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Chapter # 2 e
Atomic Structure

Student Learning Outcomes ' < :

After studying this chapter, students wnll be able to:

Explain the structure of the atom as a central nucleus containing neutrons-and
protons surrounded by electrons in shells.

State that, orbits (shells) arc cnergy levels of ¢lectrons and a larger ahdl implics
higher energy and greater average distance from nucleus.

State that electrons are quantum particles with probabilistic paths whose exact
paths and locations cannot be mapped (with reference to.the uncertainty' principle)
Explain that @ nucleus is made up of protons and ncutrons held together by strong
nuclear force, '

‘Explain that an atomic model is an aid to understand the structure of an atom.

State the relative charge and relative masses of a subalomm particles (an c.lu,lron
proton and neutron)

Interpret the relationships between a subatomic particle,-their-mass and charge.
[llustrate the path that positively and negatively charged par llC[LS would take under
the influence of a.Uniform Electric Field.

‘Define proton number / atomlc number as the numbw of protons in the.nucleus of -

an atom.

Explain that the proton number is unique to Cd(.h clcmcnt and uscd to arrange
elements in periodic table

State the radioactivity can change the proton number and alter an atom's identity
Define nucleon number / atomic mass as sum of number of protons and neutrons in -
the nucleus of an atom.

Define isotopes as different atoms of the same element that have same number of
protons but different neutrons.

State that isotopes can affect molecular mass but not chemical propertics of an
atom, '

Determine the number of prOlOIlb and neutrons ot different isotopes

Define relative atomic mass as the average mass of isatopes of an element
compared to 1/12th of mass of an atom of Carbon - 12

State that isotopes.can exhibit radloactlwty

Discuss the importance of isotopes-using carbon dating and ‘medical imaging as \
examples. Describe the formation of positive (cation) and negative (anion)- ions
from atoms. .

lntcrprct and use the symbols for atoms and ions, - - '

-Calculate relative atomic mass of an clcment from relduw. mdsscs and' abundance

of isotopes.

Calculate the relative mass of an 1sotopc given rclanvc atomic mass and abundance’

of all stable isotopes.
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Subject Questions & Answers

Q1. How the elements are made up of?
Ans. All the elements are made up-of atoms.
Q2. Why elements are so different from one another?

Ans. Elements are quite different from one another.

Iron looks difterent from gold whlch i turn, is very different from aluminium or
zinc. '

Iron is heavy a metal whiles aluminium is light metal, metals, are lustrous while

non-metals are dull.
Reason : The difference in the properties of clements is due to. the d:ﬂ‘crcnec in the

properties of their constituent atoms.

Different elements look dlfferent

Q3. Who proposed that atoms are indivisible?
Ans. In 1808, an English chemist John Dalton proposed that atoms are indivisible.
In other words, according to him, it was not possible to divide atoms to smaller
particles.
Q4. Discuss the dlscouery of electron,
OR How cathode rays are produced? Write down their properties. How their
production leads to the discovery of electron?-
Ans. The electron was, discovered by the passage of electric current through gascs at very
low pressure in a also charge tube experiment.
Construction of Discharge tube: A discharge tube is a hard glass tube prowdcd with
two metallic electrodes and a vacuum pump to evacuate the gas present in it. When a
_very high voltage is applied to a evacuated glass tube, the glass surface behind the
positive electrode started to glow, due to the rays emitted from the cathode. Thesé rays
were named as cathode rays. : :
Properties of cathode-rays: In 1897, British physicist Joscph John Thomson studied the

properties of cathode rays by passing them through the ogpositely-charged clectric plates.
It was observed that cathode rays bent towards the positively charged plate showing that
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they carry ncgative charge. Thomson also . installed two

magnets on cither side of the discharge tube and noticed | . o
that cathode rays were also diverted by the magnetic field. | 47 - 1
Thomson used the findings of his expcriments to b -,a

calculate the mass to charge ratio of cathode rays which

finally proved that cathode rays arc in fact, negatively [* . . -
charged material particles. These particles were lalcr Fig 2.2 Discharge Tube Experiment
, hamed as clectrons. Cathode Rays

Q5. Who studied the properties of cathode rays?

Ans. In 1897 British physicist Joseph John Thomson studicd the proportion of cathode
rays. : i
Q6. Describe the discovery of proton. .

