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History of periodic table £
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* Scientist wdemgned a broad periodic table on the N ‘
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longer periodic table or Bohrs periodic table. GQ\i'&ﬁfQ
. @ lements are declared by IUPAC O NQM 0 (Q WV
8 Py

% 63 MoskY /ALy

19 %@H Chemistry (1st Paper)
’% i e Chapter 3 : Periodic Properties of Elements




Modern periodic table
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Name of the periods

periods Special name Number of elements

I3t period H to He Shorter period 2

2 period Li to Ne 8
Short period

3rd period Nato Ar 8
4% period K to Kr 18
5t period Rb to Xe Long period 18
6" period Cs to Rn 32
7t period Fr to Og Longer period 32
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Metal, non-metal & metalloid

{ Total elements 118 J
[ Metal 94 } { Non-metal 18 [ Metalloid 6 }
[ Gas 11 } [ Solid 6 } { Liquid 1 J
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Previous question

The main basis of periodic table-(MAT: 12-13)
(a) Atomic mass

(b) Number of electron
(¢) Electron configuration
(d) Atomic number
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Poll Question 01

What is the main basis of the periodic classification of the

modern periodic table?

(a) Molecular number
(b) Electronic configuration

(c) Atomic mass

(d) ValeIlCY Chemistry (1st Paper)
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Blocks of periodic table

TETER 45 (ST S G

. s-block
B p-block

j d-block
. f-block
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S —blOCk elemellts Chemical elements

in s-block
‘ . Group__1
e[ ast electron enters into s orbital Period
*Elements of Group 1 & 2 and He are located i s " 5

4
Be

12

Mgl
20
Ca

38
Sr

56

*Group number = number of electron in velence shell
Ba
188,

\\ ‘\,
% c\/ 6
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 Number Q ;
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*Electron configuration of velence shell is ns! or

= 4

3 2 82 Q= 3][F 2] «|[x -




p-block elements

Figure 2.1 p-block elements with their ionisation

.Last electron enters ]'nto p Orbital enthalpies, electronegativity and mcl;:llié%ure.

GroupNo 13 14 15

*Members:Elements of group-
13,14,15,16,17 &18 except

*Number of element./j)%- é e

*Electron configuration of Ga

valence shell ns?np! to ns?np° ———mgw\m
* Group numbe ) electron = —
number of valence (ns & ng<

0 ‘;k M)\"‘m
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d-block elements

e [ast electron enters into d orbital

* Members: Elements of group @hat means elements of B subdivision. All of

them are metal B \
* Number of elements : V\I\JDM\ &
*Electron confiuguration of valence shell: (n— 1) d!1° + ns!-? |
. Q-
* Group number = electron numbers in (n—1) d'+ns ?
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Previous question

How many elements are there in d block? (MAT: 17-18)
(a) 24
(b) 43
@4
(d) 15
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f-block elements

*Last electron enters 1nto f orbital ' @

*Elements of 6™ period, lanthanum to lutetium are known as lanthanide series. 9 O
| Z

Anfhanurm to wetium ¢ 2=

*Elements of 7% period, actinium to lawrencium are known as actinide series

e e =TT
* Electron configuration :(n — 2) f@(n — 1) d%? 4+ ng? . @
 Number of elements :27.La,Ac®re not f block element| '

— ‘X W\
* Group number = f block elements are i of periodic table ,\,\( o S\ )ﬂ

O
_ ' — A
v\\,mﬂ\’b o 7 4%
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Location of element in periodic table

'\/éiod number:the maximum value of principal quantum number(n) indicates period number

Q/(glp number :

Group number of s block elements = electron number of valence shell

Group number of p block elements = 10+ electron number of valence shell(ns & np).

iy,

Group number of d block elements = total electron number of (n — 1) d + ns

Group number of s block elements =group 3
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Location of element in periodic table

Y% 5 6 él—' 36)
\/'2- Z B.S f ’ ,
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Poll Question 02

According to electronic configuration, Cr belongs to which period.

4 . 1\ nsidn
A / (a) 3 ¢

2
\,;///\d\{(bm é\t\é
/()2 N )
TVl X
{ (d)6 o
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Various groups

ST

cHfeTen au Fhm gsfiew @

/ Special name Group Number of elements Elements

'WAlkali metal Group-1 6 H,Li,Na,K,Rb,Cs,Fr
\g/ﬁkaline earth metal Group-2 6 Be,Mg,Ca,Sr,Ba,Ra
3.Coin metal Group-11 3 Cu,Ag,Au

4 Chalcogen Group-16 4 0,S,Se,Te
5.Halogen Group-17 5 F,Cl,Br,|, At

6.Inert gas /novel gas Group-18 6 He,Ne,Ar,Kr,Xe,Rn
7.Rare earth metal La —series 15 Lantham'des

8 Metalloid - 6 vﬁ Si G’e /\s ShTe

s 655 )h
N
L — - -
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Mnemonic

gofe IA il far a & F A FITS

s H (1) Li (3) Na (11) K (19) Rb (37) Cs (55) Fr (87)

ot IIA fafamita G T AfAcH AXA ara

s Be (4) Mg (12) Ca(20) Sr (38) Ba (56) Ra (88) -

a3 IIIA AesATae | Siiferst oF 3fewr Bra TS

e B(5) Al (13) Ga(31) In (81) Tl (81) Nh (113) -

=13 IVA FVCET =G Cotfes AT AT o

e C (6) Si (14) Ge (32) Sn (50) Pb (82) F1(114) i

s VA Tt f1 oIty o4 e NCHITS

e N (7) P(15) As (33) Sb (51) Bi (83) Me (115) i

2z VIA e a7 9A-3 < AGLAR e

s O (8) S (16) Se (34) Te (52) Po (84) Lv (116), )

gF=is VIIA e FAE t 3 m @‘L

s F (9) CI(17) Br(35) I(53) At (85) Ts (117) )

s VIIIA | @ i =1 Ftaw AR ERCiR SIGCE
b IS He (2) Ne (10) Ar (18) Kr (36) Xe (54) Rn (86) Og (118)

Chemistry (1st Paper)
Chapter 3 : Periodic Properties of Elements




Chemistry of s block elements

llne metal :group 1 elements

\y)ey are strong electro-positive metal reacts with water and produces hydroxide and gas
li

aline earth metal: group 2 elements o

———— : 5
— oxides and carbonates of these elements are found in soil.

— They reacts with water slowly and produces hydroxide and gas.

Source :ore
< L/
Elements of s bloc and nd p block are call representative£lements.
~ 24
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Chemical properties of s block elements

* S block elements have low melting point and boiling
point . B e

* Soft,flexible (Na_metal can be cut by knife ) and they
float in water as they have low density .

* Gr-1 produces mono-valent cation and Gr-
produces di-valent cation.

* Molecules are colourless-

exception:dichromate,chromate _’_

* Diamagnetic < N k

—

=

@y v
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Chemical properties of s block elements

* Gr-1 has less 1onization potential.Gr —2 has more ionization potential than Gr-1.

 Strong reductant and strong electro-positive
* All produ ' test ,except(Be g
* Reactivity increases downwards in a group.

A\ T~
Lo~
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Previous question

Which elements are called i1deal elements? (MAT: 18-19, DAT: 00-01)
(a) s-block & p-block elements
(b) elements of 15 period

| ed™~—
(c) elements of 3™ period A’ﬁ\b— ’)Ye

(d) elements of group-3
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Previous question

Which one is the most light element? (DAT: 04-05)
(a) Lithium
(b@u/miniu@
(¢) Magnesium
(d) Sodium
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Poll Question 03

Which one i1s s block element?

(a) Al
(b) C
(c) Be
(d) Nh
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Chemistry of p block elements

Figure 2.1 p-block elements with their ionisation
enthalpies, electronegativity and metallic nature.

Group No
[E,-8i0 63

Non Metal

IE;- First ionisattion
energy

EN- Electro negativity

‘\f
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Group-13:

Soureetore)—source ol Al- ( | .

r corundum -Al,O;

bauxite -A12 03_ 2H20

e ——

keulin—A1203_S 102 2H20

. feldSpal'-Kzo. A120368102

Oxidation number: 3+
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Chemistry of group-13

Properties of molecule :—

4

d
\/ﬁnly ionic, but AlCl; AlBr; & All; are covalent.

Aqueous solution of Al 1s acidic .

f——

AlCl; forms dimer.

Reaction with oxidative acid :

B reacts with oxidative acid HNO; and produces B,0O;, HNO; produces(NO, gas

(brown) % @ ,'y
—acidic  B,0; reacts with H, O and produce@%)) 4;
23 2 3bUs3 {""’

¥ S -
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Group 14;//
Elements :C & Si1 are non-metal, (:Je metalloid and S_@ & Fl are metal.

Source(ore):— (
* C—coal—

* Si-sand & quartz(S10,)
* Pb-galena(PbS), cromite(PbCrQO, ).

Oxidation state:variable +2 & +4
2 vedency 27
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Nature of the molecules of group-14:

+ All molecules of C and Si are covalent. Octave expansion 1s possible in Si.

ﬁ——

* All molecules of Sn are covalent.Eg- SnCl,,SnCl, etc. -

. S]Cl4 can be hydrolyzed but CCl4 can’t be. d

. Normall CO s gas , but solid .
| © Y 218 8 u {(?\ WA

M’\’W‘& w& D~/

W“(\ Q{é PN
,Mf /‘nol@cul/‘l——-\
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Allotropes of carbon

£

o yd
Traits \}ﬁalllond V4 Gra,phlte\/ 8
Hybridization /5P’ \/spz Ci
Structure Cubic Hexagonal
C-C length 0.154 Hexagonal 022
g 223l g

between two layers-0.335nm

Melting po‘int 3600°C 3730°C
Condu ctiviﬁ\ Electricity: non- W
conductor

Heat :conductor|

szS\ 6\&\((\ (VW/ . p ‘be
N) 7

S e Chemistry (1st Paper)

i b - N Chapter 3 : Periodic Properties of Elements

3




Group-15

Elements

@on-metal Sb -metalloid and B1 & Mc -metal
Source(ore): , C .
I }-\Q .o
N,- air le\ 3 @ [mc -

—
Main sources of P-
((l) Ca;3(PO), G /L E W‘ %

(ii) various ores ,eg osphontes fluorapatite,clorapatite.
Oxidation state:-3,+3, +5 g

/\,e/l'((’

(
PL ’ NH; @K K Chemistry (1st Paper)
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Oxides of nitrogen :

o oS
N has5 oxides showing 5 different oxidation number Eg-
* N
<Nf

,O:+1
O:+2

oo iy s/ttt ©

\"”}"\“/‘% of )
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Halide formation :

Trivalent N can form NCl;,but NCI5 can’t be formed.

_

P can form PCls 1n excited state. This 1s called octave expansion of of P.

Halides other than NF; , are hydrolyzed in water.

e Gl (72 0
[ —
=
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Poll Question 04

Oxidation number of nitrogen 1s +4 in which oxide?

(@) N, O
(b) NO
(c) NO,
(d) N2 05

1 Chemistry (1st Paper)
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Allotropes of group-15

m)tropes of arsenic:

Gray form of Yellow form of
Arsenic Arsenic in Orniment

White phosphorus ‘ Red phosphorus Black phosphorus

ﬁ,J
Volatile waxy white solid.

;/ﬁ
| | Dangerously reactive in

air: glows with a white Red powder. Nonreactive Black crystalline solid.

<
&

)
v&‘t:"\
\-«“‘D:‘\:"\-

light and spontaneously with air at 25°C. MNonreactive with air at
bursts into flame. 25°C.
Melting point: 44.2°C Melting point: 590°C Melting point: 610°C

g Chemistry (1st Paper)
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Allotropes at a glance:

—
M J [ Arsenic ]
1trogen \
'A‘ Yellow Black
arsenic arsenic

a -nitrogen B —nitrogen
ﬂcuBic crystaIJ [ (hexagonalcrystal)
[ Antimony J

! {
(,EP@phorus]
/ { Metallic } [ : J [ Explosive}
. 0 antimony ,
antimony antimony

White Red Black
hosphorus| | phosphorus || phosphorus
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Previous question

Which one is the most inert after inert gases? (DAT: 17-18)
(@) O,
(b) H,
(©) N,
(d) C

Answer @

1 Chemistry (1st Paper)
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Previous question

Which one is not an allotropes of arsenic? (MAT: 13-14)
(a) Grey
(b) Black
(c) Yellow
(d) White

Answer @

1 Chemistry (1st Paper)
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Group-16

Elements :0,S,Se, Te are non-metal and Po & Lv are radioactive

Source(ore):O, - air and oxides sulphur 1s found in mines and as ore eg —copper pyrites,
\(//;kccga, zinc blend, cinnabar & orpiment. —

I

Oxidation state:-variable except oxygen

—oxidation number of oxygen: -2 ,\]/\ O
L—
(

(exception@dmperoxide — 1/@ KO 7_

—( 7
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Allotropes of sulphur

Liquid Sulphur

@3 @-@H Chemistry (1st Paper)
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Various oxides : (

(GQ/ p ‘\lw\w

L

Oxides / Example
1.Acidic oxide CO, SO, ,S0; ,NO, etc.

2

2 BASic oxide e Na,0,K,0MgO,Ca0 etc.— N 2¥oA R
\J3.Neptral oxide « HO0CQ N,ONOctc . @"(WFTT;Z" N, D
LU#mphoteric oxide |« (Zn0.ALO; PbO,510, ge. L

5.Per — oxide e Na,0, ,H,0, etc. e (

6.Poly — oxide e PbO, .MnO, etc.

7.Sub — oxide e Pb,O

8.Super — oxide e KO, ~— )“(

9.Mixed oxide e Fe;0,,Pb;0, efc. a \— g

- \
it ofw e e o e SI(EE] AN
Zn0 TeO, Al,04 In,0; Ga,0;5 5n0, PbO PbO, Ee
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Previous question

Which one is super oxide?
(a) MnO,
(b) KO, -
(c) Pb3Oy
(d) NayO,

Answer @

(DAT: 19-20)
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Previous question

Which oxid@s acidic ? (MAT: 16-17, 15-16)
€ of below
1).20;

(b) Al,O;
(c) MgO
(d) Na,0

Answer @

1 Chemistry (1st Paper)
g %@H Chapter 3 : Periodic Properties of Elements




Poll Question 06

Which one 1s an acidic oxide?

(a) NO

(b) PbO,
(¢c) Na,O
(d) BaO,

1 Chemistry (1st Paper)
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Group-17

Elements :known .scienti@amed this .

Halogens

¢ |

Bromine lodine

g %@H Chemistry (1st Paper)
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C

hemical properties of halogen

All halogen can show variable oxidation number except; F

Oxidation number of F -1 .

Strong electronegativity. [R] LQJ
o
O~

High ellectron_affinity.

Most reactive non-metal.
e

Strong oxidant.F 1s most electronegative elergen@l acts as bleaching agent.It bleaches by

GEED GEEED A i

oxidation. - — , C/L) Cl
'\%ectronegativity . I<Br<CI<F_ 65\. —

'\B.e’activity : I<Br<CI<F

—
° =) ¢
Electron affinity:I<Br<{F<Cl a > —
Strongivity of hydracide: r>HCI>HF Q

¥ Srrs

Chemistry (1st Paper)
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Previous question

Which one is liquid in normal temperature? (DAT: 16-17)
(a) F,

(b) CI
e

d L

1 Chemistry (1st Paper)
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Previous question

Which is the correct reactivity order of halogens? (MAT: 12-13)
(a) F>Br>1>Cl
(b) Br>F>Cl > |

mbBDI

(d)Cl>I>Br>F

Answer @

1 %@H Chemistry (1st Paper)
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Group-18

Other name: Inert gas, Noble Gas, Rare Gas /M

T

1 %@E Chemistry (1st Paper)
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Physical & chemical properties
Odeow L~

* Colourless anas in natural temperatuie,

 Extremely high ionization energy. (’X@l"d\
A «

* Chemically inert.

