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Discharge Tube Experiment
Planck's Quantum Theory
Bohr's Atomic Model
X-Ravys

Quantum Numbers and Orbitals
Electronic Configurations
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= Thestudents will be able 1o

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 numb
of radiation emitted or absorbed by ¢lectron.

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

Describe the conceptof orbitals. (Understanding)

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

Describe the general shapes of s, p, and d-orbitals.(Understanding)

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)

Use the Auf bau Prmmple. Pauli E.xc]usion PﬂnCiplc and Hund's Rule w0 wﬂl& .
electronic configuration of the elcmcms.(Applying)

' ' : a,a"“
Describes the orbitals of hydrogen atom in order of inet™y
energy- ( Understanding)

. . |
Explain the sequence offilling ofelectrons in many electron atoms.(Al’Plymg)
Write electronic configuration of atoms.( Applying)

(34)
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Introduction

We know that universe is made of matter. A
means that everything before you is composed:
be seen by you. The waler we drink, the food w
breathe, the chair You are sitting on, the lrcéc:s__
rivers, the high mountains YOu are climbingon','thcjas"'_ N0TES Vou
the flowers that give you a lot of fragrance, the daily [i ¢ itery
Stars, even you and | are composed of these tiny particles,:
ma:ie up of fundamental particles called atoms is -kﬁox;rm
matter, b

The Hixturynf.-\mmic Fheor

The theory of the atom has had a long history. The Greek philosé
Was among the first who des

: scribed the material world ds made up of
partucles which he called atoms, derived from the Greek word atomos
“uncutable” or “indivisible™ This hypothesis was not based ‘on
observations. The idea of Democritus was not accepted by Plato and
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
olor blindness, He postulated that all matter is made of
:xtremely small particles, called atoms. and thgt all atoms of

: identi he different from Johin Daiton
! given element are identical, but t y are (1766-1844)
itoms of all other elements,

On the basis of Dalton's atomic theory, the atom can be deﬁ.ned as the bam:c
init of an element that can enter into chemical reaction. In this regard, he is
ccognized as the father of the atomic theory. However, this theory raised mo:: !
juestions and a series of investigations, in the late 19th century, be“ga; :l)l tf:t%gx;ic
hat atoms are made up of even smaller particles which are ca encutrino e
articles. These particles include electron, proton, neutron, gosxtrg:;, e
The arrangement of these particles within an atom determines its phy
*hemical propertics as well as ts structure.

L1 Discharge Tube Experiment o AT
Nilliam Crookes, a British physicist, and other scientists designe scharg
ubes which wc’re called the Crookes discharges tubes or cathode rays

(35)
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tubes. This discharge (ube was later slightly modified by J.J.
Thomson. The Crooks tube was used by Crookes m a
number of experiments and was later used in experiments
|cadmg to the discovery of protons by Gold Stein | | 886), X-
rays by W. C. Roentgen (1895) and of the ¢lectron by J. J.
Thomson (1897),

Construction of Discharge tube

Discharge tube (cathode rays tube) is a thick walled
glass tube from which most of the air has been evacuated. It has two md
electrodes (negatively charged electrode, cathode and positively charged ¢lectrod
anode) It is also connected to a vacuum pump to reduce pressute inside the tube.|

fitled with @ gas, air or vapours of a substance under low pressure (10 tqrr]. ‘
ttery (S000- 10000 V).

William Crookes
(1832-1919) |

electrodes of this tube are aitached 1o a high veltage ba

- —

Cathode / 2 C: : CE; : C: !: -@: :‘ g % anode:
o - . : | ‘ S s
= ——— 3 ( - =

f PRSI, A

& v.wuui_w;ﬁi#i

’ - :
13 \1 " ) X . -
W | AMAAMAAM—“A_—

Figure 2.1, Discharge twbe (cathode rays tube)

2.1.1 Cathodes rays-Discovery of the Electl:on -
The electric current Cannot pass through gases at grd nary pressure, \Yhen
inside the tube IS reduced and high fe?ltagc 15 upphgd, then the gas begins ;o. .
clectric current by producing a uniform glow inside the lub.e. »"l-'he oqlour s
depends on the nature of gas and also de_pend.s on the matcr‘lal_'of .glaSS‘lq_l}G‘;};f,
discharge tubg, the helium gas glo.ws with piuk colour while neon gloWS bl
orange red colour. When pressure is fun'1her reduced to O.Ql torr, glow ¢
and some invisible rays are produced in the tube, traveling from the n¢ i
charged electrode (the cath(‘)dc) to !h.e positively charged electrode (m", i
They produce glow on the zinc sulphide (a substance that prodm.:cs.a V!St 7 ;
whc‘ﬂ gtruck by 4 C harggd particle) coated glass wall of tube opposite t0 thee
Theserays are emitied from cathode, hence called cathode rays.

(36) |
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Crookes and many other scientisis conducted numerous experiments with
discharge fubes to study llje passage of eleetric discharge through gases during
[870s, I'rom experiments, Crookes coneluded that cathode rays were actually some
cortofparticles which possess momentum and kinetic energy. but other researches
helived cathode rays were form oflight.

In 1891, George Stoney, an_lrish scientist, proposed that electricity was
made of negatively charged particles calledelectrons.

( Electrons were first discovered by a British scientisl,
Joseph John Thomson (J.J. Thomson) in 1897, who was
more interested in electricity than atomic structure. He
modified Crookes tube and caleulated the charge-to-mass
ratio for the electron by studying the degree of deflections of
cathode rays in different strengths of electric and magnetic S
fields. He concluded that electrons are much smaller and
lighter than atoms, He found that the mass of onc of these
particles was almost 2.000 times lighter than a hydrogen
atom. Thomson suggested that atoms were divisible. and that the electrons w
basic constituent of matter.

J. J. Thomson got Nobe

and for his work on the conduction of clectricity in gases.
Properties of Cathode Rays

i) In 1869, Hittorf observed that
cathode rays produce shadow. when
anopaque object is placed in their way.
Thigptovc_s ﬁ:at they travel in straight
line in meabsmccof electrical and

magnetic field.

.i_f)- In 1870, William Crookes V=1 =
demonstrated that cathode rays can T"“‘- R == % "T

Olate a small thin mica paddle wheel
Placed in their way, It proves that

. F At s
Joseph Yohn Thomson
(1856-1940)

ere the

| Prize in 1906 in physics for discovery of electron

Qbject

Shadow

Cataode rays |

UL AL

Figure 2.2: Cathode rays cast a shadow

Cathode rays consist of particles I3
h?Y!ng. definite mass, velocity and
Momentum, Figure 2.3: Cathode ruys rotate 4 small

Dadl”a‘ wheel
(37)
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) In 1895, J. Perrin demonstrated
that cathode rays bend towards
positive plate of electric field. This
shows that, they are 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

Figure 2.4. Detlection of cathod¢ rays
in the-presence of electric field

Figure 2.5; Deflection of cathode rays 0 th¢

presence of magnetic held

pature.
= e T —— -
[nteresting -—-—-"- :
NOWl;d“Y « cathode rays are used as advertisement neon signs. Television pictd i
and monitors 0f computer are also cathode rays tube. The television and mov
pictures result due to fluorescence on the television and monitor screens coated
in fluorescent materials.
_ certain ]

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

They can 0nize a gas.
an pass through a very thin sheet of metal.

