus (3) NaHCO,
(S) Oxone (4) NaCO,
Codes :
P Q R S
(A) 34 3 1 2
(B) 4,1 1 3 2
© 2,3 4 1 3
(D) 2,4 1 3 4
SB0085
ASSERATION & REASONING :
Questions given below consist of two statements each printed as Assertion (A) and Reason (R);
while answering these questions you arerequired to choose any one of the following four responses:
(A) if both (A) and (R) aretrue and (R) isthe correct explanation of (A)
(B) if both (A) and (R) aretrue but (R) isnot correct explanation of (A)
(C)if (A) istruebut (R) isfalse
(D) if (A) isfalseand (R) istrue
13.  Assertion : Beryllium does not impart any characteristic colour to the bunsen flame.

Reason : Dueto its very high ionization energy, beryllium requires alarge amount of energy for

exciation of the electrons.
SB0086
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14.  Assertion : Infused state, calcium chloride cannot be used to dry alcohol or NH.,.
Reason : Anhy. CaCl,, is not agood desiccant.
SB0087
15.  Assertion : Diagonal relationship is shown between Beand Al.
Reason : lonic potential of Beisamost the same asthat of Al.
SB0088
16.  Assertion: Beryllium halidesdissolvein organic solvents.
Reason : Beryllium halidesareionicin character.
SB0089
17.  Assertion: BeCl, fumesinmoist air.
Reason : BeCl,, reacts with moistureto form HCI gas.
SB0090
18.  Assertion : Calcium carbide on hydrolysisgives methane.
Reason : Calcium carbide contains C,2~ anion.
SB0091
19.  Assertion : When CO, is passed through lime water, it first turns milky and then the solution
becomes clear when the passage of CO, is continued.
Reason : The milkinessisdueto the formation of insoluble CaCO, which then changesto
soluble Ca(HCO,), when excess of CO, is present.
SB0092
20.  Assertion : MgCO;, issolublein water when acurrent of CO, is passed.
Reason : The solubility of MgCQO, is dueto the formation of Mg(HCO,).,.
SB0093

MATCHING LIST TYPE 1x 3Q. (THREELIST TYPE Q.)

Thefollowing column 1, 2, 3represent e ements of sblock and their different oxideformation abilities.
Answer the questions that follow

Column-1- Elementsof s-Block

Column-2 - Product formed on reaction with excess oxygen

Column-3 - Characteristicsof speciesform on reaction with excessoxygen

Column -1 Column -2 Column - 3
Elements Product formed on reaction | Characteristics of species form
with excess oxygen on reaction with excess oxygen
() Na (A) Superoxide (P) Paramagnetic
(1) Ba (B) Peroxide (Q) Diamagnetic
(1 K (C) Monooxide (R) Bond order=1.5
(IV) Ca (D) Dioxide (S) Bond order=1
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21.

22.

23.

Which of the followingisan INCORRECT match.

(A) (1), (B), (QS) (B)(11),(B), (QS)  (C) (1), (A), (PR) (D) (IV), (©), (Q)
SB0094

Which of the following matcheswill result in speci es having magnetic moment equal to that of Mn*®

(A)1,(B). QS (B) IV, B, (QS) ©) IV, (A), (PR) (D) 111, (A), (PR)
SB0094

On reaction with oxygen, which of the following combination ispossible

(A1, (A, C), (P Q) (B)1.(B), (Q)

@11, (A, B), (R,Q,9 (D)1Iv,(B,0),Q

SB0094
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EXERCISE # JEE-MAIN

A metal M readily forms its sulphate MSO, which is water soluble. It forms oxide MO which
becomes inert on heating. It forms insoluble hydroxide which is soluble in NaOH. The metal M

is- [Al EEE-2002]
(1) Mg (2) Ba (3) Ca (4) Be

SB0095
KO, is used in space and submarines because it [AIEEE-2002]
(1) Absorbs CO, and increase O, concentration
(2) Absorbs moisture

