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DAY THREE

Classification of
Elements and
Periodicity in
Properties

CLearning & Revision for the Dcy)

+ Modern Periodic Law and Long « Classification of + Periodic Trends in Properties of
Form of Periodic Table Elements Elements

Earlier Attempts to Classify the Elements

Many attempts were made to classify the known elements from time to time. These are :

Prout’s hypothesis Dobereiner’s triad law
Newland’s octave law Lother Meyer’s curve

Mendeleev’s Periodic Law (1869) The properties of elements are periodic functions

of their atomic weights.

Modern Periodic Law and
Long Form of Periodic Table

Modern periodic law (given by Moseley) The physical and chemical properties of

elements are periodic functions of their atomic numbers.

The long form of periodic table was prepared by Rang, developed by Warner and
extended by Bury. This table is also known as Bohr table, since it contains both the

Moseley and modern periodic laws.
Following are the characteristic features of long form of periodic table:
(i) The modern periodic table is divided into two main categories known as,

(a) vertical columns—groups and (b) horizontal rows—periods.

(ii) There are 18 groups. In modern periodic table, these groups are further classified

as A-subgroups and B-subgroups.

(iii) Members of the same group have same valence shell configurations.



(iv) Elements of group 1A to VIIA (i.e. 1, 2, 13, 14, 15, 16, 17, groups) are known as representative elements. Members of group

1B to VIII B. (i.e. 3, 4, 5, 6, 7, 8,9, 10, 11 and 12) are known as transition elements.

(v) Elements of group-18 (also known as zero group) are noble gases.

(vi) There are seven horizontal rows in the periodic table, known as periods.
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Classification of Elements

Depending upon the orbital, in which last electron enters, the
elements are classified as

1. s-Block Elements

e I and II group elements belong to this block and the last
electron enters in s-orbital.
o General electronic configuration is ns'™.

2. p-Block Elements
o Last electron enters in p-orbital.
o General electronic configuration is ns®, np' 5.
e Groups 13th to 18th excluding He, belongs to this block.

@ (i) Diagonal relationship The first three elements of second
period (Li, Be, B) show similarity in properties with
elements (Mg, Al, Si) of third period placed diagonally on
the right hand side. This is called diagonal relationship.

2nd Period Li Be B C
\
3rd Period Na Mg Al Si

(i) s and p-block elements are known as representative elements.

3. d-Block or Transition Elements

o General electronic configuration is ns' “2 (n-1) d* ~'°.
o Last electron enters in d-orbital.

e Comprises of 10 groups — from 3rd to 12th or four series
3d, 4d, 5d, 6d.

4. f-Block or Inner-Transition Elements
o General electronic configuration is
ns?m-1)d° 'm-2)f* ™
o Last electron enters in f-orbital.
e It constitue two series of element viz. 5f (lanthanoids)

and 5f (actinoids).
o 4f-elements, also known as rare earth elements.

Nomenclature of Elements

The names are derived by using roots for the three digit in the
atomic number of the element followed by adding ium at the
end. The roots for the numbers are as

Notation for IUPAC Nomenclature of Elements

Digit Name Abbreviation Digit Name Abbreviation
0 nil n 5 pent p
1 un 6 hex h
2 bi b 7 sept S
3 tri t 8 oct o]
4 quad q 9 enn e

Periodic Trends in
Properties of Elements

The elements in the periodic table are arranged in order of
increasing atomic number. All of these elements display
several other trends and we can use the periodic law and table
formation to predict their chemical, physical and atomic
properties.

1. Atomic Radii

As going down the group, the new shells are added and thus
atomic radius increases whereas on moving along a period,
the effective nuclear charge increases and thus the atomic
radius decreases.

Atomic radii are of following types:

(i) Covalent Radius It is one-half of the internuclear distance
between two identical or almost identical atoms bonded
by a single covalent bond.

1 .
— [Internuclear distance between
two bonded atoms]

Teovalent =

(ii) Metallic Radius It is one-half of the internuclear distance
between two adjacent metal atoms in the metallic closed
packed crystal lattice.

d .
r'= 2 r' > actual size of atom

(iii) van der Waals’ Radius It is one-half of the internuclear
distance between two adjacent atoms belonging to two
nearest neighbouring molecules of the substance in solid
state.

van der Waals’ radius

fdnternuclear distance between two ]
== xd [hon - bonded neighbouring atoms U
Bf two covalently bonded moleculesH

NOTE Cs is largest in size. Its size is approximately 4 times to that of
H-atom.

2. lonic Radii

The distance from the centre of nucleus to the most distant
electron cloud bound to it within an ion, is called ionic radius.
In other words, “the distance between nucleus and the
outermost shell containing an electron, in an ion is called
ionic radius.”

The ionic radii are of following two types

(i) Cationic radii The size of a cation is always smaller than
that of its parent atom.

