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Introduction

The matter around us is made up of atoms. Earlier, scientists believed that atoms were indivisible.
However, modern research has shown that atoms are divisible and consist of more than 100 subatomic
particles. Among these, the electron, proton, and neutron are considered the fundamental particles.

The behaviour of particles in an electric field depends upon their mass and charge. If we allow the
beams of electrons, protons and neutrons to pass one by one at the same speed through an electric field, they
show their behaviour as follows.

1. Neutrons being neutral are not deflected but travel in a straight path perpendicular to the direction of
electric field.
2. Protons being positively charged are deflected towards the negative plate.

3. Electrons being negatively charged are deflected towards the positive plate, to greater extent since they are
1/1836 times lighter than protons.

| ATOMIC STRUCTURE
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Factors Affecting Deflection of Charged Particles
The amount of deviation of a charged particle from its original path depends on two main factors:

) h _ ‘
(i) Angle of deflection = %I‘la;;gf (i) Radius of deflection = é;lzf;e

This occurs because, after deflection, the particle begins to move in a circular path. Therefore, the
factors affecting the radius of deflection are the reciprocal of those affecting the angle of deflection. This
means that when the angle of bending is large, the circular path is small—and when the angle is small, the
path is larger.

Properties of Fundamental Particles

Electron Proton Neutron
(i) Discovery J. J. Thomson Eugene Goldstein James Chadwick
(ii) Charge -1.6022 x 107° C +1.6022 x 107"° C Neutral
(iii) Mass
(a) kg 9.1095 x 1073 kg 1.6726 x 10 kg 1.6750 x 10* kg
(b) a.m.u 5.4858 x 10~ amu 1.0073 amu 1.0087 amu
(iv) Heavier than e~ Equal 1836 times 1843 times

(Proton Number)

“The number of protons in the nucleus of an atom is called atomic number (Z) or proton

number.”

e It is the fundamental property of an element.
e In modern periodic table, the elements are arranged in the ascending order of their atomic numbers.
o The concept of atomic number was introduced by Moseley from his research work on X-rays.
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2 Chapter 2 (Atomic Structure)

M (Nucleon Number)

“The number of protons and neutrons in the nucleus of an atom is collectively called its

mass number (A) or nucleon number.”
e [tis always in whole number.
e  The mass of electron being very small is not included in the mass number.
* Protons and neutrons are collectively called nucleons.
Relation between Atomic number (Z) and Mass number (A)
Atomic number is related to the mass number by the following equation

Mass number = Atomic number + Number of neutrons
A = 4 + N

Representing atomic number (Z) and mass number (A) of an element.

A
72X

m Calculate the number of neutrons in an atom of Al

Solution: Atomic number (Z) of Al =13, Mass number (A) of Al=27
Number of neutrons = Mass number — Atomic number

=27-13
|Numbcr of neutrons = ldl

(N Calculate the number of electrons, protons and neutrons in an ion of AI**.
Solution: *7Al atom loses 3 electrons to form Al** ion.

Number of protons =13

Number of neutrons =14

Number of electrons =13-3=10
(FTELEER Calculate the number of electrons, protons and neutrons in an ion of CI-.
Solution: f.’, Cl atom loses 1 electron to form CI™ ion.

Number of protons =17

Number of neutrons =18

Number of electrons =17+1=18

Number of protons, electrons and neutrons in different ions

___Atom | Species | Neutrons | Protons | _Electrons |
8 10

£ 0o 0* 8
s S 16 16 18
WP P 16 15 18

Quick Check 2.1
Calculate the number of neutrons in the following elements. 3K, 3>Cl, 10 Ar.

Ans: (i) 33K (Atomic number (Z) of K = 19, Mass number (A) of K = 39)
Number of neutrons = Mass number - Atomic number
=39-19
INumber of neutrons = 20|
(i) 33ClI (Atomic number (Z) of ClI = 35, Mass number (A) of Cl = 17)
Number of neutrons = Mass number — Atomic number
=35-17

INumber of neutrons = 18
(iii) 73 Ar (Atomic number (Z) of Ar = 40, Mass number (A) of Ar = 18)
Number of neutrons = Mass number — Atomic number
=40-18
INumber of neutrons = 22|
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MOSELEY’S CONTRIBUTION TO ATOMIC STRUCTURE

In 1913, Moseley observed that when different elements were bombarded with cathode rays, the X-
rays of some characteristic frequencies were produced. A very simple relationship was found between the
frequency (v) of a particular line of X-rays and the atomic number Z of the element emitting it.

“The square root of the frequency of the X-rays was directly proportional to the atomic

number of an element Z2.”

'\/Gocz

X-rays of some characteristics frequencies were produced, when different elements were bombarded
with cathode rays (electrons).
Moseley’s Law and Idea of Atomic Number

This law convinces us that characteristic properties of the element (both physical and chemical) are
determined by the atomic number and not by the atomic mass. He concluded that this number, i.e. the atomic
number Z was a fundamental property of an element.

Q. What are X-rays? What is their origin?
Q. How was the idea of atomic number derived from X-rays?
Q. What is Moseley’s law?

Experimental Evidences for the Electronic Configuration

The modern theory of electronic structure originates from the Bohr Model of atom. Evidence for this
and later models of the atoms derives principally from two sources;
(i) Atomic spectra ii) ionization energies

ATOMIC SPECTRA

“The spectrum of electromagnetic radiation emitted or absorbed by an electron during
transitions between different energy levels within an atom is called atomic spectrum or
line spectrum.”

e We see distinct lines separated by dark spaces.

e The boundary line between the colours can be marked.

e [t is the characteristic of an atom.

e FEach element has its own line spectrum.

Atomic Spectra: The Fingerprints of Elements

e Each element has a unique arrangement of electrons and thus a unique range of fixed energy levels.

e [t follows that the wavelengths and frequencies of the radiation absorbed or emitted when electrons
jump from one energy level to another must also be unique.

e This uniqueness convinces us to conclude that every element has its own characteristic spectrum.
Therefore, every element is identified by its characteristic spectrum.

e Hence, we can say that atomic spectra are the finger prints of the elements.

656nm 486nm 434nm 410nm

Hydrogen

Helium

Neon

Sodium

Mercury
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Types of Atomic Spectrum

There are two ways in which an atomic spectrum can be viewed;

(i) Atomic emission spectrum (ii) Atomic absorption spectrum

When an element in its gaseous state is heated to high temperatures or subjected to electrical
discharge, radiation of certain wavelengths is emitted. Such an atomic spectrum is called atomic emission
spectrum.

e This spectrum contains bright lines against a dark background.
Energy being emitted

o o

+Vpo_o o »{ Detector]—> [T 1T I1 I

Atoms f/ q %o
of molecules ﬂ

;’QT‘ Energy

(Atomic emission spectrum)
(ii) Atomic Absorption Spectrum

When a beam of white light is passed through a gaseous sample of an element in cold state, certain
wavelengths are absorbed. Such an atomic spectrum is called atomic absorption spectrum.
e This spectrum contains dark lines against a bright background.
Atoms or molecules

Elect " S ,/ Increases wavelength
ectromagnetic (o] »
rdiation—" Mo o 6 s [Betector] [T T 1]
U o o
MU\ o Only some of

the radiation
gets through

(Atomic absorption spectrum)

Similarities of emission and absorption spectra

It is interesting to note that the wavelengths of the dark line in the absorption spectrum of a substance
are the same as those of the wavelengths of the bright lines in the emission spectrum of the same substance.

In emission spectrum these lines appear bright because the corresponding wavelengths are being
emitted by the element, whereas they appear dark in the atomic absorption spectrum because the wavelengths
are being absorbed by the element. E.g. The atomic absorption spectrum of hydrogen.

(a) Emission Spectrum of Hydrogen

(b) Absorption spectrum of Hydrogen

400nm 700nm

Define Atomic Spectrum. Give its two types.

Why atomic spectrum is line spectrum?

Compare line emission and line absorption spectra.
What is the origin of line spectrum?

PR
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RELATION BETWEEN IONIZATION ENERGY AND ENERGY LEVELS (electronic shells)

Electrons in different shells have different energy levels. The electronic configuration of the atoms
can be investigated by measuring their ionization energies experimentally. There are two main ways
ionization energies help us understand electronic configurations:

(1) Successive lonization Energies of the Same Element
(2) First Ionization Energies of Different Atoms

XX What do you mean by successive ionization energies? How the electronic shell
structure of magnesium (Mg) is derived from the successive ionization energies?