Ans. The presence of positively charged particles in an'atom had been first observed by °
E.-Goldstein in 1886. It was based on the concept -that atoms arc clectrically ncutral
having same number of positive and negative charges. He performed a scrics of
experiments with a gas-discharge tube having a perforated cathode. A new type of rays
were produced from the anode which moved towards the cathode. He called these new
rays as anode rays. The propertics of these rays secemed to vary depending on the gas
used in the discharge tube the simplest positive rays were obtained when the discharge
tube contain hydrogen gas. These positive rays or hydrogen ions arc named as protons.
The mass of positively charged particle was found cqual to that of a proton. or simple
multiple of it.

Conclusion: On the basis of these properties it was concluded that like electron, proton
is also fundamental particles of an atom.

Q7. What is origin of cathode and anode rays in dlscharge tube?

Ans. Cathode rays are so named because they are emitted by the cathodc in a discharge
tube. A very high electrical potential of thousands of volts was applied in the discharge
tube which ionized the residual gas atoms present in the tube. The positive ions thus
produced traveled towards the cathode as anod¢ or canal rays. When they collided with*
the cathode they knocked electrons out of its surfacc This stream of clectrons was callcd
cathode rays.

Q8. Write down the discovery of Neutron.

Ans. In 1933, neutron was also discovered, which is known to carry no charge. The mass
of a'ncutron is almost thc same as that of a proton. These three particles i.c. clectron,
proton and neutron were given the name fundamental particles and are shown to be
ppresent in all atoms irrespective of the fact that these atoms behave very different from

one another. It was, howcvcr also shown that the number of these particles is different
in different atoms.

Q9. How Rutherford concluded that atoms has two portions?

Ans. In 1911, Lord Rutherford carricd out a remarkabic cxperticn: 1 which he hit a
stream of special' type of particles to a very thin gold foil.
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From this experiment he concluded that an atom has two portions. ‘A tiny central

portion which he called as nucleus, and relatively large arca surroundm;, this, which he
~called extra nuclear portion.

Q10. Where whole the mass of atom is concentrated?

Ans. It was also diseovered in Rutherford's experiment that whole mass of an atom is
concentrated in the nucleus, because both the heavy particles (protons and ncutrons arc -
present in nucleus. ;

Q11. Define orbit or shell.

Ans.  The fixed circular (oval) path at which electrons revolve around the nucleus is
called an orbit or shell. The shells are also known as energy levels.

Q12. What is first shell?
Ans. ‘The shell which is necarest to the nucleus is called first shell. It is also known as

K-shell.

Q13. What are sub-shells? Write down their types. ¢
Ans. Sub-shells: Each shell is further sub divided into sub- ‘ihC“b or orbitals. These
sub-energy levels are called sub-shells.

: Type-of sub-shells
There are four types of sub-shells:
l. s —sub-shell
2. p— sub-shell
3. d - sub-shell
4, f — sub-shell

Q14. Write down the number of electrons in each sub-shells.
Ans. Number of clectrons in cach sub-shell:

Sub-shell .- Maximum Electrons
S - M 2
p = 6
d = 10
| g = 14
Q15. Write down the number of sub-shells in various shells.
Ans. The number of sub-shells present in a shell is equal to the value of "n" for that
shell. _
‘n-value Shells Sub-shells

I First shell (K-shell) onlys

2 Sccond shall (L-shell) s, p

3 Thirdshall (M-shell) s, p.d.

4  Forth shell (N-shell) s, p,d. f
Q16. What do you know about the location of electrons around nucleus?
Ans. According to modern approach, clectrons are like charged clouds whose location

~ around the nucleus cannot be predicted with one hundred percent certainty. There is a

certain probability of finding clectrons at a certain probable distance from the nucleus..
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Q17. Draw a diagram to show the energy-of electrons in various shells. -
Ans. Electrons present in each shell have a fixed energy.
srrd sheil (M; e £-

n=3
t =k,

tirst shell (6
n=1

E=E\

Second shell (L;
n=2
E= E;v

Fourth shell (N}«
n-4a
F = I:a

. Ea>E3>Er> €

Q18. Write down the masses and charges of sub-atomic particles.

Ans. - '
JERET Particle™ T | SR Chargen T | TiGE MassTe o |

Electron ~1.6022 % 10-1°C ~ | 9.109 x 1031 Kg
Proton . +1.6022 % 10-19C 1.673 x 10-27Kg
Neutron - 00 ° 1.675 x 10-27Kg . |

Q19. How many times cesium is bigger than helium?
‘Ans Cesium is approximately ninc times bigger than helium atom.
Q20. Define electronic configuration. Write down the formula forit.
Ans. Electronic Configuration: The arrangement of’ electrons around  the nucleus is
called electronic configuration,
Formula for electronic configuration = 2n?
Where "n" shows number of shells. According to Formula
No. of electrons in first shell (K—shell) =2n2=2(1)2=
No. of electrons in 2nd shell (L-shell) = 2n? = 2(2)* =
No. of electrons in 3rd shell (M—shell) = 2n* = 2(3)? = 18 and so on. '
Q21. Write down the number of electrons whlch can be accomodated in each
' sub-shells.
Ans. Number of electrons in sub-shells.

