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| d 3 Elements !
; nd Physical Properties of the. Perio i

-Atoml":ﬂ:s penodycomams Sodium (Na), Magnesnum (Mg), Aluminium (AL) Silicon (S’) Phosphorus (r) Sulphur (S)’t
. P e : |
. Chlorine (CL) and Argon (An). ' | o il i
fl(a) Atomic PropertieSEs SESNNNE FSES e oo B e N
. ronic Structures ' ‘ ' 4 | ! A .
| Elect In Period 3 of the periodic table the 3s and 3p orblmls are filling with electrons. The:electronic st}ructures s for thej
: eight elements ofperlod3 are: = g o Pnudl S

" Mg = [Ne] 35’ A g | (1) zo0 |

AL = [Ne] 3s? 3p, | o : |
- ‘,4Si ="[Ne] 3s% 3p, 3p)', ' . p— ’ 2 e

" P = [Nel3s?3p,3p,3p,

04§ = [Ne]3s’ 3p?3p 3p, S, N -
,CL!= [Ne] 357 3p2 3p;. 3p, : | t | 48l | |
sAr 1= [Ne] 3s? 3p: 3p) 3p; ' ; P BRI

e Ineach case, [Ne] represents the complete electronic struct
GAOUICK TR I

Write down electronic structure of AL In the same notatlon.

| : 6
ture ofa neon atom as1 L0 Yo v A

‘14, The elettronlcstructureof Mg Is 1s?, 2¢%, 2p°, 35%

Ans. pAl= 162, 252 2p°, 3s?, 3p' o
2 wnlcnofthe two elements Mg orALhas t'le more stable stru:ture’ . 1
| I.E o stability o< o - Suity ctivity

Ans. ,zMg—-]s ,25 2p 3s? ! Pooip ] v |
CAL= 187,255 2p%, 38 ot Ire i | gi —T .1 .=
The electromc configuration of Mg-shows tha
ionization energy as compared to AL. Therefore

£) 2uibet {inslpyed) oimoia
trons (1)-in s-orbital.-As-a-result-it' has high

t-it-has palred elec
Mg is more stable and less reactive as compared to AL.

1
!

i Atomlc Radius SO Dl bt N e Sics z
between the centres of two bonded atoms of any “ '
. N

“The half of the- distance

element is called atomic radius;”—— or— —— e B, S |
“The average distance between the nucleus of an atom and-its outermost shell is ' 77 2
“'called atomic radius.” SR S0 S it 15 InS29iq 218 16RI) & ! :/l‘ i
) ] 95 % ‘ i . 3 207 isitl 10 20N (i1 e oy 2/

Trends in Atomic Radius
* 'As the number of shells in all the elements of & gwen ‘périods remain 'the “same biit the value of “ffecnve nuclcar
{

charge increases from left to right. The increased effective nuclear charge pulls the eléctron clotd of the atom nearer to
j

) =il
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Chapter-13 (s and p-Block Elements)
the nucleus and thus the size of the atoms and ions goes on decreasing from left to right. Thus in going from left to right in

a period of s-and p-block elements, atomic and ionic radii decrease with the increase of atomic number. This fact can be
illustrated by considering the atomic (covalent) and ionic radii of the clements as shown below.

lonic radii (in 3) of representative elements

(s-and p- block elements). In parenthesis are given
the oxidation states of the elements.

s-block Elements

) . ents
¥ Period { p-block Elem
1A
H
1 2.08 (-1)
2.09 (+1)
Li Be B C N o F
2 0.60 (+1) 0.31 (+2) 0.20 (+3) 2.60 (~4) 1.71 (-3) 1.40 (-2) 1.36 (-1)
0.15(+ay | 0.11¢+5) 0.09 (+6) 0.07 (+7)
Na Mg AL Si P S CL
3 0.95 (+1) 0.65 (+2) 0.50 (+3) 2.71 (~1) 2.2 (-3) 1.84 (-2) 1.81 (=1)
0.41 (+4) 0.34 (+5) 0.29 (+6) 0.26 (+7)
K Ca Ga Ge As Se Br
4 133 (+1) 0.99(+2), | 1.13¢+1) | 093¢2) | 2223 1.98 (-2) 1.95 (-1)
0.62 (+3) 0.53 (+4) 0.47 (+5) 0.42 (+6) 0.39 (+7)
Rb Sr In Sn Sh Te I
5 1.48 (+1) 1.13 (+2) 1.32 (+1) 1.12 (+2) 0.45 (-3) 221(=2) | ‘2.16(-1)
0.81 (+3) 0.71 (+4) 0.62 (+5) 0.56 (+6) 0.50 (+7)
Cs Ba TL Pb Bi Po At
6 1.69 (+1) 1.35 (+2) 1.40(+1) 1.20 (+2) 1.20 (+3) s 2
0.95 (+3) 0.84 (+4) 0.74 (+35) . e
- Fr Ra
1.76 (+1) 1.40 (+2)
Na | Mg | AL Si P S CL Ar
Atomic (Covalent) radius (A) | 154 | 136 | 118 | 111 | 1.06 | 102 | o9 0.8
Decreasing———
lonic Radius (A) 0.95 | 0.65 | 0.50 | 0.41 | 034 | 029 [ 026 | .
Decreasing——
"Thus in any period the alkali metals (that are present at the extreme left of the

periodic table) have the largest size

while the halogens (that are present at the extreme rj ts) have the smallest size. However

the size of the atoms of inert gases is larger than that

The trends in atomic and ionic radii of re
of the periodic table can be represented as:

ght excluding zero group elemen
of the preceding halogen.

presentative clements (s- and p-block elements) in a period and a group
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s-Block elements p-Block elements

IA i 1 7\ mA |IvA |vA [ViA

I

4 Atomic and -
> |
Ionic radius _ Desrpnee

Increase ’
Trends in Atomic and lonic radii (s- and p-Block elements)

(i) Trends in first ionization energy e TR ‘&Q\M'WGA Yo

. . . . ) jy L) B
The first ionization energy is the energy required to | [SIoBYIeIVIIAIoN NS = ‘Hef“o\/\z ceJQ QS‘\AJ\M
remove the most loosely held electron from 1 mole of gaseous | (1) A cation is smaller in size than its parent atom

atoms to produce 1 mole gaseous ion (1+) because of effective nuclear charge and lesser
» + _ ) shielding effect.
Xgp—> Xp * 1€ Na —> Na'' +1e-

e e : i (154pm)  (95pm) \
Fist ionization energy depends upon following factors: | 5y Ay"anion is bigger in size than its parent atom

because of weak effective nuclear charge and
: strong shielding effect. -
e Nuclear charge ' , CL+ 1e- cL-

(99pm) (181pm)

e The atomic size

e ~ Shielding / Screening effect

e Nature of orbital

In general, as we move from: left to right in a period, the jonization energy of the elements increases due to
successive increase in the nuclear charge and decrease in atomic size. However there are certain elements which show

irregular trends in period 3. For example ionization energy of Mg (738 kJ mol™") and P (1012 kJ mol™) are higher than
those of AL (578 kJ mol™) and S (1000 kJ mol™).

Q. Why I.E of Mg is higher than AL?

Ans: In case of Mg (1s, 252, 2p°, 3s?) it is more difficult to remove an electron from the completely filled 3s-orbital
while in case of AL (1%, 2s%, 2p%, 3s%, 3p') it is easier to remove the same from pértially filled 3p-orbital. Since to
remove an electron from a 3s-orbital of Mg atom requires more energy than to remove the same from a 3p-orbital
of AL atom that is why ionization energy of Mg is higher than that of AL.

\' ———-.*..—‘
Similarly higher value of P as compared to S has been explained on the same lines of argument as used in explaining the
higher value of Mg compared to AL. . ‘

The values of First lonization Energy of Period 3

Period 3 Elements Na | Mg | AL Si P S Cl Ar
First lonization Energies (kJ/mol) 496 | 738 | S78 | 786 | 1012 | 1000 | 12517 1520

_ The trends in first ionization energy of period 3 elements (s- and p-Block elements) in a period and in a group o
the periodic table can be shown as: Qi i

D) -
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PR M’f’ B
A— e =T ) p- Block elements
i[ s-Block elements’’ L Tva VIA' VIIA|
(oA | [rv mas i A : - —
s H ;
Increase; ]
— 1"]omzat|on Energy |
BT FEL | li_lmf’.“' %
Vs e i H
A * i E
Decrease —
_._.,.._...,u]-.—e“ds in Flrst Iomzat:on Energy 7ol T
fajn gmfxi Nool s
ema ath|t L M o s o ey P
f Electroneganvny is a measur ,
The Paulmg scale is .the: most 14
" attract ' a- bonding - pair: of electrons.? . e
commonly used. Fluorine (the' most electroncgatwe element) is assig ]
value of 4.0 and values range down-{o’ aneSIum and franc:um which are 0 1 .
| the least electronegative at 0.7. “‘" R 5 ; . E|ectronegat|v|t|es
i (rrahel) o Mlot coqu b
| Trend in Electronegatnwtynf & rowe i (S) | A e
e like this:
| pne The trend across Period 3 looks:li ; f o o block p ¥ M W p_BIOC.k elem,?,r,“s J
: In going from left “to rlght m al pcno of is- and | : < X T '|vA"V'A""VI7\"VllA
' elements, the elcctronegatlvlty values ‘increase. This increase can be s S TR
E _explained on the basis of any of the following facts. i BREE B  (Most i X
(i) "On movmg from left to rlght ina penod there is a decrease in J;z;n: )10 glment)
the size of the atoms. Smaller atoms have greater tendcncy to-" ol woit Lo ow ss
"] “attract the ‘electrons towards themselves ie. smaller atoms have 1% o ;J Eectranbiystivity oS anadt
hlgher electroneganvny values. Y . T T e AT v
(u) On’ movmg from left to ng‘lt in a period therc is an increase of % DRGSR g e ' — sl
ionization energy and electron affinity of the elements. The | |~ C' T e
" atoms of the elements, which have higher value of ionization™ | (Lc:s‘ Electmnega{wenﬁc?ase_,,) 3.0 vl b
—~~energies - and —electron --affinities- - also - -have - -higher--|-| glement) - et ! T
.eleclronegativities The - variation;of - electronegativity :/in :a- - — i" =
; H . ¥ ) Penodlc variations of electrone atlvt In s
o) 2o period - andi rgroup .+ of . -representative . . elcments, andpblock bl bt il megntloheyd
Inticiro. (s and p- block elements) is showny o 1y in o b e : e
Note: Since argon does not form covalent bonds we obvnously can't assign it electrone gativity: 171 mois 34,0
Explanation e
e As we go across the period, the bondmg electrom are a]ways in the same level - the 3- lcvel They are always

Jd1 unie beingiscreened by the two inner electrons:!: il neod sed & 01 hotein

e All that differs is the number of protons in the nucleus. As we

steadily increases and so attracts the bondmg pall‘ more closel>
, el X .

i3 £ 1“ 3G
eleme )
understand the structure of each ofxthe elements S e | nts \\eghave 2

i POy ,;4:-5.,\ .,ii\'?"': Diend noltexinol o {

"1 The structures’ of theelements ‘chanige aswe ‘go acrogs the

silicon is giant covalent, and the rest (i.e. P, S, CL, Ar) are simple m
(i)Three Metallic Structures of Na, Mg and A¢{

Sodium, magnesium and aluminium all have metallic structur
involved in the metallic bond - the smgle 3s electron. In magnesium,

es Vo sulsy wwiduid vielimmie

go from sodiunt to chlorine; the numberof" protons

R a—

‘period. The‘.ﬁrst't}\recs(i.ei» Na, Mg, Alyare metalhc

olecules. 28 fraode vd nno sldal siboivsq ol

es. In sodium, onl

Y one electron per atom j
both of its outer e] } ’

ectrons are involved, and in

B
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lalummlum all three. The coordination number of atoms in the metal cr\sl:d is also different
§m these metals. Sodium is 8-co-ordinated = each sodium atom is touched. by only § other .. -
i atoms. Both magnesium and aluminium are 12-co-ordinated (although in 'shg.htly different . »
: ways). This is a more efficient way to pack atoms, leading to less wasted space in the metal

! structures and to stronger bonding in the metal.

||) A Giant Covalent Structure of Si

“Silicon has a giant covalént structure just like diamond. Tiny part of silicon 'WC“"’,

e Lre §

‘ .
' (iii) Four Simple Molecular Structures of P, S, CL and Ar ‘
r e The structures of phosphorus (i.c. white ctc) and sulphur (i.e. thombic or monoclinic etc) vary depending on the
i type of phosphorus or sulphur we are talking about,
<y~ The atoms in each of these molecules are held together by covalent bonds and argon is a monoatomic molecule. '/:
o In the liquid or solid state. the molecules are held close to each mhcr by van der W'ul\i dxspcrtmn fom.\' N _;--1' {
2 Electrical Conductivity o4 ]

-e~ Sodium, magnesium and aluminium are all good conductors of electricity. The three metals (Na, M and AL)
conduct electricity because the delocalized electrons (the "sca of clectrons™) are free 10 move lhroug]mu! lhcsobd
or the liquid metal. Conductivity increases as we go from sodium to magnesium 1o aluminium as they have free

]

clectrons.
e Silicon is a semiconductor. With a diamond structure, we might not expect it to conduct electricity, but it does!

e Therest (P, S, CLand Ar) do not conduct electricity because they are simple molecular substances. There are no
clectrons free to move around.

Q.3.i(d) The melting and boiling points of the elements increase from left to right up to the
middle in period 3 elements and decrease onward. Why?

3) Trends in Melting and Boiling Points

The melting and boiling points tell us about the strength of N5 00
forces present in atoms, ions and molecules. In the case of clements,
the values of melting and boiling points are according to the binding
energies present in them.

Trend:

As we move from left 1o the right in a period, the melting and
boiling points increase upto middle i.e. group-IVA and then decrease
from group V-A to noble gases (Zero group elements) 0
Reasons:

(1) The melting and boiling points are governed entirely by the

sizes of the molecules and intermolecular forces i.e. binding electron present in the outermost shell,

_(2) The melting point-and boiling point are high up to middle because these elements contain increasing number of
binding electrons from I to IV and also have giant covalent structure.

O M.Pt (K)
B B.Pt (K)

I

Na Mg Al Si P s .CL Ar
Melting and Boiling Paints

(3) The melting point and boiling point are low from P to Ar because these clements exist in the form of diatomic
molecules and have orderly least / weak intermolecular forces upto Argon.

S iz

A

(a)  List the symbols of elements present In the third perlod of the periodic table, In order of Increasing atnmlt number
Ans. Elements of 3" Period
nNa, Mg. 1AL 1480, 1sP, 16S, 17CL sAr

(b) °~ Which of the above elements are:
() s-block elements  (1I) d-block elements
Ans. (i)  s-block elements (Na and Mg)
(i) d-block elements (None of the 3" period element belongs to d-block)
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Chapter-13 (s and p-Block Elements)

The elements AL Si, P, S, CLand Ar of 3% period belong to p-block. e

® M) Write the empirical formula of the chlorlde formed by the element with atomic number 13.
()  Descride briefty how can you prepare a sample of this chloride?
Ams. (D Atomic number of Al is 13 and it forms chloride with empirical formula ALCL;.

(i)  Preparation of ALCL: .
ALCL, is prepared by treating aluminium with chlorine. For this, pass the dry chlorine gas over aluminium
foil heated in a long tube. The aluminium burns in the stream of chlorine to produce very pale yellow ALCL,.

2AL+3CL -— 2 ALCL
ALCL, sublimes and collects further down the tube where it is cooled.

2
4

Chemical Reactions of the Period 3 Elements
m&l—(c) Describe the trends in reaction of period 3 elements with water.

a) Reactions with Wate
e Sodium has a very exothermic reaction with cold water producing hydrogen and a colourless solution of sodium
hydroxide. ’

[ p—

2Na + 2H,0 — 2NaOH + H,
. Mugncsﬁm: has a very slight reaction with cold water, but burns in steam. A very clean coil of magnesium
;\iimppcd_ Into cold water eventually gets covered in small bubbles of hydrogen which float it to the surface.
agnesium hydroxide is formed as a very thin layer on the magnesium and this tends to stop the reaction.
Mg+2H,0 —— Mg(OH), + H, »
. Cold
Aagnesium burns in steam with its typical white flame to produce white magnesium oxide and hydrogen.
Mg +H,0 — MgO +H,
Steam
[ ini T . ) 4 N -
Aluminium powder heated in steam produces hydrogen and aluminium oxide. The reaction is relatively slow

2AL + 31,0 » ALO,+3H, |t Q. Why does aluminium not corrode in air?
Steam :
e Phosphorus and Sulphur do not react with water.

. Ch!ormc dissolves in water to some extent to give a green solution. A reversible reaction takes place to prod
a mixture of hydrochloric acid and ¢hlorous (1) acid (hypochlorous acid). e

CL + H,0 HCL + HOCL .
In the presence of sunmlight, the chloric(I) acid slowly
decomposes to produce more hydrochloric acid, releasing 2CL +2H;0 ZHCL+2HOCt
oxygen gas, and we may come across an equation showing the —2HOEt——3HEt+0;,
overall change: 2CL
i +2H,0 —
2CL +2H,0 228, yycr+ 0, - L0,

* Argon shows no reaction with water.

Reactions with. Oxygen

P Sodiqm 1@ in oxygen with an orange flame to produce a white solid mixture of sodium oxide and sodium
peroxide.
For the simple oxide:
4Na + Oy —> 2Na,0
For the peroxide;

2Na + O — 2Na,0,

CamScanner
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e Magnesium burns in oxygen with an intense white flame to give white solid magnesium oxide.
2Mg + 0, — 2MgO .
o Silicon will burn in oxygen if heated strongly. Silicon dioxide is produced.
Si+ 02 e SlOz ]
¢ White phosphorus catches fire spontaneously in air, burning with a white flame and producing clouds of white
smoke - a mixture of phosphorus (III) oxide and phosphorus (V) oxide. The proportions of these depend‘ on the
amount of oxygen available. In an excess of oxygen, the product will be almost entirely phosphorus (V) oxide.
For the phosphorus (III) oxide:
} Py +30,—> P40
For the phosphorus (V) oxide:
P+ 502 — P40m

e Sulphur burns in air or oxygen on gentle heating with a pale blue flame. It produces colourless sulphur dioxide
gas. '

S+0,— SO,
o - Chlorine would not react directly with oxygen although it has several oxides.
e Argon does not react either. '

Properties o the oxides of elements in period |

Formula of Si0;
Oxide
State of oxide solid solid solid solid solid gas liguid
Conduction of
electricity by r Nil Nil Nil
malten o Good Good Good Very poor 1 !
liquid oxide
. Simple
Struct_:re of < Giant _ ) ) ol ~olectlas = A
oxide tructures struchuie
Enthalpy
change of S
formation (kJ - 416 =602 - 1676 -910 — 2984 - 395 80
mol™') of oxide ) ;
at 298K ' C
reacts to form does not does not P01 SO areactszo? \
Effect of "NaOH (aq) reacts to react with ik St [\IS th reacts to fl SIS f o
adding oxide ali\'q]ine‘q form water but it | tc bl ¢i | form t}({)socr)m . -
towater [ 2l Mg(OH), | is sacidic | HaPOuagid | 330 acid | HOLO,
amphoteric | '® ¢4 solution S lupon acid
, ‘ solution
Basic
Naot;li:jeeof | Basic (alkaline) (;Ke?kly Amphoteric Acidic Acidic Acidic Acidic
alkaline)

c) Reactions with Chlorinell

 Sodium burns in chlorine with a bright orange flame. White solid sodium chloride is produced.
| '2Na+ Cl; — 2NaCL

¢ Magnesium burns with its usual intense white flame to give white magnesium chloride
Mg + Ctz —= MgCLz

-

.
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ini i . 4 long tube. The
i Juminium foil heated in 8 101
Al um chloride. This sublimes (turns

yellow alumini or
down the tube where itis cooled..

4 with chlorine by passing dry chlolc
i i duce very pa
in the stream of chlorine to pro :

d to vapour and back again) and collects further
L; —) ?J\LCL\ |

i oring | d ‘ove
e With Sllicnn:«thn-chlnnm. is passed '
. . etrachloride. This is a colourless liquid whlqh vapc?m?c

o  Alumininm is often reacte

aluminium burns

straight from soli
2AL+3C

. ) £l 2 o encts fo produce silicon
il vder heated 0 2 tube, it reac :

: s1I100: m‘can pe condensed further along the apparatus.
o s 20L—> Sli:?h . Josphorus (ITD) chloride (PCLs)
osphorus burns in chlo

hloride (PCLs)-
deisa colourl

Whit rine to produce 2 mixture of two chlorldcs, pl
. lite , of
nndphosp?mms(V)c e Ao s 10

Phosphorus (1 chlori
‘ P+ 6Cl,— 4!’CL3

ess fuming liquid.

us (V) chloride is an off-white (zoing towards yellow) solid.
p, + 10Ct, — 4PCLs

a stream of chlorine is p
dichloride, S;CL.