(1) Successive lonization Energies of the Same Element
“The removal of electrons from an atom continues until only the nucleus is left. This sequence
of ionization energies is called successive ionization energies.”
e The successive ionization energies show clearly the arrangement of electrons in shells around the nucleus.
e The successive ionization energies of an element are all endothermic and their values become more and
more endothermic. This is not surprising because each successive ionization requires the removal of a
negative electron from an ion of increasing positive charge.
General Example: X —— X +e I} =+ive
X — s X¥+e I, = +ive
X —X+e D=+ive
L<L<I;
Electronic Shell Structure of Mg and Successive lonization Energies
For magnesium atom, the energy required to remove successively the first electron, the second, the
third, and so on are given below;

Mgy —> Mg, +1le  1i=+738 k mol

Mgt —— Mg +le I =+1450 kJ mol™'
Mg¥* ——> Mg+ le” I3 =+7730 kJ mol™!
It is clear from ionization energy values that I3 > I; > I;
Graphical Explanation
e A graph plotted between ionization energies values and number of electrons shows that successive
ionization energies increase when we move from the valence shell to the inner shells.
Valence Shell: First two electrons are removed from the outermost shell and require lower energy for their
removal.

Logarithms to base 10

Logarithmic scales are a means
of bringing a very wide range
of numbers onto the same

? scale. For a number, x, logiox
E 1s the power to which 10 must
3 be raised to equal x. So,

.% Ifx=10, logipl0=1

5

Ifx= 100, logmlOO =2
If x =106, logiol0°=6
Ifx=0.1, logi00.1 =—1

™ B

1 2 3 4 5 6 7 8 9 10 U 12
Numbers of electrons removed

Second Shell: A large increase occurs when the third electron is removed. This is because when two electrons
of the outer shell have been removed, the next has to be removed from the shell that is very much closer to the
nucleus. The next seven electrons are removed successively from the second shell and a gradual increase in
ionization energy is observed.
First Shell: A similar but much more enormous jump occurs when the 11" and 12" electrons are removed.
These electrons are removed from the first, innermost shell, right next to the nucleus.
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Conclusion

Hence, over all, we observe two large jumps in the successive ionization energies. These two large
jumps in the series of successive ionization energies are very good evidence that the electron in the
magnesium atoms exist in three different shells.

(2) First lonization Energies of Different Atoms
(i) Down the group:

As we go down a particular group, for example, from helium to neon to argon, or from lithium to
sodium to potassium, ionization energies decrease. The larger the atom, the casier is to separate an electron
from it. Actually, down the group, number of shells increases, hold of nucleus on the valence electrons
decreases, hence removal of electrons becomes easier.

(ii) Across the period:

The 1onization energies generally increase on going across a period. The group 1 elements, the alkali
metals, have the lowest ionization energy within each period, and the noble gases have the highest. It is due to
the reason that across the period shell number remains same. As the proton number increases, electrons are
added in the same shell. Therefore, nucleus attracts the valence electrons more strongly. As a result, ionization
energy increases across the period.

1500 MHe
Period 2 | Period 3 Period 4 Period 5 Period 6
Ne
2000 1
= F
(-]
Ar
£ 1500 q h
o J Kr
>
g H o Cl
€ » Br
§ 1000t 3 As
g ; Se
5 B Mg Si fe
Ca Ga Sr
500 ‘ Al
Li Na Y
K Rb
]
10 18 36 54 86

Atomic number

Quick Check 2.2
a) Write equations that describe:

i. the 1%t ionization energy of calcium ii. the 3" ionization energy of potassium
Ans:  Cag—— Ca'g + e Ans:  K¥g— K¥g + e

iii. the 2" jonization energy of lithium iv. the 5' jonization energy of sulfur.
Ans: Li'g—— Li¥g+e” Ans:  S¥g—— S + e

b) For the element aluminium (Z = 13), draw a sketch graph between the log10 of the

successive ionization energies (y-axis) against the number of electrons removed (x-axis).
Ans: logie of Successive lonization Energies of Aluminum (Z=13}
4751 | ;

s BB
e N
c u_a
T T T

w
tn
o

logue{lonization Energy) [kj/mal]
3

T ¢ 3 4 § 6 7 & 8 16 11 1z 13
Number of Electrons Removed

CamScanner


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

L gcle M5 B (o232 CHEMISTRY XI

7

("

c) The first AHi; & the second AHi: ionization energies (kJ / mol) of a few elements are given in table.

"\\

2372 | 5251
Il 520 [ 7300
1l 900 1760
Y 1680 | 3380

Which of the above element is likely to be:

i. a reactive metal,

Ans: Element || (because I; >> 1)

ii. a reactive non-metal,
Ans: Element IV (because both values are very high)

iii. a noble gas

values)

Ans: Element | (Highest ionization energies

iv. a metal that forms a stable binary halide of
the formula AX; (X = halogen)
Ans: Element llI

A

<

From Bohr to Schrddinger: Understanding Electron Arrangement

e Bohr’s Model was a one-dimensional model that used one quantum number to describe the distribution
of electrons in the atom. The only important information was the size and energy of the orbit, which was
described by quantum number denoted by ‘n’.

e Schrodinger’s Model allowed the electron to occupy three-dimensional space. It required three
coordinates, or three quantum numbers, to describe the orbitals in which electrons can be found.

e Atomic Orbital is the volume of space in which there is 95% chance of finding an electron.

e The term orbital should not be confused with the term orbit as used in the Bohr’s theory, the orbital can be
regarded as a spread of charge surrounding the nucleus. This is often called the *“electron cloud”.

(XK} What are quantum numbers? Describe briefly principal and spin quantum numbers.

QUANTUM NUMBERS

“The sets of numerical values which give the acceptable solution to Schrodinger

wave equation for hydrogen atom are called quantum numbers.”

or

“These are number or labels which completely describe an electron in an atom.

There are four quantum numbers which can describe the electron completely.

(1) Principal quantum number (n)

(2) Azimuthal (angular) quantum number (1)
(3) Magnetic quantum number (m)

(4) Spin quantum number (s)

e The three quantum numbers that come from Schrédinger’s wave equations are the

principal (n), angular (1), and magnetic (m) quantum numbers.
e These quantum numbers describe the size, shape, and orientation in space of the orbitals in an atom.

1) Principal Quantum Number(n

The different energy levels in Bohr’s atom are represented by ‘n’. This is called principal quantum
number by Schrodinger. Its value is non-zero, positive integers upto infinity.

n=1,2,3,4,
e This quantum number, n, describes the size and energy of the orbital.
e  The collection of orbitals with the same values of n is called an electron shell.

Applications
@)

(i)

becomes larger."

therefore less tightly bound to the nucleus.

(iii)

given by the formula 2n?.

Person Electron
City Shell
Town Sub-shell
Block Orbital
House# Spin

n

1 2

3 4

Shell

K L

M N

Shell K|L|M|N
Principal quantum number (n) 1 2134
Maximum number of electrons(2n?) | 2 | 8 | 18 | 32

Size of an orbit: "When ‘n’ is larger, the electron stays farther from the nucleus, so the orbital
Energy of the orbit: An increase in ‘n’ also means that the electron has a higher energy and is

Number of electrons: The maximum number of electrons that can be accommodated in any shell is
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(2) Azimuthal Quantum Number (t)

When spectral lines in a spectrum are observed using a high resolving power spectrometer, each
individual line is further divided into several very fine lines. This indicates that each main energy level (or
shell) is divided into smaller regions called subshells.

The subshells are described by the azimuthal quantum number (also called the angular momentum or
subsidiary quantum number), which determines the shape of the orbitals within a shell.

Value: Its value are £t=0,1,2,3,...... (n-1)

Its value depends upon ‘n’. These values represent different subshells which are designated by small
letters s, p, d and f which stand for sharp, principal, diffused and fundamental respectively. These are the
spectral terms used to describe certain features of spectral lines.