* They are mono atomic.
. Valency 0 6

+ Xenon and Krypton has more compound oses l
N~
gty 0\1’ ¢ S

o )
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Uses of inert gases

* Helium : ballons, oxygen cylinder, NMR machine.

* Neon :indicator light in airport ,commercial neon bulb and

also used in volt-meter.

—

* Argon :electric bulb.

\Mﬂﬁxed gases are used in photographic

flash light. Kris used in tube-light.

* Radon : in treatment of cancer (radiotherapy)
L

——

Chemistry (1st Paper)
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Previous question

Which one is used in cancer treatment? (MAT: 14-15)
(a) He
(b) Ne
(c) Ar
(d) Rn

Answer @

1 Chemistry (1st Paper)
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Poll Question 05

Which one is used in radio therapy in the treatment of cancer?

(a) He
(b) Ne
(c) Rn
(d) Ar

1 Chemistry (1st Paper)
% %@E Chapter 3 : Periodic Properties of Elements




Properties of d-block elements :

* d-block elements are heavy metal and have high density.

* Show variable oxidation number .

* High m—t—;ltigg point and boiling point.

| * Solid and hard.

CGood conductorof electricity and heat. S R IYW

* lonization energy of d block element is more than s block element but less than p block element.
 Electro-positive . But electropositivity is less than s block elements —

=

)
» Paramagnetic. But Fe and Co are ferromagnetic N\

* Alloy can be made by mixing elements of d block. — I- E 1\

L—
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Transition elements

An element whose atom has a partially filled d sub-shell, or which can give rise to cations
with an incomplete d sub-shell (eg;d!™ )is called transition element

chemical properties of transition elements : 2—*
S vaiable oxidas T S N

how variable oxidation states. \J 'b

\;401‘111 complex compounds. \/ B’l’ /r “:— a N s YU~
F ] di d d )
J orm coloured ions and compounds. C F « e I =

\/ Form compounds with profound catalytlc Ko
NP
* Paramagnetic . Dr

All transition elements are d block elements but all d block elements are not transition
element - explain

1 %@H Chemistry (1st Paper)
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o}
3
Colours of transition elemel\ts‘ﬁ \

av

+6 | +6
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Formation of complex ion

Ligand :molecule or ion which donates lone pair electron is
called ligand .

Co-ordination number : number of donated lone pair electron HaN NH;

Co-ordination number of Cu & Fe respectively- 4 & 6

Explanation of complex ion formation :

Valence bond theory & Electron theory of Sidgwick

g E@Em Chapter 3 :
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Previous question

Which ion forms coloured compound? (MAT: 17-18)
(a) Ca**
(b) Ni2t_
(c) Hg**
(d) Zn?*

Answe@

1 Chemistry (1st Paper)
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Previous question

Which ion doesn’t form coloured compound? (DAT: 18-19)
(a) Co

Answer:c

g @-@H Chemistry (1st Paper)

S o Chapter 3 : Periodic Properties of Elements




F block elements

F block elements are divided into two series : lanthanide series and actinide series .
Lanthanide series: from lanthanum to lutecium in 6 period
Other name:@are earth elementﬂ

Actinide series: from actinium to lawrencium in 7" period

1 %@H Chemistry (1st Paper)
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Properties of lanthanide series

F (1) Heavy metal.

(11) Good conductor of electricity and heat.

(111) Ionization energy < ionization energy of d block.

(1v) Inner W %
———a .._—————.

| (v) Oxidation number:+3 | l

(vi) Absorbs IR ray. —

(vii) Used to make goggles 9@4}2&

(vinn) Lanthanide contraction occurs

1 %@H Chemistry (1st Paper)
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Properties of Actinide series

(1) Radioactive
(iimgher.
(11)High boiling point and melting point.

(1v) Electro-positive metal. oxidation states: +3,+4,+5,+6
(v)Less 10nization energy.
Wcts with air .

(vi1) No effect 1n basic solution.
(ix)More basic .

ixture of thoria and ceria is used

— —

(n head-light ofcar an{l search light §f ship.

1 %@H Chemistry (1st Paper)
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Previous question

Which one is actinide element? (MAT: 16-17)

1 Chemistry (1st Paper)
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Periodic properties:

Across the period

Down the group

Properties (left to right) (top to bottom)
Atomic size Decreases Increases ’
No. of valence electrons Increases Remains same = l
Metallic character Decreases Increases J
Non-metallic character Increases Decreases
Electron affinity Increases Decreases
Electronegativity Increases Decreases
lonisation energy Increases Decreases
Basic nature of oxides Decreases Increases

Melting point

/

Increases from Group | to
Group I'V and then
decreases

Decreases in Groups | and 1l

Decreases in Groups |l and
I

Increases in Groups V to VII

Decreases in Groups | and |l

iling point |ncrg?§§§ K?Z’nﬁﬁ'éﬁ ' | Decreases iﬂlgroups I and 7
OeErenAses Increases in Groups V to VI k
Oxidising nature Increases Decreases
Reducing nature Decreases Increases

o/ Chemistry (1st Paper)
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Easy demonstration
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lonization energy
Electron affinity

RV

/_—/

L&
/
— \74

lonization energy

>,
=
=
©
(=
=
et
O
2
w

Chemistry (1st Paper)
Chapter 3 : Periodic Properties of Elements



Previous question

W(lic/l;}as—most oxidation potential? (MAT: 17-18)
)y

(b) Cl,
(¢) Br,
(d) I

Answer :a

1 Chemistry (1st Paper)
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Previous question

Which of below is the most strong reductant? (DAT: 17-18)
(a) Al
(b) Zn
(c) Fe

(d@ . .

Answer :d

1 Chemistry (1st Paper)
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Ionization energy

\)ﬂéation energy is the energ \ remove a‘}l N~ s00 5 e
electron from a gaseous, atom oMNOQr wa\'b\)\;z ool ] |
— | \ v e s ]
® Complete or haﬁ—co\l?lyp}lete orbital 1s more stable . & }|' | a K
~ 1500 | i Rr S
As a result of this : : [ F’ / fﬁ’ g
: Zn cd
(1) Ionization energy of B < Ionization energy-efBe " | f ;J_gf || ¢
.. . . - f‘ | b V?r \’!
(1i1) Ionization energy of O < Ioni N 8 sl d & L © (g
o i Na K Rd &t
(iii) Ionization energy of Al < Ionization energy of o

Mg / 0 10 20 30 40 50 60
Atomic number ——

(1v) Ionization energy of S < Ionization energy of P

® The more the value of 1onization energy ,the more the
reactivity
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Electron affinity

>

Increases

—The electron affinity

an atom or molecule 1s defined as the Electron Affinity

amount of energy released when an electron is attached to a

Increases

neutral atom or molecule in the gaseous state to form a

negative ion

Cl has W

g

‘i
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Poll Question 07

Which order is correct for the increase in electron affinity of halogens?

(@l < Br <F <C(l
(b)I > Br > F > Cl
c)F>Cl>Br>1
dF<Cl<Br<lI

1 Chemistry (1st Paper)
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Electro-negativity

* Electro-negativity is a measure of an atom's ability to attract shared electrons to
itself. Electro-negativity of F 1s 4.0.

@ Reiqg Covalent Bond He
< R\

Li Be B C \ 0 Ne
10 | 15 20 | 25 35 ‘@I
Na | Mg N Al Si P S Ar
09 | 1.2 z 15 |18 |21 | 25 3.0/)

K Ca Sc Ti \% Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
0.8 1.0 1.3 1.5 1.6 1.6 1.5 1.8 1.8 1.8 1.9 1.6 1.6 1.8 20 24 2.8 3.0

Rb Sr ¥ Zr Nb Mo Te Ru Rh Pd Ag Cd In Sn Sb Te | Xe
0.8 1.0 1.2 1.4 1.6 1.8 1.9 22 2.2 2.2 19 1.7 1.7 1.8 1.9 2.1 25 26

Cs | Ba |La-L
l.1-1

Hf | Ta W Re | Os Ir Pt | Au | Hg | Tl Pb | Bi Po At Rn
0.7 | 09 ---

u
-1.2] 13 15 1.7 1.9 2.2 | 22 22 | 24 1.9 1.8 18 | 1.9 20 | 22

Fr Ra |Ac-N
07 | 09 |1.1-1
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Differences between electron affinity electro-negativity

H—cA

~-

Trait Electron affinity Electro-negativity
Periodic trend increases to right \/ increases to right \”
Group trend Decreases downward \__~" | Decreases downward\/
Value negative,positive or zero Always positive

order

P

CI>F>Br>1

F>CI>Br>l|

7

[o\\‘tt WW\O

Covhers”
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/ I VALENCES (OXIDATION NUMBERS) OF A-GROUP ELEMENTS BFIA

+3 %4 -3 -2 -1
3A 4A S5A BA TA

Al S0 | P
26 o5l 250 | 3097 | 52 06| 35 45|39 95

Candg tell by logKihg at the table
TRansitfon Metals
i:

¢ |0 Metals gain gain gain nada!

& CONonmetals lose J&  2e- le-
lose lose OMetalloids e
le- 2e- gﬂin
dg-
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Metallic property

* Fris the most stropg—metal

Lar

C * Fris radio-active , most strong stable metal 1s Cs .

Periodic Table of the Elements

[]
vie

8B
24 28 28 30
Cr Mn Fe Co Nl Cu Zn
Chromium | Manganess Cobalt Mickel Copper Tinc
| 51.008 54008 ”‘-IB ETRA] LR #3540 | s |
42 43 44 45 46 47 48

Mo Tc Ru Rh Pd Ag Cd

Matybdenum  Techmetium | Ruthenium Khadiem Palladium
07

Atomic
Number

Symbol

7
viB /-'—"' \fIII '—-\ L:] ns
TH 18 2B

Siver Cadmimim Tin
0107 102 808 106.42 107 888 112411 118711

74 75 78 77 78 79 80 81 82 {3 %
W Re Os Ir Pt Au Hg Tl Pb Bi Po
Tungsten Rbenium Camaum tridium Platirum Goid Merciry Thallium Bismuth Polonium
| mm 108 207 180,23 Wy 156,088 06 98T w08 | dodamy m: | 20e.080 _I..-M—,
106 107 108 108 110 11 112 113 114 115 118
Sg Bh Hs Mt Ds Rg Cn Nh FI Mc Lv
Swanion) Bohrium Hassium ium Roentgenium W ﬁmlum ﬂuv\'hrm Mm\dum Lvermarium
298] 1224 280 2] 1) 28] 1285 | ] oy |

58 59 &0 T ——
' Ce Pr Nd J I Smeu Gd l b HoJ Er Tml Yb [ LuJ
unnl IL_.,.,‘..";.-?F A IL_uﬂu J,..w.'h" w A WJ pagas | m.m L Jnesa0 |L' mm . 188934 ITaoss | 17487
91 nz ‘93 1 98 a7 i) 100 101 102 103
Th Pa NE. Pu Am Cm Bk Cf | Es Fm Md No Lr
mw ‘:_ “I.w Ll ml’l‘;: A » . MW _L :l'“‘ . saTamn __Wj_ 251040 l _[354] Ie‘rm A I‘_W L |
I 1 I I B | 1 T I | |
m "’E"'::’ T’:‘“::T" :‘.‘: [Imh.ht| | Nonmetal  Halogen "3::' } ?L.nuunln: | Actinide |
i K - | d | |

5705 Tasd Helmaasting
re———
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Atomicsize X

No-
w 0‘ DECREASING Atomic Size

Increasing # of protons in nucleus pulls in electrons

o | 0|0 » B -

’O'O'o'o'o'o %r\ <

0/0/9/0/0/0/0]0

QQ PO 9000

Q@Q0 000900
|

|
_— - y - — gy j— —hm . A

Atomic Size

INCREASING

Each period ‘

adds energy {

level | ]
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Poll Question 08

K/,Covalent radius of which element i1s more?

Mgah
IR e

e M)
c) R
() k \/ *w—@
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Nature of oxides :

* Left sided oxides are basic , oxides of mid portion is mild basic or mild acidic or amphoteric
and oxides of right side are acidic.

* Oxides of metal are basic and oxides of non-metal are acidic.

1 @.@H Chemistry (1st Paper)
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Dependency :

(1) Size of atom
{ (iv) Effect of sub-shell / ’
f/lonization energy (it) Nuclear
charge
(v) Electron configuration
of valence shell (iii) Shelding
effect )

- "
\Qon affinity Electro-negativity

(1, 111, 1v, V) (1, 11, 1ii, v)

1 %@Iﬂ Chemistry (1st Paper)
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At a glance

e Most reactive metal Fransium
e Most reactive permanent metal Cesium
e Most electronegative reactive non- Fluorine

metal element

e Liquid non-metal Bromine

e Most valuable metal Californium
e Heaviest liquid metal Mercury

e Most impure metal Gold

e [ightest element in the nature Hydrogen

e Heaviest element in the nature Urenium

1 @.@H Chemistry (1st Paper)
’% i b - N Chapter 3 : Periodic Properties of Elements




At a glance

e [ightest metal in the nature Lithium A _J,-

e Most flexible metal Platinum V/: ‘

e FElement with least boiling point Helium I‘k
e Most powertul reducing agent Lithium A,h U\‘p

e Metal with highest meltmg Tungsten k(,\aj( M

e Most electro conductive ment Silver '\

W

mmmﬁh—m

Q/
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Theoretical Lectures = 21 Chapter-3
ChmAniie o Periodic Properties And

Total Periods = 30 v
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| Key Words : Electron distribution, transitional
to polarization in ionic compounds and | elements, alkali metals, periodicity, ionisation
polarity formation in covalent|energy, electron affinity, pH of solution,
compounds opposite and mixed| periodicity of oxides, orbital hybridization, sigma
properties appear in the both classes of | bond, pi-bond, molecular shape, Ione-pair
compounds. We shall observe these|electrons. covalent bond, polarization, dipole,

characteristics in elements and their| Vander Waal's force, H-bond, importance of H-

compounds carefully. bond, TUPAC system

After Reading this Chapter, Studenﬁs will be able —

To classify the elements into s, p, d and f-blocks on the basis ol’\elee.tmn dJstubutluns

To know and describe common properties of elements of different blocks.

To explain the periodicity of different properties of the elements.

- To know and describe the affect of the factors (atomic size, sub-orbit ehwon
distribution etc.) on ionisation energy, electron affinity nn_d..e_le‘nt:_nu#gggmt;@_,.. Lortrdis

BN
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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.

7. To find relation between chemical bonds and periodic properties of elements.
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 explain 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 IUPAC system.

3.1 Classification of Elements Based on Electronic Configurations.

Mendeleey, in 4860 _prepared a Periodic table with known 63 elements arranging them
in 8 (eight) groups and 12 (twelve) periods with increasing atomic mass of the elements.
Later on the basis of mgﬂe_m periodic law the elements. were classified into 18 groups and 7

periods in a Long Periodic table with the increasing atomic number of elements. =
odern Periodic Law : The physical and chemical properties of the elements are
periodic function of their atomic numbers. Among the different scientists Bohr's contribution

was more than others 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
electron distribution of the elements. This is known as Long Periodic Table or Bohr's

o ——
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Periodic Table. The long periodic table contains 18 groups and 7 periods for the
elements. In long periodic table, each long period contains 10 elements of d-block at the

middle. At the end of each pericd inert gases or noble gases are placed. Lanthanides and
SEILBNIC

actinides elements are placed in group-3 of period 6th and 7th . This is the modern period_iE
“table S et

The basis of Modern Periodic Table : The basic principle of classification of elements in
periodic table is their elic_:'g_r_gl__c_iis_t_{jb_pli_o_ns. Again all the elements are classified into four
blocks on the basis of electron accomodation capacity of different orbitals in their electron
distributions. This classification is shown in fig-3.1 below. Elements are arranged intg 18
vertical columns or groups and 7 horizontal rows or periods.

