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Chapter-2 Structure of Atoms

INTRODUCTION i

Q.1

Ans:

Q.2

Ans:

Q3

2.4

Ans:

Faal¥

What was the idea of Greeks about matter and atom? —~KB)

IDEA OF GREEKS AROUT MATTER " | | .

Ancient Greek philosopher Demugritus sufGes ited 'that| rpavter, 1S/ campgsed of tiny

indivisible particles called atoms, \ B _

Where frnm the word.atom wag darivec? | (K.B)

Q_RL_V._A;'QNL;':\”J—O_“RD ATOM

The naifne atoiniwas\deri'ved from-the Latin word “Atomos” meaning indivisible.

V\,hu gave'the\Atomic Tieory? (K.B)
ATOMIC THEORY

Ir t. e begmnlng of 19™ century John Dalton gave Atomic Theory.

Who revealed that atom is made up of subatomic particles? (K.B)
BATOMIC PARTICLE

In 20™ century Goldstein, Rutherford, Bohr and J.J. Thomson revealed that atom is

made up of subatomic particles like electron, proton and neutron.
2.1 THEORIES AND EXPERIMENTS RELATED TO

STRUCTURE OF ATOM

(A) DALTONS ATOMIC THEORY (K.B)
In the beginning of 19™ century John Dalton put forward Atomic
Theory. According to it all matter is made up of very small
indivisible particles called atoms.

All matter is composed of atoms.

An atom is indivisible, hard, dense sphere.

Atoms of the same element are alike.

They combine in different ways to form compound.
ote:
In the light of Dalton’s atomic theory scientist performed series
of experiments, but in late 1800’s and early 1900’s scientist .

1%,

Z o o o

discovered new subatomic particles. J.J. Thomson (1856-1940)
(B) CONTRIBUTION OF J.J THOMSON (K.B) | was a British physicist.

- .- He was awarded the
J.J. Thomson (1856 — 1940) was a British physicist. He was | [o.c™ vopre  Pprize in

awarded the 1906 Noble Prize in physics for the discovery of Physics for the discovery—

electron and for his work on the conduction of electricity in gases 5 électron and; foi il; T\

e He discovered electron. - e N [wirk o thd cotucsipn
e He determined e/m ratio of electiGi. AR R E R R R b bl i

e He put forth plum puttifig theery Y \ |

(C) PLUNM-B!JDDING.THEORY [/ | | ) ' (K.B)

Thomsor! purt, foith, his “flemy m}é@n; "M‘ury He postulated that atoms were solid
structute’ ¢f Dositi’ ety ci‘arm with tiny negative particles stuck inside. It is like
P u n inithe) DUUdmu

I Positive ball

Negatively charged
electrons
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Q.1

(i)

(i)

(iv)
(v)

T
) | l\._..ll |

Wil

How the cathode rays were discovered? What are their major properties? (U.B+K.B)
OR
How are cathode rays produced? What are their flve
major characteristic? N
(Ex-LQ. 1) (SGD 2015, 17, BWP 2036, '™ "N 271&)
CR =\
How was [tproved that Pl’C(I’OFS are fundamental-
particias of anraiom?- " (Ex-LQ. 2)
CATHCLE RAYS AND DISCOVERY OF ELECTRON

Intigdustinn:

I, 4872 \Str=william Crooks performed experiments by
n4ssing electric current through gases in a discharge tube at

Sir William Crooks (1832-1919)
was a British chemist and

very IO_W pressure. physicist. He was pioneer of a
Experiment: vacuum tubes. He worked on

He took a glass tube fitted with two metallic electrodes, Lseectroscopy.
which were connected to a high voltage battery. The pressure inside the tube was kept
10™* atm. When high voltage current was passed through the gas, shiny rays were emitted
from the cathode surface move towards the anode.

Why Called Cathode Rays?

These rays were given the name of 'cathode rays' as these were originated from the
cathode.

Beam of electrons- -

AAAAA

to vacuum pump
Battery

(1
Figure: Discharge Tube Used for the Production of Cathode Rays

Properties of Cathode Rays:

The major characteristics of cathode rays are as follows:

Travelling in Straight Line:

These rays travel in a straight line perpendicular to the cathode surface.
Casting of Shadow:

They can cast a sharp shadow of an opaque object if placed in thelr pul.;'

Deflection in Electric Field: - RN B i B A =

They are deflected towards posmvﬂ plat& m cn ﬁlec*rn |e_d -ghommq.ﬁ‘.eﬁ they are
negatively charged. - e e 4 .

Raise in Temgeraturp !

They rals,.~= tem ;e*'atl]“TF")f he de‘an w.‘lch 1“.:y faII

e/m Rafic;

J.l. *hornsm Cil ccverpj Lnew charge/mass (e / m) 'ratio:

J |

\pttlugtion GELight:
*=.git is produced when these rays hit the walls of the discharge tube.

Nature of Cathode:

It was found that the same type of rays were emitted, no matter which gas and which
cathode was used in the discharge tube.
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Ans:

(i)

(ii)
(iii)
(iv)

(v)

Conclusions:

(i) All these properties suggested that the nature of cathode rays is indegendent of i
nature of the gas present in the discharge tube or material of the (ath wde. [

(if) The fact that they cast the shadow of aii opaque ok cet Suigesled matithege A0t
rays but they are fast movi 1g mate riai ray tn I=s K hty weie “aivdi the name
electrons.

(iii)Since At the materials, pr (dl1Ct' same, t/pe of paricies, |t mieans all the materials
coritair, elecans:

(iv)As we ingw heterials ate somessed of atoms, hence the electrons are fundamental
rarticles of, gtoms.

IHcav the prdtens were discovered? Write down their properties.  (Ex-LQ. 3) (U.B+K.B)

J A ' (MTN 2017, DGK 2017, RWP 2016, BWP 2017, SWL 2016, 17)

OR

Draw a labeled diagram to show the presence of protons in the discharge tube and

explain how canal rays were produced.

DISCOVERY OF PROTON

Introduction:

Protons were discovered by Goldstein in 1886.

Experiment:

Goldstein observed that in addition to cathode rays, other rays were also present in the

discharge tube. These rays were traveling in opposite direction to cathode rays. He used a

discharge tube having perforated cathode. He found that these rays passed through holes

present in the cathode and produced a glow on the walls of the discharge tube. He called
these rays as ""canal rays".

_ ]
Canal Rays m _— 1 I | | |

-® On ©~
-® —®

(~) perforated cathode‘ IJ (+) anode

* to vacuum pump

Figure: Discharge Tube Used for the Production of Canal Rays.

Properties of Positive Rays or Canal Rays:
Travelling in Straight Line: - \ Py
These rays travel in a straight line in +a dII‘ELtIL n cppas te tc catl o*te ray<-.._ o
Deflection in Electric Fieta'

Their deflection in electrlc '-mt Maghe! | f eld prL)Vb\J th Al t!.ese wele posmvely charged.
Dependepnce; . - \ '

The natiara 0f » mal rays de ‘)uﬂdS unizz-ihe nature of gas, present in the discharge tube.
Orlmn

|4, -

N, h=s: ran/s do st orlglnate from the anode. In fact these rays are produced when the
tl,. tadde rays or electrons collide with the residual gas molecules present in the discharge

tube and ionize them. M+e ——M" +2e"

Mass of Positive Rays:

Mass of these particles was found equal to that of a proton or simple multiple of it. The
mass of a proton is 1840 times more than that of an electron.
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Q.1

Ans:

Q.2

Ans:

Q.3

Ans:
(4

“2ns

Q.5

Ans:

Conclusion:

e  These rays are made up of positively charged particles. -

e The mass and charge of these particles depend upon-ths iafure pf thé ges.in. s
discharge tube. Hence, different gates, srodice \ditterent typis'.or masiiive rays
having particles of ditferent mizsses and ciifelent charges.

e  Pesitive particles—grofuzied/ by & \gas wiil“he Gt the same type i.e. positive rays
preauced by e lighteit @as rydragen contain protons.

How were nettrons discovered? Write down their properties. (U.B+K.B)

(FSD 2017, RWP 2017 G-1 MTN 2016)
DI VERY OF NEUTRON

Historical Backgrounds:

Rutherford observed that atomic mass of the element could not be explained on the basis of

the masses of electron and proton only. He predicted in 1920 that some neutral particle

having mass equal to that of proton must be present in an atom. Thus scientists were in search
of such a neutral particle.

Experiment:

In 1932 Chadwick discovered neutron, when he bombarded alpha particles on a

beryllium target. He observed that highly penetrating radiations were produced. These

radiations were called neutron.

9 4 12 1
Be+ He—— .C+ n

Properties:
The properties of neutrons are as follows:

i. Charge: Neutrons carry no charge i.e. they are neutral.
ii. Penetration: They are highly penetrating.
iii. Mass: Mass of these particles was nearly equal to the mass of a proton.