(i) Shapes of subshells
The set of orbitals that have the same ‘n’ and ‘£’ values is called a subshell. A subshell may have
different shapes depending upon the nature of ‘£’
£=0 s-subshell spherical shape
Lt=1 p-subshell polar (dumb bell) shape
L=2 d-subshell clover leaf (double dumb bell) shape
t=3 f-subshell complicated shape
(ii) Relation between ‘n’ and ‘U’

The number of subshells in a shell is equal to its shell number. For example, 1st, 2nd, 3rd, and 4th

shells have one, two, three and four subshells respectively.

K 1

Is |
2

L 2

M 3

N 4

W= O == O— OO
w
(=W

(iii) Total number of electrons
Number of electrons in a subshell can be determined by formula=2(2{ +1) or4 £ + 2

Value of ¢’ 0 1 2 3
Orbital designation s p d f

Max No. of 2 6 | 10| 14

electrons
This quantum number explains the splitting of spectral lines further when an excited atom is placed in

a strong magnetic field (Zeeman Effect). This quantum number describes the orientation of an orbital in space

that is why it is also called spacial orientation quantum number.

Values: m=0, +1,+2, 43, ........ (The values of ‘m’ indicate the number of orbitals in a subshell.)

(i) Relation between ‘L’ and ‘m’ |Number of orbitals (m) = 2¢ + 1 |
The value of ‘m’ depends upon values of ‘L’ Le. m= (2L + 1)

When £=0 s-subshell m=10

L=1 p-subshell =—1, 0, +1 (p-subshell has three degenerate orbitals)

L=2 d-subshell m=-2,-1,0, +1, +2 (d-subshell has five degenerate orbitals)

L=3 f-subshell m=-3,-2,-1, 0, +1, +2, +3 (f-subshell has seven degenerate orbitals)
Value of L 0(1|2 |3 |4
Subshell s|pld|[flg
Numberoforbitals |1 |3 ] 5|7 (9
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(ii) Degeneracy of orbitals

Orbitals of the same subshell have same energy and are called degenerate orbitals. Actually, the value
of ‘m’ gives us the information of degeneracy of orbitals in space. It tells us the number of different ways in
which a given s, p, d or f sub-shell can be arranged along x, y and z axes in the presence of magnetic field.
(iii) Number of orbitals in a shell

The number of orbitals in a shell can be determine by using the formula, n>. Where n = principal
Quantum Number:
K(n=1) has | orbital, L(n = 2) has 4 orbitals, M(n = 3) has 9 orbitals, N(n =4) has 16 orbitals and so on.
(iv) Number of electrons in an orbital

An orbital can accommodate maximum of 2 electrons with opposite spin.

I I TR G TN Splitting of small fine lines in the presence of magnetic field and their three-

dimensional orientation in space indicate the presence of orbitals in subshells. This splitting is called
“Zeeman effect”.

4) Spin Quantum Number(s

Electrons are thought of spinning around their own axes, as the Earth does. According to
electromagnetic theory, a spinning charge generates a magnetic field. It is this motion that causes an electron
to behave like a magnet.

There are following two possible spinning motions of an electron;
(1) Clockwise spin: It is represented by an arrow pointing upwards (T). Its value is +1/2.

i i n: It is represented by an arrow pointing downwards ({). Its value is =1/2.
Electron aligned W|th magnetlc field Electron aligned against magnetic field

Clockwise with spin up Antilock wise with spin down
s=+1/2 =-1/2
o Each orbital can accommodate at the most two electrons provided the two electrons have opposite spins.
» The three quantum numbers i.e.‘n’, ‘I’ & ‘m’ describe the energy, shape and orientation of an orbital, but
fourth quantum number (spin quantum number) is used to differentiate between the two electrons that can
occupy an orbital.

e N
(a) What information about an electron in an atom can be obtained from:
Principal Quantum Number Size and energy of the orbital
Azimuthal Quantum Number Shape of the orbital
Magnetic Quantum Number Orienitation of an orbital in space
Spin Quantum Number Differentiate between two electrons in an orbital
(b) For an electron(s):

(i) If n =2 and ¢ = 1, how many orientations in space are possible?
(i) If n = 3 and ¢ = 2, which shell and subshell does the electron belong to?
(i) If | = 2, find all possible values of ‘m’ and maximum number of electrons for ‘'m’.
Ans:  Orientation in space, orbitals (m) = 2L + 1
(i) m=2(1)+1 = 3 (3 orientation in space means three orbitals of p-subshell i.e. p., py and pz)

(i) m=2(2)+1 =5 (5 orientation in space means five orbitals of d-subshell i.e. dy, dy, dy, dxz_yz &dz3 )

@iii) m = 2(2)+1 = -2, -1, 0, +1, +2. Since there are five orbitals and each orbital can
& accommodate maximum of two electrons so, total number of electrons in these orbitals are 10.

)
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m Draw the shapes of s, p and d-orbitals. Justify these by keeping in view the
azimuthal and magnetic gquantum numbers.

SHAPES OF ATOMIC ORBITALS

Atomic Orbital
"Three dimensional region in space around the nucleus in which the probability of
finding the electron is maximum is called atomic orbital.”
e Size and energy of an orbital is influenced by Principal Quantum Number (n) while shape is
determined by Azimuthal Quantum Number (£).
#  An orbital can accommodate maximum of 2 electrons with opposite spin.
(i) s-orbital
» s-orbital is spherical in shape. The elzctronic density around the nucleus in an s orbital is uniformly
distributed in all directions.
# [t isnon-directional.
e [t starts from first shell (n=1)
=  With the increase in the principal quantum number, the size of ‘s’ orbital also becomes larger.

: by
t .y
Q’x x

(ayn=1, /=0, m=0 (b)n=2,/=0,m=10

(if) p-orbitals
» p-orbitals have dumb-bell shape. The electren density is not distributed in a spherically symmetric
fashion as in an s orbital.
» These are directional. A p-orbital has two lobes on any of the axis.
s It starts from second shell (n=2)
#  With the increase in the principal quantum number, the size of *p” orbitals also becomes larger.

¥

Y
P.
(=1,m=0 t=1,m=-1 =1, m=+l
(lil) d-orbitals
» d-orbitals have double dumb-bell or clover leaf shape.
e It starts [rom third shell (n= 3)
s Ina given shell, *d’ orbitals have different shapes and orientations in space.
* Thed,, dw, and dy; lie in the xy, xz, and yz planes, respectively.
® The lobes of the dx2— 42 lie along the x and y axes.
*» The d.: orbital has two lobes along the z-axis and a “doughnut™ in the xv plane.
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(iv) f-orbitals
e A f-subshell has seven orientations in space, i.e. there are seven forbitals,
(fxl', ﬂj, fzj. f:{zz - }:J, f}ll:zz - x:h f;ui}': - 1:]- f:(pz )
s  The shapes of [ orbitals are very complicated

Quick Check 2.4

(a) What does an orbital represent according to the wave mechanical model of atom?
Ans:  |n the wave mechanical model of the atom, an orbital represents a three-dimensional region

around the nucleus where there is 2 high probability of finding an electron.

(b} There are three orientations of p-orbital due to three values of magnetic quantum

number. Justify it.

Ans: The magnetic quantum number {m) determines the orientation of an orbital in space.

For a p-orbital, the azimuthal quantum number (I) = 1.

For any value of |, the possible values of ‘m’ are from -l to +|, including 0.

So, forl=1,

m = -1, 0, +1 = this gives three orientations of the p-orhital.

These three orientations are called:

s p, — along the x-axis e py — along the y-axis s p: — along the z-axis
Hence, the three values of ‘m’ result in three spatial orientations of the p-orbitals.