Sub-shell Maximum Electrons

Q22. Write down the names of. lundamental particles of all types of matter.

Ans.. Etcctrons protonb and neutrons are called fundamental pal‘llchS of all type of
atoms. : : - ‘

023. What is meant by atomic number? Gwe examples

Ans. Atomic number: The number of protons present in the nucleus of an atom is called
- atomic number,
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Representatlon It is represented by A
Importance: Atomic number of an element is unique to that element, and thc elcmcnt is
identified by this number.
Examplés:
Atomic number of sodium =11
Atomic number of carbon =6
Atomic number of chlorine= 17
024. How the elements are arranged in the periodic Iable‘?

Ans. In the periodic table, the clements are arranged in increasing ordcr of*their atomic

numbers. : :

Q25. Why the atom as a whole is electrically neutral? 3

" Ans. Atom as a whole is electrically neutral because the number of electrons in an atom

is always equal to the number of protons. '

Q26. What is meant by nucleon number or mass number? How it is represented?
Give examples. ‘

Ans. Nucieon number or mass numbcr.The total number of protons and neulrons'

present in the nucleus an atom is called its nucleon number or mass number. :

Representaiion: It is represent by A.

‘Examples:
Mass number of sodium = 23
Mass number of calcium = 40

Mass number of potaésium = 39
Q27. Why the mass of electron is not included in mass number? -
Ans. The mass of clectron being very small is not included in the mass number.
028. How the atomic number and mass number of an element are written?

Ans. The atomic number is written as a left subscript, while the mass number is written
as a left superscript to the chemical symbol of the element.

Examples:
Oxygen = '§0O
Catbon = '2C
Sodium =  3Na

Q29. How can you determine the number of neutrons in an atom? Give one example.
Ans. The number of neutron (N) present in an atom can be calculated if its atomic
number (Z) and mass number (A) are Known N=A — Z |
Examplc ;

The number of neutrons in chlorine atom, symbo\ued as 17C can be caloutated as:
No. of neutrons =35—-17=18
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Q30. Write down the symbol of copernicum and also indicate its year of discovery.
- Ans. Symbol = Cp. |
Yecar of dicovery = 1996
031. Calculate the number. of electrons. Protons and neutrons in &'t Ba.
Ans. No. of electrons = 56
No.of protons = 56
No. of neutrons = 137-56

= 81
Q32. Calculate the number of neutrons, protons and electrons in one atom of
238 4
> uranium g, U. \
: . — # . :
Ans., No. of-clcclrons 92 Exercise &
No. of protons -~ = 92
: ‘ I.  Calculate the number of neutrons, protons and
No. of ncutrons. = 238-92 = 146 electrons in the followmg atoms:
Q33. Calculate the number of neutrons, | | 1Spy 35y, '3
protons and electruns in the
. : 198 m Ans, m', :
following atoms: "534 Pt . \ln
9‘ . Number of ¢lectrons 78
gPt: : ' No. of protons _ 78
Ans. NO. of clectrons = 78 No. of neutrons 195 78 =117
No. of protons = 78 . . 35Mn: '
No. of ncutrons = 195-78=117 - Number of ¢clectrons 25
55 ' No. of protons 25
2sMn ! No, of-neutrons 55 2530
No. of electrons = 25 I f
No. of protons = = 25 Nurmbéroftlectrons - 53
No. of ncutrons =  55-25 No. of protons 53
= 30 No. of neutrons 127 - 53 - 74
o ; 2. Why isotopes of an clement show same
al: ‘chemical proportion while their physical
No. of electrons = 53 ‘ propose are different?
No.of Protons = 53 Ans. All the isotopes of an clement show similar
_ i { i % chemical properties.du¢ to same atomic
No.ofnewtrons = 127 - 53 number, while physical properties depend
e - | upon mass number. : _
Q34. What is an isotope? Discuss the isotopes of hydrogen and carbon with

diagrams. |
Ans. Isotopes: Atoms of samc clement thII'IE different number of neutrons -are called:
isotopes. OR :

Atoms of same clement hdving same atomic number-but diffcrent mass number arc:
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called IbOlOpr
Isotopes of Hydrogen: Hydrogen has three isotopes.

