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Chapter;-3
Periodic Properties And
Bonding in Elements

Introduction : In second chapter we have known from electron distribution of atoms

that the properties of the elements depend on their electron distributions with gradational

periodic repetitions, So those properties of the elements which periodically change with their

electron distributions, are called periodic properties. Depending on ionisation energy and

electron affinity, metal atom binds with non-metal atom with ionic bond and co-valent bond

forms with non-metal atoms. Again due
to polarization in ionic compounds and
in covalent

polarity formation

compounds opposite and mixed
properties appear in the both classes of
We shall

characteristics in elements and their

compounds. observe these

compounds carefully.

Key Words : Electron distribution, transitional
elements, alkali metals, periodicity, ionisation
energy, electron affinity, pH of solution,
periodicity of oxides, orbital hybridization, sigma
bond, pi-bond, molecular shape, Ione-pair
electrons. covalent bond, polarization, dipole,

Vander Waal's force, H-bond, importance of H-

bond, IUPAC system for nomenclature.

mainly ionic
AEN > 1.7

polar covalent
AEN,0.4-1.7

mainly covalent
AEN <04

non polar covalent
AEN=0

After Reading this Chapter, Students will be able -

»wN

To know and describe the affect

distribution etc.) on ionisation energy, electron affinity and electronegativity

To classify the elements into s, p, d and f-blocks on the basis of electron distributions.
To know and describe common properties of elements of different blocks.
To explain the periodicity of different properties of the elements.

of the factors (atomic size, sub-orbit electron
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5. To explain the properties of oxides of different elements (such as elements of 2nd and
3rd periods) of periodic table.

6. Practical : To determine experimentally pH value of water soluble oxides and can
explain their acid-base characters.
To find relation between chemical bonds and periodic properties of elements.

8. To explain the classification of covalent bonds on orbital overlapping.

9. To explain the concept of orbital hybridization and their different hybrid orbitals.

10. To explain the relation between covalent molecular shaves and hybrid orbitals.

11. To explain the affect of lone-pair of electrons on safe of molecule and bond angle.

12. To prepare molecular models of different compounds with different sized small potatoes
or with similar vegetables and can demonstrate.

13. To explain the mode of formation of coordinate covalent bond.

14. To prove the coordinate covalent bond as a special case of covalent bond.

15. To explain the covalent properties in ionic compounds with Fajan's rules.

16. Practical : To prove the existance of dipoles in water molecules.

17. To explain Vander Waal's forces.

18. To ex;_alain the formation of hydrogen bond.

19. To explain the causes of liquid state of H,O and gaseous state of H,S.

20. To explain the importances of H-bond for the existance of living natures.

21. To follow the nomenclature of inorganic compounds as per [UPAC system.

3.1 Classification of Elements Based on Electronic Configurations.

Mendeleev, in 1869, prepared a Periodic table with known 63 elements arranging them
in8 (elght) groups and 12 (twelve) perlods w1th mcreasmg atomlc mass of the elements

periods 'Lh a Long '_:';'.i.’lf;.:'{_'j; IC tab|

_ A0l SIng al ; .Of' I’e’nﬁﬂtg
Modern Periodic Law : The physn:al and chemlcal properties of the elements are

I' "!"ﬁ[

atomic numbers. Among the different scientists Bohr's contribution

was more than ot_hers in preparing modern long periodic table. Hence long periodic table is
also known as Bohr's Periodic Table.

Long Form Periodic Table : Bohr prepared a long periodic table on the basis of
' _JU;lL 15 Iv‘,j_ﬂ_,\,\,lll_ s__JL-'.". 3_'.-,'"'_"' odic»Tab

bution L)f Fll*‘

*f ements.
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gctlmdes elements are placed in group-3 of period "th__ﬂan ﬂ This is the modern perlodlc
table.

The basis of Modern Periodic Table : The basic principle of classification of elements in

periodic table is their electron distributions! Again all the elements are classified into four

blocks on the basis of electron accomodation capacity of different orbitals in their electron

yertical columns or groups and 7 horizontal rows or per
Q Total Number of elements discovered tlll 10.11.2016 and recognized by JUPAGH
?gSocja_tion is 1187 With recognised 4 elements of atomic number 113, 115, 117 and 118

pcriod 7th is filled up now.

H(l) =s!

He (2) = 1Is?

Li(3) = 1s22s!

Be(4) =1s22s2

Mg (12) = 1s? 252 2p6 3s?

i'..‘ﬂ

‘outermost orbit or
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and 18 (i.e. 3A, 4A, SA, 6A, 7A and 8A) except He. Besides these, including newly
discovered six elements like Nihonium (;;3Nh), Flerovium (;,4Fl), Moscovium (;;5Mc), and
Livermorium (;;6Lv), Tennessine (;,7Ts), Oganesson (;;30g) total number of p-bolck
elements are [36 in number:|
Example : B(5) = ls?2s2 2p!

C(@6) = 1s22s22p?

Al (13) = 1s? 2s2 2p5 3s2 3p!

Cl (17) = 1s2 2s2 2pS 3s2 3p°

Ar (18) = ls2 252 2p6 352 3p6

The outermost energy level or valence shell of p-block elements contain ns? np! to ns? npSy

electrons; here n'= 2, 3, 4 etc. means outermost orbit. |

Begin —| |5 I_l;_
here
2s 2p
3s 3p
Ss 4d 5p
6s N 5d : 6p
7s N 6d 7p €—End
here
N 4f
NN 5f

Fig-3.1 : Four blocks (s,p, d, f) of elements in Periodic Table.

(3) d-block Elements : In d-block elements, last electron enters into d-orbital. In 4th
period, Scandium, Sc (21) to Zinc, Zn (30) and in 5th period Yttrium, Y (39) to Cadmium, Cd.
(48) are d-block elements. Besides these two periods, 6th and 7th period: include d-block:
elements: All d-block elet—nents are metals. In the periodic table group —3 to group-12 that is

elements of B-sub groups are d-block elements. By this time, d-block included elements are
|41 (fourty one) in number:| Their atoms contain (n—1)d! to (n—1) d1° electrons.

Example;
Sc (21) = 152 2s% 2p5 352 3p6 3d! 4s2
Fe (26) = 1s? 2s? 2p© 352 3p6 3d6 4s2

Zn (30) = 1s2 2s% 2p° 352 3p6 3d10 452
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The outermost two sub-shell or valence shell of d-block elements contain (n—1)d!=10 ns!-2
electrons; here n = 4, 5, 6, 7 etc. means outermost orbit.
Some of the d-block elements with special properties are called transition elements.

Eef“ inition of Tmn&io:g;EleW The transition elements are those d-block elements

”l“e,ctl"o

LI T e

Sc3+ ion there is no electron in 3d orbital and Zn2+ ion has fully filled 3d'? orbital.
Sc3+ (21) = 1s? 252 2p6 352 3pS |3d°|
Zn2* (30) = 1s2 252 2pS 352 3pS
J is a d-block element and transition element both. BECAUSENIES)

Fe2* (26) = 152 252 2p6 352 3p6 3 -
Fe3* (26) = 152 252 2p6 3s2 3p6

contains _ﬂd actinium A
last electron as .and . So these thr
- ‘Hence total.ﬁnumber’ '_

periodic table]
Chemlstry-—.!?lrs_t—3 1
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 + Inner-transition elements are those f-block elements which
contain at least one stable positive ion with partially filled f-orbital containing f'-'3 electron
distribution. In Lanthanide series included inner-transition elements contain incomplete 4f
orbital and in actinide series include inner transition elements contain incomplete 5f orbital.
Example of such inner transition element is cerium (sgCe) = [Xe] 4f26s2. Because its stable

ion Ce3* contains partially filled 4f! electron.

Know More :

{@)Group number for s block elements  : Electron number in outermost orbit (valence

electron)
Q Group number for p-block elements : 10 + valence electron (ns + np)
g Group number for d-block elements : (n-1) d + ns electron number

| Group number for f-block elements  : all f-block elements are in group-3 of

periodic table.

By this discussion, the total 118 elements including Nh (113), Fl (114) Mc(115), Lv
(116), Ts(117) and Og(118) are classified into 4 blocks such as s, p, d and f-blocks. Now we
shall come to know the common properties of the elements of these blocks.

The two groups of s-block on the left and the six group of p-biock on the right are the
main groups. These s-block and p-block elements are called Ideal elements or,
Representative eiements; because they follow the general rules in filling their orbitals with
electrons without any exception. Some of the d-block elements are called transition metals.

Similarly, some of the f-block elements are called inner-transition metals. Two systems for

numbering the groups are shown above the top row and are explained in modern IUPAC
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3.1.1 Position of Element in Periodic Table from Electron Configuration

A8 he primary basis of Periodic table is the electronic configuration, so the position offafi
glemient in the” periodic tableris determined from its electron distributiofl. When actual
electron distribution of an element is not known; then from atomic number of that element,
" after writing electron configuration as per Aufbau principle, one can determine the position
of the element in periodic table. Here following rules are followed :

(@)'Period Number Determinatioi : In electron distribution of an element the maximum
value of 'n' indicates period number. For example, electron distribution of Na(ll) is as
follows : Na(11) = 1s2 2s2 2p6 3s!. In this maximum value of 'n' = 3. So element Na is in 3rd
period.

()’ Group Number Determinatiolf : To known the group of an element, its valence
electron number and its block are to know. For example.

‘(ﬂ For s-block element ns'-2 electron distribution is considered.

Here ns! indicates group-1 and ns? indicates group-2.

925 For p-block element (10 + ns?np!-6) formula is considered.

~ Here ns?np! valence electrons indicates group number (10 + 2 + 1) = 13;
Similarly, ns?np? valence electrons indicates group number (10 + 2 + 2) = 14.
@For d-block element total electrons of two orbitals (n—1)d ns indicates group number.

w For all f-block elements, valence shell contain f-electron and are in group number 3.

Above rules are explained with 7 examples below :

Na (11 —1s2 252 2p6 @ : Here period = 3; group =1
Cl (17) > 1s2 252 2p6 : Here period = 3; group = (10 + 7) = 17
Ar (18) — 1s2 2s2 2p6 : Here period = 3; group = (10 + 8) = 18

Cr (24) —> 152 252 2p6 352 3p6 : Here period = 4; group = 6
Ni (28) — 152 252 2p6 352 3p6 : Here period = 4; group = 10
Cu (29) = 152 252 2p6 352 3p6 : Here period = 4; group = 11
Ce (58) = [Xe (54)] : Here period = 6; group = 3



Periodic Properties and Bonding in Elements 245

Worked Example — 3.1 : Determine the position of elements in periodic table with
following atomic numbers : (a) 18, (b) 22, (c) 29, (d) 16, (e) 48, () 59.

Solution : (a) Electron distribution of element with atomic number 18 is Z (18) = 1s2 2s2

2p6 [3s2 3p6]. So it is an inert gas element because it has full octet set. Hence its group is 18.

Again here maximum value of 'n' = 3. group = 18 and period = 3

(b) Electron distribution of element with atomic number 22 is Z (22)— 1s?2s? 2p% 3s2 3p®

[3d2 457 |. Here maximum value of n = 4; so its period is 4th. From incomplete d orbital

(3d?) it indicates d-block element. Total electrons of 3d and 4s = (2 + 2) = 4; so its group =
4. So the element's position is period = 4; group = 4.

(c) Electron distribution of element with at. no. 29 is Z(29) — Is? 2522p% 3s523p6 3d10 4s!-
Here maximum value of n = 4; so its period = 4th. It has ndns electrons so its group = (10 +
1) = 11. So the element's position is period = 4; group = L1.

(d) Electron distribution of element with at no. 16 is Z(16) = 1s? 2s? 2p° Here n

= 3; sc its period = 3rd. It is a representative element and its group = (10 +2 + 4) = 16. S
the element's position is period = 3; group = 16.

(e) Electron distribution of element with at. no. 48 is Z(48) — 1s2 252 2p® 352 3p6 3410
4s2 4p% [4d10 5s2]. Here n = 5, so period = 5th and its ndns electrons = (10 + 2) = 12. So the

element's position is period = 5; group = 12.
() Electron distribution of element with at. no. 59 is Z(59) — 1s? 2s2 2pS 3s2 3p6 3410
452 4p6 4410 552 5pS 6s2. Here n = 6; so its period = 6th; it has partially filled 4f3

electrons; so its group = 3. So the element's position is period = 6; group = 3;

3.2 General Properties of Different Block Elements

s-block Elements : _

s-block Elements : The elements whose last electron enters into s orbital, are called s-
block elements. Total s-block elements are 14 including group-1 group-2 total 13 elements
and with He(2) of inert gas. Their outermost orbit or valence shell contams nsl ‘br“i
electron o ﬂ:-s G oj

e

P

P T =
b 5 O ot i (90

[ A
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s-block metals are speciall known by two names; such as :

Tetal® and W{:ﬂc"“” h‘“metﬂ?
Ietals .";m'f 1

" 2Li(s) + 2Hy0 (1) > 2LiOH (aq) + H, (g)
2 Na(s) + 2H,0 (I) — 2NaOH (aq) + H; (g)
2K (s) +2H50 (1) » 2KOH (aq) + H; (g)
(2) Alkaline Earth Metals : §2Block'€léments of group=2sich as Be, Mg, CaySrBaidnd’

Jaetc. Ca (s) + 2H,0 () = Ca(OH); (aq) + H; (g)

Ca0O (s) + HO (1) > Ca(OH); (aq)
s-block elements' electron distributions with their valence electrons & symbols of inert

gases are shown below : [See it in Periodic table printed on inner cover.]

Group—1 | H(1) Li(3) Na (11) |K(19) Rb(37) |Cs (55) |Fr (87)
Is! [He] 2si | [Ne] 3s' |[Ar] 4s! | [Kr]5s!' |[Xe)6s' |[Rn]7s!
Group-2 Be(4) Mg(12) | Ca(20) Sr(38) Ba(56) Ra(88)
[He]2s! |[[Ne]3s? |[Ar]4s? | [Kr]5s2 [Xel6s2 | [Rn]7s?
keriod ! Group— 18 __MCQ-S'I'f;'l.IWhlch of ;"ther‘
followmgs are metallold
2 sLi | 1805 | 4Be 128 | Ge..
3 nNa | 97.7 |,,Mg |650
4 19K 63.3 | 20Ca |842
) yRb | 39.3 | 358r |777
6 55Cs 28.4 | s¢Ba | 727 * * Remember :
7 s7Fr — | ssRa |700 Most strong alkalies are
KOH, NaOH and LiOH
Valence Electron Set: [ ns! ns? solutions.
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3.2.1 General Properties of s-block Metals’

p_),i s-block elements are low melting point and low boiling point metals. For example, Li
metal of this group has highest melting point 180.5°C and Cs metal has lowest melting point
28.4°C. On the otherhand group-2 element like Be has melting point 1278°C, the melting
point of Ra is 700°C.

gZ)'S-block metals are soft. For example, sodium metal can be cut with knife.

@3),Group—l metals form unipositive ion (M) donating their ns' valence electron.
Group-2 metals form double positive ion (M2*) donating their ns? valence electrons.

54)" Group-1 and Group-2 metal ions have no unpaired electron, So their compounds
are colourless. But exceptions are those which contain coloured negative ions like dichromate,
(K,C,07) chromate, (K2CrO4), manganate (KzMnOy) and permanganate (KMnQOy).

gSJ_-zs-block metal cations, having no unpaired electron, are diamagnetic, that is they are
repelled by magnetic field.

[(6)) The ionisation energy of group-1 metals are lowest and comparatively metals of
group— 2 have higher ionisation energy.

