Atomic Structure

Introduction :

Atom is a Greek word and its meaning is indivisible i.e. an ultimate particle which cannot be further subdivided.
John Dalton considered that "all matters are composed of smallest indivisible particle called atom.
Dalton’s Atomic Theory:

This theory is based on law of mass conservation and law of definite proportions. The salient features of
this theory are:

(1) Each element is composed of extremely small particles called atoms.

(2) Atoms of a particular element are alike but differ from atoms of other element.

(3) Atom of each element is an ultimate particle and it has a characteristic mass but is structureless.

(4) Atoms are indestructible i.e. they can neither be created nor be destroyed.

(5) Atoms of different elements take part in chemical reaction to form molecule.

ATOMIC MODELS
Thomson Rutherford Wave mechanical Model
Model Model (Quantum Numbers)
T R
/%.._on.,
J’ i )

(A) Thomson's Model of Atom [1904] Positive charge
e Thomson was the first to propose a detailed
model of the atom.
e Thomson proposed that an atom consists of
a uniform sphere of positive charge in which
the electrons are distributed more or less

uniformly.
e This model of atom is known as "Plum-

Pudding model" or "Raisin Pudding Model" Electron

or "Water Melon Model". Atom model Watermelon
Drawbacks:

e Animportant drawback of this model is that the mass of the atoms is considered to be evenly
spreaded over the atom.

e [tis astatic model. It does not reflect the movement of electron.
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(B) Rutherford's Scattering Experiment
Thin gold foil (100nm)

Most of o - particles
strike here
(a-Ray)
®

(Source (Ra) of slit system 7ZnS Screen

o - rays (lead plate) 1

o - [2Het]*2 Circular

[Doubly ionized he particle] fluorescent screen

Rutherford observed that -

)] Most of the a-particles passed through the gold foil undeflected.

(ii) A small fraction of the a-particles were deflected by small angles.

(iii)  Avery few a-particles (~1 in 20,000) bounced back, that is, were deflected by nearly 180°.

Following conclusions were drawn from the above observations -

)] Since most of the a-particles went straight through the metal foil undeflected, it means that there
must be very large empty space within the atom.

(i) Since few of the a-particles were

deflected from their original paths @— Nucleus

through moderate angles; it was > @

concluded that whole of the +ve _ @ >
_ o - particles —@

charge is concentrated and the > > deflected

space occupied by this positive Undeflecte

. . o-particles
charge is very small in the atom.

e When o-particles come ﬁ @\A .
Largely deflected Slightly deflected

closer to this point, they )
a-particles a-particles

N

»

suffer a force of repulsion

and deviate from their paths.

e  The positively charged heavy mass which occupies only a small volume in an atom is called
nucleus. It is supposed to be present at the centre of the atom.

(iii)  Avery few of the a-particles suffered strong deflections or even returned on their path, indicating
that the nucleus is rigid and a-particles recoil due to direct collision with the heavy positively
charged mass.

Q) Rutherford's atomic Model
On the basis of scattering experiments, Rutherford proposed model of the atom, which is known as
nuclear atomic model. According to this model -

(i) An atom consists of a heavy positively charged nucleus where all the protons and neutrons
are present. Protons & neutrons are collectively referred to as nucleons. Almost whole of the
mass of the atom is contributed by these nucleons. The magnitude of the +ve charge on the
nucleus is different for different atoms.
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(iii)

(i)

(ii) The volume of the nucleus is very small and is only a minute fraction of the total volume of the
atom. Nucleus has a diameter of the order of 10-12 to 10-13 cm and the atom has a diameter of
the order of 10-8 cm.

D i -
D, _ Plameterof the atom _ 10713 = 105, Da = 105 Dy
D, Diameterof the nucleus 10

Thus diameter (size) of the atom is 105 times the diameter of the nucleus.
o  The radius of a nucleus is proportional to the cube root of the number of nucleons within it.
R oc A1/3
= R=RoAl/3
Where
Ro = 1.33 x 10-13 cm (constant)
A = mass number (p + n)
R =radius of the nucleus.
R=133x10" x A**cm
There is an empty space around the nucleus called extra nuclear part. In this part electrons are
present. The number of electrons in a neutral atom is always equal to number of protons present
in the nucleus. As the nuclear part of atom is responsible for the mass of the atom, the extra nuclear
part is responsible for its volume.
The volume of the atom is about 1015 times the volume of the nucleus.
Volumeoftheatom  (10°) .
Volumeof thenucleus (1073)*

e  This model was similar to the solar system, the nucleus representing the sun and revolving
electrons as planets.

Drawbacks of Rutherford’s model:

This theory could not explain the stability of atom. According to Nucleus
Maxwell, electron looses its energy continuously in the form of
electromagnetic moving in circular path radiations. As a result of
this, the e- should loose energy at every turn and move closer and
closer to the nucleus following a spiral path. The ultimate result will
be that it will fall into the nucleus, thereby making the atom unstable.
If the electrons loose energy continuously, the observed spectrum
should be continuous but the actual observed spectrum consists of
well defined lines of definite frequencies. Hence, the loss of energy
by electron is not continuous in an atom.

Atomic Number and Mass Number :

()

Atomic Number
It is represented by Z. The number of protons present in the nucleus is called atomic number of an
element.
For neutral atom: Number of electrons = Number of protons
For an ion: Number of electrons = Z - (charge on ion)
Z = number of protons
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(b)

Mass Number

It is represented by A. The sum of number of neutrons and protons is called the mass number of the

element. It is also known as number of nucleons because neutrons & protons are present in nucleus.

Formula: A = number of protons + number of neutrons
Number of neutrons = A-Z

Note: A is always a natural number.
Atom

| l

Inside the nucleus Outside the nucleus

[n, p] [e]

An atom of the element is represented by ;X

Where, X = Symbol of element
Z = Atomic number = no. of protons = no. of electrons (If atom is neutral)

A = Mass number = no. of neutrons + no. of protons

eg. 11Na+* oF =
(p—11) (rP—9)
(e—>10) (e—>9+1=10)
eg. C 0
p—>6 p—8
n—>12-6=6 n—>16-8=8
e—>6 e—>8

Mass no. [A] and atomic weight (amu = atomic mass unit)

Mass of Proton (mj)

Mass of Neutron (my)

Mass of Electron (me)

1.672 x 10-27 kg
1.672x10-24 g
1.00727 amu

1.675 x 10-27 kg
1.675 x 10-24g
1.00866 amu

9.1 x 10-3t kg
9.1x10-28g
0.000549 amu

Method for Analysis of atomic weight —

eg.

12
:C

p > 6 Weight of proton =6 x 1.00727
n— 6 Weight of neutron = 6 x 1.00866

e—>6

Weight of electron =6 x0.000549

Weight of ;’Catom =12.099amu

Mass no. of '?C atom = 12 [p and n]

Note: Mass no. of atom is always a natural no. but atomic weight may be in decimal.

[38]

www.allen.in



Atomic Structure Al.l.E"

Some Important Definitions :

()

Isotopes: They are atoms of a given element which have the same atomic number but differ in their
mass numbers.
eg.  *'2C,'C '
16 17 18
° 8 O' 80' 80
1 2 3
*.HiH H

Explanation 1:

1(23(: 1ZC 1gC
p—6 6 6
e—>6 6 6
n—6 7 8

Note: Isotopes have the same number of protons but differ in the number of neutrons in the nucleus

Explanation 2:

'H ’H *H (Radioactive element)
Protium (H) Deuterium (D) Tritium (T)

po1 1 1

e—>1 1 1

n—0 1 2

e Neutron is not available in Protium
e No. of Nucleons = No. of Neutrons + No. of Protons
=n+p
Atomic Weight: The atomic weight of an element is the average of mass of all the isotopes of that
element.
e Ifan element have three isotopes y1, y2 and y3 and their isotopic weights are w1, w2, w3 and their
percentage/possibility /probability/ratio of occurrence in nature are X, X2, X3 respectively,

_ Isotope (1) Isotope (2) Isotope (3)
Y1 Y2 Y3

Isotopes
Weights Wy Wz W3
Percentage

X X X
Occurrence 1 z g

W, X, T+ W, X, + W, X,

Average atomic weight =

X, +X, +X,
eg. 35C1 37C1
% Occurrence 75% 25%
or
Ratio of occurrence 3 : 1
Average atomic weight = 35x3+37x1 = 142 =355

3+1 4
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(b) Isobars

I[sobars are the atoms of different elements which have the same mass number but different atomic

numbers i.e. they have different number of electrons, protons & neutrons but sum of number of

neutrons & protons remains same.

Ex.1 JH JHe Ex2 §K wCa
p=1 p=2 p=19 p=20
e=1 e=2 e=19 e=20
n=2 n=1 n=21 n=20
p+n=3 p+n=3 n+p=40 n+p=40

(c) Isodiaphers

They are the atoms of different elements which have the same difference of the number of neutrons

& protons.