2.1 THEORIES AND EXPERIMENTS RELATED TO

STRUCTURE OF ATOM
SHORT QUESTIONS

What is plum pudding theory? | e 2"316,1‘,"_)_(i'.|.3)_.
Answer given on pg # 59 R s V| - -
What is the contributionof\Sir Wrtiian Srobis? 3o VAL ' . (K.B)
Answer-gi7el on po#-60 FER - '

What iy ih lt.iug’s _d‘romi-_: th-_:o;‘xy"\- — (K.B)

Ansier Jiven rl py #59

oW rEdtion were discovered? (K.B)

Answer given above (Experiment)
Write down the properties of neutron. (K.B)
Answer given above
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Structure of Atoms

1. Matter is composed of tiijy'indiviziale particlas talled: (K.B)
(A) Element (B) Atcm _ (C) Conprund (D) Substance
2. Whick are threesguridamental Dal’UCl" of z7-atom? (K.B)
(A) lon! regicel, free redical | (B) Electron, neutron, ion
(C) gllectran, préton, ncutfon (D) Canal rays, X-rays, y-rays
5. Aemgothie same element are: (K.B)
{ {A) Different (B) Alike (C) Comparable (D) Active
4, In Goldstein discovered positively charged particles. (K.B)
(A) 1886 (B) 1896 (C) 1876 (D) 1836
5. Who discovered cathode rays? (K.B)
(A) Goldstein (B) John Dalton (C) Sir William Crook (D) Neil Bohr
6. Gas discharge tube experiment was performed by: (K.B)
(A) J.J Thomson (B) Rutherford (C) Dalton (D) William Crook
7. The pressure inside the discharge tube for the discovery of electron was kept:  (K.B)
(A) 10 atm (B) 10* atm (C) 101* atm (D) 10** atm
8. Who discovered the proton? (GRW 2014) (Ex-10) (K.B)
(A) Goldstein (B) J.J. Thomson (C) Neil Bohr (D) Rutherford
9. The mass of proton is times more than that of an electron. (K.B)
(A) 1830 (B) 1840 (©)2 (D) 3
10.  Canal rays were discovered by: (K.B)
(A) Goldstein (B) Thomson (C) Dalton (D) William Crooks
11.  Canal rays travel in straight lines in a direction to cathode rays. (U.B)
(A) Opposite (B) Same (C) Parallel (D) None of these
12. Canal rays carry: (K.B)
(A) Positive charge  (B) Negative charge (C) Neutral (D) None of these
13.  Which one of the following is produced by the bombardment of the helium particles
on beryllium? (K.B)
(A) Alpha particles  (B) Beta particles (C) Neutron (D) Garmima rays—
14.  The highly penetrating rays are: T (BB
(A) Alpha particles  (B) Beta particles U‘\ Ne Ny, (D] Bo AlrdB
15. Neutrons was discovered-sy: A (RWP 2017 G-I1) (K.B)
(A) Rutherford (B) Chadiwicr: (C\ B<, T, *5) William Crooks
16. Which’ ono of the-ut IoWiing is. m@\t‘ peer pj[(a irg? (Ex-2) (U.B+K.B)
(A) Prc: i B) Neutrea (C) Electron (D) Alpha particles
17.  Cangl rays ars actually '— (K.B)
= [ AR legtrons- ~ (B) Protons (C) Neutrons (D) X-rays
I.3." | /hich one of the following is the most penetrating? (K.B)
(A) Protons (B) Electrons (C) Neutrons (D) Alpha particles
19.  The concept of orbit was used by: (K.B)
(A) J.J Thomson (B) Rutherford (C) Bohr (D) Planck
CHEMISTRY-9 63
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Chapter-2 Structure of Atoms

2.1 TEST YOURSELF i

i Do you know any element having no neutrons in its atoms? - J— - (£.3)
ATOMSHAVIMNGNQ.NECTRGHS N '

Ans: Yes the isotope of hydrcge1 (D.me,[n) Has'\nd nheution It has one proton in its

nucleu~_a,m| gnzeiecurgn revolving.a oum it/
ii. Who disceverail e-le7ti on, p. gton and neutron? (BWP 2016,17) (K.B)
g L DISCOVERY
N Elec;[ron:

In 1897, J.J. Thomson discovered the negatively charged particles called electrons.

Proton:

In 1886, Goldstein discovered positively charged particles called proton.

Neutron:

In 1932, James Chadwick discovered the neutral particles called neutrons.
iii. How does electron differ from a neutron? (U.B)
Ans: DIFFERENTIATION

The differences between electron and neutron are as follows:

Electron ‘ Neutron ‘

Charge

e Electron is the negatively charged | ¢ Neutron is the neutral particle.

particle.

Location

o Electron revolves around the | e Neutron is present in thgiucleus.

nucleus. ) A AN (0

— = % L N |

“ Niass

e M 155 uf € Ief‘frdi. #$ 5,436 X lOQ'nuT & . Mass of neutron is 1 0087 amu.

iv. Explalr h) il anode rcy' a*u fuormed from the gas taken in the discharge tube.  (U.B)

ANng, y T FORMATION OF ANODE RAY

J U Yanode rays do not originate from the anode. In fact these rays are produced when the cathode

rays or electrons collide with the residual gas molecules present in the discharge tube.

M+le—>M" +2e
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Chapter-2 Structure of Atoms

2.1.1 RUTHERFORD’S ATOMIC MODEL _B

Q.1  How Rutherford discovered that atom has a nucleus located at the centre-s

neatum"’ anKB) 1A

Ans:_

WN

. |

OR

Explain the Rutherford’s atomic structure ._e)ipi‘rim.en_t il

atomic model in detail. | = -
Bl i/ \OR ! A
Write (10W 0 p( st ll atds )f Rutherfora’s Atomic Model.
THERFORD'S EXPERIMENT

.Q(_';o'id ron E"xperlment | o-Scattering Experiment / Atomic

Structure Experiment).
Introduction:

This experiment was performed by Lord Rutherford and his
co-worker in 1911. For his work he was awarded |[Nobel prize
for chemistry in 1908.

Objectives:
Rutherford performed 'Gold Foil' experiment to understand how
negative and positive charges could coexist in an atom.

Experiment:
He bombarded alpha particles on a 0.00004 cm thick gold foil.

Alpha particles are emitted by radioactive elements like radium
and polonium. These are actually helium nuclei (He?"). They
can penetrate through matter to some extent.

He observed the effects of alpha-particles on a photographic

plate or a screen coated with zinc sulphide. He proved that the ‘plum-pudding’ model of

the atom was not correct.

ITT 7

Rutherford

was a
British New Zealand
chemist. He performed
a series of experiments

using a-particles. He
won the 1908 Noble
Prize in Chemistry. In
1911, he proposed the
nuclear model of the
atom and performed
the first experiment to
spilt atom. Because of
his great contributions,
he is considered the
father  of  nuclear

science.

Xl .ﬁ ')Lce.“vatlon made by Rutherford were as follows:
e Almost all the particles passed through the foil un-deflected.

e Out of 20000 particles, only a few were deflected at fairly large angles and very few

bounced back on hitting the gold foil.

@3 W small
L ® jF e 9
D= X i >
® = =
e S T
e—F—- ) o - g
&2 2 £3 '
- = S |1, |
- M‘d = [ ™= L
&= s e w1 A B
& VD L
A A =k |
repe“‘:d = v A A v J
C/ | N e 1 b i
- o _- a J 7 Wy '=-"ge feant ion
_ o e ™
1_g_ Le: | S ati atiening of Aipha Particles by the Atoms of Gold Foil
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Chapter-2 Structure of Atoms

Results of the Experiment (Postulates of Rutherford’s Atomic Model):
Rutherford proposed planetary model for an atom and concluded followmf* msults

Q) Empty Part: |
Since most of the particles passed through ‘he foil-uii-aeflecteq, ‘hf refare miost-av the
volume occupied by an atem, is eminty.

(i) Center of Positive Charges:
The defiecticn of afaw pariicies hrdven thai thergis a "center of positive charges' in an
atom, wiwicn i3 talied “nuclzus’ of an'atom.

(i)  Dense ana ifard Huclous:

1@ dompleteralbounce of a few particles show that the nucleus is very dense and hard.
J N Slze-of Nucleus:

Since a few particles were deflected it shows that the size of the nucleus is very small as
compared to the volume of an atom.

(V) Revolving of Electron:
The electrons revolve around the nucleus.

(vi)  Number of Electrons and Protons:
An atom as a whole is neutral, therefore the number of electrons in an atom is equal to
the number of protons.

(vii)  Nucleon Number:
Except electrons, all other fundamental particles that lie within a nucleus are known as nucleons.