(ii) Anionic radii The size of anion is always larger than that
of its parent atom.



NOTE  For isoelectronic species : (In general)

(i) lonic radii O charge on anion——
charge on cation

(i) lonic radii O ! .
eff

3. lonisation Enthalpy [IE]

e It is the energy required when an electron is removed
from an isolated gaseous atom. Generally left to right in
periods IE increases; down the group it decreases but
half-filled orbitals and fully filled orbitals are stable
forms and have high IE.

Various factors with which ionisation energy varies
are:

(i) Atomic size O x (i) Screening effect O x
IE IE

(iii) Nuclear charge O IE

e Helium has the highest IE |, while Cs has the lowest IE.
Values of inert gases are exceptionally high due to
stable configuration.

e First IE of group 2 elements is greater than the
corresponding elements of group 13 due to fully filled
s-orbitals.

o First IE of group 15 elements is greater than the
corresponding elements of group 16 due to the
presence of stable half-filled configuration.

o Shielding or screening effect is the repulsion of
valence electrons by the electrons in penultimate shell
to reduce effective nuclear charge.

Z,

off =24 =0
where, Z = atomic number,
o =shielding constant

0 =[0.35 x number of electrons in nth shell excluding
valence last electron] + [0.85 x number of electrons in
(n —1)th shell] +[1.0 x number of electrons in inner
shell]. Take 0.30 instead of 0.35 for 1st orbit, i.e. (n =1)

o Effective nuclear charge is the actual nuclear charge
whose electrostatic force of attraction is being
experienced by the outer electron. Greater the effective
nuclear charge, more tightly the electrons hold with
nucleus.

4. Electron Gain Enthalpy

o It is the energy released when an electron is added in
an isolated gaseous atom.

e Left to right in a period electron gain enthalpy
increases; down the group it decreases.

e Chlorine has the highest electron affinity but oxidising
power of fluorine is larger than chlorine.

e Various factors affecting electron gain enthalpy are:
1

electron gain enthalpy
1
electron gain enthalpy
(i.e. AH is more (-) ve)
(iii) Configuration : Half-filled orbitals and fully filled
orbitals are stable form, therefore electron gain enthalpy
will be low.
Exception Cl >F (electron gain enthalpy)
S>0
++ F and O-atoms have small size and high charge
density, therefore, extra electron experiences repulsive
forces hence, they have lower electron gain enthalpy.

(i) Atomic size O

(ii) Nuclear charge O

5. Electronegativity

e The tendency of an atom to attract the shared pair of
electrons towards itself in a covalent bond is called
electronegativity. F is the most electronegative element
while Cs is the least.

e Difference in the electronegativities of two atoms (A and B)
is Xa-Xp =0.208 /A
where, A =actual bond energy
—energy for 100% covalent bond

O A=E s p=Es-4*Ep_p

Here,
E , _ = dissociation enthalpy of A — B (kcal mol™)

E ,_ 4 =dissociation enthalpy of A — A (kcal mol™)
Ej _p =dissociation enthalpy of B - B (kcal mol™)

o For noble gases, its value is taken as zero.
e Decreasing order of electronegativity,
F>0>Cl=N>Br>S=C>I1>H
In periods : left to right electronegativity increases.
In groups : down the group electronegativity decreases.

NOTE % age s-character [ electronegativity

O sp hybridised carbon is more electronegative than a sp?
hybridised carbon, which in turn is more electronegative than a
sp*-hybridised carbon.

6. Valency

Valency of an element is usually determined by electrons
present in valence shell (outer shell).

e Variation of Valency in a Period Valency of the elements
with respect to hydrogen increases from 1 to 4 up to 14th
group and then decreases to 1.

e.g. NaH,CaH,, AlH,, SiH,, PH,, H,S, HCL



But valency of the elements with respect to oxygen
increases from one to seven along a period.

e.g. Na,0, Ca0, ALO,, SiO,, P,0,,, SO, CLO,

e Variation of Valency in a Group All elements in a
group have the same valency. p-block elements show
variable valency on account of inert pair effect.

e Variation of Valency in Transition Elements
Transition metals and inner-transition metals show
variable valency of 1, 2 or 3 as they use electrons from outer
as well as penultimate or inner-penultimate shell.

NOTE « Term oxidation state indicates the apparent charge
present on atom in that particular molecule. It follows the
same trend along period or group as valency.

¢ Os has the highest oxidation state, i.e. (+8).

7. Chemical Reactivity

e Reactivity of metals increases with decrease in
ionisation energy, electronegativity and increase in
atomic radii and electropositive character.

e Reactivity of non-metals increases with increase in
electronegativity and electron gain enthalpy and
decreases with increase in atomic radii.

e Variation in a Group On moving down the group, reactivity
of metals increases while for non-metals it decreases.

e Variation in a Period Reactivity of metals decreases, while
reactivity of non-metals increases across the period.