7)’s-block metals are most electropositive and their reactivity increases from upwards to

downwards in a group. For example, ; Cs is the most reactive metal. [Fr' is a radioactive

unstable metal.]

K@) s-block metals act as most powerful reducing agents.

@i)Except Be and Mg, other s-block metals form characteristic colour in bunsen flame.
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Chemical Properties of s-block metals.

Group-1 metals : Group-2 metals :
2M (s) + Hg (g) — 2MH (s) G(s) + Hp (g9 — GHa(s)
M = Li, Na, K, Rb, Cs G = Be, Mg, Ca, Sr, Ba
2M (s) + X3 (2) — 2MX (5) G(s) + Xg (g — GXg(s)
X=F,Cl,Br, I ¢ > X =F,Cl,Br, |

2G(s) +0g(g) — 2GO

6M (s) + Ng (g 9—» 2M3N (s)
s-hlock

A
M(s) + Oz (g) — 4Mo O (5) moetais G(s) +2C(s) — GCqy(s)
| GCa (5) : 2HpO () > G(OH)3(aq) + HC = CH (g)

A
2M(s) +2C() - MaGy (s) , A
! 3G(s) +Ng (g —GaNy(s)
gs O Rt g Ol S IMOH e EHC R CH@ | ESRroup |/G2 N2 () + 6Hz0 () 3G (OH)g () + 2 NH3 (@)

2M (s) + 2Hz 0 (1) — 2MOH (ag) + H () 1-2
2M (s) + 2HCI (aq) — 2MClI (ag) + Hg (g) g(i)C: gl:ch: (IS (O e Ha ' (5)

Chemical Reactions of s-block Elements & Rule to Remember :

Ionic compounds with non-metals : All the elements of group —1 and group-2 of s-
block of the periodic table react with non-metals Hp, halogens (X3 = F3, Clz, Bra, I3), Oz, N2
and C etc. to form ionic compounds. [Follow above table].

(2) Nitrides & Carbides hydrolyse : Metallic nitrides (M3N, G3N>) of s-block elements
get hydrolyzed in contact of water to produce respectively NH3 and acctylene (HC=CH) gas
together with metal hydroxide.

For example, when Mg metal is heated with N, gas then ionic compound magnesium
litride (Mg3N3)is formed. Here nitride ion of Mg3N, is being polarised by Mg2+ ion, Mg3N,
is hydrolysed in hol water like a covalent compound to form Mg(OH), and NH; gas

Mg(s) + Na(g)-25 Mg3 N; (s)

Mg3N; (s) + 6H,0(1) —> 3Mg(OH); (s) + 2NH; (g)

Similarly magnesium carbide (MgC,) is hydrolysed in hot water to form Mg(OH), and
acetylene gas.

Mg(s) + 2C(s) 25 MgCy(s)
4 MgC, (9 + 20,000 — Mg(OH), () + HC = CH (g) 2
3. Reaction with water : Group—1 metals being more reactive, react with water vigorously
to produce strong alkali NaOH. KOH and Hj. So group -1 metals are called alkali metals.
But group-2 metals, being less reactive, react with water slowly to produce metal hydroxide
and Hp gas. Besides this, group-2 metal compounds are being the compczents of soil,

3 group—2 metals are called alkaline earth metals.
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Worked Example-3.3 : Na'metal is preserved in kerosene; explain why?

Solution : Sodium metal is a very reactive group—1 metal. Na metal can not left in air and
water. Because in contact with air Na metal reacts with O to form sodium oxide (Na;O). Late:;f?_;‘
Na,O reacts with CO, gas of air to form sodium carbonate.

4Na + O; — 2Na;0; Na;0 + CO; — Na;CO;5

Again Na metal can not be kept in water. Because in contact With walep, Na reacts with
water vigorously to produce NaOH alkali and H, gas. It is an exothermic reaction; so H; gas
sets fire in O, of the air to form H,0.

2Na + 2H,O — 2NaOH + H; + heat;  2H; + O, — 2H;0

So sodium metal is preserved in inactive or inert liquid kerosene.

4. Replacement of H from acid': Both group-1 and group-2 metals react with HCI acid
vigorously to produce Hy gas and metal chorides. [Follow above table]

3.2.2 General Properties of p-block Elements
p-block Elements :

Representative Elements :
;teleements, because these elements follow Aufba_

In periodic table, the elements of p-block begins from group-13 with electron distribution 1
ns2 np'and continues with group-14, 15, 16, 17 and ends at group-18 elements with electror
distribution ns2 np®. For example :

Period ! Group — |f13) |ﬁ?§f @ 6. E h

2 sB «C N ¢0 oF 1oNe

3 13Al 14Si 1sP 165 17Cl - | 1Ar

4 31Ga 32Ge 33As 145€ 3sBr 36Kr

5 a9ln 505N 515b s2le 5:4!‘ ' 54%€

6 g1 Tl g2Pb g3Bi g4P0 gsAt sRn
Valence Electron Set :| ns?np! ns?np?  |ns?np®  |ns?np* | ns?np’ | ns2np®

General Properties of p-block Elements :

m Total number of p-block elements together with newly discovered Nh(13), Fl (114),
Mc(115), Lv (116), Ts(117) and Og(118) are 36. These p-block elements include 08 metals =
(Al, Ga, In, Tl, Sn, Pb, Bi. Po except six radioactive elements) 7 metalloids or semi m
Si, Ge, As, Sb, Te, At) and 15 non metals (C, N, P, O, S, Se, F, Cl, Br, I, Ne, Ar, Kr, Xe, Rn)
Chemistry—First—32 et
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{2) Metals (12 in number) and graphite (allotrope of carbon) are good conductors of
heat and electricity; and the rests are bad conductors of heat and electricity. Among these 7
metalloids (B,Si, Ge, As, Sb, Te, At) all are semiconductors.

{B) Most of the p-block elements are electronegative non metals.

@In a period from left to right, with the increase of atomic no. of the elements valence

electron also increases in the atoms; but energy level or orbit remains same. As a result

elements' atomic sizes gradually decrease.
@In a -beriod from left to right reducing property of the element decreases gradually.

{6)'In a period from left to right, oxidising property of the element increases gradually.
But in a group from upwards to downwards the oxidizing property of the element decreases.
ﬁln a group, the atomic sizes of the elements increase gradually, the ionisation energy,

of an element decreases and metallic property increases.

ﬂln a same group from upwards to downwards the reducing property of the element
increases.
ﬂp-block elements form covalent bonds among themselves and form ionic bonds with

different metal atoms.

ﬂ Variabie oxidation numbers in p-block elements are shown in their different
compounds.

* Group-17 of the periodic table, having valence electrons ns?np’ are called 'halogens'
These elements are F, Cl, Br I and At etc. Halogen means 'sea salt' producers; such as NaCl,

NaBr, Nal salt are present in saline-water of the sea. Again Group-18 elements like. He, Ne,

Ar, Kr, Xe, Rn are called inert gases. Becauses they are chemically inactive due to their more

of p-blocks elements are non-metals. Among p-block elements seven elements like B, Si, Ge,
As, Sb, Te and At are called w due to having their mixed properties of metal and
non-metal. In ﬁcriodic table, right side of 'zig-zag' line in middle of p-block elements

contains all nonmetals and the left side of it contains metals.
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o

Common Chemical Properties of p-block Elements :
There are six groups in p-block'eléments. Ii‘these six groups of p-block elements, from
left to right, each element adds up one electron more gradually upto six electrons at the last
element. The common electron distribution of p-block elements is ns? np'-S. The chemical
properties of six groups of p-block elements are shown separately as follows : ¥

(1) Chemical Properties of p-block Group-13 Elements :

M (5) + 3Cl (g) > 2MClg (5) 2M () + 6H20 (2) 100G 20 (Og +3Hz @
M = B, Al, Ga, In, Ti =B, AL Ga, In Tl :
2B (s) + 3Cly (2) — 2BClj (s) p—block At room temp. Al forms anti-corrosive layer of Al;O3 in contact
4B (s) + 307 (2) = 28403 (acidic) with water.
4Al (s) + 309 (2) o 2Aly O3 (amphoteric) Gr-13 |1 2m(s) + 6HCI (ag) — I3MC|3 + 3Hg (2)
2M (s) +Ng (2) 8 2IMN (s) (nitrides) — M = Al Ga, In'Tl ‘
A G 2Al (s) + GHCI(aq) — 2AICl3 + 3H3 (g)
2A1(5) + Np (8) 5 2AIN (5 J B(s) + (%'j‘filoaglgﬂql - I;gr??:?m; 3NO2(g)
AIN(s) + 3HgO()) » AlOH)3(s) + NH3(g) 2A1(s) + %r:r:h?]s — 2A1 (NO3)3 + 6NO3 + 6Ha O
(Oxiclant)

Chlorides and nitrides are covalent in nature. So they are hydrdlysed with water to form
their hydroxides. ' .

AICI;3 (s) +3H,0(l)) — AI(OH); (s) + 3HCI (aq)

AIN (s) + 3H;0()) — Al (OH);3 (s) + NHj3 (g)

% Chemical Reactions of Group-13 of p-block Elements & Rule to Remember :

(1. Formation of binary Compounds : Boron, the 1st element of group —13, is-a metalloid, l

>

but Al , Ga, In, Tl are metals. They are less reacti\;c. §0theyrcactw1th(ﬁ';lz. )2, N at hi;

_temperature to form chloride, oxide and mtnd@. [Follow above table]

2. Formation of Acidic oxnd@ Boron oxide (B203) is acidic. So B203 rcacls, w1th water to
form orthoboric acid H3BO3 or B03.3H;0 and metaboric acid HBOZ (or'

(i) B,03(s) + HO(l) — 2HBO; (s) [with less water]
(ii) B203(s) + 3H20(I) — 2H3BO3 (s) [with more water] .

+ with acid (HCI) and cong. alkali (NaOH) to form salt and water in each c&-
Aly03 (s) + 6HCl(aq)  — 2AICl3 (aq) + 3H,0 (I) .
Al O3 (s) + 2NaOH(aq) — 2NaAlO; (aq) + Hy0 )

far-:
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4. E_erd'rolysis of nitrides & Chlorides : Due to maximum polarisation in metal chloride
(AICI3) and metal nitride (AIN), (see article- 3.15.2) both AICI; and AIN, like covalent
compounds are hydrolyzed by water to form Al(OH)3;, HCI and NHj gas.

AICl3(s) + 3H,0 = AI(OH)3 (s) + 3HCI (aq)
Al N (s) + 3H,0 = Al (OH)3 (s) + NH3 (g)

5 forms dirmer molecule (AlzC

Know More : AlC

The cause of dimer formation by AICl; is due to much polarisation of chloride (CI7) ion
by highly charged AI3* ion. Primarily AICI; is formed by ionic bond or AICI; is primarily an
ionic compound. Due to highly positively charged AI3* ion polarises chloride ion much. At
this stage, electron cloud of CI~ ion comes in between two nuclie of Al atom and Cl atom.
Then Al atom gets 3 pairs of electrons around it in AICl; molecule i.e. an incomplete octet-
set. So to get octet set of electrons each of two Al atoms of two AICl; forms a co-ordinate

bond with the adjacent Cl atom forming a dimer molecule (A1,Clg).

Cls=Al > Cl]
x

Cls
C‘\Al/ \‘Al/CI
imer (A1,C13]

In solid state these dimer molecules form tetrahedral structure approximately and,

attracted by weak Vander Waal's force forming sheet structure.

5. Replacement of H of acid : Being less reactive, metals of group—13 can replace H from
H70 at 100°C to form metal hydroxide and Hy gas. Besides this, these metal replace H
from acid like HCI acid [Follow above' table].

2Al (s) + 6 H2O(g) — 2AI(OH)3 (s) + 3H3 (g)
2Al (s) + 6 HCl(ag) — 2AICI3 (aq) + 3H; (g)

6. Reaction with Oxidising acids : In oxidising acid like conc. HNO3 acid, B is oxidised to
B,03 and HNO3 is reduced to NO gas. Again acidic ByO3 forms H3BO3 acid with water,
Similarly, Al metal reacts with HNO3 to form first A103 and NOj gas and then reacts
with more HNO3 to form AI(NO3)3 salt and water. [Follow above table] 2

At first HNOj3 dissociates into H0, brown NO; gas and nascent oxygen atom [O].
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Reaction with 'B' : 2HNOj3 (conc.) — Hz0 + 2NO; + [O].....x 3
2B + 3[0] — B203
B2O3 +3H0 — [2H3BO3[bGriC acidly
Reaction with 'Al' : 2HNO3 (conc) — Hz0 + 2NO; + [O]....x 3
2A1 + 3[0] — AlO3
Al,O3 + 6HNO3 — 2AI(NO3); + 3H,0

(2) Chemical Properties of p-black Group-14 Elements :

Like group-13 elements, the elements of group-14 also react with oxygen, halogens, Hj,
steam, acid and alkali solutions. The reactivity of the elements increase with increase of their

atomic numbers as follows :

A
M (s) + 2Clg (g) — MCly
M =C, §i, Ge, Sn, Pb
but SnClg, PbClg are ionic I I : Pb(s) + 2H0 () — Pb (OH)g (s) + Hg (2)
s Sn(s) + 2HCl(aq) — SnClg (aq) + Hg (g)
M (s) + Qg (g) = MOg (acidic) %
ST P-block ]| by () + 2HCIag) — PbCIp () +Ha ()
nOg, PbO (ampholeric r-1
E . R .ﬂ il They react with acid only.
SnOg + 2NaOH — HgO + Nag SnOg5 stannate .
iy I Metallic property increases downwords
SO 2 & Su +2NaOH + HpO — 2Hg + Nag$n03
Si 2H iHa (8) si stannate
i(5) + 2H (o) > (AN silane Pb + 2NaOH + HgO — 2Hg + NagPbOs
SiHa () + 209 (2) > SiOg (s) + 2H20 (1) Plumbate

% Chemical Reactions of group-14 of p-block elements & Rule to Remember :

(1) Réaction with Clp : Non-metal C and Si and metal Sn and Pb each reacts with Cly at
high temperature to form tetrachloride, But Sn and Pb form dichloride salts which mostly
ionic. [Follow above table] ;

(2) Reaction with O3 : All elements of group-14 react with O2 at high temperature with

tetra-valency. For examp.le, acidic CO3, SiO; and oxidising againts like SnO,, PbO act as
amphoteric and react separately with conc. NaOH and HCI acid forming salt and water.

SnO; as base : SnO; (s) + 4HCI (aq) — SnCl (aq) + 2H,0 (1)
Sn0; as acid : Sn0; (s) + 2NaOH (ag) — Na,Sn05 (aq) + Hy0 (I) et

sodium stannate
PbO as base : PbO (s) + 2HNO3 (ag) — Pb(NO3), (aq) + HyO (1)

PbO as acid : PbO(s) + 2NaOH (ag) — NazPbO; (ag) + Ha0 (1) - R
sodium plumbate ; Sl ) o PR
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CO3is @ gas; but Si0 is solid substa
Here CO, is a simple molecule. In CO; molecule two O atoms are bonded with one C

atom sharing two pairs of electrons forming double bonds.$tructure of CO; moleculesi

tiracted by Weak Van-der-Waal's forceioily. So at room temp. CO, is

a gas.

On the otherhand silicon dioxide (SiO;) is a polymer compound i. e. large number of

Si0O, molecules are bonded among themselves with covalent bonds forming stable associated

ype of large associated molecule is called polymer compound or giant;
ecule; In the polymer structure each Si atom is bonded with 4 oxygen atom and each O

atom is bonded with two Si atoms forming a tetrahedral structure. Each tcEShedral is bonded
with O atom forming polymer-chain (SiO;),.