Q Total Numi:rer of elements discovered till 10.11.2016 and recognized by IUPAC
association is 118. With recognised 4 elements of atomic number 113, 115, 117 and 118

period 7th is filled up now.

According to Aufbau rule the gradational order of entry of electrons in different orbitals

—_——

of atoms of the elements starting from left most towards right side in the periodic table is :

" 1s—525—2p—3s—3p—4s—3d—4p—55—4d— Sp—65—4f—5d— 6p— 75— 5f—6d— 7p.

e

On the basis of electron distribution, En:)_uil)_l_cﬁks of the elements such as— (1) s-block, (2)
p-block, (3) d-block and (4) f-block and their descriptions are as follows :

(1) s-block Elements : The elements of s-block contain ns! or ns? electron in their

outermost orbit or valence shell. The s-block elements include those of group 1 and 2 (1A

and 2A) and He of the periodic table. The total s-block elements are | 14 in number.

ESiample :
H(@) =1st
3 He (2) =152
Li(3) = 1s22s!
Be (4) =1s22s2
Mg (12) = Is? 252 2p6 352

The outermost energy level of valence shell of s-block elements contain ns'or, ns2
e -

electrons; here n = 1, 2, 3 etc. means number of orbit.
(2) p-block Elements : The elements of p-block contain np' to np® electron in their
outermost orbit or valence shell. This block includes the elements of groups 13, 14, 15, 16, 17




=————
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Mi.e. 3A, 4A, 5A, 6A, 7A and 8A) except He. Besides these, including newly
discovered six elements like Nihonium (;;3Nh), Flerovium (;,4Fl), Moscovium (;sMc), 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) = l1s?2s22p?

Al (13) = ls? 2s2 2p6 3s2 3p!
Cl (17) = 1s? 2s? 2p% 3s2 3p°
Ar (18) = ls? 2s2 2p% 3s2 3p6

The outermost energy level or valence shell of p-block elements contain ns? np! to ns? np®
b, —

electrons; here n = 2, 3, 4 etc. means outermost orbit.
ooty L

Begin —3| | [1s
here
2s 2p
3s 3p
4s 3d 4p
S5s 4d 5p
6s Ny 5d 6p
7s N 6d 7p €—End
here
N 4f
v N 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
= _——-'_—F_—‘—_‘-—_—__-—-‘_ =
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-ma-block

-

elements. All d-block elements 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
r41 (fourty one) in number.l Their atoms contain (n—1)d! to (n-1) d!° electrons.

ifkample; bl

Sc (21) = 1s2 2s2 2p6 3s2 3p6 3d! 4s2
Fe (26) = 152 252 2pS 3s2 3p6 3dS 4s2

Zn (30) = 1s2 2s2 2pS 3s2 3p6 3d!0 452
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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.

Definition of Transition Elements : The transition elements are those d-block elements

? which contain at least one stable positive ion with partly filled d-orbital containing d‘—d9r

et

electron distributions. Transition elements have special properties such as :
‘_-__.___‘___,_...—-—--\

" (i) variable valencies or oxidation numbers; (ii) they can form coloured compounds; (iii)

they can form complex compounds; (iv) they can act as catalysts; (v) they show paramagnetic

property. In 4th period, except Sc and Zn, the rest eight elements are transition elements.

As per definition of trensition elements, Two elements of d-block like Sc (21) and Zn (30)

of 4th period are not transition elements. Because they form only Sc3+ ion and Zn2* ion. In

Sc3tiionithere.is o electron i 3d orbital and Zn?* ion has fully filled 3d!0 orbital.
Sc3+ (21) = 1s2 252 2p6 352 3p6

Zn2* (30) = 152 252 2p6 3s2 3p6

On the otherhand, Fe(26) is a d-block element and transition element both. Because its
.-—_-__-_"—-

two cations like Fe2* ion and Fe3* ion have partially filled 3d orbital.
Fe+ (26) = 152 252 2p6 352 3pS [3d9]
Fe3* (26) = 152 252 2p6 3s2 3pS

For this reason it is called, all transition elements are d-block elements but all d-blogk

c[_ements are not transition elements.

(4) f-block Elements : In f-block elements, the last electron enters into f-orbital of the

—

atom. In 6th period, Lanthanum, La (57) to Lutetium, Lu (71) the total 15 (fifteen) elements

L ——

i
are called. 'Lanthanoids' or Lanthanide series. Similarly Actinium, Ac (89) to Lawrcncwm.

Lr.(“103) the total 15 (fifteen) elements are called 'Actinoids' or Actinide series. Of these two

ng:iO (thirty elements) are placed below the others in most modern periodic table.

It is important to mention that first element of the Lanthanoids, i,e. Lanthanum, La (57) atom

e

contains last electron as 5d! and actinium Ac (89) an orium (90) of actinoids have their

last electron as 6d! and 6d2. So these three clcments are not_t_"_b_lock elements but d-block

“elements, Hence total number of f - block elements are |2'7 (twenty seven).| [Follow the
S Sies

periodic table].
Chemistry—First—31
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Inner-transition Elements : 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
ﬂ'--_-_-"

orbital and in actinide series include inner transition elements contain incomplete Sf orbital.

Example of such inner transition element is cerium (sgCe) = [Xe] 4f26s2. Because its stable

’__________—-—"_'_‘__-___\“-..__
ion Ce3* contains partially filled 4f! electron,
Know More :
(1) Group number for s block elements  : Electron number in outermost orbit (valence
L —

electron)
(2) Group number for p-block elements : 10 + valence electron (ns + np)
(3) Group number for d-block elements : (n—1) d + ns electron number

(4) 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), FI (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-block 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

As the primary basis of Periodic table is the electronic configuration, so the posiliczg of an

element in the periodic table is determined from its electron distribution. 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 :

(a) Period Number Determination : 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(l11) = 1s2 2s2 2p®3s!. In this maximum value of 'n' = 3. So element Na is in 3rd
period.

(b) Group Number Determination : To known the group of an element, its valence

electron number and its block are to know. For example.
(i) For s-block element ns!-2 electron distribution is considered.

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

(2) For p-block element (10 + ns2np!-¢) formula is considered.

Here ns?np! valence electrons indicates group number (10 + 2 + 1) = 13;
Similarly, ns2np? valence electrons indicates group number (10 + 2 + 2) = 14.
._Q_}__lfor d-block element total electrons of two orbitals (n-1)d ns indicates group number.

(4) For all f-block elements, valence shell contain f-electron and are in group number 3.
o p———
Above rules are explained with 7 examples below :

Na (11 —>1s2 252 2p6 @ : Here period = 3; group =1

Cl (17) — 1s2 2s2 2p6 : Here period = 3; group = (10 + 7) = 17
Ar (18) — 1s2 252 2p§ : Here period = 3; group = (10 + 8) = 18
Cr.(24) —> 152 252 2p6 352 3p6 [3d545!|  : Here period = 4; group = 6

Ni (28) — 1s2 2s% 2p6 352 3p6 |538 ;éz : Here period = 4; group = 10
Cu (29) — 1s2 252 2p6 352 3p6 : Here period = 4; group = 11
Ce (58) — [Xe (54)] : Here period = 6; group = 3
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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, (f) 59.

Solution : (a) Electron distribution of element with atomic number 18 is Z (18) = 1s? 2s?
2p¢ . 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)— Is22s2 2pS 3s2 3p®
. Here maximum value of n = 4; so its period is 4th. From incomplete d orbital
(3d2) 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) — 1s? 2s22p¢ 3s23p6 3d!0 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 = 11.

(d) Electron distribution of element with at no. 16 is Z(16) = 1s? 2s2 2p¢ Here n
= 3; so its period = 3rd. It is a representative element and its group = (10 + 2 + 4) = 16. So
the element's position is period = 3; group = 16.

(e) Electron distribution of element with at. no. 48 is Z(48) — 1s2 2s2 2p6 3s2 3p6 3d10
4s2 4p6 [4d10 552|. Here n = 5, so period = 5th and its ndns electrons = (10 + 2) = 12. So the
element's position is period = 5; group = 12.

(f) Electron distribution of element with at. no. 59 is Z(59) — 1s? 2s2 2p6 3s2 3p6 3410
452 4pb 4410 552 5p6 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 contains ns' or, ns?
electron
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s-block metals are speciall known by two names; such as :

(i) alkali. metals and (2) alkaline earth metals.

(i) Alkali Metals : s-block elements of group -1 such as Li, Na, K, Rb, Cs and Fr are
- s < e —

called alkali metals. Because these elements react with water vigorously to produce strong

T ——

alkali and H; gas. Example.
— " 2Li(s) + 2H,0 (/) > 2LiOH (aq) + H; (g)
2 Na(s) + 2H,0 () — 2NaOH (aq) + H; (g)
2 K (s) +2H,0 (1) — 2KOH (aq) + H; (g)
(2) Alkaline Earth Metals : s-block elements of group-2 such as Be, Mg, Ca, Sr, Ba and

‘—_F-h—
Ra are called alkaline earth metals. Because oxides and carbonates of Mg and Ca metals are

—_— ——

"
found in soil or earth. Alkaline earth metals react with water slowly to form weak alkali like
e

Ca(OH); etc. Ca (s) + 2H,0 (I) — Ca(OH); (aq) + H; (g)

CaO (s) + HyO (/) > 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®  [Naqn |[ka9) |Rb37) |Csss) |Er 81
1s! [He] 2si | [Ne] 3s! |[Ar] 45! |[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 |[Xe]6s2 |[Rn]7s?

—

Period I Group— | 1 (1A) | m.peC |2 (2A) | m.p °C

2 sLi | 180.5 | 4Be |128

3 11Na 97.7 | 12Mg | 650

4 19K | 63.3 | Ca [842

5 3Rb | 393 [ 3sSr | 777 = (d) B, Fe, Nit

6 55Cs 28.4 | s¢Ba |727 * * Remember :

7 g7Fr — | gsRa | 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
W

(n 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.

(2) s-block metals are soft. For example, sodium metal can be cut with knife.
——

(3) Group-1 metals form unipositive ion o) donating their ns' valence electron.

Gro'u_;z metals form double positive ion (M2*) donating their ns? valence electrons.

(4) Group-1 and Group-2 metal ions have no unpaired electron, So their compounds
are ;c:;ourless. But exceptions are those which contain coloured negative ions like dichromate,
(K2C,07) chromate, (K2CrOy4), manganate (K;MnOy4) and permanganate (KMnOy).

SS_) s-block metal cations, having no unpaired electron, are diamagnetic, that is they are
repelled by magnetic field.

(6) The ionisation energy of group—I metals are lowest and comparatively metals of
gro;; 2 have higher ionisation energy.

(7) s-block metals are most electropositive and their reactivity increases from upwards to
dow;;ards in a group. For examgle, ; Cs is the most reactive metal. [Fr' is a radioactive
unstable metal.] ‘ | |

(8) s-block metals act as most powerful reducing agents.

—_—

(9) Except Be and Mg, other s-block metals form characteristic colour in bunsen flame.

—

(10) Except Be, other s-block metals can form ionic compounds with non-metals.

Due to smaller size Be?* ion never forms.”_AIthough Li atom forms, Li* ion, yet due to
[ ]  ——— =

more charge density its ionic compounds are converted into covalent compounds with

polarization. For this, Li-salts are less soluble in w iCl, LiBr, Lil etc. are more soluble in

ogganic solvent like polar liquid alcohol and acetone for same reasori.

S A

e
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Chemical Properties of s-block metals.

Group-1 metals : Group-2 metals :
2M (s) + Hg (g) — 2MH (s) G(s) + Hg (g — GHz(s)
M = Li, Na, K, Rb, Cs G _=Be, Mg, Ca, Sr, Ba
2M (s) + Xg (2) — 2MX (5) g(_S)F*:: ]x;r(fls} — GXg (s)
X=F,Cl,Brl 4 > 66 203 @ =200

6M (s) + Ng (2) &\ 2M3N (s)
M(s) + Oz (g) = 4M30 (s)

A
G(s) +2C(s) — GCq(s)
__(_.ECQ (s} 1 2HpO(l) — G(OH)(aq) + HC = CH (g)

M +206 DMG®
MoCy () + 2Hp0 () - 2MOH (agq) + HC=CH () | " group
2M (s) + 2Hg0 (I) = 2MOH (aq) + Hg () 1-2
2M (s) + 2HCl (ag) = 2MCl (aq) + Hy (g)

3G(s) +Ng(g) g G3Ng (s)

GgNg (s) + 6Hz O (1) = 3G (OH)q (s) + 2 NH3 (g)
G(s) + 2HoO(l) = G(OH)g + Hg (g)

G =Ca, Sr, Ba

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-

blomhe periodic table react with non-metals Hp, halogens (X3 = Fa, Cly, Brp, lgl), 09, No

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
nitride (Mg3N5) is formed. Here nitride ion of MgsNj is being polarised by Mg2* ion, Mg3N,
is hydrolysed in hot water like a covalent compound to form Mg(OH), and NH; gas.

Mg(s) + Na(2)-2> Mg3 N2 (5)

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

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

Mg(s) + 2C(s) 5 MgCy(s)

MgC; (s) + 2H,0(1) — Mg(OH); (s) + HC = CH (g)

i

3. Reaction with water : Group—1 metals being more reactive, react with water vigorously

to pmd-ae 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 compcaents of soil,

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). Later

,_..'——"___'-__——l—\__
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 water, Na reacts with

 m—

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-Z metals react with HCI acid

vigorously to produce H, gas and metal chorides. [Follow above table]

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

Representative Elements : s-block and p-block elements are called representative

eleements; because these elements follow Aufbau rule in filling their orbitals with electrons.

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

Period ! Group — | 13, 14 DL 16 17— 18
2 sB 6C 7N 30 9F jolNe
3 13Al aSi 1P 1S 17Cl AT
4 31Ga 3,Ge 33AS 345e 35Br 36Kr
5 49ln 505N 515b sale 53l seXe
6 g1 Tl g2Pb g3B1 g4Po gsAt g6RN
Valence Electron Set :| ns?np! ns?np? ns?np? ns2np4 ns2np’ | ns2np®

General Properties of p-block Elements :

Mtal number of p-block elements together with newly discovered Nh(113), FI (114),
Mc(115), Lv (116), Ts(117) and Og(118) are 36. These p-block elements include 08 metals
(Al, Ga, In, TI, Sn, Pb, Bi. Po except six radioactive elements) 7 metalloids or semi metals (B,
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).

Chemistryv—First—32



. 250 Chemistry — First Paper

(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.
(3) Most of the p-block elements are electronegative non metals.

(4) In a period from left to right, with the increase of atomic no. of the elements valence
p————

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

elements' atomic sizes gradually decrease.

(5) In a period from left to right reducing property of the element decreases gradually.

N —

(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.

(7) In a group, the atomic sizes of the elements increase gradually, the ionisation energy,

of an element decreases and metallic property increases.

(-8—)—_111__3 same group from upwards to downwards the reducing property of the element

increases.