Protium = IH
Deuterium = IH
Tritium = JH

Isotopes oi‘Hydmgcn Atom [H, ,JH : f H

L S,
Isotopes ul(.lrbnn Atom c,( B M

035. Which Isotopes of hydrogen does not have neutrons?

Ans. The isotope. protium |H does not have a neutron.

Q36. Why isotopes of an element show same chemical properties while their
physical properties are different?

Ans. The isotopes of an clement have same chemical properties because they have same

atomic numbers while different physical propertics because they have dil‘l‘crcni mass

number. .

Q37. What is meant by radioactive isotopes? Give one example.

Ans. Radioactive isotopes: The isotope number can emit cnergy in the form of
radiations are called radioactive iS'-nmpcs.

Example : Tritium is the radioactive isotope of hydrogen.

(38. What is meant by radioactive decay? Give examples.

Ans. Radioactive decay When a radioactive element emits radiation. it is transformed

into another chemical clum.m This process is called radioactive decay. This new
clement may be stable or may be unstable or may be radioactive so that it also cmis

radiation.
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Exa-mplc of radioactive decay:

238U 234Th ofo Cncrgy HERERT DT T IR T : s Ausgddlanet

(Uranium) (Thorium)’
234 Thorium is unstable and further disintegrates to give %} Pa (Protactmlum)

*30Th —— %3{Pa +energy

(Thorium) (Protac_tin;ium)

29 Bi — Tl + cﬁcrgy

(Bismuth) (Thalllum) _ -
Q39. How much atoms of our body are. replaced every year?
Ans. Energy year, our body replaces about 98% of its atoms.

Q40. Write down tii2 applications (uses) of radioactive isotopes.

Ans. Applications of' Radioactive isotopes: Radloactwc isotopcs aré useful in'medical
imaging. Doctors usc them to diagnosc the disease by injecting the patient with a small
amount of radioactive fluid. Technctium-99m is uscd for diagnostic imaging across
human organs like brain, lungs, clc. Dugidrs use a special camera to watch how the
radioactive fluid moves. - :

Q41. What is radiocarbon dalmg? : i

Ans. Radiocarbon dating: Radiocarbon dating is.a mcthod for finding out the age of an
historical object containing organic material with the help of radioactive isotope of
carbon '{ C. The mcthod involves measuring the proportion of !“c in a sample. from a*

dead plant or animal like a plccc of wood or a bone which provndcs information; that can:

“be used to calculate when an ammal or plant dicd. The olclcr the samplc is, the less ’4(:
is to be detected.

Q42. Write down the uses of radioactive isotopes.

Ans. Uses: Radioactive isotopes are useéd to test the strength of metals and ‘concrete
mixture. They are used to generate cheap nuclear power and to find oil fields. In
medicine they are used to-diagnose: and -treat. many: medical iconditions. and- dise#ises; ©
including cancer and thyroid disorders. ‘ “

.043. Discuss the ionization of atoms by a radioactive source

Ans. Ionization of atoms by a radioactive source: The radlatlon emittcd from a
radioactive source causes ionization of atoms. :

Example: Heat or light energy coming from ‘the sum-or a radloactwe clcmcnt can
remove electron or electrons from the atom. |, : ‘ Y

The i ionizing radiation should have cnough cncrgy to rcmovc the t:ghtly bound

electron from the orbit of an atom.

Na -—E—"&-) Na* + e~
Cation
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The electron will be lost only when there is present another atom which can accept it.

Cl+le—— C€ + energy

Q44. What is meant by relative atomic mass? _ ;

Ans. Relative atomic mass: The relative atomic mass of an element is defined as the
mass of an atom of that element relative to the mass of light isotope of carbon taken as
12 e.g., The mass of one.atom of hydrogen - [ is 1.007 amu

Q45. Define amu. Write down the relationship between amu and kg. .
Ans. Atomic.mass unit (amu): The unit used for relative atomic masses is called atomic
mass unit. It is represented by amu. ; ;
[t is defined as one-twelfth (%2 th) , the mass of an atom of carbon-12.
Relationship: :
lamu = 1.67377 x 10%" kg
(or) lamu=1.67377 x 107 g
Q46. What are the relative isotope mass and |sotop|c abundance" Write down their
.importance.
Ans. Relative atomic mass: An.clement usually consists of a few different isotopes with
different mass numbers. These mass numbers are called relative isotopic masses.
Isotopic abundance: Each isotope will also have its own naturally occurring -
abundance which is called isotopic abundance.
Importance of relative isotuopic mass and isotopic abundance: The relative

- atomic mass of an element can be calculated by using relative isotopic masses and
isotopic abundance,

Q47. The element krypton (Kr) has five |sutnpes Their relative isotopic masses and
isotopic abundance are shown in the following Table.