DEFECTS OF RUTHERFORD’S MODEL

Although Rutherford’s experiment proved that the plum pudding model of an atom was
not correct, yet it had following defects:
Stability of Atom:
According to classical theory of radiations, electrons being the charged particles should
release or emit energy continuously and they should ultimately fall into the nucleus.
Nature of Spectrum:
If the electrons emit energy continuously, they should form a continuous spectrum but
in fact, line spectrum was observed.

2.1.1 RUTHERFORD’S ATOMIC MODEL

SHORT QUESTIONS

Q.1  Give two observations of Rutherford’s atomlc model -~ | 2017 d- ) (1425
Ans:  Answer given on pg # 65 A T\ AR e
Q.2 How it is proved that theinucleus: i’“nfe andifardd 14 4L _ (U.B)

The comp'ete rebounceuf & few narficies shr w that f!.c nucleus is very dense and hard.

-“mmfms

AULTIPLE CHOICE QUESTIONS

_- J I' . [ fn ec-sCattering experiment Rutherford used the foil made up of: (K.B)
(A) Silver (B) Tin (C) Platinum (D) Gold
2. Alpha particles are emitted by radioactive element: (K.B)
(A) Carbon (B) Polonium (C) Neon (D) Vanadium
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3.

4.

5.

6.

| D

Rutherford used the photographic plate coated with: (K.B)

(A) Zinc sulphide (B) Zinc sulphite (C) Zinc oxide (D) Zinz sulphatn

According to quantum theory which type of spectrum is shawn: = “7 (| R)

(A) Continuous spectrum ] ~(B) Linesgeetruns™, ) | ¢ . —

(C) Emission spectrum ) (u\/- Yol OI'O*IO”] pectmm g

Rutherford used a thin leyer ofoid ¢ ffn ckriess: ) . (K.B)

(A) 0.000¢4=m (C3.0,004 cm’ b (C 2.0004 cm (D) 0.04 cm

Rutheifard won MNobiePrizefa: . | - (K.B)

(A) 1909 | | ._ | (B) 1908 - (C) 1908 (D) 1910

mll .2 BOHR’S ATOMIC THEORY

Write down the postulates of Bohr’s Atomic Theory. (U.B+K.B)
(LHR 2016 G-11, DGK 2016, SGD 2016, RWP 2016, 17)
OR

How Bohr proved that an atom must exist? (Ex-LQ.6)

Ans:

BOHR'S ATOMIC THEORY
Introduction:
Neils Bohr presented another model of atom in 1913, keeping in view the defects in
Rutherford’s Atomic Model.
Basis of Bohr’s Atomic Theory:
The Quantum Theory of Max Planck was used as foundation
for this model.
Energy of an Electron:
According to Bohr's Model, revolving electron in an atom does
not absorb or emit energy continuously. The energy of a
revolving electron is "quantized" as it revolves only in orbits of
fixed energy, called ‘energy levels’ by him.

Neils Bohr was a Danish
physicist who joined
Rutherford in 1912 for
‘l;ire;zsr;y his post doctoral
\ research. In 1913, Bohr
presented his atomic
model based  upon

v
Absorption
of energy

th e .1.92.7 Ncble Frize ) a1l

n=3 _ — Phisics jor fis o g
. . o 1 . w k

Figure: Bohr’s Atomic Moglel Shoving Orbits— = |, hn slrul+are ¢fle arom.

—

y K 1 1 1 1
) ‘]

Postulates of Bohr’s Atomlc Tneor_y \ \ iy ;|
The Bahr's)| Alerric IV"C‘"'°| mas hg?e\upm the sﬂo'\/\'/ing postulates:

\ Slrustars-of Hydrogen Atom:

The hydrogen atom consists of a tiny nucleus and electrons are revolving in one of
circular orbits of radius ‘r’ around the nucleus.

Energy of Orbit:

Each orbit has a fixed energy that is quantized.
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(iii)

(iv)

Q.2

Ans:

Emission or Absorption of Energy:

As long as electron remains in a particular orbit it does not radiate or-assorb energstiifie
energy is emitted or absorbed only when an-clectron iumesfrosi ong orbit tg ancthsei”

Change in Enerqy:

When an _e'.;:-ctron jumps-£fron 1wer Qrisit to.h!-;_;hm orhici absorbs energy and when it jumps
back fries Figher osisit to lovier Cioit it,raciates energy.
Thisthanga in 2nergy.AE ié given by following Planck'’s equation:

. | AE=E; -E; =hv
Where, h is Planck's constant equal to 6.63 x 10** J s, and v is frequency of light.
Angular Momentum:

Electron can revolve only in orbits of a fixed angular moment mvr, given as:

h
mvr=n—
2
Where ‘n’ is the quantum number or orbit number having values 1, 2, 3 and so on.

What are differences between Rutherford’s Atomic Theory and Bohr’s Atomic
Theory? (SWL 2016, MTN 2017, BWP 2017, GRW 2017 G-I, LHR 2016 G-11 2017 G-1)(U.B)

DIFFERENTIATION
The differences between Rutherford’s Atomic Theory and Bohr’s Atomic Theory are as follows:

Rutherford's Atomic Theory Bohr's Atomic Theory
Basis
e It was based on classical theory. e It was based upon quantum theory.
Revolution

Electrons revolve around the nucleus. | e Electrons revolve around the-naucleus-in i~
orbits of fixed-enargy. | | | |\l

tdea of Cirkir | | N [

e No idea about orbits was ir.__t_rc_g.ucéC: [ % Croitsiadasgular mésrentum.
ARTR AN __ _ ._ Irﬁth{e_n_f Spectrum
o Atoris -_'si-;éil'if_i."_"_a:dJCe':_._C(.)ntinuous e Atoms should produce line spectrum.
 dfectium, ..
- Stability of Atom
e Atoms should collapse. e Atoms should exist.
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2.1.2 BOHR’S ATOMIC THEORY i

SHORT QUESTIONS

What is meant by quantum? (To'vou krow- et Beok Py # 346K.B)

QUANT M
“Quantum means fixed encrgy. &5 thelsniallel amcunt 'of ‘energy thiit can be emitted or
absorbgsd §s clectromagrietic 1adiation, Duanita\is-phival quantum )
Who was, IMex Plainck? (Do you know Text Book Pg. # 34)(K.B)
MAX PLANCK
lae ‘as ¢ Cerman hybICISt (1858-1947).
Convribuion:

In 1918 Noble Prize in physics was awarded to German physicist Max Planck (1858—
1947) for his work on the quantum theory.

2.1.2 BOHR’S ATOMIC THEORY

Ans:

MULTIPLE CHOICE QUESTIONS
Quantum means: (K.B)
(A) Fixed volume (B) Fixed energy (C) Fixed pressure (D) Fixed temperature

The concept of orbit was introduced by: (Ex-3)(K.B)
(A) J.J. Thomson (B) Rutherford (C) Bohr (D) Planck
The value of Planck’s constant is: (K.B)
(A) 6.62x10°3*Js  (B)6.62x10%*Js  (C) 6.62x10°Js (D) 6.62x10 "2 Js
When an electron jumps from lower orbit to higher orbits it energy. (U.B)
(A) Absorbs (B) Emits (C) Radiates (D) None of these
The value of mvr is equal to: (K.B)
(A) ®) o © 2 (D) n~-

2r 2 T 21

2.2 TEST YOURSELF 7

How was it proved that the whole mass of an atom is located at its certie? (UE4KE),
LOCATION OF MASS OF AN ATOM-

Rutherford bombarded alpha particles on a 0.0J0904 cm-£i K aold" ful Al nust a I tw are ules

passed through the foil undeflected, (only few waie noumed L'atk The chmigicie rebounce of

few alpha particles showed ihaf the-nficiaiis isman gxtramel v smiali '\)SI?IV—‘|y charged part. It is

situated .at i€, center of.a-atmiand’ it cairies:nearty the wi ule mass of an atom.

How veag it shown.thai atomis. n\u\g ei'aire50sitively charged? (U.B)
POSITIVE'CHARGE ON ATOMIC NUCLEI

Alpiin partule ark helium nuclei (He)* i.e. doubly positively charged particles. The

deriection ana rebounding of a few particles showed that atomic nuclei (Centre of an

alora) are positively charged.

Name the particles which determine the mass of an atom? (U.B+K.B)
PARTICILES DETERMINING MASS OF ATOM

Protons and neutron present in the nucleus determine the mass of an atom. The sum of

number of protons and neutrons is equal to mass of an atom.
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iv.

Ans:

Ans:

What is the Classical Theory of Radiation? How does it differ from Quantum Theory?(U. B)
DIFFERENTIATION

The differences between Classical Theory of Radlatlon and QLanfu*n Th =0ry of

Radiation are as follows:

nnmmﬁmym

e According to classical fhfmy G+ Accoraing \ta quantum  theory of

radiatian electrons beinjy, the sharged | | “radiatiori, energy Is not emitted or
rarticles —shouls-, raigase QI amit ' absorbed continuously but it is emitted
erfergy/ ¢ontingoystly aid'triey=should or absorbed in the form of small

ulumatel'/\fail inta t5e nucleus. energy packets or bundles known as
- quantum or photons in case of light
energy. Quantum means fixed energy.