(3) Absorbs CO,
(4) Produces ozone

SB0096
In curing cement plasters, water is sprinkled from time to time. Thishelpsin :- [AIEEE-2003]
(1) Hydrating sand and gravel mixed with cement
(2) Converting sand into silicate
(3) Developing interlocking needle like crystals of hydrated silicates
(4) Keeping it cool

SB0097

Thesolubilitiesof carbonates decreases down the magnesium group dueto decreasein-[AlEEE-2003]
(2) Inter-ionic attraction

(2) Entropy of solution formation

(3) Lattice energy of solids

(4) Hydration energy of cations

SB0098
The substance not likely to contain CaCQO,; is :- [AIEEE-2003]
(1) Seashells (2) Dolomite
(3) A marble statue (4) Calcined gypsum

SB0099
One mole of magnesium nitride on reaction with excess of water gives :- [AIEEE-2004]
(2) Two mole of HNO, (2) Two mole of NH,
(3) 1 mole of NH, (4) 1 mole of HNQ,

SB0100
Berylium and aluminium exhibit many properties which are similar. But the two elements differ
in- [AIEEE-2004]

(1) Exhibiting maximum covalency in compounds
(2) Forming polymeric hydrides
(3) Forming covalent halides
(4) Exhibiting amphoteric nature in their oxides.
SB0101
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8.

10.

11.

12.

13.

14.

15.

Theionic mobility of alkali metal ioinsin agueous solution is maximum for :- [AlEEE-2006]
(1) Rb* (2) Li* (3) Na (4) K*

SB0102
The products obtained on heating LINO; will be :- [AIEEE-2011]
(1) LINO, + O, (2) Li,O + NO, + O,
(3) LizN + O, (4) Li,O+ NO + O,

SB0103
What is the best description of the change that occurs when Na,O(s) is dissolved in
water ? [AIEEE-2011]

(1) Oxidation number of sodium decreases
(2) Oxide ion accepts sharing in apair of electrons
(3) Oxide ion donates a pair of electrons

(4) Oxidation number of oxygen increases

SB0104
Which of the following on thermal-decomposition yields a basic as well as an acidic
oxide ? [AIEEE-2012]
(1) NH,NO, (2) NaNO; (3) KCIO4 (4) CaCO,

SB0105
Fire extinguishers contain H,SO, and which one of the following :-[JEE M AIN-2012, Onling]
(1) CaCOq (2) NaHCO; and Na,CO,
(3) Na,CO4 (4) NaHCO,

SB0106
Based on lattice energy and other considerations, which one of the following alkali metal chloride
is expected to have the highest melting point ? [JEE MAIN-2012, Onling]
(1) RbCl (2) LiCl (3) KCl (4) NaCl

SB0107
Which one of the following will react most vigoroudy with water ? [JEE MAIN-2012, Onling]
() Li (2) K (3) Rb (4) Na

SB0108

A metal M on heating in nitrogen gasgivesY. Y on treatment with H,O givesacolourlessgaswhich
when passed through CuSO, solution gives a blue colour, Y is:- JEE MAIN-2012, Onling]