.';h

Z

ELECTRONIC CONFIGURATION

“The distribution of electrons among available shells, subshells, or orbitals of an atom or ion is

called electronic configuration.”
(1) Electronic Configuration in Shells

. . E .. . Arrangement of orblials according
The clectronic configuration of an atom describes the distribution of toin+ & rule

clectrons in its atomie shells. The shells, denoted as K, L, M, N, and so on, ||osmiwm

LE 24

correspond to the principal quantum number (n) of the orbitals. 1s
Shell capacities each shell has a specific capacity for electrons: I

K shell (n=1): 2 electrons maximum (s orbital) ::

L shell (n=2): 8 electrons maximum (2s and 2p orbitals) 3p

M shell (n=3): 18 electrons maximum (3s, 3p, and 3d orbitals) 3d

N shell (n=4): 32 clectrons maximum (4s, 4p, 4d, and 4f orbitals) :"
Examples: Hydrogen (H): 1s' (K shell) . Helivm (He): 15? (K shell) ,,:
Sodium (Na): 1s? 2s? 2p° 38! (K, L, and M shells) 4

2) Distribution of electrons in sub-shells {orbitals) -
(Building up Principle) o
{Auf-bau is a German language word which means “building up™) 5

This principle says; 63

“The subshells in an atom are filled with electrons in an increasing p

f I - - - T T T o e S I R P P e

order of their energy values.” :‘:

Since, the energy of a subshell in the absence of any magnetic field, n
depends upon the principal quantum number (n) and the azimuthal quantum el
number (L), hence the order of filling subshells with electrons may be obtained .‘:':
from the summation {n + £). 8

bk B e B L B e S W R e W R e SO e O o &S

1+0=1
2+0=12
241=3
1+0=3
I+1=4
I+1=5
44+0m4
g4 ]|=5
4+2=6
4+3=7
5+0=5
F+l=8
S542=7
S+3=8
G+0=6
G+ 1=7
G+I-E
atl=9
THo=-7
T+1l=%
T+im%
T+3=10
f+0=%

(n + £) rule:

The following two points must be kept in mind while arrange the subshell in their increasing energy order:
(a) The subshell having lower {n + &) value has lower energy and is filled first. For example, 4s orbital has (n
+ L) =4+ 0 =4 and 3d orbital has (n + L) = 3+2 = 5. Since (n + {) valuc of 4s orbital is lower than that of

3d, hence 4s subshell has lower energy than 3d and 4s will be filled first.

(b} In case there are two subshells are having equal (n + L) values, then the subshell with lower 'n” value will
be filled first. For example, both 4p and 3d subshells have n + £ value equal to 5 (4p=4+1=5) and (3d =

3+2=5); 3d subshell will be preferred to be filled because of its low n value.
According to this rule the energy wise arrangement of orbitals should be.

ls<ls<2p<3s<ip<ds<id<dp<Ss<dd<Sp<bs<df<S5d<bp=<Ts<5f<bd<TP<Es

CamScanner


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

12 Chapter 2 (Atomic Structure)

4 N
AK Conceptual Corner

JEUE | & | UF | & | JF [ Jad | & | JF | S
5 5 p 5 p 5 d p 5 d
L | UF U [ S| K | UF | [ Sas | K | UF
p 5 I d p 5 I d p 5

How to start numbering? 1s, 2p, 3d, 4f

Pauli’s Exclusion Principle
According to this principle:
“No two electrons in an atom can have the same values for all the four quantum
numbers”. or
“Two electrons in an orbital will always have opposite spins”.
Example: Helium (He = 1s%) has two clectrons in s-orbital. According to Pauli’s Exclusion Principle the
value of quantum numbers of these two electrons are;
For First electron n=1 =0, m=0, s=+ 1/2(]) clockwise
For second electron n=1 =0, m=0, s=—1/2(]) anticlockwisc
The two electrons having the same values of *n’, 'L’ and *m’ can have different values of *s’. It means
that their spins are in the opposite directions.

J/

Pauli’s exclusion principle is called exclusion principle because the set of quantum numbers
possessed by one electron in an atom is excluded for other electrons.

"When degenerate orbitals are available and more than two electrons are to be placed
in them, they should be placed in separate orbitals with the same spin rather than in the
same orbital with opposite spins.”

Explanation: This rule gives an idea for filling clectrons into the orbitals having equal energies. For example,
three p-orbitals, i.e., px, py and pz have equal energy. To understand it, let us take an example in
which three electrons are to be filled into three p-orbitals. There are two different ways to do this as
shown below:

rnnnm (L L |
1 [1[1]1]
[ (wrong) IT (right)

According to the Hund's rule, the correct way of filling three electrons in three p orbitals is that in
which each orbital is singly occupied.
Filling the Orbitals

A useful way of representing electronic configurations is a diagram that places electrons in boxes.
Each box represents an atomic orbital.
* The boxes {orbitals) can be arranged in order of increasing energy from bottom to top.

s  An eleetron is represented by an armow.

* The direction of the arrow represents the *spin' of the electron.
Explanation: When there are two electrons in an orbital, the *spins’ of the electrons . I 2
are opposite, so the two arrows in this box point in opposite direction. Electrons in » I:l D
the same region of space repel each other because they have the same charge. So E 2
wherever possible, electrons will occupy separate orbitals in the same subshell to |5
minimize this repulsion. These electrons have the same *spins’ in different orbitals. L
Electrons are only paired when there are no more empty orbitals available within a
subshell. The electronic structures of carbon, nitrogen and oxygen are illustrated these points in the following.

CamScanner


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

A geis B 8 {sap= CHEMISTRY XlI

13

p,  Ip, 2p. 2p.  2Ip, Ip, p.  2Ip,  2Ip,
M1 |1 ML LI Y ]
> > >
A EIL S g
| = = =
i ] T}
s | 1) 1 1l
Carbon (15", 25',2p") Nitrogen (1s’, 25°,2p’) Oxygen (1s', 25',2p")
4 N
Exception: In . I 2P
case of electronic |T.|. ‘ |Tl| | 1 |
configuration of o
Ruerine, the £
Hund's rulz is not | &
applicable.
Flunrine (15", 28".2p"}
\, J

Configuration |

Configuration

1 H Is! 19 K 1s% 25%, 2p°, 3%, 3p", 4s'

2 He Is™ 20 Ca 15,252, 2p®, 3s?, 3p", 4s?

3 Li 1s!. 2s! 21 Sc 15°, 252, 2p°, 35%, 3p°, 3d', 4s?

4 Be %, 25 22 Ti 1s%, 25, 2p°, 357, 3p°, 3d?, 457

5 B 1s?, 2s2, 2p! 23 v 1s%, 252, 2p%, 352, 3ph, 3d?3, 452

[ C 152, 257, 2p’ 24 Cr 152, 267, 2p®, 352, 3p®, 3d°, 4s'

7 N 1s%, 25%, 2p’ 25 Mn 1s%, 25%, 2p°, 357, 3p®, 3d°, 4s?

8 0 {s*, 2s%, 2p* 26 Fe 15, 25%, 2p®, 35° 3p®, 3d°, 4s?

9 F 152,257, 2p° 27 Co 152, 257, 2p%, 357, 3p®, 3d7, 4s?
10 Ne 152, 257, 2p° 28 Ni 152, 257, 2p%, 357, 3p®, 3d5, 4s?
11 Na Is%, 25%, 2p°, 3s' 29 Cu 1s%,2s%, 2p°, 3s%, 3p®, 3d'", 45
12 Mg Is%, 25%, 2p°, 3§° 30 Zn 1s%, 25%, 2p°, 3s%, 3p®, 3d'". 4s%
13 Al 1s%, 257, 2p°, 35, 3p' 31 Ga 152, 257, 2p°, 3s% 3p%, 3d'", 4s%, 4p'
14 Si 15% 257, 2p°, 352, 3p* 32 Ge 152, 257, 2p®, 3s%, 3p°, 3d'Y, 4s*. 4p?
15 P 1s2, 2s%, 2p°, 35, 3p? 33 As 1s%, 25, 2p°, 3s%. 3p®, 3d", 45°. 4p°
16 S Is?, 2s°, 2p”, 3s?, 3pt 34 Se 1s%, 282, 2p®, 3s%. 3p°, 3d'", 4<%, 4p*
17 Cl 1s%, 257, 2p°, 357, 3p® 35 Br 157, 252, 2p®, 357, 3p°, 3d'"", 47, 4p°
18 Ar 15, 25, 2p°. 35°. 3p° 36 Kr 15, 25, 2p°. 3s%. 3p”. 3d', 4s?. 4p°

ELECTRONIC CONFIGURATION AND THE PERIODIC TABLE

Relating Electron Configuration to Periodic Position

Relationship Between Electran Configuration and Groups
Alkali metals and Alkaline earth metals (groups 1 and 2), are those in which the outer-shell s
orbitals are being filled. The group | and 2 elements all have ns' and ns* outer configurations
respectively.
Group 13 clements have ns’np' configuration. On the right is a block of six columns. These are the
elements in which the outermost 'p’ orbitals are being filled.
Transition metals (a2 block of 10 columns in the middle of the table) contain the d orbitals which are
being filled.