Ex1 B BC Ex2 ®“N “F
p=5 p=6 p=7 p=9
e=5 e=6 e=7 e=9
n=6 n=7 n=8 n=10
n-p=1 n-p=1 n-p=1 n-p=1

(d) Isotones/Isoneutronic Species/Isotonic

They are the atoms of different elements which have the same number of neutrons.

Ex1 IH sHe Ex.2 2K xnCa
p=1 p=2 p=19 p=20
e=1 e=2 e=19 e=20
n=2 n=2 n=20 n=20

(e) Isosters

They are the molecules which have the same number of atoms & electrons.

Ex.1 CO; N20 Ex.2 Cao KF
Atoms=1+2 Atoms=2+1 Atoms =2 Atoms = 2
=3 =3 Electrons =20 + 8 Electrons=19+9
Electrons=6+8x2 Electrons=7x2+8 =28e =28e
=22e =22e

4] Isoelectronic Species
They are the atoms, molecules or ions which have the same number of electrons.
Ex.1 Cl- Ar
18 e 18 e
Ex.2 HzO NH3
(2+8)=10e (7+3)=10e
Ex.3 BF; SO;
(5+9x3)=32e (16+8x2)=32e
Golden ey Points
»  Isotopes have same chemical property but different physical property.
» Isobars do not have the same chemical & physical property.
> Forisotones, A1-Z1=A-7;
» Forisodiapheres, A1 - 271 = A2 - 27;
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Illustration 1:

If the mass of neutron is doubled & mass of electron is halved then find out the new atomic mass of ;*C

and the percent by which it is changed.

Solution:

Step-1 }*C - e=6
p=6=6amu
n:6:6amu:| =12 amu

If the mass of neutron is doubled and mass of electron is halved then,
n=12 amu
p =6 amu } =18 amu

Note: mass of electron is negligible, so it is not considered in atomic mass.
Finalmass —Initialmass 18-12

Step-2 % Increment = x100=
Initial mass

x100=50%

Illustration 2:

If mass of neutron is doubled, mass of proton is halved and mass of electron is doubled then find out the

new atomic weight of *C.

Solution:

Step-1 *C - p=6
n=6 j|

If mass of neutron is doubled, mass of proton is halved and mass of electron is doubled, then new atomic

=12 amu

mass will be: n=12 amu
p=3amu :| =15 amu
Finalmass —Initial mass 15-12

Step-2 % Increment = — x100=
Initialmass

x100=25%

Illustration 3:

If no. of protons in X-2is 16. then no. of electrons in X+2 will be -

(1) 14 (2) 16 (3)18 (4) None
Solution:

No. of protons in X-2is = 16

No. of electrons in X*2 is = 14

Illustration 4:

Assuming that atomic weight of ;>C is 150 units from atomic table, then according to this assumption, the

weight of ‘50 will be:

Solution:

*» 12 amu =150 units
150

. 1 amu =—— units
12

.16 amu = 115—20 x 16 = 200 Units
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Illustration 5:
An element have three isotopes and their isotopic weights are 11, 12, 13 unit and their percentage of occurrence
in nature is 85, 10, 5 respectively, then calculate the average atomic weight of element.
Solution:
11x85+12x10+13x5  935+120+65
85+10+5 ) 100

Average atomic weight = % =11.2

Average Atomic weight =

Illustration 6:
Average atomic weight of an element M is 51.7. If two isotopes of M are 5°M and 52M, then calculate the
percentage of occurrence of 5°M in nature.

Solution:
50M 52M
X1 + x2 =100
x2 = (100 - x1)
average atomic Welght = w =517 = M
Xl + X2 X1 + X2

517 50%, +52(100-x,)

X, +(100-x,)
5170 =50x; + 5200 - 52x;
5170 = - 2x1 + 5200
2X1 =30
X1 = 15
50M =15% 52M = 85%

L%} BEGINNER’S BOX-1

1. Which of the following statements is incorrect for anode rays?
(1) They are deflected by electric and magnetic fields.
(2) Their e/m ratio depends on the gas in the discharge tube used to produce the anode rays.
(3) The e/m ratio of anode rays is constant.
(4) They are produced by the ionisation of the gas in the discharge tube.
CAS195
2.  Which of the following pairs have identical value of e/m?
(1) A proton and a neutron (2) A proton and deuteron
(3) Deuteron and an o - particle (4) An electron and y - rays
CAS196
3. Rutherford’s o - particle scattering experiments led to the conclusion that
(1) mass and energy are related together
(2) the mass and the positive charge of an atom are concentrated in the nucleus
(3) neutrons are present in the nucleus
(4) atoms are electrically neutral
CAS197

4. The radius of nucleus %, Alwill be
(1) 1.2x10-"m (2) 2.7 x10->m (3)10.8 x 10-15m (4)4x10-15m

CAS198
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5. Which of the following elements has maximum density of nucleus.
(1) 1,80 (2) %p (3) ;0 (4) All have same density
CAS199

6. Selectiso electronic set :-
(a) Na*, H30+, NHg* (b) CO;*,NO;, H,CO; (c) P3 HCL, C,H;, PHs (d) F, Ne, Na*
()a,b,d (2)b,c,d (3)a,b,c (4)a,b,c,d
CAS200
7. [If the table of atomic masses were established with respect to oxygen atom and its assigned value

of atomic mass to be 100, then the mass of carbon atom would be, approximately:-
(1) 24 (2)75 (3)50 (4) 112

CAS201

Electromagnetic Waves (EM Waves) or Radiant Energy :

According to this theory, the energy is transmitted from one body to another in the form of waves and

these waves travel in the space with the same speed as light (3 x 108 m/s). These waves are known as

Electro-magnetic waves or radiant energy. Ex: Radio waves, micro waves, Infra-red rays, visible rays,

ultraviolet rays, X-rays, gamma rays.

e The radiant energy does not need any medium for propagation.

o The radiant energy has electric and magnetic fields perpendicular to each other and travel at right
angle to these fields.

e The upper most point of the wave is called crest and the lower most point is called trough.

A

Crest A Crest

n

— Direction
of propogation

Vibrating source

Trough Trough

Some of the terms employed in dealing with the waves are described below.
(1) Wavelength (A) (Lambda) : It is defined as the distance between two nearest crests or troughs.
It is measured in terms of A (Angstrom), pm (picometre), nm (nanometre), cm(centimetre), m (metre)

1A =10-10m, 1pm=10-12m, 1nm =109 m, lcm = 102m
(2) Wave number (V) (nu bar): It is the reciprocal of the wavelength, that is number of waves
1

presentin unitlength |v= x

It is measured in terms of cm-1, m-1 etc.
(3) Frequency (v) (nu): Frequency of a wave is defined as the number of waves which pass through
apointin 1 s. It is measured in terms of hertz (Hz), s-! or cycle/s(cps) (1 hertz = 1 s-1)

(4) Time period (T): Time taken by a wave to pass through one point. [T = 1second
\%
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(5) Velocity (c): Velocity of a wave is defined as distance covered by a wave in 1 second
c=A/T=Av or v=c/A or c=v(s1)xA(m) or c=vA (ms-1)
Since c is constant i.e. frequency is inversely proportional to A

(6) Amplitude (a): The amplitude of a wave is defined as the height of crest or depth of trough.

Important note: | v= = cv (V = lj
Electromagnetic spectrum or EM spectrum:

The arrangement obtained by arranging various types of EM waves in order of their increasing
frequency or decreasing wavelength is called as EM SPECTRUM

Low (v) Visible High (v)
Low (E) RW| MW | IR Rays U.V | X-rays | y-rays High (E)
Longer (A) Shorter (A)
3x10%4A 7600A 1504
3x104A  6x1064 3800 A 0.1A 0.014A

Illustration 7:
The Vividh Bharti station of All India Radio broadcasts on a frequency of 1368 kilo hertz. Calculate the
wavelength of the electromagnetic waves emitted by the transmitter.
Solution:
As we know velocity of light (c) =3 x 108 m/s
Given v (frequency) = 1368 kHz = 1368 x 103 Hz = 1368 x 10° s~
=S fao AOMST _193m
\Y% 1368x10°s™
Illustration 8:
Calculate v in cm-! and v of yellow radiation having a wavelength of 5800 A

Solution:

_ 1 1 1 10®
As we known v=— = — = 5 =
A 5800A 5800x10"°cm 5800

v=cv =3x100cmstx17x104cm1=3x 1.7 x1014=51 x 101451

Illustration 9:

A particular radio station broadcast at a frequency of 1120 kilo hertz. Another radio station broadcast at a
frequency of 98.7 mega hertz. What are the wavelength of radiations from each station?

Solution:

cm-1=17241.37 cm-!

Station 15 5, S = 3X10MS T _ s 86 m

v 1120x10°s™
Station 20 =S = 3X10'MS T _ 5 hag5

v 98.7x10°s™

Illustration 10:
How long would it take a radio wave of frequency 6 x 103 s-1 to travel from mars to earth, that is a distance
of 8 x 107 km?
Solution:
- Distance to be travelled from mars to earth =8 x 107 km =8 x 1010 m
.. Velocity of EM waves =3 x 108 m/s
_Distance _ 8x10"m

.. Time = = 5 =2.66x102s=4min26s
Velocity 3x10°m/s
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Planck’s Quantum Theory :

According to Planck's quantum theory:

(1) The radiant energy emitted or absorbed by a body is not continuous but discontinuous in the form of
small discrete packets of energy and these packets are called quanta.