(38)
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g ——
«{) They produce fogging effect on photographic plates
«ii) They can causca chemical change because df their reducing pPOWET,

\]".)\Ul[‘;':i('i'l: ol &/m !(.37! (if.}' !('('li'“”

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

<2
7

b
2 & ~a

2 "o BN 24 s » o 14 o34 Yy
Figure 2.6 Discharge tibe used for measurement of charge/mass ratio of an electron

In this experiment. a beam of cathode rays is passed through slits of anode
Then cathode rays (electrons) are allowed to pass through eleetric and magnetie;
fields. In the absence of any ficld, the beam of electrons gives bright luminous épdt
el P,. When only magnetic field is applied, the beam of rays (eléclfoné) strik'c'q. at
pqmt P, When only electric field is applied, the electrons strike at pomt P, W;Jen'
bath the fields are applied simultancously, then electrons again strike a . '
flénce by comparing the strengths of both the fields and with the help of
Mathematical calculations, J. J. Thomson determined the e/m ratio of clcélroﬁ: it
Caleulated value is equal to 1.7588 x 10" coulomb kg ', this means th‘étﬂl k' i‘
Clectrons have 1.7588 x 10" coulombs charges. s

After the charge-to-mass ratio for the electron had been

Additiong] experiments were necessary to determine the
v ot g :
alueofigs charge so that the mass should be calculated.

determineq,

Megeiir ﬁ
(:L’asul ¢ment of Charge on Electron
Ir; :'"'k‘"‘ﬂ's Oil Drop Experiments)

. .909' Robert Millikan working at the University of

‘Cago, determined the charge on electrons by oil drop
“Xperiment

Robert Anidrew Millik:
(IROE-1953) e

(39)
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: )
~ Theapparatus consists of: |
1) Ametallic chamber having two parts:

(a) The upperpart: [t has an oil atomizer {(Sprayer). |
(b) The lower partt It has two S 0 -
electrodes A and B, These electrodes s
are used 10 produce electric field in

the space between the electrodes, .

i1) Thereisatelescope in lower part
to observe oil droplets.

1) X-rays are used inthe lower part
of chamber for ionization of gas.

V) Anarc lamp is used to illuminate
the space between the electrodes.

V) A vacuum pump: It is used 1o
adjust the pressure inside the

0% dropict Undes Obseruation |
chatber; Figure 2.7: Millikan's oil drop experiment
Wo l‘king measure the charge of an electron

A fine spray of oil droplets is j
produced by atomizer in the space above the two plates ( electrodes). A few drop
enter the space between the two electrades through the small hole. The ]
closed at once: the arc lamp 15 turned on to tHuminate the
electrodes. Without applying electric field. the
gravity. The velocity of fall of the
dircetly proportional ta its weight,
Vg~ v 1)

space betweent
droplet falls under the fomi
droplet is measured. The velocity of droplet

|

Now the air present
process, electrons are produced
charged. The electrodes A
electric field is produced.
clectric force). The

and B are then connected to

Now droplet is under w
charged droplets moy

with velocity V,, when eleetric foree s gre

0 forces (force of gravity
¢ Up wards against the force of gré

ater than that of gravitational force:
Yy = He-mg

= Hodmg | o b lieitn s Sl (i) |

By dividing eq. (1) by (1i). we have:

L = mg )

v m Sesssenniaenis, (i) 1
(40)
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By re-arranging ¢g. (111 ), we have:
. V, X mg + mg
e V, xH

By putting the values of velocities (V, and V,), force of gravity (g), mass of
droplet(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 calculate the
mass of the electronas 9.1 x 10" kg,

F Keep in Mind: \“,

Millikan and his coworker measured hundreds of droplets and found that the charge on
them was always a simple multiple of a basic unit, 1.59x 1 0" coulomb. From this they
 concluded that the charge on an electron was numerically 1.59x 10" coulomb. )

1

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

(¢/m)and charge on electron (¢).

¢/m value of electron = 1.758820% 10" coulombkg "'
Charge of electron = 1.602176 % 10" coulomb  ¢lectron
Mass of an electron = '?c

Mass of an electron et

By putting the values, we have:
1602176 x 10C / electron

Mass of electron = 1.758820 x 10" C/kg

= 910938 x 10" kg/electron
= 9.10938 x 10" g/electron

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

1e 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 (he

athode. This was due to striking of rays on the glass wall after passi ng throush the

anals or holes of cathode. Hence these rays were passing through the canL;tIs of
(4l)
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Cathode; therefore, they were called canal rays. Later On
these rays were called positiverays.

These rays do not emit from anode. They are posttive
1ons which are formed due to striking of fast moving
cathode rays (clectrons) with gas molecules in the disc harge
tube. As a result of this, they ¢ject electrons [rom the atoms
of gas molecules.

Eugen Goldstein
(1850-1930)

o> o>
e <ol

‘.

Figure 2.8: Canal rays

Properties of Canal Rays

Properties of canal rays are:
i) Theymoveinstraightline towards cathode. ;
ii) The behaviour of these particles in the magnetie or clectrical field is opposit!

that observed forelectronor cathode rays. ’J
j1i) Chargetomass (e/m) ratio is much smaller than that of electron. Charge ton

ratio depends upon the nature of gas present in the cathode rays tube. Hc.avier-{

gas, smaller the ¢/mratio. s |
iv) The lightest and simplest positive ions (canal rays) were produced
hydrogen gas and were called protons. The name proton was given by Rutherfor
v; The mass of canal rays 1s never lcs§ than that of proton,

Mass of proton (positive particle) is 1.00727amu or 1.6727 x 107K

Vi) L
) Charge of proton is 1.6022 x 10 “coulombs.

yii

elements can be identified by the number of protons (atomic number) i ™

; which have same number of prot { the 3
oms. The atoms : : protons are the atoms of he ™
z:emenl and the atoms which have different number of protons are the atom®
dit’fcrcn@ﬁ‘i‘i‘l‘f;__ /
S 42)
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2.1.3 Discovery of Neutron

In 1920, Rutherford predicted that some neutral particles having mass equal
to proton must present i the nucleus 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
(electrons 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 partficle.
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 e T T
o S adwiCck
neutrons because the charge detector showed them to be ™ J000 - 0000

neutral. Their nuclear reaction is:

¥Rt
3> 2C F on

“He + ;Be

Keep in mind: \

e Ina neutral atom the nur

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. ‘
nber of electrons is equal to the number of protons but the
number of neutrons in a nucleus is not directly related to the numbers of protons

J

. ond eleclrons.

Properties of Neutrons
Properties of neutrons are:

i) They are neutral particles.

11) They cannot ionize gases.

iii) 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. 1.00867 amu,
vi) Free neutron decays into a proton, electron and neutrino.

(43)

Sconned with CamScanner

e e S il ey 7 ST T & TS R . wm ooz =i



S N ST O |
y | ‘ 2 V. they are called fast
vii)  When neutrons travel with encrgy 1-20 MeV. they asl neutey
When they travel with kinetic energy 1-10 ¢V, then they are called slow nem n
Slow neutrons are more effective than fastneutrons. =
viii) When they are used as a projectile, they ean carry out nuclear reactions, g

example:

: e
a) f',n - l;N y B ¥ 5 He
g b
b) ot B C —— seCu + hv
bh g 3 6h -
Usesa ‘:c)L u 30 Zn -

They are used in the treatment of cancer, in nuclear fission and to m
radioactive elements.