Ans. Relative Isotopic Mass Isotopic Abundance
80 - 2.0%
82 . 12.0%
83 : 12.0%
84 57.0%.
85 17.0%

Calculate the relative atomic mass of krypton

80 % 2.0 + 82 x 12.0 + 83 12,0 + 84 X 57.0 + 85 x 17.0 .
= T = 837

048. Calculate the relative atomic mass of light isotope of chlorine. The isotopic
abundance of ¥cc is 24.23% and light isotope of chlorine-is 75.77% while
relative atomic mass of chlorine is 35.45

(CEx75.77) + (37 x24.23)
100 -

Ans. 35.45=
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3545= . CexI57%% 3 24.23
3545=  Cr75.77 + 896.51
3545 - 896.51 = C( x 75.77

2648.49

Ct = ‘———
173,71
Ct = 3495,

Relative atomic mass of light isotope of chlorine is*34.95.
Q49. Calculate the relative atomic mass of lead (Pb). lsntomc abundances of
isotopes are 2.0; 24.0, 22.0, 52.0 respectively.
'204Ph  206Phy 207Ph 208P
(204 x 2.0) + ("06 ~ 24.0) + (“07 22.0) +("08 x52.0)
100

Ans. =

20722,
100

Exercise \§

. Why does a radioactive isptope ,emit‘ radiation? -

Ans. Radioactive isotopes emit radiation because they have unstable nuclei.

2.  Give an example of a radioactive isotope which disintegrates to give a stable atom.

" Ans. A radioactive isotope that disintegrates to give a stable atoms is Uranium -~ 238.

3. How would you compare the masses of the atoms of Mg and CI?

Ans, ; Magnesium = Chlorine

The relative atomic mass of Magnesium is 24.31 | Thé relative atomic mass of chlorine is
amu. 35.45 amu. :

=207.22

The atom of chlorine is hcavier than magnesium,
4. Calculate the relative atomic mass of Lead (Pb). Isotopic abundances of isotopes are 2.9, 22.0, 52.0
respectively.

Ans. ; Relative atomlc mass Isotopic abundances
; -"'[l-lpb '. ) * 2.0%
206pp ' 24.0%
207py 22.0%
208ppy Y 53.0"/0
' (‘*04 x 2.0} F(“'oo-r 24.0)+(207> 22.0) +(208x52.0)
Relative atomic mass of Pb = 00 '
20722
© 100
=207.22

- Relative atomic mass-of Pb = 207.22
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- Conceptual Long Questions

1. What do you know about radioactive decay? Explain with examples. *
_Ans. When a radioactive clement emits radiation it is transformed into another chemical

clement. This process is called radioactive decay.
This necw clement may bc stable or may be radmactwc so that it also eXits

- radiation. :
Example of radioactive decay:
ik

'3,; Uv—— 'q,,l'h + energy
(Urdnium) (Thorium) -

234 Thorium is unstable and further disintcgrates to give 51 Pa (Protactinium)

un.” Jam——y _uipa i cnergy
(Thorium) - (Protactinium)
I”BI —— ""’ T+ energy

(Bismuth) (Thallium)
2. Bricfly explain the radiocarbon dating.
Ans. Radiocarbon dating: Radiocarbon dating is a method for finding out the age-of an
historical object containing organic material with the help of radioactive isotope of
carbon ';C. The method involves measuring the proportion of C in a sample from a
dead plant or animal like a picce of wood or a bone which provides information that can
be used to calculate when an animal or plant died. The older the sdmplc is. the less MC is
to be détected. . :
3. . Write down the mcdicinal’valuc of radioactive isotopec.
Ans. Medicinal value of radioactive isotopes: Radioactive isotopes are used to test the
strength of metals and concrete mixture. They arc used to generate cheap nuclear power
and to find oil ficlds. In incdicine: they arc used to diagnose and treat many medical
conditions and diseases. including cancer and thyroid disorders.
4. Calculate the relative atomic mass of lead (Pb). Isotopic abundances of

isotopes are 2.0, 24.0, 22.0, 52.0 rcepcctwcly 24pp 206phH 207PR "““Ph

A
204 2.0%
206 - 24.0%
207 - 22.0%
208 52.0%

Rolalwc atomic mass of L.ead (Pb)
("04 »2.0)+(206~24.0)+ (207~ 22.0)+(208%52.0)
100

20727

100
‘Result: Relative atomic mass of lcad (Pb). = 207.22

=207.22
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Ans.