(2) In case of light, the smallest packet of energy is called as 'photon’ but in general case the smallest packet
of energy is called as quantum.

(3) The energy of each quantum is directly proportional to frequency of the radiation i.e.

Eoxv = E=hv or E=E '.'v:£
A A

where,
h is proportionality constant or Planck’s constant
h=6.626 x 10-37k] s or
h=6.626 x 10-3*]s or
h=6.626 x 10-27 erg s
(4) Total amount of energy transmitted from one body to another will be some integral multiple of energy

of a quantum. E=nhv= nThc =nhcv

where n = Positive integer
= Number of quanta
Illustration 11:
Calculate the energy (in joule) of a photon of sodium light of wave length 5.862 x 10 -16 m.
Solution:
A=5862x10-16m, c=3x108ms1
nhc

E =nhv or 0 {-n=1}
—34 8 -1
L E= he _ 1x6.6x10 ]sx312<10 ms— _ 6'6X3><10’1°] =338 x10-10]
A 5.862x10"°m 5.862

Illustration 12:
Calculate the frequency & energy of a photon of wave length 5000 A.

Solution:
(a) Calculation of frequency: A =5000A =5000x10-10m
8
:E: M: 06 X 10—15 g-1= 6 X 1014 s-1
L 5x107"m

(b) Calculation of energy:

E=hv=6.626 x 10-3¢joule second x 6 x 1014 s-1=3.97 x 10-19 joule
Illustration 13:
Calculate the A and frequency of a photon having an energy of 2 electron volt
Solution:
+1eV=1.602x 10-19] .. 2eV=3.204 x 10-19] = E
(a) Calculation of wavelength (A):

g_he ., _hc _ 6.626x10 "' Jsx3x10°ms™" _ 6.204 x 107 m

A E 3.204x107"]

(b) Calculation of frequency (v):
8 -1
A :£ = 3X10—rns =049 x 1015s-1=49 x 1014 s-1
A 6.204x107m
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Illustration 14:
Which has a higher energy?
(a) A photon of violet light with wave length 4000 A
(b) A photon of red light with wave length 7000 A
Solution:
(a) Violetlight:

Eviojer = hc _ 6.626x 10**]sx3x10°ms™

A 4000x10""m

(b) Redlight:

-34 8 -1
Buog = D2 6626x105x3x10°ms™ ) 0300501

=497 x 10-19joule

A 7000x10 °m
SO, Eviolet > Ered

%} BEGINNER'’S BOX-2

1. Electromagnetic radiation travels through vacuum at a speed of
(1) 186000 m/s (2)125m/s
(3)3.00 x108m/s (4) It depends upon wavelength
CAS202
2. What s the wavelength (A) of a photon that has an energy of 4.38 x 10-18]
(1) 454 A (2)2.3x107A (3) 6.89 x 1015 A (4) 1.45 x 10-15 A
CAS203
3. A 1lkwradio transmitter operates at a frequency of 800 Hz.How many photons per second does it emit?
(1) 1.71x 1021 (2) 1.88 x 1033 (3)6.02x 1023 (4) 2.85 x 1020
CAS204

Bohr’s Atomic Model :
e  This model was based on quantum theory of radiation and classical laws of physics.
e Bohr model is applicable only for single electron species like H, He*, Li2* etc.
e Bohr model is based on particle nature of electron.
Some Important formulae:
Kayq,
rZ

Coulombic force =

2

Centrifugal force = mv
r

Angular momentum = mvr
Important postulates:
1st Postulate:

e  Atom has a nucleus where all protons and neutrons are present.

e  The size of nucleus is very small and it is present at the centre of the atom.
2nd Postulate:

e  Negatively charged electron revolve around the nucleus in the same way as the planets revolve
around the sun.

e  The path of electron is circular.

e  The attraction force (Coulombic or electrostatic force) between nucleus and electron is equal to
the centrifugal force on electron.

e i.e. Attraction force towards nucleus = centrifugal force away from nucleus.
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3rd Postulate:
e Electrons can revolve only in those orbits in which angular momentum (mvr) of electron is

integral multiple of h
2n

ie. mvr:m =nh h h

27 - %
where: n =+ ve integer number (n =1,2,3,4, ...... )
h = Planck's constant

e  Angular momentum can have values such as i, ZL, 31, 41, 5L ........ but cannot have

2n 2n  2m  2n  2m
fractional values such as 1.51, 1.21, 0.5i .......
2n 2n 2n
4th Postulate:
e  The orbits in which electron can revolve are known as stationary orbits because in these orbits
energy of electron is always constant.
5th Postulate:
e  Each stationary orbit is associated with definite amount of energy therefore these orbits are also

called as energy levels and are numbered as 1, 2, 3,4, 5, ... or K, L, M, N, O, ..... from the nucleus

outwards.
6t Postulate Shell O E
e The emission or absorption of energy in the form of photon Shell N Y
can only occur when electron jumps from one stationary state ggelﬁ IL/[ E3
to another & it is € E2
Shell K )
AE=E e —Eiwe=En, —E,  =Energy of a quantum = hv
: ' Nucleus —>®
e Energy is absorbed when electron jumps from inner to outer
orbit and is emitted when electron moves from outer to inner SEEH %
orbit. o , , Shell 3
e n;>n; whether emission or absorption of energy will occur. Shell 4
Application of Bohr's Model : Shell 5
(A) Radius of Various Orbits (Shell)
T ial Veloci
Coulombic force = —quzqz (Tangential Velocity)
r
_ KZee _ KZé’
- ) - 2

Where K=9 x 109 Nm? /coulomb?
As we know - Coulombic force = Centrifugal force

2 2 2
KZZe _mv or Vi KZe (1)
r r mr
Also, mvr = nh or V= nh -(2)
2n 2nmr
Putting the value of v from eqn. (2) to eqn. (1)
nh ) KZe? n’h?  Kze?
= or =
2nmr mr 47’m’r*  mr
n’h?
-(3)

r=— ————
47t*m KZe*
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Putting the value of m, h, m, K, & e (Constants) in the above eqn. (3)
2

r=0.529 x 10-8 x%cm {14=10-19m =108 cm}

2
r =0.529 X%A

This formula is only applicable for hydrogen and hydrogen like species i.e. species containing single
electron.

(B) Velocity of an electron
Since coulombic force = Centrifugal force

2 2 2
KZZe _mv or Vi KZe (1)
r r mr
Putting the value of Angular momentum
mvr = nh or KZe?= ﬂ(V)
27n 2n
_ 2mKZe?
V= hh

Z
Putting the value of ;, k,e & h v = 2.188 x 10° Hm/s

(9] Time period (Tn)
Time taken for complete revolution in nth orbit
_ Distance 2mr,

~ Velocity \'A

n?
T oc—
(n ZZ

(D) Frequency of Revolution (V,,)

Number of revolutions per unit time in nth orbit
_ Velocity 'V,

n

Distance 2mr,

Vv ocz2
n n3

Illustration 15:
Calculate the radius of 1st, 2nd, 3rd, 4th Bohr's orbit of hydrogen.

Solution:

Radius of Bohr's orbit: r=0.529 x n?z A

(a) Radius of I orbit: r=0.529 x 1—12 A=05294

(b) Radius of Il orbit: r=0.529 x %z 0.529 x 4=2.116 A
(c) Radius of Il orbit : r=0.529 x % =0.529x9=4.761 A
(d) Radius of IV orbit : r=0.529 x 4T2 =0.529 x 16 =8.464 A

[48] www.allen.in



Atomic Structure Al.l.:"

Illustration 16:
Calculate the radius ratio of 3rd & 5th orbit of He*.
Solution:

2
r=0.529 x n7 A and  Atomic Number of He = 2

2
3 2
rz3=0.529 x (—) =0.529 x 2and rs = 0.529 x ) =0.529 x2—5
2 2 2 2
2
3
0.529><Q
Therefore —3=—22 or r3:1r5=9:25
T (5)
0.529><T

Illustration 17:
Calculate the radius ratio of 2nd orbit of hydrogen and 3rd orbit of Li*2.

Solution:

Atomic number of H = 1, Atomic number of Li = 3,
2

2nd orbit radius of Hydrogen (r2)u = 0.529 x ZT
32

3rd orbit radius of Li*2 (rs)uis = 0.529 x 3

2
(1"2) 0.529><2T 4
. H _ —
32 :§ = (1‘2 )H (r3 )Li*2 =4:3

(I‘3 )Li*Z B 0.529x —
3

Illustration 18:

Calculate the radius ratio of 2nd excited state of H & 1st excited state of Li*2
Solution:

2nd excited state, means e~ is present in 3td shell of hydrogen

2
3
r3=0.529 x (T) =0.529x9
1st excited state, means e- is present in 2nd shell of Li+2

2
r>=0.529 x @) _ 0529 x X
3 3

0.529x% 9
radius of 2" excited state of hydrogen _ (l”g)H o 1 27

4 4

radius of 1% excited state of Li* (1‘2 )wz - 0.529 x

Illustration 19:

Calculate velocity of an electron present in the third orbit of the hydrogen atom. Also calculate the number
of revolutions per second that this electron makes around the nucleus.