(9) p-block elements form covalent bonds among themselves and form ionic bonds with

—

different metal atoms.
(10) 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
stable octet set valence electrons (except 'He' having 1s2 electron set). wc

metals of group-16 are found in nature as metal-oxide and metal sulphide ores in mines. So

group—16 elements likc O, S, Se, Te are called “Chalcogens' or 'ore-forming elements'. Most

of p-blocks elements are non-metals. Among p-block elements seven elements like B, Si, Ge,

As, Sb, Te and At are called 'metalloides due to having their mixed properties of metal and

non-metal. In periodic 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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Common Chemical Properties of p-block Elements :

There are six groups in p—block‘eiefrﬁen'ts". Iri*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!~%. 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 (s) + 3Clg (2) > 2MCl3 (5) 2M (s) + 6H20 (2) 'U‘j;c—),zm (OH)3 + 3Hg (2)

M=B, Al Ga, In, Tl M =B, Al, Ga, In Tl

2B (s) + 3Clg (g) é) 2BCl3 (s) p-block At room t1emp. Al forms anti-corrosive layer of Al203 in contact
4B (s) + 309 (g) é) 28504 (acidic) with walter.

dAl (s) + 309 (2) earZAIg()s (amphoteric) Gr-13 2M (s) + GHCI (aq) — 2MClg + 3Hg (g)

2M () +Ng () > 2MN (s) (nitrides) ¢ > M=Al, Ga, In Tl

M=B. AL Ga.In Tl 2Al(s) + 6HCl (aq) — 2AICl3 + 3Hg (2)

AIN(s) + 3HaO(/) - Al(OH)3(s) + NH3(g) 2A1(s) + 1(%)1&?'3 — 2A1(NO3)3 + 6NOg + GHg O

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

AlCl; (s) +3H,0(/) — AI(OH);3 (s) + 3HCI (aq)

AIN (s) + 3H,O() — Al (OH); (s) + NH;3 (g)

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

‘_:1‘_.__=_Formation of binary Compounds : Boron, the Ist element of group —13, is a metalloid,

but Al , Ga, In, Tl are metals. They are less reactive, so they react with Cl, Oz, Np at high

temperature to form chloride, oxide and nitride. [Follow above table]
2o F:brmation of Acidic oxide : Boron oxide (B203) is acidic. So B;O3 reacts with water to
" form orthoboric acid H3BO3 or By03.3H;0 and metaboric acid HBO5 (or B303. H;0)
(i) B203(s) + HoO() —> 2HBO; (s) [with less water]
(if) B203(s) + 3H,0(!) — 2H3BO3 (s) [with more water]

3. Formation of Amphoteric oxide : Al,03 is amphoteric, So Al,03 reacts separately

——— e

with acid (HCI) and cong. alkali (NaOH) to form salt and water in each case.
AlyO5 (s) + 6HCl(ag) —> 2AICI3 (ag) + 3H;0 (1)
Alj O3 (s) + 2NaOH(aq) — 2NaAlO; (aq) + Hz0O (1)
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4. Hydrolysis of nitrides & Chlorides : Due to maximum polarisation in metal chloride
“(AICl3) and metal nitride (AIN), (see article- 3.15.2) both AICl3 and AIN, like covalent

compounds are hydrolyzed by water to form AI(OH)3, HCI and NHj gas.
AICI5(s) + 3H,0 = Al(OH); (s) + 3HCI (aq)
Al N (s) + 3H,0 = Al (OH);3 (s) + NH3 (g)
Know More : AICI; forms dimer molecule (Al;Clg)

The cause of dimer formation by AICI; is due to much polarisation of chloride (CI7) ion
by highly charged AI3* ion. Primarily AICI; is formed by ionic bond or AICl; 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 (A12Clg).

Cl**Al* Cl -
| x I CI .
| & o G
| monomer (AICI 3 Cl/ R\: CI/ el

dimer (Al,Clg

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

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

P p——
___5_._____ Replacement of H of acid : Being less reactive, metals of group-13 can replace H from

H>0 at 100°C to form metal hydroxide and Hj gas. Besides this, these metal replace H
from acid like HCI acid [Follow above table].

2Al (s) + 6 HyO(g) — 2AI(OH)3 (s) + 3Hz (g)
2Al1(s) + 6 HCl(ag) — 2AICI3 (aq) + 3H3 (g)

6. _Reaction with Oxidising acids : In oxidising acid like conc. HNO3 acid, B is oxidised to
—_

B203 and HNOj3 is reduced to NO gas. Again acidic BoO3 forms H3BO3 acid with water,

Similarly, Al metal reacts with HNO3 to form first A1303 and NO; gas and then reacts
with more HNO3 to form AI(NO3)3 salt and water. [Follow above table]

At first HNO3 dissociates into HO, brown NO; gas and nascent oxygen atom [O].

e
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Reaction with 'B' : 2HNOj (conc.)
2B + 3[0]

— H,0 + 2NO; + [O]....x 3

— B703

B;03 +3H,O0O — 2H3BO3 [boric acnd]
- HgO + 2NO; + [O]...

Reaction with 'Al' : 2HNO3 (conc)
2Al + 3[0]

— Al7O3

Al,O3 + 6HNO3 — 2AI(NO3)3 + 3H0

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

Like group—13 elements, the elements of group-14 also react with oxygen, halogens, Hj,

atomic numbers as follows :

A
M (s) + 2Clg (g) — MCl4
M =C, Si, Ge, Sn, Pb
but SnClg . PbClg are ionic

M (s) + Oz (g) = MOy (acidic)

S$n0g, PO (ampholeric)

SnOg + 2NaOH — Hg O + Nag SnOg stannate

A
C(s) + 2Hg (g) — CHy4(g)
Si(s) + 2Hq (2) e} SiHy4 (g) silane

—

SiH4 (2) + 204 (2) = SiOg (s) + 2Ha 0 ()

p-block
Gr-14

(1) Reaction with Cl; : Non-metal C and Si and metal Sn and Pb each reacts with Clp at
. ————

high temperature to form tetrachloride, But Sn and Pb form dichloride salts whlch mostly

ionic. [Follow above table]

(2) Reaction with O3 : All elements of group-14 react with O2 at high temperature with
tetra-Valency. For example, acidic CO,, SiO; and oxidising againts like SnO3, PbO act as

steam, acid and alkali solutions. The reactivity of the elements increase with increase of their

1300°C

C(s) +HgO — [CO (g) + Hg (g)]
sleam waler gas

Si (s) + 2Ho0 (stcam}é" SiOg (s) + 2Hg (8)

Pb(s) + 2H30 (D> Pb (OH)a (s) +Ha (2)

Sn(s) + 2HCl(ag) — SnClg (aq) + Hga (g)
Pb(s) + 2HClI(aq) — PbClg (s) +Hg(2)

They react with acid only.

Metallic property increases downwords

Sn +2NaOH + H2 O — 2Hgo + NagSnOg

stannate
Pb + 2NaOH + H30 — 2Hg + Nag PbO3
Plumbate

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

amphoteric and react separately with conc. NaOH and HCl acid forming salt and water.

Sn0, as base : Sn0, (s) + 4HCI (aq) — SnCly (aq) + 2H0 ()
Sn0; as acid : SnO, (s) + 2NaOH (aq) — Na,Sn03 (aq) + H,0 (1)

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

PbO as acid : PbO(s) + 2NaOH (aq) — NazPbO; (aq) + H0 (I)
sodium plumbate
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Know More : At room temp. CO; is a gas; but SiO; is solid substance.

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.Structure of CO, molecule is

I

linear; such as —

:6: xCx :6: or, O=C=0

CO, molecules are attracted by weak Van-der-Waal's force only. So at room temp. CO; is

—

a gas.

On the otherhand silicon dioxide (SiO,) is a polymer compound i. e. large number of
Si0, molecules are bonded among themselves with covalent bonds forming stable associated
molecules. This type of large associated molecule is called polymer compound or giant
molecule, In the polymer structure each Si atom is bonded with 4 oxygen atom and €ach O

atom is bonded with two Si atoms forming a tetrahedral structure. Each uﬂ{zdral is bonded

with O atom forming polymer-chain (SiOj),.

—0-8i-0-8i-0 —§i-O- Q. Q
| | i 5 N
ORS00 SO 71
‘ _,.4 - : )
- 0-8i-0-5i-0 $i-0- S s
OROREG o~ G

| |
— 0-Si-0-Si-0 -Si-0— Fig- 3.2(a) : Tetrahedral structure of
Fig- 3.2 : Polymer (SiOp)p, structure SiO3 unit in Polymer structure

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

energy is used for this. Hence melting point and boiling point of poly;m’cr silicon dioxide

(Si0,)q is much high; Such as m.p = 1610°C and b. p. = 2230°C. At room temp. silicon

e

dioxide (SiO;) is a solid crystalline substance
___.---""""-—

a—

(3) Formation of hydride : The elements of group-14 react with Hp to form

———

tct:ahydridcs called silane. [Follow above table]

(4) 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.

(5) Replacement of H from HCI : Metal Sn and Pb can replace H from HCI acid.

(6) Hydrolysis of Halides : Except CCly, other covalent halides of group-14 like SiClg4

= s -
are hydrolysed in contact of water. The first condition for hydrolysis of a compound, the

— —

@

-~
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central atom of covalent compound must contain a d-orbital vacant. With that vacant d-
——l-'-'-..--.__

orl;ital, a co-ordinate bond is formed with lone-pair of O atom of H,O. The C-atom of 2nd

period element hﬁs no d-orbital, So CCly is not hydrolysed in water.

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

SiCl; + 4H-OH — 4HCI + §1£C’)‘I-_I)_q [silicic acid]
CCl, + H;0 — no reaction

Explanation : The hydrolysis of SiCl4 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
ci-sicl+ o— D d—a Si- oM + Hel
-1 1—:Q): ==
| TR o H l
Cl Cl cl

In this way four Cl atom of SiCly are replaced by four —OH groups of water molecules to
form silicic acid (H4SiOy).
SiCly + 4H-OH — 4HCI + Si(OH),
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<—OHj;. As Si is the element of 3rd period; it has vacant 3d orbital at

which electron-pair can be supplied by H,O to form co-ordinate bond; and thus octet

expansion for Si atom is possible. Later in final product Si(OH)4 molecule Si atomm

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>O) can not get
opportunity to form intermediate compound with co-ordinate bond between C atom and O

atom of HyO. Thus CCl, is not hydrolysed.

(3) Chemical Pmpertigs of p-block Group-15 Elements :

Like group-14 elements, the elements of group—135 also react with halogens, oxygen and

H, gas. N2 and Cl; react to form NCI; only, but other elements form pentachloride with octet

expansion using their d-orbitals, N forms 5 oxides, P forms 4 oxides. Oxides of the both

= T

R N —— ——
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elements N, P with oxidation number + 3 and higher are acidic which form oxoacids with
water forming HNO,, HNO1, H3PO3 and H3POy acids.

Know More : Next to inert gases, Ny is an inert gas; so N3 gas is uscd as inert medium.
__--'-'-'-'-.-_ =

Explanation : From electron distribution of N atom, N(7) — 1s2 252 2px! 2p,! 2p,!, itis

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 (N3), after formation of nitrcgen—nitrogen sigma bond, each of two
remaining p-orbitals of one N atom can overlap side-wise with similar p-orbital of other N

atom to form two pi-bonds (N=N). Thus triple bond formed in nitrogen molecule (N = N)

—_—

becomes more stable. Bond-strength of this triple bond is 945 kJmol-! and bond length is
0.1098 nm.~ e

For this reasons, N3 molecule is chemically inert much. Actually next to inert gases of
group-18, nitrogen molecule is inert. So N; gas is used as inert medium. But at high temp
like 3000°C the triple bond of N, molecule breaks stepwise to form atomic nitrogen and then

it becomes chemically active. =l 3

’--4'"'_-—___ = i3 o .e .e e e s
NEN M’ (] N=N- £—+ .N—.N’.——bﬁz QN.
A :
2M + 3Clp (g) = 2MCl3 Ng O3 + Hg O — 2HNOg (nitrous acid)
M=N, P, As, Sb. Bi NgOs +H30 — 2HNOg (nitric acid)

2P + 5Clp (g) — 2PCls

p-block| | NoO4 + Hyp O — HNOg + HNO3

2M + 309 (g) = Mg O3

Gr-15 Oa +3H OM_’ZH PO
2N; (g) + 502 (2) = 2N20s (5) Falsitctia St

60°C
P4 (s) + SO5 (g) = 2Py Og (s) ¢ -~ 2P303 + 6Ho O — 3Hz PO4 + PH3
10°C e
Ng (2) + 3H3 (2) E, 2NH3 (g) Py 0s + Ho O——— 2HPQ3 metaphosphoric acid
P4+ 3KOH + 3Hg O— PH3 + 3KHg POg Pg0s +3Ha O sc, 2H3 PO4 orthophosphoric acid

% Chemical Reactions of Group-15 of p-block Elements & Rule to Remember.
(1) Chloride formation : Trivalent N forms NCl3 with Cl;. But P, a member of 3rd
'...——-'.---_-'-—-_—"
period , at excited state can transfer one electron of 3s2 orbital to vacant 3d orbital to get five

unpaired electrons. Then P atom can form PCls in addition to PCl3. It is called expansion of
octet by P atom. ST 0 e

For example, electron distribution of N(7) = Ls2 252 2p,! 2p,! 2p,!. Then N atom having
three unpaired electrons, can react with halogen atoms (F, Cl, Br, I) to form trilialides like NF,

NCl;, NBr3 and NI3 with covalent bonds. Here N atom shows co-valency 3.
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N3 (g) + 3Cl, (g) — 2NCl3 ()

Here NF; is stable much and NCl3, NBr3 and NI3 are somewhat explossive.

Similarly, phosphorus atom having 3 unpaired valence electrons, can show co-valency 3.
But at excited state of P atom one electron from 3s? can jump to vacant 3d orbital to get 5

unpaired electrons. Then P atom can show co-valency 5.
P (15) = 1s? 252 2p6 3s2 3p,! 3p,! 3p,! 3d°

So phosphorus can form pentahalides together with trihalides. But with iodine PIj is

formed but PIs is not formed. Phosphorus with limited Cl, can form PCl; and with excess Cl,

forms PCIS Gs
P4 (s) + 6Cl; (g) — 4PCl; ()
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

covalency. So NCls is not formed.

(2) Oxide formation : Non—-metal N has five different oxides like nitrous oxide (N20O),

nitric oxide (NO). dinitrogen trioxide (N203), dinitrogen tetraoxide (N204) or nitrogen
dioxide (NO;) and dinitrogen pentoxide (N20s). Here N3O and NO are neutral oxide. Other

three oxides are acidic. They form oxoacids with water. [Follow above table].

* Acxd anhydride like PZOS combines with less number of water to form metaphosphoric

acid (HPO3) and with more water to form orthophosphonc acid (H3POg4) or Phosphoric acid.
e 4] o s
(3) Hydride formation : : At high temp. 500°C and high pressure (200 atm) in presence
of catalyst iron powder, N; gas and Hj gas react to form ammonia (NH3).

But with conc. alkali (NaOH), white phosphorus on heating, forms phosphine (PH3) gas
_-_-____,_.—-—'—'-_.—__-’ A —————

and sodium hypophosphite (NaH,PO;).

S0, Fe.
Ny(g) + 3H2 (9] W— NH3(B)

P4(s) + 3 NaOH(aq) + 3H,0 (1) —2— PH; (g) + 3NaH,PO, (aq)

Basic Property of NH; and PH; : Ammonia (NH;) and phosphine (PH;) molecules both
contain lone pair electron which can donate to proton to. form co-ordinate bond with proton.

So as proton acceptor or electron pair donor both NH3 and PHj are bases. :

HiN: + H* —— [I-I3N..—->H+ ] or, NH;" (ammomum ion)
'mistry—First—33
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. H3P: + H* —— [H3P:—»H* ] or, PI-I4+ (phosphonium ion)

But NHj; is more basic than PHj. It has following two causes—

(1) First cause is that electronegativity of N atom (3.0) is more than that of P atom 9._,1.2-

Due to more electro-negativity, in comparison to P-H bond, here N-H bond electron cloud is
attracted more towards N atom:.

(2) 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) Hydrolysis of Halides : Except NF; other halides of group-15 elements are

hydrol;;:d in contact of water. For example, NCl; is hydrolysed in contact of water to
e
produce NH; gas and HOCI acid (hypochlorous acid).

NCl; + 3H,0 — NHj + 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 NClj
molecule Cl atom has vacant d-orbital, although N atom has no vacant d-orbital. So O atom
of H,O can make co-ordinate bond with CI atom of NClj as follows and finally after bond
dissociation NH3 gas and HOCI acid are produced.