8. Reducing and Oxidising Character

e The reducing character of the elements increases down the
group and decreases along the period. The oxidising
character of the element decreases down the group and
increases along the period

o Alkali metals are most reactive, strongest reducing agent and
have lowest ionisation enthalpy.

e Halogens are most reactive, strongest oxidising agent and
have higher ionisation enthalpy.

9. Nature of Oxides

o Basic strength of the oxides or hydroxides increases down the
group and decreases along the period. Acidic nature of oxides
increases across the period and decreases down the group.

o The acidic character of oxides of a non-metal increases with
increase in oxygen content, e.g. CL,O <CL0, <CL0O,

o Almost all metallic oxides are basic but ZnO and Al,O, are
amphoteric. Similarly non-metallic oxides are acidic but CO,
N,O and NO are neutral. CL,O, is the most acidic oxide.

(DAY PRACTICE SESSION 1)

FOUNDATION QUESTIONS EXERCISE

1 The modern periodic table has been divide into
(a) seven periods : three short and four long
(b) nine periods : six short and three long
(c) eighteen periods : four short and four long
(d) nine periods from zero to VIII

2 An element X belongs to fourth period and fifteenth

group of the periodic table. Which one of the following

is true regarding the outer configuration of X?

(a) It has partially filled d-orbitals and completely filled
s-orbitals

(b) Completely filled s-orbitals and completely filled
p-orbitals

(c) Completely filled s-orbitals and half-filled p-orbitals

(d) Half-filled d-orbitals and completely filled s-orbitals

3 The elements having the electronic configuration
[Kr] 4d'™ 4, 552p%a2, 6s? belongs to
(a) s-block (b) p-block
(c) d-block (d) f-block

4 The electronic configuration of four elements are given
below. Which element does not belong to the same family as
other?

(a) [Xe] 4f" 54" 6s2
(b) [Kr] 4d™ 552

(c) [Ne] 3s® 3p°

(d) [Ar] 3d'"° 4s?

5 An atom has electronic configuration
152, 252, 2p°, 352 3p°® 3d® 452, it would be placed in
(a) fifth group (d) fifteen group
(c) second group (d) third group

6 The element Z =114 has been discovered recently. It will
belong to which of the following family group and electronic
configuration? — NEET 2017

(a) Halogen family, [Rn] 5f'* 6d'° 752 7p°
(b) Carbon family, [Rn]5f'* 6d'° 752 7p?
(c) Oxygen family, [Rn]5f" 60'° 752 7p*
(d) Nitrogen family, [Rn] 5f'* 6d'° 752 7 p®



7 Chemical properties of lithium and magnesium are
similar because

(a) these belong to same group

(b) they shown diagonal relationship
(c) both has same ionisation potential
(d) both has same electron affinity

8 The correct order of atomic radii in group 13 elements is

— NEET 2018
(a) B<Ga<Al<Tl<In (b) B<Al<Ga<In<Tl
(c) B<Al<In<Gax<TI (d B<Ga<Al<In<Tl

9 Which of the following pairs has almost same atomic
radii?
(a) Al, Ga (b) Be, Mg (c) Mg, Al (d) B, Be
10 A trend common to both for group | and VIl elements in
the periodic table as atomic number increases its
(a) atomic radius increases
(b) oxidising power increases
(c) reactivity with water increases
(d) maximum valency increases

11 Indetify the correct order of the size of the following.
(a) Ca®* <K" <Ar<S? <ClI”
(b) Ca®* <K* < Ar<Cl™ < 8%
(c) Ar<Ca®" <K' <ClI” < 8%
(d)Ca®* <Ar<K' <Cl” < 8%
12 In the periodic table, with the increase in atomic number
the metallic character of the element
(a) decreases in a period and increases in a group
(b) increases in period and decreases in a group
(c) increases in a period as well as in the group
(d) decreases in a period and also in the group

13 Which of the following order of ionic radii is correctly
represented?
(@)H >H>H"
(c)F">0% >Na”

(o)Na*® >F~>0%"
(d) A|3+ > Mg2+ > NS*

14 |dentify the wrong statement in the following.
— CBSE-AIPMT 2012

(a) Amongst isoelectronic species, smaller the positive
charge on the cation, smaller is the ionic radius

(b) Amongst isoelectronic species, greater the negative
charge on the anion, larger is the ionic radius

(c) Atomic radius of the elements increases as we move
down the first group of the periodic table

(d) Atomic radius of the elements decreases as we move
across from left to right in the second period of the
periodic table

15 The correct order of the decrease in ionic radii among
the followin isoelectronic species is — CBSE-AIPMT 2010
(a)Ca®" >K*>8%">ClI~  (b)CI">S?" >Ca?" >K*
(c)$?” >Cl >K" >Ca?" ()K" >Ca?" >Cl” >8?2~