(i)

(ii)
(iii)

The electron configurations of elements are related to their position in the periodic table.
In periodic table, the elements with the same pattern of outer-shell (valence) electron configuration are
arranged in same groups.
The elements can be grouped in terms of the type of orbital into which the electrons are placed.
On the basis of location in the periodic table, the electron configuration of an element can casily be
written.
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(iv) f-block elements are two rows that contain fourteen elements each, below the main pertion of the
table. These arc the ones in which the ‘f orbitals are being filled.

1|1 2 1314151617 |8]9([10011]12]13]14]15])16(17 18
B2 2]R]2]%]E

AL EEHEEEEEEEEEE R

© elelelelelelele]le]ls e fe (e |

o B EH B B B B B S S B R
c|le|l se]le]ls|s]|s]|B]E]|E

; Block d-Block elements p-Block elements

ements

fblock [ |Lanthanides 4f 11454 652

elements L | Actinides 5f %14 64%2 752

X
Quick Check 2.5

a) With the help of periodic table, write the electronic configurations for the
following elements by giving the appropriate noble-gas inner core plus the
electrons beyond it (i) 4sCd; (ii) s7La.

Ans: (i) 4Cd, atomic number = 48

Nearest noble gas before Cd = [Kr] (Atomic number 36)
46Cd = [Kr] 4d'%5s’

(i} s7La, atomic number = 57
Nearest noble gas before La = [Xe] (Atomic number 54)
s7La = [Xe] 5d' 65

b) Write the complete electron configuration for antimony (Sb) with atomic
number 51.

Ans: i5b = 1% 25%, 2p°, 3s% 3p°% 3d", 4s% 4p°, 40", 55°, 5p°

c) How many unpaired electrons are there in each atom of 515b?

Ans:  5:Sb = 1% 25% 2pf, 3s% 3p® 3d", 45 4p®, 44", 557, Spl. Spo, Spr
There are three unpaired electrons in p-orbitals

J

Compare orbit and orbital.
What is the function of Principal quantum number?
Define Principal Quantum Number and give its values.
When azimuthal quantum number has a value 3, then there are seven values of magnetic quantum number.
Give reasons.
Detine spin quantum number.
Draw the shapes of 's' and 'p' orbitals.
Distribute electrons in orbitals of s;La, 29Cu, Au, 14Cr, 531, zsRn.
State Auf-bau principle. Write electronic configuration of Sedium (;;Na} following this principle.
State Pauli’s exclusion principle and Hund's rule.
Distribute electrons in orbitals of 33Cu and 34Ca.
Write Electronic Configuration of Na =11 and Cr=24. )
“The electrons in an atom in the outermost shell are called valence electrons.”
*  Valance electrons are primarily invelved in chemical reactions.

»  The similarties among the configurations of valence clectrons account for similarities of the chemical
properties among groups of elements,

PRCCOLCR CLLL
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Classification of elements of periodic tahle

On the basis of electronic configuration and their valence electrons, the elements of periodic table has

been classified into;

(D)

(ii)

(i)

{iv)

(v}

Metals and Non-metals

Melals are typically located on the lefl and in the middle, while nonmetals are on the right. Between

them metalloid exist.

Representative and Transition Elements

o The main-group or representative elements all have valence-shell configurations ns* np". They
have some choice of ‘a’ and *b’. In other words, the outer *s” or *p’ subshell is being filled.

» the d-block transition elements, ‘d’ subshell is being filled. 1n the f-block transition elements or
inner-transition elements, *I" subshell is being filled.

Periods

In the periodic table, periods are the horizontal rows of elements. There are seven periods in the

periodic table. Each period represents a new principal energy level filling with electrons.

Groups

A vertical column of elements is called group. Elements within the same group tend to have similar

chemical properties because they have the same number of valence electrons.

Blocks

Elements in the periodic table can be classified into four blocks. This classification is based upon the

valence orbital of the element involved in chemical bonding,
s=block

d-block

35|35 4 55 8 8 — 8 —— 18

a5 -SSR S g A

H— G5 —=

Y T T

75
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Quick Check 2.6 Q\\n

a) An element has the electronic configuration: 152, 2s%, 2p%, 3s%, 3p%, 3d', 4s?, 4p5, 4d"",
5s?, 5p°.
(i) Which block in the Periodic Table does this element belong to?
(ii) Which group does it belong to?  (iii) Which period does it belong to?
(iv) Identify this element.
Ans: (i) Block
The last electron enters the p-orbital, so the element belongs to the p-block.
(ii) Group:
Count the electrons in the outermost shell (n = 5):
55 5p° = 7 valence electrons, Group = Group 17 {Halogens)
(iii) Period:
The highest principal quantum number {n) is 5, so itis In the 5th period.
(iv) Element:
Mumber of electrans = atomic number (Z),
Total electrons = 53 — Atomic number = 53
The elemeant is lodine (I)
b} Which block in the periodic table does the element with the electronic configuration?
1s? 2s? 2p* 3s? 3p*® 3d* 4s' belong to?
Ans:  The electronic configuration shows that the last electrons are entering the 3d and 4s orbitals.
Amaong these, the 3d subshell is being actively filled. Since d-orbital is being filled, the
element belongs to the d-block.

J
ELECTRONIC CONFIGURATION OF IONS

Posilive ions
s Positive ions are formed when electrons are removed [rom atoms.
¢  Electrons in the cuter subshell are removed when metal atoms form the positive ions.
Examples:
(i) Naggn— Na" g+ 1l e
(i) Cap,nsy —> Ca¥'pum+2e
Positive ions formation in d-block elements
In general, when metal atoms form the positive ions, electrons in the outer subshell are removed.
However, the d-block elements behave slighily differently. Moving across the Periodic Table from potassium
to zinc, the 4s subshell fills before the 3d subshell. But when atoms of a d-block element lose electrons Lo
form ions, the 4s electrons are lost first,
Examples:
Tiatom: 1s%,25%, 2p%, 3s°, 3pf, 3d°, 45°
Ti*? ion: 15?25, 2p°, 3s%, 3p®, 3d°
Cr atom: 1s% 2s%, 2p°, 35, 3p®, 3d°, 4s!
Cr*ion: 1s% 25 2p°, 3s%, 3pf, 34°
Negative ions
» Negative ions are formed when atoms gain electrons.
¢  Electrons in the outer subshell are added when non-metal atoms form the negative ions.
Examples:
(i) O+ 2¢” y Oy
(NCLasntle——CU 255
Free Radicals
“A species that has one or more unpaired electrons is called free radical.”
Examples: o
(i) Free radicals from single atoms: Cl, H ete.
(ii) Free radicals from group of atoms: C.:HJ,C'JH cte.
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Formation of chlorine free radical
. . . IR
The electron configuration of chlorine free radical is 152, 282, 2p®as, 3p., 3p,, 3p., In the 2p subshell,

two orbitals have paired electrons whereas, the third one contains a single unpaired elcetron. The unpaired
electron 1s shown by a single dot as in Cl.

"A material that conducts electricity under certain conditions is called semiconductor.”
*  They are widely used in clectronic deviees like smartphones, laptops, and cars.
s  Common semiconductor elements include Silicon (51}, Germanium (Ge) and Arsenic (As).
Role of Electronic Configuration in Semiconductors

The formation of semiconductors is due to the unique electronic configuration of these elements. e.g.
Silicon (5i) has the configuration 2, 8, 4. 1t has 4 valence clectrons, allowing it to form four covalent bonds in

a crystal structure. In pure silicon crystals, every Si atom is bonded to four others, so there is no possibility of
clectronic conduction through the Si crystal.
L) []
“The process of adding impurity atoms te a pure semiconductor material to change its
electrical properties is called doping.”
There are two types of doped semiconductors: (i) P-type (positive-type) (ii) N-type (negative-type)
P-Type Semiconductor Formation
*  This type of semiconductor is formed by adding trivalent impurities (like Boron or aluminium) in a pure
semiconductor.
¢  These atoms replace some silicon atems but can form only three bonds, leaving one bond incomplete.
#  This creates a “hole™ (missing clectron) in the crystal, which acts as a positive charge carrier.
¢  Electrons from an external source fill these holes, allowing the material to conduct electricity.
®

-@-
Complete

covalent bond ——

V@G

Presenceof! |
hole  © f Incomplete

_\!_ covalent bond
-©-
L

= Bi = Intrnsic semicenductor atom
= Al = Trivalent impurily alom

| Formation of P type extrinsic semiconductor |

N-Type Semiconductor Formation

* This type of semiconductor is formed by adding pentavalent impurities (like phosphorus) in a pure
semiconductor.