CINZC
i T —HOCI 2H,0
CLIN-Cl+HO—> : — > Cl,NH ——= NH; + 2HOCI
H-O-H
P in contact with water (like NCI;) is hydrolysed to form HCI acid and H3;PO3
(phoéphorus acid). PCl; + 3H,0 — 3HCI + H3PO4 ;

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 PCl3 gets hydrolyzed as follows :

ClzP—(C.,.l‘g A I H
GEECI oS IRT=— H—O—PQl—zﬁzng_o_pQH +2HC

u HCI
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Again PCl;s is hydrolysed to form H3PO4 and HCI. This hydrolysis occurs in two steps. At
first step phosphorus oxychloride (POCl;) and HCI and at 2nd step POCl; is hydrolysed to
form H3;PO,4 and HCI acid.

PCls +H,O — POCI; + 2HCI

POCl; + 3H,0 — H3PO, + 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. Most of the metals remain in

earth surface as metal oxide and metal sulphide as their ores in mines. So elements of group
arth suriace

-16 (like O, S, Se, Te etc.) are called ore-forming elements or “Chalcogens.' Other reactions

of this group elements are shown below :

H,0

, 23 ———————> HSO;
(iquid) HO 7 ] S0,— |koH .
H,Te, H e H;0 e Sy
o || et e HS04
HPo, HSe — S0, — |KOH
: p-block O I K;SO4+ HO
metal oxides : 0, , > H,SeOs
N2,0, MgO St ’ [ Se0| KOH '
—— K;SeO;+ HO
CUO, Fe 03 metal
2 H,0
. ¢ % ] ———————> H,SeO;
metal sulphides St
2 - Se0,— o Selenic acid
K;S, MgS L K,SeO,+ H,0
— TeO; ionic basic
CuS. FeS c Selenate
¢ - - v - — PoO,” compound
7 T T )
monohalide _ dihalide tetrahalide hexahalide

S;_Fz. S;\CI 2 SClz, SeCl 2 SF* SCI 4, SeF4 SF(, SCFS, TEF6
* Chemical Reactions of Group-16 of p-block Elements & Rule to Remember :

(1) Hydride formation : Elements of group—16 form oxides with oxidation number—2;
(e SO RT

such as HyO, H,S etc. Again with oxidation number -1, oxygen forms H,0, (hydrogen
peroxide).
Characteristics of hydrides :

(i) At room temp. among different hydndcs of group-16, only hydride of oxygen or
weater (H,0) is liquid. Hydride of sulphur (HS) is a gas. Cause of this is smaller size of



o T e
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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__.Q\: .....H__O\: ..... H—O \ woH _o\'r'
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 (H,Se), polonium hydride (H2Po)
etc. are gases.

(11) Reducing property of hydrides (H,O, H,S) : I-I;;O HZS have reducing property

____‘___.—--‘

and with increase of size of central atom of hydrides, their reducmg prOpertyr_-z_L_}_so increases.

—

e S S L
Because with increase of size of negatlve ion their charge densuy decreases. For example,
charge density of sulphide ion (S%-) is less than oxide ion (0%°). As a result stability of
hydrides decreases and their reducing property increases. For example, hot water reacts with

C1, to produce O, gas and at room temp. H,S reduces Cl to HCI and H,S is oxidised ot S.
= A =1 0
2H,0 3 PRI = L AHCL T O,

H$ + S SN AR s
(iii) Nature of hydride : Hzl S (hydrosulphuric acid) is a weak acid; but H,O is a neutral
compound. H;O can act as proton donor and proton acceptor both depending on condition.
Hence water is an amphoteric compound. Besides this, hydrogen per oxide (H,03) is an

acidic oxide.

Proton donor H,0 as acid  -: H,0 (I) + NH3 (1) — NHI (aq) + OH (aq)

acid base

Proton acceptor Hy0 as base : H,0 (1) + HCI (g) — H0'(aq) + €l (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;03 etc. Similarly metals form
sulphides on heating with sulphur. ‘

A SEREA
4Na+ 0, —2Na,0;  Mg+S —> MgS
A A
2Cu+0; —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,O  — H,SO0j; [sulphurous acid]
SO, +2KOH — H,0 + K;S0; [potassium sulphite]
SeO, + H,O  — H,SeO; [selenus acid]
SeQ, +2KOH — H,0 + K,SeO5 [potassium selenite]

(4) Halide formation : On heating sulphur with halogens monohalides (S;F3, S;Cly),
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 H,, 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 IFs (iodine penta fluoride).

Ka

Hg O —
6.8 x10-4 HF (aq) oot HF (@ Fg +HaO—2HF + Oy

g 5 X,+H0 = HX+HOX <—
25x107  HCl (aq)——2— HCl g disproportionation

H,O H reaction
32x10°  HBr(aq) = HBr@ k—2Ip-blocklls x,42KOH — KX+KOX+ Hi0
10 x 101 HI (ag) <l HI () Gr-17 _here X = Cl, Br, [

A

IF5 + IF7 Ig + 6Fg
A
BrF3 + BrFs— Brg + 4Fg |

% Chemical Reactions of p-block Group -17 Elements and Rule to Remember :
(1) HX Formation : With Hy ga{s halogens (X3 = Fa, Cl, Br, I5) form hydrogen halide

(HX) gas. Except HF, other halides HCI, HBr, HI remain as diatomic molecules; but due to H-
f'-'_—_—-—‘

bond between HF molecules, HF molecules remain as associated molecules (HF), and its b.p.
_......__,..—....___.---‘—--.._.__.__\

"’--"-‘-_,_.———
is 19.5°C. Aqueous solution of HX gas is called halogen hydracid HX(aq). Gradatmnal
strength of different halogen hydracids is HI(aq)> HBr(aq)> HCI> (aq)> HF(aq). From the
value of acid dissociation constant K, it becomes clear. The values of K; are shown in above

table at the side of each acid.

T e A
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(2) F; is the most reactive element : F; and Cl, are stronger than Op. Hence F; can

oxidise H,O completely by forming O3 gas and HF(aq) acid.
2F,(g) + 2H,0(!) — 4HF(aq) + Oa(g)

(3) Disproportionation Reaction of halogens : With water Cl; reacts slowly to form
hydrochloric acid HCI (aq) and hypochlorous acid or chloric(I)acid [HOCI(aq]. Here

between two Cl atoms one is oxidised and other CI atom is reduced, so this type of reaction 1s

—

called disproportionation reaction.

—— o—— 1 _ I
Cly(e) + HyO(l) — HCI(ag) + HOCl(aq)

In product HCI, the oxidation number of CI is — 1; so here reduction of Cl atom occurs

and in HOCI, the oxidation number of Cl atom is +1; so here oxidation of Cl atom occurs. In
—
elementary Cly, its oxidation number is O (zero).

Similarly with KOH solution Cl, gives disproportionation reaction of Cl atom to form
* potassium chloride (KCI) and potassium chlorate (I) salt and water.

(o] 25oC -1 +]
Cla(g) +2KOH(aq) <2~y KCl (aq) + KOCl(aq) + H20()

(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

e

; R e e
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 témperature

~in presence of catalyst Ni-powder to form xenon difluoride (XeE,), xenon tetrafluoride
- __‘---‘__-‘__'_._._‘-‘\;_.
(XeF4) and hexa fluoride (XeFg). &

400°C, Ni
— XeF2 (s)

p block Ly : -
Gr-18 b | 400RC NS S e )
6 atm 4

400° C, Ni R
>
6 atm eFg ()

* Inert element xenon (Xe) reacts with flourine to form xenon fl‘uorides.

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 :

2

Xe(54) = 1s? 252 2p5 352 3pS 3d10 42 4p6 4d10 |552 Sp 593 P

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

distribution of Xe becomes : Xe (54) =... 5s2 Spi 5p§ Spé Sd,l{y . Here two unpaired

electrons exist. Then before reaction, sp3d orbital hybridization occurs in Xe atom to form 5

hybrid orbitals (Sw% Sw% 5\4!% 5\IJ¢£, Swé). Among these 5 hybrid orbitals two hybrid orbitals
with single eletron combine with two F atoms to form XéFg. Then valency of Xe atom is 2.

Xe (2) + Fa(8) 4L Xep(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 :

2P| | S | 1
*;(3(54) = Ss2 Spy Spy 5p, dey dez. Here 4 unpaired electrons exist.

Then with this electron distribution sp>d2 orbital hybridization occurs in Xe atom to form
6 hybrid orbitals (5 le 5y} 5"!’,l S‘l"; SW; 5‘1’6])- Then 4 hybrid orbitals with single

electron combine with four F atoms to form XeF4 (xenon tetra fluoride) with its valency 4.

400°C,Ni
2

X
Xe(g) +2F; (g_)___5_6__a_zt_?)____f§-——
Fo -\Y = F.-
T\® /:F N @‘!'F
%F ’I‘/XG 1 F ST c 1 F
g F —@ —-\'.F K Al ;’f
XCF2 XcF4 XEFG

Linear Plane- square Pentagonal pyramidal
Fig-3.2(b) : Structures of XeF,, XeF,; and XeFg

Similarly by transfer of 3 unpaired electrons to 5d orbitals and with sp*d? hybridization
Xe atom gets valency 6 to form XeFg. Again by transfer of 4 electrons to 5d orbitals and with
sp3d4 hybridization Xe atom gets valency 8.

Again Xe atom can be excited, but smaller atom like Kr, Ne etc. can not be easily excited.

For this reason Ne can not form flouride.
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Smdent's Work-3.2 : Problems Based on s-block and p- -block Elements :

i Problem—S 2.1 : Be and Mg do not form any special colour in flame test; explam
,.'-_:'Prob]em—S 2.2: Sodium metal is preserved in kerosene; explain why.
-~ Problem-3.2. 3: Explain what happens when Mg metal is heated with N3 gas and the

product is mixed with hot water.
. Problem-3.2.4 : Explain what happens when Ca metal is heated with C- -powder and the

o product is mixed with water.
: _Problem—S IS8 Explam what happens when B is heated with oxygen and the product is.

rruxed with water

.Problem- 3 2. 6 Aleg, is an amphoteric oxide; establish it with related chemical

: reactlons

Problem-3.2.7 : MUDDS what happens when Al metal is dissolved in
conc. HN03 acid. :

~ Problem-3. 2.8 : mhappens when Al metal is heated with N; gas and the

iiroduct is mixed witH hot water. .

: .Prob]em—3 2:95: Explam CC}4 is not hydrolysed in water; but SIC14 is hydrolysed.
Problem—3 2.10 : SnO; is an amphoteuc oxide; establish it with chemical reactions.

: Problem— 3.2.11 : PbO is an amphoteric oxide; prove it with related reactions.

- Problem—3.2.12 : With Cl, gas N, forms only NCly; but P can form PCl; and PCls;

,_::-".;-_':explaln why.

fProblem—3 2.13 : NCI3 is hydrolysed with water; but NF3 is not hydrolysed explain why

-.Problem—3.2 14 : PCl3 is. hydrolysed with water; explain with equation. '

I_I-’ll'oblem-S 2158 Comparatwcly PCl; is hydrolysed rapidly than NCl3; explain why

'Problem—B 2. 16 : NH; and PH3 both show basic property; explain why. ;

Problem—-S 217 : NHj is more basm than PH;; explain why.

Problem-3 2’18 I—IzO is a llqlﬂd but HpSisa gas; explain why.

"qblem— 3.2.19 HpS and H,0. both show reducing property; explain w1th reactions.

& i'::oblem-s 2.20 : H,0 is an amphoteric oxide; explain

o Problem—-B 2 21 Explam the physwal states of Group—l?(or VIIA) clements. _

e R . aen 2017]

reactlon, prdve lt. : _ gt
roblem—3.2.22 What are mtcr—halogen Compounds‘? Explam thh examples ;
: Pfoblem—3.2 23 Xe atom has octet valence shell yet it can forrn xenon dlﬂuorlde '
: (XeF ): explam how it occurs. : .t R s

-




Periodic Properties and Bonding in Elements 265

3.2.3 General Properties of d-block Elements

The electron distributions of the d-block elements in their outer two energy levels is (n—1)

d!-10 ns!-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) —»1s22s2 2p6 3s2 3p6 [3d 4s2|.  Fe26) —» 152 252 2p6 3s2 3pb @
Classification of d-block Elements : -
3d-block elements : Sc(21) — Zn(30); outer two orbits 3d!-10 4s!-2
4d-block elements : Y(39) — Cd(48); outer two orbits 4d!-10 5s!-2
___.-—-"'-—--_ L
Sd-block elements : La(57), Hf(72) — Hg(80); outer two orbits 5d'-10 6s!-2

e ————

6-d—block elements : Ac(89), Th (90), Rf(104) — Cn(112) ; with 6d'-10 7s'-2

J—

Period block | Group | 3 4 5 6 I 7 8 9 _10 11 12
1 v
4 3d 218¢ | 2Ti |23V | 24Cr | 2sMn | 26Fe | 37Co | 2gNi | 29Cu 30Zn
5 4d 39Y | a0Zr | aiNb | yoMo | 43Tc | 44Tu | 45Rh | 46Pd | 47A8 | 48Cd
6 . 5d s7La | 72HT | 73Ta | 74W | 75Re | 760s | 77Ir | 7Pt | 70Au | goHg
7 6d 89Ac | 104RT li0sDb | 10658 | 107Bh | 108Hs | 109Mt | 110Ds | 1uRg | 112Cn
90T | 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,
denmc (21) is minimum like 3.4 g cm3. Iridium. Ir(77) of 5d block has maximum
density of 22.61 g cm™, then Osmium Os(76) has second highest density 22.59 g cm3,

(2) Except gr-12 elements, other d-block elements have partially filled d-orbital and most
of ;l-;;r} have variable oxidation number.

(3) d-block metals have high melting point and high boiling point. For example tungsten
(W)‘l;;s the highest m.p. (3410°C) in Sd-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 ;'.trong (except liquid mercury, Hg (melting point
is —EE.B&'C) ;

(5) d-block elements are good conductors of heat and electricity.

——

Chemistry. —First—34
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(6) The ionisation energy of d-block element is higher than that of s-block element; but
et
lower than that of p-block elements.

(7) d-block metals are less electropositive than s-block metals.

A .

(8) Most of the d-block metals are paramagnetic, that is they 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 : Sc?*, Ti*+, Zn+, Cu* ions]

(9) Most of the d-block metals can form good metal alloys.

T

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

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

of present syllabus.]