How can you prove that angular momentum is quantized? (U.B+A.B)
Hint: Let angular momentum (mvr) of 1st orbit is mvr = nh/2x
_ 6.63x107*

— —34 2.1
ox314 - 1.0 x 10" kgm*s

QUANTIZED ANGULAR MOMENTUM
According to Bohr’s Model:

nh . .
Angular momentum (mvr) = o (where n=1, 2, 3,..... and it is equal to number of orbit)
T

1xh

Forn=1, Angular momentum of electron = o
7T

2%xh

Forn=2, Angular momentum of electron = >
T

3xh

Forn=3, Angular momentum of electron = .
T

The angular momentum of an electron for n = 2 is twice the angular momentum for n=1 whereas
the angular momentum of an electron for n = 3 is thrice the angular momentum forn = 1.
Moreover the electron is bound to remain in one of these orbits and not in between them.
Hence the angular momentum of electron is quantized.

2.2 ELECTRONIC CONFIGURATION

Q.1
Ans:

Write a detailed note on shells and subshells. —_ Y (u-.w KB)
SHELL = ,'“ A |1

“The circular path of an electron around the nuy Ie- 15 |< cch°d >rr-\ll oF: pr' m ‘mai <nergy IeveI 7

Examples: T, \ u |

K, L, M, N etc. '

Propeitigy of a Shieil - \N

The prcperiied Hf a shell are as f(,' 0WS,

(i) Sheils arg {hn rmein elergy levels that electrons can occupy.
it Snells are_repiesented by circles around the nucleus.

' '_(i I’-Hie number of electron that a shell can accommodate is given by 2n?, where “n’ is

the shell number.
(iv) A shell also consists of subshells or orbitals.
(v) Energy levels are represented by ‘n’ values 1, 2, 3 and so on.
(vi) Shells are designated by the alphabets or shells K, L, M and so on.
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(vii) A shell closer to the nucleus is of minimum energy.

(viii)  Since K shell is closest to the nucleus, the energy of shells increases .rom K-shatt-
and onwards. ) i :

Shells and Their Energies: v A e T VAN o

1% energy level is K shell; it nas t:a 1w ecunugy )

2" ent—‘:g_/_le,'el is--sheliy it has more! E"IE|g\’f1an K sheII

3" enerqy I'gv'oi _is'.l\,1 shell; it has more energy than K and L shell.

/-*_” erergy I lg:l .ifi " sitell; it has more energy than K, L and M shell.
J',\ Ia'.‘:-dmurh' Capacity of Shells to Accommodate Electrons:

The number of electron that a shell can accommodate is given by 2n? where ‘n’ is the
shell number.

K shell: 2n?=2(1)?=2x1=2
L shell: 2n?=2(2)?=2x4 =8
M shell: 2n?= 2(3)?=2x9 = 18
N shell: 2n®= 2(4)?= 2x16 = 32

Figure: Showing Different Energy Levels
Or Shells Counted From the Centre Outwards

SUBSHELL
“Each shell consists of one or more subshells or orbitals. Each subshell is designated

by a small alphabet called letter s, p, d, f etc.”

Properties of Subshells: E N

First energy level or K shell has only onssubshell callsiz. :ub lueLI ' .f (PN =
Second energy level L, shell hs 1s 'iwo cnbsvll Feandpl o )
Third energy level M swe | s 'the* <uLsr P‘Is pr ahd'd. !
Fcurd energ.j |e=-ml of H she. has fcur.swbghens s, p, d and f.

AL F"‘ " Shell Subshell

"I..':' 1 K Only s
4 2 L S, p
3 M s, p,d
4 N s,p,d, f
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Q.2

Ans:

N ":'3':'-”'--'|

What do you mean by electronic configuration? What are basic requirements while

writing electronic configuration of an element? (B :_0.7) (U.B+KRY™ |
OR 5T [

Explain electronic conflguratlon and glve thie rules for, e-ccrronf(, cor i JL fation

A

Definition:
“The cictiibution of c.c“t*'ona areund the riticleu$In various shells and subshells
accordiag Yo iheirancieasin 3 ghergyis catied electronic configuration”.
PrlnCJJ_e LA T
TInlf lling zh° srths hells, electrons always enter in lower energy subshell first.’
1= Increasing order in which the electrons will enter into subshell is:
1s?, 25, 2p®, 35, 3p°, 4s?, 3d'?, 4p°, 55 etc.
Where,
(i) ‘n’ represents the shell number
(ii) Letters (s and p) represent subshells
(iii) Superscript shows the number of electrons in a subshell.
The sum of superscripts number is the total number of electrons in an atom i,e. atomic
number of an element as follows:
15?282, 2p°, 3%, 2p°....oe.

Figure: Filling Sequence of Electrons in
Subshells According to Energy Levels

Rules for Electronic Configuration:
(i) The most stable or ground state electronic configuration of an atom is the one in
which electrons are present in the lowest possible energy level.

(ii) The electrons fill the shells in order of their increasing energy, i.e. lower energy Ie\/ﬁ" TN\

is occupied first then the higher energy level and so on as |nd|catsu.¢,ar"er 9
The Maximum Capacity of Subshells to Agcommodate-Elecizons: | ' | e’
's" subshell can accommodate 2 eldctions.—t | 7 | 1 L N

"p’ subshell can accommodatt E-eiectiofns( ) | '_ SR\RR=N Y
'd" subshiall can acserimodite iCleléct) cns }
'f* subsiellcan actom. modata 121 alégtons.
The- '\/Idxnnum Cagar t\, of Shells to Accommodate Electrons:
e MU capacity of shells to accommodate electrons is as follows:
K shell: 2n?= 2(1) =2x1=2
L shell: 2n?=2(2)?=2x4 =8
M shell: 2n’ = 2(3)?= 2x9 = 18
N shell: 2n®= 2(4)* = 2x16 = 32
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As we know there is a slight difference between the energies of the sub shells or orbitals
within a shell, therefore, filling of electrons in sub shells of a shell is.such as that-s7
subshell is filled first and then its p sub shell and then other sub ghe IS lereiilled.

Q.3  Draw electronic configuration of first 18/elzments: o\ {(UBFAB)
Ans: ELECTRONIC CC"‘"'IGUP_A'IJC_N_Q__T.S_tl_f:i_:_zl\‘lél\lzé
B A A e
Hydrogen - =
W_____ ___ﬁe____ 2 132
! |U.iL_1Lr_-"—____+__ Li 3 1s%, 25
_EP_ yliium Be 4 157, 25°
Boron B 5 1s%, 2s°, 2p"
Carbon C 6 1s°, 25°, 2p°
Nitrogen N 7 15, 2s%, 2p°
Oxygen o) 8 1s%, 2s%, 2p*
Fluorine F 9 1s%, 2s%, 2p°
Neon Ne 10 15, 2s%, 2p°
Sodium Na 11 15, 2s%, 2p°, 3s*
Magnesium Mg 12 15°, 25°, 2p°, 3s°
Aluminium Al 13 1s%, 2%, 2p°, 3s%, 3p'
Silicon Si 14 1s%, 2%, 2p°, 3s%, 3p°
Phosphorus P 15 15, 2s%, 2p°, 3s%, 3p°
Sulphur 16 15, 2s%, 2p°, 3s%, 3p”
Chlorine Cl 17 1s%, 2s%, 2p°, 3s%, 3p°
Argon Ar 18 1s%, 2s%, 2p°, 3s%, 3p°
Potassium K 19 1s%, 2s%, 2p°, 3s%, 3p°, 4s
Calcium Ca 20 1s°, 2s°, 2p°, 3s P 4s -_i-

Q.1 Write down the electroni¢ cwrngL rat or o c1‘0| e, - (U.B+A.B)

Ans:  Answe’ a lveri asave” SN '

Q.2  Write dwm the Ple"t -oic| ccrt' ﬂurauon of boron and argon. (MTN 2017)(U.B+A.B)

Ans:_, Anshler (iven sl '

Q3 Wikat & iieant by electronic configuration? (K.B)
“£ns.  Answer given on pg # 70

Q.4 Write electronic configuration of carbon. (U.B+A.B)

Ans: Answer given above
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2.2 ELECTRONIC CONFIGURATION i

Q.2+

MULTIPLE CHOICE QUESTIONSaS

The p-subshell has: ! W[ [ O \EEHKB)

(A) One orbital (B) Two orkitals - (C} Three'orbitais | *(D)) FGur orbitals
M-shell can accommodats: ' . (GIKW 2016 G-11, LHR 2014)(K.B)
(A) 2 gigctrons (By8elections |\ () 15¢electrons (D) 32 electrons
Which o€, o1l thel follavying srigil czisist of three subshells? (Ex-4)(K.B)
(A) Qsheli L1 (3,48 shell (C) L shell (D) M shell