* These atoms replace some silicon atoms and form four bonds, leaving one exira electron.
* The extra electron becomes free to move in the crystal lattice as a negative charge carrier.
* These free electrons enable the material to conduct electricity when connected to a power source.
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@

@-

Complete ©
covalent bond ——
("]
.@@@@.
@
L]

¢ /

Free electron

ﬂ
« 51 = Intrinsic semiconductor atomn
* P = Pentavalent impurity atom

| Formation of N type extrinsic semiconductor |

WAK CONCEPTUAL LEARNING

= Circular path around the nucleus. » Spherical path around the nucleus.

s Two dimensional like wheel. » Three dimensional like football.
* has fixed energy throughout within an orbil, » has varable energy in a shell.
s Introduced by Bohr s Introduced by Schrodinger and Dirac

Hund's Rule

»  Two electrons in the same orbitals have a higher energy than two electrons in different orbitals because of the
clectrostalic repulsion,
¢  Elcetrons in the same orbital repel cach other more than electrons in separate orbitals,
. - - - . - o~
»  Each electron is shown as an arrow, indicaling its spin: cither LorT,
¢ Within an orhital, the clectrons must have opposite spins.
allowed

TL LT

notallowed

greater stability of exactly half-filled and caompletal

The greater stability of these configurations is due to the following two reasons:

{i) Symmetry:
The half-filled and completely filled configurations are more symmetrical and symmetry leads to preater
stability.

(ii} Exchange energy:
The electrons present in the different orbitals of the same subshell can exchange their positions. Each such
exchange leads to a greater stability which can be explained in terms of exchange energy. As the number of
cxchanges that can lake place is maximum in the exactly hall-filled and completely filled armngements (i.c.
more in d ¥ than in d * and more in d ' than in d %), therefore exchanpe energy is maximum and hence the
stability is maximum.
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({8 MULTIPLE CHOICE QUESTIONS [27)

EXERCISE MCQs

(i) The quantum number *m® of a free gascous
atom is associated with:
{a) the effective volume of the orbital
{b) the shape of the orbital
{(c) the spatial orientation of the orbital
{d) the energy of the orbital in the absence of a
magnetic field

(ii} When 3d subshell is completely filled, the next
entering electron goes into:

{a) 4 (b} 4s
(c)4p (d)4d

(iii) Quantum number values for 2p orbitals are:
{a)n=2,1=1 (byn=1,L=2
{c)n=1.L=0 (dyn=2,L=0

{(iv) An clectron having the set of values: n=4,
t=0,m=0and s =+1/2 lies in:
{a) 2s {b)3s
{c) ds {d) 5s

(v) The quantum number values for the fourth

electron of :BE atom are:
(a)1,0,0 (b)2,0,0
()2, 1,0 (dy 1, 1,1

{\'i):l"hr: correct order of first ionization energies
is:
(a)F>He>Mg=N>0 (b) He>F>N>0>Mg
{(c)He>O>F>N>Mg (N=F>He>0>Mg

(vii) A p-orbital has a characteristic shape with
how many lobes?
(a) 1 {(b) 2
(c)3 {(d)4

{viii)The three p-orbitals in a given energy level
are oriented:
(a) Along the same axis.
(b} At 45° to cach other.
(c) Mutually perpendicular to each other along
the x, v, and z axes.
{(d) In a complex tetrahedral arrangement.

{(ix) How many d-orbitals arc there in a given
energy level?
(a) ! (b)3
(c)5 (d)7

(x) 'Which of the following species is predicted to
have Lhe highest bond order?
(@) Nz (b) O
(c) Fz (d) Nez

(xi) Which of the following species has a zero
bond order according to MOT?
(a) Hy'" (b) He,'""
(c) Hea** (d) Hez

(xii) Which of the following molecular geometries
has bond angles of approximately 120°7
(a) (V-shapad) {b) Trigonal planar
(c) Tetrahedral Bent (d) Trigonal pyramidal

ADDITIONAL PRACTICE MCQs

1. In the ground state of an atom, the electron is
present:
{A) in the nucleus
{B) in the second shell
{C) nearest 1o the nucleus
{D) farhest from the nuclens

2. Orbitals having same energy are called:
{A) hybrid orbitals (B} valence orbitals
{C) depenerate orbitals (D) d-orbitals

3. When 6d orbital is complete, the entering
electron will go to;

{A)TF (B) 7s
{Cy7p (D) 7d

4. A photon knocks a proton out uf‘};Mg nucleus
to form:

(A) the isotope of parent nucleus
{B} the isobar of parent nucleus

{C) the nuclide ﬁNa
(D) the isobar of %‘I*Na

5. Calculate the number of neutrons in the :%i:\
atom produced after the emission of alpha

particle:
(A) 152 (B) 146
(C) 185 (D) 135

6. The triad of nuclei that is isotonic is:

(A) ¢, BN, IUF (B) C, YN, UF
(C) ‘¢, N, JF (D) fc, "IN, F
7. Which pair of ions has the same total number

of clectrons?
(A) Na™ and Mg™* (B) O and O*-
{C)Fand CU” (D) Ga*" and Fe

8. Which property is the same for the two
nuclides $5Cu and %Zn?
{A) number of electrons {B) number of neutrons
{C) number of nucleons {D) number of protons
9. The atomic number of an element is 35. What
is the total number of electrons present in all
the p orbitals of the ground state atom of that

element?
(A) 17 (By23
{(C) 11 (D)6

10. The correct set of four quantum numbers for

the valence electrons of rubidium atom (Z =
37)is:
(A)5,0,0,+1/2 (B)5,1,1,+172
{(C)5,1,0,+1/2 (D) 5,0,1,+1/2

11. Which of the following sets of quantum numbers
is correct for an electron in 4f orbital?
{Aln=4,L=3,m=+4,s=+(1/2)
(Byn=4,0=3,m=+1,s=+1/2)
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12.

13.

14.

16.

17.

18.

19.

20.

11.

22,

23

24,

(Cyn=3,Ll=2, m=-2s=H1/2})
(Din=4,1=4, m=-4,s=—1/2)

Degenerate orbitals are those that contain same:
{A) wave function (B) energy

{C) orientalion (D) shape

In a chromium atom, how many electrons have
zero azimuthal quantum number?

(A)1 (B)7

(C)6 (D) 8

Which of the [following electromic
configuration is not possihle?

(A) [Kr] 4d® 5¢° (B) [Xe] 4t 5" 65
(C) [Kr] 3d" 4s* (D) [Ar] 3d° 4s'

. The relative energies of 4s, 4p and 3d orbitals

are in the order:

(A) 4d < 4p < 4s (B)4s < 3d <4p
(Cydp <4s<3d (D) 4p <3d<4s
Which set has same number of unpaired
electrons?

(A) Fe'', Mn'* (B) Fe'*, Mn?'

(C) Cr'", Ni#' (D) Zn*', Cu*
Quantum nomber of an atom can be defined
on the basis of:

{A) Aufbau’s Principle

{B) Heisenberg’s uncertainty Principle

{C) Hund’s mile

{D) Pauli’s exclusion Principle

How many electrons can be accommodated in

p-orhitals?
(A) 6 electrons (B) 2 electrons
{C) 4 electrons (D) 10 electrons

The orbital diagram in which Hund’s rule is

violated is:
(A [ @)W ]
OEMmmA]

© Omninl

When 1 = 2, the number of possible orbitals in

sub-shell is:
(A)3 (B)5
(C)09 (D) 10

Which of the following quantum number
explains the shape of orbitals:

(A) Principal Q No. (B) Azimuthal ) No.

{C) Magnetic Q No.(D) Spin Q) No.

What is the electronic configuration for Fe*?
(A) [Ar]ds?3d® (B) [Ar]ds?3d

(C) [Ar]4s"3d® (D) [Ar]4s?3d*

The maximum number of electrons with n =3
and {=2is:

(A) 10 (B16

(C)8 {D) Zero

In which of the following orbitals, lobes lies on

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

the axis:
(A) iy (B)d.
(Crda (D) da.y2

Which electronic level would allow the
hydrogen atom to absorb a photon but not
emit a photon?