'iPl:l'o‘.iphor
heated sulphur, it reacts t0 form an orange, evil-

With sulphur: When assed over some I
smelling liquid, disulphur
2S+CL2————)SzCL2 - ‘

e msa——

(e j.“'Argon"doesn't react with chlorine. g ‘
n dioxide under the following headings:

; _ Q3. (i) Discuss the metallic oxides and silico
; - (i) Structures (i) Melting and Boiling points (iii) Electrical conductivity

The Oxides of period 3 are as follow:

7 P4O S
Nalo MgO AL;Oj SiOz i OJ CLZO?
P06 SO, | CL,0

|

Those oxides in the to '
L o nvebinty thgi;c;’\iv,z;‘;e tl\no:\vn as the highest oxides of the various elements. These are the oxides wh
el el i sodgil st oxidation states. In these oxides, all the outer electrons are being invol d i the
im, to all seven of chlorine's outer electrons. Argon is obviously ori'tt col ;‘7 » s
A itted because it

doesn't form an oxide.
1) Structures of oxides
The trend in structure is from th 1 i
— : g T is f ¢ metallic oxides containing gi i
giant covalent oxide (silicon dioxide) in the middle to molccula:no]::i%lia:r: fltlremr.:itulrfs clatlr il e
; ght.

(i)’ The Metallic oxides NS

riod via a

sodium chloride,
O
' Crystalline silicon has the 2 s 0
. e same structure as diamond. To turn it into sili ~Q=3l=0~
icon |
~ O

dioxide, each silicon atom is bridged to its neighbours by an oxygen ato
, : itom.

iii) The molecular oxides Ll ,»
(a) The Phosphorus oxides n
Phosphorus has two common oxides, phos s (11 T
, es, phosphorus (I1I) oxide, P,O, :
xide, POy, and phosphorus (V) oxi -
wle] 1 ide, P4Ojp. oo o0

' BV D
a P.molecule

M

a P.molecule
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* Phosphorus (III) oxide js a white solid, melting at 24°C and boiling at I73°C. The structure of its molecule is

best worked out starting from a Py molecule, which is a little tetrahedron.

, bpndswitl{theibxygen. Y PRy S T Pt ,
* Phosphorus (V) oxide is also a white goliiéuﬁ!iﬁﬁnﬁ (tlli'hiin&“s'trz-a'i'giht 'frérﬁl sofid to'\i:i.po
300°C. In this case, the phosphorus uses a]] five of its outer elec;ons in the bonding. " = =
Splid Phpsphorus V) qxide exists in several different forms - some of them polymeric. We
are going to concentrate on 2 simple molecular form and this is also present in the vapour.
* This is most easily drawn starting from P4O;. The other four oXygen atoms are attached to

the four phosphorus atoms via double bonds.
' : — . dROnmoletute

urjat- @ Ro;ﬁopecuh

(b) The Sulphur oxides
Sulphur has two common oxides which are:.. . S ; ,

e Sul _hur dioxide Sp is a colourless gas at room- t\er;ripé;a— fé with an eas'il/)—}.'recsgnised". > g8E g
choking smell. It consists of simple SO, molecules. The sulphur uses 4 of its outer electrons to / \
form the double bonds with the oxygen, leaving the other two as a lone pair on the Suiphur. The O 7O
bent shape of SO; is due to this lone pair. o _ "
Pure sulphur trioxide (SQ;) is a white solid with a low melting and boiling point. Gaseous S L
sulphur trioxide consists of simple SO; molecules in which all six of the sulphur's outer electrons = “ o
are involved in the bonding. There are various forins of solid sulphur trioxide. The simplest one /S A
is a trimer, S30y, where three SO; molecules are Joined up and arranged in a ring. There are also 0/- \0
other polymeric forms in which the SO, molecules join together in long chains. For example:

o
Q

fo make bigger structures is. what makes the sulphur

The fact that the sifnple molecules join up in this wav
trioxide a solid rather than a gas.

(c) The Chlorine oxides | _ 0\

Chlorine forms several oxides including the following two:
Chlorine (I) oxide (CL;0) is a yellowish-red gas at room temperature. It consists of ct
simple small molecules. In this structure chlorine uses its one outer clectron and bonds 0 A0

with oxygen. , . ~ Heva Wi
Chlorine (VII) oxide (C£,O5) is a colourless oily liquid at room temperature. In 0= Cl=0—CL=0
chlorine (VII) oxide, the chlorine uses all of its seven outer electrons and bonds with .l 1

. 0 0

oxygen. This produces a much bigger molecule.

2) Melting and Boiling Points . YV
- The giant structures (the metal oxides and silicon dioxide) will have high melting and boiling points because a lot

[ J
- of energy is needed to break the strong bonds (ionic or covalent) operating in three dimensions.
The oxides of phosphorus, sulphur and chlorine consist of individual molecules - some small and simples; others

Ct

polymeric. s b ,
The attractive forces between these molecules will be van der Waals dispersion and dipole-dipole interactions.

These vary depending on the size, shape and polarity of the various molecules - but will always be much weaker than the
ionic or covalent bonds need to break in a giant structure. These oxides tend 10 be gases, liquids or low, melting point

solids.
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{3) Electrical Conductivi . o i o
onduct electrcity whep

None of these oxides has any free or mobile electrons. That means that none of them \Tle]ll ?can o
they are solid. The ionic oxides can, however. undergo electrolysis when they are molten. ey B :
ge of the ions when they &

because of the movement of the ions towards the electrodes and the dischar

ACID-BASE BEHAVIO
Trend in Acid-Base behaviour .
asa SW |
; CL:97

The trend in acid-base behaviour is shown in various 1<actions, but —
3

TNazO Mg0  ALOs Si0; P+O10 "
Acidic
S

ooglybasic  Basic Amphoteric Weakly acidic Weakly acidic r_—
hand side to strongly acidic 0 =
ne which shows 0

strongly actdic

n the right, via ap
h acidic and basic

The trend is from strongly basic oxides on the left-
amphoteric oxide (aluminium oxide) in the middle. An amph
properuies. ] :
Reactions of Oxides with Water, Acids and Ba.,eS

i) Sodium oxide {Na;O - Ny’ 2 which :
) . xide. It is basic because it contains the 9x1de jon, O . which is a very

oteric oxide is 0

Sodium oxide is a simple strongly basic 0 '
to-combine with hydrogen 10nS.

strong base with a high tendency
Reaction with Water
Sodium oxide reacts exothermally with cold water to produce sod

. ci;ncentration, this will have a pH around 14.
] Na,O + H,0 —> 2NaOH

jum hydroxide solution. Depending on its

Reaction with Acids o
As a strong base, sodium oxide also reacts wit chloric acid to
produce sodium chloride solution. . Q. Why Na,O is <trongly basic than Mg0?

Na,0 +2HCL —> 2NaCL+ H;O

ii) Magnesium oxide (MgO)

Magnesium oxide is a simple basic oxide
as sodium oxide because the oxide ions are not so free. Int
2-, e . . . . 42 2-
between Na' and O ions. In the magnesium oxide case, the attractions are between Mg'?and O ions. It has high lattice
energy due to greater charge density of Mg ion. Thus it takes more energy to break these.

Reaction with Water :
If we shake some white magnesium oxide powder with water, nothi
4 G , nothing seems to happen (it doesn' as if i
rcactf). However, if we test the pH of the .hqmd, we find that it is somewhere around pH ;)FES“O(‘Vi!\oi?ntt _]09‘\ fl‘S ]'fln,
alkalme_).. There m}xst 'have bcer} some shg,ht reaction with the water to produce hydroxide i gang lt_ls slightly
magnesium hydroxide is formed in the reaction, but this is almost insoluble and so not : iy In.sollmon. SO
into solution. ; many hydroxide ions actually get

i acids. For example, it would react with dilute hydro

because it also contains oxide ions. However, it is not as strongly basic
he sodium oxide case, the ions are held together by attractions

MgO + H,0 — Mg(OH),
Reaction with Acids - i A
Magnesium oxide reacts with w. dilute hvd (lyfl'I"I:AOf Saknests:h Suspensjon
xid arm dilute hydrochloric acid to of 3(OH), i i
magnesillm chlo.ride solution. yerositioric. acid"to” give Milk %)(f mzzgn::;iawzﬁcgs‘135:(;1";;:
MgO + 2HCL > MgCl, + H,0 treatment of acidity in stomach.

(iii) Aluminium oxide (AL203)
As it is amphoteric oxide, it has reactions as both a base and an acid

.

T

o SRR AR e

Nk
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Reaction with Water ™
Aluminium oxide does not react in a simple way with water and does not dissolve in it. Although it still contains

oxide ions, they are held too strongly in the solid lattice to react with the water.

. . . Na*M 2+ AL:N P50 SB# CL7"
Reaction with Acids g

Aluminium oxide will react with hot dilute hydro»h]onc acid to give | j
aluminium chloride solution. as the oxidation state increases

ALO; + 6HCL — 2ALCL, + 31,0 * Acidic character increases

Reactlon with Bases ; o (Covalent nature increases

Aluminium oxide has also got an acidic side to its nature, and it shows :

this by reacting with bases such as sodium hydroxide solution.
Various aluminates are formed (compounds where the aluminium is found in the negatlvc ion). This is possnble

because aluminium has the ability to form covalent bonds with oxygen.
With hot, concentrated sodium hydroxlde solution, aluminium oxide reacts to give a CO]OUTICSS solution of sodium

tetrahydroxoaluminate.
ALO; + 2NaOH + 3H,0 —» 2NaAL(OH),

iv) Phosphorus (V) oxide (P40;,)
Reaction with Water

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

phosphoric acid or as orthophosphoric acid).
PqOm + 6H20 e 4H3PO4
Reaction with Base:
As-it is acidic so it reacts with NaOH as follows:
NaOH + H3P04 — NaH2P04 + Hzo
2NaOH + H;PO;, — Na,HPO, + 2H,0

3NaOH + H3P04 e N83PO4 + 3H10
Again, if we were to react phosphorus (V) oxide directly with sodium hydroxide solution rather than makmg the

acid first, we would end up with the same possible salts.
‘ 12NaOH + P,,O,,, —> 4Na;PO, + 6H,0 -
| :
(a) Sulphur dioxide (SOz) ‘ '

Reaction with Water :
Sulphur dioxide is fairly soluble in water, reacting with it to give a solution of sulphuroue acid, H>SO;.

. SO, +H,0O —— H,;S0;
Reaction with Base
As it is acidic so it reacts with NaOH and CaO as follows:
SO, +2NaOH —— Na,S80; + H,0 ,
Na,SO; + H,0 + SO, —> 2NaHSO; - ey
Ca0O + SO, ——> C(CaS0; .
(b) Sulphur trioxide (SO3) )

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

SO3+H20 e 4 H2804

!

Reaction with Base .
2NaOH + H,SO; —— Na,SO, + 2H,0

In principle, we can also get sodium hydrogen sulphate solution by using half as much sodium hydroxide and just
reacting with one of the two acidic hydrogens in the acid.

CamScanner
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Saipher Tico frself will also react directly with bases to form sulphates. For example, it \ull react w nhca!uum

exadie 1o fors caicioen sulphate. ‘ , o " -y . "y
. ~ C20-S0. —— CasS0, : Lt 2 e g vondt 2o shis
{vi) The Chiorine oxides (CLO,) - ot mdm(;q'
* Chiorine forms several oxades but following two & re important: - iRt
{2) Chiorine (Vil) oxide (Dichlorine heptoxide, CL:07) gy e il s
Chdorine (V) oxide is the highest oxide of chlorine - the chlorine is in its maximum Il I
svidation sate of =7, It continves the trend of the highest oxid~s of the Period 3 clements O-‘E-:("'TO:'GL:O"}F!
somards beiag sroager acids. : TR 1Y
Reaction with Water: | 0. PN »
Rlorine (VIT) oxide reacts with water to give the very strong acid. chloric (VID acid - also known u§ perchloric
acid. The pH of typical solutions wil, like sulphuric acid. be around 0. | g ) il Al
CL.0- < H-0 — 2HCLO, ' ‘ ~ UL
Chloric (VIT) acid reacts with sodium hydroxide solution to form a solution of sodium chlorate (\‘ll) e
NzOH = HClO, — NaClO, + H:0 . s

Reaction with Base: : Yol X0 6
Chiorine (VIT) oxide reacts with sodium hydroxide solution to give the sodium chlorate.ya?c v rins
INzOH + CL,0; — 2NaClO, + H.0
(b) Chlorine (i) oxide (dichlorine monoxide, CL;0)

Reaction with water: \ ‘
Chlorine (1) oxide is far less acidic than chlorine (VII) oxide. It reacts with water to some extent to /O\

give chloric (1) 2cid, HOCL - also known as hypochlorous acid. et tiw geitorg
' CL.0+ H.0 = 2HOCL
Chloric (I) acid reacts with sodium hydroxide solunon 10 gnc a so

]utior:} of sgidil_;rﬁ c‘hklbovr'ate‘ (I) (sodium

hypochlorite).
N20H + HOCL —> NaOCL + HiO
Reaction with Base S R —
Chlorine (T) oxide also reacts dlrectl\ with sodium hy’ droxlde to El\e sodluml h)pébhloritc, Lo ‘ ‘ ‘ a7l biog

IN20H + CL.C — 2N20CL + H,0O . Ve A

UICH . ‘ AL TR Y ." g £ A ~.!: - E.;
QU'Z (OE} abix wrmm., {8)
st KT Jiise ,-,.-'.-.:4\(‘

$)) nnbmlmofbonﬂsuthecﬁdsfomednhenua Mg,ALandSreactmth excess ox'fgen? i1is1 21 sbivoib wiiglué
Ans. (2) Nature of bonds in oxides of Na. Mg. Aland S €174 O b e 002
Sodium Oxide (Na;0) : senél dtiv nollnres
lonic bonding is found in Na,O ‘ 3 bias HOsY diver 210897 11 o aibioe 2i 11 2 A
Na)— Na™' + le” , 0+2 — O~ 2

2Na" + 0 — Na,0

Magnesium Oxide (MgO) {02 sbixohi! wrdqglue (d
Jonic bonding is found in MgO e 3w neitoga$

Mg—5 Mg?+2e "7 7 ="0+2e 23R i siinaiciy eioest shizor wwiigive.

Mg~ + 0" — MgO REUI S 04 + ,52

. - el iier noiiogad
Aluminium Oxide (AL03) D HE =, 02877 <+—— Q21 + HORVS
Aluminium oxide has intermediate bonding. This bas:c ll
ally mcans that 1[ has a ant lamc

has some covalent bonding too. POV 2ROt DIDILE 0wl 0 !e‘ ftl}rxflﬁ-?/})gti?!l_?xo;
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Al Al
2
vl o7 g

and
2 r\(z‘ + 30 :——> AL:O]

Sulphur Trioxide (SO;) d
in SO, m((\;ccnlc, sulphur atom is covalently bonded with three oxygen atoms.
|
25N
@) @)

(k)  How do these oxides react with (1) Water (D) dilute acids, (Ill) alkall
Ans. (b) Reactions with Water

(i) Na,0+H,0 —> 2NaOH

(i) MgO + H,O0 —> Mg(OH),

(iti) ALO: does not react with water and does not dissolve in it.

(iv) SO:+ H,0 — H,S0O,

Reactions with dilute Acids

(i) Na,O+2HC{ —> 2NaClL+ H;0

(i) MgO~+ 2HCL —— MgCL + 1,0

(i) ALO: + 6HC( y 2ALCL+ 3H,0

(iv) SO- - H-80, » 1:5:0; (Oleum)

Reactions with Alkalies

(i)  Being strongly basic oxides, Na;Qudoes not react with alkalies.

(i)  Although MgO is less basic in naturé than Na, O, yet it does not react with alkalies.

Gii)  ALO; + 2NaOH + 31,0 o> INAAYOH),

(iv) 2NaOH + S0 » NdpSO, +H,0 \
(¢)  Magnesium chloride is 2 high melting polnt solld, aluminlum chloride Is a solld which sublimes readily at about 180°C and silicon

tetrachloride Is a volatile liquid. Explain the nature of the chemlcal bonding In these chlorides and show how this accounts for the
above differences In velatility |

Ans. »  Magnesium chloride (Mg€ '(,) is an ionic compound consisting of a giant array of magnesium and chlos ‘e

jons. Strong, ataction between these ions need a lot of heat every to break. Therefore MgCl; has high meltiog
and boilg_points.

Solid algminium ¢hloride has an ionic lattice with a lotof covalent character. At temperatures around

180 — 190°C, ALCL converts o a molecular form ALCL. Due to weak intermolecular attractions, it sublimes !

atAhis temperature
Silicon tétrachloride (SiCLy) is a simple covalent compound. The only attractions between the molecules
dre vander Waals dispersion forees. Therefore it is a volatile liquid. \

Chlorides of the Period 3 Elements

Structures of chlorides of period 3

Sodium chloride and magnesium chloride are ionie and consist of giant ionic lattices at room temperature.
Aluminium chloride and phosphorus (V) chloride are tricky! They change their structure from ionic to coval
when the solid turns 1o a hquid or vapour.

I'he others are simple covalent molecules. J

(%3 CamScanner
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Melting and Boiling Points
Sodium and magnesium chlorides are solids with high meltin
] heat which is needed to break the strong ionic attractions,

. The rest arc liquids or low melting point solids, Leaving aside the

_melting ! aluminium chioride and phosphorus (V)
chloride cases where the situation i quite complicated, the ;
intermolecular forces such as van der W

( ' attractions in the others will be much weaker
: aals dispersion forees, These vary depending on the size and shape of the

molecule, but will always be far weaker than ionic bonds, f
Electrical Conductivity

g and boiling points because of the large amount of

Sodium and magnesium chlorides are ionic and so w
carried by the movement of the ions
l.n the aluminium chloride and phosphorus (v
lons aren't free 10 move. In the liquid (whe
converted into a covalent form, and 50 do not conduct either,

*  The rest of the chlorides of sulphur do not conduct clectricity either solid or molten because they do not have any
10ns or any mobile electrons,.

Reactions with Water

Sodium and magnesium chloride Just dis

ssolve in water, The other chlorides all react with water in a variety of
ways. The reaction with water i known as hydrolysis.

Sechon O

il undergo electrolysis when they are molten. Electricity is
and their discharpe at the clectrodes.

) chloride cases, the solid doesn't conduct clectricity because the
re it exists - both of these sublime at ordinary pressures), they have

Sodium chloride s
chloride ions, A sm
This is norm

a simple ionic compound consisting of a giant array of sedium and
all representative bit of a sodium chloride Jattice looks like this:
ally drawn in an exploded form as:

O Na*
( Occ
SATRIHI
o\
* The strong attractions between the positive and negative ions need a lot of heat encrgy to break, and so sodium
chloride has high melting and boiling points,
@

It doesn't conduct clectricity in the solid state because it hasn't any

mobile clectrons and the ions aren't free to
move. However, when it melts it undergoes clectroly

Y515,
J

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

Magnesium Chloride, MgC(;

Magncsium chloridetis anionic compound, but with a more complicated arrangement of the ions to allow for

having twice as many chloride ions as magnesium jons. A l(’,l of heat energy is needed to overcome the attractions

between the jons, and so the melting and boiling points arc high.

Solid magnesium. chloride is a non-conductor of uwctrigity because the ions aren't free to move. However, it

undergoes cleetrolysis when the jons become free on melting. ' )

o Magnesium chloride dissolves in water to give a faintly ::udlc-solutmn (-pH :;ppr‘m.mmlcl) 0).

e Whenmagnesium ions are broken off the solid lattice and go into solution, there is enough attraction between the
My'? 1ons and the water molecules because co-ordinate bonds are formed between the magne
pairs. onsurrounding water molecules,

: 24 S
Hexaaguamagnesium ions [Mg (H,0),)°" are formed:

sium ions and lone

PAl .
MgCly,, + 6H,0, —> [Mg (”z())f;]m«u +2C0

(aq) .
lons of this sort are acidic.
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e Solid aluminium chloride doesn't conduct electricity at room temperature because the ions aren't free 10 move.
Molten aluminium chloride (only possibie at increased pressures) doesn't conduct electricity because there aren't
any 1ons any more. . -

e The reaction of aluminium chloride with water is surprising. If we drop water onto solid aluminium chloride;'we
get a violent reaction producing clouds of stcamy fumes of hydrogen chloride gas. J

e The aluminium chloride reacts with the water rather than just dissolving in it. In the first instance,
hexaaquaaluminium jons [AL (H,0),]’" are formed together with chloride ions. ~ '

3+ -
/\LCLMQ + ()H;O(U —> [AL (HZO)(’](nq) e 3CL(“‘) ~

SUMMARY

e Atroom temperature, solid aluminium chloride has an ionic lattice with a lot of covalent character.
e At temperatures around 180 - 190°C (depending on the pressure), aluminium chloride converts to a molecular form,
ALCL,. This causes it to melt or vaporise because there are now only comparatively weak intermolecular attractions.

e As the temperature increases a bit more, it increasingly breaks up into simple ALCL; molecules.

Silicon Tetrachloride; SiG!
e Silicon tetrachloride is a simple covalent chloride. There isn't enough electronegativity difference between the
silicon and the chlorine for the two to form ionic bonds. '

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

SiCL, + 2H,0 —— Si0O; +4HCL |

jrmnay 1
Pl e A » ¢
adb el 100 Yo Know?
;.'fb : siliccn tetrachloride Is a colourless liquid at room temperature, which fumes in moist air. The only attractions between th:
S molecules are van der Waals dispersion forces. It does not conduct electrit[ty because of the lack of lons or mobile electrons. ‘

There are two plmxpholhs chiorides which are as follow:
(i) Phosphorus (1) Chioride (phosphorus Trichloride, PCL3) _ )
This is simple covalent chloride and 1s a fuming liquid at room temperature. Phosphorus (I1T) chloride react
violently with water. We get phosphorous -acid. H:POs, and fumes of hydrogen chloride (or a solution containing
hydrochloric acid if lots of water is used). |
PCL; + 3H,0 —> H;PO; + 3HCL

£V,

Vi
& Phosphorus trichloride s a liquid hecause there are only van der Waals dispersion forces and dipole dipole attractions between |
the molecules. It does not conduct electricity because of the lack of lons or mobile electrons.