‘Ans.

Tl

S Oh Uy g

Calculate the numb.,r of neutrons, protons and electrons in the followiﬁg
atoms. 2Pt e Mn. '8 1 '
195 p¢ ;

No.ofelectrons =78
No. of protons 78 _
No. of neutrons = 195-78=117

55
25Mn
No. of electrons = 25

Il

No. of Protons = 25

No. of neutrons = 55-25=30
ml e

No. of electrons = 53

No. of Protons = 53
No. of Neutrons = 127 -53=74

Write down the properties of cathode rays.
Properties of Cathode Rays:

Cathode rays have following properties:

* These rays travel in a straight lines perpcndlcular to the cathode surface.

They can cast a sharp shadow of an opaque object if placed in their path.

They are deflected towards positive plate in an electric field showing that they are
ncgatwcly charged.

They raise temperature of the body on which lhey fall.

J.1. Thomson discovered the charge / mass (e/m) ratio of cathodg, rays.

. They produced light when they hit the sides of the dlscharge tube

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

Additional MCQs

2.1 Structure of Atom |

John Dalton put forward his atomic theory in: mint
(a) 1803 (b) 1886. .. (c) 1897 ‘ (d)-l9l3_‘

How much mass of an atom is cqncentiated in. nucleus?
(a) 10% (b) 50% (c) 99.99% (d) 9.99%
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10.
11.

12.

13.

- 14.

135,

16.

17.

The electrons are:

(a) Negatively chaf-ged (b) Positively charged
(c) Neutral (d) Bothaandb
The protons are: ' | '
(a) Neutral ' (b) Positively charged
(c) Negatively charged (d) Both "c" and "a".
Neutron was discovered in:
(a) 1933 (b) 1833 (c)' 1733 (d) 1633
~Which one of the following is a neutral particle?
(@) Electron (b) Proton (c) Neutron (d) Nucleus .
The cathode rays are: -
(a) Positively charged ~ (b) Negatively charged
(¢) Neutral . (d) Both"a" and "b"
The circular path at which electrons revolve around the nucleus is called:

(a) orbit (b) nucleus (c) central path (d) none of these
: (&3 Atomic Number and Mass Number

2.3 Isotopes and their Masses

The clectrons, protons and neutrons are known as:

(a) Positively charged-particles (b) Negatively charged particles

(c) Sub-atomic particles of an atom (d) Macroscopic particles of an atom

The number of protons present in the nucleus of an atom is called its:

(a) Atomic number (b) Mass number. (¢) Nucleon number(d) Both b and ¢
Sum of the neutrons and protons that are present in an atom is called its:

(a) Atomic. number (b) Nucleon number (¢) Proton number (d) Bothaandc
Atom as a whole is:

(a) Positively charged (b)' Negatively charged

(c) Neutral (d) None of these

Atoms of same élement having different number of neutrons are called:
(a) lons -(b) Compoundions (¢) Allotropes - (d) Isotopes
Isotopes'having same number of: :

(a) Neutrons - (b) Neutrons and protons

(¢) Electrons and nculrons (d) Protons and neutrons

All the Isotopes of an element having different:

(a) Chemical properties (b) Number of protons

(c) Physical properties (d) Number of electrons

The isotopes which and eémit radiations by themselves are called:

(a) ‘Radioactive isotope : (b) Positive isotopes

(c) Allotropes : (d) None of these

The mass of an atom of that element relatwe to the mass of light isotope of
carbon taken as 12 is called: -
(a) Relative atomic mass ~ (b) Molecular mass
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(¢) Consecutive mass (d) Nonc of these
_18. How many electrons are accommodated in 2nd shell?.
(a) 2 - (b) 8 Y (- B (4) 3

HANSWERS:

. 2 oy A S e Rl T
8 TGNy G HAmY 13 @ E A
16 ) 16 .08 17 ). 18 {d)

Conceptual MCQs

1.  The presence of positively charged particles in an atom was first observed by:
(a) Bohr (b) E. Goldstein (¢) Rutherford (d) Nonec of these
2. Which one of the following is a'lustrous clement? .-
(a) Sulphur (b) Aluminium (¢) Oxygen (d) Bothaandc
3. How many times the protons is heaver than clectron? :
- (a) 1836 (b) 1736 (c) 1636 (d) 1536
4. Which one of the following is a neutral particle? :
_ (a) Electron (b) Protons (¢) Neutron (d) None of these
‘5. Which sub-atomic particle has a charge ‘equal to —1.6022 x 10-1? C?
(a) Proton (b) Electron (c) Neutron (d) Nucleus
6. The maximum number of ‘clectron which can be accommodatcd in s-sub-shell
is: , RIS : :
(a) 6 (b) 10 . ' €) 2 ;< iy 14