Solution:

Velocity of electron in 3rd orbit:

Vn=2.188 x 106 x Z ms-1
n

V3=2.188 x 106 x %ms-1 =7.29 x 105 ms-!
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No. of revolution per second
v v 7.29x10°

—_— n n

2mr, - zn[nzaoj  2x3.14x9x0.529%x10 1

Z

=2.44 x 10 r.ps.

Illustration 20:

How much time an e- will take for one complete revolution in 21d orbit of He+?
Solution:

distance

Time taken =
velocity

9 2x3.14x0.529xfx10*1°m
_ 2T 22 =3.05x 10-16 s
v 2.18x10° ><Ems‘1

Energy of an electron
Let the total energy of an electron be E. It is the sum of kinetic and potential energy.
ie. E=KE.+P.E.

2
E= (lmvz}[%] pE - KZe
2 r r

_ 2 1 KZe?
E = 1mV2+K'Ze+(e): lmVZ_Kze KEZ—mVZZ €
2 r r 2r
E= KZe*  KZe’ _  KzZe’
2r r 2r
Putting the value of r from eq. (3)
KZe? x 4n*mKZe* -27’m K*Z’e*
En= — — or E =y —
2n“h n‘h
Putting the value of 7, K, e, m, h, we get:
A A
E, =-2.18x10 """ =] /atom or E, =-13.6 x —eV /atom
n n

This formula is applicable for hydrogen atom & hydrogen like species i.e. single electronic species.
Since n can have only integral values, it follows that total energy of the e- is quantised.

The -ve sign indicates that the electron is bounded towards nucleus.

Some extra points:

2

(i) KE= Kje ie. K.E. o 1 On increasing radius, K.E. decreases.
r r
2
(i) P.E.=- Kze ie. P.E. L On increasing radius, P.E. increases.
r
2

() E=- ng i.e. E.oc- 1 On increasing radius, total energy increases.

r r

Conclusion: P.E. = (-) 2KE KE=(-)E P.E =2E

2
nZ nl

. 1 1
Energy difference between two energy levels: Enz - Enl =-13.6 x 72 {—2——}
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Energy level for H atom can be represented as follows: Shell O E
n=6orP E¢ = - 0.38 eV Shell N ™~
n=5or0 Es=-0.54 eV ahel M —~8
n=4orN Es=-0.85eV Es-Es=0.31eV Shell K E}fz
n=3orM E3=-1.51eV Es-E3=0.66eV

Nucleus
n=2orL E;=-34eV E;-E;=1.89eV
n=1orK Ei=-13.6 eV E;-Ei1=10.2 eV Shell 1
ie. (Ez-Ei)> (Es-Ez)> (Es-Es)> (Es - Es) ... Sﬁgﬂ §
Important Definitions: Shell 4
(i) Ionization energy: Shell 5

Minimum amount of energy required to eject an electron from the ground state of an isolated atom is
called as ionization energy.
ni=1;n;=ow
(i) Separation energy:
Minimum energy required to escape out electron from its excited state is called as separation energy.
n=2314,5..; ng=w
(iii) Excitation energy:
Amount of energy required to shift an electron from ground state to any excited state is called as
excitation energy.
n1=1;n2=2,3,4,5, ......
Note: All these kinds of energy are always positive.
Illustration 21:
If the total energy of an electron is -1.51 eV in hydrogen atom then find out K.E, P.E, orbit's radius and
velocity of the electron in that orbit.
Solution:
(i) KE=-E=151eV
(i) PE=2xE=-2x151=-3.02eV

2

(i) ~+ E=-13.6x %ev
2
or -151=-136x 1. =  p2=_136_
n? -1.51

n = 3 i.e. 3vd orbit
2

(iv) r=0.529 x “7
=0.529 x 3L13 =0529 x 9 = 47614

(v) v=2188x 10° XZ= 2.188 x 108 x %cm/s =0.729 x 108 cm/s
n

Illustration 22:
Calculate the energy of Li*2 ion for 2nd excited state

Solution:
2
E=-13.6 x Z—Z .+ Z =3 and electron present in 2nd excited state, means electron present in 3rd shell
n
ie. n=3

7 =

(3)
E=-13.6 x =-13.6 eV/atom
(3)
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Illustration 23:

Calculate the ratio of energies of He* for 1st & 2nd excited state.
Solution:

Energy of (He") 1% Excited state Energy of (He")2" shell
Energy of (He*)2™ Excited state Energy of (He*)3" shell

2
-13.6 x (2)

(2)

) 9
-13.6 x (@ 4
€]
Illustration 24:
The ionization energy for the hydrogen atom is 13.6 eV then the required energy in eV to excite it from the
ground state to 1st excited state
Solution:
Ionization energy = 13.6 eV
i.e. Energyin ground state =-13.6 eV
Energy of Ist excited state
i.e. 2ndorbit=-3.4eV
so, E2-E1=-34+13.6=10.2eV

L%} BEGINNER’S BOX-3

1.  In which of the following is the radius of the first orbit minimum ?
(1) A Hydrogen atom (2) A tritium atom
(3) Triply ionized beryllium (4) Double ionized helium
CAS205
2.  The energy needed to excite a hydrogen atom from its ground to its third excited state is
(1)12.1eV (2)10.2eV (3)0.85eV (4) 12.75eV
CAS206

3.  The ionisation energy of a hydrogen atom is 13.6 ev. The energy of the ground level in doubly
ionised lithium is

(1)-28.7 eV (2)-54.4 eV (3)-1224 eV (4)-13.6eV
CAS207
4.  What would be the radius of 2rd excited state in Li*2 ion ?
(1)0.529 A (2)1.59 A (3) 0.2645 A (4) 0.5299 A
CAS208
5.  2ndgeparation energy of an electron in H atom
(1)27.2eV (2)1.51eV (3)3.4eV (4)13.6eV
CAS209
6. How much energy would be required by an electron while moving from ground state to 31 excited
state of He* ion.
(1)40.8eV (2)10.2eV (3)51eV (4) 48.35 eV
CAS210
7.  Bohr’s theory is not applicable to
(1) He (2) Li+2 (3) He (4) H atom
CAS211
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Spectrum :

When a radiation is passed through a spectroscope (prism) for the dispersion of the radiation, the pattern
(photograph) obtained on the screen (photographic plate) is called as spectrum of the given radiation

Classification of Spectrum

|1
1 l

(1) (2)

Emission Absorption

Hydrogen spectrum

When an electric excitation is applied on hydrogen atomic gas at low pressure, a bluish light is emitted.
When a ray of this light is passed through a prism, a spectrum of several isolated sharp lines is obtained.
The wavelength of various lines show that spectrum lines lie in Visible, Ultraviolet and Infra red region.
These lines are grouped into different series.

Series Discovered by regions n; - ng No. of lines
Lyman Lyman U.V.region n;=234../n=1 n;-1
Balmer Balmer Visible region n2=345../n=2 n; -2
Paschen Paschen Infra red (I.R.) n;=456../n1=3 n; -3
Brackett Brackett LR. region n;=56,7../n=4 n; -4
Pfund Pfund LR. region n;=6,78../n=5 n;-5
Humphery Humphery Far L.R. region n=7,89../n1=6 n;-6
r-0.28eV—7 Q
0.10 eV
- -0.38eV—6 Far L.R. region
0.16 eV—_ 054 eV—>5 il "Humphery Series
i IR region
0.31 eV Pfund Series
- -0.85eV—>4 — N
IR region
0.66 eV Brackett Series =
=_1-51 eV_>3 YVYVVY . M ©
Infrared region ~|<2
o
Or Ol
1.89 eV— Paschen Series 2
>
DO
L _ YyVYVYVY @
F34eV =2 Visible region L AN
Balmer Series S
__13.6 ev_>1 y VVVYVYY K
Ultraviolet region
Or
Lyman Series

www.allen.in [53]



ALLEN NEET : Chemistry

Similar words
e  Firstline / Starting line / Initial line (Amax. and Vmin)
e Lastline /limiting line / marginal line (Amin. and vmax)
e Firstline of any series = a line
Second line of any series = 3 line
Third line of any series =y line
Calculation of number of spectral lines

(n2 —nl)(n2 -n, +1)

(a) Total number of spectrallines=1+ 2 +... (nz-n1) = 5

Where: n; = higher energy level; n1 = lower energy level
If n; =1 (ground state)

(n,—1)n, _n(n-1)

Total number of spectral lines = 5 5

(b) Number of spectral lines which falls in a particular series = (nz - n1)
where n; = higher energy level, n; = Fixed lower energy level of each series.
Illustration 25:
In a hydrogen spectrum if electron moves from 7 to 1 orbit by transition in multi steps then find out the

total number of lines in the spectrum.