°

~0-8i-0-§i-0-§i-0- S o)
0 @ (iSRS
— 0-Si-0-Si-0 —Si-O— N L
? 9 9 [ o
- 0-Si—-0-Si-0 -Si-O- Fig- 3.2(a) : Tetrahedral structure of
Fig- 3.2 : Polymer (SiO2)p structure | SiO3 unit in Polymer structure

During melting of polymer (Si0O,),, many covalent bonds are to break and much heat

energy is used for this. Hence melting point and boiling point of polynter silicon dioxide

(Si0;), is much high; 8 p = 1610°C and b. 9&@%&}?@0@? silicon

. ide) : The elements of group-14 react with Hy to form
tetrahydrides called silane. [Follow above table]

‘Replacement of H from water : C, Si, Pb react with steam at high temperature to

form Hj gas. This reaction proves those metals are more reactive than H.

R A
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t7 With that vacant d-

gentral atom of covalent compound must contain a d-orbitalVa
orbital, a co-ordinate bond is formed with lone-pair of O atom of H,O. The C-atom of 2nd
period element hzis no d-orbital, So CCly is not hydrolysed in water.

But central atom of SiCl, is Si atom is a non-metal included in 3rd period, and it has
vacant 3d orbital. So the Si atom of SiClg can form coordinate bond with O atom of water and
then gets hydrolysed.

SiCly + 4H-OH — 4HCI +S‘;§Qﬂ [silicic acid]
CCl4 + H,0 — no reaction

Explanation : The hydrolysis of SiCly occurs with formation of a co-ordinate bond with

Si and O atom of water with following intermediate structure. In intemediate compound one

HCI molecule is eliminated and ~OH group is bonded with Si atom with covalent bond.

Cl Cl H Cl
| % cNL. 7 15
CI-Si-Cl + bO—— ) i«—:Q: — CI-Si- OH + HCI
| cl” | H |
Cl Cl Cl

In this way four Cl atom of SiCly are replaced by four —OH groups of water molecules t
form silicic acid (H4Si0y).
SiCl4 + 4H-OH — 4HCI + Si(OH),4
At beginning of the reaction, in intermediate compound Si atom gets 10 electrons in its

valence shell. Among these electrons, 4 pairs in four Si-Cl bond and one pair electrons, from
co-ordinate bond of Si<—OH,. As Si is the element of 3rd period; it has vacant 3d orbital at

which eleclron-palr can be supplled by’ H,0O to form co-ordinate bond; and-
AtomuISIPossibIe. Later in final product Si(OH)4 molecule Si atom gets back

octet set of electrons

But carbon is an element of 2nd period. In 2nd orbit of any atom has no d-orbital. So C
atom has no possibility to expand. its octet. Hence water molecule (H,0) can not get
opportunity to form intermediate compound with co-ordinate bond between € atom and .:; i

stom of 10 (S CCIISNOIAONSEY

(3) Chemical Properties of p-block Group-15 S

Like group—l4 elements, the elements of group—ls also react with
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elements N, P with oxidation number + 3 and higher are acidic which form oxoacids with
water forming HNO3, HNO3;, H3PO3 and H3PO4 acids.
;Kﬂow More : '.:_{' =

5/iert gases; Ny is an inert gas; so N gas is uscd as inert meditim.

Explanation : From electron distribution of N atom, N(7) — 1s? 2s2 2p,! 2p,! 2p,!, it is
known that it has three half filled p-orbitals which are symmetrical and more stable . Again its
valence electrons are in 2nd orbit; hence size of N atom is small. So during formation of
diatomic molecule (N;), after formation of nitrcgen—nitrogen sigma bond, each of two
remaining p-orbilals of one N atom can overlap side-wise with similar p-orbital of other N
-bonds (N=N). Thus triple bond formed in nitrogen molecules N'=N)
Ie. Bond-strength of this {Fiples ‘bond is 945 kJmol‘-Xij and bond length is

=_.O.1098 nm.

For this reasons, N2 molecule is chemical!y inert much. Actually next to inerl gases of

N=N. 2 .N-N-—-2 52 N

A
2M + 3Clg (g) — 2MCl3 Ng O3 + Hy O — 2HNO, (nitrous acid)

M=N, P, As, Sb, Bi ; | l Ny Os +H20 — 2HNO3 (nitric acid)
2P + 5Cip (2) - 2PClg

2M + 309 (g) = MgO3
2N (g) + 502 (g) — 2N3Os (s)

p-blockf | NyO4 +Hy O — HNO, + HNO3

Gr-15 || p,05 + 3Hy 0125 2H4PO5

60°C
Py (s) + 507 (g) — 2P, Os (s) ¢ I > 2P203 + 6Hp O— > 3H3 PO4 + PHg
Na (@) + 3Hp (2) > 2NH3 () P, 05 + Hy O~ 2—=— 2HPO, metaphosphoric acid

P4+ 3KOH + 3Hg O— PH3 + 3KHg PO3 Py Og +3Hg OM_’ 2H3 PO4 orthophosphoric acid

* Chemical Reactions of Group-15 of p-block Elements & Rule to Remember.
(1) Chloride formation : Trivalent N forms NC13 with Clp. But P, a member of 3rd
period , at excited state can transfer one electron of 3s? orbital to vacant 3d orbital to get five
unpa:red electrons. Then P atom can form PCls in addition to PCls. It is called expansion'of

For example, electron distribution of N(7) = Is2 252 2p,! 2p,! 2p,!. Then N atom having
three unpaired electrons, can react with halogen atoms (F, Cl, Br, I) to form trikalides like NF3,
NCl;, NBr; and NI; with covalent bonds. Here N atom shows co-valency 3.
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N, (g) + 3Cl; (g) — 2NCl; ()
@-Iere NF3"1B stable m‘%'cﬁ?NClg, NBr3 andiIg. e Somew

Similarly, phosphorus atom having 3 unpaired valence electrons, can show co-valency 3.

But at excited state of P atom one electron from 3s2 can jump to vacant 3d orbital to get 5
unpaired electrons. Then P atom can show co-valency 5.
' P (15) = 1s2 2s2 2p6 3s2 3p,! 3p,! 3p,' 3d°
P (15) = 1s2 2s2 2pS 3s! 3py! 3p,! 3p,' 3dyy!
So phosphorus can form pentahalides together with trihalides. Butis e Pl
d but Pls is'niof foriied Phosphorus with limited Cl, can form PCl3 and with excess Gﬁ

TR -

' (forms PCls.

P, (s) + 6Cl, (g) — 4PCl; (D)
P4 (s) + 10Cl; (g) — 4PCls (1)

But N atom has no 2d orbital in 2nd orbit; hence N atom has no capacity to increase its

(2) Oxide formation : Non—metal N has five different oxides like nitrous oxide (N20),
nitric oxide (NO). dmltrogen trioxide (N203), dmltrogen tetraoxide (N2O4) or mtrogen

00 .
N@) +3H,() =s—— W 2NH;(g)

P4(s) + 3 NaOH(aq) + 3H;0 () s PHj (g) + 3NaH,PO, (aq)
Basic Property of NH; and PH3 : Ammonia (NH3) and phosphme (PHa)f}‘ '
contain lone palr electron which can. donate to proton to. fon‘n co—ordl t

So as proton acceptor or electrorrpalr donor

*mlsuy——Fust—33 e
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H3P. + H* —— [H3P:>H* ] or, PHy' (phosphomum ion)
i NHj is more basic than PHj. It h “has following two causés—

L cause is that electronegativity of N atom (3.0) is more than that of P atom @y
Due to more electro-negativity, in comparison to P-H bond, here N-H bond electron cloud is
attracted more towards N atom.

%Second cause is that comparatively atomic size of N atom (0.075 nm) is smaller than
that of P atom (0.11nm). Due to smaller atomic size of N atom than P atom, the net electron
density of that covalent bond and lone-pair electron over N atom is more than P atom. As a
result comparatively N atom of NH; has more capacity to donate electron pair or accept
proton than P atom of PH3;. So ammonia is more basic than phosphine.

(4) Hydrolys:s of Halides : Except NFs othier halides of group-15 elements af§

ydro n contact €. For example, NCl; is hydrolysed in contact of water to
produce NH3 gas and H()Cl acid (hypochlorous acid).

NCl; + 3H,0 — NH; + 3HOCI
‘During hydrolysis to form a co-ordinate bond the group—15 element or related halogen
atom of halide must have a vacant d-orbital. It is to be noted, none of N atom and F atom in
NF3, has any vacant d-orbital; so NF; is not hydrolysed by water. On the otherhand, in NCl;
molecule Cl atom has vacant d-orbital, although N atom has no vacant d-orbital. So O atom

of H,0 can make co-ordinate bond with Cl atom of NCI; as follows and finally after bond
dissociation NH; gas and HOCI acid are produced.

CLNZC

HOCI

opN-cl+ao— ¢ T =0 nm 280, iy 4 onoc)
H-6-H

(phosphorus acid). - P013 + 3H20 — 3HCI + H3PO;
During hydrolysis of PCl3 both P atom and Cl atom are capable to form co-ordinate
bond with lone-pair electron of H;O and PCl5 gets hydrolyzed as follows :

Cip ’(g' | 2H,0

A oot
. C5P“CI+HP-_§ I R —_H—CI—) H-O-P l——ﬁH—O—-P\OH + 2HCI



Periodic Properties and Bonding in Elements 259

Again PCls is hydrolysed to form H3PO4 and HCI. This hydrolysis occurs in two steps. At
first step phosphorus oxychloride (POCIl;) and HCI and at 2nd step POCI; is hydrolysed to
form H3PO, and HCI acid.

PCls +H,0 — POCI; + 2HCI
POCI; + 3H,0 — H;3P0O,4 + 3HCI

(4) Chemical Properties of p-block Group-16 Elements :

First element of group-16 is oxygen which is second highest electronegative element.
With oxygen, the other elements of the same group and all the less electronegative elements
placed on left side of oxygen, react to form different oxides. Q/Iost of the metals remmw

garth surface as metal oxide and metal sulphide as their ores in mines. So elements of group
5—16 (like O, S, Se, Te etc. ) are called ore-fornung elements or Chalcogeg Other reactions

of this group elements are shown below :

H;0

. B SISO
(liquid) H,0 "“ 7] SO~ |koH
HTe HS |4 10 T T
as [ 2% ————— H,S04
H,Po, H,Se — SO, — |KOH
e s p-block ¥ To K804+ HO
metal oxides : e (0 —————— H,Se03 z
Na,0, MgO o > |5 80 -
s OPIKOH 'y 5.0,+'H,0
CuO, Fe,03 metal H,0
: B 4 b ——— H,Se0, o
metal sulphides Sis
: — SeQ;— o Selenic acid
K8, MgS _) ———— K,SeO + HO
TeO1 ionicbasic  Selenate
CuS,FeS
= - compound
v
4 4 4 4
monohalide _ dihalide tetrahalide hexahalide

S¥, SLl, SCly, SeCl;  SF,, SCl4 SeF4 SFg SeFg, TeFg
* Chemical Reactions of Group-16 of p-hlock Elements & Rule to Remember :

(1) Hydnde formation : Eléments of g m]‘i‘: '_5 ..

such as H,0, H,S etc. Again with oxidation number -1, oxygen forms H202 (hYdrOgen
peroxide).

Characteristics of hydrides :

(i) At room temp. among different hydrides of group-16, only hydnde o Oxygen-
weater (H,0) is liquid. Hydride of sulphur (HS) is a gas. Cause of this is smaller 31
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O atom and O atom is being more electronegative, H,O is a polar compound. So the
molecules of H,O are bonded with H-bond among themselves forming cluster-molecules.
Hence at room temp. water is a liquid.

H__O\ ..... H_O\ ..... H ___0\ ol ——O\
H H H H

Inter molecular H-bond (-----) among water (H,O) molecules.

But sulphur and next elements of sulphur in group-16 have less electronegativity. So
their hydrides like H,S is non-polar. They do not form H-bonds among themselves and are
attracted by weak Van-der Waal's force. So they are gases at room temperature.

Similarly tellurium hydride (H,Te), selenium hydride (H3Se), polonium hydride (HzPo)
etc. are gases.

(11) Reducing property of hydrides (H,0, H;S) : H,0, H,S have reducing property
and with increase of size of central atom of hydrides, their reducing property also increases.
Because with increase of size of negative ion their charge density decreases. For example,
charge density of sulphide ion (S?-) is less than oxide ion (O2%-). As a result stability of
hydrides decreases and their reducing property increases. For example, hot water reacts with

Cl1,; to produce O, gas and at room temp. H,S reduces Cl, to HCI and H,S is oxidised ot S.

OH; G Py DS ) o
H,S + GRS R

(iii) Nature of hydride : ﬁgS (hy_'_"_"_'_"sulphunc acxd) isa ‘weak'acidi but H,O is a neutral

:ompound. H,0 can act as proton donor and proton acceptor both depending on condition.

dence water is an amphoteric compound. Besides this, hydrogen per oxide (HO3) is an
wcidic oxide.

Proton donor HyO asacid -: H,O () + NHj3 () — NH; (aq) + OH (aq)

acid base

Proton acceptor HyO as base : HO (I) + HCl (g) — H30 (aq) + Cl (aq)
base acid
(2) Metal oxide & Metal sulphide formation : Different metals form metal oxides when
they are heated with oxygen; such as Na,0, MgO, CuO, Fe;O3 etc. Similarly metals form
. sulphides on heating with sulphur. .
§ 4Na + O, = 2Na,0;  Mg+S S MgS

A \ A
2Cu + O, — 2Cu0; . Fe +S —FeS
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(3) Non-metal oxides acidic : Oxides of sulphur and selenium non-metals are acidic; so

they form oxo-acids with water and with alkali form salts of oxoacids.
SO, +H,0  — H,SO; [sulphurous acid]
SO, +2KOH — H,0 + K,S0j; [potassium sulphite]
SeO, + H,O  — H,SeO; [selenus acid]
Se0, +2KOH — H,0 + K;SeO; [potassium selenite]

(4) Halide formation : On heating sulphur with halogens monohalides (S;F5, S;Cl),
dihalides (SCl,, SeCl,), tetrahalides (SF4, SCly) and hexahalides (SFg, SClg) etc. are formed.

(5) Chemical Properties of p-block Group-17 Elements :

Group-17 elements are strong oxidising agents. Of this groups 'F' is the most
electronegative reactive non-metal element. This group elements are also called halogens
which react with all the elements placed on left side of .halogens in the periodic table.
Halogens react with Ha, H;O, NaOH (alkali) to produce different halogen compounds. Inter
halogen compounds are also formed. When less eletronegative halogen forms covalent bond
with more electronegative halogen to produce covalent compounds, then they are called
inter-halogen compounds like IF5 (iodine penta fluoride).

Ka

H, O - X,+H 0 7 HX+HOX &—
2.5 x 107 HCI {aq}*"—%— HCl @ ‘—r-’ disproportionation
H,O reaction
32x10°  HBr (aq)~—— HBr (@ H, pblockl 5 3,4 2KOH. = KX+ KOX+ Hzo
10x10°  Hi(ag) 20 HI (@) Gr-17 here X = Cl, Br, [
IF5 + IF7<A— Ig + 6Fg D
BrFg + BrF5<A— Brg + 4Fg ¢ .