{:

C::

(ii) Phosphorus (V) Chloride (Phosphorus pentachloride), (PCLs)
Unfortunately, phosphorus (V) chloride is structurally more complicated.

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

e In the first, with cold water, phosphbrus oxychloride, POCL, is produced along with HCL.

2%
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Fnthalpy change
of formation of
chloride at 298 i 2 - 218 = 160 17 -~ N 0
K per mole of
(Latoms KD

F fiect of adding Some C(;

(hlaride to Solid dissolves Chloride reacts with water, HC U fumes are .
readily T reacts with
walter : ["-"»"!'-h(‘(’ walle
pH of pqueans
solution of 7 {, ¢ y . - ) 2
chloride

@ QUICK
&F QUIZ

1. Kow do the 1tates of the chlorides 2t 20°C vary atross the third petied?
Ans. When we move across the period the tiates of chlonde change from eolid to haquid to'gas

e Sold (NaCL MpCL . ALCL)

o  lagud (MO, PCL, SO0

e G (CLH
2 How do the bolling polnts of the chlorides vary acress the period?
Ans. Actoss the penod 3 botling point decreases from groupgl 1o ddighenfacagases a little bit But at the end Cl, has
least boihing pomt i the peniod
5 How do the conductivities of the molten chlorides vary across the period?
The chlorides of 1A and 1A group (NaClL MpCLpre ‘Baod conductor in molten state. ALCL 15 a very poor

conductor The remaming chlondes of per wod 3 are nopseanductor

@A QUICK
0 QUIZ

1. Which of the following give acidic solution With watee: MgCL,, ALCL,, SICL, Macl?

Ans,

Ans. ¢ Sodium chloride (Na( 0/ ssatmes W water 10 give a neutral solution.

e Magnesium chloride (MpCL) dissolves in water to give a faintly acidic solution, )

e Aluminium @lorfe (ALGL:) reacts with water to produce clouds of steamy fumes of HCL ga

o  SiCL, reacts withihwatefin air 10 produce hydrogen ct hloride gas which dissolves in large excess of water 0

give & st N asidi®solution containing b hydrochloric acid.
SCE + 2H.0 — S0, = 4HCL
2, Why K2CL hasMigh melting and bolling point?
AnsdSodiun Shiedfdc is an ionic compound consisting of a giant array of sodium and chloride ions. The strong
surdbnfhs between these jons need a lot of heat encrgy 1o break Therefore NaCl has high melting and boiling

punts
3. Write eguations for reactions of PCL, with hot and cold water.
Ans. Reaction of PCL with cold water
PCL + H,O,, 0 — POCL, + 2HCL

; .
Phosphorows onychionde
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Reaction of PCLs with hot water
PCL( + 4H20(hm) > ”_1]’04 + SHCL
Phosphoric acid
4,  What products are obtalned on reaction of disulphur dichloride tvith water?
Ans. Disulphur dichloride reacts slowly with water to produce a complex mixture of things illulynflillg hydrochloric acid,
' sulphur, hydrogen sulphide and various sulphur containing acids and anions (negative 1ons)
5. Why RCCL, Is non-conductor In solld as well as In llquld state but Nac( and MgC(; are conductor in liquid state and non-conductor in
’ solld state? : :
1 Ans. o Solid ALCL does not conduct electricity becanse the ions are not free 1o move, In |n(\altcn state, ALCE, has
converted into covalent form and so do not conduct eleetricity due 10 unavailability of free electrons.
. Solid MgCL, an.d NaCL are non-conductor of electricity because the ions are not free 1o move, However in
molicn state, their jons become free and are available to conduet clectricity,

H

droxides of the Period 3 Elements

e Sodium and magnesiuzn_hydroxides arc ionic dompounds and are simple basic hydroxides. Both react \'vith
acids te form salts. For example, with dilute hydrcloric acid, colourless solution of sodium chloride or magntsium

NaOH + HCL — NaCL + H,0

. , Mg(OH), + 2HCL —-» MgCL, + 2H,0

Aluminium hvdroxide, like aluminium oxide, is amphoteric - it has both basic and acidic properties. With

dilute hydrochloric acid, a colourless solution of aluminium chloride is formed. ,

ALOH), + 3HCL —- ALCHL +3H,0
But aluminium hydroxide also has an acidic side to its nature, It will react with sodium hydroxide solution to give

a colourless solution of sodium tetrahydroxoaluminate.

* AYOH); + NaOH ——» NaAl(OH),
Silicon, phosphorus and sulphur hydroxides have —=OH (hydroxide) groups covalently bounded to the
atoms. These compounds are all acidic-ranging from the very weakly acidic silicic acids to the very strong

chloride are formed.

sulphuric or perchloric acids.
There arc other acids (also containing —OH groups) formed by these clements, but these are the ones where the

Period 3 element is in its highest oxidation statc.
OH O 0O 0]
Il I [}

- |
HO—Si—OH HO-—},D-—OH HO—S — OH HO—CL=0
' I I
OH OH @) 0
Orthosilicic acid Phosphoric (V) acld Sulphuric acid Perchioric acid
‘ . . . v g
e Aluminium hydroxide is amphoteric. Like sodium or magnesium hydroxides, it will react with acids. This is
showing the basic side of its naturc. , |
e Orthosilicic acid is very weak.
o  Phosphoric(V)acid is a weak acid - 2lthough somewhat stronger than simple organic acids like ethanoic acid
e Sulphuric acid and perchloric (Vil) acids (HCLO,) are both very strong acids. ,

< UICK
6Bz

1.
Ans.

Justify that NaOH and Mg(OH); are basic In nature.
Sodium and magnesium hydroxides react with acids to form salts. It shows their basic nature,

NaOH + HCL —— NaCL+ H,0
Mg(OH); + 2HCL — MgC{, + 2H,0O
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20 Justify that ALIOR), 15 an amphoteric compound,
Ans, ALOI S anamphoterie compound, It has both acidic and hasie properties,
o Asvabase, itreacts with dilute HCE ot a colowless solution of AC
O, + 310 » ACG 0
. With sodivn hvdronide i eacts as an acid to o sodivm tetrahvdroxoaluninate,

ALEOHY + Naul » NaA O,

Some Physical Propertias of Alkall Motals

The elements of group Lare called alkali wetals, Phey melude b (L), \\‘\hl"" (Na), potassinm (M rub
(Rb), caesimm (C8) and francium (Fr),

Proporty Li
Atomic weight 0.04 2200 10, 8547, | 13201
Atomic volume 12.07 23.63 435,36 588 69.95
Atomic (i.e. metallic radius for |58 1.9 285 2,46 2.6
coordination number 12) < ’
covalent radius 153 1.54 2.03 2.16 36
lonic radius of M*" jon 0.0 0.95 133 148 1.69
Melting point (°C) 180.5 07.8 63.7 380 28.7
Boiling point (°C) 1330 502 760 688 670
1* lonization energies(kJ/mol) (Iy) 520 JOS 8 4189 | 403.0 RYAN
2" onization energies(kJ/mol) (I2) 72081 45624 30514 | 26330 | 2230.0
Standard oxidation potential 3.04) 8 2.00 2,00 2.00
Sublimation energy (eV/ion) 1.7472 1.2432 1.032 0,98 0.9024
Hydration energy (eV/ion) 5.00: 3.792 3.6955 3.36 0.624
Electronegativity | 0.9 0.8 0.8 0.7
Colour of the flame Crimson red | Golden yellow | Violet Violet Violet
Heat of atomization at 25°C 17472 12432 1.032 0.984 0.9024
(eViatm)
lonic conduction of M*' ion 33.5 43.5 64.6 67.5 63

rends'in'Atomic Radius 0's}

As we move from lithium to eaesivm, an extra shell of ¢cleetrons is added
Atomig 0.2 -
radius
(nm) 04

to each element. The addition of an extra shell increases the atomic volnmc We
find therefore, that theie ds an increase of atomic and ionic radii (of M ions) as
K RKh © G
Atomic lell of the Group 1 Elements

we move from lithium to caesium,

Trends in First lonization ner

First jonization energy is the energy needed to remove the most loosely held eleetron from cach of one mole of
gaseous atoms to make one mole of singly charged gaseous ions - in other words, for, | mole of this process:

CamScanner
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o
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o

Xp—> Xyt € We know

. We 4

s The first ionization energy decreases as We g0 (_iow" 1.hc gr,:):rrr)mst shells

that alkali metals have only onc clectron in their ot Jeus that it
(ns' electron). This ns' electron is 50 weakly held with the nucleus thi

can be removed very casily. Alkali metals therefore have low 1onization

energies.

e As the dist
from Li to Cs its rem
from Li to Cs.

The second ionization energics are fairly high, since the loss of the second electron

noble gas configuration) is quite difficult.

Electronegativit

Electronegativity is a measure of the tendency of an atom to attract a
bonding pair of electrons. It is usually measured on the Pauling scale, on which
the most electronegative element (fluorine) is given an electronegativity of 4.0
and least electronegativity is given to Cs (0.7).

rends in Electronegativity|

1st lonization energy
(kJ/mol)

ance of ns' electron from the nucleus increases on moving
4
oval becomes more and more easy. As a result, the LE,

First lonization Energy of
the Group 1 elements

of alkali metals go on decreasing |

from M'™ cation (which has a

When we move down the group, the electronegativity of alkali metals
B ) ’ Electronegativities of the Group 1 clements

‘cereases.
irends in Melting and Boiling _
The melting points and boiling points of group-I fall as we go down the

DMahing Point
[ Boiling Point

2roup. The melting and boiling points are very low because of the presence of 1500

weak inner atomic bonds in the solid state of the alkali metals. These bonds are
due to their atomic radii and mainly due to their electronic configuration having
1zle valence electrons as compared to large number of available vacant
bitzls. As the size of the metal atoms increases, the repulsion of the non-
bonding electrons also increases. This increase in the repulsion of nonbonding
electrcn decreases the melting and boiling points of alkali metals when we

.¢ from Lito Cs.

Ends in Density|

Melling and Boiling
Points (°C)
o o
o (o]
o o

o

Melting and Boiling Points of
the Group-! Elements

» The densities of the Group 1 elements increase down the group 2
(except for a downward fluctuation at potassium).

The metals in this series are relatively light-lithium, sodium,

-
[3,]

and potassium are less dense than water (less than 1g em™).

Atomic radius increases down a group, so the volume of the
atoms also increases.

Fewer sodium atoms than lithium atoms, therefore, can be
packed into.a given volume. However, as the atoms become
larger, their masses increase. A given number of sodium atoms o
will weigh more than the same number of lithium atoms.
Therefore, 1 cm’ of sodium contains fewer atoms than the same

volume of lithium, but each atom weighs more,

Mathematical calculations are required to determine the densities.

Density (gcm )

Li

Na K Rb Cs

Densities of the Group 1 elements

Elements Li Na K Rb Cs

Densities at 0°C (g/c.c) | 0.534 | 0.972 | 0.859 [ 1525 | 1.903
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Hanw
Explaln that 2 tontzation energy of alkall metals 1§ groater than 1 lontration eneryy,

Ay AN e e n e vadenee slocton, the atlali metal atom becomes tnipositive (M"y fon which

ol nteine mne Toosely held with the nocleus When heat
1 enciiod, Whin thess excited elections come hack 10
forin o Dight, Since the amotint of energy absorbod
imparted by the atoms 1o the

\l\ hav \‘\\\N\‘l\ (RN TN
G NI o adive thann pareat ptom
QY abakanee proten iy elecion i, :
e 1 these teasons (i bevomes dHTae o remove secon
seater L than 1L
LU 0N = 00 W wol ‘
Lo N = 406 Kol ‘
Why melting points of alkall metals are low as compared to alkaline eat th metals?
Anse The meling and boiling points of alkabine carth metals are higher (i alkalimetals, The reason is that alkaline
carth metals have 2 elections in the ontermost orbital, So the numbe of bonds which have been formed arc greater.
Pherefore the melting poines of alkali metals are Tow as compared (o alkuline earth metals, c.g.

Melting point of Na = O8°C
Melting point ot My = 0A8°C

Reactivity with'Wate)

The reaction of alkali metals with water is very fast A small picee of Li, Na and K floats on water. They react
vigorously and liberate hydrogen, They produce metal hydroxide, These reactions are highly cxothermic. The energy

| electron from M' fon, ‘Therefore alkali metals have

‘o

which is produced can burn the hydropen pas,
2Na + 2HO > 2NaOH A T Al #ve
The \‘c;wli\'il'_\ of alkali metals with water beeomes more and more vigorous as we move down the group. K, Rb
and Cs are so reactive with water that they reaetwithiaceat = 100°C.
Reactions with!
Alkali metals react with Oy opaierapidly and thus get tarnished due to the formation of their oxides on the surface
of the metals. 1t is for this reason that alkalimetals are stored in kerosene or paraffin oil.
e Lithium (Li) when burntin O, gives mainly lithium monoxide, (normal oxide) Li,O.
1.1 90, —=»2Li,0
e Sodium (Na) when burnt in O, forms sodium peroxide, Na,O,
2N + 0, —> NayO,
e DPotassium (K), Rubidium (Rb) & Caesium (Cs) react with O, to form super oxide of MO, type.
K + O, — KO,
Rb + Q; e Rbo:
Cs + O, — Cs0O,
Since the normal oxides of alkali metals other than that of Li (Li,O) are not formed by the direct reaction between
the ‘lpetnls‘ and O,. they are formed by indirect methods, e.g. by reducing peroxides, nitrite and nitrates with the metals
Usell.

2Na,0; + 4Na ——> 4Na,0 ] \ Gains proton l'
2NaNO, + 6Na ——» .4Na,0 + N, o’ + HO == OH +OH

2NaNO; + 10Na — 6Na,0O +N; T
Loses proton
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TR
Chapter-13 (s and p-Block Elemems) ,
Properties: ' n An}ifluorite Strucutre: \‘
*  Normal oxides (O™) react with H,0 to form hydroxides by

M,X; including Li,O, Na;O and K,0
L simple the inverse of the fluori,
structure with the X ions at the FCc
positions and the M ions filling all of the

tetrahedral positions.

* The peroxides (0) and super oxides (O;') are strong

oxidizing agents and react with H,O to give H,0, and O,.
201,- + 2”30 — 2H,0,+ 0,

Normal oxides have anti-fluorite structure and are ionic in

nature since they contain monoxide ion, (Oz').

Peroxides contain peroxide ion, 03 or [0 - O]

—

The superoxide ion has a three electron bond as shE).\:'n below:
' :0—-0:
The presence of one unpaired electron in it makes this paramagnetic and coloured.
Reactions' of the Oxides with Water.and Dilute /Acids
i) The:normal oxides,X;0
Reaction with Water . i 3 i
These are simple basic oxides, reacting with water to give the metal hydroxide. For example, lithium oxide reacts;
- with water to give a colourless solution of lithium hydroxide.

Li;O + H,0 —> 2LiOH : _ .
Reaction with dilute acids’ ‘

|
These simple oxides react with an acid to give a salt and water. For example, sodium oxide will react with dilute |
hydrochloric acid to give colourless sodium chloride solution and water. ‘

Na,O + 2HC{ —— 2NaC{ + H,0

I
|
|

ii) The peroxides, X;03
Reaction with Water

If the reaction is done in ice cold (and the tem

perature controlled so that it doesn't rise even though these reactions
are strongly exothermic), a solution of the metal hy

droxide and hydrogen peroxide is formed.
XQOQ 2 2H:O — 2XOH + HzOz

If the temperature increases (as it inevitably will unless the peroxide is added to water very slowly),
peroxide produced decomposes into water and oxygen. The reac

! the hydrogen
tion can be very violent overall, !
Reaction with dilute Acids

These reactions are even more exothermic than the ones with water, A solution containing a salt and hydrogeni
peroxide is formed. The hydrogen peroxide will decompose to give water and oxygen if the temperature rises again. it is
almost impossible to avoid this. Another potentially violent reaction! e SR,

X,0; + 2HCf — 2XCL + H,0,

iii) The Superoxides, XO,

Reaction wjth Water

Superoxides react with water to form a solution of the metal hydroxide and hydro
given off as well. Once again, these are strongly ‘
the hydrogen peroxide to water and more oxygen.

2X0,+2H,0 —» 2XOH + H,0,+ 0,
Reaction with dilute Acids -

This is a violent reaction, -

peroxide is formed together with oxy

. . ) gen gas. The h
temperature rises. This is a violent rea

14 O . - ."
: ydrogen peroxi : containing a salt and hydroge
ction. :

2X0, +2HC{ — 2XCL+ H,0, + 0,
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Reactions of the Elements with Chlorine
Alkali metals react with halogens (chlorine) to give halides (chlorides). Li and Na react slowly with chlorine at

room temperature to give LiCt and NaCL. Molten Na burns with a brilliant yellow flame in the atmosphere of chlorine to

form NaCL. ’
2Na+CL — 2NaClL

K, Rband Cs react vignrnusl‘;"\i"ith all the halogens to form metal halides.
of.heat on:NitratesjiCatbonates;and Hydrogen carbonates

Group | compounds are more stable to heat than the corresponding compounds in Group 2,

L

o It is observed that the lithium compounds behave similarly to Group 2 compounds. but the rest of Group 1 are in
some way different.

e The carbonates (M;CO;) and bicarbonates (MHCO:) are highly stable to heat. With increase of electropositive

character from Li to Cs. the stability of these salts increases.
e Their nitrates decompose on strong heating to the corresponding nitrite and O,. (Exception is LiNO»).
2NaNO: » 2NaNO, + O,
4LINOy —— 2110 + 4NO, + (1,
Explaining the trend in terms of the polarizing ability of the positive ion
When alkali metal cations approach near an anion, attracts the outer most clectrons of the anion and repels the
nucleus. Thus the distortion or polarization of the anion takes place. This distortion results in the sharing of electrons
between two oppositely charged ions, i.c. the bond between the cation and anion becomes partly covalent in character. In
general the smaller cations polarize the anions more effectr cly than bigger one. Therefore, the lithium salts are slightly

covalent while other alkali metal salts are ionic.
/ﬂ A YUICK

.F\AI P ]

A

1. Why lithlum salts are more covalent in nature while salts of other alkal metals are lonic.
Greater the charge density of a cation, greater will be-its polarizing power and more covalent character it will
induce. Among alkali metals, I.j'I has greater polarizing power. Thus its salts are more covalent in nature, than

Ans.

other alkali metals. .
2. Give trend of stabllity of carbonates of aikall and alkaline earth metals along group.

Aill alkali metals carbonates are stable towards heat except Li,CO; which decomposes on heating.
Li;CO: — Li,ORCO, :
Alkaline earth metals decomposewon heating and the ease of decomposition decreases down the group.
CaCO;,y=—— Ca0, + COxyy
The ease of decomposition can be related to the size of the metal ion. The smaller the ion, the more is the
lattice energy ofthe resulting oxide and hence higher the stability of the product.
3. Show bonding In superoxide lon.

Ans. Bonding in superoxide .

The Lewis electron configuration of superoxide is:
:0 — O

and the bonding in super oxide ion is Q= 0r

4, Why alkall metals stores In kerosene / paraffin oll.

Ans. Due to low ionization energy alkali metals highly reactive. When exposed to air, they immediately form their
respective. oxides. Similarly with water, they form bases and hydrogen gas. Kerosene oil is a mixture of alkanes
which are least reactive compounds. So, alkali metals in kerosene oil remain inert and kerosene oil can be a useful

medium for their storage.

Ans, e
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er of metal ions in a compound. Not a|

Objective . :
N Flame tests are used to identify the presence of a relatively small numb

metal ions give flame colours.

For Group 1 compounds, flame test
For other metals, there are usually other casy
useful hint as to wheré to look. l

of identffying which metal we have got.

¢ usually by far the easiest way | -
her oy eliable - but the flame test can give 3

methods which are more ¥

Procedure o g o

i i ipping it i 1ydrochloric ac

(i) Clean a platinum or nichrome (a nickel-chromium alloy) wire b.y dlppm'g it into conce:;(t)rlz;tlcl:r in)tlhc o id
and then holding it in a hot Bunsen flame. Repeat this until the wire doesn't produce any &

! hen dip it-into a small amount of the solid we

(i) When the wire is clean, moisten it again with some of the acid and t
are testing so that some sticks to the wire. ' ; . \ :
e colour is weak, it is often worthwhile to dip the wire back in

(iii) Place the wire back in the flame again. If the flam cax,
the acid again and put it back into the flame as if we were cleaning it.

(iv) We often get a very short but intense flash of colour by doing that.

