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26
h 6.63 x 10734
— AX = = 3
47Ap 4x3.14x2x10
=2135 103 m
(b) For an electron, p=myv
=91 103 2 108
=182 107 Kgm/s
Ap = 0.1% of p = 1.82 10727 Kgm/s
h 6.63x10 — 34
AX = = 51
47Ap 2x3.14x1.82x 10
- Ax =289 108 m
Example 17

Show that the circumferenceof an orbit of Bohr hydrogen atom is an integral multiple the
de Broglie wavelength associates with the electron revolving round the nucleus.

Solution :

According to Bohr’s postulates,

nh
mvr = —
21
. nh
the circumference, 2nr = ——
mv
. ) h
From de Broglie’s equation A=—
mv
27y = nA

Example 18

(a) Ifal gbody is travelling along the x-axis with an uncertainity in veocityof 1 cm/s, what
is theoretical uncertainty in its position ? (b) If an electron is traveling with uncertainity
in velocity of 1 m/s, what is the theoretical uncertainity in its position ?

Solution :

(a) According the uncertainity

AX X mAVzi
T
AX = M
4nmAv
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6.626x 10727 ergs sec
T 4x3.14xlgxlems !
5275 102 em =5275 103 m

A 6.626x10734 Js
(b 4x3.14x9.1x10 3 kgx1ms ™

=5.797 10°m

1.6 PHOTOELECTRIC EFFECT

1.6.1 Introduction

The photoelectric effect is a phenomenon in which electrons are emitted from matter after the absorption
of energy from electromagnetic radiation such as X-rays or visible light. The emitted electrons can be
referred to as photoelectrons in this context. The effect is also termed the Hertz Effect, due to its
discovery by Heinrich Rudolf Hertz, although the term has generally fallen out of use.

Photoelectric effect takes place with photons with energies of about a few electronvolts. If the
photon has sufficiently high energy, Compton scattering (— keV) or pair production (— MeV) may take
place.

Study of the photoelectric effect led to important steps in understanding the quantum nature of
light and electrons and influenced the formation of the concept of wave-particle duality.

Photoelectric effect

©) ©)
o O
OOO

00 O O
QoO

The term may also refer to the photoconductive effect (also known as photoconductivity or
photoresistivity), the photovoltaic effect, or the photoelectrochemical effect.

1.6.2 Concept

When a metallic surface is exposed to electromagnetic radiation above a certain threshold frequency
(typically visible light), the light is absorbed and electrons are emitted. In 1902, Philipp Eduard Anton
von Lenard observed that the energy of individual emitted electrons increased with the frequency, or
color of the light. This was at odds with James Clerkk Maxwell’s wave theory of light, which predicted
that the electron energy would be proportional to the intensity of the radiation. In 1905, Einstein solved
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this paradox by describing light as composed of discrete quanta, now called photons, rather than
continuous waves. Based upon Max Planck’s theory of black-body radiation, Einstein theorized that the
energy in each quantum of light was equal to the frequency multiplied by a constant, later called
Planck’s constant. A photon above a threshold frequency has the required energy to eject a single
electron, creating the observed effect. This discovery led to the quantum revolution in physics and
earned Einstein the Nobel Prize in 1921.

The photons of a light beam have a characteristic energy determined by the frequency of the light.
In the photoemission process, if an electron within some material absorbs the energy of one photon and
thus has more energy than the work function (the electron binding energy) of the material, it is ejected.
If the photon energy is too low, the electron is unable to escape the material. Increasing the intensity
of the light beam increases the number of photons in the light beam, and thus increases the number
of electrons emitted, but does not increase the energy that each electron possesses. Thus the energy of
the emitted electrons does not depend on the intensity of the incoming light, but only on the energy of
the individual photons.

Electrons can absorb energy from photons when irradiated, but they follow an “all or nothing”
principle. All of the energy from one photon must be absorbed and used to liberate one electron from
atomic binding, or the energy is re-emitted. If the photon energy is absorbed, some of the energy
liberates the electron from the atom, and the rest contributes to the electron’s kinetic energy as a free
particle.