16 Which one of the following is the correct order of size of
the iodine species?
@ I>1">1~
(©) 1" > 17 >l

o) I>17>17
(@ 1">1>1"

17 lonic radii are
(a) inversely proportional to effective nuclear charge
(b) inversely proportional to square of effective nuclear
charge
(c) directly proportional to effective nuclear charge
(d) directly proportional to square of effective nuclear
charge

18 The species Ar, K* and Ca?* contain the same number
of electrons. In which order do their radii increases.
— CBSE-AIPMT 2015
(b) Ca®* < Ar<K*
(d) K* < Ar < Ca?

(a) Ar<K* < Ca?"
(c) Ca®* <K' <Ar
19 In which of the following crystals of ionic compounds
would you expect maximum distance between the
centres of cations and anions?
(a) LiF (b) CsF
(c) Csl (d) Lil
20 Amongst the elements with following electronic
configuration which one of them may have the highest
ionisation energy? — CBSE-AIPMT 2009
(a) [Ne] 3s?, 3p°® (b) [Ne] 3s?, 3p?
(c) [Ar] 3d"°, 4s?, 4p° (d) [Ne] 3s2, 3p'

21 The first ionisation enthalpies of Na, Mg, Al and Si are

(a) Na<Mg>Al<Si (b) Na > Mg > Al > Si
(c) Na<Mg<AI<Si (d) Na > Mg > Al < Si

22 The order of screening effect of electrons of s, p, d and
f-orbitals of a given shell of an atom on its outer shell
electrons is

(@) s> p>d>f
(c) p<d<s<f

(b) f>d>p>s
(d) f>p>s>d

23 Which one of the following arrangements represents the
correct order of electron gain enthalpy ( with negative
sign) of the given atomic species? — [CBSE-AIPMT 2010]

(a) Cl<F<S<O
(b) O<S<F<Cl
(c) S<O<Cl<F
(d) F<Cl<0O<$S

24 The electron affinity of halogens are F = 322, Cl = 349,
Br =324, | =259 kJ mol™". The higher value of Cl as
compared to that of F is due to

(a) weaker electron-electron repulsion in Cl
(b) higher atomic radius of F

(c) smaller electronegativity of F

(d) more vacant p-subshell in CI

25 In which of the following options the order of arrangement
does not agree with the variation of property indicated
against it ? = NEET 2016, Phase (I)

(a) B <C < N <O (increasing first ionisation enthalpy)

(b) I < Br < Cl < F (increasing electron gain enthalpy)

(c) Li < Na < K < Rb (increasing metallic radius)

(d) AI®* < Mg?* < Na* < F~ (increasing ionic size)



26 The electronegativity of the following elements increases

in the order = CBSE-AIPMT 2012
(a) C, N, Si, P (b) N, Si,C, P
(c) Si,P,C,N (d) P,Si,N, C

27 The correct order of decreasing electronegativity values
among the elements : |-beryllium, Il-oxygen, lll-nitrogen
and IV-magnesium is

@i>>I>Iv
) I>1>1l>1V

(b)Y >1IV>1>I
(A >H>I1V>I

28 Which one of the elements with the following outer orbital
configurations may exhibit the largest number of
oxidation states? — CBSE-AIPMT 2009

(a) 3% 4s® (b) 3d® 4s' (c) 3d° 4s® (d) 3d?, 4s°

29 Which of the following has the correct order of basic

character?
(a) MgO >Na ,0 >CuO > Al,O4
(b) Na,O >MgO > Al,O4 >CuO
(c) CuO >MgO >Na,0 > Al,O4
(d) AlLO4>CuO >MgO >Na,0

30 Which of the following is not expected to react with

sodium hydroxide? — CBSE-AIPMT 2011

(a) B,O,4 (b) CaO (c) SO, (d) BaO

31 In which of the following option, the order of
arrangements does not agree with the variation of
property indicated against it?

(a) Li<Be <B < C - lIstionisation potential

(b) Li" < Na® < K" < Cs™ - lonic radius
(c) NH; <PH; < AsH, - Acidic character
(d) AlLO; <MgO <Na,O < K,0O - Basic character

Direction (Q.Nos. 32-34) Each of these questions contains
two statements : Assertion and Reason. Each of these
questions also has four alternative choices, only one of which
is the correct answer. You have to select one of the code (a),
(b), (c) and (d) given below.
(a) Assertion is true, Reason is true; Reason is a correct
explanation for Assertion
(b) Assertion is true, Reason is true; Reason is not a correct
explanation for Assertion
(c) Assertion is true, Reason is false
(d) Assertion is false, Reason is true

32 Assertion Electron gain enthalpy becomes less negative
as we go down the group.
Reason Size of the atom increases on going down the

group and the added electron would be farther from the
nucleus.