/3 _ , >
Keep in mind:

The number of neutrons in the nuclei of atoms of the same clement can be diffe ' t
twoatoms have the same number of protons and different numbers of neutrons, thy
atoms of the same clement. However, they have dtifeteat masses becmnse
different numbers of neutrons. Such atoms are said to be i isotopes of edeh@m
isotope of an element is usually identified by its mass number (A), which is defin
_the sum of the number of protons and the number of neutrons in the nucleus ofana

Table 2.1: Prope: um of Three Fundamcntal Partlclcs
i : 4'-“~| ' A iazs , ,‘ VA

)/ '-’3'; i, ( '_
1 S ’_: -‘ ‘;(‘A...'
| ) N .‘ ar

gﬂ- -1 '6'0"'2‘2104“;! 000054 ,9 ‘093quzl B0
}}'15 l+1 6022x10""| 100727 [167262x,0~.; s
i i’ R ,..67493.x.-io-a§ 0 o

Example 2.1 5 %

How can you calculate the mass of proton relative to electron?
Solution: Gzpe

Mass of proton = 1.67262x10’2‘g

Mass of electron = 9.10938x10 %y .

Mass of proton relative to electron = 9

- (44)
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Mass of proton

Mass of proton relative 1O electron = V446 bE eleciron
167262 %1078
9.10938x10 g
= | 836
& _f
l.m?gh.,tbxi:uﬁ! ' ' . E ‘l:~ e ; V. --7 - :'_: ". ;i — - 3 ¥ 2 —' —y‘:{'—
"Héﬁéﬁﬁ?@ﬁ@@m@w}h@hmsﬂiﬁ weutron relaty & 10 el e "
AR AL 1= T N T T L RSO =
ford’s Atomic Model

2.2 Discovery of N ucleus and Ruther

2.2.1 Discovery of Nucleus

In 1911, the New Zealand physicist
‘in England performed an experiment. He bombarded -
particles on thin gold foil of 0.00004cm. The G-particles
were emitted from a radioactive metal (polonium or
radiuni). During experiment. he observed that, most of the
(e-particles (more than 99%) passed through the metal foil
directly without any deflection. but less than 1% (about | of

every 20.000) was deflected at different angles. Some of

these were deflected backward. They were detected by

photographic plate coated by ZnS. ;
Results of this experiment were pu

Lord Ernest Rutherford

(1871 -1937)

t forward l;y Rutherford in the form of

Rutherford’s Atomic Model.
Deflected nays\ Bwl' of Alpha Rays
e s

rartasass

Atom of Gold Foul N
Lindeficeted Alpha-Rays

Figure 2.9 Few Alpha Rays are deflected which shows
the presence of small positively charged nucleus

(43)
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7 3 Paes .
.22, Rutherford's Atomic Model

M“i“ points of Rutherford's atomic nodel are as follows:
1) Mostof the volume of an atom is empty space in which electrons moye an
the nucleus, |

1) Nearly all the mass of an atom is present in the central part, called "nucleny |
1) Thesize ofnucleusis v cry small as compared to the size ofatom, |
1vV)  Nucleus of an atom has positive charge. This is indicated by wide rangi
deflection of few-particles. |
v) Positive charge on nucleus is equal the number of protons in the nucleus.

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

vil) The number of eclectrons (negatively

charged particles) is equal to number of protons

(positively charged particles) in an atom.

Therefore. atom as a whole is neutral.

viil) The electrons are in constant motion around

the nucleus at large distances with very high

velocities like plants around the sun in their

orbits.

ix) Protons and neutrons are present in the

nucleus and they are called nucleons. Fizure 2000

x) There is electrostatic force of attraction Rutherford™s Atomic Mot

between protons and electrons.

Defects in Rutherford's Model

Rutherford's atomic model was similar to our solar system. It has following defet

i)  Rutherford's atomic model was based on the

Jaws of gravitation and motion which could INuclens

applied to the neutral bodies like plants but not to

the charged particles like electrons and protons.

ii) According to Maxwell’s theory, charge

particles i.e. electrons revolving in an orbit must

radiate (emit) energy. Therefore energy of

electron must decrease and 1t will go into spiral

motion. So finally it should fall into the nucleus.

Thus the atom would collapse.

i) If revolving electrons release energy

continuously, then they should produce a Figure 2.11: ivon
[_‘Emmuom spectruntbut in actual practice, line  SPiral Motion of Elee

gpectrumif 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 objcets at
| different temperatures. Planck said that atoms and
' molecules could emit or absorb energy only in discrete
quantitics (small bundles). Planck gave the name quantum
(meaning “lixed amount™) to the smallest quantity of energy Max Plafick
that can be emitted or absorbed in the form of (1858-1947)
electromagnetic radiations,

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

L or
! 1) A SRR A T L A “l
Where, £ is Energy of quantum, ¥ (nu) is Frequency and /1 1s Planck’s constant.

Its value is 6.6262 x 10 "J. sec. |
i¥) An atom or molecule can emit or absorb either quantum of energy (hv) or any

integral multiple of a quantum (nhy)
| BRIV s amie i eadie s minaian oo brasde (ii) i
ALY .e I

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

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

{uantum theory.
b requency
The number of waves passing througha point inone second 1§ called frequency. Itis
shown by v. [ts units are hertz or cycles/sec. It s measured by spectrometer.
/ A WX . .

Where ¢ is velocity of light that 1s 3 X 10'm/sec and A (Lambda) is
vavelength.

Note that ¥ is directly proportional to ¢ and mversely proportional o 2,

(47)
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Wavelength
: Tht': distance between two adjacent crests or troughs of wave is called W&Velen“ i
is shown by A (Lambda). Its units are m, nm orA’.
Table 2.2: Units of Wavelength for Electromagnetic Radiations

Amplitude | ‘,
The vertical distance from the midline ¢

..M?} s the wavele .,

=

hc number of waves present in one centimeter distance is called wave nur ':f
the inverse of wave length. Itis shown by ¥ (nu bar).

As,
y =¢Y *

Hence, N |
G, 7 A
y < s -
Its unitiscm ' Its STunitism ',

Atomic Number

The number of protons in an atom is called atomic number. Itisa
number. It isshown by Z, Atoms are neutral because ,t‘hey: have Lh

(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:
¢
P ==

A
By putting the value of v in equation (i), we get
c
Ry e il r - e e, (111)

/

So, energy of photon is directly proportional to veloeity of light and
inversely proportional to wavelength.

Relation between Wavelength and Wavenumber
Wave numb?r (¥) 1s the inverse of wavelength.