1.6.3 Experimental results

1. For a given metal and frequency of incident radiation, the rate at which photoelectrons are
ejected is directly proportional to the intensity of the incident light.

2. For a given metal, there exists a certain minimum frequency of incident radiation below which
no photoelectrons can be emitted. This frequency is called the threshold frequency.

3. Above the threshold frequency, the maximum kinetic energy of the emitted photoelectron is
independent of the intensity of the incident light but depends on the frequency of the incident
light.

4. The time lag between the incidence of radiation and the emission of photoelectron is very small,
less than 107 second.

In effect quantitatively using Einstein’s method, the following equivalent equations are used :
Energy of photons = Energy needed to remove an electron + Kinetic energy of the emitted electron
Algebraically :

hf =¢ + E

kmax

where
e h is Planck’s constant

e fis the frequency of the incident photon
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e ¢= th is the work function (sometimes denoted W instead), the minimum energy required to
remove a delocalised electron from the surface of any given metal.

1
Exmax = Engl is the maximum kinetic energy of ejected electrons.

o fO is the threshold frequency for the photoelectric effect to occur.
* m is the rest mass of the ejected electron, and
* v, is the speed of the ejected electron.

Since an emitted electron cannot have negative kinetic energy, the equation implies that if the
photon’s energy (hf) is less than the work function (¢), no electron will be emitted.

Example 19

Find the ratio of frequencies of violet light (A, = 4.10 10"° cm) to that of red light
(. =6.56 107° cm). Also determine the ratio of energies carried by them.

Solution :
Using ¢ = v ;
¢ : speed of light; v = frequency & A : wavelength

Vi A

- = 1:red & 2 : violet
Vo M

v _6.56x107°

- 1.6

Vo 4.10x107°

Now the energy associated with electromagnetic radiation is given by E = hv.

E V: A
N E—I:—1:—2:1.6
2 Vo M

Hence the ratio of energies is same as that of frequencies.

Example 20
A bulb exits light of A = 4500 A . The bulb is rated as 150 watt and 8% of the energy is emitted
as light. How many photons are emitted by the bulb per second ?
Solution :
he

A

Energy of one photon

6.625x10 34 x3x108
4500x 10710
=442 10197
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8
150 ——=J

Energy emitted by bulb 100

12 J
12 (n = no. of photons)

n 442 1071

12
T 4.49x10719

2.72 101

Example 21

An electronic beam can under go diffraction by crystals. Through what potential should a
beams of electrons be accelerated so that its wave length becomes equal to 1.54 A
Solution :

We know that

5 mv? = eV
h h
and A= — or v = —
mv mi
h2
2
or vV=—(55
mzkz
1m>< h2 V
or - —5 5 =€
2 m27»2
V 1I‘n>< h2
or = = —
2 m27»2 x e
1 b
-2 m?»ze
1 (6.62x10734)2
Substituting the values, we get V =

— X
2 9108x1031 x(1.54x10719)2 x1.602x10719

= 63.3 volt.
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Example 22

A photon of light with A = 470 nm falls on a metal surface. As a result, photoelectrons are
ejected with a velocity of 6.4 10* m/s. Find :

(a) the kinetic energy of emitted photoelectrons;
(b) the work function (in eV) of the metal surface.

Solution :

(a) Kinetic energy of electron = % mv?
KE = %£(9.1 10364 10 =745 10%2J
(b) From Einstein’s photoelectric equation, we have,
Kinetic energy = incident energy — work function
KE =E — @ (® = work function)

incident
o = Eincident - KE
-34 8
(D:E_KE=6.63><10 x 3 x 10 745 % 10°22

A 470 x 1079

=4224 10719Jg

= O =4224 1071°J
= 2.64 eV

Note : More tough problems on photoeletric effect will be dealt with in Modern Physics.

Example 23

The dissociation energy of H, is 430.53 KJ mol . If H, is exposed to radiation energy of wave
length 253.7 nm. What % of radiant energy will be converted into kinetic energy ?