(A) Is (B) 2s

{C)2p (D) 3s

The maximum number of electrons with
clockwise spin that can be accommodated in
“N" shell is:

(A) 16 (B)32

(C) 18 (D)8

Hund’s rule is not followed in the electronic
configuration of which of (he following

element?

{A) Carbon (B) Mitrogen

{C) Oxygen (D) Fluorine

For d-subshell, the azimuothal guantum
number has a value of:

(A) | (B)2

(C)3 (D4

The number of electrons in a given sub-shell is
given by:

{A) 2n? (Byn?
(C12020- 1) (D)4l +2
Electronic configuration of H-is:
(A) 15 (B) 1s22s!
(C)y 15! (D) 15724

. The number of orbitals present in a sublevel is

given by the formula:

(A) 2020+ 1) (B)2(+1

(C)nf (D) 2n?

In spectrum, the spin motion of electron is
responsible for:

{A) Spectral lines {B)Fine struclurcs

{C) Double line strueture (D) Degeneracy

The number of neutrons present in 19K3% is:

(A) 18 (B) 19
(C) 20 (D) 39
(n + L) value for 4p orbital is:
(A) 4 (B} 5
(C) 6 (D)7
. The quantum number which gives

information about degeneracy of orbitals
in space is:

{A) Principal quantum number

(B) Azimuthal quantum number

{C) Magnetic quantum number

{D) Spin quantum number
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ANSWERS OF MULTIPLE CHOICE QUESTIONS

() lc |G [eldi]alivlc|o]b]wilb] i o] vii) | c|ix)]c|x)]|a
(xi) | d [ (xii) | b

Additional Practice MCQs

1. |C|l 2. |[C| 3. |C] 4. |C} 5. |B]6. |A]7.|]A] 8. |C|9 |AJ10.]A
11.|B|12.|B|13.|B|14.|C|15.|B|16.|B|17.|D]|18.|C|19.|B |20.|B
21.|B122.|C|23.|]A]24.|D|25.|A|26. |A|27.|D|28.|B|29.|D|30.]A
31.]B|32.|C|33.|]C|34.|B|35.|C

(8 SHORT ANSWER QUESTIONS : [27)

Exercise Short Answers Questions

Q.2a. There are three orientations of p-orbital due to three values of magnetic quantum
number. Justify it.

Ans: The rclation between azimuthal and magnetic quantum numbers is;
m = 2{+1
When L= 1 (p-subshell) then m=—1, {, +1. These represent the three orientation of p-orbitals i.e. p.,
Py, and pz.
Q.2b. Size of Mg is bigger than Al, but ionization energy of Mg is more than that of Al. Why?
Ans: Although size of Mg (160pm) is bigger than Al (143pm} but Mg has a higher ionization energy (738
k)/mol) than Al (577.5 k)/mol). The reason is that ¢lectron in Mg is removed from a more stable,
paired 2s orbital, while electron in Al is removed from a less stable, more extended 3p orbital.
Q.2c. 'l of Mg is much bigger than its 'l;. Justify.

Ans: After the removal of second clectron, Mg® ion is formed which has a stable electron configuration
(1s%, 2s*, 2p™) and reduced size. Removing the third electron from this stable configuration requires
significantly more energy. Therefore, Iy of Mg is much higher than 1.

Mg' ——» Mg?' +¢ I3= 1450 kI mol™!
Mg* — Mg* +e 3= 7730 kJ mol™

Q.2d. Among the elements Li, K, Ca, S and Kr which one has the lowest first lonization
energy? Which has the highest first ionization.

Ans: Lowest Ii: Potassium (K): It has the largest atomic size and least nuclear attraction.

Highest I1: Krypton (Kr): It has a full outer shell and strong nuclear atiraction.

Q.2e. Consider the electronic configuration of the potassium atom (atomic number 19).

(i) Write the full electronic configuration of potassium using the s, p, d, f notation.

(ii) Explain why the 4s subshell is filled before the 3d subshell in potassium, even though
the principal quantum number of the 3d subshell is lower.

Ans: (i) Electronic configuration of potassium, ;oK: 1s* 2s* 2p® 3s? 3p° 4s!

(ii) According to Auf bau principle, the 4s subshell is filled before 3d because it has lower energy
than 3d at the time of filling,

Q.2f. i) An atom of element X has an atomic number of 17 and a mass number of 35.
Determine the number of protons, neutrons, and electrons in this atom.

(ii) If this element forms an ion with a charge of -1, how many protons, neutrons, and
electrons will be presentin the ion?

Ans: (i) nX
Number of protons =17
Number of electrons = 17
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Number of neutrons = Mass number — Atomic number
Number of neutrons =35-17=18

(ii} ff)( atom loses | electrons to form X~ ion.

Number of prolons =17
Number of neutrons =18
Number of electrons =17+ 1=18

. In the ground state of mercury zHg:

i. How many electrons occupy atomic orbitals with n = 37
il. How many electrons occupy 4d atomic orbitals?

iii. How many electrons occupy 4p; atomic orbital?

iv. How many electrons have spin “up” (s = -14)?

Ans:

Q.2h.

sHe = 152, 282, 2p®, 352, 3p®, 45 3d", 4p®, 4d'°, 582, 5p°, 401, 5d'°, 652

(i) 18 electrons occupy orbitals with n= 3 (3s? 3p® 3d'?)

(ii) 10 electrons oceupy 4d orbitals

(ili) 2 electrons occupy the 4p, orbital

(iv) 40 electrons have spin “up” (s =+1/2) and 40 electrons have spin “down™ (s =— 1/2) in Hg (Z = 80)
The successive ionization energies for an unknown element are:

I4 = 896 kJimol, 2 =1752 kJimol

Is = 14,807 kJ/mol ls = 17,948 kJ/mol

To which family in the periodic table, does the unknown element most likely belong?

Ans:

Q.2i

There is a small increase from 1i to Iz, but a very large jump at Is. This indicates the element has 2
valence electrons, and the third electron is being removed from a stable inner shell. Therefore, the
unknown element most likely belongs to Group 2 (alkaline earth metals) i.e. Be.
Consider the following ionization energies for aluminum:
A]‘g, — Alf{'&] +a” I, = 580 kJ/mol
Al*g — AP + @™ Iz = 1815 kJ/mol
Al AP + e I, = 2740 kJ/mol
Al* g —AIM g +e” s = 11,600 kJ/mol
(i) Account for the trend in the values of the ionization energies.
(if) Explain the large increase between |3 and l..
(iif)  List the four aluminum ions given in order of increasing size, and explain your
ordering.

Ans:

Q.2].

(i) Tonization energy increases with sach successive removal because the electron is removed from an
increasingly positive ion, which holds electrons more tightly.

(ii) The large increase from Is to 14 is due to removing an electron from a stable noble gas core (1s?
25? 2p®), which requires much more energy.

(i) Order of increasing size: AI* < AP~ < AP < Al*

More positive charge pulls electrons closer, reducing size.

(a) State the general order of filling orbitals up to the 4p subshell.

(b) Explain why the 4s subshell Is filled before the 3d subshell, according to the
Aufbau principle.

Q.2k.

(a) General order of filling orbitals up to 4p:

1s, 2s, 2p, 3s, 3p, 4s, 3d, 4p
{b) The 4s subshell is filled before the 3d subshell because, according to the Aufbau principle,
eleetrons occupy the orbitals in order of increasing energy. Although the principal quantum number of
3d (n=3) is lower than that of 4s (n = 4), the 4s orbital has a low (n + L) value than 3d orbital.
Draw the orbital box diagram for the valence electrons of a phosphorus atom (atomic
number 15), ensuring that your diagram adheres to Hund's rule and the Pauli
Exclusion Principle.
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Ans:

A\ 3P 3p, 3p,

HRAARE

Energy

3s
Phosphorus (1s’, 25',2p",3s’,3p")

tional Short Answer Questions

1. What is Moseley's law?

Ans: Moseley's Law
“The frequency of a spectral line in the X-rays spectrum varies as the square of atomic number of an
clement emitting it.”
Mathematically, it can be written as:

Vo=a(@-b)

Where v = frequency ol spectral line Z = atomic number ol target metal,
a = proportionality constant b =screening constant
2. Why atomic spectrum is line spectrum?