33 Assertion Noble gases have large positive electron gain
enthalpy.
Reason Electron has to enter the next higher principal
quantum level.

34 Assertion Removal of s-electron is relatively difficult than
removal of p-electron of the same main shell.
Reason s-electrons are closer to the nucleus than
p-electrons of the same shell and hence, are more
strongly attracted by nucleus.

(DAY PRACTICE SESSION 2 )

PROGRESSIVE QUESTIONS EXERCISE

1 In which of the following options the order of
arrangement does not agree with the variation of
property indicated aginst it.

(a) Ba > Sr > Mg ; atomic radius

(b) F> O > N first ionisation enthalpy

(c) Cl'>F >1; electron affinity

(d) O > Se > Te; electronegativity

2 The ionisation energy of nitrogen is more than that of
oxygen because
(a) nitrogen has half-filled p-orbitals
(b) nitrogen is left to the oxygen in the same period of the
periodic table
(c) nitrogen contains less number of electrons
(d) nitrogen is less electronegative

3 Which of the following statements regarding the
chemical reactivity of the alkali metals and the halogens
is correct?

(a) In alkali metals the chemical reactivity increases
whereas in the halogens, it decreases with increase in
atomic number down the group

(b) With increase atomic number down the group, the
chemical reactivity increases in both alkali metals and
halogens

(c) With increase in atomic number down the group, the
chemical reactivity decreases in both alkali metals and
halogens

(d) The chemical reactivity decreases in the alkali metals
but increases in the halogens with increase in atomic
number

4 The group whose elements have positive as well as
negative oxidation states are
(a) Na, Mg, Al
(b) He, Li, Be
(c)H, F, O
(d)H, CI, Br



5 Three elements A, B and C have atomic numbers 20, 36
and 35 respectively. Then the correct statement is
(a) B would have highest ionisation potential
(b) C would have highest ionisation potential
(c) B would have an ionisation potential between those of A
and C.
(d) Awould have highest ionisation potential

6 Which of the following option is correct regarding the
ionic radii?
(a) *cI~>¥cr-
(c) Ti** >Mn™*

(b) K* >CI™

(d) P5+ > P3+

7 The ionic radii of C*~ and O™ respectively are 2.60 and
1.4 (R). The ionic radius of the isoelectronic ion N3~
would be
(a) 2.6
(c) 1.4

(b) 1.71
(d) 0.95

8 Which of the following electronic configuration exhibits a

sudden large jump between the value of IE, and IE;?
(a) 1s? 252 2p® 352 3p'

(b) 152 252 2p°® 3s' 3p?

(c) 1s? 25° 2p° 3s!

(d) 1s? 252 2p® 3s?

9 Which of the following represents the correct order of
increasing first ionisation enthalpy for Ca, Ba, S, Se and
Ar?

(a) S<Se<Ca<Ba<Ar

(b) Ba<Ca<Se<S<Ar

(c) Ca<Ba<S<Se<Ar

(d)Ca<S<Ba<Se<Ar

10 Choose the correct option with respect to first (1) and
second (Il) ionisation potentials of sodium and
magnesium?

@) Ina > g () Thya > lhyg

11 In group 17, fluorine, chlorine, bromine and iodine are
placed. This is due to

(a) their atoms are generally univalent

(b) they are non-metals

(c) they have 7 electrons in the outermost shell of their atom
(d) they are electronegative

12 Which is incorrect statement?
(a) In solid 0% is stabilised by neighbouring cations

(b) Formation of 0%~ from O~ is unfavourable in the gas
phase

(c) Electron affinity of O > S
(d) All of the above are incorrect statements

13 For the following process,
Ag)+e - A(@ A H=x
Ag)E A e ; AH=y

Select the correct alternate.

(a) lonisation energy of A™(g)is y

(b) Electron affinity of A(g)is —y

(c) Electron affinity of A(g)is x

(d) All of the above are correct
14 Among the following oxide, the least acidic is

(@) P,Oqg (b) As,Og4 (c) As,O0,y (d)P,Og4

15 Arrange the following four elements in the correct order
of magnitude of their electron affinity.

(1) 2s? 2p° (2) 3s23p*
(3) 3s%3p° (4) 252 2p*
(a)4<2<1<3 (b)1<4<3<2
(c)1<3<4<?2 (d)4<3<1<2

16 Which of the following is not arranged in the correct
sequence?
(a) MO, M,O4, MO,, M,Og - decreasing basic strength
(b) Sc, V, Cr, Mn - increasing number of oxidation states
(c)Co™2, Fe™3, Cr*® Sc™- increasing stability
(d)d®, a®, d', d*-increasing magnetic moment
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Hints and Explanations

SESSION 1

1 The modern periodic table has been
divided into seven horizontal rows
called periods and eighteen vertical
columns called groups.