Solution :

430.53 x10°
6.023x1023

715 10719J

he
A

J/molecule

Energy required to break H-H bond

Energy of photon used for this purpose

6.625x1072% x3.0x108
253.7x1072
=78 1097
Energy left after dissociation of bond

(783 —7.15) 1071

or Energy converted into KE. = 0.68 107 J
% of 4 in Kineti 0.68x10719 100
of energy used in kinetic energy = ————5
’ & & = 783x10°19
= 8.68%
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Example 24

Find out the number of waves made by a Bohr electron in one complete revolution in its 3rd
orbit.

Solution :

For an electron to be in a particular energy level of radius r, with de Broglie wavelength A :

2nr = nA

(where n = number of waves in one revolution)

h 2nr mv
n=

mv h
for third orbit;
r=053 101%3)?m; v=2165 10°(1/3)
substituting the value of r, v, m and h, we get,

n=3

Example 25

An electron in the first excited state of H-atom absorbs a photon and is further excited. The
debroglie wavelength of the electronic this state is found to 13.4 A. Find the wavelength of
photon absorbed by the electron in A°. Also find the longest wavelength emitted when this
electron de-excites back to ground state.
Solution :

First excited state refers to the energy level n = 2

The electron from n = 2 absorbs a photon and is further excited to an higher energy level (let us

say n)

The electron in this energy level (n) has de Broglie wavelength (1) = 13.4 A.

h VA
Ah=— &v =2165 10% —
mv n n

-34
1 6.63 x 10 9165 x 105 x 1

n = (13.4 x 10*1°)x(9.1x10*31) n

L P 9165x105x
Am

= n=4
First find the wavelength of the photon responsible for the excitation from n =2 ton = 4

Using the relation :

nf  nj

AE = % =2.17x10718 722 [i - i]
= A =4861.33 A
The longest wavelength emitted when this electron (from n = 4) falls back to the ground state will

corresponds to the minimum energy transition.
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The transition corresponding to minimum energy will be 4 — 3
Note : The transition corresponding to maximum energy will be 4 — 1
Using the same relation :

nf  nj

AE = % =2.17x10718 72 {i - i]

= A =18750.85 A
Note : If the value of R is given then use :

- 1 9 1 1
v=—=RZ"| — - — _ 7 -1
2 {nlz n%] R=1.097 10’ m.

Example 26

The IP, of H is 13.6 eV. It is exposed to electromagnetic waves of 1028A and gives out induced
radiations. Find the wave length of these induced radiations.
Solution :

E, of H atom = -13.6 eV

6.625x103% x3x108

Energy given to H atom =

1028x10710
=1933 108g
= 12.07 eV
Energy of H atom after exitation = -13.6 + 12.07
=—-153eV
Ey
E =—
n n2
-13.6
2 — —:9
T 153
n =3
Thus, electron in H atom is excited to 3" shell
he

induced %, = (E?,Tl)

El =-136¢eV
E3 =-153 eV

6.625x10 2% x3x108
7‘1 = -19
(-1.53+13.6)x1.602x 10

=1028 10 m,.
A = 1028 A
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1.7.1 Quantum Numbers

To understand the concept of Quantum Numbers, we must know the meaning of some terms
clearly so as to avoid any confusion.

Energy Level :

The non-radiating energy paths around the nucleus are called as Energy Levels or Shells. These
are specified by numbers having values 1, 2, 3, 4,... or K, L, M, N, ... corresponding to 1, 2, 3, 4, ... in
order of increasing energies. The energy of a particular energy level is fixed.

Sub-Energy Level :

The phenomenon of splitting of spectral lines in electric and magnetic fields reveals that there
must be extra energy levels with-in a definite energy level. These were called as Sub-Energy Levels or
Sub-Shells. There are four types of sub-shells namely; s, p, d, f.

First energy level (K or 1) has on sub-shell designed as 1s, the second energy level (L or 2) has
two sub-shells as 2s & 2p, the third energy level (M or 3) has three sub-shells as 3s, 3p & 3d, and the
fourth energy level (N or 4) has four sub-shells s 4s, 4p, 4d & 4f. The energy sub-shells increases roughly
in the order : s<p<d«<f.

Orbital :

Each sub-energy level (sub-shell) is composed of one or more orbitals. These orbitals belonging to
a particular sub-shell have equal energies and are called as degenerate orbitals. Sub-shell s has one
orbital, p has three orbitals, d has five orbitals and f has seven orbitals.

