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BjorConcepts 3 (D]
-Discharge Tube EXxperiment
Planck's Quantum Theory
Bohr's Atomic Mode!
X-Ravs
Quantum Numbers and Orbitals
Electronic Configurations
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= The students will be able to:

L ]
L ]

Summarize Bohr's atomic theory. (Applying)
Use Bohr's model for calculating radii of orbits. (Understanding)

Use Bohr's atomic model for caleulating energy of electron in a given orbit(
hydrogen atom.

Relate energy equation (for electron) to frequency, wave length, and wave num
ofradiation emitted or absorbed by electron.

Explain production, properties, types and uses of X-rays.(Understanding)
Define photon as a unit of radiation energy.(Remembering)

Describe the conceptoforbitals. (Understanding)

Explain the significance of quantized energies of electrons Applying) =.
Distinguish among principal encrgy levels, energy sub levels, and aid?
orbitals. (Understanding)

Describe the general shapes of s, p, and d-orbitals.(Understanding) i
Relate the discrete line spectrum of hydrogen to energy levels of electrons m!

hydrogen atom. (Applying) :
Describe the hydrogen atom using the Quantum theory. (Understanding) el
Use the Auf bau Principle, Pauli Exclusion Principle and Fund's Rule t0 writes
electronic configuration of the elements.(Applying)
Describes the orbital

s of hydrogen atom in order of intr
energy- (Linderstanding)

|

i |
Explain the sequence offilling of electrons in many electron atoms.(App!Y !
Write electronic configuration of atoms.( Applying)

(34)
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Introduction

We know that universe is made of mattéi'ﬁ‘.’,‘ > matter is
means that everythip & before you is composed ¢
be seen by vou. The Walerwe drink, the food we
bmathe, the_ chair you are sitting on, the trees sw

particles which he called OMos
“uncutable” or “indivisible”, This hypothesis was not based or
observations. The idea of Democritus was not accepled by Plato ang A
Scientist of the same time. -

In 1803, John Dalton, an English school leacher,
chemist, meteorologist, and physicist proposed the first
modern theory of the atom which was experimental based.
He is best known for his pioneering work in the
development of modern atomic theory, and his research into
solor blindness. He postulated that all matter is made of
axtremely small particles. called atoms. and thgt all atoms of
1 given element are identical, but they are different from | g??gﬁ l-)]agl:g
itoms of all other elements. -

On the basis of Dalton's atomic theory, the atom can be deﬁ_ned as the bQSI:C
it of an element that can enter into chemical reaction. In this reg{ard, he is
ecognized as the father of the atomic tl}eory. However, this theory raised mm: |
luestions and a series of investigations, in the late 19th century, be“ga;] to tf;%?;}fc
hat atoms are made up of even smaller particles which are calle ciltlrino e
articles. These particles include clectron, proton, neutr:on, gosm-:;:: nbysical e
lhe arrangement of these particles within an atom determines its p
‘hemical properties as well as its structure.

t.1 Discharge Tube Experiment S e

William Cmoke:g RS DRyE | anoothel Sticnlists desighed the discharge

ubes which were called the Crookes discharges tubes or cathode rays
. (35)
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tubes. This discharge tube was later slightly modified by J. 1.
Thomson. The Crooks wube was used by Crookes m a
number of experiments and was later used in experiments
leading to the discon ery of protons by Gold Stein (| 886). X-
rays by W. C. Roentgen (1895) and of the electron by J. J.
Thomson (1897),

William Crookes

Construction of Discharge tube (18321919

Discharge tube (cathode rays tube) is a thick walled
glass tube from which most of the air has been evacuated. It has two mei
electrodes (negatively charged electrode, cathode and positively charged clgctrog
anode) It is also connected 1o a vacuum pump to reduce pressure mside the tube.
filled with a gas, air or vapours of a substance under low pressurc (10 torr).
olectrodes of this tube are aitached 1o a high voltage battery (5000- 10000 V).

l

y

Gthade 1 L s O—> O—

\\k\;‘ == :;v - o = *_;_- J

Vi Fg = =
< -
cuum Pump :

- 4_-1
i
4

% Anode’

ﬁi’f‘! e

\ 1

& Va

Figure 2.1; Discharge tube (cathode rays tube) j

2.1.1 Cathodes rays-Discovery of the Electr‘on : |
The electric current cannot pass through ggscs at Qrdnnztry pressure. Whenp
inside the tube Is reduced and high \;ioltage IS apphgd, then the gasbegms'm 9_9.:'
ctric current by producing a uniform glow inside the tube. The colour'g}_:-
the nature of gas and also depends on the material of glasstybe;.‘.,‘
discharge tubg, the helium gas gloyvs with piak colour while neon 310“??.,
orange red colour. When pressurc 1s fun}hcr reduced to O.Ql torr, glow il ;
and some invisible rays are produced in tl?e. tube, traveling from ;he 1 m

rged electrode (the cath(:»de) to lh-e positively charged electrode (m‘;ﬁk’f
They produce glow on the zine sulphide (a substance that prodnges.a vis c :
wheh gtruck by a (.thﬂl’gt?d particle) coated glass wall of tube opposite to ¥
Theserays are emitied from cathode, hence called cathode rays.

(36)
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Crookes and many other scientists conducted numerous experiments with
es o study the passage of eleetric discharge through gases during

Jischarge b _
C'rookes concluded thal cathode rays were actually some

|870s, FFrom gxperiments,
sortof particles which possess momentum and Kinetic energy. but other researches

welived cathode rays were form o [light.
In 1891, George Stoney, an Irish scientist, proposed that glectricity was
made of negatively charged particles called electrons.

( Electrons were first discovered by a British scientisl. .
Joseph John Thomson (1.1, Thomson) in 1897, who was s
more interested in electricity than atomic structure. He [ B8
modified Crookes tube and calculated the charge-to-mass '
ratio for the electron by studying the degree of deflections of
cathode rays in different strengths of electric and magnetic” | - eSS
fields. He concluded that electrons are much smaller and ioesy, Pt Thoanson
lighter than atoms, He found that the mass of onc of these (1856-1940)
particles was almost 2,000 times lighter than a hydrogen
atom. Thomsen suggested that atoms were divisible, and that the electrons w

basic constituent of matter.
1. 1. Thomsen got Nobel Prize in 1906 in physics for discovery of electron
and for his work on the conduction of electricity in gases,

Properties of Cathode Rays

i) In 1869. Hittorf observed that
cathode rays produce shadow. when
anopaque object is placed in their way:
This.prQ_vc_s that they travel in straight
line n the a;bschce».‘of electrical and
magnetic field. |

gre the

Object

Shadow

Catnode rays

{ 1
DL R

Figure 2.2: Cathode rays cast a shadow

M In 1870, William Crookes S e ToR
demonstrated:that cathode rays can r—+ 1 S2S= X "‘T

folate a small thin mica paddle wheel
Placed in their way. It proves that

Cathode rays consist of particles fio g
hﬂymg definite mass, velocity and I
momenmm‘ Figure 2.3: Cathode rays rotate a small

paddle wheel

(47)
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) In 1895, J. Perrin demonstrated
that cathode rays bend towards
positive plate of electric ficld. This
shows that, they arc negatively
charged.

iv) In 1895, Wilhelm Roentgen
demonstrated that cathode rays
produce x-rays on striking with heavy
metals anode like tungsten.

v) In 1897, J. J. Thomson

demonstrated that if they are passed
through magnetic field. the magnet
neither attracts nor repels the particles
but causes them to move in curved
path perpendicular to the line drawn

between the poles of the magnet.
vi) Thomson also determined e/m

ratio of electrons. He found that the
e/m value of electrons remained same.
no matter which gas is used in the

discharge tube.
vii) They increase the temperature of

object (platinum foil) on which they
strike. It proves that they have particle

Fipire 2.4: Deflection of cathode ays
in the-presence of electric field

Figure 2.5; Deflection of cathode rays ' (e
presence of magnetic feld

pature.

i Intoresting Information N
| NoW&aayS- cathode rays are used as advertisement neon signs. Television picture 1%
< of computer are also cathode rays tube. The television and

and monito 1y | n
pictures result due Lo fluorescence on the television and monitor screens coated W&
_ certain fluorescent materials. ] J,/J

viii) They produce glow when ZnS is placed in their way.

ix) They can jonize a gas.
x)| - Tney<en pass througha very thin sheet of metal.

(36)
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iy They produce fogging effect on photographic plates.
% 3 _

«ii) They can cause a chemical change because df their reducing power.

vieasurement of ¢/m Ratio of Electron

In 1897, ). ). Thomson measured ¢/m ratio of electron. A discharge tube used for this
purpose is shown here,

Figure 2.6: Discharge tube used for méasurement of charge/mass ratio of an clectron

In this experiment, a beam of cathode rays is passed through slits of anode.
Then cathode rays (electrons) are allowed to pass through electric and magnetic
fields. In the absence of any field, the beam of electrons gives bright luminous spot
atP,. When only magnetic field is applied, the beam of rays (electrons)
point P,. When only electric field is applied, the electrons strike at point
both the fields are applied simultaneously, then electrons again strike a
Hence by comparing the strengths of both the fields and with th
Mmathematical calculations, J. J. Thomson determined the e/m ratio of el
Gleulated value is equal to 1.7588 x 10" coulomb kg, this means
clectrons have 1.7588 x 10" coulombs charges.