Flame colour observation _
Different flame colours shown by different elements are

Elements | 'Flame colour: | Eléments

iven Iow: _ , ’
= Flame colour

Li ' red Ca orange-red

Na golden yellow Sr Red

K lilac (pink) Ba pale green

Rb red (reddish-violet) Cu biue-green (often with white
. flashes)

Cs Blue Pb greyish-white

The Origin of Flame Colours
We i ; |

b i i[hcz;vncbseczl;stil;zftet\l;t:ilogtfr cllec]tr.on (i.e. ns' electron) of atom of alkali metals is loosely held with the nucleus

e in[o)Bl;ns e A o the nghc'r energy leyel§ even by a small amount of heat energy (e.g. by heating th
o o Sl tocrilt un}:‘r). lDurlpg lhe. excitation process the electron absorbs some energy and whength'e
i oo ok 1o ds ]orncma position, it gives out absorbed energy in the form of light in visibl i
M e g el nd hence th.e colour. is imparted by the atoms to the flame. Since the ot s
Rame. The a1 O.fa]ka“ I1ngtro]cess is different in d.lfferent atoms, different colours are im arted  the oo £oerey
als 1o give coloration in the Bunsen flame has been used to dt.iectethb'y the Hom Toyihe
€Ir presence in salts

by a test known as flame test. ;
Q. Wh i
. at do you do if you have a red flame col  unknown commam e —
. our f : T dm mme b —
of the various reds it is? °r an unknown compound and do not know which
Ans.  Get samples of known lithiym, strontium (etc)’ ‘
) compounds and repeat the f] —
ame test,

roduced by one of the know ;
p y of the known compounds and the unknown cOmpound side by side intil comparing the colours
Y

74 QUICK | ou hve's gond matgh
Srsiia ¥

1. lon of which element among the alkall metals has the greatest polarizing power?
. h )
Ans. Polarizing power o charge density =CT?zreg£ .

:

i - . . ot] . . ' V

Since cationic radius of Li" is smaller, therefore it has greatest charged density —— .
] all metalg henc "

€ 1t has

greatest polarizing power.
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2, Justify the placing of LI, Ma, K, Rb, and €5 In the same group of the perlodic table,

Ans, Tne classification of elements in o proup is based on their valence shell electronic configuration, Since alkali
mmetals hinve same valence shell eleciyonic canfipuration i,c., ns', 0 they are placed in same group 1 or 1A,

5. Wnto the electronic configuration for alkall metal atoms. Explain the perlodicity In lonlzation energy, electronegativity and atomic radil
on passing from Ll to R,

Ans, Dlectronic configuration of alkali metals (proup 1)

N I’ 24"
TRE l'.'.'-,",’p' !
ko= 267 2p" 330!
olth 18" 267 2" 387 3" 45230 4 pt 5 !
s’ Is'26%2)" I 3 30" Ap 567005 p 6!
wil'r I5'2s"2p" 35’ Ip"an 3" ap s ad" s 05 a1"'5d" op" 74!
. The ionization enerpy of alkali metals decreases down the group from Lito Rb. It is due to;

() Increase inatomic size due to successive addition of extra shells,
() Increase in shiclding effect

. The electronepativity also decreases from top 1o bottom in alkali metals.

. As we move from lithinm 1o Cacsiom, an extra shell of electrons is added to cach element. Therefore there is
mancrease of atomic size from 1 to Rb,

q, Explaln the perlodicity In lonlzation energy, electronegativity and atomic radii on passing from LI to Rb.

Ans. Down the proup ionization cncrpy and electionepativity decrease while, atomic radii increase.

h. Among alkall metals atoms which has the largest lonizatlon potential?

Ans. Jonization enerpy decreases down the ponp in alkali metals doeto increase in atomic radias and shiclding effect.

Fhos Lo has pest LD among allali metals that 1s 5203 kK mol

6, Explain the followIng:

(2)  Alkall metals show an oxidation state +1 only

Ans. Alkalr metals have only one valence cleetion. On dosing that clectron, alkali metals achieve noble gas
configuration and thus become stable, Therefore they show 11 oxidation state.

(h)  Alkall metals are unlvalent,

Ans, An alkalimetal can casily lose s valence clectron to form the univalent cation. Hence it is univalent in
nature

(¢)  Alkall metals are good reducing agents,

Ans, Peducing property ol an clement depends upon the ionization cnerpy value, Elements with low ionization
encrgy value are poodredueimng apents, In periodic table alkali metals are the clements with lowest
tonization en@py “Therelorethey are pood reducing apents, :

(d)  Alkall metals have low melting polints,

Ans, The meltingpontsol alkali metals are very low because of the presence of weak inner atomic bonds in their
solid state Thesebhonds are due o their aomic radii and mainly due to their electronic configuration having
a singlevalence electrons as compared 1o large number of available vacant orbitals. '

(e)  Alkall metals glve characteristic colour to the Bunsen flame,

Ans,The walenge electron (ns') of alkali metals atom is loosely held with nucleus and hence it can be casily
wraed cven by small amount of encerpy. During de excitation it gives out energy in the form of light in the
visible repion of clectromagnetic spectrum, In this way different colours are imparted by atoms to the
wineen fame

(f)  Mals stored under kerosene,

Ans, Sodium ican alkali metal, Due to low ionization enerpy it is highly reactive metal, When exposed to air, it
smmediately formes NayO,, Similarly with water, it forms NaOIT and hydrogen gas. Kerosene oil is a mixture
of alkanes which are least reactive compounds, So, sodium in kerosene oil remains inert and kerosene oil

can be wousetul mediom for ity storigre
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(g)  Alkall metal form M* cations Instead of M°* cations ‘ 1
’ ¢ 1 ruti L are HIneL
Ans. Alkali metals have only one valence electron, On losing that electron, M cations are form
M— M4+ ¢ ,
) , o atien of M cations 18 riled ot
Due to stzbility of this cation, 2 LE of alkali metals is very high, So formation of M catic
() Alkall metals have low lonization potentlals. | , is w0 weakly held win
Thia ne v y $ Weax v i ! !
Ans., Alkali metals haye only one clectron in their outer mont uhcl!'.fnfi ). This ne %lcstn';;n’;m“ energics.
the nucleus that it can be removed very easily, ] hcrc!‘qrc alkali metals have low 1oniz: Py
7. Hydroxides of 1" group are strong bases, Explatn why?
Ans. The basic character of hydroxide depends upon:
(i)  Polarity of M ~ OH bond.
(ii)  Inter nuclear distance between oxypen of — OH, _A 1 st OONLiiter Piscloas
Alkali metal cation (M") has large size due to which it has greater pfl;lufl'y "" M ’ "()” b“j” ]d;':cnc; Nali m':L:l
distance between oxygen of — OH. As a result there is greater jonization of MOH an -
hydroxides are strong bases, table
8. Explain the followlng: 11,€0,, Is unstable while other alkall metals carhonates are relatively more stable. G Bt d e
Ans. The carbonates of alkali metals arc all stable towards heat except Li;COy which decomposes on heating to “

oxide, Li,CO; —> Li,0+ CO), e i

. i ”_~ ] arb . xide iy
The decomposition is made casy because the electrostatic attraction in ¢on verting from carbonate 1o oxide j
considerable.

In case of other alkali metals carbonates Jike K,COy (pearl ash), due.to large cation (K'), the gain in clectrostatic
_attraction is relatively much Jess and the decomposition is difficult,

The Group 2 consists of Berylljum (Be), Magnegium (Mg

3 ) Calcium (Ca), Strontium (Sr), Harium (Ba) and
Radium (Ra)

Atomie weight S 9.01 226
[ Abundance (% of carth’s crust) 6.4-10.,4 2.0 3.45 0.9]5 0.04() 1.3 71010
U)('ns'ily (g/em?) ].84 1.74 1.55 2.54 SIS 6.00
| Melting point ('C) 1277 650 4§35 763 — m—
Boiling point (°C) 2770 1107 1440 1380 l(;.H)
[ Atomic volume (c.c) 490 | 1397 T 259 34.54 :
N 4. 03,
fius (A) (i li s =
Atomic radius (A) (i.e. metaliic 1.12 1.60 ¢
radius for coordination number 12) ’ 1.97 2.15 2.22 =
(]
Covalent radium (A) 0.90 1.36 1.74 1.9] 108
0 g o —
Tonic radius (A) (crystal radius of 0.31 0.65 0.99 113 ,
M?**ion for coordination number 12) ’ 1.35 1.40
lonization energies (kJ/mole) 1, 899.5 7377 590.0 547.5 502.9
~ - C
1 17570 | 14502 | 11454 | 10643 e 200
" ] 26566 | 2884 | 17350 | 615 — 979.06
L +1, . 1468. ] 1488.46
& ]
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Oxidation state +2 +2 +2 +2 +2 +2
Electronegativity | 1.57 1.31 1.00 0.95 0.89 0.90
Fla.mc ?olouratinn ' None ' | None Brick red | Crimson | Apple green Red
Oxidation potentials (volts) for M(s) 1.70 2.89 2.90 2.92
My— M2 +2¢ | 170 137 ee 163.21 175.77 ~
Heat of atomization (kJ/molc) at . |
25°C and latm pressure 327.26 146.89 181.21] 164 : 180 --
Heat of hydration (kJ/mole) 2385.45 | 1925.1 1653.07 1458.67 1276.42 -
Tonic potential of M*" jon |
(i.e., charge/radius ratio) L o 182 1> =
Trends in Atomic Radius us

' The atomic radii of group 2 elements increases down the Group.
I\Jf)tlce that beryllium has a particularly small atomic radius compared
with the rest of the group.

Reason:

Because of the addition of an- extra shell of electrons to each
ele.ments from Be to Ra, the atomic volume increases from Be to Ra.
.\Nlth the increase of atomic volume, the atomic and ionic radii (of M
ions) also increase from Be to Ra. The atomic radii of these elements are
however, smaller than those of alkali metals in the same period. This is
due to the fact that the alkaline earth metals have higher nuclear charge
which tends to draw the orbit clectrons towards the nucleus. The smaller
values of atomic radii result in that the alkaline carth metals are harder,
have higher dcnsitics‘ and higher melting yoints than alkali metals.
Trends in‘Eirstilonization Energ

First ionization energy is the encrgy needed to remove the most
loosely held electron from each of one mole of gascous atoms to make
one mole of singly charged gascous ions. In other words, for 1 mole of

this process:
1 -
’ & .
X —> Koo * ¢
Notice that first ionization energy falls aswe go down the group.
Reason: , |
The first and second ionization energies of these elements

" decrease with the increase of atomic radii from Be to Ba. However, the

value for Ra is slightly higher than those of Ba.

Trend in Electronegativi
Electronegativity is a mcasure o

attract a bonding pair of electrons. It is usually measur

hich the most clectronegative element (fluorine) is given an

f the tendency of an atom to

scale, on w
electronegativity of 4.0.

Notice that electronegativity values fall as we go down the

group. .
Trends in Melting Points and Boiling

The melting and boiling points of group 2 elements arc higher
than group | elements. The reason is that the group 2 elements have 2
clectrons in the outermost orbital. So the number of bonds which have
been formed are greater. Anyhow there is no regular trend is present

which can be observed.

ed on the Pauling *

Atomic radius (nm)

1st lontzation energy
{kJ/mol)

Be Mg Ca Sr Ba
First lonization Energy of
the Group 2 Elements

. Be Mg Ca Sr Ba Ra
Electronegativity of the
Group 2 Elements
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i + shows that there 13 :
» It shows that (apart from where smooth trend 15 o It .'ho h. i
j j int falls as we¢ 01n1s, yould Df
broken by magnesium) the melting pont falls as we ;{Jmle ol e 8
there is any trend nel

go down the Group.
rends in Reactivity with Wate
o Beryllium has no reaction with water o
red heat.

e Magnesium burns in stcam
magnesium oxide and hydrogen gas.
In other words, &s
clements become less electrone

r steam even 4t

to produce white

Mgy + HiOgy —> MO+ Hagy

Very clean magnesium ribbon has a very slight S A el
reaction Wiﬂl cold wuﬁ:r. After several minutes, somc down the Group. m?-nf"qj.g oy
bubbles of hydrogen form on its surface, and the coil of clements and other I'mn'g: ; "ri -
magnesium  ribbon  usually floats to the surface, | MO agd mpre ionic. The
However, the reaction  soon  stops because  the
‘magnesium hydroxide formed, is almost insoluble 1n
water and forms a barrier on the magnesium preventing
further reaction.

Mg + 2H,0¢ — . Mg(OH iy + ”2(1_”

e Calcium, strontium and barium react with cold water with increasing vigour to give the metai hydroxide and
hydrogen. Strontium (Sr) and barium (Ba) have reactivities similar to lithium in G:‘ouf; I of the periodic table.
Calcium, for example, reacts fairly vigorously with.cold water in an exothcrmic reaction. BuAbb}es of hvdrogen
gas are given off, and a white precipitate (of calcium hydroxide) is formed, together with an alkaline sc uli'on =
The equation for the reactions of any of these metals vould be: - — :

Xy + 210, 45 X(OW)sugary + Hay Stmimary ofthe trenddnre

The hydroxides aren't very soluble; but they get more soluble as The Group Z metals become more reactive
we go down the group. The calcium hydroxide Ca(OH), formed towards water as you go down the Grou \ )
mainly as a white precipitate (although some does dissolve). We — : -

et less precipitate as we go down the group because more 1't hydroxide dissolves in the water.

rrrrrr

increasinaly aftracted aweay
elementitowards the chlorine (

a) Preparation of normal oxides:
The alkaline earth metals form the normal oxides of MO type which i
¢ als Xxide: are obtained by heating th Sndi f
g the meial in O, or by

heating their carbonates at high temperature ¢.g.
2Ca + O, —> 2Ca0
CaCO; —> Ca0 + CO,
roperties:
(i) These oxides are extremely stable due to their high crystal lattice energies
;)qt::fling(l by packing doubly charged ions (M**) in a sodium chloride type of
- lattice: :

(ii) BeO and MgO are quite insoluble in H,O while CaO, SrO and BaO react with
H,0 o give soluble hydroxides, M(OH), which are strong bases. |
(iii) BcQ is not at all basic in nature; in fact it is amphoteric since it reacts with acid

to form salts and with alkalic* to give beryllate. The oxides of other metals arz
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. basic in character. Thcxr basic character increases on movm-- down the group
(iv) Due to small size of Be?" ion, BeO is covalent while other oxides are ionic. Although BeO is covalent et it has a

higher melting point and is harder than the oxides of other metals as it is polymeric. Each Be atom is ttmhedfa“"
r‘oordmmed by four oxygen atoms.

(v) These oxides exist as white crystalline solids.

-

(b) Preparation of peroxides:

The peroxides of heavier metals (C'1 Sr, B'1 etc.) can be obtained on heating the normal oxides with O, at high

temperature.
2Ba0 + O, » 2Ba0O,
Propertics:
¢ The peroxides are white, ionic solids having peroxide anion, [O - o1
* Thev react with acids to produce H-0,.

2) Formation of nitrides 'on heating in ai

"l hcsemmdcs react \\1111 H,O to liberate NH; c.

All the elements of group 2 burn in nitrogen to form nitrides, MiN.. ¢.g.
3Ca+ N, » Ca;N,

. Be;N, is volatile while other nitrides are not so.

hates'and.Carbonates

‘of the'H droxldes, Sul

(i) Solubility of the Hydroxides

group.

Solubility of alkaline earth metals hydroxides increases down the group. This is a trend \\hxch holds for the whole

Magnesium hvdroxide Mg(OQI), appears to be insoluble in water. However. if we shake it with water, filter it

®
and test the pH of the solution. we find that it is slightly alkaline. This shows that there are more hydroxide ions in
the solution than there were in the original water. Some magnesium hydroxide must have dissolved.

¢ Calcium hydroxide Ca(OI)» solution is used as "lime water”. 1 litre of pure water will dissolve about 1 gram
of calcium hydroxide at room temperature.

e Barium hvdroxide Ba(O), is soluble enough to be able to produce a solution with a concentration of around

)
0.1 mol dm ™ at room temperature.

(ii) Solubility of the Sulphates

The solubilitics of sulphates of alkaline earth metals, gradually decrease down the group. BeSO, and
MgSO, are fairly soluble in water. CaSOyis slightly soluble and SrSO, and BaSO; are almost insoluble.

(iii) Sotubility of the Carbonates

The carbonates tend 1o become less soluble as we go down the group. Carbonates are insoluble in water
and therefore oceur as solid rock minerals in nature. However they-dissolve in H,O containing CO, due to the

formation of bicarbonates.
C'lCO- ot CO 2 1+ H Ol( - Ca(IICO )2taq)

All carbonates decompose on heating at appropriate temperature evolving CO,.
MCO; » CO; + MO

MgCO; —C, MuO +CO,

CaCOs _900°C , ca0+ CO,

$1CO; —22%°C., 510 + €O,

BaCO; —2%"C 5 BaD + CO,
The stability of the carbonates of these metals increases on moving down the group.
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Reason:

The ease of decomposi

greater the Jattice energy of resulting 0X
original carbonates.

e effect of heat o

All the nitrates in group
IMg(NOs) — 2Mg0 + 4NO, + O,

2Ba(NOs) — 7 2Ba0 + 4NO, + 02
o The nitrates are white solids, and the oxides produ
off together with oxygen: :

+ Magnesium and calcium nitrates normally
water of crystallization 10 make a colourless s

tion of the carbonates can ber
jde. Hence higher the

2 underg

clated to the s
stability of the product an

o thermal decomposition to give the metal oxide, nitroge

ced are also W

have water of crystallization, and the soli

olution before it starts

aller the positive ion,

ize of metal ion. Sm v
the decomposition of

d easier
a dioxide and oxygen.

hite solids. Brown nitrogen dioxide gas 1s given

d may dissolve in its own

to decompose.

Again, if "X" represents any one of the elements:
2X(NO;)2(5, —_— 2XO(5) - 4N02(g, + Oz(g)

e As we go down the group, the nitrates also have 10 be heated
more strongly before they will decompose. The nitrates also

carbonates and nitrates become more thermally stable as
] [ower down have to be heated

o down the Group. The ones
o + the top before they wil

more strongly than those 4
decompose.

become more stable to heat as we g0 down the group-

S ———————
fr—

mbers of its group?

2T Q.3iv(b) How Beryllium differs from other me

Beryllium, the first element of the group differs fro
comparatively high electronega

1. Hardness: Beryllium is the hardest of all the elements of it

Ans.

Melting and Boiling Points: The melting and boiling points of

formation of Covalent Compounds: Beryllium has a tendency
lectronegativity difference is not so large

ater even at high temperaturc. Other alkaline earth metals

reacts with other elements the e

4. Reaction with Water: Beryllium does not react with w
decompose water, liberating H, gas.
Mg + H,0 ——= MgO + H,

5. Reaction with hydrogen:

however has been prepared in
hydrides. The hydrides of Be and Mg are covalent, whereas t

6. Reaction with alkalies: B
Be + 2NaOH —> Na,BeO, + Hz

Other alkaline earth metals do not react with alkalies.

7. Behaviour of oxides and hydroxides: The oxides and hydroxi

both acids and alkalies to form salts.
BeO + H,SOs — BeSOs + H,0

8.  Behaviour of Carbides: Beryllium carbide i
Be,C + 2H,0 —> 2BeO+ CHj4
‘ Be,C + 4H,0 —> 2Be(OH), + CHa
The carbide of other alkaline earth metals are decomposed by W
For example: .
CaC; + 2H,0 —— Ca(OH), + C;H,

m rest of alkaline earth metals due t

Beryllium does not react with hydrogen directly
directly. The rest of the alkaline earth metals combine with hydrogen to form

he hydrides of other metals are ionic.

o its small atomic size and

tivity. The main points of difference arc:

S group.

beryllium are the highest.

to form covalent compounds. Thus when it
and the bond is therefore covalent.

to form its hydride. Its hydride

eryllium reacts with alkalies to form hydrogen.

des of beryllium are amphoteric, i.e. dissolve in

s decomposed by water to form methane (CHy).

ater to form acetylene (C;Hy).
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11.

Behaviour of Nitrides: Be;N, is volatile while the nitrides of other alkaline earth metals are non-volatile.

Number of Molecules of Water of Crystallization: ‘ 2s 2p
£ Beli h ’ | Valence shell conﬁguration.l

The salts of Be”"ion cannot have more than four molecules of Be atom (25°.2p°) T ¢

of water of crystallization while other alkaline earth metals ’

The reason is that in case of Be™ ion there are only four

orbitals, one 2s and three 2p. Orbital which can accept lone

pairs of electrons denoted by O-atoms on each of the water [ Attachment of 4H,0

molecules. molecules with Be” ion XX ] XX | XX |XX

On the other hand, other alkaline earth metals like Mg can
extend their coordination number to six by using one 3s,

have more than four molecules of water of crystallization. {Valence sheli cnnﬁguration.}

of Be™ion (25°.2p")

T Y \!

HO  HO HO HO

three 3p and two 3d orbitals belonging to their outermost shell.
Formation of complex compounds: Be’* ion, on account of its smal! size, forms stab]e_ complex compounds like
[BeFs]” . [BeFT*~ while M? ions derived from other alkaline earth metals lorm very few complex compounds.

/S

QUICK
J QUIZ

Ans.

Ans.

Among the alkaline earth metal atoms which has the highest ionization potential?

lonization potential decreases from top to bottom in a group due to increase in atomic radius and shielding effect.
Beryllium (Be) is the first member of alkaline earth metals so it has highest ionization potential.

Expla
The

Explain the following

Ans.

properties. Since Ca, Sr, Ba and Ra have same valence shell electronic configuration i.e. ns’ and show similarity in
chemical properties, so they are placed in same group which'is Group 2 or [1A.

in why Ca, Sr, Ba, and Ra are placed in one group of the periodic table?
placement of elements in a group is based on their valence shell electronic conﬁguratlon and similarities in

Alkaline earth metals form M>* ions but no I*' fons.

a.