Solution:

Lyman = (n2-1)=7-1=6
Balmer = (n2-2)=7-2=5
Paschen = (nz-3)=7-3=4
Brackett = (n2-4)=7-4=3
Pfund = (n-5)=7-5=2
Humphrey = (n-6)=7-6=1
Total = 21

Total number of lines can be calculated as follows:

— — 1 _
Total number of lines = (nz nl)[(zz n1)+ ]:(7 1)2(6+1):472=21

Illustration 26:

In a hydrogen spectrum if electron moves from 6t to 2nd orbit by transition in multi steps then find out the
number of lines in spectrum

Solution:

Total number ofline=4+3+2+1=10

(n,-n,)[(n,-n,)+1] _(6-2)(4+1) _ 4x5_
2 2 2

or Total number of lines = 10
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Illustration 27:

In H atom if the electron moves from nth orbit to 1st orbit by transition in multi steps, then the total number
of lines observed in the spectrum are 10, then find out the value of n.

Solution:

(n2 —nl)[(n2 —n1)+1]

2

Total number of lines =

So, 10= (n—l)(;—1+1)

or 20=(n-1)(n)
nZ-n-20=0
nzZ-5n+4n-20=0
n(n-5)+4(n-5)=0
n+4)(n-5)=0 =n=5
Rydberg Formula :
In 1890, Rydberg gave a very simple theoretical equation for the calculation of the wavelength of various
spectral of single electronic species.
1 1 1

V===RZ?|5—-——=
A [ni nj

where R =Rydberg constant=109678 cm-1=109700 cm-1=10970000 m-1=1.1 x 107 m-1
% =9.12x10-6cm =912 A

Derivation of Rydberg formula:

AE=E, -E,
-2n*mK*Z%* | —2n’mK°Z%"*
AE= 2h2 - 2h2
n; n,
2 2r72 4 2 2r72 4
_2n mZKZZe 2n mZKZZe (’.‘AEthZEj
nth n;h A

he _ 2r°mK*Z%" { 11 } o L 2rmKe'7 { 11 }
A r

h? n? n’ ch? n? nl
2n°mK%e* . _
where —ar is a constant which is equal to Rydberg is constant (R).
c

e 1]
A n; n,
Illustration 28:

Calculate the wavelength of 1stline of Balmer series in Hydrogen spectrum.
Solution:

For first line of Balmer series n;=2,n; =3

l:R(l)Z 11 =R 9-4 =R S

A 4 9 36 36
36 _36 x l: E><9.12 x 10-6 cm = 65.66 x 10-6 cm = 6566 A
5R 5 R 5
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Illustration 29:

Calculate the frequency of the last line of the Lyman series in hydrogen spectrum.
Solution:

For last line of Lyman series n1= 1, nz; = o

1 1
l:RZ2 2T 7 :R(E—OJ:R
A n; n, 1
=V =§=cx%=ch= 3x1010cms-1x 109678 cm-1=3.29 x 1015 s-1

Illustration 30:

The wave number of 1stline of Balmer series of hydrogen spectrum is 15200 cm-1. The wave number of 1st
line of Balmer series of Li*2 spectrum will be?

Solution:

_ 1 1
Wave number of Ist line of Balmer series of hydrogen spectrum. v =—=RZ? (—2 ——2]
A

nl nZ
_ 1 1
(forH,Z=1)v=R| ——-— |=15200 cm-!
1 2
Wave number of Ist line of Balmer series of Li*2 ion is.
_ 1 1
v=I'xR| 5 -= {+ Z =3 for Li*?}
nl n2

. v=32x15200=9 x 15200 = 136800 cm~!

Illustration 31:

Calculate the ratio of maximum A of Lyman & Balmer series?
Solution:

Eocvoe —

Maximum A of Lyman series 1% line of Lyman series
Maximum A of Balmer series 1" line of Balmer series

1 R[l_l} 11 5
2 2 T 4
7\‘Lyman=7‘a_3= 2 3 =4- 9:3_6—ix_—i
}\‘Balmer i i_l 1_1 E 36 27
A 1 22] 14 4

Limitations of the Bohr's model:
(1) Bohr's theory does not explain the spectrum of multi electron atom/ion.

(2) Why the Angular momentum of the revolving electron is equal to r21_h ,has not been explained by Bohr's
T

theory.

(3) Bohr inter related quantum theory of radiation and classical laws of physics without any theoretical
explanation.

(4) Bohr's theory does not explain the fine structure of the spectral lines. Fine structure of the spectral line
is obtained when spectrum is viewed by spectroscope of more resolution power.

(5) Bohr's theory does not explain the splitting of spectral lines in the presence of magnetic field (Zeeman's
effect) or electric field (Stark effect)
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L%} BEGINNER’S BOX-4

1. Theline spectra of two elements are not identical because
(1) The elements don’t have the same number of neutrons.
(2) They have different mass numbers
(3) Their outermost electrons are at different energy levels.
(4) They have different valences.

CAS212
2. In which of the following transition will the wavelength be minimum.
()n=6ton=4 (2)n=4ton=2 (3)n=3ton=1 (4)n=2ton=1
CAS213
3.  The wavelength of third line of the Balmer series for a H atom is
21 100 21R 100R
(1) 100R (2) 21R (3) 100 ) 21
CAS214

4.  When the electron of a hydrogen atom jumps from n = 4 to n = 1 state, the number of spectral
lines emitted is
(115 (2)6 (33 (4)4

CAS215

Wave Mechanical Model of an Atom :

This model consists of following

(A) de-Broglie concept (Dual nature of Matter)

(B) Heisenberg's Uncertainty principle.

The Dual Nature of Matter (The Wave Nature of Electron)

In 1924, a French physicist, Louis de-Broglie suggested that if the nature of light is both that of a particle

and of a wave, then this dual behaviour should be true also for the matter.

(1) The wave nature of light rays and X-rays is proved on the basis of their interference and diffraction
and many facts related to radiations can only be explained when the beam of light rays is regarded as
composed of energy particles or photons whose velocity is 3 x 1010 cm/s.

(2) According to de-Broglie, the wavelength A of an electron is inversely proportional to its momentum p.

A oc = or A =% (Here h = Planck's constant, p = momentum of electron)
p

. Momentum (p) = Mass (m) x Velocity (v) N ) = El

- my
(3) The above relation can be proved as follows by using Einstein's equation, Planck's quantum theory
and wave theory of light.
Einstein's equation, E = mc2 where E is energy, m is mass of a body and c is its velocity.

wE=hv=hx % (According to Planck's quantum theory) (i)
and ¢ = vA (According to wave theory of light) Y =%
But according to Einstein's equation, E = mc2 ..(ii)
From equation (i) & (ii): mc2=h x € orme= h or p= h or x=£

A A A p

(4) Itis clear from the above equation that the value of A decreases on increasing either m or v or both.
The wavelength of many fast-moving objects like an aeroplane or a cricket ball, is very low because of
their high mass.
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Bohr's theory and de-broglie concept:

(1) According to de-Broglie, the nature of an electron moving around the nucleus is like a wave that flows
in circular orbits around the nucleus.

(2) If an electron is regarded as a wave, the quantum condition as given by Bohr in his theory is readily
fulfilled.

(3) Ifthe radius of a circular orbit is r, then its circumference will be 2nr.

(4) We know that according to Bohr theory, mvr = g_h

T
nh
mv

or 2nr= (* mv = p momentum)

or 2nr= nh ( h =\ de-Broglie equationJ

p p
27nr = nA (where n = total number of waves 1, 2, 3,4, 5, .....0 and A = Wavelength
(5) - 2ar= nh or mvr = nh “» mvr = Angular momentum
mv 2n

Thus mvr = Angular momentum, which is a integral multiple of 21
T

(6) Itis clear from the above description that according to de-Broglie there is similarity between wave

theory and Bohr theory. ‘A‘
( )

D/

VY

Figure : Similarity between de-Broglie waves and Bohr’s orbit

Golden ey Points

de-Broglie wavelength in terms of kinetic energy.

Kinetic Energy (K.E.) = % mvZorm x KE. = % m2vz  or m2v2=2mKE. or mv=,2mKE.

h ., ___h .. — PmKE
But=k=m ..k—m ( mv = ZmK.E.)

When a charged particle carrying Q coulomb charge is accelerated by applying potential difference of V
volts, then:
KE.=QxV Joule

A h \ h for elect Lo |50 4 1225
=——7— ~A= or electron = |— =—
But V2mK.E. J2mQV v VV

The wave nature of electron was verified experimentally by Davisson and Germer.
de-Broglie hypothesis is applicable to macroscopic as well as microscopic objects but it has no physical
significance for macroscopic objects.
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Illustration 32:
The mass of a particle is 1 mg and its velocity is 4.5 x 105 cm per second. What should be the wavelength
of this particle if h = 6.625 x 10-27 erg second.