IHow/ many eiéctrons can K-shell accommodate? (GRW 2014)(K.B)
£4)3 (B) 2 © 4 (D)5

Maximum number of electrons accommodated by N-shell is: (K.B)
(A) 8 (B) 2 (C) 18 (D) 32

Which is the electronic configuration of CI*™? (U.B+A.B)
(A) 15, 25, 2p°, 3s* (B) 1%, 2%, 2p°, 3<% 3p°

(C)Bothaandb (D) None of these

Energy level is represented by: (K.B)
(A)m (B) n M (D)N

A shell closest to the nucleus is of: (U.B)

(A) Same energy (B) Minimum energy (C) High energy (D) Maximum energy

Write the electronic configuration of an element having 11 electrons. (U.B+A.B)
Solution:
The electronic configuration will be written as:
K L M
2 81
Further distribution of electrons in subshells will be: 1s?, 2s% 2p°, 3s".
Example:

Electronic configuration of Na: 1s?, 252, 2p°, 3s*

A

Wir it dywhithe'atectronic configuration of CI™ ion. (U.B+A.B)
A AN ELECTRONIC CONFIGURATION OF CI-

Solution:

We know that chlorine has 17 electrons and chloride ion (CI") has 17 + 1 = 18 electrons.
Its electronic configuration will be 2, 8, 8, which is presented in the figure. The further
distribution of electrons in subshells will be 1s?, 25, 2p°, 3s% 3p°.
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Q.3 Anelement has 5 electrons in M shell. Find out its atomic number.. 0 d).
ELEMENT WITH 5 ELECTRON IN M- SI—“:L L A

Solution:
When there are 5 electrons-in M she; I Itineaiy K ana, b, shell are "o*npletely filled with
their maximum capacity nf| 10" 2lectror’s. | Hahce-<he ‘2l¢ctionic._gonfiguration of the
elemeniis. .V KOL L '
w2785

So, the \otal nurnberiofieract ronsis 2 +8 +5=15

The nurber of =lzctrons in an atom is equal to its atomic number.
\hers{cie; atomic number of this element is 15.

[N
. 2.3 TEST YOURSELF

I. What is the maximum number of electrons that can be accommodated in p-subshell?(K.B)
Ans: NUMBER OF ELECTRON IN P-SUBSHELL
The maximum number of electron that can be accommodated in a p subshell is 6.
ii. How many subshells are there in second shell? (K.B)
Ans: NUMBER OF SUBSHELL
There are two subshells in second shell i.e. s and p subshells.
iii. Why does an electron first fill 2p orbital and then 3s orbital? (U.B)
Ans: FILLING OF ELECTRON
Electrons are filled around the nucleus in various shells and subshells according to
increasing energy. The energy of 2p orbital is less than that of 3s orbital. Therefore 2p
orbital is filled first than that of 3s orbital.

iv. If both K and L shells of an atom are completely filled; what is the total number of
electrons present in them? (U.B)
Ans: NUMBER OF ELECTRON IN KAND L SHELL

The maximum capacity of shells to accommodate electrons is:
K shell = 2 electrons
L shell = 8 electrons
Therefore, the total number of electrons present in K and L shell = 2+8=10 electrons.
V. How many electrons can be accommodated in M shell? (U.B+K.B)
Ans: ACCOMMODATION OF ELECTRON IN M-SHELL X
The maximum number of electrons that can be accommodated in. M sirzlls 18. I Sal ne:'
calculated by the formula 2n2. As forM shelh value s vy N '

Therefore, \ "
Maximum number of elecircns in, i ;h [l-= (" : )'— hx3% =250 = 18 clectrons.

Vi. What nthe °Iectron|r: sonfiguirationiof & h/ergen a&om? ' (U.B+A.B)

Ans: PAN - - HYDROCEN ATOM
The elet: tmmc or f| 1u atioh 'nf! hydrogen atom is 1s%.

Vii. rha is ato nlc nwnber of phosphorus? Write down its electronic configuration.(U.B+A.B)

= g PHOSPHOROUS
S atomic Number:

Atomic number of phosphorous (P) =15
Electronic Configuration:

Electronic configuration of phosphorous (P) = 1s,2s%,2p®,3s?,3p*
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viii.

Ans:

iX.

Ans:

Ans:

If an element has atomic number 13 and atomic mass 27; how many electrons are
there in each atom of the element? _(LFR)
ELEMENT WITH ATOMIC NUMBER 13 AND.MA5S7 [

In a neutral atom, atomic number = numbe; 0f protors, = riumbeorof',

Electrons = 13.

Therefore,

Each at&:i ov this elarierit Fasii2ielecticns:—

How mizny ewgrtrons will Hz ia-Msinell oan atom having atomic number 15?  (U.B)
LRI ELECTRON IN M SHELL

JAtonjic irurner =umber of electrons =15

£l ecironic configuration = 1s?,2s%,2p®,3s%,3p°.

Therefore, M shell contains electrons = 2+3=5 electrons.

What is maximum capacity of a shell? (LHR 2017 G-1)(U.B)

MAXIMUM CAPACITY OF ASHELL

The maximum capacity of a shell to accommodate electrons can be calculated by the

formula = 2n?

Where

n=1,2,3,4................ and it represents the shell

Maximum capacity of K shell = 2 electrons

Maximum capacity of L shell = 8 electrons

Maximum capacity of M shell = 18 electrons

Maximum capacity of N shell = 32 electrons

Q.1

Ans:

Define isotopes. Explain the isotopes of hydrogen. (K.B)
OR
What is an isotope? Describe the isotopes of hydrogen with diagram.
ISOTOPES
Definition:
“The atoms of an element that have same atomic number but different mass number are
called isotopes ™.
Isotope was discovered by Soddy.
Properties: [ ~= ) (L
The properties of isotopes are as follows: | |\ -~ "~ AN N O N0~
e They have same electresiic conﬁquraf.un and rur 1b°r of, prfox._ori': '
e They differ in the numler\of neutrois. -
o Isolous have ?. mila "henm“xi puoperfu«s ecause they depend upon electronic
configurat en.
.. "'hey hiave, dr‘fe,re“u physmal properties because these properties depend upon
A.0miC rasses.
o “Most of the elements show isotopes.
¢ All isotopes of an element occupy same position in the periodic table.

Example:
Hydrogen has three isotopes i.e., protium(}H), deuterium(7H)and tritium($H).
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ISOTOPES OF HYDROGEN
Number of Isotopes:
The naturally occurring hydrogen is combination of its threP |°otop~s p c°'nt in j;ffem**
abundances. The three isotopes of hvdrogeh ére: -

« Protium(;H or P)

e Deutaijlin (7 H.ar-5)
. Tri17UIﬂ(ff4._O| ")
_rg_g![mgi‘f_rrlunr.s,' clectrons and Neutrons in Isotopes:

hen Crieof these isotopes has 1 proton and 1 electron but number of neutrons are
different.

Representation:
The isotopes are represented as:

protium (\H)  deuterium (?H) tritium (3H)

Natural Abundance:

Isotopes Natural Atomic W ERS No. of No. of No. of
Abundance | Number | Number | Proton | Electron | Neutron

Q) Protium
CHorpy | 99985%
(i) Deutrium
CHorpy | 0015% 1 2 1 1 1
iii Tritium
(iii) Chior) ;r:ntgifl‘i 1 3 1 1 | 2 n A
Q.2  Explain isotopes of carbon, chlorine and uranium. | kSGo2017 C_F_Fu
Ans:

|_T;9PESL)£=F_.L-EM m_;-_' WY LS
(a) Isotopes of Carbon: BRI RER N

Number ¢ftsotopes:. [ \

There are thries |antope of "al ao\\rwo 'cmopes of carbon are stable which are *2C and

®C. Third, isoicpe, of carbon lisradioactive isotope, “*C.

-, Natu ral'\Abtin dante:

) T ‘2 |sbicpe “C is present in abundance of 98.9%, while ®*C and '*C are both present

only 1.1% in nature.

Number of Protons, Electrons and Neutrons in Isotopes:

All of them have the same number of protons and electrons but differ in number of
neutrons. The isotopes are represented as:
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Table 2.2: Atomic number, mass number, number of protons and neutrons of isotopes of H, C, CI

Symbol @J?nrgfr Nl;,Tobt%;Of Number of Neutron
1H 1 1

& )
">

\t/’)-ll

uarbon (14C)

)

calbox ’13(3 T

NI PN ML YN T PN PN PR RN M. A

(B) Lsotopes of ZHldrine:
[ here are tise-isotopes of chlorine *Cl and Cl.

Natural Abundance:

The isotope CI-35 is present in abundance of 75% while CI-37 is present in
abundance of 25%.