Ans. Alkaline earth metals haw two elc»trons in their valence shell. On loosmg these electrons, they form M*?
ions M —s M7?+2¢
M*? ion has complete octet and is stable.

b. Although the value of 2™ ionization potential of alkaline earth metals is higher than that of 1* ionization potential yet these

metals form Ki** lons instead of 1™ lon. ,

Ans. Alkaline earth metals have two electrons in their valence shell. By loosmg these electrons, they form M
ions which -are highly stable due to complete octet. On the other hand, M ions of alkaline earth metals still
have | valence electron and do not follow noble gas electronic configuration.

() Beryllium salts have never more than four molecules of water of crystallization.

Beryllium atom has no vacant d-orbitals.

: : 2s 2p
Be= 1525 | Be= N[ [ [
Be = 1Is’ ' | Be” _DEI:[
In Be™, there are only four empty orbitals which can accept lone pairs of electrons
RO

donated by O-atoms on each of the water molecule.
3 HO HOW

CamScanner
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iy ¢ the sulphates of alkaline carth metals decreases whereas the SOIUDIITY OF TREir Hyteas=== = ey

o O PrOIR.
1

: . S S I,
Iamciny X 1ar sy’ o P
s, Oharge density X lattice energy < oo bility

ioni ioni i ' is almost insoluble.
Qimilariy if the cationic and anionic radii are cqmparable, the compound 18

Ba, the size of catio
{®  Sulphate ion (SOf) has large size. When we move down the group from Be 10 L

(M) increases and becomes comparable with M*2 ion, so solubility decreases
“ BeSO., MgSO; (Fairly soluble)
. CaS0; (slightly soluble)

. SrS0., BaSO; (almost insoluble)

) . : ’ lattice ener
(i) Hydroxide ion (OH ) is small in size. When.cationic radius of Ila metals increases, the . ay

decreases while solubility increases.
. Be(OH), (Quite insolublej

. Mg(OH), (Sparingly soluble)
N Ba(OH), (More soluble)

e. The thermal stability of carbonates of alkaline earth metals Increases in atomic numbers.

Ans. An alkaline earth metal carbonate decomposes thermally because the electrostatic attraction In converting
from cafbonates 10 oxides is considerable. Smaller the size of metal cation. more is the lattice energy of the
resulting oxide and hence higher the stability of product.

f. Alkaline earth metals salts Impart colour to the Bunsen flame.

Ans. Thg alkaline earth metals have comparatively low ionization energy. During excitation, the valence electrons
(ns?) absorb some energy and upon de-excitation, they give out absorbed energy in the form of light in the

visible region of electromagnetic spectrum. In this way colour is imparted by atoms to the flame. Flame
colour of Ca is orange red, Sris red while for Ba, it is pale green. ' '

g. Mgso0, Is more soluble in water than Baso,.

Ans. In a compound, when the size of cation and anion is comparabl ® Tath
i : e, the value of lattice ene is hi :
almost insoluble. ergy is high and is

. Mgz' is smaller in size than SO;2 while Ba*' has almost the size of SO;2 ion. Thus latti f
) Ice energy o

BaSO, is very high than MgSO,, therefore 15aS0; is less soluble in water thar »
¢ in water than MpSO;.

h. ~ Alkaline earth metals form M’* fons but not N** lons.
Ans. Whenalkaline carth metals lose their valene electrons, Mg®" jons are s
Mg ——> Mg” +2¢

Mg”" has complete octet and is stable. For the formation of Mg**
from Mg . A huge amount of energy (3 LE) is required for
unstable. ‘

1on, we have tg r

. €move ano F
this process anq ther electron

resulting: Mg’ is high

m CamScanner
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ns.

Properties » ‘Alkalino Earth Motals % Alkall Mctals

(1) | Electronic configuration Two electron aro progsont In t[nn valenco Ono qloctron Is prosent in th9 valance
sholl, Tho configuration is ns’, shell, The configuration Is ns'.
(if) | Valency Bivalent. | Monovalont.
(Iif) | Electropositiva natura Loss elactropositive Moro tloclropositiva
(iv) | Hvdroxides Weak basis, less soluble and decompose Strong basis, highly soluble and stable
on heating towards heat.
: These are not known in {ree state. Exist .
(v) | Bicarbonates o These are not known in solid state.

only in solution.

Soluble in water. Do not decompose on

vi) | Carbonates ale s ¥ ,

(vi) bonates Insoluble in water, Decompose on heating. heating (Li.CO, Is an exception).
(vii) | Action of nitrogen Directly combine with nitrogen and form nitrides.| Do not directly combine with nitrogen except Li.
(viii) [ Action of carbon Directly combine with carbon and form carbides | Do not directly combine with carbon except Li. |

Decampose on heating evolving a mixture of \ .
P 0 g ga s Decompose on heating evolving only, oxygen.

iX litre
(ix) | Nitrates NO, and oxygen.

Sulphates, phosphates, fluorides, chromates, { Sulphates, phosphates, fluorides, chromates,

X Solubility of salts . 4 :
(x) "y e oxalales, etc., are insoluble in waler. | oxalates, elc., are soluble in water.
(xi) | Physical properties Are less reactive and comparatively harder Soft. low melting points. Paramagnetic
D - metals. High melting points,. Diamagnetic. ' gp ' 8 -
The compound are extensively hydrated. .
. rArati . ; The compound are less hydrated. NaCl, KCI
(xii) | Hydration of compounds MgCl,.6H,0,CaCl,.6H,0 and BaCl,. 2H.0 and RbC! form non - hydrated chlorides.

are hydrated chlorides.

. Weaker, as ionisation potential values are high| Stronger as ionisation potential values are low
(xiii) | Reducing power ol ; : i : !
> and oxidation potential values are low. and oxidation potential values are high,

Explain the follqwlng:
a. The hydroxides of group IIA metals are weaker than those of group IA metals.

Ans. Basic character of hydroxides depends upon
e Sizc of cation
e Polarity of M.~ OH bond.
In case of alkali-metal hydroxides. the size of cation is greater than alkaline earth metal cation. Moreover the
polarity of M — OH bond is greater in alkali metal hydroxide. Therefore the alkali metal hydroxides have a
move basie character than alkaline earth metal hydroxides.

b. The carbonates of group IIA metals are less stable to heat than those of group IR metals.

The carbonates of alkali metals are stable towards heat except Li,CO; which decomposes on heating to

Ans. e
lithium oxide. Li,CO; —> Li,O +CO;,
In case of large cation like K' in K,CO; (pearl ash). the gain in clectrostatic attraction is relatively
i much less and the decomposition is difficult.
. Alkaline earth metals decompose on heating and the ease of decompositipn decreases down the group.

MCOs) —> MO, + COx
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Her the 100, the more

“the metal jon, the sma

{ated to the size of .
gy stability of the product.

1 can be . .
{ hence higher the

P n,’,ljnr,,
¢ case of gecomy g
oo hting oxide anc

€ 1the res
the lattice energy 01 te &

¢ NOH Is stronger base than Ba(OH),.
Ans. The basic character of hvdroxide depends upon:
(i) Polarity of \f — OH bond.

¢ —
(i) Inter nuclcar distance between OXygen 03 OH

i1t there is greater polarity of
ionization of KOH

2+ h i

Th i atio a‘"}. As a rest

. eation (K') has large si7¢ than barium cation (B )A/\ & ol

e potassium caion ) . : - O o st thie
hond Inter nocl

_ OH bond and the Inter N

more than Ba(OH):. So KOH

car distance between OXygen

tronger base than Ba(OH ).

Physical Properties of the ElementSiuy
Electronic Configuration and Physical Pro

perties of Group IVA Elements

- L
Frope
N 50 82
Atomic Number 6 14 32 : ‘ T
: T y) ) N ) ) ~ 11042 2 b L L0 & el D ) S.. p4
Electronic configuration [He]2s72p [Ne]3s3p” | [Ar]3d 4s°4p [Kr]ad'"5s"5p° | [Xe] p
P 7 7 715
Ionization encrgy (kJ/mol) 1086 736 760 707
. - = o
Electron affinity (kJ/mol) | —122.5 ~120 -116 121 101
Electronegativity 25 1.8 1.8 [.8 1.8
Atomic radius(pm) 77 117¢ 122 ) 140 154
Ionic radius of 2+ ion (pm) 60 71 73 93 121
Melting points ("C) 3570 1410 937 232 328
Boiling points (°C) Sublimes 2355 2830 2270 1750
Density (g/cm’) 2.33 27 5.93 7.3 11.85
Points’and Boiling o 5000 Mt (C)
As we move down the group from C 1o Pb, the melting points as well as 3 W 8Pt (°C)
boiling points generally decrease. although the decrease is not in a regular order. 5
This decrease in melting points as well as in boiling points indicates that inter- &
atomic forces also decrease in the same direction. The melting and boiling €
points of C and Si arc notably high hecause of the tendencies of these elements @
to form giant moleculcs, - ‘
The | g A : =
The low valuc for tin's meltine point compared with lead is presumably 4 ? Sn Pb
due to forming a distorted 1 2-co-ordinated structure rather than a pure one, The Poi l':k:ltn‘ng and Boiling
tin values indhaehartrefer to metallic white tin, oints of Group 4 elements
o1 - o] \ -~ o) do at ¢ - tm » I
Frenaiic on=hetalto-Metal inithe Groupi4‘Element
- charee fom non-metallic character with the increase in ¢ o &
‘ N v" - fi 'rml:”( IL‘n 111; :l'mlus \Sl”h lLi-”,lruN]kL i atomic number is the best illustrated by the elements
! ne Hrs ) ciements e, Coang are dis ‘v -metale o Lot Al >
of'this :,mn.P- e i e bt lu ( |l m(_l(_‘\ non-metals, although electrical properties of Si are like
. afsCini-mcti ¢, a4 metaliod), the third element e, Ge vartly wail 4 it X
thosc okas B : 44 ‘e elementre. Geds partly a metal and partly a non-metal, while the last
two elements i.c., Snand Pbare distinct!y metals, Thus: :
et 2 L____(-i“ . Sn,Ph
Non-metals Metalloid Metals
=== [Metaliic Character increases S
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The change from non-metallic to metallic character with the
increase in atomic number is due to the reduction in effective nuclear
charge and increase in the number of available orbitals with the increase

in the size of the atoms.

Oxidation State :

The most striking feature of: the elements of group IVA is the
existence of two oxidation states +2 and +4. The existence of
compounds in which the elements show different oxidation numbers is

typical of the p-block elements. It is interesting to consider the relative

stabilities of the +2 and +4 oxidation states for the different elements.
" In carbon and silicon compounds the +4 state is very stable relative 10
+2. The +2 state is rare and easily oxidized to +4.

The steady increase in the stability of the lower oxidation state
relative to the higher oxidation state on moving down the group from
carbon 1o lead can easily be understood from figure.

Possible Oxidation Statejs
(a) Inert pair effect and positive oxidation states:
e Carbon and silicon show +4 oxidation states.

7

Relative stabilities of the +4 and +2

oxidation state for the elements in group IVA

e Ge, Sn and Pb show +2 and +4 oxidation states which can be explained as follows:
(1) When only two np* electrons from the ns’ np° configuration are lost, we get the elements in +2 oxidation

. . . . . . 2
states. In this case ns? electrons inert and hence are not lost in the formation of M?*" cations. This pair of ns
clectrons is called inert pair of electrons. Since in the group the stability of +2 oxidation state also Increases

from Ge?* to Pb™" i.e. Ge?* < Sn¥* < Pb™".

(2) When all the four nszp2 electrons are lost, we get the elements in +4 oxidation state, i.e. M** c%tions are
. oy . . . g + .
formed. On descending the group stability of +4 oxidation state decrease i.e. the stability of M" cations

i a 4
decreases from Ge'" to Po* ie. Ge' > Sn*>Pb .

(i) For Gel

Compounds of Ge®" are less stable than those of Ge'' and hence the compounds of Ge?* are readily oxidized into
those of Ge*". In other words compounds of Ge?" act as strong reducing agents while those of Ge** act as oxidizing agents.

: oxidation
Ge** compounds ————>
. =&t

More stable
Oxidizing agent

Less stable
Reducing agent

(ii) For Sn

:
Ge'" compounds

~

The compounds of Sn’" are less stable than those of Sn**. In other words, compounds of Sn***act as strong

. " 4 y.. -
reducing agents while those of Sn*" act as oxidizing agents.
oxidation
Sn** compounds —

More stable
Oxidizing agent

Less stable
Reducing agent

(iii) For Pb

4
Sn** compounds

When we compare the stability of the compounds of pb> and Pb* ions, we find that Pb*" compounds are more
stable than those of Pb** (PbCLs) and hence the compounds of Pb*" are readily changed (reduced) into those of Pb*". In
other words compounds of Pb** act as strong oxidizing agents while those of Pb*" act as reducing agents. A

reduction
Pb** compounds

+2e
More stable
Reducing agent

Less stable
Oxidizing agent

P'b2+ compounds

Thus when we compare the stability of M2 and M*" cations of Ge, Sn and Pb, we find that their stability is in the

order Ge** < Ge**, Sn** < Sn**, Pb* > Pb**

CamScanner
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: o : ‘ he negative
(b) Negative Oxidation States: " they do not have much tendency to form t 3+ 54tlve 1o,
ince the clectroncgativities of these clements are low, they “2.. 4= or Be;C(Be?” and c*ions). ALy Cy
SR gt . in certain compounds, ¢.g. Bey G or Be; 2%
\s 10 eerts . 2 o2 (Caz" and C; ions),
C? (Na' and €5 ions), €7 S ) '

4- ST
However, carbon forms C~ and C5 101

G

(Mf‘ and C" ions), Na™' CH "‘ (Na .C “and 1 jons), Naj
Nature of M and M compound&‘:? A" cations can be predicted by Fajan’s rule UELSE
The nature of the compounds of M and M7 catione e covalent “haracter in its

: amoun
“The smaller the cation, the greater is the
compounds” '
Since Sn' ion is smaller than $n
Ph' compounds are covalent and thos

which states that:

2‘— ’ .
re while those of Sn™ are ionj

are covalent in nafu ¢ '
arc Cova ds of M"" are covalent ap

ral the compoun [
J ionic compounds INCreases.

forn -

«pr A®
Cthe compounds of Sn
¢ of Pb*" arc ionic. In gene

Similarly ’ QT o
those nfM". As we move down the group, the tendency of given cations I
z—ﬁ iii) Di ' ir effect in the:
[T Q.3(viii) Discuss the inert pair effec A - nds
(i) formation of ionic bonds (ii) formation of covalent bo -

he inert pair effect in the formation of lonic BondsEE |2nd IEs
ctrons, 4000 __4

If the clements in Greap 4 form 2+ ions. they will lose the p CIC. 000

leaving the s” clectron pair unused. For example. to form a lead (11) ion, lead will losc 3

the two 6p elections, but the 6s electrons will be left unchanged - an "inert pair”. 2000
We would normally expect ionization energies to fall as we go down a Group 1000

as the electrons get further from the nuclcus. That doesn't quite happen in Group 4. 0

*  This first chart shows how the total ionization energy nceded to form the 2+
tons varies as we go down the Group. Notice the slight increase between tin and lead. ”
more difTicult to remove the p clectrons from lead than from tin.

* However. if we look at the pattern for the loss of all four electrons, the discrepancy between tin and lead is much
more marked. The relatively large increase between tin and lead must be because the 652 pair is significantly more
difTicult to remove in lead than the corresponding 5s? pair in tin.

Reason: The reasons for all this lie in the Theory of Relativity. With the heavier 15000- 4th IEs
14000 7

\u‘l,qn'uus (l;kc lead, there is what is known as a relativistic contraction of the orbitals, 13p00.
1ch tends to draw the electrons closer 1o the nucleus than we would expect. Because 120001

they are closer to the nucleus. thev are more difficult to remove. Heavier t] : | , :Sggg'
areater is the effecet. ' e clement, ool B
Puie el . ' 8000

This affects *s” electrons -

S S ons muc : ectr f o]
h more than p electrons. In the case of lcad, the  gooo]

relativistic ¢ ract akes 1t encrectically o dif
contraction makes it encrgetically.more difficult to remove the 6s electrons 3900

This mcans that it is slightly

lhaln we might expect. The energy releasing terms when ions are formed (like Iattice poriy
enthalpy or hydration enthalpy) obviously-are not enough to compensate for this extra  a999]
N i N P C O_‘

enerey. That means it docsn't mal e enorant: y
2y 1 means that it doesn't make enerectic sense for lead to form 4+ jons. 0

pair effect in'the forimation of covalent BoRd:

Tetravalency of Carbon |
We need 10 think { 1
about why carbon normall '
g 4 3 v forms four covalent bonds rather than H\!J 1\ 1\
ve . 2p, w2 2
e Using the electrons-in-hoye 1 : AL
\ S-In-boves notation. the out ic ; =
o N _ er elcctromulslruclure of carbon looks
® There arc only npatred elee
N Lw nly '1\‘\0 anpatred clectrons. Before carbon forms bonds. though. it 1‘ ' 1\
norn iy promotes ore of the s electrons to the empty p orbital . - T 1\
o That icaves 4 unpaired eleetr i . : " Y
CUVQS nn: clectrons which (after hvbridizati i S sl
ity . ( vbridization) can €0 on to form 4 Ab, T
P H 1 r“ N !! ; » Mror ‘r Pronwonon
1; i< ;n th supplying the ¢ ‘w1e} 10 promote the s clectron, because the carbo ! '
then fenm nwice as many eovalemt bonds. Each covalent bond that bfovr'n‘c ‘n . T D
energy. and this is more than enough to supply the energ ebogy S N 5 .
v rgy nceded for the promotion. % 2, 2,

—
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Inert pair effect in Lead (Pb) :
e - One possible explanation for the reluctance .of lead to do the same thing lies in falling bond encrgies as W€ go
down the Group. Bond energies tend to fall as atoms get bigger and the bonding pair is further from the two
nuclei and better screened from them.

e For example, the energy released when two extra Pb — X bonds (where X is H or CL or whatever) are formed may
no longer be enough to compensate for the extra energy needed to promote a 6s electron into the empty 6p orbital.

e This would be made worse, of course, if *he energy gap between the 6s and 6p orbitals was increased by the
relativistic contraction of the 6s orbital.

he Chlorides of Carbon, Silicon and Lead :
The chlorides of carbon, silicon and lead all have the formula XCL, like CCl,, SiCL; & PbCL.

e . They are all simple covalent molecules with a typical tetrahedral shape. :
e All of them are liquids at room temperature. (Although at room temperature, lead (1V) chloride will tend to

djcompose to give lead (II) chloride and chlorine ga.s) ‘ Lead (Il) Chioride, PbCL;

e Lead (II) chloride is a white solid,
melting at 501°C.

e At the top of Group 4, the most stable oxidation siate shown by the
e!e'ment.s is +4. This is the oxidation state shown by carbon and | | |t s very slightly soluble in cold water,
silicon in CCLs and SiCL,. These therefore have no tendency to but more Soluble in hot water.
split up to give dichlorides. : e Lead (1) chloride is mainly jonic in

e However, the relative stability of the +4 oxidation state falls as we character.
go down the Group, and the +2 oxidation state be >omes the most
stable by the time we get to lead. :

e Lead (V) chloride decomposes at room temperature to give the more stable lead (I1) chloride and chlorine gas.
easy reduction of lead from +4 to +2

. PbCL, - > PbCL, + CL
Reaction with Water (hydrolysis ’

Actually the hydrolysis of tetra halides takes place through the following two steps:

1‘“' step: In this step, oxygen atom of H,O which acts as a donor attacks the central atoms of the halide to form a
coordinate bond with it and thus produces an unstable intermediate compound MXj. H>0O.

H H
>|( H—O\))f/o/
T N
X—M—X + 4:0H — XMz X H
l /l‘\.
H—O: X . O
| / Ny
H H

Unstable intermediate
compound (MX,.4H,0)
P step: In this step four HX molecules are eliminated from this unstable intermediate compound and hydroxide of the
central element is formed. Thus X atoms of MX, molecule are replaced by OH ions.

H: H
AN
H— 0O iXi 0
\l - OH
e M‘/ ‘;( — 4HX |
R M—Xi ——>. "HO—M—OH '+ 4 H X
H“— ) O—H OH
| r)( ______ | k '
H e ] H
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s the metallic charncter o

s from Si to St ‘
: fily hydrolyzed than Siy,

w H,0 decrease
d by I less read

ahalides are hydrolyze S
iy and SnXy tetrahalides are

o The case with which the tetr ‘ '
his order. Thus GeXy

the central atom increase in t

tetrahalides. ‘

e 1t may be mentioned here that empty orbitals are always !

sufficient energy is provided for the reac
used.

cclLi+ Tl:O (supcrhcalcd steam) — coct, + 21 ict

follows essenti

on of PbCLy 10 PbC (; also ta

wailable with any atom and they can be l;llll’lcd if
) . e . superheated steam ),
tion to occur, ¢.8 CCL, undergoes h_\'dmlyais when superhea m
ion y G

, , instability of tetravaley
Hvdrolvsis of tetrahalides of Pb ally the same pattern but due to the . |
S vdrolysis of tetrahahdes ( ¢ kes 5
S " es place.
compounds of Pb, some decompositi I

PoCly — phCe + ClL

PbCL, is hydrolysed by H:0 as follows:
PbCL + 2H,0— PbO, + 4HCL
o s i Ge. Sn and Pb react with halide ions and form the lycxnlmlo complex

o  Excepting the tetrahalides of C. those of Si,
ions like [SiFe]"”, [GeXe] ™
eg.  SiFg+2F y [SiFe)”

Si, Ge and Sn get readily hydrolyzed.