(1) 1.4722 x 10-2* cm (2) 1.4722 x 10-29 cm

(3)1.4722 x 10-32 cm (4) 1.4722 x 10-3* cm

Solution:

Giventhatm=1mg=1x103g,v=45x105cm s}, h=6.625 x 10-27 erg s.
=27

ao= o 6625x107erss g 4795 41029 cm

mv  1x107°gx4.5x10°cms™

Illustration 33:
Which of the following should be the wavelength of an electron if its mass is 9.1x 10-3! kg and its
velocity is 1/10th of that of light and the value of his 6.6252x 10-34 joule second?

(1) 2.446 x 107 metre (2) 2.246 x 10-2 metre
(3) 2.246 x 10-11 metre (4) 2.246 x 10-13 metre
Solution:

Given thatm =9.1 x 10-31 kg, v= 1—10 of velocity of light

1
or v= 1—0 x 3 x 108 metre second-!i.e. 3 x 107 metre second-!

h =6.6252 x 10-3%4joule second

L 6.6252x107*].s _ 6.6252x107*
mv  9.1x10*'kgx3x10’ms"  27.3x107*

=0.2426 x 10-10 metre = 2.426 x 10-11 metre

Illustration 34:

A ball weighing 25 g moves with a velocity of 6.6 x 104 cm s-! then find out the de-Broglie wavelength
associated with it.

Solution:

p= N 66x10 T x10Ter8S _ 04 4001 o = 4 x 1053 cm

mv  25x6.6x10*cms™
Heisenberg’s uncertainty principle
Bohr's theory considers an electron as a material particle. Its position and momentum can be determined
with accuracy. But, when an electron is considered in the form of wave as suggested by de-Broglie, it is not
possible to ascertain simultaneously the exact position and velocity of the electron more precisely at a
given instant since the wave extends throughout a region of space.

In 1927, Werner Heisenberg presented a principle known as Heisenberg’s uncertainty principle which

states that: "It is impossible to measure simultaneously the exact position and exact momentum of a body
as small as an electron.”

The uncertainty in measurement of position, (Ax), and the uncertainty in momentum (Ap) are related by
Heisenberg's relationship as

Ap,h

h h h
- or AX.mAv> — or or AtxAxx >
Ax. Ap = AxX.Av > —— At 4n

41t 4n m™m

h
FxAtxAx> or AE X At > —
4m
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where h is Planck’s constant.

(i) When Ax=0,Av=w

(ii) When Av =0, AX = « So, if the position is known quite accurately, i.e., Ax is very small, Av becomes
large and vice-versa.

Illustration 35:

If the uncertainty in position of a moving particle is 0 then find out Ap -

Solution:
h h h
AXAp = — or Ap= or Ap = or Ap =0
P 41 P 4AX P 47x0 P

Illustration 36:
Calculate the uncertainty in the position of a particle when the uncertainty in momentum is
(A 1x103gcms-t (b) zero.
Solution:
(@) GivenAp=1x103gcmst,h=6.62x10-?7ergs,n=23.142
According to Heisenberg’s uncertainty principle

—27
Ax.ApZL or AXZi i> 6.62x10 X 1

4r 4 Ap  4x3.142 107

>0.527 x 10-24 cm

(b) When the value of Ap = 0, the value of Ax will be infinity.

Illustration 37:

The uncertainty in position and velocity of a particle are 10-1 m and 5.27 x 10-2¢ ms-! respectively. Calculate the
mass of the particle (h = 6.625 x 10-3¢joule second)

Solution:

According to Heisenberg's uncertainty principle,

AxX.m AV=L
4n
—34
orm = h 6.625x10 - 0.099 kg

" 4mAXAV | 4x3.143x10 " x527x10 %
Illustration 38:
Calculate the uncertainty in velocity of a cricket ball of mass 150 g if the uncertainty in its position is of the
order of 1A (h = 6.6 x 10-3* kg m2 s-1).

Solution:

AX. mAV=L
4n

h 6.6x107*

= =3.499 x 1024 ms-1
4nAx.m 4x3.143x107'°x0.150

or Av =
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Quantum Mechanics :

° Classical mechanics, based on Newton'’s laws of motion, describes the motion of all macroscopic
objects such as a falling body, orbiting planets etc., which have essentially a particle-like behaviour.
However, it fails when applied to microscopic objects like electrons, atoms, molecules etc. This is
mainly because of the fact that classical mechanics ignores the concept of dual behaviour of matter
especially for sub-atomic particles and the uncertainty principle. The branch of science that takes
into account this dual behaviour of matter is called quantum mechanics.

. Developed by Werner Heisenberg and Erwin Schrodinger.

Schrodinger equation:

Hy=Ey

H is Hamiltonian operator

E is total energy

v is wave function
Atomic orbital: It is the 3-D space around the nucleus where the probability of finding the electron is
maximum say about 90%.
The wave function y for an electron in an atom is represented by a set of three quantum numbers and it
arises as a natural consequence in the solution of the Schrodinger equation.
Probability density: The probability of finding an electron at a point within an atom is proportional to the
square of the orbital wave function i.e. |y|? at that point. | |2 is known as probability density and is always
positive.

The plots of the orbital wave function y(r) with distance r for 1s and 2s orbital

(a) 50—
1604 40

120 30

= 80 = 20

> 40 > 10

0 T T T 1 0 I
04 08 10- \m
r(nm)
r(nm)

The plot of probability density function y?2(r) with distance r for 1s and 2s orbitals.

(b) 50004 3004
4000- 240
= 3000 = 180
> 20004 > 120+
1000 - 60-\/\
0 1 1 1 1 1 0 1 1 1 1 1
0 04 08 0 04 08
r(nm) r(nm)
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Quantum Numbers :
To obtain complete information about an electron in an atom 4 identification numbers are required and
these identification numbers are called as quantum numbers.

Principal \ / Magnetic
Quantum Number quantum number
(n) (m)

Quantum
Numbers
Azimuthal

quantum number Spin quantum
) number (s)
(a) Principal Quantum Number (n)

Given By — Bohr
e Itrepresents the name and energy of the shell to which electron belongs and size of orbit.
e The value of n lies between 1 to «

ien=1,2,34----- oo corresponding name of shells are K, L, M,N, 0, - - - - -
e Greater the value of n, greater is the distance from the nucleus.

2
r=0529 x A
Z

r<rn<r3<ni<rs-———------

e Greater the value of n, greater is the energy of shell
2

E=-13.6 % Z—zeV/atom
n
Ei<E;<E3<E4--------
e Velocity of electron v=2.18 x 106 z m/s
n

V1>V2>V3 i

h
e The angular momentum of a revolving electron is mvr = 121—
T
Where n = Principal quantum number.
e The number of electrons in a particular shell is equal to 2n2
(b) Azimuthal quantum number/Angular quantum number/Secondary quantum

number /Subsidiary quantum number (¢)

Given by - Sommerfeld
e Itrepresents the name of the subshell, shape of orbital and orbital angular momentum
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) Possible values of '/' are :-

Le. (=0,1,2 —---m-mmmmmemen (n-1)

£ =0 — s Subshell
£ =1 — p Subshell
¢ =2 — d Subshell
¢ =3 — f Subshell

o  Value of / lies between 0 to (n - 1) in a particular nt shell :-
Ex. Ifn=1then /=0 = 1si.e. inn =1 shell, only one subshell 's' is present.
If n=2then /=0,1= 2s, 2pi.e.in n =2 shell, two subshells 's' & 'p' are present.

Ifn=3then ¢ =0,1, 2 = 3s, 3p, 3d i.e. in n =3 shell, three subshells 's’, 'p' & 'd" are
present.
Ifn=4then ¢=0,1, 2, 3 = 4s, 4p, 4d, 4f i.e. in n = 4 shell, four subshells 's’, 'p', 'd' & 'f

are present.
o Ifthe value of n is same then the order of energy of the various subshells will be
s < p <d < f[valid only for multi-electron species]
Ex. 4s<4p<4d<4f3s<3p<3d,2s<2p

« IfValue of / is same but value of n is different then the order of energy will be.