7. The sum of the protons and ncutrons that arc present in the nuclcus of an
atom is known as: X _
(a) Nucleon number ; ~ (b) Proton number
L () Atomic number - (d) None of these
8. The maximum number of clectrons which ¢can be accommodated in "d"
sub-shell is:

(a) 2 (b) 6 : (c) 10 (d) 14
9.  The number of ncutrons in {}Na is: \ s
(a) 11 (b) 23 (c) ¥2 (d) 34
10. Decuterium is an isotope of: ' :
~ (a) Carbon ~ (b) Hydrogen (¢) Oxygen (d) lcad
11. Every year, our body replaces about how much of its atom?
(a) 50% (b) 30% (c) 98% (d) 60%
12. The relative atomic masses of clements arc expressed in units:
' (a) Atomic mass unit (amu) ~ (b) Kilogram (Kg)
(c) Grams(g) (d) Milligram (mg)
13. How many clectrons can be accommodated in-f-sub-shell? |
(a) 2 (b) 6 SR (c) 10 - (d) 14
14. ‘Which one of the following atom does not have ncutrons?
" -(a) Protium (b) Deuterium ~(¢) Tritium (d) Carbon

studyplusplus.com



15. The number of neutrons in 33U is:  °

(@) 92 (b) 238 (c) 146 (d)
16. Which particle has charge cqual to 9.10% x 10-3! kg?

(a) Neutron (b) Proton. (¢) Electron (d) Nucleus
17: Which particle has charge equal to 0?

(a) Neutrons (b) Protons (c) Electrons ~ (d) Bothaandb
18. The maximum number of clectnens which can be accumulate ate in L-shell:

(a) 2 (b) 8 (c) 18 (d) 14

19. Which one of the following is correct for isotopes?
(a) Having same number of ncutrons (b) Having same physical propertics
(¢) Having same chemical properties
(d) Having same physical and chemical properties

20. Which isotope of carbon has 7 ncutrons?

@) 2c (b): "3cC ) "¢ (d) Bothaandb
1. (b) 2. (b) 3. (a) %o ke 8 o) 6 - (c) 7. - (%)

8. © 9 © "ML Al 12, (8 13 (D M (W
15. ¢) 16. (b). 176G\ 18, (b). 19. () 20. (b)

Additional Short Questions

1. What arc cathode r.ws" -
Ans. Cathode rays: The rays which originaic from cathode and move towards the anode
are called cathode rays.
2. What are shells (orbits)?
Ans. The circular path at which clectrons revolve around the nucleus is called shell or
enecrgy level.
3.  Decfine clectronic configuration.
Ans. Electronic configuration: The arrangement of electrons around the nucleus is
called. electronic configuration.
~ 4. Write down the formula for clectronic configuration.
, Ans. Formula for e[ccquﬁic configuration = 2n* Where "n" shows the number for orbit.
5.  How many clectrons can be-accommodated in first shell? According to-

~ formula 2n??
Ans. Number of electrons in first shell =2n?=2(1)?=2
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Ans.

Ans.

8.
Ans.

Ans.
10.
Ans.

5
Ans.

Ans.

Ans.

Ans.

Ans.

Ans,

Ans.

| A2l Atomic number and Mass Number

2.3 Isotopes and thelr Masses

What is meant by proton number?

The number of protons present in the nucleus of an atom is called proton number.
For example, proton number of carbon is 6.

Define nucleon number. ;

Nucleon number: The sum of protons and neutrons that are present in the nucleus
of an atom is called nuclear number e.g. nucleon number of carbon is 12.
Calculate the number of electrons protons and neutrons in %Ca-

No. of electrons= 20

No. of protons = 20

No. of neutrons =  40-20=20

What are isotopes? How many :sotopes of carbon are there"

Isotopes: Atoms of same element having different number of neutrons are called
isotopeés. :

Isotopes of carbon: Carbon has three isotopes '2C, '2C, '¢C.

Write down any two uses of radioactive isotopes. ;

Radioactive isotopes are useful in medicinal imaging. They are used to produced
nuclear power. :

What is the relationship betwéen amu and kg"

lamu = 1.67377 % 1027 kg.

COnceptuaI Short Questions

How the elements are made up of?

The clements are made up of atoms.

Why the elements are different from one another in their propertles‘?

The difference in the properties of elements is due to the difference in the
propetties of their constituents atom.