Ans: Atomic Spectrum is Line Spectrum
e  When the atoms of an element are heated in flame or subjected to electric discharge, radiations of
certain wavelengths are emitted which appear as bright lines against dark background.
*  When while light is passed through vapours of element, it absorbs certain wavelengths which appear
as dark lines against bright background.
s In this way, the atomic spectrum has distinet coloured lines separated by dark spaces, and it is line
spectrum.
3. Compare line emission and line absorption spectra.

Ans: Difference between emission and absorption spectra
Line emission spectrum Line absorption spectrum

1. It is spectrum formed by elements or their | 1. When beam of white light is passed through
compounds when they are heated in flame vapours of clement, it absorbs certain
or subjected to electric discharge. wavelengths. rest of wavelength pass thrown it

2. Sample is in pascous and exeited slate. 2. Sample is in gascous, liquid or solid state.

3. Spectrum of this radiation consists of | 3. Here spectrum appears in the form of dark
bright lines against a dark background. lines on bright background.

Similarities of emission and absorption spectra:

(i) Absorption spectrum is the photographic negative of emission spectrum.

(ii) The dark lines in absorption speetrum appears cxactly at the same position where the bright lines
appear in cmission speetrum for a same sample.

(iii) Both spectra are actually the finger prints of atoms of various ¢lements and help in identification of
clements.

Ennrgy heing amitisd Atoms or molocules

‘91 F’ / Ineresses wavlengih

o i Elnciromagnetic o e

——
neihg
P20 otvoa] natctor]—+ (111N radini—s M0 a5 [ Betector] [T |

Oy -]
Alama / - oo Baty some of
of malecules “ £fn ractiatian
Enbrgy pels hrough
[Atomic emission spoctum) {Atomic absorption spactrum)
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4. What are X-rays? What is their origin? How was the idea of atomic number derived
from the discovery of X-rays?
Ans: X-Rays:
X-rays are the electro-magnetic radiations with high frequency but wavelength short than visible
light.
Origin of X-rays
When cathode rays are converged on a metal target (taken as anode), 164
then highly penetrating radiations are produced called X-rays. Their 141 it
frequency is greater but wavelength is shorter than visible light. 712
X-rays and Atomic Number (2): 1045==20
The frequency of X-rays depends upon the proton number (Z) of an B s
glement and is the characteristic of an element. 1t is given by L Ly
Moseley's law as 15 20 215 30 35 {u
\{G w L
When a graph is plotted between Jvon y-axis and Z on X-axis, a straight line is obtained for
different elements.
5. Compare orbit and orbital.
Ans: Orbit Orbital
. . S 1. It is three-dimensional space around nucleus
1. it]c:fre:adrf}ﬂrl:éltiulﬁlls:l::s“:Ec!:las:g bele]gg]l:: where the probability of finding electron is
5.895.prap Y i maximum {95%).
2. Orbitals have different shapes e.g., s-orbital
2. Itiscircular in shape. is spherically symmetrical, p-orbitals have
dumb bell shape.
ir. aa J. All orbitals have directional characters
3. It does not have a directienal character. except s-orbital.,
]r} Al mhl' L, tq:zact pnsﬂ;}nn and mm‘amr::'ru_:zli 4. In an orbital, exact posilion and momentum of
¥ &N elcien Ll Ue messity it an cleetron cannot be measured with certainty.
certainty.
. 5. It represents three-dimensional motion of
5. It represents planar motion of electrons. clectrons.
6. Maximum no. of electrons in an orbit is 6. An orbital can have a maximum of 2
given by 2n’, electrons.

6. What is the function of Principal quantum number?

Ans: Function of Principal Quantum Number:
Principal quantum number tells about:
(i) Size of an orbit: "When *n’ is larger, the electron stays farther from the nucleus, so the orbital

becomes larger."

(ii) Encrgy of the orbit: An increase in ‘n" also means that the electron has a higher energy and is
therefore less tightly bound to the nucleus,

(iii) Number of electrons in a shell = 2n?

7. Define Principal Quantum Number and give its values.
Ans: Principal Quantum Number (n)
This quantum number, n, describes the size and encrgy of the orbital.
Its values are non-zero, positive integers up to infinity, suchasn=1,2,3....50 on.
Letter notations are also used to represent different shells. For example, n =1 {(K-shell), n =2 (L-shell},
n =3 (M-shall), n = 4 {N-shell), etc.
8. When azimuthal quantum number has a value 3, then there are seven values of
magnetic guantum number. Give reasons.
Magnetic quantum number values are related 1o azimuthal quantum number as m= (24 + 1)

when { =3, then, m=(2*3+1)=7 iLe.m=0,%£l,£2,£3

Ans:
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9.

This shows that f-subshell has 7 different ways of orientation in space beeause it has 7 values of
magnetic quantum number.

(i) £, (1) l"y, (iii} £, (iv)

XyZ

Define spin quantum number.

(v} fxz_y: (vi) fvz_z: (vii) fl.

Ans:

10.

“The quantum number which describes the angular momentum or spin of an electron in an orbital is
called spin quantum number.”
There are following two possible spinning motions of an electron;
(i) Clockwise spin: It is represented by an arrow pointing upwards (). Its value is +1/2.
(ii) Anti-clockwise spin: It is represented by an arrow pointing downwards (). Its value is —1/2.
Draw the shapes of 's' and 'p’ orbitals.

Ans:

(i) s-orbital
s-orbital is spherical in shape. The electronic density around the nucleus in an s orbital is uniformly
distributed in all directions. It is no-directional and starts from first shell (n = 1).

4
z ¥
|

fayr=1. /=0, m=0 (Byn=2, =0, m=0

(if) p-orbitals

11.

p-orbitals have dumb-bell shape. The electron density is not distributed in a spherically symmetric
fashion as in an 5 orbital. These are directional. A p-ﬂrbita] has two lubcs on any of the axis.

* o

L*Iml‘] “]m*— —Im +1

State Auf-bau principle. Write electronic configuration of Sodium (11Na) following this
principle.

Ans:

12.

Auf-bau Principle
This principle says;
*The subshells in an atom are filled with electrons in an increasing order of their energy values.”
The electrons are first placed in 1s, 25, 2p and 50 on.
Electronic configuration of Sodium
uNa = 1%, 25%, 2p°, 3s'
State Pauli's exclusion principle and Hund's rule.

Ans:

13.

Pauli's Exclusion Principle

*“No two electrons in an atom can have the same values for all the four quantum numbers™.

Hund'’s Rule:

“If degenerate orbitals are available and more than one electrons are to be placed in them, they should
be placed in separate orbitals with the same spin rather than putting them in the same orbital with

opposite spins.”
b 1 1 e L O I B
C=1s,2s,2p,,2p,, 2p, ‘ N=1s,2s,2p,2p, 2p,

Distribute electrons in orbitals of ;sCu and zCa.

Ans:

1Cu = 1%, 25% 2p%, 357, 3p°, 4s', 3dgy, 3dy;, 3di,, 3Pz, 3d%
20Ca = 187, 287, 2ph, 3¢7, 3pf 4s*
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14.

Write Electronic Configuration of Na =11 and Cr = 24.

Ans:

15.

11Na = 1s%, 2s%, 2pf, 3s!
uCr = 1s%, 25%, 2p*, 3¢%, 3p", 4s', 3dy, 3dy,, 33, 3d'y2_y2, 3d
Distribute electrons in orbitals of s7La, 2aCu, 7sAu, 24Cr, 531, ssRN.

Ans:

Distribution of electron in orbitals
La=1s%2s% 2p® 3s* 3p° 4s° 3(]"] 4p° 55° 4{1'05136 6s* 41'“ 5d'

. Cu =1s? 257 2p° 3¢* 3pﬁ4s 3.1 3LII 31»:! 3d 3d

pAu=1s5" 25" zp"3313p“4s’3d’“4pﬁ5314d'”5p“§s 4f”513_w %R g.lélu %bxg_f 3-'512,

,,Cr=1s%2s2p" 3s* 3p°'tis 311“ E':Id:,7 EIdn _’:ldh: Iy 311?_:

L , , i a1
o I=15" 25" 2p® 35" 3p° 45" 3d'" dp® 557 4d" 5p, 5;&, 5p,

s Rn= Is* 25" 2p° 357 3p° 457 3d" 4p” 557 4d'" 5p" 657 4F" 5d'° é[l"l,; 8;'5, él{l)z
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