% Chemical Reactions of p-block Group —17 Elements and Rule to Remember :

(1) HX Formation : With H, gas halogens (X2 = Fa, Cla, Bra, Ip) form hydrogen halide
(HX) gas. Except HF, other halides HCI, HBr, HI remain as diatomic molecules; but SuSHSHE

value of acid dissociation constant Ky, it becomes clear. The values of Ka are.

@h ;
table at the side of each acid. :

A e
-
oy Y

P )
il

~
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(2) F3 is the most reactive element : EiandClz are stronger _tha'n;. Hence Fs can
oxidise H>O completely by forming O; gas and HF(aq) acid.

2F3(g) + 2H,0() — 4HF(aq) + Ox(g)

(3) Disproportionation Reaction of halogens : With water Cly reacts slowly to form'
hydrochloric acid HCI (aq) and hypochlorous acid or chloric(I)acid [HOCl(aq). Here
between two Cl atoms one is oxidised and other Cl atom is reduced, so this type of reactionis
called disproportionation reaction.

Cla(g) + HyO(l) — HCl (ag) + HO-'(-III(aq)
In product HCI, the oxidation number of Cl is — 1; so here reduction of Cl atom occurs
and in HOCI, the 0x1dallon number of Cl atom is +1; so herc oxidation of Cl atom occurs. Jﬂ
lementary  Cly, its oxidation number is 0 (2€70).
Similarly with KOH solution Cly gives disproportionation reaction of Cl atom to form
* potassium chloride (KCI) and potassium chlorate (I) salt and water.

(0] 25°C —1 +]
Cla(g) +2KOH(aq) 25Cy KCl (aq) + KOCl(ag) + Hy0())

(6) Chemical Properties of p-block Group-18 Elements :

'Group-18 elements have their outer most energy level filled with octet set of electrons in s
and p orbitals like ns? npS; hence these elements have no tendency to combine with any other
element generally. Yet Xe element can react with most electronegative F; at high temperature )

ez

licpowder to form xenon difluoride (XeF;), xenon tetrafluor ji,_q

°c, Ni
! - —) XeF, (s)
bt D@ n— |worem |
> XeF, (s)
; 6 atm 4

400° C, Ni

—r—% XEFS [S)

* Inert element xenon (Xe) reacts with flourine to form xenon ﬂuorides.

Its Explanation : The atomic size of xenon, the element in 5th period, is larger than other
4 inert gases (except Rn and Og). Due to larger atomic size, the nuclear attraction on valence
electrons of xenon becomes weak generally. At high temp. and in presence of Ni-catalyst, the
paired up electron of 5p orbital becomes unpaired and replaced to 5d orbital. Then two

unpaired electrons of Xe atom can combine with reactive F atoms to form xenon diflouride.
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Ground state electron distribution of Xe is :

Xe(54) = 1s? 252 2p% 352 3p6 3d10 452 4p6 4410 |5s2 Sp’z( 5p§ 5p§

At 1st excited state, one electron of Sp is transferred to 5d orbital; then electron

distribution of Xe becomes : Xe (54) =... 5s% 5p, 5p}2, Sp; Sdi y|- Here two unpaired

electrons exist. Then before reactl?n sp>d orbital hybridization occurs in Xe atom to form 5
hybrid orbitals (Slp' 1 511!2 511;3 5y 51;!5) Among these 5 hybrid orbitals two hybrid orbitals

with single eletron combine with two F atoms to form Xng. Then valency of Xe atom is 2.

Xe (g) t Fy(g) &g?—-) XeE (s)

At 2nd excited state, two paired Sp electrons get unpaired and out of 4 electrons, two

unpaired electrons are transferred to 5d orbitals; then electron distribution of Xe becomes :

22 s o SR 1
*;(e(54) = - | 387 SPx Spy 5P, 3dxy 5dy,. | Here 4 unpaired electrons exist.

Then with this electron distribution sp3d2 orbital hybridization occurs in Xe atom to form
6 hybrid orbitals (W SW, 5w sW, SV SV). Then 4 hybrid orbitals with single

electron combine with four F atoms to form XeF, (xenon tetra fluoride) with its valency 4.

8 1'- 7
@ R \{f ’
XeF2 XeF4 XGFG F
Linear Plane- square Pentagonal pyramidal

Fig-3.2(b) : Structures of XeF,, XeF4 and XeFg
Similarly by transfer of 3 unpaired electrons to 5d orbitals and with sp3d? hybﬁ_diiaﬁ'oﬁ
Xe atom gets valency 6 to form XeFg. Again by transfer of 4 electrons to 5d orbitals and with
sp3d* hybridization Xe atom gets valency 8.
Again Xe atom can be excited, but smaller atom like Kr, Ne etc. can not 'li:;c-.jeasily e‘xeited.

For this reason Ne can not form flouride.
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3.2.3 General Properties of d-block Elements
The electron distributions of the d-block elements in their outer two energy levelsiisi(=1)?
d!-10 nsl=2, That is these elements contain lor 2 electrons in s-orbital of outer most n-orbit

and 1 to 10 electrons in d-orbital of (n-1) orbit. For example :

Sc(21) —+152252 2p6 352 3p6 |31 452 | Fe(26) — 12 252 2p6 3s2 3pS
Classification of d-block Elements : :
3d-block elements : Sc(21) — Zn(30); - outer two orbits 3119 451
4d-block elements : Y(39) = Cd(48); outer two orbits 4d1-10 5517
§d-block elements : La(57), Hf(72) — Hg(80); outer two orbits 5d1710 65I35

6d-block elements : Ac(89), Th (90), RF(104) ~ Cn(112) 5 withi6d\-\0 7s!52H

Period |  block | Group |3 4 5 6 7 8 9 10 11 12
4 J —
4 3d 215¢ | 22Ti |23V | 24Cr | 2sMn | a6Fe | 27Co | 2gNi | 29Cu | 302n
5 4d 19Y | 40Zr | aiNb | 42Mo | 43Tc | 44Tu | 4sRh | 46Pd | 47A2 48Cd
6 5d s7La | 72HE [ 73Ta | 74W | 9sRe | 760s [ 77Ir | 78Pt | 70Au | goHg
7 6d 89Ac | 104RT [iosDb | 10658 | 107Bh | 108Hs | 100Mt | 110Ds | 1uRg | 112Cn
0T | electron set (n-1)d!-10 ps!-2

General Properties of d-block Elements :

{1 All the d-block elements are heavy metals. Their density is very high. Among them,
density of Sc (21) is minimum like 3.4 g cm™. Iridium. Ir(77) of 5d block has maximum
density of 22.61 g cm3, then Osmium Os(76) has second highest density 22.59 g cm3.

@)iExcept gr-12 elements, other d-block elements have partially filled d-orbital and most
of them have variable oxidation number.

@d -block metals have high melting point and high boiling point. For example tungsten
(W) has the highest m.p. (3410°C) in 5d-block and highest for Mo (2617°C) in 4 d - block
and for V (1910°C) in 3d-block elements.

{4) These d-block metals are hard and strong (except liquid mercury. Hg (meltmg pomt
is — 38.84°C) : :

{8)-block elements are good conductors of heat and electricity. e )
Chemistry: —First—34 . A
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@The ionisation energy of d-block element is higher than that of s-block element; but
lower than that of p-block elements.

m—block metals are less electropositive than s-block metals.

g:}’Most of the d-block metals are paramagnetic, that is Ehey are attracted by magnetic
field; the reason is that they contain unpaired electron in d-orbital. Iron and cobalt can be
magnetised; hence they are called ferromagnetic metals.

[exception : Sc3*, Ti%, Zn2+, Cut ions]

@ﬁMost of the d-block metals can form good metal alloys.

ﬁé) Most of the d-block metals are called transition metals for their special properties.

[Note : The present syllabus includes only 3d elements. But 4d, 5d, 6d, elements are out

of present syllabus.]

etalsi: Those d-block elements which have at least one stable ion with partly
‘_ d!=%) are called transition metals’

For example iron Fe (26) is both d-block element and transition metal. Firstly the last
electron of Fe atom enters into d-orbital; secondly its stable Fe2* and Fe3+* ions contain

partially filled d-orbitals. Their electronic configurations are as follows :

Fe(26) —> 152 252 2p6 352 3p 3d6.4s2  [d-orbital element] ﬁﬁ?ﬁ_ ZandWhat are. the

Fe2+(26) — 152 252 Zpd 3s% 3p% 3d® [Transition metal ions with elcment 39Y?

a). Pcnod—S roup =
Fe3+(26) —> 1s2 252 2pS 3s2 3p® 3d5 partially filled d-orbitals] gb) penod 5 ;,-ggmup;'-

Transition elements have following characteristic properties :

f@)iVariable oxidation states; @ormation of coloured ion,

(@) Formation of complex ion, @)iCatalytic action, {§)) Paramagnetic property.

Similarly like Sc and Zn, 4d-block elements Ag (47), Cd (48) and 5d-clements Hg (80)
are not transition elements because their ions Agt, C-d2+, Hg2+ contain d!Y electronic
structurcs': However the chemistry of these elements are discussed together with the chemistry
gf transition elements, because some of their properties are similar to those of transition

elements.

All d-block elements are not transition Elements.’

The d block elements which have stable cation with partial d1-2 electron distribution are

called transition elements. But those d-block elements which have cations with d-orbital either
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yacant (d°) or fully filled up (d10) 4y
P (d"%) are not transition metals Those d- block el
: - block elements can not

show special properties lik :
mpound i € variable valency, coloured compound f
co n. Hence t und formation, complex
example, SC (21) and Zn(30) ar h::se d-block elements are not transition elements pF‘:)r
€ d-block elements. Here stable Sc3* ion has vacant d c;rb't |
-orbita

oy and Zn2* ion h

@) n has fully filled d10 orbital. So'Sc and P OEETOT TSR e
s+l e _ ransition elements ¢

— _(_ _) _ __S 2SI ?p : 35 _3p6 3d Zn (30) ‘—)152 252 2p6 352 3p6 l dI

(A) Physical Properties of 3d-block Elements :
elements are mainly-(i) they have brightne: s, (i) wi
ase of atomic. mass but decrease in a atomic radius in'a
metals scandium [Sc(21)] has minimum densny of
metals iridium

{The physical properties of 3d-
lincrease of atomlc number or mcre

(period, their density mcreassg Among 3d-
£ 8.9 gem™ in 3d metals. Of all the

3 and Cu has maximum density O
xt to Ir is Osmium [05(76)] havmg density .

[Ir (77] has highest densuy of 22. 6lg cm” and n

22.59gcm=3; (iii) fdepenc
high boiling point (

gatalyst in ‘chemical rea dwﬁﬁ"@

34g cm-
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(1) Explanation for high M.P. and high B.P. of 3d-metals :

The melting points of 3d-metals in 4th period increases gradually from left to right in
periodic table with the increase of their atomic number and after three metals again decreases.
Of the 3d block metals, §€(21) has mp. 1541°@land increases gradually upto vanadium
V(23) with highest m:p="1910°@land then decreases abruptly to manganese Mn(25) at middle
of the period with mp 1245°C. After that again it increases suddenly to iron Fe(26) with
m.p. 1536°C. And then m.p of the rest metals gradually decreases to Cu(29) with m.p.
1083°C and upto last d-block metal Zn(30) with m.p. 420°C.

Melting point of metal depends on magnitude of metallic bond energy among the metal
atoms and this bond-energy depends on number of mobile unpaired electrons in metallic
bond. So m.p. of the metals with 3d' to 3d3 electron distributions like Sc(21) to V(23)
increases. But symmetrical d3 electron distribution is more stable and remain less mobile. So
m.p of Cr(24) and Mn(25) decreases. This will be clear from following box based electron
distributions.

3d!-! 4s1-2
Sc21)-3d4s® [T [ |

[] [AF] Junpair [ 22T sor—r—r—
Ti(22)-3d%s> [1T1] [ | Iﬁ e :22:1; Iuwu—l‘-/ \\ q L
vea)-sast [T ][] 1910 [ o ¥ e
Cr(24)-3d%4s' [1T4]41]1 ]:1=_f,‘;t;f;ﬁ§d 1875 g:
Mn(25)—3d5%4s> [A[A1T4T4T1] [14] [clectrons | 1245 f§ *” 7
Fe(26)—3ds4s> [1}[14 |1|1]1|M‘Agaiq 1536 l ——a L L
Co27)—>3d4s> [WAVATA]1] [}] [clectron | 1495 —» dlomic umber —

Ni(28)->3d%s?  [FARTAPTATT] (b] | [1453 | ~ Fie320 : Meling point (C) Vs
Cu29)->3d10%4s" FPTTPTARTIVIAR] [ o unoaic [10gs | o nemoer of 3¢ block clements

electron

Zn(30)—>3d1%4s> {L[4L[AL[A VY |1_|,|_ here 229

Again Fe(26) atom contains 4 mobile unpaired electrons, so m.p. of Fe increases abruptly ¢
to 1536°C. After that with decrease of number of unpaired electrons, the metallic bond
energy decreases and m.p. of the related metal also decreases gradually upto EU(29)"Withil§
..I_..I‘..é__.ei_f :

electron; so Znihasilowest

due to its spin movement, acts as a thin magnet producing poor magnetic field. Somey
@i.ﬁpiﬂ& unpaired electrons creates magnetic moment (L =Q X r) and shows magneticg _
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property towards external magnet. On the otherhand magnetic moments of electrons with
opposite spins become mutually opposite and their net magnetic moment becomes zero; so

that atom or ion has no magnetic property. fccording to 'behh&?iz'éﬁf’.’-fgi"

!'magnetlc field matters are classified into 3 types, such as
gfgrromagnetlc and, (3) diamagnetic}
(i) Paramagnetic : The substance attracted by external magnetic field, is called

paramagnetic substance. Paramagnetic property is due to unpaired electrons in atom or ion of

the substance. How many unpaired electrons’are presént in’an atom or ion can/be
{determined by the magnitude of its paramagneticattraction. The transition metals’ ions with
unpaired electrons like Ti3+, V3+, Cr3+, an“‘.ﬂf!‘q%‘t.ﬁé?i :
{paramagnetid;j

(ii) gFerro-magnetig The substances which are attracted much by external magnetlc

magnetised. Basically ferromagnetism'is the: hxghestﬁofnt%f : ramagnetisn
(iii) @iamagnetlg The substances which are not attracted by external magnetic field, but
s

s

repelled mildly, grejealled’diamagneticisubstai

In diamagnetic substances, their atoms or ions contain all paired electrons; so they have
no magnetic property. So they are not attracted by any magnet. Ions of group-1 and group—

2 metals are all diamagnetic; because they contain full octet set of electrons.

R A T T T TR
tic Pro
i e e e

(3) Eataly

more vacant d-orbital; all thc transition metals can show more than one oxidation state to

I§ : Transition metal atom contains one or

form compounds and having more surface area, transition metals can act as catalyst in

different chemical reactions.
There are two theories for explanation of catalytic activity of transition metals :

(i) Catalysis through adsorption and,

(@) Catalysis with intermediate compound formation.

(1) Catalysis through adsorption : According to adsorption theory, on the surface of
transition metal, the reactant molecules are adsorbed in single layer in vacant d-orbitals. Then
reactant molecules, with followmg 4 steps, complete the reaction :

A(g)+B(g)———-) C(g)+D (g
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1st Step : Gaseous reactant molecules (A and B) are adsorbed on the catalyst metal (Fe)
surface in proper orientation i. e with weak chemical bond they form one-layer closed

arrangement.

2nd Step : In this 2nd step covalent bonds in adsorbed molecules become weak; affective
collisions between adsorbed molecules occur in proper orientations, and form activated
complex with lower activation energy.