After the charge-to-mass ratio for the electron had been lclined,
additiong] experiments were necessary to determine the ¢ L
Value of it charge so that the mass should be calculated. i

strikes at
Py When
Lpoint P,
e help of
ectrons, Its
that lk‘g of

34

M LaSurement of Charge on Electron
‘f\hllikan's Oil Drop Experiments)
1909, Rabert Millikan working at the University of

Ticago, determined the charge on electrons by oil drop
“Xperiment.

Robert Andrew Millikal
(1ROR-19573 )

(39)
| —
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(WSS o e r)
- Theapparatus consists of:
1) Ametallicchamber having two parts:
(a) Theupperpart: It has an oil atomizer (sprayer).
(b) The lower part: [t has two
electrodes A and B, These electrodes
are used to produce electric ficld in
the space between the electrodes. . )
i) Thereisatelescope inlowerpart  Amede :
to observe oil droplets,
1i) X-raysare used in the lower part e
of chamber for ionization of gas,
1v) Anare lamp is used to illuminate
the space between the electrodes,
V) A vacuum pump: It is used to
adjust the pressure inside the

O drapiet Under Observation |
chamber. Figure 2.7: Millikan's oil drop experiment o
Working measure the charge of an electron

A fine spray of oil droplets s
produced by atomizer in the space above the two plates ( electrodes). A few dl't)l!_.lg
enter the space between the two electrodes through the small hole. Thehnﬁ
closed at once; the arc lamp is turned on to tHuminate the space betwee;i'j'.
electrodes. Without applying electric field. the droplet falls under the fdwﬁi

gravity. The velocity of fall of the droplet is measured. The velocity of dropléﬂ
directly proportional ta its welght, > |

Vi o o SO 1)

Now the air present in the chamber is ionized by a beam of x-rays, In t
process, electrons are produced, The ol droplets take up electrons and becol
c]hargf:d. The .cleclrodes Arand B are then Connected to g battery, In this way!
L]LLH"IL ﬁelq 1s produced. Now droplet is under Wo forces (force of gra"ity“‘!
clectric force). The charged droplets moye Up Wards against the force of gr@
hen electric forceis greaterth
YV, H.e-mg (i)

RNl 0 o i1}
By dividing eq, (1) by

with velocity V.. w
Yi%e an thatof gravitational force.

v S5 |
—.... S S— & aw 1
\ He-mg Rt ) I
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By re-arranging ¢g. (1), we have:
o X mg + mg o
5= Vs = R S Tt O T o g o Ty (1v)
V, X H

|

By putting the values of velocities (V, and V), force of gravity (g). mass of
dropler(m) and electric strength (H), the charge (¢) on oil droplet is calculated.

By changing the strength of electric field (H), Millikan and his coworkers
found that the charge on each droplet is different. The smallest charge which they
found was 1.59 x 10" coulomb; This was the charge of one electron. This value is
very close to the recent value of 1.602176 x 10 " coulomb. With this value and the
charge-to-mass ratio determined by Thomson, Millikan was able fo ealculate the

massof the electronas 9.11 x 10" kg,

B Keep in Mind: 3

Millikan and his coworker measured hundreds of droplets and found that the charge on
them was always a simple multiple of a basic unit, 1.59 x 10" coulomb. From this they

=19 .

 concluded thatthccharge on anelectron was numerically 1.59x 10~ coulomb. =

Calculation of Mass of Electron
The mass of an electron can be calculated from the values of charge-to-mass ratio

(e/m)and charge on electron (e).

¢/m value of electron = 1.758820x 10" coulombkg'

= 1.602176 x 10" coulomb / electron

Charge of electron =
Mass of an electron = ‘:‘c
Mass of an electron = el

By putting the values, we have:
1.602176 x 10™°C / electron

Mass of electron s 1.758820 x lo“ kg
= 9.10938 x 10" kg/electron
= 9.10938 » 10 " g/electron

1.2 Discovery of Proton
n 1886, Eugen Goldstein took a discharge tube in which cathode was perforated,

Ie observed that another type of rays was also travelling from anode to cathode

long with cathode rays in the discharge tube. He observed a glow behind the

athode. This was due to striking of rays on the glass wall after passing through the

anals or holes of cathode. Hence these rays were passing thy ough the canals of
(4)
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Cathode; therefore. they were called canal rays. Later of
these rays were called positiverays.

: These rays do not emit from anode, They are positive
ons which are formed due to striking of fast moving
cathode rays (electrons) with gas moleculesin the discharge
tube. As a result of this, they cject electrons from the atoms
of gas molecules.

Eugen Goldstemn
( 1 830-1930)

Figure 2.8; Canal rays

Properties of Canal Rays

Properties of canal raysare:

i) Theymoveinstral ght line towards cathode.

ii) The behaviour of these particles in the magnetic or electrical field is opposit’
that observed forelectron or cathode rays.

iti) Charge to mass (e/m) ratio is much smaller than that of electron. Charge tom#

ratio depends upon the nature of gas present in the cathode rays tube. Heavier |

gas, smaller the ¢/m ratio.
iv) The lightest and simplest positive ions (canal rays) were produced It
hydrogen gas and were called protons. The name proton was given by Rutherford
v) Themass of canal rays 1s never less than that of proton,

vi) Mass of proton (positive particle) is 1.O0727amu or 1.6727 x 107 'Ke.
vii) Charge of proton is1.6022 x 10" coulombs.

The elements can be i_den:ljﬁed by the number of protons (atomic number) m
qtoms. The atoms which hi}"g ;‘;‘me aumber of protons are the atoms of the **
element and the atoms which have different number of protons are the atoms

- mclcmcn_tg.-ﬁ
\differel == o
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7.1.3 Discovery of Neutron

In 1920, Rutherford predicted that some neutral particles having mass equal
fo proton must present in the nueleus of an atom. Because he observed that
hydrogen atom has only one proton and that the helium atom has two protons.
Therefore the mass of helium must be two times greater than that of hydrogen atom
(clectrons are much lighter than protons. their masses can be ignored). In reality, it
was four times the mass of hydrogen atom. The added mass was due to another
subatomic particle found in the nucleus, the neutron. But he failed to discover this
subatomic particle.

In 1932, a British scientist. Sir James Chadwick
discovered neutron by artificial radioactivity and was
awarded noble prize in Physics in 1935,

Chadwick bombarded a thin sheet of Beryllium by
a-particles. He found that some highly penetrating
" radiations which have mass slightly greater than that of
protons were produced. These radiations were called .
neutrons because the charge detector showed them to be > J(‘;':f; ;_& l}i‘_:}”d

neutral. Their nuclear reaction is:

e |
A b _‘
» 6 (‘ il I}

‘He + 3Be

Keep in mind: \‘ :

o The neutron has about the same mass as the proton, but it has no clectric charge.
Any object that has no net electric charge is said to be electrically neutral. and that

is where the neutron got its name. _ :
felectrons is equal to the number of protons but the

o [Inu neutral atom the number of el :
number of neutrons in a nucleus is not directly related to the numbers of protons

. and electrons.

Properties of Neutrons
Properties of neutrons are:
i) They are neutral particles.
11) They cannot ionize gases.
1) They are highly penetrating particles,
iv) They can knock protons out from paraffin, water, paperetc,
v) The mass of neutron is nearly equal to proton i.e. |.00867 amu.
vi) Freeneutrondecays into a proton, electron and neutrino.

(43)
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vil)  When neutrons travel with energy 1-20 MeV, they arc called fast neutr ™
When they travel with kinetic energy 1-10 ¢V, then they are called slow ney \:
Slow neutrons are more ¢ffective than fast neutrons.
viii) When they are used as a projectile, they ean carry out nuclear reactions,

example:
4
3) rl]n —+ lh.f.N —_— Ill?} t 2]"3

b) f,n + {;:f,Cu e QQCU + hv

Uses: foCu  — SZn + e

They are used in the treatment of cancer, in nuclear fission and to p"r_‘;
radioactive elements. |

Keep in mind: "‘l

Themmbc.rofneutrons in the nuclei of atoms of the sameclementmbe dxff
two atoms have the same muan'ofprotons and duffumtninnbels of nenmms, hey

different numbers of neutrons. Such atoms are smd tobe i motopes
1sotope of an element is usually identified by its mass number (A), Whlch is def
uu: sumof the number of protons and the number of neutrons in the nucleus of ana

Table2. Prope: u:s ofThree Fundamemal Pamclcs

e S 'ﬁmzxmﬂ 000054 9. 10938><10" —1

» 1T 602210 ' L00m21 |y 6726;;0”‘ ;
on’ l 25 ‘ 100867 \l.,67493x_m- ’*il “ f.o
Example 2.1 ae: o
?‘::ﬂ c:: you calculate the mass of proton relative 1o electron?
Mass of proton = L67262x10™g
Mass of electron = 9.10938x 10 ’Bg »'_

Mass of proton relative. to electron = ?