To describe or to characterise the electrons around, the nucleus in an atom, a set of four numbers
is used, called as Quantum Numbers. These are specified such that the states available to the electrons

should follow the laws of quantum mechanics or wave mechanics.
Principal Quantum Number : (n)

This number represents the main energy levels (principal energy levels) designated asn =1, 2, 3,
... or the corresponding shells are named as K, L, M, N, ... respectively. It gives an idea of position and
energy of an electron. The energy level n = 1 corresponds to minimum energy and subsequently n = 2,
3, 4, ... are arranged in order of increasing energy.
¢ Higher is the value of n, greater is its distance from the nucleus, greater is its size and also
greater is its energy.
e It also gives the total electrons that may be accommodated in each shell, the capacity of each
shell is given by the formula 2n?, where n : principal quantum number.

Azimuthal Quantum Number : (1)

This number determines the energy associated with the angular momentum of the electron about
the nucleus. It is also called as the angular momentum quantum number. It accounts for the appearance
of groups of closely packed spectral lines in electric field (Zeeman Lines).

e It can assume all integral values from 0 to n-1. The possible values of 1 are :

1,2,3,..,n-1.
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¢ Each value of 1 describes a particular sub-shell with in the main energy level and determines
the shape of the electron cloud.

e Whenn=1,1=0, ie., its energy level contains one sub-shell which is called as a sub-shell.
So for 1 = 0, the corresponding sub-shell is s sub-shell. Similarly when 1 = 1, 2, 3, the sub-shells
are called as p, d, f sub-shells respectively.

e As you know for n = 1,1 = 0, there is only one sub-shell. It is represented by 1s. Now for n =
2, 1 can take two values (the total number of values taken by I is equal to the value of n in a
particular energy level). The possible values of 1 are 0, 1. The two sub-shells representing the
IInd energy level are 2s, 2p. In the same manner, for n = 3, three sub-shells are designated as
3s, 3p, 3d corresponding to 1 = 0, 1, 2 and for n = 4, four sub-shells are designated as 4s, 4p,
4d 4f corresponding to1 =0, 1, 2, 3.

* The orbital Angular momentum of electron = 1 (1 + 1) 21

Note that its value does not depend upon value of n.

Magnetic Quantum Number : (m)

An electron with angular quantum number can be thought as an electric current circulating in a
loop. A magnetic field due to this current is observed. This induced magnetism is determined by the
magnetic quantum number. Under the influence of magnetic field, the electrons in a given sub-energy
level prefer to orient themselves in certain specific regions in space around the nucleus. The number
of possible orientations for a sub-energy level is determined by possible values of m (this corresponds
to the number of orbitals in a given sub-energy level).

m can have any integral values between -1 to + 1 including 0,1ie., m=-1, -1 + 1, ...... ,0,1, 2,
3, s ,1-1,+ 1. We can say that a total of (21 + 1) values of m are there for a given value
of 1.

* In s sub-shell, there is only one orbital [ = 0, > m = (21 + 1) = 1].

e I p sub-shell, there are three orbitals corresponding to three values of m : - 1, 0, + 1.
[1=1= m = (2] + 1) = 3]. These three orbitals are represented as P, s b, along X, Y, Z axes
perpendicular to each other.

* In d sub-shell, there are five orbitals corresponding to - 2, - 1,0, + 1, + 2. [1 =2 => m =

(21 + 1) = 5]. These five orbitals are represented as dxy, dyz, d dX2_y2, d 2.

* In f sub-shell there are seven orbitals corresponding to - 3, - 2, - 1,0, + 1, + 2, +3.
N=83=>m=@Ql+1) ="7]

Spin Quantum Number : (s)

When an electron rotates around a nucleus it also spins about its axis. If the spin is clockwise, its
spin quantum number is (+ %) and is represented as T or 1. If the spin is anti-clockwise, its value is
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— % and is represented as | or 1. If the value of s is (+ %) then by convention, we take that electron

as the first electron in that orbital and if the value of s is (— %) it is taken as second electron.