3rd Step : In this 3rd step, the unstable 'activated complex' dissociates to form new
product molecules ('C' and 'D') and still remain attached on catalyst surface. The energy
produced is absorbed by catalyst and is supplied to reactant molecules next.

4th Step : In this last step, the product molecules (C and D) get free from catalyst surface.

or manufacture of ammonia from N and Hj gases catalyst

i At this on the surface of Fe powder H; and N molecules are

adsorbed. As a result bond strengths in molecules of N=N and H-H get weakened; hence the
molecules can form easily at first NH then NH, and finally NH3; molecule. At last molecule
NHj; leaves the catalyst surface. [See article-4.4.1: Heterogeneous catalysis]

(2) Catalysis with !ntermediate Compound Formation :

According to “intermediate compound formation theory' transition metal compound such
as vanadium pentaoxide (V,0s) combines with reactant to form an unstable intermediate

compound which dissociates later. Here catalyst changes into different oxidation states of it

and finally returns to its initial oxidation state.

5 >

n Here V,05 forms SO; from SO, with change its oxidation number + 5

(V3+) to + 4 (V4*) and finally reacts with O, to get V5+ oxidation state back.
SO, + V05 — SO; +2VO,
1
2V0, + 2% — v0;

1
net reaction : SOz’l"i 0, + VzOs = SO, + V305

a



Periodic Properties and Bonding in Elements 271

(B) Chemical Properties of d-block Elements .

1/ Variable Oxidation States?

The general electronic structure of 3d-block elements is (;gAr} 3d!-!0 4s!-2. The energy
difference between 4s and 3d orbital electrons is very small and it is much less than that
between 3s and 3p orbital electrons. So transition elements can form bond using 4s as well as
3d-orbital electrons. Thus these elements show variable valencies and oxidation states.

For example : Chromium shows + 2, + 3 and + 6 oxidation number in different
compounds. Manganese shows + 2, + 3, + 4, + 6 and + 7 oxidation number. Iron shows + 2
and + 3 oxidation number in its compounds :

(1) Compounds of Cr : CrCl, CrCl; K,CrO, K,Cr,0,
K- chromate '. K-dichromate
O. Number of Cr—> : + 2 +3 +6 +6
(2) Compounds of Mn : MnCl, Mn,0; MnO, K,MnO; KMnOy
K-manganate K-per manganate
O.Number of Mn —: +2 +3 +4 + 6 +7
(3) Compounds of Fe : FeCl, FeCl;
O. Number of Fe — : +2 +3

The transition elements form different ions by the removal of 4s-orbital electrons first,
then by removal of 3d-orbital electrons. The electrons entered lastly in 3d-orbitals repel the
electrons of 4s-orbital. So 4s? electrons are removed first and then remove electrons from 3d-
orbitals to get stability in electronic structures of ions. ¢

(2) Formation of Coloured Ion : Transition metals and their ions havmg parnally filled

Theory when the llgands with their lone pair electrons come closer to these d-orbitals of
metal ion along x, y, z axes then ligand's lone pair electrons forcibly compel the unpaired
electrons in 3d-orbitals to be paired up by rearranging them. This repulsive force causes five
d-orbitals energy to be divided into two groups with a little energy difference (AE). This is

called non-degenerate state of d-orbitals.
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orbital energies to split to different extents; which causes the complex ions colourcd The

[FG(CN)G]4- [F“(H:!O)s] 25 transition metal
compound solution
Ml < [0,
3d " dx-y2dz? P
B {H]TIT]Tl Tf AE =hv Solution
g . dxydyzdax X looks purple
3 5 [l [l
r %8 R=Red, G=Green, B = Blue
ll | I t | t l t l t | non-degenerate state Three primary colours R, G, B
degenerate state
Fig-3.3(a) : Non-degenerate state of d-orbitals Fig-3.3(b): Solution of metal ion looks
of Fe2* ion due to ligands' effect purpledue to green colour absorption

Thus there is a little or more change in energy (AE) between eg and tyg sets. If this
required energy change equals to particular band of visible light then the unpaired electron

or electrons absorb that band of light with same wave lengths. The complementary colour of

visible light reflects to our eyes Thus that transition metal ion gets colour complementary to

orrpw;(mlxture of red and green)

ation of Com m The transition metal atoms or ions form co-ordinate
bonds with the:r vacant d-orbitals and lone pairs of electrons supplied by neutral molecules or
negative ions known as ligand forming compounds or ions with complex structures. These
co-ordinated metal-ligand ions are called complex ions. The compound containing complex
ion is called complex compound. ' ~ format ¢ C ion or com Q

(1) Neutral molecule with lone pair electrons like .N.HJ can form co-ordinate bonds with
Cu?* ion to form a positive complex ion called tetraammine copper (II) ion, [Cu(NH;),)**.
(2) Again negative cyanide ion (CN-) can form co-ordinate bonds with Fe?* ion to form a
negative complex ion called hexacyano ferrate (II) ion. [Fe(CN)g]*-.
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= CNF =
Hy N: : NHg NC: :CN
N N ¢
v NiNH e LN
:CN
TEW‘EE: ::;:Tr-l-( il Hexacyano ferrate (I1) ion IFe(CN)ﬁlh

Fig : 3. 4. Structures of positive and negative complex ions.
Co-ordination Number : 1

atom or its ion get paired up to make their orbitals vacant as poss:ble- _fo_r the
llgands With these vacant orbitals like 3d, 4s, 4p, 4d etc, the metal atoms. i

ions or compounds. Here formation of complex ions by Ct
below :

3d
o+ [T

tetl'aammme N AR
 copper (II) ion
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iti rmula of complex
Note : In systematic method, the naming process and writing the fo

his chapter.
compounds are discussed in article 3.21.1 at the end of this chap

(4) Coloured Hydroxides of Transition Metals :

(i) Coloured metal hydroxides are precipitated; based on characteristic colour, metal jop

can be detected.

(ii) Some precipitates become jelly like by absorbing water.
(iii) Some metal hydroxides like Cr(OH);, Co(OH), are amphoteric. These amphoteric
“hydroxides dissolve in excess NaOH to form soluble salts.

(iv) Some metal hydroxides dissolve in excess NH,OH to form compiex ions.

Metal | Precipitated | Colour of Formation of anion complex ion with

cations | hydroxide | precipitate’ with excess Naon NH,OH
Cri*(aq) |Cr(OH), green chromate i ion CrO;*(aq) a =
Mn?t(aq) Mn(OH), ash . i 2. 3
Fe?*(aq) Fe(OH), green = i é &
Fe'*(aq) | Fe(OH), brown" 2 £ L =
Cfﬂ*(aq) Co(OH), pink cobaltate apion Co(OH)E*(aq) [Co(NH;)6]%* (aq)
le;(aq) Ni(OH), g.rcen | /1M [Ni(NH3)6]2+(aq)
§u2+(aq) Cu(OH), Ilgl.ﬂ blue £ 2 | [Cu(NH.),12* (aq)

n°*(aq) | Zn(OH), white zincate (II) ion Zn(0OH) > (q)
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Worked Example-3.4: A = (n—-1)d> ns! [D.B. 2016] |
B = (n-1)d! ns?, here n = 4

(a) Calculate the values of 4 quantum numbers for the last electron of ‘A’ element.
(b) Explain which of the elements 'A' and 'B' will form coloured compound?
Solution—(a) : Calculation of Values of 4 Quantum NO's for last electron of 'A' :
From Eiven stem, A = (n — 1) d ns!, heren =4 ‘

*. Valence electrons of 'A' element, A = 3d%4s!
.. The element 'A" is chromium, Cr(24), Electron distribution of Cr(24) in box-form is :

3 4¢

T [7]

Here last electron means 4s! electron. For 4s! electron :




|
B
|
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Principal quantum no, n = 4; Subsidiary quantum no. [ = 0 (for s orbital);

Magnetic quantum no., m = 0; .. Spin quantum no. s = + %

Solution—(b) : Explanation for Coloured Compound Formation :

From given stem, valence electron of element 'A' = (n-1)d°ns! = (4 —1)d%4s! = 3d54s!

- Element 'A' is Cr(24).

Again, valence electron of element 'B' = (n—1)d'ns? = (4 — 1)d'4s? = 3d'4s?

~. Element 'B' is Sc(21).

Here Cr (24) is a transition element and Sc(21) is a d-block element but not transition
element. Because from definition of transition metal, a transition metal must have an ion
having partially filled d-orbital liked d !-9. Here Sc(21) has its stable ion Sc3+ only and
Cr(24) has its stable ion Cr3* ion. Both ions have following electron distributions :

Sc3+(21) —> 152 2s2 2p0 3s2 3pS 3d°
Cr3+(24) — 1s2 252 2p5 3s2 3p6 3d3

_From above electron distribution Sc3* ion has no electron in 3d orbital. Hence Sc(21) is
not a transition element. But Cr3* ion contains 3d3 electrons which supports d!-d?
arrangement. Hence Cr(24) is a transition element. One of the characteristics of a transition
slement is the formation of coloured compound. So Cr(24) can form coloured compound.
3ut Sc(21) can not form any coloured compound.

Transition metal Cr and its ion Cr3* ion both contain partially filled 3d orbital; hence
hey are coloured. Besides this, during the formation of complex ion at the approach of the

igands five 3d orbitals undergo a slight change in potential energy which is absorbed from
visible light energy. So its complex ion becomes coloured.

r ’ %
E l"' dxi_yldzl
a AE
:g K T 1 t =\\ ' "
7 Increase of 25 t
g / _ averag P. E. with S 1R
1 +  influence of ligands non-degenerate
. stage
[ttt
Cr**ion

Fig-3.4(a) : Increase of'averagc potential energy of five
3 d-orbitals and splitting in ligand field
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According to crystal field theory, as the ligands approach towards Cr3+ ion their electron
pairs repel electrons in five 3d-orbitals of Cr3+ ion. When the ligands move along the x, y,
and z axes, they approach directly towards the lobes of the dx?—y? and dz? orbitals but
between the lobes of the d,y, dyz and d,, orbitaks. Thus electrons in dx?—y? and dz? orbitals
experience stronger repulsions than those in the dyy, dy; and dzx orbitals. Then due to the
repulsions from approaching ligands, the orbital energies split with two d-orbitals higher in
energy than the other three. This is called non-degenerate state of orbitals. The two higher
energy orbitals dx?—y? and dz? are called e, orbitals and three lower energy set orbitals like
dyy, dy, and d,x are called ty, orbitals. The splitting of orbital energies is called the crystal
field effect and the difference in energy between eg and t;, sets of orbitals is called the crystal
field splitting energy (AE). When Cr3* ion absorbs light in the visible range, electrons are
excited (jumped') from lower energy tp, level to the higher e; level. The difference between
two electronic energy levels in the Cr3+ ion is equal to the energy (and inversely related to the

wave-length) of the absorbed light.

hx c
AEelcciron =E photon =

A
Then complex compound of Cr3* ion becomes colour because only certain wavelengths
of the incoming white light are absorbed. So transition metal Cr3* ion complex compound

like [Cr(H,0)3Cls] looks purple. .
Worked Example-3.5 : Valence electrons of element 'A’ of 4th period is (n—1)dS ns2.
[Ctg. B. 2016]

(a) Calculate values of 4 quantum numbers set for electrons in d-orbitals of 'A'.

(b) Explain whether [A(CN)s]4- ion will be coloured as per given stem.

Solution —(a) : Calculation of 4 quantum no's set for d—electrons of 'A' element.
From question, A = (n—1)d® ns?, here n = 4

Vale.nce electrons of 'A’ element, A = 3d%4s?

So the element ‘A" is Fe (26). Valence electrons of Fe (26) in box method is :
3d 43
T[T

I
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Four quantum numbers set for 3d% electrons of element 'A' or, Fe(26) are followings :

electron| n l m s orbital
el 3 2 +2 + % dxy
(3] 3 2 + 1 +% dy,
es 3 2 0 + % d>
e4 3 2 | =1 [ +5 | a2-y
es 3 2 -2 + % d,?
e6 3 2 +2 - % dxy

Solution-(b) : Explanation whether [A(CN)¢]*- ion will be coloued.

As per given stem, [A(CN)g]4-ion is [Fe(CN)g]4- ion and it is a complex ion. In this
complex ion the central metal ion is Fe2* ion and ligands are cyanide ions (CN-). Fe metal is
a transition element. One of the characteristics of a transition metal is the formation of
complex coloured ion. So this ion will be coloured. It is explained with crystal field theory as
follows :

According to crystal field theory, as the ligands (CN-) approach, their electron pairs repel
electrons in 5 d-orbitals of Fe?+ 'ion. Then due to the repulsions from approaching electrons,
the orbital energies split, with two d-orbitals higher in energy than other three. This is called
non-degenerate state of orbitals. The two higher energy orbitals dy?—y2 and d2 are called eg
orbitals and three lower energy set orbitals like dxy, dy; and dzx orbitals are called t,; orbitals.
The difference in energy between eg and tyg sets of orbitals is called the crystal field splitting
energy (AE). When Fe2* ion absorbs light in the visible range, electrons are excited (jumped)
from lower energy t; level to the higher eg level. The difference between two electronic

energy levels in the Fe2* ion is equal to the energy of the absorbed light.
hx c 3
A

Then complex ion of Fe2* ion like [Fe(CN)¢]4~ becomes yellow.colour; because only

certain wavelengths of the incoming white light are absorbed.

3.2.4 General Properties of f-block Elements
Of the periodic table, f-block elements' atoms have their fully filled up outermost ns?
orbital; but their last electron enters into (n—2)f orbital, keeping unfilled (n-1) d orbital. The

AE,m =Em F
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basic cause of this is the vary close up difference in energy levels between d-orbital and f-
orbital; there n = 6 and 7.

peios | Electron distribution : (n-2) =14, n-1)d 91 ns? ; n=6,7

s | 58Ce | 5P [ oNd [ Pm feaSm | g:Eu [64Gd| 65Tb| 6Dy |g7HO| 6sEr [ 69Tm| 70YD | 7,Lu

01Pa| 92U [93Np baPu | osAm [oecm [o7Bk [95CE [9oES [1goFm [10;Md102NO [jg3LW

7(56)

f-block elements are divided into two series; such as (i) Lanthanide series or Lanthanoids
and (i1} Actinide series or Actinoids.
(1) [Lanthanide Series or, lanthanoids : Lanthanum (s7La) together with its next 14
elements of 4f-block from Cerium (58Ce) to Lutetium (7;Lu), total 15 elements are known as
'Lanthanide series' or , ' Lanthanoids'. These 15 elements, due to their similarities in physical

and chemical properties, are included in group-3 (3B) of 6th period in periodic table.

LLanthanoids elements are less available:in nature as compounds, hence they are alst

fRear earth elementsy. Lanthanide series has general valence shell electron distribution like
(n=2) f1-14 (n—1)d%! ns?; here n = 6.

Properties of Lanthanoids :

ﬁ'i,-i Lanthanoids are heavy metals. These metals are good conductors of heat and
electricity.

EQ.;‘The'sc metals have higher density, higher melting points and boiling points.

§3./The ionisation energy of each lanthanoid metal is lower than that of d-block element.
So these metals are more electropositive.

§4iThe f-block metals contain inner transition metals. These inner-transition metals have
coloured ions and can form complex ions or compounds.

54 E'I"he ‘prime and more stable oxidation state of the metals of lanthanide series is + 3. :Yet
+2 and .-l-'4"oxidation numbers are also shown by some of the lanthanoids. For example, Eu2+
(4t"), Thi+ (417).

[@}T’he Lanthanide metals can resist UV- -rays and IR-rays both. So dlfferent metal Oxldes:

of Lanthanoids are used in makmg goggles used as sunglass or for metal welding works.