3 B — S
T or
Ba=heyl vy a= oo smranags (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 — ' —
tachorbit have a definite amount of energy and are ata fixed (1885-1962)

distance from the nucleus.
1) 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.
Iv) 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,)t0 second orbit
(E,), then the energy change is given by Planck's equation

(49)
g
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E2“El = hy or
AE . Es —E, = hy
Where, =

AE is change in energy, *h’is Planck’s constant and "V'is frequency
The angular momentum (mvr) of an electron revolving around the MUCleyy;

quantized. It is an integral multiple of Planck’s constant (nh) divided by2s,

_nh
Angular momentum (mvr) = 5
Ais

Where,

= 1,2,3.4, .00, Itrepresents number of orbits.

y -~

‘m’is mass ofelectron, ‘v’ is velocity of electron and ‘r*is radius of orbit,

By putting the values 1,2, 3, etc. of n, we have:
-l‘-. _2_h > 2’1‘_, etc.
2r 2n 3m

nh

There is no fractional value for et

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

anyone 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 mv’ (pepulsive

- Consider an electron of charge e and gzik

rnéss m is revolying around the nucleus G |
with velocity v at a distance r. Nucleus has v “
total charge Ze', where Z is the proton ALractive

qumber and e is the charge on proton.
There are two forcesacting on electron:

i) The attractive or centripetal force

The repulsive or centrifugal force.
The centrifugal force which takes
electron aWaY from nucleus is:

i)

revol‘*“

v Figure 2.13; Electron #
mv : ydms‘“
| I L (1) the nucleus in the b
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The electrostatic force of attraction (centripetal force) betwe

nucleus 1s;
A NS

Ze.e
B - or

F o — or

(4me, )r?

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

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

centripetal force.
mv’ = Ze’
r 4ne r-
vz = Zc%
4ne, rm
2 Ze’

v = SRR A (i)
According to Behr's atemic model, the angular momentum of an electron is:
mvr o

nh
¥ 2xmr
By taking the square, we have:
> th (iv)
v = i mzrz : . .......
By putting the value of v' from eq. (iv) in eq. (iii), we get
Zez 1 2b2
4re,r m T 4ntm’c

Now, we can calculate the value of r,
et e s S

S ~4u2m2 Ze
(a1)
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n’ hzz:0
-

amZe”

Equation (v) can be written as,

e, n’
= 5 e
mme - Z

This equation tells us that, the radius, r of an atom is directly Proportiong|
the square of number of orbit (n). So higher orbit has larger radius. In the eq, (V)1

h-S " o
factor ;cg- isconstant. Its value is 0.529A° (52.9pm or 5.29x10™"m). Itis

bya, (Bohr’s radius).
Hence, 2
S
0 2
ame
Therefore,
— 2
£ oam i eggf or
2
b o 0 1
Z

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

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

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

The equation to calculate the radius of an orbit is:
2

n
I'= —% &

Z

Tbg.atomic number (Z) of hydrogen atom= |
Bohg’s radius (Value ofa,) = 0.529A" |
By putting the valuesofnas 1,2,3, 4 in the equationwi get: e

(32)
il
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(il‘)i 4

— x0.520A =

Radius offirstorbit of hydrogen atom (r,) =

_ data that distance between orbits goe ni cmm“ in =
from lower to higher orbits. Hence, o SR

ii) The third orbit is nine times away and fourth orbit is sixteen times away
from the nucleus. )

“alculation of Energy of am Electron (in H-atem)

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

BN =CRERPE SN omaa g (vi)
K.E = % v e | SO S (vii)

Potential energy is the amount of total work done for bringing the electron
am infinity to distance r.
P.oE = - R i (viii)
dme,r
In equation (viii) minus sign shows that the energy is released (or decreased)
eto attraction between electron and nucleus.

By putting the values of equation (vii)-and (viii) in equation (vi), we have

TR Ze?
E = Lt 3=

(2 fitva ) ik 4ne 1 )

Il < .
E 5 mv e (ix)

By putting the value of v from equation (ii1) in g
(33)

quation (ix ), we have
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E = l m. Ze” - Ze” or
2  dmgorm 4 e v ..
s o Ze
8ne,r 4ne r
By taking LCM we have,
2 2
E = Ze” - 2Z¢
8ne r
E = - LE AT M ates il o) T (x)
Bae, r

By putting the value of 7 in equation (x), we have

2
E == Zf 3 or ‘e
fpe D E :
amZe’
Vi Ze* . tmZe’ e |
8, n’ile, "
P Z’e*m
8e2n’l =
3 2
em Z |
E = - e e W
chhz 2 e (x1) |
In the above equation when constants (8, e, m, €,
constant K, the equ::ttion2 (xi) will become:
E =-Kx 2—2
n
Energy Ofelectr%g inthe nth orbit is:
Ell = - K K ——
2
n
The value of Kis 2, 18x !
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Where,

E, = energyoftheelectron in the nth orbit.
Z = Atomicnumber of the element.
n = Pnncipal quantum number. It shows number of shells.

[n the above equation:

1)  Thenegative sign shows that the electron is bound to the nucleus in the orbit by

the electrostatic force of attraction.
1i) As the value of increases, the value of £ should decrease but due to presence
of negat

ive sign in the formula. the actual value of energy will increase.

(E Example 2.3 )

Calculate the energies of electron of first four shells (orbits) of hydrogen atom.,
Solution:
The equation to calculate the energy of electron ina sheill is:
B, = = 218%10% 1x &
n

Atomic number of Hydrogen = Z = |

2
Energy of electron in,thcl“orbit(nal) =E, - 2.18x107"™ 7 x (_l_)?

- 2.18x107'%y

i

2
—-2.18x107'%) x -5-'-12.
(2)
— 0.54%107'8]

Energy of electron in thc_: 2™ orbit (n=2)=E,

It

i 1)?
Energy of electron in the 3" orbit (n=3) = E, ~ 2.18x10"% x | )2

— 0.24x107%)

2
— 2.18x10"18y « 1)
(4)°

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

= —0.14x10"%)

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

— S

(58)

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

hsorbed when an ¢lectron o

AE = E~E, = cociseesnvnonsnces (xiii) 3
According to Bohr's equation, the energy of electron inan orbit is: *
2
E, = - Kx £,,-
n- . R
The energy of electron in any lower orbit (n,)18: |
: |
El = = K x Z—2 !
n . &
The energy of clelctron inany higher orbit (n,) 18:
2
Ez — R~ K x EE-
n;

By putting the values of E, and E, in equation (xii1) we have:
> 2 2

Z
AE:"K"'T)"('K"’D_:’) or '

nz I
2 22 |
AE:(—KX—Z-,"*'K"T) or |
n; LY s
Z¢ z’
:KX-—-"KX— or
AE l'lf n22
1 1 .
AE = KZz[—f- =] e (xiv)
m 0

For Hydrogen atomZ =1, hence,
I

l »
We know that the valuclofK . 2.8 x10"*J, therefore,
AE = 218 %10 "=~ =71
n,

= the amount of energy needed when an electron jumps from
gjic%efoum orbit (n=4) of hydrogen atom.
Amountc;fenergyneedcd=AE=?

(36)
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The value of constantK = 2. 18 x 107'%)

The equation to calculate the AE is:

18 |
AE = 218x107" J[— 2 —

‘)

By putting the values wc havc

AE = 2.18x 1078 j—. !

@ @
- 2.18x10°“’1[l_ _16]

7]

= 2.18x10 8 221 L
16

= 2.18x10"%[ 2
L=

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

.