2 As the element ‘X’ belongs to fourth
period and fifteenth group of periodic
table, its outer configuration is 4s2 4p°.
Its complete electronic configuration is
152 252 2p° 352 3p° 452 0 4p°
Hence, its s-orbital is completely filled,
while p-orbital is half-filled.

3 Since, the last electron enters in
d-subshell, therefore element belongs
to d-block

4 In a family, all elements have same
outermost electronic configuration.
Since, [Ne] 3s2 3p°, chlorine belongs to
halogen family, while the remaining
three are in same group, i.e. group 12.

soHg =[Xe] 450" 6s?
15Cd =[Kr] 4d'%5s?
30Zn =[Ar] 3d'%4s?

5 Electronic configuration of an atom is
152 252 2p° 352 3p° 302 4s? enters into
the d-orbital, thus it belongs to fifth
group.

6 The element with atomic number
Z =114 is flerovium (Fl). It is a super
heavy artificial chemical element. In the
periodic table of the elements, it is a
transactinide element in the p-block. It
is a member of the 7th period and is the
heaviest known member of carbon
family.

7 Chemical properties of lithium and
magnesium are similar because both
exhibits diagonal relationship due to
same electronegativity and charge 1
radius ratio.

8 The atomic radii as well as ionic
radii increases on moving down the
group 13 elements because of the
successive addition of one extra shell of
electrons.
However, there is an anomaly at gallium
in case of atomic radii. Atomic radii of
Gais lesser as compared to Al. Gallium
(Ga) with electronic configuration, [Ar]g
30" 4s? 4p' has an extra d-electrons
which do not screen the nucleus

effectively. Consequently, electrons of
Ga are more attracted by nucleus.

Thus, the increasing order of atomic
radii of the group 13 elements is B (85
pm) < Ga (135 pm) < Al
(143 pm) < In (167 pm) < Tl
(170 pm)

9 Al =[Ne] 3s? 3p'
Ga = [Ar] 3" 452 4p

Electronic configuration of Ga exhibits
that it contains 10 electrons in d-orbitals
which do not screen the nucleus
effectively because of the large size of
d-orbitals. The electrons are attracted
by a greater force toward nucleus,
that's why atomic radii of Ga and Al are
almost same.

10 Atomic radius increases as atomic
number increases due to increase in
the number of shells.

11 A cation has always the lesser ionic size
than a metal atom due to loss of
electrons and an anion has always
the greater size than metal atom due to
gain of electrons. The given species are
isoelectronic species as they contain
same number of electrons.

For isoelectronic species,
1

ionicradil 0 ————————
atomic number

lon . Ca®t K* Ar S%T CI7

Atomic

number: 20 19 18 16 17

So, the correct order of size is
Ca®" <K' <Ar<Cl™ <S?~

12 In periodic table, the metallic character
increases down the group because the
ionisation enthalpy decreases down the
group and metallic character decreases
from left to right because the ionisation
enthalpy increases from left to right.

13 (@) H >H>H"

It is known that radius of a cation is
always smaller than that of neutral atom
due to decrease in the number of orbits.
Whereas, the radius of anion is always
greater than a cation due to decrease in
effective nuclear charge.

Hence, the correct order isH™ > H>H*.

14 Amongst isoelectronic species, ionic
radius increases with increase in
negative charge or decrease with the
increase in positive charge.

15 lonic radii O charge on anion
1
charge on cation

During the formation of a cation, the
electrons are lost from the outer shell
and the remaining electrons experience
a great force of attraction by the
nucleus, i.e. attracted more towards the
nucleus. In other words, nucleus hold
the remaining electrons more tightly
and this results in decreased radii.
However, in case of anion formation,
the addition of electron(s) takes place in
the same outer shell, thus the hold of
nucleus on the electrons of outer shell
decreases and this results in increased
ionic radii.
Thus, the correct order of ionic radii is
$27> ClI">K*>Ca?"
16 17 >1>17

Size of anion is always larger than its
neutral atom, while size of cation is
always smaller than its neutral atom.

17 lonic radii IZIi
Zeff

where, Z; = effective nuclear charge
= Z - screening constant (o)

The value of screening constant is based
upon the number of electrons in valence
shell as well as in penultimate shells.

18 Ca®" <K' <Ar

Ar, K* and Ca?* are isoelectronic, i.e.
with same number of electrons, 18. For
isoelectronic species, ionic radii
decreases with increase in effective
(relative) positive charge. Also Ar, K and
Ca belong to the same period (3rd period).

19 Ionic radii is the distance between the
nucleus of an ion and a point up to
which the nucleus has its influence on
its electron cloud. The size of ions
increases on moving from top to bottom
in a group. Hence, the maximum
distance between the centres of cations
and anions is in Csl because Cs is the
largest cation and | is the largest anion.