@l" he size of the trivalent ion (M3*) of Lanthanide metal decreases gradually fmm:. S

contraction'. S ARERe



280 : Chemistry — First Paper

Cause of Lanthanide Contraction : Lanthanoids common electron distribution is

4f2-14 552 5p6 5d0-! 6s2. With the increase of atomic number of the elements, the
additional electron enters the 4f- sub-shell but not into the valence shell namely sixth shell.
The shielding of one electron in 4f-sub-shell by another in the same sub-shell (i.e. mutual
shielding effect of 4f-electrons) is very little, being even smaller than that of d-electrons,
because the shape of f-orbitals is very much diffused. Thus the nuclear charge at each

metal atom increases while there is no comparable increase in the mutual shielding effect

of 4f-electrons. This causes a decrease in the size of the 4f— subshell from La to Lu-atoms.

(2) ActinideISeries or, Actinoids : Actinium (ggAc) together with thorium (9oTh) and
next 13 elements of 5f block from protactinium (9;Pa) to lowrencium (jg3Lr), total 15
elements are known as 'Actinide Series' or, 'Actinoids'

These 15 elements, due to their similarities in physical and chemical properties, are
included in group-3 (3B) of 7th period in periodic table. General valence shell electronic
configuration is 5f!-14 6d%-! 7s2.

“,wiﬁ_a*éc_é‘r:dﬂingtoﬁlPAC}ule,'I..anthamde Series' is called 'Lanthanoids' and 'Actinide

seriesiisicalledActinoids®yBecause the suffix '-ide' is used after the name of negative ion like
chloride ion (CI), sulphide ion (S%) etc.
roperties of Actinoids):

Actinoid metals are radioactive elements.

2. Actinoid metals have very much high density. (Exception : sp. gr. of Thorium is
10.11)

3. These metals have high melting points and high boiling points.

4. Actinoid metals are more electropositive. They show + 3, + 4, +5, + 6 oxidation
numbers. The ionisation energy of each actinoid metal is low.

5.  Actinoid metals become fade in colour in contact with air and become less reactive.

6. As very fine particles, actinoid metals become very active. They react with water and
dilute acid to produce H, gas.

7. Alkalies have no effect on actinoid metals. Their compounds are more basic in
character.

8. Thoria (ThO2) and Ceria (Ce0O,), as fine particles, are used in car head-light and as
search light of marine ship and railway engine.



" Periodic Properties and Bonding in Elements 281

3.3 Periodic Properties of Elements

Periodic Properties : The electronic distributions of the elements change with their
increase of atomic numbers and repetition of valence shell electron distributions occur with
the rhythm of electron distributions like 2,8,8,18,18,32. Similarly many properties of the
elements are repeated. So periodic properties of the elements are repeated. So periodic
properties of the elements mean the repetition of similar properties among the elements after
a definite intervals according to their increasing atomic numbers. Here some pcriodic
properties of the elements such as (1) Melting point and boiling pomt @) Atoﬂu‘é'a's’i’zev’@

Valency, (4) Ionization energy, (5) Electron affinity, (6) Electronegativity, (7) M

iproperty of the elements will be discussed]

(A) Melting Point and Boiling Point :

[Each of Group-1 alkali metals has only one valence ‘electron, hence metallic bon
alkali metals is very weak. So these. metals are soft and have low mc!ﬁ'néﬁp@' Ina group! -

The temperature at which solid substance melts, is called melting point of the compound

or substance. But the temperature at which liquid at 1 atm pressure, boils with bubble is

called boiling point of that liquid.

== nber and electro
G lll||| DN -' d elecirc
e 1 HUCl dlil CiAUL

The atomic size of everyelemntmcreaseswuhrthe'@n e of ator

(density in valence-shell decreases. As a result, metallic bon

fo it e

melting point of alkali metal decreases gradually with increaseof thei

the atomic size of Li atom is comparatively smaller and 1ts metalhc bond is comparatwely
strong than others. For this reason, meltmg point and boﬂmg point of Li are higher than

those of other alkah metals. _
Table-3.1 : Melting Point and Boiling Point of Group-1 Metals :

Metal Li Na K Rb Cs
Melting Point, °C 180.5 97.7 63.3 39.3 28.4
Boiling Point, °C 1342 883 759 688 | 678.4

In a same period, melting point and boiling point of different elements show o regular
or gradational change. For example, the melting and boiling points of the elements of *Srd
penod are as follows : 3l r00

Chemlstry——First-—36
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Table-3.2 : Melting Points and Boiling Points of the Elements of 3rd Period
Element — Na Mg Al | Si P S Cl Ar
Melting point, °C [97.8 [ 649 | 660 1410 |44 112.8 |-101]|- 189.2
Boiling point, °C | 883 1090 |2519 ]2355 |280 |444.67 |-34.6|-185.7

1 sodium ' to aluminium; metallic'bond is‘present! In sodium crystal, Na* ions are

present, the size of sodium ion is large and only one mobile electron attracts this Nat ion with
a weak binding. For this to melt the crystalline structure needs only a small heat energy for
sodium metal; hence melting point of Na is lower. In crystal of Mg metal double charge
Mg?* ion has two mobile electrons and triple charge Al3* ion has three mobile electrons.
iése metal'ions have much attraction on these mobile electrons. For this reason, strength of
etallic bond increases with the increase of melting point and boiling point of those metals.,

In silicon crystal, giant molecule is present, in which Si-Si bonds form three dimensional
network. Here much heat energy is required to break those Si-Si bonds during the melting of
silicon crystals. Hence melting point and boiling point of silicon are very much higher.

Next element is phosphorus which exists as white phosphorus allotrope, P4 molecule. This
molecule is covalent in nature. Vander Waals force exists as intermolecular force among these
covalent molecules. So phosphorus has low melting and low boiling points.

Next element is sulphur which exists as octa-atomic molecule, Sg. The nonmetal sulphur
atoms form covalent bonds among themselves Here also weak Vandcr Waals force CXIStSE

e molecule _r-dlatomlcg These dlatomlc molcculcs are purely covalcnt and
nonpolar So chlorme molecu!es remain attracted by weak Vander Waals force. For thls Clﬁl

value like ~101°C ;md 346°C.

(B) Atomic Size of the Elements

For the comparison of atomic size of different elements, generally atomic radius which is
the distance between the atomic nucleus and outer most electron shell, is considered.
Practically determination of atomic radius is very difficult; because the distance of outermost
electron cloud from the atomic nucleus is uncertain. So depending on the nature of the
different elements, their atomic sizes are expressed in two ways :

(C) Covalent Radius : Half of the distance between the nuclei of two same atoms bonded
"toke'ther by a single covalent bond is called covalent radius of the atom of that element, The
covalent rodius is considered as the atomic radius. The sum of covalent radius of two atoms
is considered as the bond length of molecule formed by the related two atoms.



Periodic Properties and Bonding in Elements 283

SPECO

‘Covalent radius bond distance

d=134 pm d=178 pm

: ; cl—acal
Fig-3.5 : Covalent radius and bond length.  d _ o9 o 4 - 77pm 4 _ (99 +77) pm= 176 pm
2 2 expected value

Fig-3.5(a) : Calculation of atomic radius.

In diamond, inter nuclei distance of carbon atoms (C-C bond distance) is calculated as
0.154 nm or 154 pm by X-ray diffraction expt. Sicovalent radiusiofiCoatom is halfiofithar

bond distance = 0.154/2nm = 0.077 nm or. 77pm(picomiefte)l In Cl, molecule the distance
between two nuclei of C1 atoms or Cl— Cl bond length is 198 pm. So atomic radius of Cl-
atom is half of it 198 + 2 =99 pm.

(2) Metallic Radius : The metal atoms are supposed to touch one another in the crystals.
The metallic radius or crystal radius is defined as one-half of the distance between the nuclei’
of two adjacent metal atoms in the metallic closed packed crystal lattice. Metallic radius is 10
12% more than covalent radius. So; metallic bond is somewhat weaker than that of covalent
bond.

- The internuclear distance between two adjacent Na atoms in its crystal is 372 pm. So
metallic radius of Na-atom is 172 pm = 186 pm.

To get comparative idea, covalent radii and metallic radii %
of group-1A elements are cited below :
Fig. 3.6 : Metallic radius & diameter
Covalent radius (pm) : Li 123 Na 157 K 203 Rb 216 & 235

Metallic radius (pm) : Li 152 Na 186 K 227 Rb 248 GCs 263

The relative atomic radii of different elements in picometer (pm) are shown in table.3.7.

l g : He
< .
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~ Fig-3.7 : Atomic radn of different elements in pm umt (lpm = 10- 12 m)
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Periodic Relation of Atomic Sizes of Elements :

In a period, with the increase of atomic number, in each atom of every diferent elements
one electron is added one by one without change of cncrgy level. ps*‘a"’bresult effective nuclear
charge (Z) increases Jutermo: ctrons are attracted more by the nucleus.:Soj
IC S1Z N a period from | Tright (fig 3. . We should remember that inner-
shell electrons pushéd away the outer most eleclrons from the nucleus. That is outermost

electrons are shielded from the nucleus by the inner electrons. The nuclear charge actually
felt by an electron is called effective nuclear charge, Z.r. Hence etfective nuclear charge is
substantially lower than the actual nuclear charge, Z.

. Effective nuclear charge, Zes = Zacwal — Electron shielding.

3rd period Elements | Na(ll) | Mg(12) | Al(13) | Si(14) P(15) {S(16) |CI(17)
Electron Distribution | 2.8.1 2.8.2 2.8.3 2.8.4 2.8.5 |2.8.6 |2.8.7
Atomic Radius (pm) | 186 160 143 117 110 104 99

.| Relative Atomic Size

O

O,

®

@®

©®

O)

®

Fig 3.8 : Electron distribution, Atomic radii, Relative atomic sizes of 3rd Period Elements.

Group Relation : In|

ery a @8l For example atomic radius of Ll = 152 pm, that of Né-l = 186 pm. that
of K = 227 pm, Rb = 248 pm and Cs = 265 pm [Fig-3.9].

Group-1 Elements | Energy Levels in Atom | Atomic Radius (pm) | Relative Atomic Size
Li (3) 2,1 152 ®
Na (11) 2,8, 1 186 ®
|x 19) 2,8,8,1 227 @
Rb (37) 2 G 248 @
Cs (55) 2,8, 18, 18,8, 1 265 @

Fig 3.9: Electrom distribution, Energy levels, Alnmlc Radii and Reiatwe alomic sizes of Group 1 Elements
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(C) Valency of an Atom

The valency of an atom is its capacity to combine with other atoms for the formation of
new compound. Valency of an atom is expressed in two units such as H-scale valency and O-
scale valency. Combining capacity of an atom with H-atom is called H-valency of the
element and combining capacity of an atom with O-atom is called O-valency of that
element. The outermost total electrons of the atoms of Group-l to Group—4 elements
represents the valency of each element; hence outermost total electrons of an atom is called
valence electron. Again from Group-5 to Group —7, the H-scale of valencj; B%leffmr!‘f
klements decreases gradually but O-scale valency of those elements increases! The valency of
different elements of 3rd period to form oxide and hydride are shown in Table-3.3.

Table-3.1: Valency of the elements of 3rd period as per O-scale and H-scale

Compounds Gr-1 |Gr-2 |Gr-3 Gr-4 |Gr-5 Gr-6 | Gr-7
(i) Oxide formation : | Na,O MgO Al,03 |SiO; |P3Os S0O; |Cl1,04
Valency of atom j l 2 3 4 35 6 7
[O-scale based]/ NaH |MeH, |AlH, [ siH, |PH, H,s |HCI
(ii)Hydride formation: 1 2 3 4 3 2 1
[Valency of atom §
{[H-scale based] ¥ Valence number = Outermost clectron | Valence number = [8 — Total
number of an atom - valence electron]

(D) Ionisation Energy

We have learnt in second chapter that the valence electron of an atom is promoted to
higher energy level (value of n is higher), when that atom absorbs electro magnetic waves of
energy. If enough energy is absorbed, the electron can be removed completely from the
atom, leaving behind a positive ion.

Definition : The amount of energy necessary to remove one mole of electrons from
outermost orbit from a mole of gaseous atoms of an element in its ground state to form a
mole of unipositive ions is called ionisation energy of that element, abbreviated by E;.
Ionisation energies differ widely from a low value of 375.7 kJ /mol for Caesium to a high
value of 2372 kJ/mol for Helium.

Na(g) = Na* (g) +e E; = + 496 kJ / mol
K@ —K' @ +e Ei =+ 419 kJ / mol
Mg (g > Mgt (g) +e E; = + 738 kJ / mol
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Again, the amount of energy necessary to remove one mole of electrons from one mole
of unipositive gaseous ions to form double positive one mole gaseous ions is called second
ionisation energy of that element. The second ionisation energy is always higher than that of
the first ionisation energy. For example :

Mgt (g) —> Mg (g) +e  Ej=+ 1450 kJ mol-!
Nat(g) —Na?*(g) +e  Ejp =+ 4562 kimol-!
Kt (g) —> K2t (g) +e  Ejp =+ 305! kJ mol-!

The 2nd ionisation energy of Nat ion and K* ion become more than Ist ionisation
energy of octet filled Ne (10) atom (Ei = +2080 kJ mol-!). So Na?* ion and K27 ion are not
formed.

Different factors that do effect on ionisation energnes of clements :

@)Increase of atomic size decreases ionisation energy; — it is a group based relation.
gg)_tlncrease of suborbit increases ionisation energy; — it is a period based relation.
ﬁ}More stable half- or fully filled electron set of an atom disrupts periodic relation.

In a Group : With the i increase of atomic number of the elements, energy level of the:
@;&m also mcreases ‘and outermost electron level gradually goes apart from nucleus,
creasin ’the atu'actlon of nucleus on electron level: So ionisation energy decreases:

For example : Li = 520 kJ; Na=496kJ; K=419kJ; Rb=403kJ; Cs=376kJ.
In a Period : With the incréase of atomic numbei of the elements in a period, energy

level of the electrons remains same, only sub-energy levels increase. As a result the distance

of outermost electrons does not increase but reduce a little. Besides this, the attraction of
nucleus, with more nuclear charge, also increases on outermost electrons. That's why, more ./
! Y to remove electron It is clear lhat in any pcnq;g the element of group-1

I
A fe >

2500

8

e o R

Tgm e Y
09 5 10 1s 20

——> atomic number
Fig—3.10 : Ionisation energies of first 20 elements
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* Less stable electron set containing element has lower ionisation energy than element

with more stable electron set. [For this B(5) of group-13 in 2nd period andkAl(B}?_ gro)

[13/in 3rd period have sudden lower ionisation energies, instead of gradual normal increase
*PSImllar!y 0O(8) and S(16) of group-lﬁ ‘have lower ionisation energwﬂthmgw'
gN(‘?) and P(15) of group-15 in 2nd and 3rd period respectively:y

Table-3.2: Ionisation energies of elements of 2nd Period.