Number of Protons, Electrons and Neutrons in Isotopes:

All of them have same number of protons and electrons but differ in number of neutrons.
(C) Isotopes of Uranium:

There are 3 isotopes of uranium i.e. 3 U, *>Uand % U

Natural Abundance:

The isotope *U is found in nature nearly 99% while other two isotopes are found in
nature nearly 1%.

Number of Protons, Electrons and Neutrons in Isotopes:
All of them have same number of protons and electrons but different number of neutrons.
and U

L 0
sH 1 3 . .
s 6 12 5 -
o : 13 6 —~
14C 6 14 > I._.k (A
35Cl 17 ~35 | | —_7_. \ m____ﬁ._i_s___ e
20 O\ 3 234 - 92 142
e REEARR = 92 143
2:.a.U AN _92_ e ‘ >38 - =

" ivel e uses or applications of isotopes in the field of radiotherapy, medicines,

aa'cnaeology, structure determination and power generation.
OR
Give the application of isotopes in the field of radiotherapy and medicines.
USES OR APPLICATION OF ISOTOPES
The major fields in which isotopes have vast applications are the following:

(GRW 2016 G-1)(A.B)

(Ex.LQ.9)(A.B)
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(i)

(i)

100
(20

(iv)

(v)

Radiotherapy (Treatment of Cancer):
e For the treatment of skin cancer, isotopes like P-32 and Sr-90 are used becausn they
emit less penetrating beta radiations. 1<
e For cancer, affecting inside the body Co-60, is-used becal.-sc- it cinils strongiy
penetrating gamma rays. ' :
Tracer for Diagnosis anc; Medicir:e:
The radioactive isotopes are' uised \as| (razeis Ir n.ef*u e to dlayuose the presence of
tumor in ife numain sody.
Exampses: R :
e leot¢pesiof Inairie-!s2-are used for diagnosis of goiter in thyroid gland.
¢« . Tlechinetienis used to monitor the bone growth.
Alre Haevlogical and Geological Uses:
The radioactive isotopes are used to estimate the age of fossils like dead plants and
animals and stones etc.
Radioactive-isotope Dating:
“The age determination of very old objects based on the half-lives of the radioactive
isotope is called radioactive-isotope dating.”
Carbon Dating:
“Age determination of old carbon containing objects (fossils) by measuring the
radioactivity of C-14 in them is called radio-carbon dating or simply carbon dating.
This is an important method of age determination of old objects”
Chemical Reaction and Structure Determination:
The radioisotopes are used in a chemical reaction to follow a radioactive element during
the reaction and ultimately to determine the structure.
Tracer Element:
C-14 is used to label CO,. As CO; is used by the plants for photosynthesis to form
glucose, its movement is detected through the various intermediate steps up to glucose.
Applications in Power Generation:
Radioactive isotopes are used to generate electricity by carrying out controlled nuclear
fission reactions in nuclear reactors.
Example:
When U-235 is bombarded with slow moving neutrons, the uranium nucleus breaks up
to produce Barium-139 and Krypton and three neutrons.
22U+ in——"2Ba+ % Kr+3,n +energy
A large amount of energy is released which is used to convert water into steam in boilers.
The steam then drives the turbines to generate electricity. This is the peaceful use or
atomic energy for development of a nation. )

_mmmwm:

Q.1

Ans:

Q.2

ANns.
Wi
ADnNs:

Q.4

Ans:

<Hor G ”“‘i‘ HONSIE

What is-caripon datir- Loy (K.B)
Answei-ziven| boy I _x \ ]

Explairl ispi :opes of hyd oy e.l (K.B)
_/I\“] aner giver.enpg # 77

Expiain isotopes of chlorine. (K.B)
Answer given on pg # 78

Write the uses of isotopes in radiotherapy. (A.B)

Answer given above
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Q.5
Ans:

Q.6
Ans:

Explain how isotopes are uses as tracer for diagnosis and medicine? (A.B)
Answer given on pg # 79 - :
Define isotopes. Give an example: B e (B
Answer given on pg # 76 ' WM (@, '
Why isotopes of an elemgiii have-zame-Crientizal pro, )=n|e1 \ (U.B)
Answer given on pg # 76 a _ '

How eilectricity-is gensrated Dy - ’3' A A (U.B+A.B)
Answerigli/enpn gy # ’9

F')r whet pl'l’p( sei 1--23171s used: (SGD 2017 G-1)(K.B)

[ Y PURPOSE OF 1-131

.aotopes of I-131 are used for diagnosis of goiter in thyroid gland.

Which element has not any neutron in its atom? (SWL 2016 G-I1)(U.B+K.B)
ELEMENT WITH NO NEUTRON

The element hydrogen (protium) has not any neutron in its atom.

2.3 ISOTOPES

Ans:

NS

MULTIPLE CHOICE QUESTIONS

Uranium has number of isotopes: (LHR 2016 G-11, GRW 2016)(K.B)
(A1 (B) 3 ©)4 (D) 5

Which isotope of carbon is in abundance? (BWP 2016 G-1)(K.B)
(A) ’C (B) BC (C) *c (D) None of these
Isotopes have different: (K.B)
(A) Atomic number (B) Mass number (C) Atomic volume (D) None of these
Number of protons in *®U are: (U.B+K.B)
(A) 92 (B) 90 (©)9a1 (D) 89

Isotopes have same and different (K.B)
(A) Mass number, atomic number (B) Atomic number mass number

(C) Neutrons, protons (D) None of these

Which one of the following is used for cancer treatment in the body?
(GRW 2017 G-II, FSD 2017 G-11)(A.B)

(A) P-32 (B) Sr-90 (©) 1-131 (D) Co-60 o
The isotope used to generate electricity in nuclear reactor is: (LER2017 G-ty | |
(A) C-12 (B) U-235 (C) Co-60 (D) e I

_ QURSELE a.nww
Why do the isotopes of aiy €l emem nave aiffererit ¢ atcriic masses? | (U.B)

1SOTOPES HAVING DL-FEEENT ATuu\/IIQ MASSES
The |sofc;oas of dn-elemert hcde\ane liursder of electrons and protons while different
number' oy, nettrons! The, refcre! the isotopes of an element have different atomic masses
deefth différan: uumLa of neutrons.

M QW riary neutrons are present in C-12 and C-137? (U.B+K.B)

NUMBER OF NEUTRONS IN C-12, C-1
Number of neutrons present in C-12=12-6=6 neutrons
Number of neutrons present in C-13=13-6=7 neutrons
(The atomic number of carbon is 6).
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iii.

Ans:

Ans:

Ans:

Vi.

Ans:

Vil.

Ans:

viii.

Ans:

Which of the isotopes of hydrogen contains greater number of neutrons? (U.B+K.B)
GREATER NUMBER OF NEUTRONS ~ 1

Tritium isotope of hydrogen contains greater number of nevitrairs it hasZ ..eutfon»

Give one example each of the use of adna Siive isotepe i inedicine and

radlotherapy YR\ IR | (A.B)

VEDICINE AND RADIOTHERAPY

In Mec Meu, re: :
The rad.oac/ive isotepe w‘ re- 131 is used as a tracer in medicine. It is used to diagnose
presence ofitumors in the human body.

L) Kadiotherapy:

Co-60 is used to treat cancer inside the body. P-32 and Sr-90 are used to treat

skin cancer.

How is the goiter in thyroid gland detected? (A.B)
OR
A patient has a goiter. How will be it detected? (Ex-SQ.10)(RWP 2017, MTN 2016)

DETECTION OF GOITER

lodine-131 is used for diagnosis of goiter in thyroid gland.
Define nuclear fission reaction. (K.B)

NUCLEAR FISSION
Definition:
“A reaction that involves the splitting of heavy nucleus into two or more lighter nuclei
with a release of huge amount of energy is called a nuclear fission reaction.”
Example:

22U+ n—— "2 Ba+ 3 Kr+3;n +energy

During this reaction, released neutrons continue to bombard other uranium -235 atoms.
When U-235 breaks up, it produces a large amount of energy. How is this energy used?(A.B)

USE OF ENERGY

U+ in—— "2 Ba+ 2 Kr +3:n +energy -

In this reaction a large amount of energy is released which-iaj ! b s*d *o c0! 1veft Ly
into steam in boilers. The steam thgr ) drlves the iy brﬂ&u to qe ne'are el chlr-{&
How many neutrons are wrndu- s 1n fheisdinn re;acnon oFU- 235“) (K.B)
-~ :.B'RQ~;4TF;;1
In the T-ssren eac fan )r U 435,“ hre<-seutrons are produced.

\ ”SU n——'2Ba+ ¥Kr+3In +energy

A "!IJ'if'f._E_ 5i¥ission produces two atoms of which elements? (K.B)

E1SSION PRODUCE ELEMENTS
U-235 fission produces one atom of barium-139 and one atom of krypton-94.

235 1 139 94 1
U+ n—— Ba+ (Kr+3,n+energy
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EXERCISE SOLUTION i

10.