20 lonisation energy decreases as we
move down the group and is more for
half-filled outermost sub-shell.

21 First ionisation enthalpies of Na, Mg, Al

and Si are
Na = 496 kJ mol ™,
Mg =737.6 kJ mol™
Al =577 kJ mol ™",
Si =786 kJ mol™
Therefore, order of first ionisation
enthalpies is Na< Mg > Al < Si

22 For the same shell, screening effect
decreases inthe order : s> p>d >f

23 The correct order of electron gain
enthalpy (electron affinity) is

O <S<F <l
(1.48) 2.07 3.45 36 (V)

24 Electron affinity value of Cl is higher
than that of F as, Cl belongs to third
period (have larger size), while F
belongs to second period (have small
size). In Cl, electron-electron repulsive
forces are weaker than that of F.

25 (a, b) For option (a),

First ionisation energy is the energy
required to remove an electron from
outermost shell.
Hence, correct order is
B<C<O<N.

For option (b),
Electron gain enthalpy is the energy
change to gain an electron in the
outermost shell.
Hence, the correct order is

| <Br<F<Cl
For option (c),
As we move down the group in alkali

metal, metallic radius increases Li < Na

< K < Rb.

For option (d),

In case of isoelectronic species, as
positive charge decreases or

negative charge increases the ionic size
of the species increases and vice-versa

APRT <Mg?" <Na® <F~

26 On moving along a period from left to

right in periodic table, electronegativity

increases (due to decrease in size).

While on moving downward in a group,

electronegativity decreases. Thus, the
correct order of electronegativity is

Si < P < C < N

(1.8) 2.1) (2.5) (3.0)

27 Electronegativity increases along a

period and decreases in a group. Thus,
the order is

N>1l>1>IV

28 The sum of number of electrons

(unpaired) in d-orbitals and number of
electrons in s-orbital gives the number
of oxidation states (os)exhibited by a
d-block elements. Therefore,

(@) 3d®, 4s® 0 0S=3+2 =5

(b) 3d°%,4s' 0 OS=5+1=6

(c) 3d® 4s° 0 0S=5+2=7
(d)3d?, 45> 0 0S=2+2=4

Hence, element with 30°, 4s®

configuration exhibits largest number of
oxidation states.

29 Basic character depends upon the

metallic character, i.e. greater the
metallic character, more is the basic
character. Since the metallic character
decreases from Na to Cu. Thus, basic
character also decreases.

30 Sodium hydroxide, NaOH, being a

31

strong alkali never react with a basic
oxide (compound). Among the given
options, B,0, and BeO are amphoteric
oxides, SiO, is an acidic oxide and CaO
is a basic oxide. Therefore, NaOH does
not react with CaO.
Li, Be, B and C are present in lind
period. In a period from left to right
ionisation potential increases.
lonisation potential increases
LiBeBC
But in case of Be and B, Be has higher

ionisation potential than B due to stable
configuration of Be.

.Be =1s% 252

Stable configuration

252 (due to fully-filled orbital)
(B =1s%25%2p'

.. Unstable configuration
2p'

So, the correct order of ionisation
potential of given elements is Li < B <
Be < C

32 Electron gain enthalpy becomes less

negative as the size of an atom
increases down the group. This is
because within a group, screening
effect increases on going downward
and the added electron would be
farther away from the nucleus.

33 Noble gases have large positive

electron gain enthalpy because the
electron has to enter the next high
principal quantum level leading to a
very unstable electronic configuration.

34 Reason is the correct explanation of

Assertion.

SESSION 2

1 First Lonisation enthalpy increases from

left to right in a period but due to
half-filled electronic configuration of
nitrogen atom, N has higher first
ionisation enthalpy than of oxygen.
Hence (b) is not in agreement with the
given order.

2 |onisation energy increases as we

move from left to right in any period but
the value of ionisation energy increases,
if the given species have half to
full-filled electronic configuration w.r.t
the next member is the period. Thus,
ionisation energy of nitrogen is more
than of oxygen.

3 In alkali metals, their chemical reactivity

increases due to presence of only one
valence electron, which it can lose
easily, whereas halogen have seven
valence electrons. So it can complete
its octate by easily accepting one
electron and becomes stable. Thus, it is
also a reactive species but its reactivity
decreases as we move down the group
due to increase in atomic number and
atomic size.

4 The element hydrogen, chlorine and

bromine can form (+) ve as well as (=)
ve ions, thus can show (+)ve as well as
(-) ve oxidation states.

Hydrogen — H" and H~

Chlorine - CI” and (+) 3, (+) 5, and (+7)
Bromine - and (+1), (+ 3), (+5)

and (+7).