" (44) 1
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M: ISS | of proton
lative to electron =
roton relative 10 electro Mass of clu.lrcm

| 6776’ * 10 g
9.10938x% 10 g
= |836 )

pum—

Mass of P

.

mcﬁceﬁxerml.
;{owcmyou

2.2 Discovery of Nucleus and Rutherford’s Atomic Model

2.2.1 Discovery of N ucleus
1n 1911, the New Zealand physicist Lord Ernest Rutherford

n England performed an experiment. He bombarded o-
particles on thin gold foil of 0.00004cm. The o-particles
were emitted from a radioactive metal (polomum or
radium). During experiment, he observed that, maost of the
w-particles (more than 99%,) passed through the metal foil S g
directly without any deflection. but less than 1% (about Lpf = te— Ruthc e
every 20.000) was deflected at different angles. Some of (1871 - 1937)
these were deflected packward. They were detected by
y nsS.
pho{og;{agslﬂfts ?;i;?;ii:fjwm were put forward by Rutherford in the form of

Rutherford’s Atomic Model.
Deflected Risys chll of Alpha Ruys

VVVY \L

Y W Vv

ﬁ%w
‘

Atom of Gold Foul .‘:.;
Lindeflected Alpha-Rays

Figure 2.9: Few Alpha Rays are deflected w hich shows
the presence of small positively charged nucleus

(42!
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2.2, Rutherford's Atomic Maodel

Main points of Rutherford's atomic model are as follows:
1) Mostof the volume of an atom is empty space in which electrons move gy,
the nucleus. |
1l) Nearly all the mass ofan atom is present in the central part, called "nugleyg!
) Thesize of nucleus is very small as compared to the size ofatom, |
V) Nucleus of an atom has positive charge. This is indicated by wide rang
deflection of few-particles. ‘
V)A Positive charge on nucleus is equal the number of protons inthe nucleus.

vi) The nucleus is surrounded by a number of negatively charged particles, callg
electrons.

vil) The number of electrons (negatively
charged particles) is equal to number of protons
(positively charged particles) in an atom.
Therefore. atom asa whole is neutral.

viii) The electrons are in constant motion around
the nucleus at large distances with very high
velocities like plants around the sun n their
orbits.

ix) Protons and neutrons are present in the

nucleus and they are called nucleons. Fggm-é 2,10,
x) There is electrostatic force of attraction Rutherford’s Atomic Mesd

between protons and electrons.
Defects in Rutherford's Model
Rutherford's atomic model was similar to our solar system, It has following defect
i)  Rutherford's atomic model was based on the

laws of gravitation and motion which could Nu l‘nr:\:is
applied to the neutral bodics like plants but not to

the charged particles like electrons and protons.

ii) According to Maxwell's theory, charge
particles i.¢. electrons revolving in an orbit must
radiate (emit) energy. Therefore energy of
electron must decrease and it will go into spiral
motion. So finally it should fall into the nucleus.
Thus the atom would collapse.

iji) 1If revolving electrons release energy ,
continuously, then they should produce a Figure 2.11:

- ; ) IR . o Elapon
~Gntinuous spectrunybut in actual practice, line Spiral Motion of Elet

gpéélxum in produced by an atom.

(46)
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2.3 Planck's Quantum Theory
[n 1900, a German physicist Max Planck gave quantum
theory of radiation. He studied the emission and absorption
of radiations which are obtained from hot objects at
different temperatures. Planck said that alo:'ns and
molecules could emit or absorb energy only in discrete
quantities (small bundles). Planck gave the name quantum
(meanmg “lixed amount™) to the smallest quantity of energy Max: Planck
that can be emitted or absorbed in the form of (1858-1947)
electromagnetic radiations.

Main points of this theory are:
i) Energy is not emitted or absorbed continuously in radiation form.
i) Energy 1s emitted or absorbed in packets. Each packet is called quantum. In
case of light, the wave packets are often called photon. '
i) Energy ofeach quantumis directly proportional to the frequency ofradiation.

ity or
| AR SR E T T R R (i)
Where. £ is Energy of quantum, ¥ (nu) is Frequency and / 1s Planck’s constant,

' -34
Its valueis 6.6262 x 10 . sec.
Iv) An atom or molecule can emit or absorb either quantum of energy (hv) or any

integral multiple of a quantum (nhy) |
R | £ B e e o i & (Il)

Where, n = 1,2, 3,4, ... 08
The energy can be emitted as hy, 2hy, 3hy and so forth but never as 1.5hy,

2.6, 4.3hy or any other fractional value of hy. e i
In 1918 Planck was awarded the Nobel Prize in Physics for his work on the

Juantum theory.
F requency
T'he number of waves passing through a point in one second 15 called frequency. Itis
shown by v. Its units are hertz or cycles/sec. Itis measured by spectrometer.
;‘ . X X 2 s

Where ¢ is velocity of light that is 3 X 10m/sec and A (Lambda) is
vavelength. |

Note that ¥ is directly proportional to ¢ and mversely proportional (o .,

(47)
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- Wavelength
‘The distance between two adjacent crests or troughs of wave is called wavclen ik
mmﬂwn by A (Lambda) Tts units are m, nmor A
Table 2.2: Units of Wavelength for Electromagnetic Radiations

Amplitude * 4
The vertical distance from the rmdﬁne of a wave to the crest or u'ongh is

\e number of waves present inone cen me er tsce is called wave nur
the inverse of wave length. Itis shown by ¥ (nu bar).

As, :
y =0y . —3

Hence, = 1
3 =X
Itsunitisem . Its STunitism ',
Atomic Number e
The number of protons in an atom is called atomic number, It is als0 ¢
number. [t is shown by Z, Atoms are neutral because they-:haveethﬁ. ame
(48)
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electrons and protons. The number of electrons in a neutral atom is also equal to the
atomic number. !

Relation between Frequency and Wavelength

The frequency isrelated to the wavelength of the photon as:
¢

J'

y = —
X
By putting the value of v in equation (1), we get
C
B o e R e = (11i)

A
So. energy of photon is directly proportional to velocity of light and
inversely proportional to wavelength.

Relation bet:veen Wavelength and Wavenumber
Wave numbtlar (V) 1s the inverse of wavelength.

Yy =
L 3 or
B=hey. = 8= ipaeoan o (iv)
So, energy of photon is directly proportional to wave number.

24 Bohr's Atomic Model
In 1913, the Danish scientist Neil Henrik David Bohr
explained spectrum of hydrogen atom. He received the |
Noble Prize in Physics in 1922 for this work. Bohr's theory
was based on Planck’s quantum theory.

The main points of this theory are:
1) Electrons revolve around the nucleus in the circular
Path called orbits or energy levels or shells. Electrons in —— ' —
¢ach orbit have a definite amount of energy and are at a fixed (1885-1962)

distance from the nucleus.

i) Electron does not radiate (emit or abserb) energy as long as it is revolving in its
orbit,

iii) The electron absorbs energy when it jumps from lower orbit to higher orbit and
itloses energy of one photon when it jumps from higher to lower orbit.

V) When an electron jumps from one orbit to another orbit, there will be a change
in energy. For example when an electron jumps from first orbit (E,)to second orbit
(E;), then the energy change s given by Planck's equation,

(43)
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Ez‘El ="hy or
AE — E'\ R E — h\‘
Where,

AE is change in energy, *h’is Planck's constantand ¥'is frequency
The angular momentum (mvr) of an electron revolving around the nucle,
qQuantized. It is an integral multiple of Planck's constant (nh) divided by2s,

_ nh
Angular momentum (mvr) = e

i
Where,

= 1,2.3.4, ... Itrepresents number of orbits.
‘m’is mass ofelectron, ‘v is velocity of electronand ‘r’is radius of orbit,

By putting the values 1,2, 3, etc. of n, we have:

h 2h 3h

_, —, —, &lc.

28 2% 3Ix

There is no fractional value for g—:’[ .

An atom has only a limited number of permitted energy levels, and an electron
bound to remain in one of these energy levels (orbits) and not in between them. T
is analogous to steps on a staircase. Where you are on a staircase is bound to standd

any one of the steps and you cannot stand between two adjacent steps.

2.4.1 Derivation of Radius, Energy, Frequency, Wavelength, @
~ Wavenumber: A |
Calculation of Radius of Orbit P pepulsive

. Consideran electron of charge e and bk

mass m is revolving around the nucleus
with velocity vata distance r. Nucleus has
total charge Ze ', where Z is the proton
number and e is the charge on proton.
There are tWo forces acting on electron;

j) The attractive or centripetal force

The repulsive or centrifugal force,

The centrifugal force which takes
n away fromnucleus is:

1)

o

electro W'
' mv’ Figure 2.13: Electron V" g
| b A A S R (1) the nucleus in the b

(30)
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The electrostatic force of attraction (centripetal force) between el
nucleus is;

Ze.e
K ot = or
Zﬁz
F o B or
r
P it ..
e U B i (11)

Where, 4me,is proportionality constant. €, (Epsilon not) is vacuum permittivity. Its

valueis equal to 8.8545x10 “ C*J 'm ™"
In order to keep the electron in its orbit, the centrifugal force must be equal to

centripetal force.
my’ = Ze?
r  4aer? - |
vz = ZC?T :
4ne, rm
2 Ze’
VoS G e (i)
According to Behr's atemic model, the angular momentum of an electron is:
mvr = L or
2n
nh
14 " 2mmr
By taking the square, we have:
v = gz h; s S TR (iv) |
4x"mr !