1.7.2 Shapes of Atomic Orbitals

(1)

(ii)

(iii) d-orbitals : There are five

s-orbital : An electron is considered to be smeared out in the form of a
cloud. The shape of the cloud is the shape of the orbital. The cloud is not
uniform but denser in the region where the probability of finding the
electron in maximum. X
The orbital with the lowest energy is the 1s orbital. It is a sphere with

its centre at the nucleus of the atom. The s-orbital is said to spherically

symmetrical about the nucleus, so that the electronic charge is not Y

concentrated in any particular direction. 2s orbital is also spherically Shape of s-orbital
symmetrical about the nucleus, but it is larger than (i.e., away from) the

1s orbital.

p-orbitals : There are three p-orbitals :

P,; Py and p,. They are dumb-bell shaped, z A i
the two levels being separated by a nodal I/Y @
. . . x )« x
plane, i.e., a plane where there is no likely M
hood of finding the electron. The p-orbitals ¥ y y .
. . Py Py
have a marked directional character, D,

depending on whether p_, P, and p, orbital Shapes of p-orbital
is being considered. The p-orbitals consist

of two lobes with the atomic nucleus lying between them. The axis of each p-orbital is
perpendicular to the other two. The p_, P, and p, orbitals are equivalent except for their
directional property. They have the same energy. Orbitals having the same energy are said

to be degenerate.

d-orbitals. The shapes of four
d-orbitals resemble four leaf
cloves. The fifth d-orbital loops
differently. The shapes of these
orbitals are given below.

3dyg2_ y2
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Quantum Mechanical Model

In the quantum mechanical model of an atom, there is only a “chance” or probability of finding an
electron in space. Where this probability is maximum (over 95%), that region of space is called ‘an
orbital’.

The concept of orbital comes from the Schrodinger wave equation.

2 2 2 2
d\;/+dw+d\2u+8n2m
dx?  dy? dz h

(E-V)y=0

The symbols have the following meanings :
m — Mass of an electron
h — Planck’s constant
E — Total energy of electron
V — Potential energy of electron
¥ — Wave function
Electrons have associated wave functions denoted by ¥
Y itself has no physical significance. Its square, however, gives the probability of finding an
electron at a given point. More often, we are interested in finding the probability of finding an electron
in a region. For this, consider a sphere of radius r and thickness dr.
The volume of the shell of thickness dr is 4nr?dr.
This volume multiplied by the probability (¥2) gives the probability of finding an
electron in the shell of thickness dr.
Thus, p (r) = dnr?dr W2

Since this function depends only on the value of radial distance from the centre, it is called radial

dr

probability function.

Radial node or Spherical nodes : Now, in any atom, the quantum number n gives the distance
between the nucleus & the outermost shell. So, it is a measure of the radial distance of an electron. It
so happens that for certain orbitals, the probability of finding an electron drops to zero at certain
distances from the nucleus. Such points are called radial nodes. (A node is a region where the probability
of finding an electron is zero).

Following graphs will further illustrate this point

The number of radical nodes increased with the increase in distance between nucleus and the
outermost shell.

Y A N
P(r) ° P(r) P(r)
=4nr?ly?ldr = 4nr?ly?ldr = 4nr’dr 1 y2|
2s wide 3S,
/\ wide
r—> Wilde r—>
r—>
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Angular or Planar node : This type of node corresponds to the quantum number 1. In s orbitals,
due to their spherical symmetry, there are no nodal plane. Consider p_ orbital.

In the y-z plane, the probability of finding an electron is O. So, y-z is a nodal plane.
Similarly, for d-orbitals there are 2 nodal planes. Y
Formulae :

No of radial nodes =n-1-1

No. of angular nodes = 1

Total no. of nodes =n — 1

1.8 ELECTRONIC CONFIGURATION OF ELEMENTS :

Quantum numbers can now characterise the electrons in an atom. To describe the arrangements
and distribution of electrons for different elements, following rules and selective principles are used. The

distribution of electrons in an atom is known as the electronic configuration of that element.

Aufbau Principle

An atom in its lowest state of energy is said to be in ground state. The ground state is the most
stable state in an atom. According to Aufbau principle :

“electrons are added progressively to the various orbitals in their order of increasing energy starting
with the orbital of lowest energy.”