. Why the tetrahalides of C are not hydrolyzed while those of _
. able. has no d-orbitals in its valance shell and hence is

—_——
Ans. o C atom beir.” a member of 2™ period of the periodic t ‘ ! ol
unable to accommodate the lone pair donated by the donor oxygen atom of H,O molecule to form an unstablc

s of carbon are not hydrolyzed. .

intermediate compounds. Thus the tetrahalide
On the other hand Si, Ge and Sn have vacant d-orbitals which can accept the lone pair and thus this tetrahalides

get readily hydrolvzad.

X

Oxides|

The elements of group IVA forms three type

o.t_l}er oxides like C50,, PbsOy. Pb,0s ete. But we will discuss only the
silicon dioxide and the trends in acid-base behaviour of the oxides as we go down Group 4.

Oxides of Group 4 elements
he structures of carbonidioxide:and'silicon/dioxide

The.r.c is an lcnor.mous d.njtcrcncc between the physical properties of carbon dioxide and silicon dioxide (also
known as silicon (IV) oxide or silica). Carbon dioxide is a gas whereas silicon dioxide is a hard high-melting solid. The

s of oxides i.e.. Monoxides (MO type oxides); Dioxides (MO, type).
structural differences between carbon dioxide and

other dioxides in Group 4 are also solids.
This obviously reflects a difference in structure between carbon dioxide and the dioxides of the rest of the Group

Structure of Carbon Dioxide

1. ‘It is a triatomic molecule.

It has two double bonds between carbon and oxygen atoms.
Carbon is sp-hybridized and oxygen is sp” — hybridized.

The molecule of CO; is linear and net dipole moment is zero.

The solid CO, has a face — centered cubic structure.

The bond lengths between carbon and oxygen have values 115 pm.
7. All three atoms have completed their octet. So the molecule of CO; is stable. 2 =

Structure'of Silicon Dioxide | | :
: . 'qe Si
I, in which silicon and oxygen atoms are linked il \O/T\O/T'\o/

It is a macromolecular compounc

together covalently in tetrahedral basic unit.
- . : . T Sl S
In crystobalite, these units are joined as in diamond, while in quartz and tridymite 1IN N0 |
anged spirally around an axis. Because of its structure silicon dioxide is non- ° 2 E
Silicon dioxIde

arbon dioxide.

SR WN

A

they are arr

. yolatile and hard unlike ¢
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Similarities between CO; and SiO, ; {
(i) 4 valence clectrons.

(ii) 4 covalent bonds formation.
Dissimilarities between CO, and SiO,

(i) Silicon atoms are much larger in size than carbon atoms and thus tend to be surrounded by more oxygen atoms.

(ii) Silicon form only single bond with oxygen atoms while carbon forms double I)()n(ls: ) N .

(i) Carbon forms a lincar molecule of CO, with two oxygen atoms while silicon :llOlll’l‘S hm.lnd lollour oxy'gcn aloms
in a tetrahedral structure which vesults in the formation of silicon dioxide crystal. The simplest formula for silica
1s SiO,. However the whole crystal of silicon can be considered as one molecule.

Q.3(ix) Discuss in detail acid-base tiend in group 4 oxides.

- - : e . + oxides falls® : wn the
Ihe oxides of the clements at the top of group 4 arc acidic, but acidity of the oxides falls as we go do

. . ; . ) : . 5 :ir acidic
group. Towards the bottom of the group, the oxides bi come more basic - although without cver loslng lhurq ‘a[ e
character completely. The trend is therefore from acidic oxides at the top of the group towards amphoteric ones
bottom. '

Carbon Monoxide(CO

X N

* The clectronic structure of carbon monoxide can b » represented as: XC’-‘ e

e It is usually written as: ¥C = O ' :

*  Carbon monoxide is usually treated as if'it was a nutral oxide, but in fact it is very, very slightly acidic. It doesn't
react with water but it will react with hot concentated sodium hydroxide solution to give a solution of sodium
mecthanoate. .

NaOH + CO —— HCOONa
The fact that the carbon monoxide reacts with the basic hydroxide ion shows that it must be acidic.
These are both weakly acidic.
With Water '
L J

Carbon dioxide does react with water to a slight extent to produce hydrogen ions (strictly, hydroxonium ions) and
hydrogen carbonate ions. Overall reaction is:
H:0¢) + COxaqy ==

+

H(:n[) + HCORW)

The solution of carbon dioxide in water is sometimes known as carbonic acid, but in fact only about 0.1%
of the carbon dioxide has actually reacted. The position of equilibrium is well

to the left-hand side.
* Silicon dioxide doesn't react with water because of the difficulty of breaking up the glant covalent structure,
With Bases

¢ Carbon dioxide reacts with sodium hydroxide solution in the col

d to give either sodiu
hydrogen carbonate solution - depending on the reactin

. m carbonate or sodium

g proportions.

2NaOH + CO, — Na,CO, + H,0
NaOH + CO, —» NaHCO;

Silicon dioxidc also reacts with sodium hydroxide solution, but only if it is hot and concentrated. Sodium silicate

solution is formed. :

\

2NaOH + Si0, — Na,SiO, + H,0
Similarly in the blast furnace during extraction of iron, cal
materials) reacts with silicon diox

cium oxide (from the limes
acidic silicon dioxidé reacting w

tone which is one of the raw
d slag, calcium silicate. Th

ide to prod_uce a liqui is is also an example of the

ith a base.

CaO(s) + SiOZ(s) — CaSiO;;(‘_)
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Germanium, Tin and Lea

3 A~ “‘\’fﬁfs)- :
ide . - show basic and acidic prope |
. these oxides are amphoteric (they sho® both -1 concentrated hvdrochloric a:, |
(8] ’ OXides - Ihe\ all raz:I \\’IL}‘ concsh A ¢ i
The Basic Nature of the <. For example. the}

i 1ds sa
These oxides all react with acids to form

. i as: | SO
Th‘S en be Summanzcd XO 3 "HCL-- —_— XCL;; H—O(')'é-
B e B s tely needs modl g <olution. it wou! !
Where X can be Ge and Sn. but unfortunately r:md instead of getng 2 wlm!:ﬂ- ; “’O ni cong on {
v ins in water s = . . ino tha reaction irom Z0Ing ON. |
ide is fairly insoluble 1 w2 i tlaric acid - stopping the :
e Leadl Chc;c;;(;g ]'Sidfa if we were to use dilute hyvdrochlonc a 'i
- overthe lea oxide (.. — H-Op ’ . .. !
PbOy, ~ 2HCLey — Pe . centrated hydrochloric acid. i
s ng about usmgzg" d = with the lead (I) chloride‘te prodace soluhl. |
the concentrated acl

fving a bit for Jead.

1é fomn
d

N g e
However, in this example we are tu].L
o The large excess of chlgnde ions 1n | ot ol e iy - |
g ; e ionic complexes le
< PbCL, . These 1om
complexes such as " Dear

i
-

PbClay + 2CL,, —> PbCL |
The Acidic Nature of the Oxides

All of these oxides also react with bases like sodium hyvdroxide solution.
X0+ 20H,,, —> X0, + H:0,

Lead (IT) oxid  for example. would react to give plumbate (II) ions (PbO. ).

| |
- These dioxides are again amphoteric - showing both basic andiacidic properties.
The Basic Nature of thie Diexides -
The dioxides react with concentrated hydrochloric acid first to give compounds of the type XCL.:
X0, +4HC{ — XCL.+2H-0O

These will react with excess chloride ions in the hydrochloric acid to give complexes such as XCL, .
A} - .
XClysy +2H,0 + 2CHH 225 XCL,  + 2H,0,,
In case of lead (IV) oxide, the reaction has'to be‘done with ice
If the reaction is done any warmer. the lea

This is an effect of the preferred oxidation
The Acidic Nature of the Dioxides

Tpe dioxides will react withhot concentrated scdium hydroxide solution to give soluble complexes of the form
" [X(OH))™. . N ; -

-cold hydrochloric acid.

d (IV) chloride decomposes to give lead (I1) chloride

) and chlorine gas
state of lead being +2 rather than +4.

XOsty~ 20H,, -+ 2H.0, ——> [X(OH),]._,
Some sources suggest that the lead (I'V) oxide needs mol

different. ten sodium hydroxide. In that case. the equation is

: PbO,) + 2NaOH,y — Na;PbOs() + Hy0,
TAQUICK |
QD QUIZ

1. Why tin meiting point Is low as compared to leag?

Ans. The low melting point of tin (232°C) co

mpared wit} 328°C) ; ’ .
co-ordinated structure rather than a S reone: 1 lead (é-S C)is presumably due to tin forming a distorted 12-
2. Give trend of conductivity in ath group element. ‘

Ans. There is a clear trend from the tvpically

S

non-

n '- S - ‘
wetallic conductiy 1ty_behaviour of carbon as diamond, and the

et

=, oo
el A L O AERTET b rm—
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typically metallic behaviour of white tin and lead. Unlike diamond (which doesn't conduct electricity), silicon,
germanium and grey tin are semiconductors, White tin and lead are normal metallic conductors of electricity.

3. Which of the following metals are semiconductors Pb, C, SI, Ge? i .

Ans. Silicon (Si) and Germanium (Ge) are semiconductors. Lead (Pb) is normal metallic conductors while carbon as
diamond is non-conductor of electricity. ‘

4. Arrange following catlons In Increasing order of their stability. Sn**, Sn*?, Ge**, Ph+?

Ans. Ge' > Sn*" > Sn?" < Pb”

TS (HALOGENS)

GROUP 7-ELEMEN

Atomic and Physical Properties _
The Electronic Configurations and the Important Physical Properties of the Halogens

Dpertie orine Orine Bra : odine
Atomic number 9 17 35 33
Electronic configuration [He]2s*2p® [Ne]3s?3p° [Ar]3d"°, 4s*,4p" | [Kr]dfd"’,Ssz,Sp5
Physical appearance Pale yellow Greenish yellow ‘Red-brown liquid | Shiny grayish black
gas gas solid
Tonization cnergy (kJmol™) 1681 1251 1140 1008
Electron affinity, (kJmol ™) - 322 -349 ~ 325 - 295
Electronegativity 4.00 3.00 2.8 v 25
Ionic radius (pm) 136 ' 181 196 216
Covalent radius (pm) 12 99 114 133
Melting point (°C) - 220 - 101 -72 114
Boiling point (°C) - 188 —34.6 - 58.8 184.4
‘Density (g/cm®) 0.00181 0.00321 3.12 4.93
Oxidation states -1 S +1,4345.47 - 11434547 - 1,143,45+7
Bond energy (k.lmol'l) (X-X) 154.80 242.67 192.46 150.6

—_
(5]
(=}

Q.3(x) Explain in detail the trends in group 7 of following physical
. properties. (i) Electronegativity (ii) Electron affinity

Trends in’Atomic radius

Atomic radius increases as we go down the group due to:

100

w
(=]
1

Atoric radius (pm)

(i) increase in number of shells (ii) greater shielding effect (iii) less nuclear change

Trends in Electronegativityjs

- Halogens have large values of electronegativity. These values decrease as we
proceed from F to | in the group. Large electronegativities values of halogen atoms indicate that X atoms have a strong

0

Atomic radii of the group 7 Elements

tendency to form X (Halide) ions.

Trends in first electron:affinity|

~ Electron affinity values decrease from CLto I while F has less electron afiinity than C{

P TN R T R R T R T T T S e ——
Q. Electron affinity of fluorine is less than chlorine although electron affinity values decrease down
the group. Justify it.

Ans.

. . e
Actually fluorine has very small size (72 pm) and seven electrons in 2s and 2p subshells have thick electronic
cloud. This thick electronic cloud repels the incoming electron. Thus fluorine have electron affinity less than that
of chlorine.
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§ I
. H = -349 kI mo
Cly+1e'— Cly . I
% F AH=-322KImO
F(g) Hler==——"Lg ; :
and boiling points < regularly increase form F to 1. Halogens are diatomic non-pojy
The melting and boiling points of the halogens r& lecules. These forces become progressively more promine,

; : y between mMO
“molecules. London dispersion forces arc present bety ‘
as the size of molecules increase 1n halogens.
: re.
o F,and Cl, are gases at ordinary temperatu

¢ Br, is a heavy liquid.

e - Lisasolid. i
2 nd strengths ) ot 200 A
h ‘ break one mole of covalen
o Ipy is the heat needqd tp_ ¢ a
bic:zlg F;at::ozl state) to produce individual gaseous atoms . T_g " i
—~ 200~ .
Examples: . 2 -
(i) For chlorine, Cla), it s the heat energy needed to carry out this change per mole .
s ) ’ ; , 2 %
of bond: CL-Cly — 2CL, AH = 242.67 kJ mol f‘é 4. 2
(ii) For bromine, the reaction is still from gaseous bromine m(:lecules to separate g = BB
gaseous atoms. Br — Bryy — 2Bryy AH = 192.46 kJ mol” : s | S jl‘}-
‘ F-F C{-C{ Br-Br I

It has following two reasons:
(i) " F - F bond length is very small as compared to other X - X bond lengths.
This makes the F atoms in F, molecule repel each other and helps the dissociatio

atoms. . < .
(i) X - X bond in Cl,, Br, and I, molecules is stronger than F — F bond in F, molecule. This is due to the

possibility of the existence of multiple bonds in X = X bond involving d-orbitals.

vies!in the HydrogeniHalidessHX)

Bond Enthalpies of Halogens (X))
n of I, molecule into F

; . : ' © 800
In hydrogen halides, the halogen atom is attached to a hydrogen atom. As the T
: : ; = o i iy, 8 5004
halogen atom gets bigger, the bonding pair gets more and more distant from the g 300
nucleus. The attraction is less, and the bond gets weaker. There is nothing complicated < 400
. . -l - . - r > » 3 .
happening in this case. - Bry+2XT ——2Br™ + X, : < 300 o —
This is important in the thermal stability of the hydrogen halides - how casily 5 2001 "9-’-;..-‘:'
they are broken up into hydrogen and the halogen on heating, T 400 = = .
' . : i . m 5 T
* Hydrogen fluoride and hydrogen chloride are very stable to heat. They don't @ o-Jeel__EQ &% »

H-F H-Cl H-Br H-I
Bond Enthalpies of Hydrogen Halides (HX)

split up into hydrogen and fluorine or chlorine again if heated to any normal lab
temperature.

e Hydrogen bromide splits slightly into hydrogen and bromine on heating,

e Hydrogen iodide splits to an even greater extent. )

: : idizing property. The halogens |

ducto QY Halogen molecule, X, i represem and hence act as strong oxidizing agent. The
: .

5 Xa(s, L g)te” +ag —— Xy + Energy released

X, +H,0 —> HX + HOX |
Relative Reactivities of the Halogens as Oxidizing Agents |

It has been seen that the values of E are decreasing from F, o Is e oG, f
decreasing in the same direction 1.e. the oxidizing power of halogen is inhthc OITder' el
F, > C{; > Br, > I, '

g power of halogens is also '

s R B TRl £ T R B OUIE O e———
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Relative reagtivites |
Due to the relative strength as oxidizing agents, it is possible for each free halogen to oxidize the ions of other

halogens next to it, in the family. Standard electrode potential measures oxidizing power
g A

Standard reduction potential. E° (V)
X, +2e" —2X° +2.87 | +136 | +1.07 | +0.54

o Fluorine can oxidize all the halide ions to molecular halogens. (A reaction will occur if the value of E°is

positive).
F, +2C{"——C(, +2F E°=+1.51V

e In the similar way, chlorine will oxidize both bromide and iodide ions, while bromine can oxidize only iodide ion.

Cl, +2Br ——Br, +2C(”
Br, + 2I"——1, + 2Br’
o lodine being a weak oxidizing agent cannot oxidize chloride or bromide ion.

Acidity of the hydrogen halides (HX)

Hydrogen halides (HX) act as acids as well as reducing agent.'The order for both properties is same i.e.,

HI > HBr > HCL > HF
All the halogen acids in the gaseous states are essentially covalent but in the aqueous solution they jonize to give
solvated proton (H30") and hence act as acids. _

H,0 + HX — H;O" + X~
HF ionizes only slightly while HCL, HBr, and HI ionize compl
these acids increases from HF to HIL
e HF (weakest acid) < HCL < HBr < HI (strongest acid).
The weakest acidic nature of HF is due to the fact that the dissociation energy of H — F bond 11

1le has least tendency to splits up into H' and F~ ions in aqueous solution.
ained by finding out the relative order of the acidity of the

etely. Hence HF is the weakest acid and strength.of

1 H — F molecule is

the highest and hence this molect
e The order of the acidic strength of HX acids can be expl

conjugate bases viz I, CL, Br and I of these acids.

The hydrides show no acidic character when perfectlydry.
Halide ions as reducing agents'and trendsiinreducing strenoth:ability’of halide ions
(The Redox Reactions between halide ions and concentrated sulphuric acid) ~

With Bromide lons
The bromide ions are strong enough reduging agents to reduce the concentrated sulphuric acid. In the process, the
bromide ions are oxidized to bromine.
2Br —— Bry+2e
The bromide ions reduce the sulphuric

sulphur from +6 in the sulphuric acid to +4 in the sulphur dioxide.
H,SO, + 2H" +2e” —> SO, + 2l 1,O

acid to sulphur dioxide gas. This is a decrease of oxidation state of the

The overall ionic equation for the reaction:
HQSO4 + 21 l' +2Brm — SOg il Bl‘g + 21 ]30

ith lodide lons

; lodide ions are stronger reducing agents t
sulphuric acid. The reduction of the sulphuric acid is more complic

reducing agents to reduce it. 4 x (21" »1,+2e7) ... (D)
(i) firstto sulphur dioxide (sulphur oxidation state = +4)
(ii) then to sulphur itself (oxidation state = 0)
(iii) and all the way to hydrogen sulphide (sulphur oxidation state = —

han bromide ions. They arc oxidized to iodine by the concentrated
ated than before. The iodide ions are powerful enough

2)


https://v3.camscanner.com/user/download

' 44 ' Chapter-13 (s and p-Block E'ements)
) T .

The most important of this mixture of reduction products is Pf obably the hydrogen SUlph'de
The half-equation for its formation is:

HySO, +#8H™ + 8¢” — H)S +4H,0 ... (ii)
Combining (i) & (ii): ‘ ’ :
H,SO, + 8H™ + 81 — 41 + H,S +4H;0
Fluorides and Chlorides ions do not reduce concentrated sulphuric acid.
Summary of the trend in reducing ability .

Fluoride and chloride ions won't reduce concentrated sulphuric acid.

Bromide ions reduce the sulphuric acid to sulphur dioxide. In the process, the bromide ions are oxidized 1o
bromine (Br,).

lodide ions reduce the sulphuric.acid to a mixture of products including hydrogen sulphide. The iodide ions are
oxidized to iodine (1,).

* Reducing ability of the halide ions increases as we go down'the group. i.e.1 >Br >CL >F
Explaining the trend
When a halide ion acts as a reducing agent. it gives electrons to something else. That means that the halide ion
itself has to lose electrons. The bigger the halide ion, the farther the outer electrons are from_the nucleus, and the more

they are screened from it by inner electrons. It therefore gets easier for the halide ions to lose eleclrons as we go down the
group because there is less attraction between the outer electrons and the nucleus.

= A QUICK
| Q Uiz

Give reasons of the foliowing
(a)  Hlis stronger acid than HF.

Ans. The strength of an acid is directly proportional to'its proton (H') releasing power. In HF strong hydrogen
bonding is present and partially positive hydrogen is enirapped between two sirong electronegative fluorine
atoms. Consequently it becomes difticult for proton to be ionized in water which makes it weak acid.

On the other hand in HI dipole-dipole interaction is present-which is weaker than hydrogen bonding,.
Therefore proton (H7) refeasing power of HlI is more which makes it strong acid.

(b)  Although H-bonding in HF is stronger than that in H,0, H,0 has much higher boiling point.

Ans. The boiling point of a substance depends upon strength of intermolecular forces. In water there are two
hvdrogen bonds per molecule and has three dimensional structure. That is why it has higher boiling point
(100°C) than HF, whichhas linear structure and one hydrogen bond per molecule.