Calculation of Frequency
According to Planck’s theory, the energy change (AE) is directly proportional to the

frequency of radiation.
AE = hy
We know that,
AE = m’[— -
1 "2
Therefore,
1 1
hy = KZ[— - =] or
o
y = E_(_Z; [L = —11-] ............................ (xv)
h “ny.0;

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,
(57)
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Kz 1| 1
V= [ - ]

BECHE e
[ 2 _
By putting the value of ¥ in the above equation, We gct,

Y = —[—=- —]
HeSn. o
-§=£ Lﬁ__lq_] Or
he ny n
b } e | 1
Y= — 72— - —
hc [n,z n%l

i

The constants FK-can be replaced by constant R (Rydberg’s constant);
c

5 = R,Z[—

ny

=

)
-~
B
-

J

For hydrogen atom Z=1, therefore,
1 |
Y= Rol=~=xI
Unit of wave numberism ',
The value of R_is 1.09678 x 10'm ", |

Usefulness of Bohr's Atomic Model

i) Itisuseful to calculate the radius of an orbit.

ii) Itisusefulto calculate the energy of an electron.

iii) Ithelpedto calculate the AE, frequency and wavenumber. |
iv) It explained the spectra of hydrogen and hydrogen like atoms (ions)
He'",Li**and Be™.

y) Itexplained the stability of atoms and their ionization energy.
vi) [tshows the orbitsinhydrogenatom.

2.4.2 Spectrumof Hydrogen Atom i
Hydrogen spectrum is an important example of atomic spectrum. Whe” g
gas is filled in‘d;scha.lrge tube at very low pressure and then high voltage -
pluish light 18 emitted from discharge tube. If this light is Pass

I1CODA




spectrometer, several sharp lines of different wayelengths 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 i1) Balmer Series
i) 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 is 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.c. 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 higherenergy levelsi.e.n,=2,3,4, 5, 6,7 etc. to lowerenergy level i.e. 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 level n,(i.¢. 2, 3,4, 5, 6 etc.) 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 n.(i.e. 3, 4, 3, 6ete.) 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.e. 4, 5,' 6, ctp.) toa lom.:r

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; (L.e. 5, 6 ctt?.) to a Iow<.:r
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, call

: . AL . < ed
This Series appears mtra-rcd region. Continuum pﬁmdlﬁ
(e ’
n-o
n=Ss
Pung Setiey
nod R region,
Briicket serics
(IR region) g A
n=3 -
Paschen senes g
(IR region) 3

n-2 ' e

Balmer series > :
(Visible region) N
|
- _'l
,k,““,l 7
n=1 >
=
o

Lyman serics Fi 5 2 :
30 igure 2.14: The different spectral series produced
(U¥.1zca) due 10 electronic transitions
_'_I’ab'lg 2.3: The Series df Sp ctn
ping of Elestrons

Balmer | 3456.0 |
Plund | 67,89.0

R

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

i) The spectrumofmore complicated (multi electron) atoms. '
ii) The objections raised on Rutherford’s atomic model. osdy’p'd
iii) Zeeman Effect (splitting of spectral lines into still thinner and cl

(B0) J
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lines in the presence of magnetic field) and Stark effect (splitting of spectral lines
intostill thinner and closgl y spaced lines in the presence of electric field)
iv) Motionof electrons in three dimensional spaces. It explains motion of electrons

incircular 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.

R Y TR SO TGRSR s e, )
- R "¢--'-ro(‘;: 7y ) "?.\\\" P; o :1:_'-:
: M A ST A (A "I'-?‘.:';,‘B?‘.‘. )
el VY Y S

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 isa
lotof 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
b&munmblewmm ji comes back from lugher energy state to lower energy state,
dhe energy is released as light of specific colours. The colour of light depends on the
+tlement (metal) to be heated. For example, lithium compounds (LiCO,) create red
S0kours;sodium compounds (NaCl) create ycllox colours, barium compounds (BaCl,)
ategreen colours, copper compounds (CuCl) create blue-green colours, potassiom
Smpounds (KNO,) create violet-pink colours, rubidium compounds (RbNO) create

e
= 3 /

Wkted.colours, and slaminum, beryllium o magnesium povders creae brigh

Hecolours in fireworks. Z
S X-Rays - =

I

1 Production Properties and Uses
"roducss ’

oo ction of X-Rays

1395, 5 German Scientist Wilhelm Conrad Roentgen 5
SCOVered that when fast moving electrons collide with|

&y\ry .Inemj anode in the discharge tube, some unknown

v high Cnergy rays are produced. They were called X-

sii,lx'my S are electromagnetic radiations. They are nol i iy Conrad
“and are of higher frequency and shorter Roentgen (1845-1923)

(6l)
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wavelength than visible light. Roentgen was awarded the Nobel Prize i L

High voltage battery

ﬂ
1
Vacuum pump ’

L

o> o0—> O
Cathod S>> Anode |
-athode SOamrd :
?_'> . |
Fast }mvmg fP‘\P‘ |
glectron |
X-rays
Figure 2.15: Production of X-rays ‘

Properties of X-Rays

i) They are electromagnetic radiations and cannot be deflected by electric
magnetic fields. Thus, travel in straight lines.

ii) They are invisibleto the eyes but can affect the photographic plate.

iii) 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 componenﬂf
passing through living tissues.

v) Theyare highly energetic rays. Therefore, they ionize gases.

vi) They have high frequency. Their frequency depends upon the maf
anode. Due to this reason, different elements produce X-rays of

wavelcngthso i ‘ )
vii) The frequency of X-rays increases with atomic number of the element™

anodein the X-rays tube.

viji) Frequency of X-rays ranges from 3x10'® 10 3%10'*Hz.

) The wavelength of X-raysrange from 0.01 to 10nm.
(62)
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e Electromagnetic radiation is a form of encrgy that travels thro c-at a‘
constant speed of 3x10°ms™” and can exhibit wavelike o:lh pa%.ccle-likc

»  The frequency and energy of electromagnetic radiations are inverse proportional
toits wavelength, ly

\,

{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
orms of cancer.
i) 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-
s 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
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

rports.

) In industry, X-ray images are used to detect flaws (i.e. cracks) non-
structively in metal castings that are invisible. R

i) X-ray microscopes are capablc of magnifying X-ray absorption images so as
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 thé structure and function

[Proteins and biological macromolecules.
(63)
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2.5.2 Types of X-Rays
When an electron in the cathode rays collides with metal anode (target), it cap

an electron from an inner shell (K-shell) of the atom. The knocked electrgy,
have to leave the atom because there is no vacancy in the higher energy levels
produces a vacancy (hole) in the inner shell. The electron froy ¢
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

produces a K X-ray. The energy of the g
8% e A o¥ :
K transitions is higher than that of the s
._ c;/
K, transitions. <

Figure 2.16:

2.6 Quantum Numbersand Orbitals Rt
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 ofn l
Schrodinger was awarded noble prize in Physics in 1933 for semnga,

equation. The main problem before Schrodinger was where we would fi
electron if we were to look for it. According to Schrodinger: . y

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
density 1s greatest, An atomic orbital is the wave function of

locations about a nucleus. Keep in mind that the electron density is 178¢™

nucleus for hydrogen atom, indicating that the electron is most likely to be 1%

this region. The electron density decreases rapidly as the distance from the®™

INCreases. i
An atomic orbital, therefore, has a characteristic energy,

(64)
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cteristic distribution of} electron density (characteristic shape). The

C’mmﬂnae; equation works nicely for the simple hydrogen, The Schrodinger
S L;mno( be solved exactly foramulti-electron atom.
awnorhc pumbers which completely describe the behavior ( energy, size, shape,
ssitionand erientation or arrangement) 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
uantum number—the spin quantum number refers to a magnetic property of
Aectrons called spin.

p

L6.1 Principal Quantum Number
Vimber which determines the distance of electron from the nucleus (size) and its
nergy is called principal quantum number. It is 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

ve]y. Table 2.4: Total Number of Orbitals and Electrons in Shell.