(1) NH, (2) MgO (3) Mgz, (4) Mg(NG),
SB0109
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16. The correct statement for the molecule, Csl, is: [JEE(Main)-2014]
(2) it contains Cs3* and |- ions
(2) it contains Cs*, 1~ and lattice |, molecule
(3) itisacovaent molecule
(4) it contains Cs* and |; ions
SB0110
17.  Which of the following statements about Na&,O, is not correct ? [JEE MAIN-2014, Onling]
(1) Na,0O, oxidises Cr3* to CrO,2~ in acid medium
(2) It isdiamagnetic in nature
(3) It isthe super oxide of sodium
(4) Itisaderivative of H,0,
SB0111
18. Amongst LiCl, RbCl, BeCl, and MgCl, the compounds with the greatest and theleast ionic character,
respectively are: [JEE MAIN-2014, Online]
(1) RbCl and MgCl, (2) LiCl and RbCI
(3) MgCl, and BeCl, (4) RbCI and BeCl,
SB0112
19. Thecorrect order of thermal stability of hydroxidesis: JEE(Main)Online-2015]
(1) Ba(OH), < Sr(OH), < Ca(OH), < Mg(OH), (2) Mg(OH), < Sr(OH), < Ca(OH), < Ba(OH),
(3) Mg(OH), < Ca(OH), < Sr(OH), < Ba(OH), (4) Ba(OH), < Ca(OH), < Sr(OH), < Mg(OH),
SB0113
20. Which of thealkaline earth metal halidesgiven below isessentially covalent in nature :-
(1) srCl, (2) CcaCl, (3) BeCl, (4) MgCl,
JEE(Main)Online-2015]
SB0114
21. Whichoneof thefollowing alkaline earth metal sulphates hasits hydration enthalpy greater thanits
lattice enthalpy ? [JEE(Main)-2015]
(1) BasO, (2) SISO, (3) Caso, (4) BesO,
SB0115
22. Thecommercial name for calcium oxideis: [JEE(Main)-2016]
(1) Quick lime (2) Milk of lime (3) Limestone (4) Slaked lime
SB0116
23. Thecorrect order of the solubility of akaline-earth metal sulphatesin water is: [JEE(M ain)-2016]
(1) Mg< Sr<Ca<Ba (2) Mg<Ca< S <Ba
(3) Mg>Ca> S >Ba (49 Mg > Sr > Ca>Ba

SB0117
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24,

25.

26.

27.

The main oxides formed on combustion of Li, Naand K in excess of air are respectively :

(1) Li,O, N&,0O, and KO, (2) Li,O, Na,0 and KO, [JEE(Main)-2016]
(3) LiO,, N&,0O, and K,O (4) Li,0,, Na,0O, and KO,

SB0118
Both lithium and magnesium display several similar properties due to the diagona relationship ;
however, the one which isincorrect is: [JEE(Main)-2017]

(1) Both form basic carbonates

(2) Both form soluble bicarbonates

(3) Both form nitrides

(4) Nitrates of both Li and Mg yield NO2 and O2 on heating

SB0119
Which of the following ions does not liberate hydrogen gas on reaction with dilute acids?
(D Tiz* (2) Crz+ [JEE(Main)-2017 on lin€]
(3) Mn2* (4) v+

SB0120

In KO,, the nature of oxygen species and the oxidation state of oxygen atom are, respectively
[JEE(Main)ONLINE-2018]
(1) Superoxide and —1/2
(2) Oxide and -—2
(3) Peroxide and —1/2
(4) Superoxide and -1
SB0121
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EXERCISE # JEE-ADVANCED

The speciesthat do not contain peroxide linkage are - [JEE 1992]
(A) PO, 7(B) H,0, (C) SO, (D) BaO,

SB0122
Read the following statement and explanation and answer as per the options given below :
Statement-1: Thealkali metalscan formionic hydrideswhich contain the hydrideion H-.
Statement-2: Theakali meta shavelow electronegativity ; their hydridesconduct e ectricity when
fused and liberate hydrogen at the anode. [JEE 1994]
(A) Both 1 and 2 aretrue and 2 is the correct explanation of 1.
(B) Both 1 and 2 aretrue but 2 is not the correct explanation of 1.
(C) listruebut 2isfase.
(D) lisfalsebut 2istrue.