(©) - The acidic character of hydrides of VIIA elements licreases on descending the group.
Ans. All the hyvdrides of halogens (HX) act as acids in their aqueous solutions. The acidic strength v
order HF < HC{ < HBr < HI

[t can be explained in terms of strength of H — "X bonds, which is in the order.
HZT<H=Br < H-C{ < H=F. Since H~ I bond is weakest, therefore, HI is the strongest acid. On the
other hand H — F bond'is strongest. hence it is the weakest acid among al] the halogen

2. lilustrate the oxidizing properties of halogens by giving exampie of two typicai reactions.
Ans. In each ease. a halogen higher in the Group can oxidize the ions of one lower down.
(i) ==Chlorine can oxidize the bromide ions (in potassium bromide solution say) to bromine:
ls 2Br —> 2CL +Bn
The bromine appears as an orange solution.
(ii)  Chlorine can also oxidize iodide ions (in potassium iodide solution say) to iodine:

ClL+21 ——2CL +1,

aries in the

acids.
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The iodine appears either as a red solution or as a dark grey precipitate il the chlorine is in excess.
Note: Fluorine and chlorine can oxidize various coloured dyes to colourless substances. Colour of litmus or
universal indicator can be decolourized when exposed to fluorine or chlorine.
3. Arrange the halogens in the decreasing order of their oxidizing power. )
Ans. The order of decreasing power as an oxidizing agent is: :
F,>CL> B> 1,
4. Give reasons for the following: ' .
(a)  Chlorine is a stronger oxidizing agent than iodine.
Ans. Chlorine has the ability 1o take clectrons trom iodide ions. lodine can't get these electrons back from the
chloride ions formed. That means that chlorine is a more powerful oxidizing agent than either iodine.
Chlorine can also oxidize iodide ions (in potassium iodide solution say) to iodine: ;

CL+21 — > 2CL +1- .

(b)  Halogens are the best oxidizing agents. .
Ans. The halogens are best oxidizing agents duc 1o following factors:
(i) Low bond dissociation energy
(ii) High electron affinities of atoms
(iii) High hydration energies of ions
Fluorine and chlorine can oxidize various coloured dyes to colourless substances. Colour of litmus or
universal indicator can be decolourized when exposed to fluorine or chlorine

(c)  Fluorine is a batter oxidizing agent than chlorine.
Ans. Following two reasons make fluorine a better oxidizing agent than chlorine:
(i) The atomization energy of fluorine is abnormally low than that of chlorine. This reflects the low bond
enthalpy of fluorine.
(ii) The hydration enthalpy of the fluoride ion is very high:
F. +2C(T ——Ct, +2F

(d)  Electronegativity of halogens decrgases in the order F > CL > Br > |

Ans. Halogens are most electronegative elements in the periodic table. Down the group the halogen atoms get
bigger and bonding pair gets further and further away from the halogen nucleus, so is less strongly attracted
towards it. In other words, as we go down the Group, the clements become less electronegative.

A [
- 2 "\,- ' SN ﬁ
o v el Y b ©)
k*é“ e A s®
- o . -—.o
P o o
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Food and Beverage Canning

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

Another concern for the new beverage can was its shelf life. Even small amounts of dissolved tin or iron from
the can could impair the drinking quality of both beer and soft drinks. Fortunately. beer, which is only mildly acidic. is
relatively noncorrosive. In addition, beer ages naturally, so it has a limited shelf life of about three months in any
package. In contrast, the food acids. including carbonic. citric and phosphoric, in soft drinks present a 1isk for rapiLJ
corrosion of exposed tin and iron in the can. The consequences of off-flavors, color changes and leakage through the
metal needed to be addressed. At this point, the can was upgraded by improving the organic coatings used to line the
inside, making cans heavier and more encasing.
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Elements/Metals — Their Mining and Extraction . s
Different elements/metals are not obtainéd such rather these are obtained after passing tf

These steps are as follows:
1. Mining and enrichment
2. Reduction .
3. Refining and Casting =~ - s 5 S C , it into useful ar
In fact some special methods are used to obtain each metal from its ores and to develop 1 icleg
yet few steps are common in the metallurgy of every metal. These. are follows.

gh different step

|
. |
' \ i " :

i. Crushing A LA . s . .
_ : ' 5.3 . : s and laborers v

Obtaining ores by digging the rocks and hills is called mining. This work is don;: bys Tl:in;gtr e:'ming . f::::
the hélp of machines. But_prior to this work it is confirmed by survey anc% analysi ,
this is economical or not,

li. Grinding . y RN : .
Breaking of rocks and larger stones into smaller size stones is called crushing. This is done bf) Jjaw crushers.

ili. Hand picking, jugging and shaking ' ' _
In Pakistan and other under developed countries where labour is cheap, metallic stopes are pl‘c‘:l\ed anc,i, s;eparated
by hands. Heavy metals are separated from useless material i.e. gangue, by shaking with “chaage”. In some
‘countries this process is done by pressurized water. :

iv. Magnetic separation

The ground ore is passed over a magnetic belt which separates the magnetic metal from gangue. This process is
used for metals, which have magnetic properties like iron.

82. Reduction )

For the complete separation of a metal from gangue, ores are heated at high temperature. At its melting point,
molten metal is separated from solid gangue. It must be remembered that different metals are mixed with different

compounds according to the type of impurities present in the metal ore and then they are passed through the process
of reduction. The process of reduction is carried out in the blast furnace. - ~‘ ‘

| Blast Furnace

It is lined inside with fire bricks. Its height and capacity are kept according to the re
from lower side and ores are charged from the tope of the
This furnace is usually used for iron and copper metallurgy.

3. Refining of Metals

Metals extracted in the above process are further refined b
Open-Hearth Process: _ : ‘
A fire furnace is used to remove the impurities of metal. It is lined inside with fire bricks and is just like a room.

Burning gases are entered from one side and exhaust gascs are removed from the opposite end. The process is operated
form opposite ends after an interval. Metals melt in a shorter time by this two way heating, Lo

quirement. Hot gase‘s enter
furnace. Temperature is maintained at 1500° — 3000°C.

y the folvlow_ing process.

Temperature

<«—— Hotair

CamScanner
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Applications of Bleaching Powde

Bleaching powder is actually a mixture of calcium hypochlorite (Ca(OCL),) and the basic chloritde CaCl:.H:O with
some slaked iime, Ca(OH)..
. Bleaching powders take time to dissolve in water and longer to work but have a lenger shelf life in comparison
to liquid bleaches and can be used on items like upholstery. carpet and some delicate fabrics. However, bleaching
powder should never bs combined with ammonia or used on colored fabrics as it will cause fading.

* Bleaching powder is highly effective for cleaning inside the home and outdoors. It can be used for removmg
mildew from fabric, cleﬂnm;. countertops and for removing mold from grout between tiles, bathmats and
shower curtains. Outside, the agent can be used on plastic fumniture, unpainted cemenr!, +aving and pamtcd
surfaces to eliminate mildew and other stubborn stains. ‘

* Bleaching powder can be used to safely disinfect and sterilize many things around the home including second
hand goods. trash cans, pet accessories and baby toys and furniture. Bleaching po“der is a highly effective
means of returning the luster to white porcelain and glassware. Glassware can regain its sparkle by adding a
small amount of powdered bleach to dishwater when washing glasses.

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

o Bleaching powder is used for the disinfection of drinking water or swimming pool water.

» Itis used as a sanitizer in outdoor swimming pools in combination with a cyanuric acid (CNOH); stabilizer,
which reduces the loss of chlorine due to ultraviolet radiation. The calcium content hardens the water and tends
to clog up some filters: hence. some products containing calcium hypochlorite also contain anti- scalmo agents.

e Bleaching powder is used for bleaching cotton @nd linen. It is also used in bathroom cleaners, household
disinfectant sprayvs. moss and algae removers. and weed killers.

e Inaddition. bleaching powder may be used to manufactureichloroform.

. Blsa:l‘in-' pow dcr 1S use d aiso in sugar industry for bleaching sugar cane juice before its crystallization.

1. Chlorineis mnd asa cheao mdu<mal oxidant in the manutacture of bromine

2. lodine is dlssoh ed in alcohol. eommonly known as tincture of iodine is used as a mild antiseptic for cuts and
scratches. lodine is also mixed with the detergents used in cleaning diary equipment.

3. Small quantities of fluoririe areused in rocket propulsion. Much larger quantmes are used to make uranium (VI)
fluoride for the separation of -;sU/and »:5U:

UEy;; + By — UFy
4. Fluorine is also used to make a wide range of fluorocarbon compounds for use as refrigerants, aerosol

propellants, anaesthetics and fire-extinguisher fluid. One of the most important fluorocarbons is poly
(tetrafluoroethene). PTFE. frequently sold under the trade name Fluon or Teflon.

5. Halogens and their compounds are used for bleaching, refrigeration and as aerosols, etc.

lodine deficiency and Goiterj “ : .

lodine Deficiency %

lodine is an element that is needed for the production of thyroid hormene. The human body cannot synthesize
iodine, so it is an essential element. The deficiency of iodine leads to enlargement of thyroid a condition called goiter.
Hypothyroidism and mental retardation in children and infants is observed if their mothers suffer from iodine deficiency
during pregnancy.

Before 1920, iodine deficiency was common in Appalachian, north-western US regions, and in most of Canada.

Approximately, 40% of the world’s population remains at the risk of iodine deficiency.
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Goiter: ' - iency of iodine in diet. It ress
The term goiter refers to the abnormal enlargement of thyroid gland due to deficicacy

‘Y thyroid ol-.

- necessarily mean that the thyroid gls.,

in swelling in neck. It is important to know that the pre =nce Vikat ddoclS ntoits roducing too much thyroid horm.,,
' e oidi iter can also >ccur in a gland that 15 proatcitis {ore is a condifion prev
is malfunctioning (hypothyroidism). A go ndicates there is 0 prese

veo (@ idism). A goiter 1
(hyperthyroidism) or even the correct amount of hormo:«e (cuthyroidism). A & |
which is causing the thyroid to grow abnormally.

Fluoride Deficiency’and Toxici

Fluoride Toxiclty dition in which more fluoride is taken than the amount regui-
' ici i isoning is a conditior _ e
Fluoride toxicity or fluoride poisoning dition in which 1T by s vaiEiyiF Sy Ninon
for normal growth, development and metabolism. Fluopdc toxicity ls..chdractt:rrrll_:,_)eudnt_(,)f B it
Poisoning most commonly occurs following ingestion _of conspicuous 2 el oy ety i iy
Symptoms appear within minutes of exposure. Fluoride 1s Qur.ld' in mar;y com
dietary supplements, insecticides, rodenticides etc. Fluoride toxicity results,

1. Arthritis

2. Stiff painful joints with or wistful swelling

3. Asthma, especially after showering

4. Painful bony lumps where tendons and ligaments attach to bones

Fluoride Deficiency|

e  Fluoride deficiency results when the amount of its up take is less than required.
*  Fluoride deficiency results in Brittle bones or demineralization of boues
Cavities
Weakened tooth enamel

Fluoride deficiency can lead to a higher likclihood of developing bone fractures and possibly even steoporosis
(A QUICK
3
X QUIZ

1. How different metals are extracted?

Ans.  Different metals are obtained after passing through different steps. These steps are as follows:
1. Mining and enrichment (crushing, grinding, hand picking, jugging, shaking, magnetic separation)
2. Reduction (by using blast furnace)
- 3. Refining and Casting (by using open hearth process)
2. Fihat problems are caused by fluorides deficiency?

Ans. Fluoride deficiency results in Brittle bones or demineralization of bones
3. Whatls goiter?.

Ans. The term goiter refers to the abnormal enlargement of thyroid gland due 1o deficiency of iodine in diet It resulis -
swelling in neck. It is important to know that the presence of goiter does not necessarily mean that the thyro
gland is maifunctioning (hypothyroidism). A goiter can also occur in a gland that is procfucinn too much thyre

hormone (hyperthyroidism) or even the correct amount of hormone (euthyroidism). A goiter indicates there is
whie - . . . <iC
condition present which is causing the thyroid to grow abnormally.

4. What problem is caused by examining?

Ans. Examining occurs when too little parathyroid hormone is released b
hormone that is released does not work properly. Examining leads to
cause a number of different symptoms. The most common are musc|
be successfully treated with calcium and vitamin D supplements but regular blood test monitoring is i
5. How fluoride is useful for uranium separatlonz | g 1
Ans. Small quantities of ﬂugrine are used in rocket propulsion. Much lar
fluoride for the separation of 33U and ,35U:

UFy5) * Fag — UFy

y the parathyroid glands. or the parathyro
low levels of calcium in the blood, which cz
€ cramps, pain and twitching. Examinine o=

ger quantities are used to make uranjum A
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_—____________——_———————
e Alkali metals have only one clectron i m -orbital of their valence shell. They lose one electron of the valence shel¥
forming monovalent positive ions (M’ h.

e - Alkaline carth m(-tals have two clcch ons in s-orbital of lhcxr valence shell. They lose two electrons forming
dipositive ions M**

e Lithium bechaves dlffcrcnt from the other alkali metals.

e Beryllium is the only member of group 2 which reacts with allnlles to give hydrogen. The other members do not
react with alkalies. :

e Nitrates of lithiun, magnesium and barium on heating give oxygen, nitrogen peroxide and the corresponding
metallic oxides.

e The pair of outermost clectrons that does not readily take part in chemical combination is termed as inert pair.

e The electronic*configuration of group 4 elements show tliat they have four electrons in their valence shells, two
electrons of which are in s-orbital-and the remaining two are in p-orbitals.

¢ The halogens are very reactive. Intermolecular forces in halogens -increase down the group. fluorine is a gas but
iodine is solid.

o Halogens form iionic compounds with s-block mctals, covalent compound with p- blocl\ elements and complex
ions with d-block metals. Fluorides are usually ionic.

e Halogens show oxidation states -1, +1, +3. +5. 47 but fluorine shows the O‘UdallOn state of -1 only.

e  Oxidizing power of halogens dccreases down the group in the tollowmg order:
F, > Cf,z > Br, > 1.

e Reducing power of halide ions decrease form I to Br . Chloride and fluoride ions are not reductants.

Q1. Multiple Choice: Questions. Encircle the correct answer.

Read the quastion carefully.

Try to answer the question yourself before reading the answer choices.
Guess only if you can eliminate one or more answer choices.

Drawing a picture can help.

Don’t spend too much time oh any ohe question.

In-depth calculations are not necessary; approximate the answer by roundlng

SCOCTTOT

(i) Oxides and hydroxides of Group I clements are:

(a) acidic (b) alkaline (c) ncutral (d) amphoteric
(i) The flame colour of sodium mectal or its compounds is -

(a) bright erimson (b) violet (c) golden yellow (d) bright blue
(iii) 'When sodium burns in air, it forms sodium: '

(a) monoxide (b) peroxide (¢) oxide ' (d) superoxide
(iv) The carbonates of alkali metals are not affected by heat except:

(a) [1,COx ' (b) Na-CO: (c)K,CO: (d) Rb,CO;
(v) “ Green is characteristic flame color of

(a) calcium (b) barium (c) strontium (d) sodium
(vi) All the carbonates, sulphates and phosphates of alkaline carth metals are .......... In water.

(a) sparingly soluble (b) soluble ; (c) insoluble " (d) less soluble
-(vii) The first ionization energy is higher for the : '

(a) alkaline carth metals (b) alkali metals (c) halogens (d) ndble gases

(viii) Which one of the clement has the maximum clectron affinity?

CamScanner
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a)F b) CL c)B d)]I
(b) C (c) Br (
X (W)h ch pair has both mcmbers‘ ro i f periodic table?
i i i from same period of p -

' ing points and boiling points of alkali mctalg
(x) ?:)e:it;:fc:ses from top to bottom (b) incre‘ase from’ top ;O bottom
(c) first increases then decreases (d) remains unchfm.gc
(xi) Which one of the following oxides is am!)hutcnc in nature. .
(2) rubidium oxide (b) barium oxide (c) antimony 0
(xii) Oxidizing power of halogen depends upon 4
" (a) energy of dissociation  (b) electron affinity
(xiii) Which of following oxide is Amphoteric in nature?
(a) MgO (b) BeO (c) CO,
(xiv) Select the correct increasing order of atomic radius?

(d) sulphur oxide
(c) heat of vaporization  (c) all of above

(d)Sn0;

5y e

(a)Ne>0>S> Al (b)Ne<O>S> At (c)Ne<O<S<AL (Y70 <S> AL
(xv) Due to inert pai}' EIEEE s convnnsvs the stable oxidation states .......... for Sn and Pb. )
(a) 2+, 4+ (b) 1+, 4+ (c) 4+, 2+ (d) 2+, 3+
(xvi) Highest electron affinity is shown by?
(a)F (b1 (c) Br (d) CL
(xvii) Which is the strongest reducing agent?
. (a) HF (b) HCL (c)HI (d) HBr
(xviii) Substance boiling.at higher temperature among following is? )
'(a) HI (b) HF (c) HCL (d) HBr
(xix) Group VII-A elements are generally called:
(a) halogens (b) noble gases (c) inert gases (d) metalloids
(xx) The radioactive element in halogen group is:
(a) radon . (b) radium (c) astatine (d) bromine
SOLYED ZXERCISE NCOs ‘

Answer s

b) alkaline ol N oy DT —
(b) Elznll]cnts of group I (a].LaII‘ metals) are highly electropositive. Their oxides
_ and hydroxides are alkaline in hature. e.g. Na,0O, KO,, KOH ete '
(i) (c) golden yellow Sodium and jts coOmpounds give golden yellow flame coloyr
(iii) (b) peroxide Sodium will under 0 a simil i 7 :
W . limited. = 4 reaction, but only if the supply of oxygen is
I Limited sy
4Na + O, Limi nyg;::’y of 2Na,0
In the presence of excess of ox g
INa + 0, — Abundantsappy o N)’gcn sod?um forms the pale yellow peroxide
- : oxygen 20, Sodium peroxide (Pale Yellow)
@(iv) | (a) L{zCQJ The carbonates of alka; metals are stap]e towards heat ) —
Y decomposes on heating to lithiym oxide. Li,CQ exc§pt Li,CO; which
(v) | (b) barium - —_* LhO%co, . |
¢ Flame coloyr '
= » Ca orange-red ‘
golden yellow Sr Red {
K : . |
lilac (pink) *.& pale groen

CamScanner
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Rb | red " Cu. | bluc-green (often with
(reddish-violet) white flashes)
Cs Blue Pb grcvish-whitc
sphates of alkaline carth metals are less

The carbonates, sulphates and pho

i ‘| (d) less soluble
e {9 soluble in water than alkali metals. However, the solubility of these decrcascs
down the group. ‘
(vii) (d) noble gases, In periodic table, the clements of VIIIA (noble gases) have highest ionization
energy due to small atomic size and complete octet.
-1
(viii) | (b) CL Electron affinity, of halogens is I (- 3221\Jmol ), CL(—349 kJ mol” ),
Br (—325 kJ mol” "y and 1 (=295 kJ mol” h
(ix) (b) Na-Ct Both Na and Ct belong to period 3.
(x) (a) deer cases from top to CMaiting Polnt
bottom = [ Boliing Polnt
£ 1500f |
B O
2 » 1000
m e
o0
£% 500
=
0 li ' Na_ K Rb GCs:
Melting-and Bolling Polnts of
the Group-l Elements
(xi) (c) antimony oxide Antimony is close to semi-metals, so its oxide shows ampllotcric behaviour.
(xii) (d) All of above The oxidizing power of halogens depends upon the following factors: -
(i) Energy of dissociation : |
(i)  Electron affinities of atoms
(iiiy  Hydration energies of ions
(iv) Heats of vaporization (for Bry and 1)
(xiii) | (b) BeO BeO is amphoteric in nature. Since it reacts with both acids and bases. -
BeO + HzS’O.; —— BeSO,4 + Hzo
BeO + 2NaOH ———— Na,BeO, + H,0
Sodium beryllate
(xiv) [(©)Ne<O<S<ALl Ne and O are present in period 2. Since, atomic size decreases left to right, so |
: Ne is smaller in size than O. Similarly, size of S is smaller than AL. However,
S and AL dre present in period 3 so they are larger in size than Ne and O.
(xv) | (e)d+ 2+ | sn** compounds Mﬂ—) Sn* cmrr'pound's'
Less stable More stable
Reducing agent Oxidizing agedt .
Pb* compounds —"id—“i"ﬂ> Pb** compounds
Less stable More stable
Oxidizing agent Reducing agent. "
(xvi) |@Ct Electron affinity, of halogens is F (= 322kJmol ) CL(—349 kJ mol” ),

Br (=325 kI mol™) and I (- 295k.lmol hy:

v '
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(xvii) | (c) HI HF. HCE, HBr and HI act as reducing agents in the following order:
HF < HCEL < HBr < HI e |
(xviii) | (b) HF The boiling points of hydrogen halides are as follow: o
HF = 19.5°C. HCL = —85.0°C, HBr = —66.7°C, HI = -353C =
(xix) | (a) halogens Group VIIA elements are called the halogens from Gree}llx’ ha]lts,fo;::: ang
' gennan, “to form or generate™, becausce they are literally the sa : E\
(xx) (c) astatine Astatine is a rarc halogen. It is radioactive and its most stable isotope has a half lif
of 8.3 hrs. - ) |

I

|
!