* Total number of orbitals in the givwshgucm be calculated by taking square of
* Principal quantum number () of that shell. :
' The Maximum number of electrons in a shell can be calculated by 2n
formyla '
3 G’#.at'ér thc value of 'n' greater will be the distance of electron from the
Micleus ang greater will bethe gize of an atom and vice versa. '
] Greater he value of 'n' greater will be the cnergy of electron and vice versa, |
" the case of the hydrogen atom or single-electron atomic ions, such as He ™ and
Li'in 15 the only quantum number determining the energy. For other atoms, the
%d_epehds to a slight extenton the azimuthal quantum number. =
(65)
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2.6. 7i l
2 Azimuthal Quantum Number

Numbers |
bers which determine the shape of an orbital and the energy of an elecgm“‘,' |
guantum number. 1t is shown bygg

e numbers. 1ts values range from), | &

R

|

It shows IS Sabshell ‘
Itshows 2s,2p Subshells
2 Jtshows 3s,3p3d Subshells
2.3 Itshows 4s,4p,4d 4f Subshells

:;l];ticr extent than ‘n' is called azimuthal

s are always positive and insmall whol

M3 aaeen uBlon= 1L1f
n=1thent=(1-1) = 0
n=2then!=@2-1) = 0,
n=23 then/=(3-1) = 0.l
n=4thenl/=@4-1 = 0,l,

The co-cfficient of subshells 1.2,3.4 show the number of shells to which

subshells belong.
Table 2.5: Total Number of O

rhitals and Electrons m a subshell

| :
e - - -1 e —— . T
i y ' - 1Y
- - ¥ i
| 2 : 0 147 |6 T8
1 : | - i -
—_— - PSS e ———— -

er of orbitals in a subshell can be determined by the formula.2
subshell can be calculated by the fiormé

Total numb
and the total number of clectrons in a

2(21+1)-
Each shell

consists of one or more subshells or sub-levels. The _
subshells ina shell is equal to the value of n. For example in the first shell (27
thei‘e is only one subshell which corresponds to /= 0. There are two subsheﬂsg
in the <econd shell (1= 2). three (=0, 1, 2) in third shell (n=3) and so 08-%
uhshell 18 assigned an azimuthal quantum number (/). :
= pifferent subshells are usually represented by letter
following the order s, P: d,f andg. (Higtorically. the letters s, p, d. and 0
. the Use of the words sharp. principal, diffuse and fundamental wh 3
oe ings in Spectroscopy.) After f. successive subshells are 65
petically: & h and soon. The values of azimuthal quantum pumber 8=
alphd . orbitals (s-orbital has spherical shape, p has dumbbell shape:*

ahout :n 4 f has complicated shape). |

Magnetic Quantum Number 8
2.6~3 whiCh explains the orientation (arrangement) of the orbiml‘ L ".‘
Numb nug‘{c'ic or orientation quantum number. It also shows magnetle

(66)
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of electrons. 1t 18 .\‘hm\'ll 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
pomentun quantum number, L. For a certain value of 1. there are (21 + 1) integral

valyes of m, 83 follows:

: 1,,(‘"’ ')““O"'(fl”l)'.l y

m = 0,xL.£2, .., x
= #2101 =2

Forssubshell, 1=0, then m=0

There 18 un!y one orbital in the s-subshell. This orbital has same orientation
along X, yand z-axis.
s Forpsubshell, 1 =1, thenm=[(2 x1)+] | or three values of m, namely, +1,

J'[ means there are three different orbitals (pX, py and pz) in the p subshell.

']'hg'otbna’ls b'ave the same shape but different orientations in space. In addition, all
orbitalsofa given subshell have the same energy.
k. Por;i subshell, 1 =2, thenm=[(2x2) 1] or five values of m, namely, +2,
H, =1 -2 [tmeans there are five different orbitals ( dxy, dyz. dxz. dx’-y" and dz’)
mnthed subshell. All of these orbitals have SAME Cnergy. ;

2.6.4 Spin quantum number
i"oﬁcgfnsplns around.im own axis, much in a similar way as carth spins around
SPiUOfanI:]“hlle revolvin g around thp sun. Numbc:: which shows the direction of
ca”ed'%. .ecn'on.around 1S Oown axis 1s.called SPin quantum number. It is also
s 5 magnetic quantum number. It is denoted by m, where, the subscript ¢
e ;n‘:?m. It has two values+1/2 and ~1/2. The spins are also designated g
i iy Aupvwlard arroyy and the value +1/2 show that the electron Spins i
_Vise direction. The downward arrow and the value —1/2 show thy %
MSpins in clockwise direction, iy

Figure 2.17: Spinning of electrons

(67)
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Shells, Subshells and Orbitals 5
A group of subshells with the same value of principal quantumi number (n) sk
as a shell. Itis also recognized as orbit or energy level. The shells are designated
the letters K. L, M. N, O, P, and Q, counting from the nucleus outwards. |
principal quantum numbers (n) arel,2,3,4,5.6.7, ... respectively. The laf
value of 'n' the higher is the energy of the shell and vice versa. The nume
electrons in a shellis calculated by 2n’ formula. First shell (n= 1) has 2, seconds
(n=2) has 8 and third shell (n=3) has |8 electrons. | |
Each principal energy level (shell) is divided into sub-levels. They ¥

known as subshells. One or more orbitals which have same values Of',}-

quantum number (n) and azimuthal quantum number (/) are called subshel:

number of subshells within a given shell is equal to the value of n. Thus:"

shell (n = 1) consists of only one subshell, the Is; the second shell (n=2) 9%

two subshells, 2s and 2p; the third shell (n = 3) consists of three subshells: 37

3d: the fourth shell (n = 4) consists of four subshells 4s 4p A 4f, and®"

Now it is clear from the above discussion that whe;n a ,nee\:':shell is added ™"
add anew subshell. This is because; each shell to a larger distance from 6%
provides more space for new subshells containing more orbitals. The ™%
number of electrons in asubshell can be calculated by2(21 +1). The \

has room for 2 electrons, the p-subshell has room for 6 electrons, the @™

(68)
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has foom for 10 clcamns.jan:i 1h|$. l'-suhw;h:cll has room for 14 electrons
These may be shown‘as syp.d L and F. A convenient way to designate such a
configuration is to write the shell and §ubshcll designation and add a SUperscript to
denote the number of electrons occupying that subshell. For example, the ¢lectronic
configuration of the calcium atom is written as follows:

Ca = 1s%,25%, 2p°, 3%, 3p°, 457

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
orbitals in a subshell is calculated by the formula 2/ + 1. Thus each s-subshell (/= 0)
contains one orbital; each p-subshell (/= 1) contains three orbital: each d-subshell
(£2) contains five orbital, and o B B S
so on. The orbitals of the same -
subshell in a shell have same
energies and are called
degencrate orbitals.

If two electrons in an
alom have the same principal §

and so on.