By putting the value of v’ from eq. (iv) in eq. (iii), we get

ZCZ nzhz
4ne,r m 4nim’ 1’
Now, we can calculate the value of r,
.!i o’ 4 4me,m
S 4n’m’ ze?

(31)
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Equation (v) can be written as,

B
T 7 n’

l' m— - =
mme - Z

This equation tells us that, the radius, r of an atom is directly Proportiong| (
the square of number of orbit (n). So hi gher orbit has larger radius. In the eq, (V), 1
h28 . : o 10 .
factor -?n;%- 1sconstant. Its value 1s 0.529A (52.9pmor5.29x10™ m). Itis deng
by a_ (Bohr’s radius).
Hence, 2
- ke,
5 2
nme

Therefore,

r = — Xa or

The above relationship shows that,
i) Theradius ofanatomis directly proportional to the square of number of orifs

i) The radius (r) of an atom is inversely proportional to the atomic num
(number of proton) Z.

(_Example 2.2

Calculate the radius of first four orbits of electron of hydrogen atom.
Solution:

The equation to calculate the radius of an orbit is:

n2

I = —3% &

Z

The atomic number (Z) of hydrogen atom = |
Bohgs radius (Valueofa,) = ().529A" _
By pguingthe valuesofnas 1,2, 3,4 in the equation we get: e

(52 =
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R —_— . a3 - e T - ~ - -
B — - > oA gl =T
- -

‘0)_\ =y ’, RS T
& v : e T s i
Radius of first orbit of hydrogen atom (r,) .=.(l_ < 0.5204 — 0
1
. W s &
Radius of second orbit ofhydrogen atom (r)= @,
1

: ; ; 2 , =
Radius of third orbit of hydrogen atom (r;) = QIL x0.529 X = 475;‘ Ry

. - 2 :
Radius of fourth orbit ofhydrogenatom (r,) = (—4])— x 0.529A = 8.46);

Itis cleared from the above data that distance between orbits goes on increasing

from lower to higher orbits. Hence, : | s
L= SG—I,<r,-1,<..

1) The second orbit is four times away from the nucleus than that of first

orbit,
11)) The third orbit is nine times away and fourth orbit 1s sixteen times away
from the nucleus. v

-alculation of Energy of an Electron (in H-atem)

otal energy of an electron revolving around the nucleus is the sum of its kinetic and
otential energies.

| SRR I i e by 8 o T S e (vi)

K.E = 1 IV s SRR st (vii)

Potential2 energy is the amount of total work done for bringing the electron
am infinity to distance .

P.OE = — e R (viii)

4me, r
In equation ( \:iii) minus sign shows that the energy is released (or decreased)

e to attraction between electron and nucleus. o . ;
By putting the values of equation (vii)-and (viii) in equation (vi), we have

2
) 2 = Ze
E = (5 mv) +( ‘mor)
1 2 S e :
- R e 1X)
o> 2 Zi 4ne r (o
By putting the value of v from equation (1i1) in equation (ix), we have
(33)
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Ze? Ze’

E = l m. - — or
2 4aerm 4megr
% 2
E - 2 Ze
8ne r 4ne 1
By taking LCM we have,
. 2" =2
8ne, r
2
E = - L B e e 3 TR (x)
8ne, 1 | |

By putting the value of r in equation (x), we have

2
Ei=:— thz 2L g
n e,
8ne
® amZe?
e 7Ze® . mmZe? o
8me, n’le,
T Z’e*m
8e2n’l i
pyslt e‘m 272 ; |
Ky X R — (xi) :
s |

In the above equation when constants

S (8, e,m,e¢,
constant K, the equation (xi) will become;

Z
E = =K x —

n2
Energy of cloctrcéx; inthe nth orbit js:
A S
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Where,

E, = energy ofthe electron in the nth orbit,
Z = Atomicnumber ofthe element.
n = Prncipal quantum number. It shows number of shells.

[n the above equation:

i) Thenegative sign shows that the electron
the electrostatic force of attraction,

1) As
of negat

1s bound to the nucleus in the orbit by

fhc v'aluc of n increases, the value of £ should decrease but due to presence
ive sign in the formula, the actual value of energy will increase.

(" Example 2.3 | |

Ca']culate the energies of electron of first four shells (orbits) of hydrogen atom.
Solution: '

The equation to calculate the energy of electron in a shell is:

2
E, = = 218x10" Jx 3}
=

.

Atomic number of Hydrogen = Z = |

5 2
Energyofelectroninthe 1 orbit(n=1) = E, = - 2.18x107"*J x (1)

C—

= = 2.18x10™"%)
: A 1 2
Em‘:rgyof‘electroninthtv:Z"dorbxt(n=2)=]5z = =2.18x10"%y x %2_;2_
- _ 0,54)(]0’18]

2
- 218x107%y x (1)
(3)*

Energy ofelectron in the 3" orbit (n=3) = E,
— 0.24x10™%)

2
— 2.18x10"85 x (D
(4)°

Energy of electroninthe 4" orbit(n=4)= E,

=~ 0.14x10"8)

We can see that energy of the electron increases when number of orbits increases,
E, <E < E, <E,

(55) ”

e
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Calculation of Energy Difference (AE):
AE is the amount of energy released or a
from one orbit to another orbit.

hsorbed when an clectron j

BESS=SR B e (i) i
According to Bohr's equation, the energy of electroninan orbit is:
2
E, = - Kx 42-2—
n ; =
The energy of electron inany lower orbit (n, )18
ZZ
El s K x ——i-
n - ~ ’
The energy of e]e'ctron in any higher orbit(n,) 1s:
2
Ez S K x EI_
n2 - e s
By putting the values of E, and E, in equation (xiii) we have:
% 2 22
AE = (- Kx -‘-Z—.,-)—(— Kan=y == 201
n; n;
2 72
AE=(—K><§-2'—+K><—T or
n; n;
ZZ Z!
AE = Kx — -Kx—= or
nj 03
1 .
AR = KZzl-.-z-- = T e (xiv)
o TR

l »
We know that the value ofK =l 2.8 %10 "], therefore,
AE = 218 0571
n;

oy
. the amount of energy needed when an electron jumps
gﬂ%efouith orbit (n=4)of hydrogen atom.

m;:fenergyncedeFAE# /

)
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The value of constantK = 2.18x 107'%]
The equation to calculate the AE is:

e O
AE = 218 x107"*J[— - 2]

n;
By putting the values we have 2
- 1
AB = 208 xH0 N
@ @

- 2.18x10‘"‘1[l- _1]
=2. 18><10"81[ ]

= 2.18x10° 81 2
| T ]

= 2.18%x107'%1x0.1875
= 4.087x107"%)

.

J

Calculation of Frequency

According to Planck’s theory, the energy change (AE) is directly propomonal to the

frequency of radiation.
AE = hy
We know that,
AE = KZ’[—- - -—]
1 "2
Therefore,
1
by = KZ[—— — or
n n;
Kz ] 1
S o s (AL S e

Unit of frequency is cycles per second or Hertz.

“alculation of Wave number
Ve know from Planck's theory that,
y = ¢y
We also know that,
(a7)
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K2 1 |
h B =]
0y n3 .
By putting the value of ¥ in the above equation, We get,

Yy =

e K21 1
T e
Y= = [ - ) or
he “ni  nj
3 Bl
he ny 0

The constants h—Kcan be replaced by constant R (Rydberg’s constant)
C :

5 = RZ[— - ]
n, o
For hydrogen atom Z=1, therefore,
K 1 |
i
Unit of wave numberism ',
The value of R is 1.09678 x 10'm ™", . 1

Usefulness of Bohr's Atomic Model

i) Itisuseful to calculate the radius of an orbit.

ii) Itisuseful to calculate the energy ofan electron.

iii) It helped to calculate the AE , frequency and wavenumber.
iv) It explained the spectra of hydrogen and hydrogen like atoms (ions) 3

He'",Li**and Be™.
v) Itexplainedthe stability of atoms and their ionization energy.
vi) Itshowstheorbitsinhydrogenatom.

2.4.2 Spectrum of Hydrogen Atom !
Hydrogen spectrum 1s an important example of atomic spectrum. Whet
gas is filled in.dischifrge tube at very low pressure and then high voltag® g
bluish light is emitted from discharge tube. If this light is pﬂssed

{CON



spectrometer, several sharp lines of different wavelengths are produced. They are
called spectral lines. These spectral lines are classified into five groups called
spectral series. These series were named after their discoverers.

i) Lyman Series ii) Balmer Series

ii1) Paschen Series iv) Bracket Series

v) Pfund Series

The first four series were discovered before Bohr's atomic model.
Origin of Hydrogen Spectrum
We know that, there 1s one electron in hydrogen atom which is present in first orbit
atroom temperature. This is the lowest energy state or ground state of this electron.