Q.2. Give brief answers for the following questions.
: : : ir oxi i in nature Na,O i
(i) Although Na and P are present in the same period yet their oxides are different | 20 1s
basic while P,0; is acidic why? 4 : —
Ans.  We know that Na is a metal and metals forms basic oxides.
Na,O + 2HC{ ——. 2NaCEl + H,0 B
While phosphorous is non-metal and non-metals form acidic oxides.
1’4010 + 12NaOH - —— 4Na3[’()| + 6”20
(i) How acidic basic and amphoteric behaviour of oxides is explained?
Ans:  Across the Period .
In a given period, the oxides progress from strongly basic through weakly basic, amphoteric and weakly acidic to
strongly acidic. - ’
Example: Na,O, MgO. AlO3, Si0,. POy, SO;, ChLO; , : 3 ;
strongly basic  amphoteric weakelyacidic  acidic’ strongly acidic v
Down the Group basic .
The basicity of main group meta! oxides increases on descending a group of the periodic table. ‘
Example:- BeO <MgO < C40 < SrO < BaO 1
e The basicity of transition metal oxides (Sub group B) decreases from top to bottom. @
(iii)  Why the elements of group 1 are called alkali metals? . = |
Ans. The name “alkali" came from Arabic. which means “The ashes™. The Arabs used this term for these metals
because they found that the ashes of plants were composed chiefly of sodium and potassium g
Alkali metals include the elements lithium (Li). sodium (Na), potassium (K), rubidium (Rb), caesium (C } and
francium (Fr). These are very reactive metals, produce strong alkaline solutions with water ' aJian
(iv) Why all group 1 metals have low ionization energies?
Ans.  Group IA clements show low ionization energy duc to looselv bonded v
.. ¢ ; . 2 JHlaosely alence elec . :
radii in their periods. : tron of all metals with large
(v) Why do the group 1 metals show strong electropositive character?
Ans. Group IA clements show strong electropositiv > . e
pcriogs hence they can casilv Iosi: clcctrm?i?::“c Chdr(;wlt.r e they all have large atomic sizes among all |
> Y 1OSS ds compared to other clements of thejr period.
(vi) Why do group 1 metals show strong reducing properties? T
Ans.  Group IA metals arc strong reducing clements in nature b : — |
casilyraive theirielectromin othallosaéii heron i because of their casy clectron donating ability, they can
¢ they will reduce others, : > ;
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(vii) Why different colours are imparted by the atoms of the group 1 metals to the flame?

Ans. We know that the outer electrons of alkali metals are loosely held with nucleus and hence it can be easily excited
to higher cnergy levels even by small amount of energy by heating. When this excited electron come back 10 its
original state it gives out the absorbed encrey in form of visible light. Each i ctal atom will absorb different
energy hence each wili imparted different colours te the flame. -~ "

(viii) Why the elements of group 2 are called alkaline earth metals?

Ans.. The word alkalinc comes from that. these metals form alkaline solutions when they reacts with water while the
word “carth” is used due 10 their abundance in earth crust which is alse used to differentiatc these metals from
alkali metals.

(ix)  Why do the group 2 earth metals have high melting and boiling points than alkali metals?

Ans.  Thc melting and boiling points of alkaline earth metals are higher than alkali metals. The reason is that alkaline
carth metals have 2 clectrons in the outermost orbital. So the number of bonds which have been formed are
greater. Therefore the melting points of alkali metals are low as compared 1o alkaline earth metals.

(i)a How do group 1 metals resemble with group 2 metals.

Ans.  Group IA and I1A elements resembles as
e Both contains all metals.

e Both forms alkaline solution in water.
* Both forms salts with halogens.
e Both forms basic oxides.

e DBoth groups are reducing in nature.

(iila How do group 1 metals differ form group 2'metals?

Ans.  Group IA are different from ITA because IA
e Contains only one valence electron
¢ Forms uni-positive cation.
e Larger atomic radii.
e Low ionization energies.
s More elcctropositive in nature

(iiiJa Discuss the metallic and non-metallic character of group 4 elements.

Ans.  Group IV elements include C. Si. Ge. Sn and Pb. Carbon is 2
shows both metallic and non metallic properties. Sn and Pb are meizl

silicon. Ge are metalloid which

(iv)Ja Discuss the general group trends of group 7 elements.

Ans. Trends of group VIIA elcments.

Atomic radii = Increascs down the group.

Electronegativity =  Decreases down the group.

Electron affinity = Decreases from CLto L. but F has less than CL
Melting/B.Ps. = MPs and BPs regularly increases down the group from Fto L

Decreases from CL 1o I while F shows low bond enthaloy.

Il

Bond enthalpies

(v)a  Why the term halogen is used for group 7 elements?

Ans.  The term halogen is derived from Latin word “Hals™ mezans
when combines with metals they form salts hence they are named a

“~)

(vi)Ja Why does fluorine differ from other members of its group

Ans.  Fluorine differ from cther members due to its
e  Small atomic radii
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* High electronegativity

(vii)a What is the structure of CO:z and SiOz an

‘idizi ‘er ' |
s Strong oxidizing pow Jwhy they differ? :

Ans,

. ey

4 SiO, are differ from each other because in case of C — O the bond length is small and jy

Tl'ne structur.e of CO; an blle f:or oxygen to form a double covalent bonds with carbon while in Si — O .there iS noy

will engrg;tlcall{ favg:tr‘iecn the orbitals of the bonded atoms to lessened the bond length to that energetically
as good of overlaps : |

favoured level for double bond.

(viii)a

. .

CO, is a gas while SiO2 is @ solid although C and Si belong to the same group?
2

Ans.

. D)
CO, molecule has a monomeric lincar structure \Yhile SiO; has an inﬁnit.e lthrec dimensio'nalcrg)l)’?:}?z;:;;ihesral
structure. The reason is that size of carbon atom is smaller than size of silicon atom. So, in C0; el e of Cé"‘_n
forms two double bonds with two oxygen atoms. In this way a small, symmetrlc(:)al, lme(a)r mo e&u e o 2 iy
formed, which is volatile and reasonably reactive. , ‘ | | |

- 5+ = Ql Si- . Si
| boe——c——aoﬁ ‘ | /ISI\O/I \O/I \O/

In case of SiO,, each silicon atom because of its large size is covalently O\Si NS O\ Si
bonded with four oxygen atoms and each oxygen atom is attached with <) 4 \O/ | \0/
two silicon atoms. In this way a three dimensional network is formed. So 0] o o

giant structure of SiO, is very stable. Thus SiO; exists as solid. , Structure of silicon dioxide

(ix)a

SnCL; is a solid while SnCL, is a liquid. Why?

Ans.

The physical state of a substance depends upon strength of binding forces between the atom. Ionic compounds are
generally solids while covalent compounds may be solids, liquids or gases.

SnCL, is ionic while SnCl, is covalent because Sn** has large polarizing power. It polarizes chloride ions and
induces covalent character according to Fajan’s Rule. '

(x)a

C and Si are always tetravalent but Ge, Sn and Pb show divalency. Why?

Ans.

C & Si use all of their valence electrons (4 electrons) in-bond formation. That is why they are tetravalent. On the

other hand Ge, Sn and Pb used only two valence electrons while other two electrons behave as inert pair, That is
why these elements are divalent. ‘

(xi)a

CCl is resistant to hydrolysis but SiC{, is readily hydrolyzed. Why?

Ans.

- intermediate compound which further decomposes into SiO,.

hydrolysis when superheated steam is used.

SiClLs gets hydrolyzed with the help of empty 3d orbitals which accommodate electron pairs of H,0 to form

ct
: CL |
SiCL#+H:0— | >Si «:OH, | ——» $i0, +4HCL
ce” | | |
ct

Intermediate compound

There is no empty d-orbital in carbon. Hence there is no possibility of such a reaction. However CCL, undergoes

CC + HO0 —— COCL + 2HCE
Superheated Phosgene
steam

_(x")a Si-CL bond is stronger than C — CL bond, still SiCL hydrolyzed easily but CC(, is not why? —

Ans. The first step in the hydrolysis reaction is the attack by oxygen atom of water
covalent bonds with the central atom. In the second step, HCL gas is evolved,

and formation of co-ordir’ﬁlte
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ct
CL 1
Sicl + H.O— >Si « 1 OH,
cL’ |
ct

Intermediate compound

» SiO; +4HCL

CCL, is a saturated molecule and carbon carmot,increase its co-ordination number beyond four due to the absence
of d-orbitals. Therefore CCL, is not hydrolyzed by water.

In SiCL,. Si can form an additional bond with water due to the availability of vacant d-orbital in it, Thus SiCL,
hydrolyzed casily.

(xiii)a Explain why nitrates and carbonates of Li are not stable?

Ans.  Carbonates and nitrates of Lithium are not stable because Li' is a very small cation and very polarizing which
favours to form oxides by decomposition. In generally small ions polarizes the anions more effectively than

bigger ones as a result the bond between them be-omes partly covalent in character, therefore they will be less
stable.

(xiv)a Differentiate the behaviour of Li and Na witl: atmospheric oxygen. -

Ans.  Lithium when burnt in air forms. Lithium monoxide which is a normal oxide (0'2).
‘Li+ O, > Li,O

While Na when burnt in air it forms sodium peroxide (07)

-

Na + 03 —— Na;Oz

(xv)a Alkali metal carbonates are more soluble that alkaline earth metal carbonates. Why?

Ans.  Alkali metal carbonates are more soluble than alkaline earth carbonates because.
. The lattice energy of alkali carbonates are low which favours easy ionization on water.

. Alkali metal carbonates are bonded by uni-positive cation which will be easily broken in water and
becomes soluble.

(xvi)a Explain why solubility of alkaline earth metal carbonates decrease down the group?

~ Ans.  Solubility of alkaline earth metal carbonate decreases down the group because of increase in the lattice energy,
down the group the more electropositive metals will be strongly held with CO;2 ion,

(xvii)a Oxidizing power of F; is greater than |, Why?

—
Ans.  Fluorine (F:) has the ability to take electrons from iodide ions. lodine can't get these electrons back from the
fluoride ions formed. That means that fluorine is a more powerful oxidizing agent than cither iodine. Fluorine can
also oxidize iodide ions (in potassium iodide solution say) to iodine:

F, gl ®—2F +1,
(xviii)a HF is weak acid than Hl. Why?

Ans. The strength of an acid is directly proportional to its proton (H") releasing power. In HF strong hydrogen bonding
is present and partially positive hydrogen is entrapped between two strong clectronegative fluorine atoms.
Consequently it becomes difficult for proton to be ionized in water which makes it weak acid.

On the other hand in HI dipole-dipole interaction is present which is weaker than hydrogen bonding.
Therefore proton (H) releasing power of HI is more which makes it strong acid.

(xix)a On what factors does the oxidizing power of halogens depend?

Ans, * The oxidizing power of halogens depends upon the following factors:
(v) Energy of dissociation
(vi) Electron affinities of atoms
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(vii)  Hvdration encrgics of 10ns
) R S : and I»
(vii)  Heats of vaporization {for Brz and I2)

L0 0@@OOOOO "

3. e Wing questions-
3. Give detailed answers for the following questions

e ™
£ oiling point is not smooth. Justify it,

p——T melting and b e —
(i) (a) The pattern of first ionization energy and g e emergy of the “lements increases due g,

eft to right in a penod, the 101 . IHowever there are certain elements whicy
C .

haree an;i qecﬁfﬁni\neizg of Mg and P are higher than those of AL and S,
e ioni

ined as:
icher value of ionization ener , e completely filled 3.
il o of Me (155, 25%, 2¢%, 35%) it is more difficult to remove an electron from thrtiall [f)'llled)?’p-orbita]
MEASSIORYIE L o Zg:' ipb 36, 3p') it is easier to remove the same from partially .

orbital while in case of AL (15", _ an to remove the same from
Since to remove an electron from a 3s-orbital of Mg atom requires more energy th

e imi igher value of P
3p-orbitzl of AL atom that is why ionization energy of Mg 1s higher than that. OfALl' _Sl!mlat;]lz E;gher value of N?s
cbmparcd to S has been explained on the same lines of argument as used in explaming 2 ‘ g

compared to Al

Ans.  in eeneral, as we move from l
successive increase in the nuclear c
show irregular trends in period 3. For examp T

oy of Mg as compared to AL can be exp

The values of First lonization Energy of Period 3 :
i cL Ar
Period 3 Elements Na | Mg | At Si P S

First lonization Energies (kJ/mol) 296 | 738 | 578 | 786 | 1012 | 1000 | 1251 | 1520

(b) Why atomic radius increases in group and decreases along the period.

Ans. Periodic Trend in atomic radius

(a) Across the Period: Atomic radius decreases left to right in a period.
This is because of: '

N
w
o

200}
¢ Increase in atomic number.

. . - 3 i 150
Increase in the positive charge in the nucleus. As positive nuclear charge
increases, the negatively charged clectrons in the shells are pulled closer tq

100
the nucleus.

Atomic and ionic radii(pm)

(b) Down the Group: Atomic radius increases down the group. This is
because of:

e Increase in number of shells.

e Increase in shleldnng ef‘fest down the ‘group due to increase in intervening
electrons. Thus atomic radius increases.

S0+

3 11 19 37 55
Atomic number
Atomic and ionic radii
: . . : of alkali
(i) Discuss acid-base behaviour of (i) Aluminium oxide (ii) Sodium oxide ~ metals‘
Ans. (i) Aluminium oxide (AL,0,)

As it is amphoteric oxide, it has reaction

. \ sasb .
Reaffi8y WAth Acids as both a base and ap acid. :
Aluminium oxide will react it i * Ma?* A3 p5* b+ ~f7*
i Mgl chloride sohtine. vith hot dilute hydrochloric acid to NaLMg AL P> g5 CL
ALO; +6HCL '
Reaction with Bases 2ALCL +3H,0 as the oxidation state increases

. 5.
Acidic character increases

* Covalent i
. . nature increases
m hydroxide solution, — ‘
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e et e . I L B R R ey S 2]

(1) Bodinm oxlde (NayO)

S oo iy amnmE nuul.,nly Bide ooptle, 10 ia bgade hecise it contins the oade Jon, OF, wilch 1s
NRTNA] h“t'l\]l hllm‘ \\ '”l il |||’||I “?“I'l‘.[“ y .‘““'l'“'“ VJ'I" "Y'“ Tl N
Reaction with Aolila

ANt b, wodbome oside wlso goacin with i, For cammple, B0 seould peaet with diite
B bbb te we b o pradieo sodim ehloride soluon,

N0 e y AN )

VTR TR v e —

Av)(m) Why “"' ditteront typos of oxidaes formed an you go down the group & period?

iy, Perlodie Trend In oxldaes

Across the Perlod
Inn piven |N‘lit'l', the osdilen POpEeHy [ron ,||u]|‘l'|/ [INEI ”lll/ll;(ll Wi iil’.fl' hiie, II‘II]J‘]UIL‘IN. and W(,‘ﬂl’.ly
At toostongdy weidie

Example: N Mptr Al 8i0, 140, By, G0,

atrongely — hasde wmphatenie wonkly neidpe nephe stronply acidic

Down the Gi oup sl

Fhe basdeity of main group metal oxides imcrcises on descending a group of the periodic tabie,
Uxamplo: e - MpO = CaO) = S50 = Ba()
o Lhe basdeity of tansiton metnd oxides (Sub group 18 deereanes trom top (o bottoss,

(¢)  Why In Borylllum chloride covalent and rov jgwi:?

b - — - ——

Auns, I the electronepativity difference between two boudug o is dess than 1,7, a covalent bond is formed between
them,
In BeC G (Berylivm ehlonide), the electronepativity dificience between e (BN = 1.5) and CL (KN = 3.0) is 1.5,
Theretore BeCCois n covalent compound,

——

Farthermore,

Accordling to Fajan rule:

Greater the charpe density of aeation, preater will be its polarizing power and hence more covalent
character it will induce.

charge e I ‘
Charge density o« ~ '-i-——'—- « Polarizinging Power ~. Covalent Character
size

In BeCl, due to smallsize and high charge Be’” has greater charge density. As a result. BeCL; is a

covalent compound,

(v) (a) Why do some metals form peroxides on heating in oxygen?

Ans.  The peroxide ion has a weak covalent bond between two oxygen atoms. Small size metal ions have high cherc
dcnsn\ \n when they come closer to peroxide ion, they polarize it so much that peroxide ion is broken. e, g Li,
Be', Mp™ *have high charge density due to smaller size so they-cannot form puonldcs The metals which have
l.lrg\c ratomic size have low charge density, so they can form peroxides. ¢.g. Na |, Ba °

(v) (b) Why do group 2 elements form nitrides on heating in air?

Ans.  To form a group 2 metal nitride, cnergy is chn for two purposcs i.c (i) to form M ion and (if) to break and
convert nitrogen molccule into nitride ion (N 7). Since, M™* ions are small size so they have high charge density
and hence develop strong attractions for N*" ion. Therefore a lot of cnergy is released as lattice energy. As a
result, the encrgy given to form ions is compensated by the release of energy during lattice formation. Hence. the
reaction becomes energetically favourable. Therefore. group 2 clements form nitrides. Similarly L1 aiso form
nitride.
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{c) Discuss the trend in solubility of hydroxide of group 2 elements. '

Aps. The solubility of alkaline earth metal hydroxides in water increases down the group. Be(OH), m
msolzble. Mz/OH), is sparingly soluble while Ba(OH), is more soluble. . i
This merease in solubility is due to increase in the size of cations. Due to greater ionic radii of group 1,
c=Tions, 12 lantice energy of hydroxide decreases.
——

(vi) Discuss the trends in thermal stability of the carbonates and nitrates.
Ans.  Thermal stzbility of the carbonates

All carbonates decompose on heating at appropriate temperature evolving CO,.
MCO; — CO, + MO
MgCO; —27C 5 M0 + CO,
Cacn. —29%C , a0+ CO,
), —2YC, 510+ €O,

:aCO; M—) Ba0O + CO, i
| . stability of the carbonates of these metals increases on moving down the group.

—

Reason:

The easc of decomposition of the carbonates can be related to the size of metal ion. Smaller the positive
ion, greater the lattice energy of resulting oxide. Hence higher the stability of the product and ecasier the
decomposition of original carbonatcs.

: he effect of heat on the Group'2:Nifrates

All the nitrates in group 2 undergo thermal decomposition to give the metal oxide, nitrogen dioxide and oxygen

2Mg(NO;), —— 2MgO + 4NO, + O,

2Ba(NO,), > 2BaO +4NO,+0,
» The nitrates are white solids, and the oxides produced arce also white solids. Brown nitrogen dioxide gas is given f
off together with oxygen. |

e Magnesium and calcium nitrates normally have water of erystallization, and the solid may dissolve in its own
water of crystallization to make a colourless solution before it starts to decompose.

e Again, if "X" represents any onc of the elements:
2X(NO3)ys) —> 2XQy, +ANOy ) + Oy , j

; \
e As we go down the group, themitrates also have to be heated more strongly before they will decompose. 1he |
nitrates also become more stable to heat as we go down the group. 3

l
!

—|

(vii) Explain with examples that Beryllium oxide is Amphoteric? S .
Ans.  BeO is amphoteric in nature. Since it reacts with both acids and bascs. 4;
BeO 4+ H,SO;y  ———— BeSO4 + 11,0 |

BeO + 2NaOH ———> NayBcO, + 15,0 |

Sodium beryllate . j

(xi) (a)Why is the bond enthalpy of F-F less as compared to C{-C{ and Br:Br? 4;‘

Ans. F —F bond length is very small as compared to other X — X bond lenigths. This makes the |

eyt - . “atoms in Iy i olecult
repel cach other and helps the dissociation of I'; molecule into IF atoms. :

X — X bond in C&;, Br; and I molecules is stronger than F — F bond in F, molecule. This is due
possibility of the existence of multiple bonds in X ~ X bond involving d-orbitals.

fo the
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(xi) (b) Explain the order F > CL > Br > | with respect to oxidizing agent/power.

Ans: the values of I are decreasing from 1y to 1, the axadining power of halogens is also decreasing in the same
direction i © the oxadizing power of hadogen ie in the order

r, \( ‘: - "'1 > ':

Relative roactivitos

Doe 10 the relmtive etrength se cadizeng agerte, it 1 possidle for each free halogen to oxidize the ions of
othet !ml«:‘g(‘m nest 1o i in the family S1anderd electrodie potential meatures oxidizing power

Standard redoction potentisl. ' (V)
X, « 2 vZX

.

o Floorme can oxidize all the hnlide 1ome 1o tredey
positinvg)

¢ lodine bemng a weak oxidizmyg agent cannot esadize (Mo - f¢ 1y

(xii) (a) Why iz fluorine much stronger oxidizing agent than chlonng?

Ans, 1t o becnuse;
. 'he bond dissociation ene PR o f flootine o Qurls v a0 Ol i alt raps v to take up clectron

y small size, <0 ot will form

. he other factor » hvdration enprgy . The d
readily i solution Thus uorme will tabe up cloctronV sy o mie than chlorme Hence, fluoring 1s

a much stronget oxachizmg agoent than chl

(xii) (b) HCI! is strong acid as compared to HF. Wiky?

Ans, HCI is a stronger acid than HF

A substance which has a tenddngy 1O\ Guag o ! an adueuits solution e called acd. The strength
of an acid » dwrectly proportional 1@ provae (11 <
In 1P strong hvdrogel lu&'u!u‘.:\ 15 Present : artazihy pusilive hvdrogen s entrapped between wo
strong L‘ic.!h\m‘_:.'.‘.:\i Nuorind Al ouas >
C onsequenthy a1t ha@omes illitult for proton o e Gt i S 2 o
\ ‘.
whitch miabes 1t weak agd \
3 | | Y ; - T il AKX
On the othahad@un HEY dipole-dipole wteraction os present which F - - £
y !
15 weaker than taadrogan boidimg. Thoretore proton (4 rehcasmg power of ‘/ - /
, \ , ‘ i/
HCL s more alluciigiahes 1l sirong adid
T - = - - | Lo 1a . . P s ¥ WAy P P - — ~
Try\ie ardw 3 dagram of &-DIDCK elements whian sOHuw Nal INele aL0mic radi NCredses down e group and
erreabet 1M el 1o nght in the penod i

E— |

— —

x @@@@ ©
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