EIENES
quantum number, the same et Hes '
5
angular momentum quantum !
nAumber, and the same
Magnetic  quantum number, :s:.’- ko Yo ns

the el i '
- cctmns. e sl be 1 Figure 2.18: The arrangement of shells,
| the same orbital. subshells and orbitals in an atom

26,5 Shapes of's, p, and d-Orbitals

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

Shape of s-orbitals
¢call that {he azimuthal quantum number for s-subshells is 0; hence. 1t must have

8hetic quantum number 0. Thus there is only one s orbital in each shell. All s-
orb; ; : T . S
hitals have spherical shapes and are shown by circles. The probabi ity of finding

(69)
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an s electron at a given distance from the nucleus does not depend on direeqie
depends only on the distance from the nucleus. The clectron density is high nege
nucleus for an s orbital, It decreases sharply as distance from the nucleus ines
it never goes to zero, even ata large distance. If you ask someone where the g "j‘_
15, he or she could not show the exact position of electron. This means that 4,
does not have a definite boundary and definite shape. However, we usually 1
line around the outer edge enclosing (he volume where an electron spends
(say, 95%) of its time. The space where the probability of finding the elecir
maximum is called an orbital. The 1s orbital represented in this manner is
sphere, All s orbitals (2s, 35, 4s, and so forth) are spherical in shape butdiﬁ'g,-,;,g ’
The size and energy of s-orbital increases with increase in the value of princ
quantum number (n), For example the size and energy of 2s orbital is largetﬂﬁ]
orbital. The probability of finding clectron between Iwo orbitals is zero. 'nusﬁ
is called nodal plane or nodal surface.

Y
Y I jl . i
| "/
X X x
-orbital 3s-orbital

1s-orbital 25

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

Shapes of p-orbitals <
As we know that the p-orbitals start with the principal quantum numw
Beginning with the n=2 shell, the value of azimuthal quantum numbﬂf.
subshell is 1; therefore, the possible values of magnetic quantum num'-
subshell are +1, 0 and - 1. The three values of magnetic quantum numbe’ o
the p-orbitals have three orientations in space i.c. along X, ¥ and z-8X1S: n gt
have three 2p orbitals: 2p,. 2p, and 2p,, which are oriented in Space at ' ',
one another along the three coordinate axes x, y, and z. These three I, 4

identical insize, shape, and energy; they differ from one another only iR
(70)
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pa-ocbital Py-orbial pz-ocbital
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 (dxy., dyz, dee.dv' s 'and d°). Each d-orbital
aas clover leaf shape except d2” which has dumb-bell shape. The orbital d/* has two
:gg shaped lobes and an cxtra 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-
bitals of the same shell (3d orbitals) in an atom have same eneray. The d-orbitals
74" and higher shells have shapes similar to 3d orbital, but differ in energy and
tze. They are shown as:

Y Z
4 A

P @

N

dxy-arbital ‘

&
dx’-y -arbital dr*-orbital
Figure 2.21; Representation of five d-orbitals
The fourth shell (n = 4) contains four subshells specified by s, p, d and f

ozeﬁre seven equivalent f-orbitals. Eachorbital has eight lobes. The shapes of the
Hals 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 {~orbitals inbond fonnatiom
donot represent their shapes in this book.

2.7 Electronic Configuration
The distribution of electrons in various subshells in the increasing energy juy
get the most stable arrangement of electrons in the subshells is called eleg
configuration. For many electron atoms, WE must know how the electron
distributed among the orbitals of various subshells. If we know a set of three
then we will be able to predict for each element which orbitals are occupi|
electrons. The rules for distribution of clectrons 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. ?ﬁ
This principle states that, “The &
electrons are added to subshells in
the order of increasing cnergy

level™.

In other words the electrons R S
: RIS : ~o 1
are first placed in low energy \\e\' =
subshells when low energy Fa 0 e
subshells are filled, then they are “\\\ \ |
placed in to higher energy Alﬁﬁ
subshells. The order of increasing Figure 2.22: The order of cnct‘g)'d‘if“ '

of electrons N su

g5
1s,25,29, 3. 3p, 45,34, 4p, 55, 4d, 5p, 65, 4f, 5, 6p. 75: 5668 !
)

ont

The n + / rule helps to determine the energy order. According’ A
the electron will first enter into that subshell which has lowchajue ofn ™™
values for two or more subshells are same, then electron will enter it

which has lower value of n.
(72) ' ‘
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iy D= | : 342-5 '
..______2,:.0.:’ 2 __‘{S 440 :;
i3 e e 4p 341 =5
..-J—-—_-3;?—0~f—3-—— 4d 412+6
INNRLL S 4f y=7

372 Pauli Exclusion Principle

i 1926, an Austrian scientist Wolfzang Pauli gave the
exclusion principle. According to this principle, no two
sectrons n the same orbital of an atom can have the same
wlues of four quantum numbers. 1t means an orbital can
hold at the most two electrons which have the same value of
firee quantum numbers 0. / and m, but must have the

different values of spin quantum number i.e. opposite spins Wolfgang Pauli
*)). For example, Helium atom has two electrons (1900-258)
1 1s orbital. The spin of these electrons should be in opposite direction (TL1). The
mrallel spin (11 or 4.1) of electrons is not possible. The values of four guantum
numbers for both eleetrons of heliumare given in the table.

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

T e S L+ A, SN

2:13127"% German physicist Friedrich Hund found a rule
fleotr: Wﬁon of the lowest encrgy ar_rangcment of
Mot nsinasubshell. Hund's rule statcs that, “When two or

degenerate orbjtals (same cnergy orbitals) are

Natlable \
:"'abk" then the electrons should be placed n separate

ialg i :
KIS with same spin rather than to put them in same

BB
m:;m,oppositc spin’.

and fe. S We know p-subshell has three, d-subshell has five

beyi Subshell has seyen orbitals. The pairing of electrons

Friedrich Hund
(1896-1997)

s in i . ;
ord;m"}m?rpmbnals only when the fourth el_ectro.n enters into p-orbitals. In case
o010 ectrons begins with the entry of sixth and eighth

Sectron re. itals the pairing of el
fespectively, Hund's rule results from the fact that electrons repel one

(73)
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another and therefore remain as far apart as possible. They can be lower i gypeed
they are ip different orbitals. The electronic configuration in the orbitalg oo
element s given in table 2.9. |

Applications of Rules

1) These rules are used to write electronic configuration of elements,

1) These rules are used to predict valency.

1) These rules show number and type ofhalf-filled orbitals,

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

2.7.4 Writing the Electronic Configuration of Elements ,
Before we assign the electronic Ny
configurations to atoms of the the orbital or subsi
different elements, we have to know 2 /

the methods of representing these Is

configurations. There are two different / 3
ways (methods) f'or xt'riting the wﬁgﬁmb« Type of orbital or
?ICCtl'OﬂiC C (e preanion otag at.om' Now we can say that this is s-subshell .'u"-‘-
1) In this method. we write the which has two electrons in s-orbital and l’
symbol for the occupied subshell and this s-subshell belongs to fist shell. )

add a superscript to indicate the Fizure 2.23: Method of writing the electron
' configuration e
number of electrons in that subshel] |
and then we write the principal quantum number before the particular substcl
The electronic configuration of Helium atom is shown in figure 2.23. Theel
configuration of nitrogen atom can be written as 15° Zszzp-“, 3

i)  In this method, each orbital of the sub-shel] is represented by a box ,
electron is shown by an arrow (7). The arrow points up when electron
anticlockwise and down when electron spins clockwise If an orbital contﬁi“i‘.
one electron, an armow pointing upward (1) is placed in the box. Ifan orbital ol

ewo electrons, the second arrow pointing downward (1) is placed in the bX %
two electrons in 01.‘bltal v\t}}.ch have opposite $pins are said to be paired. ThC g
electron in an Ol"blt.al \.’Vhl‘ch has NO partner of opposite spin is said to be U 'g
The prionty 1s given to this method over the first because it repres=

tron.

urg
the 0 (1)
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rable 2.9: Electronic Configurations and Orbital Diagrams for First 18 Elements .