Ans:

Ans:

MULTIPLE CHOICE QUESTIONS

Which one of the following results in therdiscovery-otprotoa?
(BRV/ 2017 C-1,'RWP 2825'G-1)(U.B+K.B)

(A) Cathode rays (B) Canal-rays (G Xhreys (L") Alpha rays.
Which,s2¢ o1 the follosving i tire rnost fene-ating?-SWL 2017 G-1, BWP 2016 G-11)(U.B+K.B)
(A) Protens (E!) izkeciians (C) Neutrons (D) Alpha particles
The coricet oforbif vas Lsed by: (RWP 2017 G-I, FSD 2016 G-1)(K.B)

(A3 J. J. Thpinsoi (B) Rutherford (C) Bohr (D) Planck
Vi'tich-one of the following shell consists of three subshells?
(FSD 2016 G-11, LHR 2017 G-11, MTN 2016 G-1)(K.B)
(A) O shell (B) N shell (C) L shell (D) M shell
Which radioisotope is used for the diagnosis of tumor in the body?
(FSD 2017 G-I, RWP 2016 G-11)(A.B)

(A) Cobalt-60 (B) lodine-131 (C) Strontium-90 (D) Phosphorus-32
When U-235 breaks up, it produces: (GRW 2016 G-I, BWP 2016 G-I, DGK 2016 G-1)(K.B)
(A) Electrons (B) Neutrons (C) Protons (D) Nothing

The p subshell has: (LHR 2016 G-1)(K.B)
(A) One orbital (B) Two orbitals (C) Three orbitals (D) Four orbitals
Deuterium is used to make: (DGK 2017 G-11, BWP 2017 G-I1, SGD 2016 G-1)(A.B)
(A) Light water (B) Heavy water (C) Soft water (D) Hard water

The isotope C-12 is present in abundance of: (BWP 2017 G-1)(K.B)
(A) 96.9 % (B) 97.6 % (C)99.7 % (D) None of these
Who discovered the proton? (SGD 2017 G-1)(K.B)
(A) Goldstein (B) J. J. Thomson (C) Neil’s Bohr (D) Rutherford

ANSWER KEY

1
HHHBEHE

EXERCISE SHORT QUESTION

What is the nature of charge on cathodegeys? _(NFN 20 G"'\A 2017 G ll‘\ R Ij)
NATUMQrﬂPLlf_J\I_ ~ATISODE R&S
e Their deflection towardls pgsitive \piat Ln an ele,tr ¢ fleld shawid that cathode rays
arenetat vely, chaiged, rark clas, )
o JJ.; nnm»nn discoverad tnt}‘ﬂ' \charge/mass) ratio on cathode rays and found it

aqual to'ele ctren)

F, \IN rjte dowithe properties of cathode rays. (LHR 2014)(U.B+K.B)

OR
Give five characteristics of cathode rays.
(DGK 2017, GRW 2017 G-I, LHR 2016 G-I, RWP 2017 G-LII, SGD 2016, 2017 BWP 2016, MTN 2016)
Answer given on Pg # 60
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3.

Ans:

Ans:

Ans:

The atomic symbol of a phosphorus ion is given as (3:P* ): (U.B+A.B)
(A) How many protons, electrons and neutrons are there in the |r‘f’? _ —~iB)
(B) What is name of the ion? [ | oS
(C) Draw the electronic configuraiion of the isi. ' ; (A.B)

(D) Name the noble gas whiciy hias the sz:e ciectroriv: centiguration as the phosphorus ion has. (U/B)
N!MBER OF E_LE_LF;N__&?;B)L\I S AND NEUTRCONS
(A) In] 31F3 ] &’

Q) Nunb,}. o1 protons =114

(1%, 1lun'ber otielectron = 15+3=18 (P> has three more electrons than neutral P-atom)

(il _INEsnoer of neutrons = 31-15=16

(B) The name of ion is phosphide ion.

(C) Electronic configuration of P~=1s? 2s% 2p° 3s?, 3p° (P> has three more electrons

than neutral P-atom)
(D) Argon has same electronic configuration as the phosphorous ion has.
Differentiate between shell and subshell with examples of each.
(LHR 2016 G-11, FSD 2017 G-I, BWP 2017 G-11)(U.B)
DIFFERENTIATION
The differences between shell and subshell are as follows:

Shell Sub-shell

Definition
e The circular path of an electron | e Each shell consists of smaller paths
around the nucleus is called shell or called subshells.
principal energy level is called a
shell.
Subdivision
e The shells are subdivided into|e The subshells are further composed
subshells. of atomic orbitals.
Representation
e These are represented by K, L, M, N | e s, p, d and f are considered as the
etc. subshells of a shell. These are

represented by s, p, d, f. =

i-___l

An element has an atomic number 17. How many electrcrL arp pres,e.ﬂr in K 1 _gad
M shells of the atom? _ L A ~(U.B)
NUVIBER ¢ ’E-_E_l.:C_T_RQh ﬂ»l_S_HEL=-=' -

Atomic number of element\=Nzamker'of electrons =47

The nymiber'of ele han pr'—\sent\;\K o nfi M-siiells of an atom will be 2, 8 and 7

respectivelyr. | \

Write aown te elevtr Dinic (,onflguratlon of AI**. How many electrons are’ present in
Y _|tsr»uter“nu<t<‘1 H? (U.B+A.B)

ELECTRONIC CONFIGURATION OF AP
Atomlc number of Al =13
Number of electrons in Al =13

Number of electrons in AP+ = 13-3 = 10 electrons.
Thus electronic configuration of AI** ion
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Ans:

Ans:

10.

Ans:

In Shells:

K L
2 8

In Subshells:

1s?, 25, 2p°

-NUMBER OFEL _FLH’LNS_‘M OUTERMORE SHEL..
Numbér ¢ elactrans presen: in-ouier mpst sheti-of AI* = 10 electrons
Magnesiur has electionic corfiguration 2, 8, 2, (U.B)
(A)Flow mény tlectrans are in the outermost shell?
(BY 1nwrivich subshell of the outermost shell electrons are present?

¢C) Why magnesium tend to lose electrons?

: , : KLM
(a) Electronic configuration of Mg = ) g 2
Mg = 1s%, 2%, 2p°, 357

It has two electrons in the outermost shell.

(b) The outermost electrons are present in “s” subshell of the 3rd shell (M).

(c) Magnesium is electropositive in character. It has the ability to lose its two electrons
from its outermost shell.

Mg—— Mg* +2e”
What will be the nature of charge on an atom when it loses an electron or when it
gains an electron? (U.B)
NATURE OF CHARGE

When atom loses 1 electron:
When an atom loses an electron, it acquires positive charge due to more number of
protons in the nucleus e.g.

Na—— Na'* +1e”
(2,8,1) (2,8)
When atom gains 1 electron:

When an atom gains an electron, it possesses negative charge due to more Plectrons thai- | |

protons in the atom e.g. ~ 1<\ (1
Cl+le—Gl ™~ W N | [ O, \ T
V@82 @Ry

For what r\"rpose is U-235 Lsed? | \ -

—~ - (uR\/v za\vc i, SG 2017 G-I, FSD 2017 G-11, DGK 2017 G-11)(A.B)
1BREEREE *USE OF U-235
F\?adir)ac-;;iv'e"-is(vt'-vph - ’3J is used to generate electricity.

__.-" k

NI = U+ In— 2 Ba+ ¥Kr+ 13n +energy

The heat produced during this reaction converts water into steam. Steam turns turbines to
produce electricity.

A patient has a goiter. How will it be detected? (RWP 2017, MTN 2016, GRW 2017 G-11) (A.B)
Isotopes of lodine-131 are used for diagnosis of goiter in thyroid gland.
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11.

Ans:

12.

Anss

13.

Ans:

Give three properties of positive rays. (DGK 2016 G-I1, 2017)(U.B+K.B)
Travelling in Straight Line: . —
These rays travel in a straight line in a direction opp03|te to cathzsde fays.

Deflection in Electric Field: (

Their deflection in electric-2nd ma1n~t|c ficld proved tivet these Ve ! )osnuvely charged.
Dependence:

The nataig, 07 canalrays azperids upnn ‘the wature of gas present in the discharge tube.

What zz¢ the defaéts 'of Riitherfor=s atomic model?
\(RV/P 9(17, SWL 2016, FSD 2016, 17, GRW 2017 G-Il, LHR 2017 G-1)(K.B+U.B)

_ DEFECTS OF RUTHERFORD’S MODEL
Although Rutherford’s experiment proved that the plum pudding model of an atom was
not correct, yet it had following defects:
Stability of Atom:
According to classical theory of radiations, electrons being the charged particles should
release or emit energy continuously and they should ultimately fall into the nucleus.
Nature of Spectrum:
If the electrons emit energy continuously, they should form a continuous spectrum but
in fact, line spectrum was observed.