Ex. 1s<2s<3s<4s<5s<6s

3d<4d<5d<6d
4p<5p<6p
h h
o  The orbital angular momentum =+/{({+1) — or /{((+1) h ' h=—":{n is called as 'hash’
ctagir momenm= 775 L or T 1 [r-2 | }
Orbital angular momentum: For s subshell = 0

For p subshell = \/521 or \/Eh
T

e  The number of electrons in a particular subshell is equal to 2(2¢ +1)

for s subshell number of electrons = 2 e-

for p subshell number of electrons = 6 e-

for d subshell number of electrons = 10 e-

for f subshell number of electrons = 14 e-
«  Shape of the orbital:

s — Spherical shape

p — Dumb Bell shape

d — Double Dumb Bell shape
f — Complex shape
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L%} BEGINNER’S BOX-5

1. de-Broglie wavelength for electron is related to applied voltage as :-
(M) r=12334 @) r=123% (3) r=1231 4) 1=1234
Jh W Jr Jm
CAS216
2. Select the incorrect relation among the following.
(1) Ax-Ap> - (2) Ax-Ap>——  (3) Ax-AV>—  (4) AE-Ats L
4n 4mm 4mm 4n
CAS217
3. If the kinetic energy of an electron is increased 4 times, the wavelength of the de-Broglie wave
associated with it would become :-
(1) four times (2) two times (3) half times (4) one fourth times
CAS218
4. Velocity of de-Broglie wave is given by :-
2 2
< 2 2 (3) ¢ Op
v mc h A
CAS219
5. The representation of an orbital with n =4 and 7 =1 :-
(1) 4d (2) 4s (3) 4f (4) 4p
CAS220
6. Maximum number of electrons present in M shell is :-
(18 (2) 18 (3)32 (4) 10
CAS221

(c) Magnetic Quantum Number /Orientation Quantum Number (m):
Given by Linde
o Itrepresents the orientation of electron cloud (orbital)
e Under the influence of magnetic field each subshell is further subdivided into orbitals
(The electron cloud is known as orbital)
Magnetic quantum number describe these different distributions of electron cloud.

o  Value of m = all integral value from - / to + / including zero.

i,e.Valueofm=-/to+/

(d) Spin Quantum number (s):
Given by Goudsmit and Uhlenbeck
e Itrepresents the direction of electron spin around its own axis
e For clockwise spin/spin up (1) electron — +1/2
e  For anti-clockwise spin/spin down ({) electron —¥ 1/2

Spin angular momentum of an electron =, /s(s+1).2L or | /s(s+ 1) h
T

e  Each orbital can accomodate 2 electrons with opposite spin or spin paired.
Correct Spin paired e-

Wrong Spin parallel e-
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Orbital: 3D space around the nucleus where the probability of finding electrons is maximum is called
an orbital. An orbital can be represented by 3 set of quantum numbers

= an, m
Ex.1:2p;n=2,/=1,m=-1lorm=+1
Ex.2:3d,;n=3,/=2,m=0
Ex. 3: \P(gyzyo); n=3,/=2,m=0; 3d22
Illustration 39:
Calculate the value of n, / and m for 3s orbital ?
Solution:
n=3,/=0m=0

Illustration 40:
Which of the following set of quantum numbers is not possible ?

ajn=2,/=00m-1,s=-— n=3,/(=2,m=0,s=%+— c)n=2,/=3, m=-2,s=+—
( 2,/=0 1 ; (b 3,(=2 0 ; ) 2,0(=3 2 ;
Solution:

(a) not possible (b) possible (c) not possible

Node: Itis point /line / plane / surface in which probability of finding electron is zero.
Total node=n-1
They are of 2 types.

(i) Number of Radial nodes / Spherical nodes / Nodal surface in an orbital =n-/¢-1

(ii) Number of Angular nodes / Nodal planes in an orbital =/

* Nucleus and o« (infinite) are not considered as node.
Types of orbitals:

Case-I: If / = 0 then m = 0, it implies that s subshell has only one orbital called as s orbital.

Shape of s-orbitals:

The s-orbitals are spherically symmetrical about the nucleus, i.e., the probability of finding electron is same
in all directions from the nucleus. The size of the orbital depends on the value of principal quantum
number. The 1s orbital is smaller than 2s-orbital and Zs-orbital is smaller than 3s-orbital, but all are
spherical in shape as shown in figure.

L ~ Y
PN A SN \\

’ N ‘L1 . > \
’ N A & 1 “

I

| o 1 \ I 1 ( J [ |
\ 7 \ \ 7 1

\ Vs v N VA
N - vy SO _ /
o \ ~ - > 7

N \N__— ’

N 7

1s ~e____-"
2s

Node

Node

Although the s-orbitals belonging to different shells are spherically symmetrical, yet they differ in certain
respects as explained below:
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(i)

The probability of finding 1s electron is found to be maximum near the nucleus and decreases as the
distance from the nucleus increases. In case of 2s electrons, the probability is again maximum near
the nucleus and then decreases to zero as the distance from the nucleus increases. The intermediate
region (a spherical shell) where the probability is zero is called a nodal surface or simply node. Thus,
2s-orbital differs from 1s-orbital in having one node within it. Similarly, 3s has two nodes. In general,
any ns orbital has (n -1) nodes.

The size and energy of the s-orbital increases as the principal quantum number increases, i.e., the
size and energy of s-orbital increases in the order 1s < 2s < 3s ....

y
Nodal 1
surface
4 .
1s
y/ 2s
3s

The s orbital of higher energy levels are also spherically symmetrical and can be represented as above

AT A
-1(0|+1

Case-Il If /=1 (p - subshell) then m =
P |P | P

[t implies that, p subshell have three orbitals called as py, py and p..

Shape of p-orbitals:
There are three p-orbitals, commonly referred to as px, py and p,. These three p-orbitals, possess equivalent
energy and therefore, have same relation with the nucleus. They, however, differ in their direction &

distribution of the charge.

[
|

NN
SN

722
NI, 4

<V

SRR
SRS TR

PX Py PZ
(figure)

These three p-orbitals are situated at right angle to one another and are directed along x, y and z axis

Each p orbital has dumb bell shape (2 lobes which are separated from each other by nucleus).
The two lobes of each orbital are separated by a plane of zero electron density called nodal plane.
Each p orbital of higher energy level are also dumb bell shape but they have nodal surface.

Nodal surface: Nodal Plane:
Orbital Nodal surface Orbital Nodal plane
3 px 1 Px yz plane
4 px 2 Py xz plane
npx (n-2) o xy plane
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Nodal X
surface
X
2px
Xt 3px
z 4px

Z

Va xz plane
(Nodal plane)

y yz plane y Xy plane
(Nodal plane) (Nodal plane)

P,

r
X : 'X X
P
Z Z
Py

Case Il Whenl=2,'m' has five values - 2, -1, 0, +1, +2. It implies that d subshell of any energy shell
has five orbitals. All the five orbitals are not identical in shape. Four of the d orbitals d.y, dyz, dx,

contain four lobes while fifth orbital consists of only two lobes. The lobes of dxy orbital lie between x
and y axes. Similar is the case for dy, and dx.. Four lobes of orbital are lying along x and y axes while

the two lobes of orbital are lying along z axis and contain a ring of negative charge surrounding the
nucleus in xy plane. Geometry of d orbital is double dumbbell

Shape of d-orbitals:

N

+2
d2_y2

-2
Ay

-1
dyz

0
dzz

+1
dZX

It implies that d subshell has 5 orbitals i.e. five electron cloud and can be represented as follows

y/
%/X
—wyyr—
Y

d,2

Each d-orbital of higher energy level also have double dumbbell shape but they also have nodal surface.

In d-orbitals:

(1) Nodal Surface > 3 dyy
4 dyy
5dyy
n dxy

0 Nodal surface
1 Nodal surface
2 Nodal surface
(n-3)

Number of nodal surface=n-/¢-1

(ii) Nodal plane : dxy
dx:
dzy
d,

X -y

d,

5
5
5
5

_)

xz & yz nodal plane
xy & zy nodal plane
zx & yx nodal plane

2 nodal planes

0 nodal plane

Note: Orbitals of d subshell are equivalent in energy.

Illustration 41:

Calculate the value of n, £ and m for 3p, orbital?

Solution:
n=3,/=1,m=0

Nodal surface

3dxy
4‘dxy

Z 5 dxy
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Illustration 42:

Calculate the value of n, ¢, m for 3s orbital?
Solution:

n=3,/=0m=0

Rules for Filling of Electrons :

Aufbau (n + £) rule Hund's maximum Pauli's exclusion
Principle multiplicity principle
principle

(a) Aufbau Principle
Aufbau is a German word and its meaning is 'Building up'
e Aufbau principle gives a sequence in which various subshell are filled up depending on the
relative order of the energies of various subshell.
e Principle: The subshell with minimum energy is filled up first when this subshell obtained
maximum quota of electrons then the next subshell of higher energy starts filling.
e The sequence in which various subshell are filled are as follows.

ClabY
1

1s2, 2s2, 2p$, 3s2, 3p6, 4s2, 3d19, 4ps, 552, 4d10, 5p6, 6s2, 4f14, 5d10, 6p6,7s2, 5f14, 6d1, ....
For Example

1H —> 1st

2He - 1s?

3Li —  1s2, 2st

+Be —  1s2,2s2

sB —  1s?,2s2, 2p!
6C —  1s2,2s2, 2p?
7N —  1s?,2s2,2p3
g0 —  1s?,2s2, 2p*
oF —  1s2,2s2,2p°
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1oNe —  1s2,2s2 2p6

1uNa —  1s2 2s2, 2p6, 3s1

12Mg  — 152, 2s2, 2p6, 3s2

13Al —  1s2,2s?, 2ps, 3s2, 3p!