SB0123
Thefollowing compoundshave been arranged inorder of their increasng therma stabilities. Identify
the correct order. [JEE 1996]
K,CO4(1) MgCO4(11) CaCO4(l11) BeCO4(1V)
A)I<ll<Il<IV B)IV<II<Il<lI
O IV<ili<I<ll D)l <IV<Il<I

SB0124
Property of al the alkaine earth metalsthat increase with their atomic number is- [JEE 1997]
(A) ionisation energy (B) solubility of their hydroxides
(C) solubility of their sulphate (D) electronegativity

SB0125
Highly puredilute solution of sodiuminliquid ammonia- [JEE 1998]
(A) shows blue colour (B) exhibitsdectricd conductivity
(C) producessodium amide (D) produces hydrogen gas

SB0126
The set representing the correct order of first ionization potential is- [JEE 20015
(A) K>Na>Li (B)Be>Mg>Ca (CB>C>N (D) Ge>Si>C

SB0127

Asseration and Reason

Thisquestions contans statement-1 (asseration) and satement-2 (reason) and has4 choices (a), (b),
(c) and (d) out of which only oneis correct.
Statement-1: Alkali metalsdissolveinliquid ammoniato give blue solutions. because.
Statement-1: Alkali metalsis liquid ammonia give solvated species of the type [M(NH,) *
(M =dkali metals). [JEE 2007]
(A) Both 1 and 2 aretrue and 2 is the correct explanation of 1.
(B) Both 1 and 2 aretrue but 2 is not the correct explanation of 1.
(C) listruebut 2isfase.
(D) lisfasebut 2istrue.

SB0128
The compound(s) formed upon combustion of sodium metal inexcessairis(are) [JEE 2009]
(A) Na,O, (B) Na,© (C) NaO, (D) NaOH

SB0129
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ANSWER KEY

13.
17.
21.
25.
29.
33.
37.
41.
45.
49.

13.
17.

1
5.
6.

(A)
(A)
(B)
(©
(A)
(B)
(A)
(©)
(A)
(B)
(®
(A)
(B)

(B),(C). (D)
(A).(B).(C)
(A).(B).(C)
(A).(B).(D)
(B). (D)

(4)
(8)
(6)

EXERCISE # O-1

2.(A) 3.(A)
6.(D) 7.(A)
10.(C) 11.(C)
14.(C) 15.(C)
18.(A) 19.(A)
22.(A) 23.(C)
26.(C) 27.(B)
30. (D) 31.(A)
34.(B) 35.(A)
38.(B) 39. (D)
42.(C) 43. (B)
46.(C) 47.(C)
50. (D)

EXERCISE # O-2

2.(B),(C) 3.(A),(B)
6.(A), (B) 7.(A), (B),(D)
10.(A),(C) 11.(A), (C)
14.(A),(B),(C),(D)  15.(A),(B),(C)
18.(B),(C).(D) 19. (B),(C),(D)

EXERCISE # S-1

2.(6) 3. (4)

4.(D)
8.(C)

12.(A)
16. (D)
20.(C)
24. (D)
28.(A)
32.(A)
36.(B)
40. (A)
44. (B)
48.(C)

4.(A),(C)
8.(A),(C)
12.(C),(D)

16. (B),(C),(D)

4. (10), OMR - (1)

Except Be & Mg other s-block metalsimpart characteristic colour to oxidising flame.
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EXERCISE # S-2

Comprehension Based Questions

Comprehension #1

1. (B) 2. (A) 3.(B)

Comprehension # 2

4.(C) 5. (A) 6. (D) 7. (D) 8. (A)

Match thecolumn
9. A)-»PR;B)—-PQ;(C)—-P;(D)—-S
10. (A) -P,Q,S;(B) - PQ; (C) - PQ,R; (D) -PQ

M atch the code
11. (D) 12. (A)

Asseration & Reasoning

13. A 14.C 15. A 16. C
17. A 18. D 19. A 20. A
21.C 22.D 23.B

EXERCISE # JEE-MAIN

1. (4) 2.(2) 3.(3) 4. (4)
5. (4) 6.(2) 7.() 8. (1)
9. (2) 10. (3) 11. (4) 12. (4)
13. (4) 14. (3) 15. (3) 16. (4)
17. (3) 18. (4) 19. (3) 20. (3)
21. (4) 22.(1) 23. (3) 24. (1)
25. (1) 26. (3) 27. (1)

EXERCISE # JEE-ADVANCED

1A 2. A 3. B 4.B
5.AB 6. B 7. B 8. AB