- When hydrogen gas is heated, its electron Jumps from lower energy state i.e. n, = 1

to higher energy state or excited state i.e.n, =2, 3,4, 5, 6, 7 etc. depending upon the
amount of energy absorbed. Now the electron will become unstable. When it comes
back from higher energy levelsi.e.n,=2,3.4, 5, 6,7 etc. to lowerenergy level i.c. n,
=1, the same amount of energy is released in the form of spectral lines (bright lines).
The series of spectral lines are as follows:
Lyman Series
When an electron jumps from a higher energy leveln,(1.e. 2, 3,4, 5, 6 ete.) to lower
energy level n, (i.e. 1), a series of spectral lines are produced. This series of lines

appears in the UV region of the spectrum.
Balmer Series:

When an electron jumps from a higher energy level ny(i.e. 3,4, 5, 6 etc.) to a lower
energy level n, (i.e. 2), a series of spectral lines are produced. This series appears in

the visible region.

Paschen Series: |
When an electron jumps from a higher energy level n,(i.c. 4,5, 6, etc.) to a lower
energy level n, (i.e. 3), a series of spectral lines are produced. This series appears in
the infra-red region.

Bracket Series: | |
When an electron jumps from a higher energy level n, (i.e. 3, 6, etc.) to a lowg
energy level n, (i.e. 4), a series of spectral lines are produced. This series appears in

infra-red region.
Pfund Series:

When an electron jumps from a higher energy level n, (i.e. 6, 7, etc.) to a lower

(53)
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energy level n, (i.e. 5), a series of spectral lines are produced, caj

; . Ut ; TSR ed
This series appears in infra-red region. Continuum pﬁ“‘dq
n=o — ’
n=f
n=Ss *.[E
| Pﬁmd SeTiey
Brackes serics
(IR region) g ‘
5
n=3 e
Paschen series £
(IR region) &
n=2 , o
Balmer senes - i
(Visible region) |
i
|

n=l—-‘-ﬁm ‘]%g‘ |

f{“mr"c;c:n"f Figure 2.14: The different spectral series produced

due to electronic transitions !
|

Lyman 2,34,5..
Balmer | 3456.0
Paschen | 4,56,7..0
Bracket  56,7.8..0

""""

2.4.3 Defects of Bohr's Atomic Model
[t failed to explain:

i)  The spectrumofmore complicated (multi electron) atoms. 4'
ii) Theobjections raised on Rutherford’s atomic model.

itt] 1y
iii) Zeeman Effect (splitting of spectral lines into still thinner and clos

(B0) J
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{ines in the presence of magnetic field) and Stark effect (splitting of spectral fines
intostill thinner and closely spaced lines in the presence of electric field)
iv) Motionol clectrons in three dimensional spaces. It explains motion of electrons

in circular orbits.

Reason of Zeeman and Stark Effects
When a strong electric and magnetic field is applied, the spectral line of sodium

atom splits up into further thinner closely spaced lines. The number of closely
spaced lines is corresponding to the number of values of magnetic quantum number.

Henceeach line represents an orbital.
: L e Al U O T A R T
- - &o'\".‘;‘-\'r !

Firework Displays:
Firework is a device containing explosives and combustible chemicals that generate
coloured lights, smoke and noise and are used for display and celebrations. There is a
lot of chemistry involved in fireworks, The colours that appear in fireworks are due to
the presence of different metal compounds. The metal compounds emit characteristic
colours when heated. When an element is heated, its electron jumps from lower energy
| state (ground state) to higher energy state (excited state). Now the electron will
 become unstable. When it comes back from higher energy state to lower energy state,
the energy is released as light of specific colours. The colour of light depends on the
clement (metal) to be heated. For example, lithium compounds (LiCQ,) create red
Solours; sodium compounds (NaCT) create yellox colours, barium compounds (BaCl,)
Mgreen colours, copper compounds (Cucw create blue-green colours, potassium
Compounds (KNQ,) create vielet-pink colours, rubidium compounds (RbNO,) create
Violetred ¢colours, and aluminum, beryllium or magnesium powders create bright
Mhitecolours in fireworks. z

|

> X-Rays

:5'1 Production, Properties and Uses
L"’d“cﬁon of X-Rays |
| 1895, 4 German Scientist Wilhelm Conrad Roentgen =
OVered that when fast moving electrons collide patn

Fy Metal anode in the discharge tube, some unknown
o high Cnergy rays are produccd. They were called X-

I 5 . .
% X-rays are electromagnetic radiations. They are nol

Sib] Wilhelm Conrad
¢ ang are of higher frequency and shorter Roentgen (1845-1923)
(61)
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wavelength than visible light. Roentgen was awarded the Nobel Prize g 19

High voltage battery —
| &
Vacuum pump ’
L o>
Cathod
‘athode ?—)

Fast moving f‘éy

glectron

PSR-

X-rays

Figure 2.15; Production of X-rays 1

Properties of X-Rays | |
i) They are electromagnetic radiations and cannot be deflected by elecﬂ'iij‘

magnetic fields. Thus, travel in straight lines. ‘
ii) Theyareinvisibleto the eyes but can affect the photographic plate. _
iif) They have very high penetrating power through matter. This is because
rays are used to study the interior of the objects.

iv) They can damage genes, chromosomes and other cell components’
passing through living tissues.

v) Theyare highly energetic rays. Therefore, they ionize gases.
vi) They have high frequency. Their frequency depends upon the mat
anode. Due 10 this reason, different elements produce X-rays of ¢

wavelengths. : |
vii) The frequency of X-rays increases with atomic number of the element ™

anodein the X-rays tube.

ii) Frequency of X-rays ranges from 3x10'* to 3x10'*Hz.
? ) The wavelcngth of X-rays range from 0.01 to 10nm.
X

(62)
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 Bitohumagrions iion sls a.nf""“ of energy that travels through space at aﬁ
constant speed of 3x10'ms and can exhibit wavelike or particle-like
properties. artic

e The wavelength of electromagnetic radiation determines the amount of encrgy

carried by one of its photons. The shorter the wavelength, the greater :
each photon. : e coeryy.of

e  The frequency and energy of electromagnetic radiations are inverse nortional
toits wavelength, o

\
Uses of X-Rays
) X-rays diffraction techniques are used in the study of crystal structure because

-ray wave lengths are comparable to the atomic separation distances in solids

about 0. Inm).
1) X-rays are used as a diagnostic tool in medicine and as a treatment for certain

forms of cancer.

hi) X-ray images are used for the detection of dental cavities, bone fractures and to
ifferentiate between hard tissues (bone) and soft tissues (blood and muscles). X-
ys pass through soft body tissue but are stopped by harder tissue.

) When high energy X-ray photons are passed through gases, they increase the
mperature of atoms and molecules and electrons are ejected. These free electrons
hay ionize additional neutral species. Through this process, reactive ions and free

icals are formed, leading to further chemical reactions.
X-rays are used for quick examination to check the luggage of passengers at

Fports,
) In industry, X-ray images are used to detect flaws (ie. cracks) non-

resolve features on scales as small as about 40nm. 2
i) The presence of coatings and varnishes, and the compositions of glasses,

reelain, and enamels are revealed through X-ray analysis. ‘ |
X-rays are used to study chemical reactions on surfaces. the electronic

uctures of semiconductors and magnetic materials, and the structure and function

{Proteins and biological macromolecules.
(83)
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2.5.2 Types of X-Rays
When an electron in the cathode rays collides with metal anode (target), it Cank,

an electron from an inner shell (K-shell) of the atom. The knocked ¢1eclmn
have to leave the atom because there is no vacancy in the higher ¢hergy le"els,
produces a vacancy (hole) in the inner shell. The electron from w
energy levels (i.e. L-shell or M-shell) , ,
then drops down to fill the vacancy,
emitting a high energy photon of X- =™
rays. L-shell to K-shell jump produces

a K, X-ray. M-shell to K-shell jump

= s e ol oo e, g

produces a K, X-ray. The energy of the ; o £ it
K transitions is higher than that of the \&o““:j;‘,"

K, transitions. i Figure 2.16:

2.6 QuantumNumbersand Orbitals  °=% %™

After the failure of Bohr's atomic model, in 1926, an Austrian Physicist En
Schrodinger, an expert on the theory of vibrations and standing waves, setupaw
equation for hydrogen atom, This is called Quantum Mechanical Model of ana
Schrodinger was awarded noble prize in Physics in 1933 for setting up
equation. The main problem before Schrodinger was where we would fil
electron if we were to look for it. According to Schrodinger: "

Although the position of an électron cannot be found
exactly, the probability of finding the electron at a particular
position in space can be found.

The concept of electron density gives the probability
that an electron will be found in a particular region of an
atom, The most likely place to find an electron is where the

densxty is greatcst An atomic orbital is the wavc function of

locations about 2 nucleus Keep in mind that the electron density is large
nucleus for hydrogen atom, indicating that the electron is most likely 0%
this region. The electron density decreases rapidly as the distance fr om the
inCcreases. | . w“
An atomic orbital, therefore, has g characteristic ‘erieray,

(64)
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steristic distribution of | elcctfon density (characteristic shape). The
t:ha‘:,din"er equation works nicely for the simple hydrogen, The Schrodinger
Sch ion sannol be solved exactly for a multi-electron atom,

e The numbers which completely describe the behavior ( Cnergy, size, shape,

ssitionand orientation orarrangement) of orbitals are called quantum numbers.