The order of increasing energy may be summed up as follows :

1s, 2s, 2p, 3s, 3p, 4s, 3d, 4p, 5s, 4d, 5p, 6s, 4f, 5d, 6p, 7s, 5f, 6d,.....

As a working rule, a new electron enters an empty orbital for which the value of (n + 1) is minimum. If the
value of (n + 1) is same for two or more orbitals, the new electron enters an orbital having lower value of n.

Pauli Exclusion Principle

According to this principle :

“no two electrons in an atom can have the same set of all the quantum numbers or one can say that
no two electrons can have the same quantised states.”

Consider an electronic arrangement in Ist energy level (n = 1). Forn=1,1=0, & m = 0. Now s
can have two values corresponding to each value of m i.e. s = + 1%, — ¥4. Hence, the possible designation
of an electron in a state withn=1is1,0,0, + %2 and 1, 0, 0, — % (n, 1, m, s) i.e., two quantised states.
This implies that an orbital can accommodate (for n = 1, m = 0, = one orbital) maximum of two electrons
having opposite spins.

The maximum number of electrons in the different subshells are :

s sub-shell = 2, p sub-shell = 6, d sub-shell = 10 and f sub-shell = 14.
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Hund’s Rule of Maximum Multiplicity

According to this rule :
“electrons never pair until no available empty degenerate orbitals are left to them.”

This means an electron always occupies a vacant orbital in the same sub-shell (degenerate orbital)
and pairing starts only when all of the degenerate orbitals are filled up. This means that the pairing
starts with 2nd electron in s sub-shell, 4th electron in p sub-shell, 6th electron in d sub-shell and 8th
electron in f sub-shell.

By doing this, the electrons stay as far away from each other as possible. This is highly reasonable
if we consider the electron-electron repulsion. Hence electrons obey Hund’s rule as it results in lower
energy state and hence more stability.

Extra Stability of Half and Fully Filled Orbitals

A particularly stable system is obtained when a set of equivalent orbitals (degenerate orbitals) is
either fully filled or half filled, i.e., each containing one or a pair of electrons. This effect is more
dominant in d and f sub-shells.

This means three or six electrons in p sub-shell, five or ten electrons in d sub-shell, and seven or
fourteen electrons in f sub-shell forms a stable arrangement. Note this effect when filling of electrons
takes place in d sub-shells (for atomic numbers Z = 24, 25 and 29, 30).

In the following table you should analyse how to employ the above rules to write electronic
configuration of various elements.

Electronic configuration of an element is represented by the notation n 1* :

x : number of electrons present in an orbital

1 : denotes the sub-shell

n : principal quantum number
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Ground-State Electronic Configuration of the Elements

4p 4d  4f

4s

3p 3d

3s

10
10

2p

2s

1s

Atomic

Number Symbol

Li
Be

Ne

10
11

Na

Mg

12
13
14
15
16
17
18
19
20
21

Si

Cl

Ca

Sc

Ti

22
23

Cr
Mn

24
25
26
27
28
29
30
31

Fe

Co

Ni
Cu

7Zn

Ga

Ge

32
33

As

Se

34
35
36

Br

Note : In atomic numbers, 24 and 29, observe the rule of extra-stability of half filled and fully filled orbitals.
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Example 27
(a) Find the orbital angular momentum of an electron in the following orbital
(i) 3p (i) 3d (iii) 3s
(b) Arrange the electrons represented by the following sets of quantum numbers in
decreasing order of energy
(6)) n=41=0m=0,s =1% @ n=31=2,m=0,s =1%
(iii) n=3,l=1,m=1,s=-% iv). n=3,1=0,m=0,s=-%

Solution :

@ u=\I+1) - =i+ Dh

(i) For8p,1=1, y=J1(1+1)h=+v2h

h
(ii) For 3d,1 = 2, “IZM%Z\@}I

(iii) For 3s,1 =0, =0
(b) Higher the value of (n + 1) higher will be the energy of orbital. If the two values are same then
one having higher value of n the energy will be higher
For 1) (n + 1) = 4 4s orbital
For (ii), (n + 1) = 5, 3d orbital
For (iii) (n + 1) = 4 3p orbital
For (iv), (n + 1) = 3 3s orbital