Transition metals : Those d-block elements which have at least one stable ion with partly

filled d-orbital (like d!-?) are called transition metals.
(_-——__‘-__._————_-_____-__-________ B

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+* i contain

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

Fe(26) — 1s2 2s2 2p6 3.52 3p%3dS-4s2 [d-orbital element) Nt ; ah d group 2. E
Fe2+(26) —> 1s2 252 2p6 3s2 3p6 3d6 [Transition metal ions with [ element ¥ 2~ 0r
: (a) Period-5 group 1 £y
Fe3+(26) — 1s2 2s2 2p% 3s2 3p% 3d5 partially filled d-orbitals] (b) Period-5, group e
(¢) Period-5; gl:oup- A
(d) Period-4, group -2 =

b-'l

~ Transition elements have following characteristic properties :

(1) Variable oxidation states; (2) Formation of coloured ion,
(3) Formation of complex ion, (4) Catalytic action, (5) 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 Ag*, Cd2*, Hg?* contain d'¢ electronic

structures. However the chemistry of these elements are discussed together with the chemistry

of 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-? electron distribution are

called transition elements. But those d-block elements which have cations with d-orbital either
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vacant (d°) or fully filled up (d!9) are not transition metals. Those d- block elements can not
show special properties like variable valency, coloured compound formation, complex
compound formation. Hence those d-block elements are not transition elements. For
example, Sc (21) and Zn(30) are d-block elements. Here stable Sc3* ion has vacant d-orbital

(d°) and Zn2* ion has fully filled d!? orbital. So Sc and Zn are not transition elements :

p—

Sc3+(21) —> 1s2 252 2p6 352 3pS 3d° Zn (30) —1s2 252 2p% 352 3pli l3dl

I;Student S Work 33 d- block Elements &Transnhon Elements Based

'__Problen1—3.3(a) Wnte the electron dnstnbunons of follomng atoms and thexr lon

fthen conl' irm them Wl'llCh are transntmnal metals and Wthl'l are only d-block metals
_‘Cr (24) Cr3*: Mn (25), Mn3+ N1 (2’7), le+ Cu(?.9) Cu2+ Pb(46), sz“' Cd(48). Cdz*"
_Problem—?, S(b) Cr (24) zmd Cu(29) havc exceptwnal electron dxsmbutlons eﬁplam

?Prublem—B 4(&)

{transxtlon elements of pen

(A) Physical Properties of 3d-block Elements :

The physical properties of 3d-elements are mainly—(i) they have brightness, (ii) with the
] R P T — —
increase of atomic number or increase of atomic mass but decrease in atomic radius in a

period, their density increases. Among 3d-metals scandium [Sc(21)] has minimum density of

3.4g cm= and Cu has maximum density of 8.9 g cm=3 in 3d metals. Of all the metals iridium
(Ir (77] has highest density of 22.61g cm=3 and next to Ir is Osmium [Os(76)] having density .
22.59gem=3; (iii) depending on metallic bond 3d metals have high melting point (m.p.) and

high boiling point (b.p); (iv) 3d-metals have special magnetic property and (v) they act as
I gp P AR

catalyst in chemical reactions.
¥ .ﬂh‘q_——————"_-_-‘
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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, Sc(21) has m.p. 1541°C and increases gradually upto vanadium
V(23) with highest m.p. 1910°C and then decreases abruptly to manganese Mn(25) at middle
of the period with m.p. 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 d’ 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.

3di-! 451-2

Sc(21)-—)3d'452 (11 [ | | |[1}] [unpair m.p.C} o0 o —3
Ti(22)—>3d%s> [1]1] | | | L T.miﬂ/ \ | - o=
V@3)pidast [ 1] [0 1910 |5 € IRE!
Crgfyssasas’ [AATATATT] [4] [Raieitea 1875 |5

5)—-3ds4s? [TTATATATA] [14] [electrons | 1245 2 ** 2
e@6)>3d%4s? MAAA][Iy] JAean  [1536]] ==
Co(27)—3d%4s® [LAV[1T4T41[4 &letiron | 11453 : —> dlomic number —»
Ni(28)—>3d84s2  [AV[ALTAT1T1] g dectesses 6z F 13_‘3-2(“]:““‘““3 point (°C) Vs
Cu(29)—)3dm4sl M‘”H “1 Irl'”-l l—g:c‘::’oprfir 1083 atomic number of 3d block elements
Zn(30)—3d04s> [{L[1L[AL[AE]41] TL_herc 420

Again Fe(26) atom contains 4 mobile unpaired electrons, so m.p. of Fe increases abruptly
o 1536°C. After that with decrease of number of unpaired electrons, the metallic bond

—_—N

energy decreases and m.p. of the related metal also decreases gradually upto _Cu(29) with-
m.p. 1083°C having only 4s! mobile electron. Zn metal atom has no unpaired mobile
electron; 50 Zn has lowest m.p. 420°C in 3d metal series.

——

(2) Magnetic Property : We know from spin quantum number of atom, each electron,

due to its spin movement, acts as a thin magnet producing poor magnetic field:_’S’ppc
spinning unpaired electrons creates magnetic moment (4 = Q X r) and shows magnetic

e

\._‘_'_'_‘_'—ﬂ-'_.—.—~
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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. According to behaviour towards external

magnetic field matters are classified into 3 types; such as : (1) paramagnetic, (2)
it ol

—-'-"'-"-—.-_ . . -
ferromagnetic and, (3) diamagnetic.
S s

(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 present in an atom or ion can be
Ithel UL

determined by the magnitude of its paramagnetic attraction. The transition metals' ions with

———

unpaired electrons like Ti3*, V3+, Cr3*, Mn2*, Fe2+, Fe3*, Co?*, Ni2*, Cu2* are all

paramagnetic.
IR -~

_H-'-—._.-__ .
(iii) Diamagnetic : The substances which are not attracted bl e
repelled mildly, arecalled diamagnetic substances.

In diamagnctiﬁ'gﬂl‘;s—t;lccs, their atoms or ions contain all p&red 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.

(3) Catalytic Property of Transition Metals : Transition metal atom contains one or

more vacant d-orbital; all the transition metals can show more than one oxidation state to
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,
(ii) 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 following 4 steps, complete the reaction :

A@®+B @ ——> Cc(g+D @
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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.

Example :Mcess for manufacture of ammonia from N, and H, gases catalyst

__.____________..--—-'-'_'_"'_"'\-—-.—-—-_—-
iron (Fe) powder is used. 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
NH; leaves the catalyst surface. [See article-4.4.1: Heterogenzous catalysis]

(2) Catalysis with I_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. Through the formation of intermediate

——

compound catalyst decreases activation energy and thereby can increase rate of reaction. For

< - R e e A G T
/_cxaﬁmplim contact process for H,SO, manufacturing, V,05 is used as catalyst in oxidation of
__-._I--~ﬁ'~----____-—-—'-'-___ﬁ --‘3

SO, into 505 gas. 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.

SOz + V7505 —/ SO3 + 2V02
1
2VO, + 2 0, —> V054

1
net reaction : 592%3 02 4 Vv,0, — SO0,  +V,0s
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(B) Chemical Properties of d-block Elements
1/ Variable Oxidation States :

The general electronic structure of 3d-block elements is (;gAr} 3d!-'? 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, KMnO,
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 having partially filled

d-orbitals, become colourful. Transition metal atom or ion contains five d-orbitals of equal
‘_-___-__.—-—--—__-__--__--__

energy. This is called degenerate state of d-orbitals.

e
Crystal Field Theory : Duuing ihe formnation of complex ion, according to 'Crystal Field

Theory' when the ligands 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. The two higher energy orbitals namely dxz__yz and

dz2 are called eg orbital, and the three lower energy orbitals namely dyy, dy; and djx are

T — e E . TR s
called tpg orbitials. Thus the splitting of orbital energies is called the crystal field effect (CFE)

-.-—-—_-_—-H .
and the dj nce in energy between the eg and tyg sets of orbitals is the crystal field splitting

energy (AE). Different ligands creat crystal fields of different strength and thus cause d-

e —
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orbital energies to split to different extents; which causes the complex ions coloured. The
magnitude of AE relates directly to the colour. Strong-field ligands (like NH3, CN-) lead to a

.

—
larger splitting energy (larger AE) makes the dense colour to complex ions; but weak-field

e e —— M (‘"_.-_—-—_
ligands (like OH—, Hy0) lead to a smaller splitting energy (smaller (AE) and makes light or

R

miled colour to complex ions.
— [Fe(CN)g]*-  [Fe(H0)6]?* transition metal

ED ’I‘ﬂ p compound solution
]

3d < dxtyrdz2

E 3 coveree R
B AN AE=hu Solution
£ # s, dxydyz dzx B looks purple
3 S (eltalts] [tefe[t]

3 22 R=Red, G=Green, B = Blue
g_ IT ' ' Tlt | t l t I 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 e, and tpg sets. If thiy
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

absorbed colour. When prime green colour is absorbed then the solution of transition metal

ions becomes purple (mixture of red and blue). If prime blue colour is absorbed then colour
SN

of solution of transition ions becomes orange or purple (mixture of red and green).

{ &

(3) Formation of Complex ion : The transition metal atoms or ions form co-ordinate

bonds with their 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. During the formation of complex ion or complex
compound the lone pair electrons supplying neutral molecules and negative ions are called

i

Tigands. Common ligands are neutral molecules like :NHj, H-_,O +and negative ions : Cl” ion
~u-.__,.,__.T- >
:CN ion etc. Example,

(1) Neutral molecule with lone pair electrons like .D'ng 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 Fe2* ion to form a

negative complex ion called hexacyano ferrate (II) ion. [Fe(CN)g]+-.
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s CNE
Ha N: : NHg
\'m”'{ \, J— v
HGN;/I R":NI-13 N }TR :CN
‘CN™
Tetraammine Copper (1) ion
[Cu(NH3)4] Hexacyano ferrate (11) ion IFe(CN]gI

Fig : 3. 4. Structures of positive and negative complex ions.
Co-ordination Number : The number of lone pair of electrons supplied by ligands to

transition matal ion to form co-ordinate bonds is called Co-ordination number of transition

metal. For example, in formation of [Cu(NH3)4]2* ion Cu2* ion accepts 4 lone pair electrorns
given by 4 NHj ligand molecules to form 4 co-ordinate bonds. So co-ordination number of

Cu?* jon in complex ion [Cu(NH3)4]2* is 4. _Similarly in complex ion [Fe(CN)g]4-, the co-

ordination number of Fe* ion is 6.
.. Explanation of Complex jon formation : According to 'Valence’ Bond (VB) Theory

formation of complex ion by transition metals and their ions with the ligands is discussed
here. Due to the mﬂucnce of lone-pair electrons of ligands the electrons of transition metal

atom or its ion get paired up to make their orbitals vacant as possible for the incoming
ligands. With these vacant orbitals like 3d, 4s, 4p, 4d etc, the metal atoms or ions can undergo
different (ypes of orbital hybridizations like plane-square sp2d (as in Cu2*), octahedral d2sp3

(as in Fe2+) or, sp3d? etc. formmg equivalent hybrid orbitals. Later with these hybrid orbitals

hgands get bonded with co-ordinate bonds with their lone-pair electrons to form complex

ions or compounds. Here formation of complex ions by Cu2* jon and Fe?* ion are shown
below :

3d 4s 4p 4d :
o+ [T . = N ¥ o
[cueyy [T 3] B B A
tetraammine |NH; NH; NH; NHj | 3 :—HJ
copper (II) ion sp_zd‘l:ybridise : p]E:.(?qtlng‘s]uumm
13 : 4s 4p CN™ -

2 AT L Neqr =
e RIRIEEE ﬂi
e (CICUONACNIGNIGNI B et tia

Psp® hybridise (F e(CN- *
octahedmlCI:Z:‘hcmre

MR [ T
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Note : In systematic method, the naming process and writing the formula of complex

(4) Coloured Hydroxides of Transition Metals :
‘When a solution of NaOH, KOH or NH,OH is added to the different solutions of different

observations :

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

transition metal ions, then metal ion reacts with OH- ions with following characteristic colour

e ————

(i) Coloured metal hydroxides are precipitated; based on characteristic colour, metal ion
can be detected.

(i1) 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 complex ions.

Metal | Precipitated | Colour of Formation of anion complex ion with
| = e [T

cations | hydroxide | precipitate with excess NaOH NH,OH
Cr**(aq) | Cr(OH), green chromate am ion CrO;*(aq) s I
Mn?*(aq) | Mn(OH), ash = = & .
Fe?**(aq) | Fe(OH), green = = = -
Fe3*(aq) | Fe(OH), brown* s - = &
Co?**(ag) | Co(OH), pink cobaltate anion Co(OH),?>~(aq) | [Co(NH,)s]%* (aq)
Ni*(ag) |Ni(OH),  |green o= Ao [Ni(NH;),)**(aq)
Cu?*(aq) | Cu(OH), light blue o = | [Cu(NH.),1%* (aq)
Zn?*(aq) | Zn(OH), white zincate (II) ion Zn(OH),%(aq)
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i)

Worked Example-3.4: A = (n-1)dS 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 given 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 45"

[FLTITITLT] [

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

e A e T B S
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Principal quantum no, n = 4; Subsidiary quantum no. / = 0 (for s orbital);

; . 1
Magnetic quantum no., m = 0; .. Spin quantum no. s = + 75

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

From given stem, valence electron of element 'A’' = (n—1)d3ns! = (4 —1)d%4s! = 3d%4s!

.. Element 'A' is Cr(24).

Again, valence electron of element 'B' = (n—1)d'ns2 = (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) — 152 252 2p6 352 3p6 3d°
Cr3+(24) — 1s2? 252 2p6 352 3p6 3d3
From above electron distribution Sc3+ jon has no electron in 3d orbital. Hence Sc(21) is
not a transition element. But Cr3* ion contains 3d® electrons which supports d'-d?
arrangement. Hence Cr(24) is a transition element. One of the characteristics of a transition
element is the formation of coloured compound. So Cr(24) can fbrm coloured compound.
But Sc(21) can not form any coloured compound.

Transition metal Cr and its ion Cr3* ion both contain partially filled 3d orbital; hence

they are coloured. Besides this, during the formation of complex ion at the approach of the

ligands five 3d orbitals undergo a slight change in potential energy which is absorbed from

visible light energy. So its complex ion becomes coloured.

] v €
E g dxx_,:&dz:
.?E! [t]t]t M e
& Increase of 5 t
& i averag P. E. with A 18528
r ‘c‘ il'lﬂuencc Of ligands non_degenm
- stage
bt
Cr** jon

Fig-3.4(a) : Increase of average 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 Cr>* 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,,, dyz and d,, orbitak. Thus electrons in dx?-y? and dz? orbitals
experience stronger repulsions than those in the dxy, 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 ey orbitals and three lower energy set orbitals like
dyy, dy; and d, are called tp, orbitals. The splitting of orbital energies is called the crystal
field effect and the difference in energy between ey and ty, 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 ty, 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.

&Eclectrun =E photon = h; ¢

Then complex compound of Cr3t 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);Cl5] looks purple.

Worked Example-3.5 : Valence electrons of element 'A' of 4th period is (n—1)d® ns2.

[Ctg. B. 2016]

(a) Calculate values of 4 quantum numbers set for electrons in d-orbitals of 'A'.
(b) Explain whether [A(CN)g]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

Valelnce electrons of 'A' element, A = 3d%s?

So the element 'A' is Fe (26). Valence electrons of Fe (26) in box method is :
38 48
0 O
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Four quantum numbers set for 3d6 electrons of element 'A' or, Fe(26) are followings !

electron| n l m s orbital
el 3 2 +2 +% dyy
er 3 2 + 1 +% dy;
es 3 2 0 +% d>y
e4 3 2 -1 -s% d2—y?
es 3 2 -2 +% d,?
e6 3 2 +2 - —é- dxy

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

As per given stem, [A(CN)g]*-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 Fe2* ion. Then due to the repulsions from approaching electrons,
the orbital energies spiit. with two d-orbitals higher in energy than other three. This is called
non-degenerate state of orbitals. The two Higher energy orbitals dx*>—y? and dz2 are called eg
orbitals and three lower energy set orbitals like dyy, dy; and dzx orbitals are called ty; orbitals.
The difference in energy between ey and tpg sets of orbitals is called the crystal field splitting
energy (AE). When FeZ* 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 Fe?* ion is equal to the energy of the absorbed light.
hx c

A

AE::!eﬂ:rm = Ephmn =

Then complex ion of Fe?* ion like [Fe(CN)s]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
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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.

peod | Electron distribution: (n-2) 114 (n-1)d %1 ns? ; n=6, 7

ocan | s8Ce | soPr | goNd |61 Pm joSm | 6sEu |5,Gd| ¢sTb| 6Dy [s7HO| 6sEr | 9Tm| 70Yb | 7y Lu

7(56) 91Pa| U |o3Np pgPu | gsAm [gecm [97BKk |ogCE |9oES [ 1ooFm f10,Md}i0oNO |103L“"

f-block elements are divided into two series; such as (i) Lanthanide series or Lanthanoids
and (ii) 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.

Lanthanoids elements are less available in nature as compounds, hence they are also called

'Rear earth elements'. Lanthanide series has general valence shell electron distribution like
~ (n=2) f1-14 (n—1)d%! ns2; here n = 6.