These numbers are derived from the mathematical solution of the
sehrodinger equation for the hydrogen atom. They are called the principal quantum
gumber, the azimuthal quantum number, and the magnetic quantum number. These
quantum numbers are used to describe the energy level of the orbital and the three
dimensional shape of the region in space occupied by a given electron. A fourth
quantum number-the spin quantum number refers to a magnetic property of
dlectrons called spin.

p

L6.1 Principal Quantum Number
Number which determines the distance of electron from the nucleus (size) and its
nergy 18 called principal quantum number. Itis shown by n. Its values are non-zero,
wsitive integers up to infinity.
n=1,2,3,4,5,6,7,... .
The values of 'n' can also be shown by letters K, L, M, N, O, P and Q !

’ !
vely. Table 2.4: Total Number of Orbitals and Electrons in a Shell. - f

|

AA_K‘?'E"D in Mind:

" Total number of orbitals in the given shell can be calculated by taking square of
Prineipal quantum number (o°) of that shell. |
The maximum pumber of electrons in a shell can be calculated by 20
- formya, ' |
' Greater the value of 'n' greater will be the distance of electran from the
i Micleus and greater will be the size of anatom and vice versa. ‘
et the value of 'n’ greater willbe the energy of electron and vice versa,
' the case of the hydrogen atom or single-electron atomic ions, such as He  and
L‘a'_» 0 is the onjy quantum number determining the energy. For m.hcr atoms, the
%mdgpends to a slight extent on the azimuthal quantum number. %4

(63)
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% = Azimuthal Quantum Number
umbers which determi ) . ; L S NE {
R determine the shape ofan orbital and the encrgy of an L‘lectmn‘
(‘, c‘ » o " M b X .‘
o sser extent than ‘' is called azimuthal quanturm number. 1t 15 shown bw’.'
"a u n - Rk rad b s = = X o - :
es are always positive and in small whole numhbers. Its values range from() | §
i

f

angd3 .- upton= 1. 1f
n=1theni=(1-1) =0 Itshows 1s Subshell |
n.=2thenf = (2-1) = 0,1 Itshows 2s,2p Subshells

3s, 3p,3d Subshells
45, 4p.4d.4f Subshells

the number of shells to which

n=3thenl/=(3-1) = 012 It shows
n =4 then /= (4-1) = 0,1,23 Itshows

The co-efficient of subshells 1.2,3.4 show

subshells belong.

Table 2.5: Total Number of Orimls and Electrons In & subshell

s
op e el

:

S
e 3 e
SRR | |

er of orbitals in a subshell can be determined by the formula, 2

Total numb
and the total qumber of electrons in a subshell can be calculated by the fome
2(2F 1)
one or more subshells or sub-levels, The N

Each shell consists of
- a shell is equal to the value of n. For example in the first shefl (23

(here is only on¢ subshell which corresponds to /=0. There aretwo sub_sheﬂs(_ :
. he second shell (n=2). three (1= 0, 1. 2) in third shell (n=3) and 0075
cubshell 18 assigned an azimuthal quantum number (/). 3

pifferent cubshells are usually represented by letter rather than by M
fo]lowmg the order s, Ps d.f andg. (Historical]y, the letters s, p. d. and
3 ¢ use of the words sharp, principal, diffuse and fundamental “’h‘q;
e ings in spectroscopy.) After f, successive subshells are 055
.o h and soon. The values of azimuthal quantum number e

cally- ;
hape of orbitals (s-orbital has spherical shape, p has dumbbell shaP==
gbout and f has complicated shape).

. Ap gnetic Quantum Number ;
2.6~3 which cxplains the orientation (arrangement) of the orbital 17 "

Num:l, e':;agl{etic or orientation quantum number. It also shows magnetiF
1
calle -
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of eect?> i '\.h”“” by m. Its values are changing from positive to negative
through Z€10- Within a subshell, the value of m depends on the value of the angular
momentum quantum number, 1. For a certain value of I, there are (21 + 1) integral
values of m, as follows:

+1'(‘,-’ |)....O...(—/*~l),~—/ or
mi=0tlE2 or
fo= +241,0-1,-2

Forssubshell, 1=0, then m=0

There 18 un!y one orbital in the s-subshell. This orbital has same orientation
along X,y and z-axis,

l Forpsubshell, 1 =1, thenm=[(2 x] ) £1] or three values of m, namely, +1,
0”' '

J'[ means there are three different orbitals (px. py and pz) in the p subshell.
n;e.orbna.ls have the same shape but different orientations in space. In addition, all
orbitalsofa given subshell have the same cnergy.

- For;i subshell, 1 =2, thenm=[(2x2) I] or five values of m, namely, +2
FL0=1.-2. Itmeans there are five different orbitals ( dxy. dyz, dxz. dx"-y* and dz’)
nibed subshell. All of these orbitals have same energy.

2.64 Spin quantum number
iA‘w"::;f@ Spips around.im own axis, much in a similar way as earth spins around
spin Ofa:Is]Wh,]e revolvin g around thf: sun. Numbe{' which shows the direction of
Cﬂ”bd’spine ectron.around IS OWn axis ns.called SPIn quantum number. It is alsq
Stands smflgnetlc quantum number. It is denoted by m, where, the subscript e
e mepm. It has two values+1/2and -1/2. The spins are also designated g
amickx'*w "P})Var§ arroyy and the value +1/2 show that the electron Spins in
electop .lsc.dlrecuon. The downward arrow and the value —1/2 show that th
*PIns in clockwise direction, ¥

e

Figure 2.17: Spinning of ¢lectrons

(67)
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p Between Shells, Subshells and Orbitals
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Shells, Subshells and Orbitals P
A group of subshells with the same value of principal quantum number (n) isks
as a shell. ILis also recognized as orbit or energy level. The shells are designat
the letters K, L, M, N, O, P, and Q, counting from the nucleus outwards.|
principal quantum numbers (n) arel.2,3.4,56,7, ... respectively. The lar2
value of '’ the higher is the energy of the shell and vice versa. The numk
clectrons in a shell is calculated by 2n’ formula. First shell (n = 1) has 2. secon
(n=2)has 8 and third shell (n=3) has 18 electrons. =
Each principal energy level (shell) is divided into sub-levels. They
known as subshells. One or more orbitals which have same values of P
quantum number (n) and azimuthal quantum-number (/) are called subshet
number of subshells within a given shell is equal to the value of n. Thus: ™
shell (n = 1) consists of only one subshell, the 1s; fhesaaind shell (n=2)con
two subshells, 25 and 2p; the third shell (n = 3) consists of three subshells: Fsi-
3d: the fourth shell (n=4) consists of four subshells. 4s 4i), 4d and 4. and”
Now it is clear from the above discussion that when a new shell is added:*
add a new subshell. This is because; each shell to a larger distance from "
provides more space for new subshells containing more orbitals. The P
number of electrons in asubshell can be calculated by 2(21+1). The>”
has room for 2 electrons, the p-subshell has room for 6 electrons, the®™

(68)
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has room for 10 electrons, and 1

These may
confi

he f~subshell has room for 14 electrons

and so on,

2 f A 34 !
be shownass,p.d ,and . A convenient way to designate such a
guration is to write the shell and subshell designation and add a supe

rscript to

denote the pumber of electrons occupying that subshell, For example, the electronic
configuration of the calcium atom is written as follows:

Ca = 15°,2¢%, 2p°, 35%, 3p°, 4¢7

Each subshell has specific number of orbitals. The number of orbitals per
subshell depends on the type of subshell, but not on the value of n. The number of
arbitals in a subshell is calculated by the formula 27+ 1. Thus each s-subshell (/= 0)
contains one orbital; each p-subshell (/= 1) contains three orbital; each d-subshell

(=2) contains five orbital, and
soon. The orbitals of the same
subshell in a shell have same
energies and are called
degenerate orbitals.

If two electrons in an
alom have the same principal
quantum number, the same
angular momentum quantum
hfumber, and the same
magnetic quantum number,
the electrons are said to be in
the same orbital.

Encrgy

—» ETH A0 EC KT
EIENERERED
ShShay |_jhet 5 EHEARNE

tne3) | Bichcron) - o
EIEEIERES
EFNER
3 |
.
RN RS
2nd Shell|  L.shal
ne2) <
E3

141 Shell i
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Figure 2 18: The arrangement of shells,
subshells and orbitals in an atom

2.6.5 Shapes of s, p, and d-Orbitals

The shapes of orbitals have no physical existence. These are the regions in space
Where probability of finding an electron is very high. But these regions have no
definite boundaries. [ et us look the shapes of the most important orbitals that are
etually occupied in known elements. Their shapes help us visualize how the
tlectron density is distributed around the nucleus.