5 Electronic configuration for the

elements (A), (B) and (C) are

(A), (Z =20) =2, 8, 8, 2 (4th period)

(B), (Z =36) =2, 8, 18, 8 (4th period)
©), (Z =35)=2, 8, 18, 7 (4th period)

-+ Element (B) has completely full-filled
outermost orbitals and ionisation energy
increases from left to right in any period.
Thus, (B) has highest ionisation
potential.



6 (2)*°CI™ and ®’CI” is wrong,
- Both have same number of protons
and electrons.
(b) K* and CI™ are isoelectronic,
- for isoelectronic species, the size of
anion is more than of cation.
(c) Ti*" has 4d° configuration, while
Mn"" has 4d° 4s° configuration but

lonicradii J —————
(+) ve charge

Thus, size of Ti*" > Mn™"

(d) For the same element, the ion
having more (+) ve charge is
comparatively smaller in size. i.e.
P°* > P*" incorrect.
0 (c) is the correct option.
7 - Number of electronic in
C*=6+4=10
0% =8+2=10
N~ =7+3=10
Thus, all are isoelectronic,
For isoelectronic species, more be the
(=) ve charge over the ion, more is the
size of that species.
Hence, the size of N~ should be
greater than O~ but less than C*".
O (b) is the correct answer.
8 -- (i) lonisation energy increases with
the decreases in size.
(i) Completely filled or half-filled valency
orbital has higher ionisation energy.
As, electronic configuration  of
option (d) has only 3 main shells
with two electrons in 3s2.
Therefore, after the removal of 2nd
electroni.e. IE, the configuration of
element becomes full-filled. Hence,
IE4 for this species is very high,
therefore the value of ioniration
enthalpy from (2) to (3) jumps with
a sudden rise.
9 Increasing order of first ionization
enthalpy is, Ba < Ca < Se < S < Ar.
141

rr0d=—0—
"TZIE

10 Electronic configuration (E.C) for Na
(Z =11)is 152,252, 2p°, 3s' (show
atom Na) and forNa " is 1522522 p°

(showNa™).
Similarly,
EC for Mg = 1s2, 252, 2%, 3s2 and for
Mg" =1s? 2s2 sp®3s' show Mg*
-+ (i) IE is more for Half of full-filled
electronic configuration.

(i) LE. increases in the period, as we
move from left to right (for atoms).

Hence,

> Thyg
~forlly,, E.C. is full-filled while for T,
it is not.

11 In modern periodic table. The groups
are made on the basis of number of
valence electrons.

- Member of group-17 (fluorine,
chlorine, bromine and iodine) have
seven valence electrons thus are
placed in group (17)

12 Electron affinity for oxygen (O) is less
than of sulphur (S), because of
presence of six valence electrons is a
very small volume, which offers large
electron-electron repulsion on the
incoming electron.

On the other hand due to
comparatively larger size of sulphur, it
offers less repulsion. So, has more
electron affinity than of oxygen.

13 Given,

()Alg)+e  O» A (gh H=x

(i) A (@) 3 Alg} e bH=y

-+ In relation (i), an atom is changing
to anion by accepting an electron,
thus it represent electron affinity and
its value is x. On the other hand
relation (ii) represent the ionisation
energy (I.E) and represent the value
equal to y. Also, in general

- Value of electron affinity = (=) ve of L.E.
0 (d) is the correct option.

14 () Theacidic nature of oxides, depends
on the value of oxidation number.
(O.N) of central atom. More (+)ve be
the value, more acidic nature of the
given oxide.

(i) For same value of oxidation number,
more electronegative central atom
represents more acidic oxide due to
its smaller size.

~ON.of PinP,O;y =5

O.N. of Asis As,O4 = 3

O.N.of Asin As, 0,y =5

O.N.of PinP,0Os=3
Also,

.+ between P,0O4 and As,Og, the As is
less electronegative, thus As,Og is least
acidic.
15 Among the given electronic
configuration is.
(1) is2s® 2p° i.e. has
total no. of electrons =2 +7 =9
Hence, it is fluorine (F)
(2) is 3s23p* i.e. has
total no. of electrons
=2+8+6=16
Hence, it is sulphur (5)
is 3s°3p° i.e. has
total no. of electrons
=2+8+7 =17
Hence, it is chlorine (CI)
is2s2p i.e. has
total no. of electrons =2 + 6 =8
Hence, it is oxygen.
-+ Election affinity (E.A) is more for Cl
than of F due to electron repulsion in
fluorine and electron affinity for sulpher is
more than of oxygen for the same reason.
Also, electron affinity increases from left
to right in any period. Hence, the correct
orderis (3) > (1) > (2) > (4).
ie. 4<2<1<3

°

=

16 More number of unpaired electrons in
any species, show more magnetic
moment. Thus, option (d) is not in
correct sequence. The correct sequence
isd' a®d* d°.