14Si —  1s2, 2s2, 2p¢, 352, 3p2

15P —  1s2, 252, 2p¢, 352, 3p3

165 —  1s?,2s2, 2p6, 352, 3p*

17Cl —  1s?,2s2, 2p6, 352, 3p°

18Ar  —  1s2,2s2, 2ps, 3s2, 3p°

19K —  1s2, 2s2, 2p¢, 352, 3p¢, 4s!

20Ca —  1s?, 2s2, 2p¢, 352, 3pb, 452

21S¢C —  1s?, 252, 2p6b, 352, 3pb, 452, 3d!
22Ti —  1s?, 252, 2p6b, 352, 3pb, 452, 3d?
23V —  1s?, 252, 2p6b, 352, 3pb, 452, 3d3
2#Cr  —  1s2, 25?2, 2ps, 352, 3ps, 4st, 3d5 [Exception]
»sMn  —  1s2, 252, 2ps, 352, 3ps, 4s2, 3d5
2wFe  —  1s?, 25?2, 2ps, 352, 3ps, 452, 3d6
2700 —  1s2,2s2, 2p6, 3s2, 3ps, 4s2, 3d7
2gNi —  1s2, 252, 2p¢, 3s2, 3p¢, 4s2, 3d8
20Cu  —  1s? 2s?, 2ps, 3s2, 3ps, 4st, 3d10 [Exception]
30Zn  — 152,252, 2p6, 3s2, 3pb, 452, 3d10

Electronic configuration can be written by following different methods:

(b)

2wFe  — (1)  1s2,2s2, 2pé, 3s2, 3pb, 4s2, 3d6
(2) 1s2, 252, 2p¢, 3s2, 3p¢, 3d¢, 4s2
(3)  1s? 2s2ps, 3s2peds, 4s2
2 8 14 2
(4) [Ar] 4s? 3de

s 2s% 2p° 3s* 3p® 3d° 4s*,
(n-2) (n-1) n

z(,Fe —>

n —  Outer most Shell or Ultimate Shell or Valence Shell
In this Shell electrons are called as Valence electrons or this is called core charge

(n-1) —  Penultimate Shell or pre valence Shell

(n-2) —  Pre Penultimate Shell
If we remove the last 'n' Shell (ultimate Shell) then the remaining shells are collectively called as
kernel.

26Fe — 1s? 2s2 2p6 3s2 3pb 3dé 4s2
Ex. | '

(n + £) Rule (For multi electron species)

According to it the sequence in which various subshell are filled up can also be determined with the

help of (n +/¢) value for a given subshell.
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Principle of (n+/) rule:

The subshell with lowest (n + ¢) value is filled up first. When two or more subshell have same (n+/)

value then the subshell with lowest value of n is filled up first.

In case of H-atom:
Energy only depends on principal quantum number

1s<2s=2p<3s=3p=3d<4s=4p=4d =4f<

Sub Shell

1s
2s
2p
3s
3p
4s
3d
4p
5s
4d
5p
6s

Order: 1s?, 2s2, 2

Hund's Maximum Multiplicity Rule (Multiplicity: Many of the same kind)

n
1
2
2
3
3
4
3
4
5
4
5

6

O R NO R NORORKR OO

O ONUTUTUT D D W WN R~

o))

+/

(1)~
@
(1)
@
(1]
)
3) |
(1) 7
)

3) |

pb, 3s2, 3ps, 4s2, 3d10, 4pé, 5s2, 4d10, 5ps, 6s2, 414, 5d19, 6p6,7s2, 5f14, 6d10, ....

This rule deals with the filling of electrons into the orbitals belonging to the same subshell

(that is, orbitals of equal energy, called degenerate orbitals).

It states : pairing of electrons in the orbitals belonging to the same subshell (p, d or f) does not take
place until each orbital belonging to that subshell has got one electron each i.e,, it is singly

occupied.

Since there are three p, five d and seven f orbitals, therefore, the pairing of electrons will start in
the p, d and forbitals with the entry of 4th, 6th and 8th electron, respectively.
Ex. sB — 152

6C —> 152

N —

g0 —>

oF >

1s2

1s2

1s2

e

%

(_

e

1oNe — 1s2

%

252 2p1

252

I-
I-
2s2 2p*
I-
I-

252 2p6

[70]
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(d) Pauli's Exclusion Principle

In 1925, Pauli stated that no two electrons in an atom can have same values of all four quantum

numbers

i.e., an orbital can accommodate maximum 2 electrons with opposite spin.

Ex.1 2C - 1s2 2s2 2p?
]
n = 1 2 2
l = 0 0 1
m = 0 0 +1,0,-1
1 1 1 1 1
S = +-,—= +=,—= +=,+=
2 2 2 2
Ex.2 17Cl - 1s2 2s? 2p6 3s2 3ps
n = 1 2 2 3 3
l = 0 0 1 0 1
m = 0 0 +1,-1,0 0 +1,-1,0
1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1
S = 4+, —= 4=, =  Ho ==, =4, —=  +—=,—= =4, = +=
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

Exception of Aufbau principle:

In some cases it is seen that the electronic configuration is slightly different from the arrangement given
by Aufbau principle. A simple reason behind this is that half filled & full filled subshell have got extra

stability.
Ex.1 2Cr —  1s2 252 2p% 3s2 3po
2Cr — 1s2 252 2pé 3s2 3po
Ex.2 20Cu  — 1sz2  2s2  2p® 3s2 3po
2Cu — 1s2  2s2 2p6é 3sz 3p6

Illustration 43:

Calculate the number of unpaired electrons in Cr

Solution:

24Cr - 1s2  2sz  2p6 3s2 3p¢ 4st 3d5
In 24Cr, 6 electrons are unpaired.

Illustration 44:

Calculate the number of unpaired electrons in Cr+3

Solution:

4s2 3d* (wrong configuration)
[l ]
4sl 3d5> (correct configuration)

[T
4s2 3d® (wrong configuration)
N[NNI 1]
4sl 3d10 (correct configuration)

[t

Cr+3— 1s2 2s2 2p6 3s2 3pé 4s0 3d3
in Cr*3, 3 electrons are unpaired.
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Some Special Point:

1
1. Total spin = i(zjx no. of unpaired e-

2. Magnetic moment (u) = yn(n+2) B.M.

Where ‘n’ is no. of unpaired electron
3. Paramagnetic: Those species which contain one or more than one unpaired electron.
4. Diamagnetic: Those species which do not contain any unpaired electron.

Configuration of Ion:
(a) First we have to write the configuration of atom in its ground state.
(b) Now, based upon the charge present on the atom we have to remove or add electron in its valence

shell.
Na+: (a) Na —  1s?2, 2s22p6, 3st
(b) Na* —  1s?, 2s22p6
Cr: (a) Cr — 1s2, 2522p6, 3s23ps, 4st, 3d5
M Cr - 1s2, 2522p6, 3s23p6 3d>
(¢ Cr2 - 1s2, 2522p6, 3523 p6 3d+
(d Cr3 —> 1s2, 2522p6, 3s23p6 3d3
Fe+2: (a) Fe — 1s2, 25226, 3523p64s23d6
(b) Fe?z —> 1s2, 25226, 3523p64s03d6

Illustration 45:

Calculate the number of unpaired electrons in 3d subshell of Cr+3
Solution:

3

Illustration 46:

Calculate the number of unpaired electrons in Fe*2 & Fe+3
Solution:

Fetz —  1s22s2 2p6 3s2 3p¢ 4s° 3d6 = 4 unpaired electrons
Fet3 —  1s22s22p63s2 3p¢ 4s? 3d5 = 5 unpaired electrons

L%} BEGINNER’S BOX-6

1. A neutral atom of an element has 2K, 8L, 11 M and 2N electrons. The number of p-electrons in the
atom are :-
(D2 (2)12 (3)10 (4)6
CAS222
2. An atom has 2 electrons in K-shell, 8 electrons in L-shell & 8 electrons in M-shell. The number of
p-electrons presents in the element is :-
(10 (2)7 (3)12 (4) 4
CAS223
3. The maximum number of such electrons in an atom with quantum numbern=3, ¢ =2 is :-
(D2 (2)6 (3)10 (4) 14
CAS224
4. The number of orbitals in n=3 are :-
(D1 (2)4 3)9 (4) 16
CAS225
5. In potassium the probable order of energy level for 19t electron is :-
(1)3s>3d (2) 4s <3d (3)4s>4p (4) 4s=3d
CAS226
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%} BEGINNER'’S BOX ANSWERS KEY

Que. | 1 2 3 4 5 6 7
Ans. | 3 3 2 4 4 4 2

BEGINNER'S BOX-1

Que. | 1 2 3
Ans. 3 1 2

BEGINNER'S BOX-2

Que. 1 2 3 4 5 6 7
Ans. 3 4 3 2 2 3 1

BEGINNER'S BOX-3

Que. 1 2 3 4
Ans. 3 3 2 2

BEGINNER'S BOX-4

Que. | 1 2 3 4 5 6
Ans. | 2 2 3 2 4 2

BEGINNER'S BOX-5

Que. | 1 2 3 4 5

BEGINNER'S BOX-6
Ans. 2 3 3 3 2

www.allen.in [73]