Shape of s-orbitals

ccall that the azimuthal quantum number for s-subshells 1s 0; hence. it must have

“‘Zgﬂetlc quantum number 0, Thus there is only one s orbital in each shell. All &
orh; : - e :

Hals have.sphencal shapes and are shown by circles. The probability of findine

(B3)
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an s electron at a given distance from the nucleus does not dCPC"‘d (,m di’eCt" H
depends only on the distance from the nucleus. The clectron density is high
nucleus for an s orbital. It decreases sharply as distance from the nucleus
itnever poes to zero. even at a large distance. [ you ask SOMEone Where the efegy
15, he or she could not show the exact position of electron. This means that ‘;;-
does not have a definite boundary and definite shape. However, we usually 'j'
line around the outer edge enclosing the volume where an electron spe,ndg,
(say, 95%) of its time. The space where the probability of finding the ele
maximum is called an orbital, The Is orbital represented in this manner is me
sphere. All s orbitals (2s, 35, 4s, and so forth) are spherical in shape butdiffering
The size and energy of s-orbital increases with increase in the value of pring
quantum number (n), For example the size and energy of 2s orbital is hugetﬂmi
orbital. The probability of finding clectron between two orbitals is zero. Thlspd
is called nodal plane ornodal surface.

£ !

Y Z f
Z

2s-orbital 3s-orbital |

1s-orbital

Figure 2.19: Representation of the three s-orbials of the lowest enerey

i

Shapes of p-orbitals :
As we know that the p-orbitals start with the principal quantum nqm 3
Beginning with the n=2 shell, the value of azimuthal quantu™ num i
subshell is 1; therefore, the possible values of magnetic quantum anﬂ
subshell are +1, 0 and —1. The three values of magnetic quantum nu!nbﬂ o
the p-orbitals have three orientations in space i.c. along X, ¥ and z-ax1s: : o
have three 2p orbitals: 2p,, 2p, and 2p,, which are oriented in SPace at’ o
one another along the three coordinate axes x, y, and z. These three g
:dentical in size, shape, and energy; they differ from one another only in¢®

(T0)

Scanned with CamScanner



px-orbital Py-ortitul pz-orbital
Figure 2.20: Representation of three p-orbitals

Shapes of d-orbitals
Asyou know that the d orbitals start with the principal quantum number #n=3. When
n=3and,/=2,thenm=+2,+1.0,-1,-2. Asthere are five values of m for d-subshell.
The d-orbitals are, therefore, of five types (dy, dyz, ds.,dv'_s*and d-). Each d-orbital
nas clover leaf shape except d.“which has dumb-bell shape. The orbital d-” has two
:gg shaped lobes and an extra doughnut shape (ring shape)
n the center, while other four orbitals have four egg shaped lobes, The probability
f electron density is zero on the plane where the lobes tonch each other, The d-
irbitals of the same shell (3d orbitals) in an atom have same energy. The d-orbitals
f4” and higher shells have shapes similar to 3d erbital, but differ in energy and
te. They are shown as;
i

9 @
6 . 6
dxy-arbital ‘ dxz-orbital

-«

Z Z
[ |

de*-orbital

dx’-y*-arbital

Figure 2.21: Representation of five d-orbitals
The fourth shell (n = 4) contains four subshells specified by s, p, d and f.
“reare seven equivalent f-arbitals. Each orbital has eight lobes. The shapes of the
Orbitals are eyen more complicated than those of the d-orbitals. Most of the

()
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elements (atomic numbers less than 57) don't use f-orbitals in bond fonnatm
donotrepresent their shapes in this book. .

2.7 Electronic Configuration |
The distribution of electrons in various subshells in the increasing energy Ju,
get the most stable arrangement of electrons in the subshells is called eleg
configuration. For many electron atoms, we must know how the elecm_.fi
distributed among the orbitals of various subshells. If we know a set of threenj
then we will be able to predict for each element which orbitals are occuping|
electrons. The rules for distribution of electrons are as follows: |

2.7.1 Aufbau Principle

The aufbau principle helps
us to assign the electronic
configuration to the atoms of
different elements. Aufbau is a T
German word that means “building
up”. Because of this it is also
known as Building up Principle. ?{
This principle states that, “The &
electrons are added to subshells in
the order of increasing energy

level™.

In other words the electrons £ E s
are first placed in low energy \\@\ S
subshells when low energy g S
subshells are filled, then they are \Q\ ) _
placed in to higher energy M
subshells. The order of increasing Figure 2.22: The order of enerEy :f;ﬁ '

: s slectrons into Sucs
energy level of subshells is: ot elec IR

15, 25, 2p, 35, 3p, 45,34, 4p, 55, 4d, 5, s, 4f, 5d, 6p. 75, 5564 |
4!
The n + / rule helps to determine the energy order. According m:“ :
the electron will first enter into that subshell which has lower value© r:h ".
values for two or more subshells are same, then electron will enter intC

which has lower value of n.
(72 |
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y72 Pauli Exclusion Principle
1926, an Austrian scientist Wolfgang Pauli gave the
exclusion principle. According to this principle, no two
slectrons 10 the same orbital of an atom can have the same
salues of four quantum numbers. [t means an orbital can
hold at the most two electrons which have the same value of
ihree quantum numbers n. [ and m, but must have the
different values of spin quantum number i.€. opposite spins
(*J). For example, Helium atom has two clectrons (1000-1958)

in Is orbital, The spin of these electrons should be in opposite direction T.). The
narallel spin (11 or L1) of electrons is not possible. The values of four quantum
numbers for both electrons of helium are given in the table.

Table 2.8: Values of four Quantum Numbers for two Electrons of same orbital

Wolfzang Pauli

2:;2 7, the German physicist Friedrich Hund found a rule
fle'cu-: @f“?“matxon of the lowest encrgy arrangement of
e ns inasubshell. Hund's rule statcs that, “When two or
wauilabcltgg:;’fll erate orbitals (same ©¢nergy orl_Jltals) are
e it the electrofs should be placed in separate
'.lalw;vl;:h same spin rather than to put them in same
N opposite spin”,
ang f; Aﬁw_cknow p-subshell has three. d-subshell has five (1896-1997)
D2ging i 'then has seven orbitals. The pairng of electrons
g ¢ €p-orbitals only when the fourth electron enters 1nto p-orbitals. In case
" Forbitals the pairing of electrons begins with the entry of sixth and eighth
feSpectively, Hund's rule results from the fact that electrons repel one

b M)
|

&

Fricdricl Hund
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another and therefore remain as far apart as possible. They can be lower ip e ‘~
they are i different orbitals. The electronic configuration in the orbitalg e o8
element is givenin table 2.9.
Applications of Rules

1) These rules are used to write electronic configuration of elements,
1i) These rules are used to predict valency.

iii) These rules show number and type of half-filled orbitals.

1v) These rules show orbitals involved in bond formation.

2.7.4 Writing the Electronic Con figuration of Elements
Before we assign the electronic

- Number of electron
configurations to atoms of the / the orbital or subsaef
different elements, we have to know 2
the methods of representing  these Is
configurations. There are two different / E

SO = Principal Type of orbital or subshe
ways (methods) for writing the i s

electronic configuration of an atom. —
: ; . Now we can say that this is s-subshell |
1) In this method, we write the which has two electrons in s-orbital and |
symbol for the occupied subshell and this s-subshell belongs to first shell.
add a superscript to indicate the Figure2.23: Method of writing the electronis
: configuration H
number of electrons mn that subshell B :
and then we write the principal quantum number before the particular subsnei
The electronic configuration of Helium atom is showr in figure 2.23. The electro

configuration of nitrogen atom can be written as 1s° 25"2p’.

i) In this method, each orbital of the sub-shel] js represented by a boxs.aﬂ“
electron is shown by an amow (7). The amow points up when electron ¢
anticlockwise and down when electron spins clockwise. If an orbital contain &
one electron, an arrow pointing upward (1) is placed in the box. Ifan orbital &€ &
tw.O electrons, the scj:cond afrmw pointing downward () is placed in the b“"
(wo electrons in Ol“bltﬂl v.fhlch hav§ OPPosite spins are said to be paired. Thes
electron in an orblt'al "whl‘ch has nu‘ partner of opposite spin is said to be U
p. The priority s given to this method over the first because it repres®

clectro quantum numbers.

ur
the fo o
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Instead of writing out the whole electroni io
te the condensed electronic configuration by writing the electronic
i (75)
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configuration of the previous noble gas. The electronic configuratig P
gas is represented by its chemical symbol in brackets. For example. the o
conﬁgurauon of'silicon is written as [Nc]‘&s‘Bp

Where, [Ne] denotes the “neon core.” Similarly we can wn(’
configuration of calcium as [Ar]ds’.
Table 2.10; The Condensed form of Electronic Configurations from Pota t
10 Krypton ( Z = 36)

A e

The electron conﬂguratlon of chromium (Z 24) is [Ar]

4s°3d", as W might expect. Sumlm']?7 the electronic
is [Ar] 45'3d’ rather than [Ar] 4s ha
completely filled (3d ) subshells: are more stablc than vartially 1
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the electron, the proton, and the neutron,

The number of protons in the nucleus of an atom of an element is called
atomic number (Z). Atomic number is the identity of an atom of an element.
All atoms of a given element have the same atomic number, which differs
(rom the atomic numbers of other elements. The number of electrons is
always equal to the number of protons in an atom.

The mass number (A) is the sum of the number of protons and the number of
neutrons in the nucleus of an atom. Isotopes are atoms of the same element

that have the same number of protons but different mass numbers because |
they have different numbers of neutrons. An isotope is identified by the
symbol of the element, with the mass number as a superseript to the left. |
[sotopes have chemical behavior identical to that of any other isotope of the |

same element.
Max Planck. in 1900, gave quantum theory of radiations.