2nd Period Elements Li(3) | Be(4) | B(5) | C(6) |N(7) |O(8)|F(9) | Ne(10)
Ionisation energy Ey [s20 |s8s9 |800 |1086 |[1402 | 1314|681 [2080
(kJmol~1) By |7297 |1757 |2426 |[2352 |2855 |3388 |3375 | 3963
By |11,810]14,845]{3659 |4714 | 4576 |5296 | 6045 | 6130

Table - 3.2(a) : Ionisation energies of elements of 3rd and 4th periods (s & p blocks)
3rd Period Elements Na(11) | Mg(12) | ala3) [ sias) | Pas) {sae) [cian |Ars)
Ionisation energy B, |496 |[738 578 [736 |1062 [1007 [1260

(KJmol!) |g, |4562 |1450 |[1882 | - : 2 :

4th Period Elements K(19) | Ca20) | Ga@31) | Ge(32) | As33) | Se(34) | Bri35) | Kx(36)
Ionisation energy g, |419 |59 |579 |[760 [94s (948 |1140 :
(kJmol-1) g, |3051 |1145 |2083 55| <

Ionisation energy depends on electronic configuration of elements. For this reason there
are some deviations in the gradual increase of ionisation energy (LE.) of elements from left
to right in a period.
| ryllilimy! (as per fig—3.10]
fas per fig—3.10]

Strategy : Normally ionisation energies of the elements increase periodically from left to

right gradually. But exception in gradational regularity disrupts due to more stable half filled
and fully filled electron distributions in the atoms.

-

Solution : The reason behind these deviations is their electronic distributions. The hn]f
filled and fully filled orbitals with electrons of atoms are more stable, The electromc
configurations of Be (4) and B (5) are as follows : uiod 5
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Be (4) — 152252 Ei = 899 kJ / mol

B (5)—> 152252 2p | 25, 2p) Ei = 800 kJ / mol

Here less energy is needcd to remove one electron from boron atom, because after then a
stable electronic configuration like 1s22s2? is achieved. On the other hand the electronic
configuration of beryllium is 1s? 2s2; which is stable due to fully filled 2s orbital. To remove
one electron from Be-atom more energy is needed, becausc then the stable 2s2 configuration
is broken down. For this reason the ionisation energy of beryllium is more than normally

expected value and it is more than that of boron.
Problem : g‘iﬂﬁ‘lli;.ofﬂ (8) is less than that of N (7) atom; explain wh%:
Solution : Tﬁc electronic configurations of oxygen and nitrogen are as follows :
O (8) — 1s22522p,2 2p,! 2p,! Ei = 1314 kJ / mol
N (7) = 152252 2p,! 2[)3,I 2p2hs Ei = 1402 kJ / mol
When one electron is removed from O-atom then electronic configuration like Is22s2 2py!
2p,! 2p,! is obtained, which is exactly half filled 2p orbitals. This configuration is relativeiy

more stable and hence less energy than usual is needed to remove one electron from oxygen

atom. Then first ionisation energy of oxygen is relatively low.

On the other hand, electronic configuration of nitrogen is N(7)= 1s2 2s? 2p,! p,' 2p,!

which is relatively stable due to exactly half filled 2p orbitals. Removal of one electron needs

to break this stable configuration and hence relatively more energy is needed. Heénce therfifst

Worked Example-3.8 : Ionisation Energy based :
Arrange the elements Se, Cl and S in order of increasing ionisation energy.

Strategy : Ionisation energy generally increases from left to right across a row of the
periodic table and decreases from top to bottom drown a ,gi:oup. 'Cl' should have a larger E;

than its neighbour 'S', and 'Se' should have a smaller E; than 'S'.

Solution : The order is St
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(E) Electron Affinity _
In the previous article, we have learnt that it is possible to measure the energy change on
removing an clectron from an atom to form a catnon, which is known as ionisation energy. .

Definition : The amount of energy released, when one mole of electrons is added to one
mole of neutral gaseous atoms of an element to produce one mole uninegative gaseous ions,
is called the electron affinity of that element; '

Electron affinities, however, are generally negative, because energy is usually releaser
when a neutral atom adds an electron.

F(g)+e- ™ F (g) E,,,=-328k]’lmol

Cl(g) +e-—>Cl-(g) ea = — 349 kJ / mol
Again the value of E;; may not be negatwe for some elements. Whether the value of E,,
a

may be negative or positive, depends on electron distribution of the element and the smbshty
of the negative ion formed. For example :

Chemistry—First—37
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E (g) + le” — F~ (... 2522p%) E., = —32.8 kImol-!

H (1s!) + le- — H- (Is?) + 72.8 kJmol E.; = - 72.8 kimol-!

Mg (... 3s?) + le- — Mg~ (...3s23p)) E¢a = 0 kImol-!

Ne (1s? 252 2pS) + le~ + Energy —> Ne~(-3s!) Ee, > 0 kJ mol-!'= + 29kJ mol-!

{@Atoms with partially filled p- 1A (%)

orbitals can show more affinity to )
accept electron forming stable negative 7218 2A 3A |aA | sa | 6a | 7A (},*_8)
ions. So values of electron affinity e {E) WIRNIAOHILIN IO D)

i i B B C N (0] F Ne
energies (E.,) of those elements are _51.1% 55 267 -122| +7 | -141 | 328 |@429)
higher. Large negative E, 's are found
for the halogens (F, Cl, Br, I), because | Na I:I& Al | Si | P S | Cl | Ar

: -524| < -42.5 | -134 | -72.0( -200 | -349 [(+35)

each of these elements has both a high
Zrr (effective nuclear charge) and K| Ca|" |Ga| Ge| As | Se | Br | Kr

o e -48.41 -2.37 -289| -119| -78.2| -195| -325 |(+39)
room for an additional electron in its
valence shell. Halide ions have a stable | gp | sr Im|.salsbl| Te| 1 | Xe
notle gas electron configuration with 46.9| -5.03 2 IRLOTHE103, | 10 | F295)) CERD)
filled s and p subshells, and the | ~ | g, il ol Bi | Po| At | Rn
attraction between the addition electron [45-5 [-13.95| |-19.3]-35.1]-91.3 | -183 | -270 | (+41)
and the atomic nucleus is high. Fig-3.11 : Electron affinities of the elements of the main groups.

EEﬁ’ective nuclear charge (Z.g) of the elements of s-block elements is low. So thcy
have little or a little affinity for electron. So group-IA elements have lower values of electron
affinity and group 2A elements have filled s-subshells so additional electron must go into a p-
subshell. Because of the higher energy of the p-subshell, together with a relatively low Z.g for
group-2A elements E., values are near about zero; [Fig-3.11].

‘ositive E.,'s are found for the noble gas elements (He, Ne, Ar, Kr, Xe), because the s
and p-sublevels in these elements are full, and the additional electron must go to next higher
shell, where it is shielded from the nucleus and feels a relatively low Zg. The attraction of the

nucleus for the added electron is small here and is reduced by additional electron-electron

repulsions.
| Different factors that do effect on Electron affinity.
Electron affinity of the elements depend on the following factors :
-Increase of atomic size décreases electron affinity; — it is a group based relation.

’Increase of nuclear charge increases electron affinity; — it is a period based relation.
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l(iiij Increase of electron density in valence shell decreases electron affinity; — it is shown
in Group-17 (7A). So electron affinity of halogens is C1 > F > Br > I

Worked Example-3.9 : Electron Affinity Based :

Problem : Electron affinity of fluorine is less than that of chlorine; — explainy

Strategy : (i) F is an element of 2nd orbit; it has 2s2 2p valence.e!ectrons.

(ii) C1 is an element of 3rd orbit; it has 3s2 3p° valence electrons.

Solution : The outermost orbit of fluorine atom is second orbit and that of chlorine is
third orbit. In both cases seven. valence elecfrons are present. The size of the 2nd orbit is
small, hence the seven electrons cloud density in this orbit is high. The electrons of the 2nd
orbit repel the incoming electron strongly. Hence the electron affinity of fluorine decreases.
On the other hand, the comparatively large third orbit of chlorine atom can accoquaté its
seven valence electrons easily. Hence electron cloud density in Cl-atom is normal. So
incoming electron is attracted by Cl-nucleus more. Hence electron affinity of Cl-atom is
higher than that of F-atom. '

Worked Example — 3.10 : Electron Affinity Based :

Problem : Why does nitrogen have a less favourable (more Ppositive) ,E%m
glﬂghbours on its lel‘t and nght s:de, C and @j

Strategy : The magmtudc of an element's E., depends on the element's valence-shell

-electron configuration.

Solution : The electron configurations of C, N, O are as follows :

C (6) —> 152 252 2p, 2p)l, Py

1 1

N (7) — 1s2 2s2 Zler 2py sz

O (8) — 152252 szz ZpyI 2pzl

Carbon has only two electrons in its 2p subshell and can readily accept another in its _
vacant 2p, orbital. Nitrogen, however, has a half-filled 2p subshell, so the additional electron
must pair up in a 2p orbital where it feels a repulsion from the electron already pr%.sent. Thﬁs,
the Ee, of nitrogen is less favourable than that of carbon.

Oxygen also must add an electron to an 2p orbital that already has one electron, but the s
additional stabilizing effect of increased Z. across the periodic table counteracts the effect of :
electron repulsion, resulting in a more favourable Ee, for O than for N. o 5 S
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_“";-Student's Work -3 7 Electron afﬁmly Based .

roblem 3. 18 : Electron afﬁmty of dlffercnt clcmcnts may bc negatwe posmve and
even zero. Ex plam with examples

(F) Electronegativity

We know ionic bond is tormed between metal atom and non-metal atom by ccmplete
transfer of electron. On the otherhand, a pure covalent bond is formed between two same
atoms of a nonmetal like H or Cl to form covalent molecule like H or Cl; by equal sharing of
bond electron pair. But in many covalent compounds like HCI or H,0, covalent bond is
formed between two unlike atoms by unequal sharing of bond electron pair or by partial
transfer of electron cloud from one atom to other atom; creating partial positive charge (8 +)
and partial negative charge (3-) on the two nonmetal bonded atoms. This type of covalent
bond is called polar covalent bond. Then partial positive charge or delta plus (8 +) developes
on the atom that has a smaller share of the bonding electrons and the other atom with larger

share of bonding electrons gets partial negative charge or delta negative ( 8 ). For examples :

5+ &

M* X3 Y: X X:X

Ionic Polar covalent Nonpolar covalent
(full charges) (partial charges) . (electron-pair symmetrical)

Definition : {Fhietelec Fﬁnhegativity of an | element present in a covalent compoundﬁ@

In HCI molecule, bond pair electron is unsymmetrically distributed; H atom end gets delta
positive (3%) charge and Cl atom end gets delta negative (5-) charge.

i F
2

S

Ug "

(-}

&

g

o

m

5 10 15 20
Atomic number—>»

Fig. 3.12 : Change in electronegativity with increase of atomic number.
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Effects of Different Factors on Electronegativity :

[The electronegativities of different elements depend on followin

(i) Increase of atomic size increases electronegativity, — it is a group based relation.

(ii) Increase of nuclear charge increases electronegativity.— it is a period based relation.

Fluorine, the member of 2nd period and group-17 (7A). being at upper most right end of
the periodic table, is smaller in atomic size and most reactive nonmetal. So fluorine atomic
nucleus attracts bond pair electrons most. Hence the electronegativity of F atom is the highest.‘
According to Pauling electronegativity (EN) scale, the relative EN v: B

Elcctronegaumy e R ——— T 2

from left to right
H
2.1 He
Li | Be B|C[N|O|F |ne
10 |15 20|25 (30|35 |40
Na | Mg Al | Si | P | S| Cl| ap decreases
09|12 1518 (21[25(30 downwards
K [Ca |So | Ti | V | Ct [Ma| Fe | Co|MNi [Cu[Zn| Ga| Ge|As|Se|Br| g | ‘PO
08|10 |13 {15[16[16]|15|18|19[19|19|16| 16| 18]20/|24)28
Rb| St [ Y [Zr [Nb|Mo[Tc [Ru [Rh [Pd [Ag (Cd | In| Sn|Sb| Te| I | w.
08(10[12)14)|16]|18]|19]22(2222)19|17|17|18[19] 21|25
Cs[Ba| Lu[Hf | Ta| W[ Re[ Os| Ir [ Pt | Au| Hg[ TI| Pb| Bi| Po| At} gy ] |
07(09] 1.1{13]| 15|17/ 19]22|22]22| 24| 19| 1.8] 19]19] 2021

9
Fig-3.13; Electronegativity value of different elements and trends in the periodic table.

bond clcctron pair more showmg more electronegatwmes —

the electronegatwntles of the different elements of 2nd penod are as follows >
5,B=20,C=25N=30,0= 3.5, [0
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Explain the such changes of electron affinity of ster

L

oblem-3.21(c) : Explain the influence of different
ectronegativity of given stem'elements. -
(G) Metallic Properties

We have learnt upto this discussion that’the effective nuclear charge (Z.fr) on outermost
orbit of the atoms of the elements in a period increases gradually from left to right. So the
valence electrons of the atoms are attracted more by its nucleus, decreases atomic radii, and
increases generally ionisation energy and electronegativity of the elements. Then atoms of the

elements of the periodic table in the left side donate electrons, during bond formation, to

form positive ions and the elements on right side of the periodic table accept electrons

Atomic size increases down a group in the periodic table due to addition of new energy

level for the electrons. As a result, valence electron shell gets apart from the nucleus of the

atom gradually, causing the decrease of ionisation energy and electronegativity of the atom:

Then the rﬁeta]lic properties gradually increase down a

"decrease. On the left most and group-1 downwards most i
qns,table radioactive. . red

group and non-metallic propel'ti"'s'-
s the 'Fr' which is most reactive but
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In the periodic table, along the staircase zigzag line running from boron (B) to Astatine

(At), the adjacent elements seven in total number such as B, Si, Ge, As, Sb, Te, At are

metalloids or semimetals having mixed properties of metal and nonmetal.

Increase of ze(f, ionization energy, electronegativity and non metal character

i — 18

1A : 8A

H 2 130 14 15 Eleees A et
z 2A JA ' L 4A kS AR GATRERETA
= |
'y Li | Be B. | Rl NG [ o st R e
§
E Na | Mg atl sit| p s | a | ar
>, o
E -
g il x| ) \ Ga | Ge | As | se | Br | Kr
g |
) Q
é 1 ro | sr In | Sn | Sb | Te I | Xe
8 E
‘e i
g Cs | Ba \ ( m | pob| Bi | Po | At | Rn
&
a . Nh | B | Mc | Lv }

T a 113 114 15 116 etals and non metals are
separated by this stair line

. Fig-3.14 : Increase of metallic property down a group"l; and non-metallic

property increases in a period left to right.

Worked Example- 3.9.1 : Metallic and Nomijletallic Properties

Usiug periodic table, predict which element in each pair has more metallic character :

(a) P or Bi

(b) Asor Ga

(c) Sbor S

(d) Sn or Ba

Strategy : Metallic character increases from right to left and from top to bottom in the. ‘

periodic table. Look out which element in each pair lies lower in a group and most left in a

period.

Solution : (a) Bi lies below P in group 15 (5A). Therefore, Bi is more metallic.

(b) As and Ga are in the same row of the periodic table, but Ga [group-13 (3A)] lies to
the left of As [group —15 (5A)]. Therefore, Ga is more metallic.

(c) Sb [group-15 (SA) has more metallic character because it lies below and to the left of

S [group-16 (6A)].

(d) Ba [group-2 (2A)] is more metallic because it lies below and to the left of Sn [g

14 (4A)].

SOMp

R 07
o Bl L |
L - Tl A



296 . Chemistry — First Paper

Know More : Influence of Ionisation Energy & Electron Affinity :

er t __'_e&ionfsmon encrgy of the clemeg@

ﬁghe mbfclls its metallic property, the reducing property is also more. example
Cs>Rb>K>Na>Li

@he more is its tendency to lose electron to form cation and to form ionic bond.

0re t _'_:_f_"ggatﬁewalue«of clectron afﬁmty of the element-v

& ithe more affective is its non-metallic property and oxidising property is also more.
~ For example, halogens.