Decreasing order of energy : (ii) > (i) > (iii) > (iv)

Example 28
Consider the following electronic configuration of the element
() 1s%2s! (i) 1s?3s’
(a) Name the element corresponding to (i)
(b) Does (ii) correspond to the same or different element
(c) How can (ii) be obtained from (i)
(d) Is it easier to remove one electron from (ii) or (i) ? Explain.
Solution :
(a) The element corresponding to (i) is lithium (Li).
(b) This electronic configuration represents the same element in the excited state.

(c) By supplying energy to the element when the electron jumps from the lower energy 2s orbital
to the higher energy 3s orbital.

(d) It is easier to remove an electron from (ii) than from (i) since in the former case the electron

is present in a 3s orbital and hence is less strongly attached by the nucleus than a 2s
orbital.
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Example 29
A neutral atom of an element has 2K, 8 L, 5M electrons. Find out the following :
(a) Atomic Number
(b) Total number selectrons
(c) Total number of p electrons
(d) Number of protons
(e) Valency

Solution : Electronic configuration of tievtral atom :

1s% 2s%2P% 35%3P°

K’ L ° M
(a) Atomic number = Total number of electrons in neutral atom = 15
(b) Total number of s electrons = 6
(c) Total number of p electrons = 9
(d) Number of protons = 15
(e) Valency = 3

Example 30

An electron in a Bohr orbit of hydrogen atom in quantum level n, has an angular momentum
of 4.276 10734 kgm? sec™!. If this electron drops from this level to the next lower level, find
the wavelength of this spectral line. (given R = 109679 cm™)

Solution : According to Bohr’s theory

_ o
21

mvr = 4.2176 107%* kg m?%s!

mvr

2x3.14 ><(4.2176 « 10734 kg mzsfl)
(6.626 x 10 Js)

n-=

3.99

~ 4
when an electron falls from n = 4 to n = 3 in a hydrogen atom, the wavelength emitted is
calculated as,
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L =1.8756 107* cm
=1.8756 10°%m
=18756 107 m
= 18756 A

Example 31
Calculate the energy emitted when electrons of 1.0 g atom of hydrogen undergo transition
giving the spectral lines of lowest energy in the visible region of its atomic spectra.

R, =11 10°m,c=3 10®msec!and h=6.62 103*J sec

Solution :
For visible line spectrum, i.e., Balmer series n, = 2. Also for minimum energy transition n, = 3.

1_ g 11
% H_n12 n% for H-atom
1 11
P

_ 1.1x107 I 1107« 2m?
4 9 36

A=655 10" m

g he_ 6.62x107 x 3.0 x10°
A 6.55x 107"
=3.037 107! Joule
If N electrons show this transition in 1 g atom of H then

Energy released =E N
3.03 107 6.023 10%

1829 10*J
182.9 kJ

Example 32

Consider the hydrogen atom to be a proton embedded in a cavity of radius (Bohr radius)
whose charge is neutralized by the addition of an electron to the cavity in a vacuum, infinity
slowly. Estimate the average total energy of an electron of an electron in its ground state as
the work done in the above neutralization process. Also, if the magnitude of the average
kinetic energy is half of the magnitude of the average potential energy, find the average

potential energy.
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Solution :
The work done in the neutralization process is the energy due to the electrostatic force of attraction
between the electron and the proton.

) kZe x(—e)
Potential energy = T
—KkZe? 3 —ke?
- ag a9

where e is the charge on the electron/proton, a,is the Bohr radius, k is the coulombic law constant
and Z is the atomic number = 1 (.. one proton)
Kinetic energy of the electron moving in the orbit = % mv? (m is the mass of electron and v is the
velocity).
Total energy of the electron
- ke 1

E-= + —mv? )
ao 2

For the electron to stable in the orbit, the electrostatic force of attraction should be equal to the

centripetal force.

ke? 3 mv>
—=—
ag 2N}
ke’
=L o mv?
ap

Substituting in (i)