Properties of Lanthanoids :

1. Lanthanoids are heavy metals. These metals are good conductors of heat and

electricity.
2. These 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.
Soﬁzge metals are more electropositive.
\j_.__'{ he f-block metals contain inner transition metals. These inner-transition metals have
coloured ions and can form complex ions or compounds.
5. The prime and more stable oxidation state of the metals of lanthanide series is + 3. Yet

—‘-_-‘__-‘-' .
+2 and +4 oxidation numbers are also shown by some of the lanthanoids. For example, Eu?*

(4f7), Tbé+ (417).
9;_?_}_]0 Lanthanide metals can resist UV-rays and IR-rays both. So different metal oxides
of Lanthanoids are used in making goggles used as sunglass or for metal welding works.
ﬂe size of the trivalent ion (M3+) of Lanthanide metal decreases gradually from La to

L5 this decreasing tendency of the Lanthanide metal ionic radii is known as 'Lanthanide
contraction'.
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Cause of Lanthanide Contraction : Lanthanoids common electron distribution is

4f2-14 552 5p6 5d0-1 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) Actinide Series or, Actinoids : Actinium (g9Ac) 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!-!4 6d0-! 7s2.

Now according to IUPAC rule, '"Lanthanide Series' is called 'Lanthanoids' and 'Actinide

series is called 'Actinoids’, Because the suffix '-ide' is used after the name of negative ion like
chloride ion (CI-), sulphide ion (S%) etc.

Properties 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 (Ce0Q,), as fine particles, are used in car head-light and as
search light of marine ship and railway engine.
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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 periodic

properties of the elements such as (1) Melting point and boiling point, (2) Atomic size, (3)

Valency, (4) Ionization energy, (5) Electron affinity, (6) Electronegativity, (7) Metallic
Yo {4 fonization cuergy &) y gativity

’-4-'-—'_‘-‘-‘\ :
property of the elements will be discussed.
gl sals

(A) Melting Point and Boiling Point :

Each of Group-1 alkali metals has only one valcnce electron, hence metallic bond of

S

alkali metals is very weak. So these metals are soft and have low melting points. In a_group. -

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

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

called boiling point of that liquid.

The atomic size of every element increases with the increase of atomic number and electron

—

density in valence-shell decreases. As a result, metallic bond attraction decreases. Hence the .

meltmg point of alkali metal decreases gradually with increase of their atomic number. But

_______________—____—.____._______.--—-—_
the atomic size of Li atom is comparatively smaller and its metnlhc bond is comparatively
strong than others. For this reason, melting point and boiling point of Li are higher than

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

Metal Li Na K Rb Cs
Melting Point, °C 180.5 Sl 63.3 393 28.4
Boiling Point, °C 1342 883 759 688 678.4

In a same period, melting point and boiling point of different elements show no regular

or gradational change. For example, the melting and boiling points of the elements of 3rd

period are as follows :
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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

From 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?2*ijon has two mobile electrons and triple charge Al3* ion has three mobile electrons.

These metal ions have much attraction on these mobile electrons. For this reason, strength of

metallic bond increases with the increase of melting point ;;(-l—l—aoiliné_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, P; molecule. This
molecule is covalent in nature. Vander Waals force exists as intermolecular force among these

covalent molecules. So phosbhorus 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 Vander Waals force exists
among the sulphur molecules. Hence melting point and boiling point of sulphur are lower.

Chlorine molecule is diatomic. These diatomic molecules are purely covalent and
nonpolar. So chlorine molecules remain attracted by weak Vander Waals force. For this Cl,
remains as gas and its melting point and boiling point are lower than 0°C, havim

~ value Tike —=I0I°C and - 34.6°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 comed:
Practically determination of atomic radius is very difficult; because the distance Oml
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
together 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.
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‘Covalent radius bond distance

Fig-3.5 : Covalent radius and bond length.

d
2

= 99 pm 4 _ 77pm -—-(99+??)pm-l‘76pm
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. So covalent radius of C-atom is half of that
bond distance = 0.154/2nm = 0.077 nm or 77pm (picometre). In Cl; molecule the distance
“between two nuclei of C1 atoms or C1- Cl bond length is 198 pm. So atomic radius of Cl-

1 e
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_a_tcm metallic closed packed crystal Tattice. MeTallic radius is_10="

L e N NS
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 . 2 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" Nas=S1 575K 2038 RbEN2TGE=NCS 235

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

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

i “°
0|6 @|© ’“N:l
s ) m B |ln|»s|B|n
HEIE olo|le|[o|o|alF
S5 | 16| 1% W3 | wr | o | wd | 99| %
EE@@@OOOQQ@OGGGO@Omg
221 | 197 | 162 | 147 | 13¢ | 128 | 1z | n2s | n2s | 124 | 128 | 4| 135 | 12 | 120 | 16 | 14 E
©@e/e(e/o[o/o[e[o|elele|e %
| 215 | 180 | 60 | M6 | 139 | 136 | 14 | 1M 137 | M4 | 151 | 167 | 140 | 140 | 143 | 133
® o ec|le/e|loj/e|/e[/0|0d 6 6|6
222 | ;3 | ase | 146 | 139 | 13 | 135 | 136 | 138 | i | US1 | w0 | 175 | 10 ] 162

Fig-3.7 : Atomic radii of different elements in pm unit. (lpm = 1072 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 energy level. As a result effective nuclear

e,

- ‘-"-'—--.__
charge (Z.gp) increases, and outermost valence electrons are attracted more by the nucleus. So

B

atomic size decreases in ;;dpcriod from left to right (fig 3.8). We should remember that inner-

mCtrons pushed away the outer most electrons 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, Z.g = Zycwal — Electron shielding.

3rd period Elements | Na(l1) | 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,

O,

©®

®

®

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

Group Relation : In a group, from up to down with the increase of atomic number, new

- ——-—-_--‘-‘-.-—-l—'-"_"
energy level or orbit is added for accomodation of electrons. As a result, atomic radius of
(-l-'-—i-n—-_,_.—l—'—'_'

“every atom increases. For example atomic radius of Li = 152 pm, that of Na = 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) 20l 152 ®

Na (11) 2,8, 1 186 O

K (19) 2,8,8, 1 227 @

Rb (37) 2,8, 18,8, 1 248 @

Cs (55) 2,8, 18, 18, 8, 1 265 @

E AR

Rt

S

Fig 3.9 : Electrons distribution, Energy levels, Atomic Radii and Relative atomic sizes of Group-1 Elements

4 &
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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

- — e -
represents the valency of each element; hence outermost total electrons of an atom is called
o e DA Mt B S AT S Sl o

valence electron. Again from Group-5 to Group -7, the H-scale of valency of different

elements 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; |P;0s SO; | Cl1,04
Valency of atom 1 2 3 4 5 6 7
[Or-scale based] NaH M8H2 A1H3 SiHy PH3 H,S HCI
(ii)Hydride formation: | 1 2 3 4 3 2 l
Valency of atom :
[H-scale based] : Valence number = Outermost electron | Valence number = [8 — Total
R = 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, abbrM
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* () +e E; = + 496 kJ / mol
K@ —K' (g +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 —Mg2(g) +e  Ej=+ 1450 kJ mol-!

Nat (g —Na?*(g) +e  Ej =+ 4562 kimol!

K*(@g  —K?* (g +e  Ejp=+3051 k] mol!

- The 2nd- ionisation energy of Nat ion and Kt ion become more than lst ionisation
(____.______,___

energy of octet filled Ne (10) atom (Ei = +2080 kJ mol-!). So Na?* ion and K" ion are not
“formed. e e,

Different factors that do effect on ionisation energies of clements :

(1) Increase of atomic size decreases ionisation energy; — it is a group based relation.

(2) Increase of suborbit increases ionisation energy; — it is a period based relation.
(3) More stable half- or fully filled electron set of an atom disrupts periodic relation.

In a Group : With the increase of atomic number of the elements, energy level of the
- it
electrons also increases and outermost electron level gradually goes apart from nuc

leus

e,

“decreasing the attraction of nucleus on electron level. So ionisation energy decreases.
For example : Li =520k); Na=496kJ; K=419kJ; Rb=403kJ; Cs =376 kl.

In a Period : With the increase of atomic number of the elements in a period, energy

e —— e . -
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

— e ——— — ——em =
energy is necessary to remove electron. It is clear that in any period, the element of group-1

" has Towest ionisation energy and inert gas member has highest ionisation energy (Fig-3.10).
L | 2%0 -

He g

ANe

BR[| 4\
e

g &
==
BN

>

g

—> jonisation enc

—> 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 and Al(13) of group-

13 in 3rd period have sudden lower ionisation energies, instead of gradual normal increase.

* Sihr;iiarly O(8) and S(16) of group-16 have lower ionisation energies than their prior

——

N(7) and P(15) of group-15 in 2nd and 3rd period respectively.

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 |520 |[899 |800 |jo86 |1402 | 1314|1681 | 2080
(kJmol~!) By |7297 |1757 |2426 |2352 |2855 |3388 |3375 |3963
E3 | 11,810 14,845[3659 |4714 |4576 |5296 | 6045 | 6130

Table - 3.2(a) : Tonisation energies of elements of 3rd and 4th periods (s & p blocks)
3rd Period Elements Na(ll) Mg(12) | Al(13) | Si(14) | P(15) | S(16) C:l(l'?) Ar(18)
Ionisation energy E, |496 |[738 578 |786 |1062 |1007 | 1260

(kJmol-1) E, |4562 |1450 |[1882 | - - ; E

4th Period Elements K(19) |Ca20) | Ga(31) | Ge32) | As(33) | Se34) | Br35) | Kr(36)
Ionisation energy g, 419 |90 [579 |[760 |945 |48 | 1140 '
(kJmol-1) B, |[3051 [1145 |2083 - |- e

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.

* (i) The LE. of boron is less than that of beryllium. [as per fig—3.10]

a'-‘-Ei_) The L.E. of oxygen is less than that of nitroge;l. [as per fig— 3.10]

Worked Example-3.6 : Ionisation Energy Based :
Problem : Ionisation energy of Boron (5) is 800 kJ mol-!; but that of Beryllium (4) is

899 kJ mol-!. E;Blain this irregularity.
TT——

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. g

Solution : The reason behind these deviations is their electronic distributions. The half-
filled and fully filled orbitals with electrons of atoms are more stable. The electronic
configurations of Be (4) and B (5) are as follows :
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Be (4) — 152252 Ei = 899 kJ / mol
B () —> 1s22s? 2n , 20 2p, Ei = 800 kJ / mol

Here less energy is neeucd 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? 2s%; which is stable due to fully filled 2s orbital. To remove
one electron from Be-atom more energy is needcd, 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 : 3.7 : I. E. of O (8) is less than that of N (7) atom; explain why.

—

Solution : The electronic configurations of oxygen and nitrogen are as follows :

O (8) — 1s22s22p,2 2p,! 2p,! Ei = 1314 kJ / mol

N (7) — 152252 2p,! 2pyl 2p,. 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. Hence the first

s 0y
ionisation potential of nitrogen is higher than that of oxygen. :

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/grbup. 'CI' should have a larger E;

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

Solution : The order is Se < S< Cl

e

[ e
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Student‘s Work - 3.6 : Iomsetlon Based 203 , _
Problem-S 13 : Usmg the: pBrIOdlC tab]e as your guxde. predlct whnch eiement m each
of the followmg pall‘S has the hrger lonlsauon energy o A

(a) K or Br, ) Ne or Sr, - L i(c) S or Te - (@Beor C-

Problem 3.14 : Explam, the changes m 1omsat10n energies of the four elements hke
:A('I), B(S), C(IS), D(16) in group and penod oase e _' * " [R:B. 2017]
" Problem - 3.15 : Explaln the exceptlon observed in gradatlon of chanoe, in 10mzauon
‘_energles of Li(3), Be(4) B(5), C(G), N(T), 0(8), F(9) etc. e _' . [B B 2017]
Problem 3.16 : Explam the mode of changes m Jonlzatlon energles of the elemeots
from left to right in 3rd period. , A SRR TR : 7 ~ [D. B. "01‘?]

Problem 3.17(a) : Explam (l) Na"‘ is: formed hut Na2+ :on is not formed %
T e ey [Ctg B. 2015]

'Problem 3.17(b) : Explam, Wthh w111 be more between an 1omzatlon energy f

Na"‘ ton and Lst ionizsation: enercy of Ne atom" S i S [D1 B 201
Problem - 3 17(c) Why |s 1st 1omzatlon energles of N more than that of 0) at0m‘?
s ¥ e o _' : [Dl ’?Ol] Cth 2016 Syl B ‘70
Problem 3 17(d) Between two: elements D (ns*) and G(n s ‘7)52 why mnlzat_ n';
gﬂgy of G is less than that of D element; Exp]am E i [D ‘B, 2016]

(E) Electron Affinity

In the previous article, we have learnt that it is possible to measure the energy change on
removing an electron from an atom to form a cation, which is known as ionisation energy. It
is also possible to measure the energy change on adding an electron to an atom to form an
@ This type of energ‘y change of an element is known as electron affinity of the eieme_r_lr

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; abbreviated by Eea.

Electron affinities, however, are generall; negative, because energy is usually released

when a neutral atom adds an electron.
F(g)+e — F (g Eea = — 328 kJ / mol
Cl(g)+e-—>Cl-(g) Eea = —349 kJ / mol
Again the value of E., may not be negative for some elements. Whether the value of E.,
may be negative or positive, depends on electron distribution of the element and the stability
of the negative ion formed. For example :

Chemistry—First—37
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E (g) + le — F (... 2s22p%) 'Eg, = —32.8 kimol!

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

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

Ne (1s? 2s2 2p6) + le~ + Energy —> Ne~(-3s!) Ee, > 0 kJ mol-!= + 29kJ mol-!

(i) Atoms with partially filled p- | 1A 81%
R T P : (1) (18)
orbitals can show more affinity to
accept electron forming stable negative | H_[24 3A | 4A | SA | 6A | 7A ((I}{.S)
: e R ) (13) | (14) | (15) | (16) | (17)
ions. So values of electron affinity

i Li Be B C N 0] F Ne
energies (E.,) of those elements are Al 267 | 22| 7 | 141 | 328 |629)

higher. Large negative E,,'s are found
for the halogens (F, Cl, Br, I), because ?284
each of these elements has both a high |

Z.rr (effective nuclear charge) and K| Ca|" |Ga| Ge| As | Se | Br | Kr
o Al 484|237 -289| -119| -78.2) -195| -325 |(+39)
room for an additional electron in its :

valence shell. Halide ions have a stable

AllEsitl=p| TS | alt]|fAc
425 | -134 | -72.0| -200 | -349 |(+35)

ag

Sr In Sn| Sb | Te 1 Xe

Rb
noble gas electron configuration with 469 =503 -28.9| -107] -103.| -190§ -295 | (+41)
filled s and p subshells, and the cs | Ba 7 | bl Bi Po Il At ISR
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.

(ii) Effective nuclear charge (Z.g) of the elements of s-block elements is low. So they
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, togéther with a relatively low Zg for
group-2A elements Ee, values are near about zero; [Fig-3.11].

(iii) Positive 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 Z.g. 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 :
‘___g_i)_ Increase of atomic size decreases electron affinity; — it is a grolip based relation. -

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

Worked Example-3.9 : Electron Affinity Based :

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

Strategy : (i) F is an element of 2nd orbit; it has 2s2 2p> valence electrons.
(ii) CI is an element of 3rd orbit; it has 3s? 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 electrons 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 accomodate 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 positive) E;, than its

—

neighbours on its left and right side, C and O?

Strategy : The magnitude 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 :
] 10
C (6) — 1s2 252 2p, 2py, Py
1 1§ o]
2 9g2
N (7) — 1s? 2s% 2p, ?.py 2p,

0 (®—> 12252 2p," 2p, ! 2p,!