‘ﬁm nonmetal accepts electron more easily to form negative ion and form ionic bond.
3.4 Effect of Different Factors on Ionisation Energy, Electron Afl finity, Electronegativity
The effect of different factors such as atomic size, different subshelis and electron:
eoﬁﬁgqrations are very prominent on the three prime periodic properties of the elements like
| gon'isation-energy, electron affinity and electronegativity. These arz discussed below in short.
3.4.1 Effect of Atomic Size on Ionisation Energy

The size of an atom is mainly understood from the value of principal quantum number

(n). The sizes of the different atoms will be increased with the increase of the values of 'n'.

With the increasing values of n the atomic nuclear attraction on the valence electrons is

example, in' group-1, the ionisation energie
: increase of their atomic numbers as follows :
k& Li =530 kJ, Na =496 k], K =418 k], Rb =403 kJ, Cs = 376 kJ

r

~ Effect of Subshells on Ionisation Energy
Subshells mean s, p, d, f orbitals. In a period for the electron distributions of the different
atoms of different elements, the value of principal quantum number or the orbit (n) remainé

same; but their valence-electrons remain distributed in different subshells or s, p, d, f orbitals.
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In a period with the increase of atomic number of the elements positive charge increases in
the atomic nucleus. Then nuclear attraction on the p-orbital remains more than -s-orbitzgg
Similarly nuclear attraction on d-orbital remains still more than p-orbital and s-orbital. In

Jionisation energies of the elements with different subsells containing valence

Effect of Electron Conﬁgurations on Ionisation Energy :

When the electron configuration of an atom contains half filled or fully filled degenerate’
{orbitals (such as p3, dS or p%, d19), then that atom gets more stable electron configuration. In’

those cases, to remove one electron from valence shell needs more e’nerg‘?f. So the values of

34.2 Effect of Atomic Size on Electron Affinity
When the distance of outermost energy level from the atomic nucleus decreases, then the
nuclear attraction on the valence electrons increases. In this case, the incoming additional

electron in the valence shell of neutral atom is attracted with more energy. As a result, more

In 2nd period O atom has electron affinity, Eeq = — 141 I(Jmol-l and its right side placed
F atom with smaller atomic size, has more electron affinity such as Eey = —328kJ mol -1,

ing 49 kI Thns is due to the very smaller atomic size and
existance of its valence shell at smaller second orbit. The seven electrons of F atom in smaller
second orbit repel the incoming additional electron strongly. Hence the electron affinity of F
atom decreases.

Effect of Subshell on Electron Affinity : Shielding Effect
The electron affinity of an element also depends on the pnesence ‘of valence
different subshell of the atom. Theiat S -

electrons is somewhat shielded by

number of subshells in an atom for the elec

Chemistry—First—38
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valence electrons decreases more; Hence electron affinity of that atom will also be decreasedy
For this reason, the values of electron affinity of the elements of period-4 and S are smaller
than those of period-2 and 3. This type of effect of subshells on electron affinity is known asi)

ielding effec ﬁ’aﬁ’iﬁﬁ&e@
Effect of Electron Configurations on Electron Affinity

Electron affinity of an element means the tendency of its atom to fill up the octet set of

electrons in its outermost valence-shell. §6 tlie 7sniallér the required nu'mber of electrons to f" liﬁ

3.4.3 Effect of Atomic size, Subshells and Electron Configurations on Electronegativity

€ incre sbﬁéﬁ?atbmre sizes, electronegatmty of the elements decrcasﬁ@ it is the
periodic ralauon In a group, from up to down, with the increase of atomic numbers of the
elements, the number of subshells in an energy level also increases. Then the attraction of the
nucleus on the valence-shell of the atom decreases. So electronegativity of the members of
halogens of group-17 (7A) decreases in the following order :
E=4.0,C1=3.0,Br=28,1=2.5

Similarly, the effect of electron configuration on electronegativity has the same tendency.

.5 Acid-Base Properties of Oxides of 2nd & 3rd Period's Elements
The acid-base properties of the oxides of the elements of period-2 and 3 of the periodic
table depend on the ionisation energies, electron affinities and electronegativities of those
elements. We have learnt the following facts from the discussion of these periodic properties :
(1) Li and Be of 2nd period, Na, Mg and Al of 3rd period are metals. With oxygen these
elements form ionic metal oxides by transfer of electrons. '&e&]ﬁeﬂ mdeS are W
_ Agam, irom the 1efl: to nght across the period metallic propertles dccrease
" T

y and th

’” This mlxed propemes of metal and nonmetal will be seen in oxide of Al-metal.

(2) Agam the nonmetals B, C, N of 2nd period have the values of electronegativity more

than 2 and nonmetals Si, P, S of 3rd period have the e]cctronegatwnty values still less than
those of 2nd period. 86 they f ;

re are
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For example, CO; + HyO— HyCO3; N,O5 + H;O — 2HNO3
But oxides of lower oxidation number are neutral oxides like CO, N2O, NO'et&
Table-3.5 : Oxides of elements of 2nd and 3rd periods, with increase of covalent character.

: Covalent character increases
1 .
1A 2 13 14 15 16 17
. 2A 3A 4A 5A 6A U
(v ]
ST Li Be B C
& § melal metal non metal nonmetal nonmetal
(-]
S& |Luo BeO B,03 COg NoO5
2.2 strong ° | ampho acldic acidic more acidic
_E 3 base teric :
s 5 Na Mg Al Si P S Cl
E E ] metal metal nonmetal nonmeltal nonmetal nonmetal
g § Na,O MgO Al O, Slgz P,0, S04 C1,0,
—— st ampho mi
l ;ﬂr}?;lg ztar;ng Lerig acidic P,0; SOZ Cl10,
Strong acidic oxides

* Formation of Alkali and Acid by the Oxides of Elements of Same Period with Water :

(1) By the reactions of oxides of different elements of a period with water proves the
gradational change of basic properties to acidic properties of those oxides. For example,

LiO of the metal of 2nd period, group—1, forms soluble strong alkali lithium hydro&dﬁ
(LiOH) with water and Na;O of the metal of 3rd period, group-1, forms soluble stronggai_};ég
sodium hydroxide (NaOH) with water '

Li,O (s) + H,0(!) — 2LiOH (aq) — 2Lit (aq) + 20H~ (aq)
Na,0 (s) + H,O (/) — 2NaOH (aq) — 2Nat (aq) + 20H~ (aq)

(2) Beryllium oxide (BeQ) of 2nd period and magnesium oxide of 3rd period of graup-?
{are water insoluble. They do not react with water to form anyﬁglkay But BeO reacts with acid
and strong alkali solutions as an amphoteric oxide to form salt and water. With strong NaOH

solution BeO forms beryllate salt and water.
As base : BeO (s) + 2HC1 (ag) —> BeCly (ag) +H,0()

As acid : BeO (s) + 2NaOH (aq) — Na,BeO, (aq) + H£0(D
: sodium beryllate '

On the other hand' '

MgO (s) + HySO4 (aq) — MgSO4. (nq) +H0 ()
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(3) B,0; and COz of elements of 2nd period are weak acidic; both the oxides react withy,
‘Water to form unstable acids; and form salt and water with alkali. B,O3 form orthoboric acid

with water and metaborate salt with alkali like NaOH.

B,05(s) + 3H,0 (1) — 2H;B05(aq); H3BO0; (aq) + NaOH (aq) — NaBO; (aq) + 2H,0 (J)

CO2 (g) + Hy0 (I) — HyCO;3 (aq); HCOj; (aq) + 2NaOH (aq) — Na,CO; (aq) + 2H,0 (1)
(4) The two oxides, N;O3 and N,Os of N element of 2nd period, are both acidic oxides,

On reaction with water N,O3 forms unstable nitrous acid (HNO,). but forms sodium nitri‘tg,;;__l_;

(NaNO;) salt with NaOH solution. On the otherhand, NzQs reacts with water to form strong .

nitric acid (HNO3) and with NaOH it forms sodium nitrate salt and water.
N;O3(g) + HO() —> 2HNO; (aq)
HNO; (aq) + NaOH(aq) —> NaNO,(aq) + H,0 ()
N,0s (s) + H,0 () — 2HNO; (aq)

HNOs(aq) + NaOH(aq) — NaNOj;(aq) + H,O0()

(5) Al;O3 of metal Al, member of 3rd period, group-13, does not react with water; but it
reacts separately with acid and alkali to produce salt and water. Hence Al,05 is an amphoter_@
foxide.

ALy O; as a base : AlLO; +6HCI —2AICl;  + 3H,0

Al;,O; as an acid : AlLO; +2NaOH — 2NaAlO, + H,0

(6) Silicon dioxide (SiO,) does not react with water or acid; but it reacts with strong alkali
to form silicate salt and water.

SiO; (s) + 2NaOH(aq) — Na;Si0; (aq) + H,0 ()

(7) Diphosphorus pentaoxide (P205) reacts with water to form weak acid phosphoric acid: y
(H3POy). With an alkali NaOH, it forms disodium phosphate and water. So P,0s is an acidic
oxide. P,0s + 3H,0 — 2H;P0,

P05 + 4NaOH  —> 2Na,HPO, + H,0
Another oxide of phosphorus is P,05 which reacts with water to form phosphorous acid
(H;PO;). P,0; + 3H,0 — 2H;PO;.
(8) Sulphur trioxide (SOs) reacts with water to form strong sulphunc ac;d (H,S0,4). With
kali NaOH solution §Oj reacts to orm' sulphate salt aj
SO; + HgO —-)HZSO4
SO; + 2NaOH —> Na,SO, + H,0.
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Another oxide of sulphur is sulphur which reacts with water to form

sulphurous acid (H,SO3).
water. SO, + H,O— H,S0;3; SO, + 2NaOH — Na,;S0; + H;0
(9) Dichloroheptaoxide (Cl,04) reacts with water to form parchloric acid (HCIO4).With

alkali C1,0; forms perchlorate salt and water. Hence Cl;05 is an acidic oxide.

Cl,07 + HHO — 2HCI1Oy; Cl,04 + 2NaOH — 2NaClO4 + Hzo

|Know more : | The uses of dlfferent oxxdes depend on their properties such as lugh

thermal stability, mechanical strength, and electncal resistance, —

At a Glance :

1. Atomic radius, Size :

2. Metallic Property :
3. Non-metallic Property :
4. Oxidising Property :
_' 53 Readucmg Property 3
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Worked Example 3.11 : Formulas and Properties of oxides based :

Three elements A, B, C are respectively of the 2nd period's groups-15 (5A), 5th period's
group-14 (4A), 6th period's group-2 (2A). From these informations-(a) Write the formula of
oxide of each element with its highest oxidation number. (b) Which oxide of these is more

ionic and more covalent? (c) Classify each oxide as basic, acidic, or amphoteric.

Strategy : (a) The highest oxidation number (O.N) of main group element and the
formula of its oxide are determined by location of the element in periodic table. If M is in
group-1 (IA). its O. N = + | and its oxide has formula M,0, because the O.N of oxygen in

an oxide is — 2, and O.N of all atoms in a neutral compound must sum to zero.

(b) Recall that ionic character of a compound decreases and covalent character increases

in the periodic table from left to right and from bottom to top.

(c) Recall that basic character of oxide decreases and acidic character increases in the
periodic table from left to right and from bottom to top.

Solution : (a) Elements A, B, C can be identified as N, Sn and Ba, respectively. Because N,

Sn and Ba are in groups 5A, 4A and 2A repectively, their formulas of oxides with highest
O.N are N205, Sl‘lOz and BaO.

(b) %@@ is the most ionic because Ba is in the lower left region of the periodic table, and
NOs is the most covalent because N is in the upper right region.




Periodic Properties and Bonding in Elements 303

”Practlcal

}‘Expt No. = 11_

S Datet . Ak

Principle : Soluble metal oxides react with water forming metal hydroxides which later
"ionize to form OH- ions. The OH- ions turn red litmus to blue or turn universal indicator blue
or pink. On the other hand, nonmetal oxides react with water forming weak or strong acids
which ionize to form hydrogen ions (H+) or hydronium ions (H3O+). The produced H* ions

or H30% ions turn blue litmus red or turn universal indicator to red or yellow.

CaO(s) + H,0 (/) — Ca (OH); (s) SO,(g) + H,0 (1) — H,S05 (aq)
Ca(OH), (s) + ag — Ca?t (aq) + 20H- (aq) H,SOj; (aq) + aq —> H* (aq) + HSO3 (aq)
‘OH- (aq) + red litmus —> blue litmus H*(aq) + blue litmus — red litmus

Required Oxides : (1) Calcium oxide (Ca0), (2) Barium Oxide, (BaO),
(3) Carbon dioxide (CO,) gas, (4) Sulphur dioxide (SO;) gas

Required Chemicals : (1) Sodium sulphite (Na,S0O3), (2) Hydrochloric acid (HCI),
(3) Lime stone (CaCO3), (4) Distilled water.

Required Apparatus : (1) Test tubes, (2) Gas delivery tube with cork,

(3) Litmus papers (red, blue) or Universal indicator.
Procedure :

Expt. No-1: In a test tube a small amount of calcium oxide or lime (Ca0) is taken and
about 10 mL water is added to dissolve CaO. To the clear solution a red litmus paper is
added; the red litmus paper turns blue. Then a blue litmus paper is added, blue litmus remains
blue. This indicates calcium oxide solution is basic. Hence the pH of CaO solution or
Ca(OH), is more than 7. In the observation data, it is recorded.

Expt.No. 2: Following Expt. No. 1, a small amount of barium oxide is taken in a test tube
and is dissolved in water. In the solution, red litmus and blue litmus papers are added. In both

cases litmus papers turn blue. It proves barium oxide solution or Ba(OH), is basic. The PH

value of the solution of BaO is more than 7. In the observation data, it is recorded.

sipt Ihlee FaThy
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Expt. No. 3 : In a test tube small amount of sodium sulphite (Na;SO3) is taken and HCI
acid is added, then gas delivery tube is fitted with cork at its mouth. The evolved SO, gas is
passed in water taken in another test tube. Now in SO, gas solution, blue litmus and red litmus
papers arc added. Both the litmus papers become red. This broves that solution of SO; gas is

acidic. The pH value of this solution is less than 7.

Fig—3.15: Preparation of SO; and CO5 gases.

Expt. No.—4 : Similar to Expt. No-3, in a test tube a few pieces of lime stone are taken
and HCI acid is added, then gas delivery tube is fitted with cork at its month. The evoled CO,
gas is passed in water taken in a test tube. Now in CO, gas solution, red litmus and blue litmus
papers are added. Both the litmus papers become red. This proves that CO, gas is acidic. The
PH value of this CO, gas solution is less than 7.

Table — 3.3 : Expt. Observation data and Conclusion

Expt-No. | Solution of| Colour of| Colour of Conclusion

oxides red litmus | blue litmus
Expt. No.-1| CaO solution | blue blue 1.Solution of CaO is basic; pH >7
Expt. No- 2 | BaO solution | blue blue 2. Solution of BaO is basic; pH >7
Expt. No-3 | SO, solution |red red 3. Solution of SO, is acidic; pH < 7
Expt. No.-4| CO; solution |red red 4. Solution of CO; is acidic; pH <7

3.7 Relation between Periodic Properties and Bond Formation

To mean the relation between periodic properties and bond formation is the scope of
formation of ionic compounds and covalent compounds according to octet theory of
chemical combination on the basis of electron configurations of the elements of s-block
elements and p-block elements. With this concept of chemical combination, two periodic

properties like ionisation energy and electron affinity are closely related.