As long as electron remains in an orbit, it does not emit or absorb energy. When
does it emit or absorb energy? (U.B)
EMISSION OR ABSORPTION OF ENERGY
Electrons do not emit or absorb energy till they remain in their orbits. Electron emits
energy when it jumps from high energy level to the lower energy level. An electron
absorbs energy when it jumps from a lower energy orbit to a higher energy orbit. The
change in energy is given by the following Planck’s equation:

AE=E,-E=hv (Energy absorbed)

Where,
Ei1 = Energy of lower energy orbit
E, = Energy of higher energy orbit
“h” is Planck’s” constant. Its value is 6.63x10* Js and v is frequency of
light.
Similarly,
A= Ey-E1=-hv (Energy emitted) 4 .

How are cathode rays prs uuced \f\/hat die ats ‘rtvo r.mjc re h.trat“t( ristics?
Answer g|ven on pg # 60 (.ot I 2! 1\ 1!

How veas it pire )vert tk at e ertr an\gre fmﬂdrnental partlcles of an atom?
Answer ql €N an py- i tO (Tor,.e 2.1)

A Dy dw a *abe lely quagram to show the presence of protons in the discharge tube and

ér:p!uin how canal rays were produced.

Answer given on pg # 61 (Topic 2.1)

How Rutherford discovered that atom has a nucleus located at the centre of the atom?
Answer given on pg # 65 (Topic 2.1.1)
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5.

Ans:

One of the postulates of Bohr’s atomic model is that angular momentum of a

moving electron is quantized. Explain its meaning and calculate the anau'd.

momentum of third orbit (i.e. n=3) I I '
ANGULAR MOMENTUM [ |

Meaning:
Electron can revolve only i yrbits £ queﬂ ar:euhr 'moment'mur.

——————-——_—-—

Formuira |

. .

mvr=n—

1WMLE 2
VWha e ‘I’ Isitha 'auantum number or orbit number having values 1, 2, 3 and so on.
.Z\ngular momentum of third orbit = g_h

T
_ 3x 6.63x107*
2x3.14

=3.1x10kgm?*s™

How did Bohr prove that an atom must exist?
Answer given on pg # 67 (Topic 2.1.2)
What do you mean by electronic configuration? What are basic requirements while
writing electronic configuration of an element (atom)?
Answer given on pg # 72 (Topic 2.2)
Describe the electronic configuration of Na*, Mg** and AP, ions. Do they have the
same number of electrons in the outermost shell’)

ELECTRONIC CONFIGURATION

(i) Na':
Number of electrons in Na atom =11
Number of electrons in Na" ion =11-1=10
K L
Electronic configuration in shells = ) g
Electronlc configuration in subshells = 1s?, 2%, 2p®
(vi)Mg*":
Number of electrons in Mg atom =11
Number of electrons in Mg?* ion =12-2=10
K L
Electronic configuration in shell =, 8
Electronlc configuration in subshells = 152,234, 2p° . S e -
(vii) AL Y | A ™
Number of electrons in Allatom — g ARV /
Number of. e!ectrons in AI"* ign” L3 _§4 10"

I'-f

Electroizic =S “on‘ngl ratmn |n she i‘ \ 8

. H 0 sironic | ummwavm in subshells = 15%, 25°, 2p6

W ~SAME NUMBER OF ELECTRONS IN VALENCE SHELL
IS proved that Na*, Mg”* and AI*" ions all have 8 electrons in their outermost shells.
Give the appllcatlons of isotopes in the field of radiotherapy and medicines.
Answer given on pg # 78 (Topic 2.3)

What is an isotope? Describe the isotopes of hydrogen with diagrams.

Answer given on pg # 76 (Topic 2.3)
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Q.1

Ans:

Q.2

Ans:

a7

i~

N .. s

Q3

Ans:

Q.4

Ans:

Q.5

Ans:

Q.6

Ans:

ADDITIONAL CONCEPTUAL QUESTIONS

How it is proved that the nucleus dense and hard? - J— (L )

The complete rebounce of a few particles sho'w that 2 ACIaUS s Ve Ty (erise and hu:

How Rutherford came tckpow that size of the nucleus s very small as compared to

the size of the atom? _ / » = (U.B)

Since a-fAvy particles were c.:af ected 1t .hum that the size of the nucleus is very small as

compared ‘¢ thig valimi of alratom.

\Miat arz theucleons? (U.B+K.B)

Except electrons, all other fundamental particles that lie within a nucleus are known as

nucleons.

What is meant by angular momentum? (K.B)
ANGULAR MOMENTUM

“The momentum of an object moving in a circle is called angular momentum .

Electron can revolve only in orbits of a fixed angular moment mvr, given as:

h
mvr=n—
2z
Where ‘n’ is the quantum number or orbit number having values 1, 2, 3 and so on.
Why neutrons are highly penetrating? (U.B)

NEUTRONS ARE HIGHLY PENETRATING

Reason:

Because they carry no charge hence they don’t react with matter.

Write down the electronic configuration of phosphorous. (U.B+A.B)
Phosphorous (15P):

In shells = - M
nshells= , o ¢

In subshells = 1s?, 25, 2p°, 357, 3p® _ \
Identify the element having valence shell electronlc conﬁgp "auon 45! p .- § A r/ 34 51
IDENTIFIGATION o_' i E\/Il'nIT WS A

Electron are filled in shells a“ld su-s aellsof an alom dctol d.n“" to iricreasing energy. So
elemert'hi\'/'lnq valarice “sUb- *neil\ale,:ro. e, Cﬂr..rguratlon 4s* has its inner sub-shell
electromL lOIﬂ‘QUr’-lUOI] a3 foHo AL

2 7Js%,2pl) 3¢ 3') 45t

A 'Ju) o_ﬂ_C Wiaiiy to above electronic configuration atom of this element has 19 electrons. As, in

neutral atom
Number of electron = Number of proton
so the element is Potassium (K)
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TERMS TO KNO

Dalton’s Atomic Theory

“-ANn atom is indivisible, hard, dense sphere.

particles candd atdms.

Al irattzr is-conipoced of atoms.

Atoms of the same element are alike.

They combine in different ways to form compound.

Plum Pudding Theory

Thomson put forth his “plum pudding theory”. He postulated that
atoms were solid structure of positively charge with tiny

negative particles stuck inside. It is like plum in the pudding.

Electronic Configuration

“The distribution of electrons around the nucleus in various
shells and subshells according to their increasing energy is

called electronic configuration”.

Shell Shells are the main energy levels that electrons can occupy.
Sub-Shell Each shell consists of smaller paths called subshells.
Isotopes “The atoms of an element that have same atomic number but

different mass number are called isotopes .

Carbon Dating

4N

NucleasFilsicn xeasiioh "
% e _I .- '. ”

} metid i a\gs: determination of old objects”

~Areaction that involves the splitting of heavy nucleus into two

“Age determination of old carbon containing-shjects {fossiisy pyy

measuring the radipactivity6f|C+44 insthem lis “called” radio-

- L

cartior| ctatiivg\dr Gilnply, carbon| datiig. This is an important

or more lighter nuclei with a release of huge amount of energy is

’

called a nuclear fission reaction.’
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CUT HERE

SELF TEST
Time: 35 Minutes ~ Marks:Z5
Q.1  Four possible answers (A), (B), (C) and (D) to each quesi lOt‘ Are o ven, maik- b
correct answer. oxib)
1. The p-subshell has: - ' VALY
(A) Oneoruital (2), Twaoroiialy |, . _{C} Three urb'itals- (D) Four orbitals
2. Which siie I LO"]S st of {purisub=shiiis. '
) Fl-stel) | —(B) L-shell (C) M-shell (D) N-shell
J | N | t— Yiihe treatment of skin cancer isotopes use:
(A) P-32 (B) Sr-90 (C) Both Aand B (D) Co-60
4. Who discovered electron?
(A) J.J Thomson (B) Goldstein (C) Chadwick (D) Rutherford
5. The ratio of mass of proton to mass of electron is:
(A) 1:1840 (B) 1840:1 (C) 1:1480 (D) 1480:1
6. d-subshell can accommodate electrons:
(A) 2 (B) 6 (©) 10 (D) 14
Q.2  Give short answers to the following questions. (5x2=10)
() How does electron differ from neutron?

(i)  What is meant by angular momentum?

(iii)  Write down electronic configuration of CI~ and AI*".

(iv)  Why does an electron first fill 2p orbital and than 3s orbital?
(V) Give defects of Rutherford Atomic Model.

Q3 Answer the following questions i't"detail. — [ AN L (5;1:.9)
Q) How Bohr proved that an atom Jnust ex st’ '_ . B . (5)
(i) How a.c«,att ode 'ays p OL Lce }ON wat an sheir four major characteristics? 4
Note: ' ' -

N A "_'> wents-or guardians can conduct this test in their supervision in order to check the skill
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