% Instead of wnung out the whole dectromc conﬁgmanon of an clement, we
write the condensed clectronic configuration by writing the electronic

(73)
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conﬁgm'aliou of the prcwous noble gas. The electronie conﬁgum e
gas is represented by its chemical symbol i in brackets. For to‘xampl y
cotxﬁgmtmnof stlicon is written as [Ne|3s 3p

Where, [Ne] denotes the “ncon core.” Simmlarly we can'y
conﬁgurauon of calcium as [Ar]4q
Tuble 2.10: The Candeénsed form of Eleetronic Configurations from Potassy
0 Krypton (2 = 36)

== > NI - o

4s 34’ aswemxght expect. S!m»llla']' 'théeleetrom B A
is [Ar] 45'3d’ mther than [Ar] 45°3d’. T o e
completelyﬁlied(?»d )suhshelfsaremoreslabl‘__than sartially 11}

........
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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
from 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 lhef 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.
Isotopes 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 electron revolves around the
nucleus in the circular path with a definite amount of energy. He called these
paths orbits or shells. : |

7 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 cm}tains only one
electron, the energy of an orbital depends only on z. Inamulti-electron atom,
the energy of an orbital depends on both 7 and /. The lower the value of (n/) -
for an orbital, the lower is its energy. If 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. ~

% According to Aufbau principle, the electrons arc added to energy subshells in

the order ofincreasing energy level. : o

> Pauli Exclusion Principle states that no two elecmnsm the same orbitalofan

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

» Hund's rule states that the pairing of electrons in the degenerate orbitals

~ (same energy orbitals) does not take place until each degenerate orbital has

gotone electron each.

‘/

Scanned with CamScanner



Questions and Problems

Q. 1.

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

1) The fundamental particles of an atom are:

(@) 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
ili) The colourofthe glow inside the discharge tube depends upon:
(a) Nature of discharge tube (b) Nature of the gas
(¢) Nature of cathode (d) Nature of anode
iv) Themass of electron 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
(¢) Nine (d) Sixteen
vi) Whichone ofthe following clements is NOT radioactive:
(a) Uranium (b) Polonium
(¢) Radium (d) Germanium
vii) The properties of clements are determines by:
(a) Atomicmass (b) Mass number
(¢c) Atomicnumber (d) Allofthese
viii) When 6s orbital is complete, the entering electron goes into:
(a) 7s (b) 6p
(¢) 5d (d) 4f
ix) Ifnis equal to4, thenZis equal to:
(a) 0 (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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Q3.

Q.4,
Q..

A ol s MV TS TN - g Sy ——"\‘-W\“‘\"“.\‘w‘w;‘y_:i;

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 A(1.00727/1.00867)

ii1) Pfund series of lines appear in region of spectrum.
(UV/IR)

iv} Mathematical value for Bohr's radius constant (a,)is . (5.29
A’/0.529A7)

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) The subshell p has shape. (spherical/dumbbell)

ix) The wavelength of X-rays is than microwaves.
(greater/lesser)

x)  Wavelength of large sized particlesis very _(small/large).

Label the following statements as True or False:

i)  Neutrino is the fundamental particle of an atom.
if)  The electric current cannot pass through gases in the discharge tube at

760 torr. ; -
iii) The mass of electron inkgis 9.11x10 .
iv) The charge to mass ratio of canal rays depends upon the nature of gas

in the tube. 5
v) Planck'sequation is E=mc". :

vi) The electronic configurationof H is Is”.

vii) Ifn=4,then/isequalto0,1,2. -

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

orbitalsis zero is called nodal plane. _ _
What is discharge tube? Deseribe the experiment 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.
Q.18.

Q.19.

Answer the questions given below

1) Thecathoderays are produced when pressure inside th

: , ) : ¢ d1schapes.
is reduced and high voltage is applied. T

i) The charge-to-mass ratio of cathode rays remaing same, g -
which gas is used in the discharge tube. e
i) The charge-to-mass ratio of cathode rays is equal to that of elepy,
1v) The evidence that cathode rays consist of neg"aﬁmr
particles.
v) Electrons are the elementary particles of all the matter,
What are canal rays? Give reason for the production of canal Tays.
What are the properties of canal rays? >
Explain the following withreasons:
1) Thepositiverays are also called canal rays.
i) The canal rays depend upon the nature of gas
iti) Thee/m values of canal rays fordifferent gases.ate di.ﬂ'ﬁrcﬁfu 8
1v) The e/m value of ¢athode rays is 1836 times greater than . e
thatare obtained from hydrogen gas.

How were neutrons discovered? Deseribe the propertiesofnet!tmnfs.»;
Slow neutronsare more effective than fast neutrons, how? -

Explain J. J. Thomson experiment for determining the ¢/m 0%
electron. gt 2
Compare the propertics of fundamental particles of atom. b

Which two types of subatomic
for an atom to be neutra]?

What is the atomic number of an
I8 neutrons? Also caleulate its m

particles must be p’l‘t:&'»em“‘‘q"lill

atom that has 17 protons, 17 €leete5
; ass number. : |
An atom with mass number of 36 contains four more neutrons that P
What is the atomic number andname of thisatom?

Dis.cuss R.u'therford?s experiment for the discoy ery of nuclens. o
Write main points of Rutherford’s atomic model, What are the 44
this model. ;

What are the most important points of

)
Planck's quantum theo" =
what a quantumis? anqks :

(80)
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20, What is the relationship between?

Q2L

a) Frequency and wavelength
b) Wavelengthand wavenumber

Define the terms given below:
(a) Frequency (b) Wavelength
(¢) Wavenumber (d) Atomicnumber

(e) Amplitude

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

0.23.

demerits of this concept?
Dertve an expression for the radius of nth orbit of hydrogen atom with the

helpof Bohr's model.

Q5.

Q.26

-—

0.24. Derive an expression for calculating the energy of an electron in the n”

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 (o the square of number
oforbits (n’).

¢) Theenergyofhigherorbits is greater than lower orbits.
d) 'meencrgyo}f:lectron at an infinite distance from the nucleus is zero.

€)  Theradius of cation is smaller than its parent atomic radius.

) Velocities of electrons in higher orbits are less than those in the lower

orbits of hydrogen atom.
g)  Why the size of helium jon (He') is smaller than hydrogen atom as

both have same numberof electrons in the first shell”?

1. Whatdo you know about Zeeman Effect and Stark Effect?
- Whatis spectrum? Explain the spectrum of hydrogenatom.

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

b
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i)  Whichsubshell in each ofthe fdllo‘wing pairs is higher in energy?
(1) 4porSs (ii) Ssor op (m) Gsoraf

i) Whatisthe meanmg of3p™

k) How many unpaired elecj:mns are pmsentm oxygen ang
mthegmund smte 3

silicon atoms