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 present. Thus,

the E¢, 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
additional stabilizing effect of increased Zgs across the periodic table counteracts the effect of

electron repulsion, resulting in a more fayourable Ee, for O than for N. N
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i Student's Work 3.7 : ‘Electron affinity Based et
: '.'-_-Problem -3,18 : Electron afﬁmty of different elements may be negative, posmve and

iy
Has

even zero; Explam with examples

3

(F) Electronegativity

We know ionic bond is rormed 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 HCl or H,0O, 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 (6-) on the two nonmetal bonded atoms. This type of covalent
bond is called polar covalent bond. Then partial positive charge or delta plus (6 +) 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 ( & —). For examples :

o+ &
M+ X3 Yi X X: X
. lonic Polar covalent Nonpolar covalent
(full charges) (partial charges) (electron-pair symmetrical)

Definition : The electronegativity of an element present in a covalent compound is

defined as its relative ability to attract the shared electron pair of the covalent bond

——

“towards itself. For example.
In HCI molecule, bond pair electron is unsymmetrically distributed; H atom end gets delta

positive (&%) charge and Cl atomn end gets delta negative (8-) charge.

Electro negativity —»

5 10 15 20
Atomic number—>»

Fig. 3.12 : Change in electronegativity with increase of atomic number.
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When difference of electronegativities of two bonded atoms is between 0.5 to 1.9; then

e —

the two ends of the covalent molecule attain partial positive charge and partial negative charge

— e —
and the molecule becomes polar. H+ Cl — HT) Cl= H: ?Cl

PR . -

Effects of Different Factors on Electronegativity :

The electronegativities of different elements depend on following factors :

—

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

(i1) 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 value of F is 4.0

Electronegativily increascs ——

from left to right

decreases
downwards
top to bottom

Fig-3.13: Electronegalivity value of different elements and trends in the periodic table. ;
Electronegativities_of the elements in the periodic table increase from left to right in a
period due to increase of effective nuclear charge of the atoms of the elements. with-the
‘increase of’f’tgmic_uuw'As a result, atomic nuclei of _thé_ﬁrfgrem atoms attract sharing

bond electron pair more showing more electronegativities. According to Pauling electro -

neg_ativity scale, the electronegativities of the different elements of 2nd period are as follows :
_._.._,___________..—--——- b =5
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~electronegativity of given stem elements. -~

(G) Metallic Properties

We have learnt upto this discussion that’the effective nuclear charge (Z.¢) 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 ioné and the elements on right side of the periodic table accept electrons
forming negative ions. In this way, metallic properties of the elements decrease from left side

'-.‘==—_--_‘_-_'_‘—--—-_—-———'—'_'-—-_-‘_—_ﬂ-‘_-
towards right side in a period with the increase of nonmetallic properties. For example, in3rd
riod of the periodic table Na, Mg, Al are metals; Si is a metalloid or semimetal and P,S and

e — . .s

e, - e

Cl are non s.

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 metallic properties gradually increase down a group and non-metallic properties

"decrease. On the left most and group—1 downwards most is the 'Fr' which is most reactive but

unstable radioactive. So stable most reactive metal is Cs.
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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 zff, ionization energy, electronegativity and non metal character

d non metals are

1 ! 18
1A 8A
H 2 13 14 15 16 17 | He
,-g 2A 3A 4A 5A  6A TA
=
o
'éf Li Be B (o N (o} F Ne
8
g Na | Mg a | sic| p s | a | ar
Bl
g i K Ca J \ Ga Ge As Se Br Kr
c1E
£ ls :
L E Rb | sr In | Sn| Sb | Te 1 Xe
s
‘s
é Cs | Ba ‘ m | Po | Bi | Po | At | Ra
2
Fr Ra Nh Fl Mc Lv i
113 | 114 115 116 an

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

property increases in a period left to right.

Worked Example- 3.9.1 : Metallic and Nonmetallic Properties

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

(d) Sn or Ba_

(a) P or Bi

(b) As or Ga

(c) Sbor S

separated by this stair line

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 (5A) 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 [group-

14 (4A)].
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(c) Cl or Tc (d) In or Se

‘period” contams more. metal]mds"

Know More : Influence of Ionisation Energy & Electron Affinity :

(A) The lower the ionisation energy of the element—
e

# the more is its metallic property, the rcdlﬁng property is also more. example
Cs>Rb>K >Na>Li

% _the more is its tendency to lose electron to form cation and to form ionic bond.

(B) The more the negative value of electron affinity of the element—

% the more affective is its non-metallic property and oxidising property is also more.

5 —

For example, halogens.
.k the nonmetal accepts electron more easily to form negative ion and form ionic bond.
3.4 Effect of Different Factors on Ionisation Energy, Electron Affinity, Electronegativity

The effect of different factors such as atomic size, different subshelis and electron

—

configurations are very prominent on the three prime periodic properties of the elements like
___,_._-—'—-—'—‘—-—\ a

ionisation energy, electron afﬁn'ity" and electronegativity. These arz discussed below in short.
_,__-“h\‘\__,_.

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
gradually decreased. As a result, the ionisation energy of the atom decreases. Hence in a

group from up to downwards, the ionisation energies of the elements decrease gradually. For

—_—

example, WME‘@QE_@Qn energies of the alkali metals decrease gradually with the
increase of their atomic numbers as follows :

Li =530 kJ, Na = 496 kJ, K = 418 kJ, Rb = 403 kJ, Cs = 376 kJ
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) remains

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-orbital.

—

SimﬁWlmclion on d-orbital remains still more than p-orbital and s-orbital. In

these cases ionisation energies of the elements with different subsells containing valence
._._'_,_.—-—l-—

electrons are as follows : d-subshell > p-subshell > s—subshell

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 EWH)_ then that atom gets more stable electron confi uration. In
P P g g

T e ———

those cases, to remove one electron from valence shell needs more energy. So the values of

—

ionisation energies relatcd to the different subshells are in the following gradational order.
fully filled subshell > half filled subshell > partially filled subshell

P e
- Fd

3.4.2 Effect of Atomic Size on Electron :M’finify { ;

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

energy is evolved. Hence the atom with smaller atomic size shows more electron affinity. As

. . :"'_-__—F—.__ . . . . .
the atomic sizes of different elements in a period gradually decrease with increase of atomic
- - __."-"-_

numbers from left to right, then the electron affinities of different elements also increase

-

generallz For example- S T ]
In 2nd period O atom has electron affinity, Eca = — 141 kJmol-! and its right snde placed
F atom with smaller atomic size, has more electron affinity such as Eea = —328kJ mol -1.

But in group—17 (7A), the electron affinity of fluorine (Eep = — 328 kJmol-!) is less than

‘—-—"'_'-'_ .
that of chlorine (Eeq = — 349 kimol-!). This 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 presence of valence electrons on

different subshell of the atom. The attraction of the atomic nucleus on the outermost

e —— =
electrons is somewhat shielded by the inner subshell electrons' cloud. So with the increase of

number of subshells in an atom for the electrons, the attraction of atomic nucleus on the
“—_-_—-_'——-—-—-.________ . - -

S |

Chemistry—First—38
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valence electrons decreases more. Hence glectron affinity of that atom will also be decreased.
1 T . - .
For this reason, the values of electron affinity of the elements of period-4 and 5 are smaller

than those of period-2 and 3. This type of effect of subshells on electron affinity is known as
the shielding effect of subshells. 7o

—

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. So the smaller the required number of electrons to fill (

up the octet set of the atom of the element, the greater is the electron affinity of that element.

p—

Hence the electron affinity of the member of halogens is the highest in a period.

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

With the increase of atomic sizes, electronegativity of the elements decreases; it is the

periodic ralation. 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 :
F=4.0,Cl=3.0,Br=28,1=25

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

3.5 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 :
(i) 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. The metal oxides are basic in

character. Again, from the left to right across the period metallic properties decrease
gradually and the last metal on the right side in a period shows mixed properties of metal and

nonmetal. This mixed properties of metal and nonmetal will be seen in oxide of Al-metal.

(2) Again 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 electronegativity values still less than
those of 2nd period. So they form covalent oxides by sharing of electrons.

Widcs with higher oxidation numbers are acidic and they form

oxoacids with water. Those oxides are called acid anhydrides.
r-—-_-_._—-—.—._____________. e
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For example, CO3 + HoO0—> H,CO3; N;0s + H;0 — 2HNO;

But gxides of lower oxidation number are neutral oxides like CO, N2O, NO etc.
Table-3.5 : Oxides of elements of 2nd and 3rd periods, with increase of covalent character.

Covalent character increases
— -ﬁ
1A 2 13 14 15 16 17
@ 2A 3A 4A 5A 6A 7A
2E |L Be B C N
E §, metal metal non melal nonmetal nonmetal
o : :
£ E L|20 BeO B,03 COg NoOg
3 % strong ampho acidic acidic more acidic
S 3 base teric
e .
00 Na Mg Al Si P S Cl
5 z Eial metal metal nonmetal nonmmelal nonmetal nonmetal
o o i
55 |Nag© MgO Al,O, | SIiO, P,0, S04 C1,0,
== | ston L ampho e
uiteil i teric acidic P,Oo;. | SO, Clo,
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 éxample,

Li,O of the metal of 2nd period, group-1, forms soluble strong alkali lithium hydroxide

(LIOH) with water and Na,O of the metal of 3rd period, group—l_forms soluble strong alkali

sodlum hydroxlde (NaOH) with water

Li;0 (s) + HO(l) — 2LiOH (aq) — 2Lit* (aq) + 20H™ (aq)
Na,O (s) + H,O (/) — 2NaOH (aq) — 2Nat (aq) + 20H~ (aq)

(2) Beryllium oxide (BeO) of 2nd period and magnesium oxide of 3rd period of group-2
are water insoluble. They do not react with water to form any alkali. But BeO reacts with acid
’__-_‘-_-_'_—_"'_"‘-—-—--. L —— —

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) + 2HCI (aq) — BeCl; (aq) + HyO()

As acid : BeO (s) + 2NaOH (aq) — Na;BeO; (aq) + H,O(!)
sodium beryllate
On the other hand; MgO of Mg metal of 3rd period is water insoluble and reacts with acid

to form salt and water. =~
———
MgO (s) + H,SO4 (aq) — MgS0y4 (aq) + H,0 (1)
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(3) B,0; and CO, of elements of 2nd period are weak acidic; both the oxides react with

water To form unstable acids; and form salt and water with alkali. B,O3 form orthoboric acid

=

“Wwith water and metaborate salt with alkali like NaOH.
B,04(s) + 30,0 (1) — 2H;BO4(aq); H3BO; (aq) + NaOH (aq) — NaBO; (aq) + 2H,0 (1)
CO, (g) + H,0 (1) = H,CO3 (aq); H,COj; (ag) + 2NaOH (ag) — NayCO;5 (aq) + 2H,0 )
(4) The two oxides, N,O3 and N;O5 of N element of 2nd period, are both acidic oxides.

S————

On reaction with water N,O3 forms unstable nitrous acid (HNO,). but forms sodium nitrite

Pt~ S O T S S e
(NaNO,) salt with NaOH solution. On the otherhand, N,Os reacts with water to form strong

nitric acid (HNO;) and with NaOH it forms sodium nitrate salt and water.
/"'—.—_F—"_

N,05 (g) + H,0 () — 2HNO; (aq)
HNO, (aq) + NaOH(ag) — NaNO;(aq) +HyO0(0)
N,Os (s) + H,0 () —> 2HNO; (aq)

HNOs(aq) + NaOH(aq) —> NaNOs(aq) + H,0(1)
(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,O; is an amphoteric

oxide.

— 2
Al,0O; as a base : Al,O; + 6HC1 — 2AICl; + 3H,0
Al,0; as an acid : AlL,O; +2NaOH — 2NaAlIO, + H;0

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

Si0; (s) + 2NaOH(aq) — Na,SiQ03 (aq) + H,0 (I)

(7) Diphosphorus pentaoxide (P,Os) reacts with water to form weak acid phosphoric acid
(H3POy). With an alkali NaOH, it forms disodium phosphate and water. So P;0s is an acidic
oxide. P,05 + 3H,0 — 2H;PO,

P,0s + 4NaOH —> 2Na,HPO, + H,0
Another oxide of phosphorus is P,03 which reacts with water to form phosphorous acid
(H;PO3). P,0; + 3H,0 — 2H;PO,.

(8) Sulphur trioxide (SO3) reacts with water to form strong sulphuric aci& (H,S0,4). With

alkali NaOH solution SO; reacts to form sulphate salt and water . h
| SO; + H,0 "— H,S0,
SO; + 2NaOH —> Na, SO, + H,0:
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Another oxide of sulphur is sulphur dioxide, (SO;) which reacts with water to form
sulphurous acid (H2SO3). With alkali (NaOH) solution, SO, forms sodium sulphite salt and
SO, + H,0 —> H,SO0s; SO, + 2NaOH —> Na,SO; + H;0
(9) Dichloroheptaoxide (Cl,04) reacts with water to form parchloric acid (HCIOg4).With

waler.

alkali Cl,0; forms perchlorate salt and water. Hence Cl,07 is an acidic oxide.

Cl,0; + H,0 — 2HCIO,; Cl,0; + 2NaOH — 2NaClO, + H,0

Note that metal oxide is basic; nonmetal oxide is acidic. It is the pH periodicity of the
- -______________.__--——'—"

oxides of elements. So it is established from the acid-base properties of the oxides of

——

elements of 2nd and 3rd periods that going from left to right across a period metallic

— —

property of the elements decreases gradually with the increase of non-metallic property.

~ [Know more :| The uses of different oxides depend on their properties such as high

thermal stability, mechanical strength, and electrical resistance, MgO and Al,O; are used as

high-temperature electrical insulators in products such as electrical heaters and automobile

m————————

= —T T . . : = e
spark plugs. SiO, is the main component of the optical fibers used for communications. The

__acidic oxides of the nonmetals are used for three industrial acids such as H,SO,4, HNO; and
H3PO;,.

At a Glance :

Periodic Properties Periodic Tendency

. —= —_—

Group Tendency

1.
24
Q3.
4,
5.
6.
i
8.
9t

Atomic radius, Siz= :
Metallic Property :
Non-metallic Property :
Oxidising Property :
Readucing Property :
Valency :

Ionisation Energy :
Electron Affinity :

Electronegativity :

10. Basic property of oxides

11.Acidic Property of Oxides

Decreases from left to right
Decreases from left to right
Increases from left to right
Increases from left to right
Decreases from left to right
Increases from left to right
Increases from left to right
Increases from left to right
Increases from left to right

Decreases from left to right

Increases from left to right

Increases downwards
Increases downwards
Decreases downwards
Decreases downwards
Increases downwards
No change
Decreases downwards
Decreases downwards
Decreases downwards

Increases downwards

Decreases downwards
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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), Sth 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 (1A). its O. N = + 1 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 SA, 4A and 2A repectively, their formulas of oxides with highest
O.N are N,0Os, SnO; and BaO. :

(b) BaO is the most ionic because Ba is in the lower left region of the periodic table, and

——

e e 3 =
N,Oj5 is the most covalent because N is in the upper right region.

(c) BaO is basic, N,Os is acidic, and SnO, is amphoteric. Note that Sn is one of the five
main-group elements that form an amphoteric oxide.

h as BeO, Al;03, Ga;03, SnQ,, PbO,)
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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 H;O% ions turn blue litmus red or turn universal indicator to red or yellow.

CaO(s) + H,0 () — Ca (OH); (s) S0,(g) + H,0 (I) — H;S0; (aq)
Ca(OH), (s) + ag — Ca?* (aq) + 20H- (aq) H,SOj; (aq) + aq —> H* (aq) + HSO5~ (aq)
OH- (aq) + red litmus — blue litmus H*(aq) + blue litmus — red litmus
Réquircd 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;SO3), (2) Hydrochloric acid (HCI),
(3) Lime stone (CaCO;), (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 (CaO) is taken and
about 10 mL water is added to dissolve CaQ. 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.
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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 SOz and CO; 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.
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