~ke? 1 ke® -—ké?
E = + — =
a 2 ag 23,

Example 33
Positronium consists of an electron and a positron (same mass, opposite change) orbiting
around their common centre of mass. The spectrum is therefore expected to be hydrogen
like, the difference arising from the mass differences. Calculate the wave number of the first
three lines of Balmer series of positronium.
Solution : The mass of the nucleus and the electron are comparable and in such systems the mass of
the nucleus is also to be taken into account. In the energy equation, instead of the mass of the electron,
the reduced mass is to be taken.
By definition, reduced mass p is
1 1 1
+

W m M
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m is the mass of the electron and M is the mass of the nucleus

mxM

m+ M

Since the mass of positron = mass of electron,

_mxm _m
2m 2

Therefore with equation for Rydberg constant, for positronium is

Confuetk? 27t2(m/2) etK?

Rpos hde h3c
Ry
= 9
109737 _ £ 1868.5 cm ™

First line of Balmer series :

vi = 54868.5 Eiz - iZJ ~7620.6 cm ™!
22 3
Second line :
vo = 54868.5 (iz - izj =10288 cm™!
22 4

Third line :

v3 = 54868.5 [i - ij = 11522 cm ™!
22 52

Example 34

The de Broglie wavelength of electron of He* ion is 3.329 A. If the photon emitted upon de-
exiciation of this He* ion is made to hit H atom in its ground so as to liberate electron from
it, what will be the de Broglie’s wavelength of photoelectron?

Solution : omE

h2

2 2
2mi 2x9.11x10*31x(3.329x10*1°)
=21.73 109 J = 1358 eV

(6.625><10’34 )2
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this is the K.E. of electron
Therefore, total energy = — 13.58 eV
2
E, =-13.6 x Z—ZeV
n
For H*ion,Z =2 and E  =-13.58 eV
9 -13.6x4
So, n® = " gegT > n =2
Thus, He* ion is in the 1% excited state.
1
Energy of photon emitted = 13.6 22 | 5~ —3 ¢V
np g
1
-136 4 (1 - Zj =40.8eV
Energy of photon = L.P. of H + K.E. of photoelectron
Thus, K.E. of photoelectron = 40.8 — 13.6 = 27.2 eV
_h 6.625 x 1073 y o
V2mE  [5,00 11510771« 27.2x1.602x10°1° — 23°1 1077 m = 2351 A
Example 35

The wavelength of the photoelectric threshold of a metal is 230 nm. Determine the K.E. of
photoelectron ejected from the surface by UV radiation emitted from the second longest
wavelength transition (downward) of electron in Lyman series of the atomic spectrum of

hydrogen. (R = 1.9677 10’ m™)

Solution :

The minimum energy (E) required to eject an electron per atom from metal surface is given by

Planck’s quantum theory as adopted by Einstein to explain photoelectric effect.

he  6.625x1073* x 3 x 108

Ey=hvyy=—=
R 230  10~°
=863 107¥
For spectral line in Lyman series of H atom
1 1
Z-R|l1-—
A [ nzj
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For the 2nd longest wavelength transition, n = 3, so

1 _8p_8,109677x107 m
A 9 9

~ 9
or 8x1.09677x10"

=1.025 10" m = 102.5 nm

Energy of photon corresponding to this wavelength is as given below

¢ 6.625x1073*x3x10®

E=h— -
A 1.025x10~
=1937 1018Jg
K.E. of photoelectron = E - E/

19.37 1019 -863 10 =1.074 108 J

Example 36

The second ionization potential of Be is 17.98 V. If the electron in Be?* is assumed to move
in a spherical orbit with a central field of effective nuclear charge (Z_,) consisting of the
nucleus and other electrons, by how many units of charge is the nucleus shielded by other
electrons? (The energy of electron in first Bohr orbit of H is — 13.6 eV). If the extent of
shielding by the K electrons of Li atom is the same as you have calculated above, find the
ionization potential of Li.

Solution :
2
LE.= % =17.98
n
Zeff =23
Shielding extent =7 -Z ,=4-23=17
Zeff for lithium =3 -17=1.3

LE. of lithium = 13.6 (1.3)? = 22.984 eV
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