Neil Bohr, in 1913, successfully explained spectrum of hydrogen and

hydrogen like atoms. He proposed that the clectron revolves around the
nucleus in the circular path with a definite amount of energy. He called these
paths orbits or shells.

Spectrum is the bands of different colours which are produced by passing
light through prism. Rainbow is the best example of spectrum.

X-rays are produced when fast moving electrons collide with heavy metals

anode in the discharge tube. These rays were discovered by a German
scientist W.C. Roentgenin 1895.

After the failure of Bohr's atomic model, Erwin Schrodinger. in 1926,
proposed an equation called Schrodinger equation to describe the electron
distributions in space and the allowed energy levels in atoms.

In a hydrogen atom and hydrogen like atoms, which contains only one

electron, the energy of an orbital depends only on n. Inamulti-electron atom,

the energy of an orbital depends on both nand /. The lower the value of (n+/)
for an orbital, the lower is its energy. II' two orbitals have the same (n+l)
values. the orbital with lower value of n has the lower energy. In addition; the

spin quantum number determines the electron spin as either clock wise or

anti-clock wise. 32 | g
According to Aufbau principle, the clectrons are added to energy subshells in
the order of increasing energy level. ; ; PRt
Pauli Exclusion Principle states that no two electrons in the same orbital ofan

‘atom can have the same values of four quantum numbers.

Hund's rule states that the pairing of electrons in the degenerate qrbitals
(samé. energy orbitals) does not take place until each degenerate orbital has
got one electron each.

|f?'}l
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Questions and Problems

4.

Four answers are given for each question. Select the correct one.

1) The fundamental particles of an atom arc:

(a) Electron, positron, neutron  (b) Electron, proton, neutron
(¢) Electron, neutrino,proton  (d) Electron, positron, meson

11) Proton was discovered by:

(a) GoldStein (b) Chadwick

(¢) Thomson (d) W.Crooks

iii) The colourofthe glow inside the discharge tube depends upon:
(a) Nature of discharge tube (b) Nature ofthe gas

(c) Nature of cathode (d) Nature of anode

1v) Themassofelectron is almost equal to:

(a) Hydrogen atom (b) Proton

(¢) Neutron (d) Positron

v) How many times the second orbit of hydrogen atom is away fromi
nucleus:

(a) Four (b) Six

(c) Nine (d) Sixteen

vi) Whichone ofthe following elements is NOT radioactive:
(a) Uranium (b) Polonium

(c) Radium (d) Germanium

vii) The properties of elements are determines by:

(a) Atomicmass (b) Massnumber

(c) Atomicnumber (d) Allofthese

yiii) When 6s orbital is complete, the entering electron goes int:
(a) 7s (b) 6p

(c) 5d (d) 4f

ix) Ifnis equal to 4, thenZis equal to:

(a) O (b) 0,1

(c) 0.1,2 (d) 0,123

x) Howmany electrons an orbital can accommodate:

(a) 14 (b) 10

() 6 (d) 2

(78)
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Q2.

Q3.

0.4,
Q.5.

Fill in the blanks with suitable words given in the brackets:

) Cathode rays produce  on striking with heavy metals
anode. (canal rays/X-rays)
i) Massofprotoninamuis .(1.00727/1.00867)

iii) Pfund series of lines appear in region of spectrum.
(UV/IR)

iv? Mathematical value for Bohr's radius constant ( a)is__ = (5329
A’0.529A")

v) Cathode rays bent toward of electric field. (positive
plate/negative plate)

vi) Energyis  when electron jumps from lower to a higher orbit.

(absorbed/released)

vii) Greater the value of principle quantum number. will be the

size of an atom. (lesser/greater)

viil) Thesubshell p has - shape. (spherical/dumbbell)

ix) The wavelength of X-rays is  than microwaves.

(greater/lesser)
x) Wavelength of large sized particles is very (small/large).

|abel the following statements as True or False:
i)  Neutrino is the fundamental particle of an atom.
ii)  The electric current cannot pass through gases in the discharge tube at

760 torr, ‘ 24
iii) The mass of electroninkgis 9.11x10.
iv) The charge to mass ratio of canal rays depends upon the nature of gas

in the tube. :
v) Planck'seqguationis E=mc". :

vi) Theelectronic configuration of H is Is”.

vii) Ifn=4,then/isequalto0, 12 v

viii) Orbit gives the idea of plane motion of electrons.

ix) Monitor of computer is anode rays tube.

X) The space where probability of finding the electron between two

orbitals is zero is called nodal plane. . ;
What is discharge tube? Describe the expenment which led to the

discovery of electron.
Give the characteristic properties of cathode rays.

(79)
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Q.6.

Q7.
Q8.
Q.9,

Q.10.
Q.11.
Q.12.

Q.13,
Q.14.

Q.15.
Q.16.

Q.17.
0.18.

Q.19.

Answer the questions given below
1) Thecathoderays are pro ducc(‘l when pressure inside the dischpy,
is reduced and high voltage is applied. o

i) The charge-to-mass ratio of cathode rays remaing same, g o
which gas is used in the discharge tube. L
i) Thecharge-to-mass ratio of cathode rays is equal to thag '-»'..;:.
iv) The evidence that cathode rays consist of neg

atively |
particles. =Y

v) Electronsarethe elementary particles of all the matter. :
Whatare canal rays? Give reason for the production of canal rays.
What are the properties of canal rays? '
Explain the following with reasons:
1) Thepositiverays are also called canal rays.
i)  The canalrays depend upon the nature of gas
iii) - Thee/m values of canal rays for different gases are different,
1v) Thee/m value of cathode rays is 1836 times greater than 90511
thatare obtained from hydrogen gas. -
Howwere neutrons discovered? Describe the properties of neutrons,
Slow neutrons are more effective than fast neutrons, how? b
Explain J. J. Thomson experiment for determining the e/m ratio of
electron. = | '.
Compare the properties of fundamental particles of atom. >
Which two types of subatomic particles must be presentin'cqudch |
for an atom to be neutra]? | | |
What s the atomic number of a a
I8 neutrons? Also caleylate ifs- m
An atom with mass nuxhbcr of3
Whatis the atomic number and

tom that has 17 protons, 17 elect®=
ass number, ' B
6 contains four more neutrons tAMEE
. name of'this atom? ‘

Discuss Rutherford’s experiment for the discovery of nucleus. é
Write main points of Rutherford’s atomic model, What are the 4
this model. .

What are'the masEimportait points of Planck's | tum mebff?;
what a quantumis? 2 quan

(80)

B

Scanned with CamScanner



. lat shi reamny 'l
20, Whatis the relationship between’

a) Frequency and wavelength
b) Wavelength and wavenumber

Q2. pefine the terms given below:

(a) Frequency (b) Wavelength
(¢c) Wavenumber (d) Atomicnumber

(e) Amplitude

0.22. What are the postulates of Bohr's atomic model? What are the merits and

QB

demerits of this coneept?
Derive an expression for the radius of nth orbit of hydrogen atom with the

helpofBohr’s model.
(.24, Derive an expression for calculating the energy of an electron in the n"

Q.25.

Q.26

S

orbit of hydrogen atom with the help of Bohr's model.
Derive the formulas for calculating the energy difference (AE), frequency

of photon and wavenumber of photon.

Answer the following questions:
4) The distance between different orbits goes on increasing when we

move from lower to higher orbits.
b) Energy of electron is inversely proportional to the square of number

oforbits (n°).

©) Theenergy ofhigher orbits is greater than lower orbits.
d) The:energy’(;fclectron at an infinite distance from the nucleus is zero.
©)  The radius of cation is smaller than its parentatomic radius.

f) Velocitics of electrons in higher orbits are less than those inthe lower
orbits of hydrogen atom.
g) Why the size of helium ion (He") is smaller than hydrogen atom as

both have same numberofelectrons inthe firstshell?
Bt What du‘yob, know about Zeeman Effect and Stark Effect?
i Whalsspecttum" Explain the spectrum of hydrogen atom.

2. What are X-rays? How are they produced? Describe the properties and

uses idf-X~rays.

’*Elﬁp,lain the role of Mosley's law in determining the atomic numbers of

different elements.
(81)
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. Calculate the ﬁ'equenc

. Explain Millikans oil

. Calculate the frequenc

- Explain why the subshellis not full i
. Caleulate mass of electron from e/'m

s b
S RN R NN NS T AR ‘

i)  Whichsubshell in each 0f'the following pairs is higher in energy?
(1) dporSs (if) Ssor6p (iii) 6sor4f

i) What islhcmcanangnfSp".’
k) How many unpaire

d electrons are p
in the ground state?

resent in oxygen and silicon atoms

. Caleulate the ene

teY of one photon of blye light having wavelength of
490nm.

¥ energy and wavenumber of 4 yellow light emitted
lichhasa wavelength of 570nm.

drop experime

from a sodium lamp w}

nt for measurement of charge of
electron.

vV (Hz) and wav

: elength (nm) of the Ii ghtabsorbed by
hydrogen atom when an electron jum

psfromthe n=2tothen=3 level.

foxygen atom and full inneon atom?
ratio and mass.

(83)
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