Who studied the properties of cathode rays by passmg through them
oppositely charge plates?

'In 1897, British physicist Joseph John Thomson studied the properties of cathode

rays by passing through the oppositely charged electric plates. -
What is the comparison of size of nucleus and size of atom?
The nucleus is less than one hundred tho_usandth (17100, 000) of the size of the

atoms.

Why the atom as a whole in electrically ncutral" |

The atoms as a whole are electrically neutral because thcy have same numbcr of
electrons and protons.

What do you know about copernicium?

Copernicium is a synthetic element. Its symbol is Cn. It was: dlscovered in 1996.
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Ans.

Ans.

Ans.

10.

Ans.

o

10.

11.

A
13.

This metal turns into gas at room temperature.

How many times cesium is bigger than helium?
Cesium is approximately nine times bigger than hélium.
Write down the properties of gallium.

Gallium has many interesting properties. Its melting pomt is below body

temperature, so it is liquid at room temperature. It has water like viscosity. It does
not evaporate.

Why radioactive isotopes cmit radiation?

The radioactive isotopes emit radiations because they have unstable nuclc1 They
have unstable combination of protons and neutrons.

Write down the number of isotopes of krypton (kr).

The element krypton has f lve isotopes.

Key Points

An Engllsh chemist, John Dalton provided the evidence for the existence of atoms.

- Discharge tube experiments showed that atoms are no longer smallest particles of

matter. Rather they are made up of still smaller particles called electron and proton.
Neutron was discovered separately.

Electrons, protons and neutrons are shown to be present in all the elements
irrespective of the: fact that the elements behave very differently. Different
elements, however, contain different number of these particles. '

Lord Rutherford discovered that all atoms have a central part which he named as
nucleus. The protons and neutrons are present. in this nucleus whlle the electrons
are revolving around the nucleus.

An atom being electrlcally neutral contains the same number of electrons and
protons.

According to Bohr's atomlc model, the electron revolves around the nucleus in

" definite circular paths called orbits or shells. As long as electron revolves in an

orbit its energy remains fixed. An electron will have more energy if it is located
away from the nucleus. ' :

The number of protons present in the nucleus of an element is-called the atomic
number of that element. :

The total number of protons and neutrons present in the nucleus of an element in

- called its mass number.
_ Isotopes are the atoms of the same element which have the same number of pro(ons

but different number of neutrons.

[sotopes of an clement have same chemical properties but they differ in their
physical properties. ‘

Isotopes of an element may be stable or radioactive. Radioactive isotopes have
many useful applications in medicine.

Radioactive isotopes have unstable nuclei and they throw out radiation.

Relative atomic mass of an, element can be calculated from the relative isotopic

masses of this element and their isotopic abundances.
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Exercise Questions

()

(i)

(i)

(v)
(v)
)

(vii)

How many electrons can be dccommodatcd at the mmt in the third shell of the

clements? -

(a) 8 (b) 18 “(e) 10 . (d) 32

What information was obtained from discharge tube prcnmcnts"

(a) Structure of-atom was discovered.

(b) Neutrons and protons were discovered. ' '

(c) Electrons and protons were discovered.

(d) Presence of nuclcus in an atom was discovered.

Why have isotopes not been shown in the periodic table?

(a) Periodic table cannot accommodate a lary.' number of isotopes of dxllcrcnl
elements. r

(b) Some of the isotopes arc unstable-and they give rise 10 different clements

(¢) All the isotopes have same atomic number: so there is no need o give them
scparatc placces. :

(d) Isotopes do not show periodic behavior. :

Which particle is present in different number in the isotopes?

(a) Elcctron (b) Neutron

(¢) Proton _ (d) Both ncutron and clcetron

In which isotope ol' oxygen there are the equal number of protons, cluctrons

and ncutrons?

(a) 770 (b) 'O (c). 180 ©(d) Non of these

What will be the relative atomic mass of nitrogen given the abundances of its

two isotopes, N and '5N are 99.64 and 0.35 respectively. |

(a) 14.0210. (b) 14.0021 . (¢) 142100  (d) 14.1200

How is radiocarbon dating uscful for archeologists?

(a) It helps determine the age of organic matter.

(b) It helps determine the composition. of matter.

(c) It helps determine the usefulness of matter. | - :

(d) It helps determine whether the matter is radioactive or not.

(viii) What does keep the particles present in the nucleus intact?

(ix)

(a) Particles arc held together by strong nuclear foree.

(b) Particles arc-held together by weak nuclear force.

(c) Particles are held together by clectrostatic force.

(d) Particles are held together-by dipolar force.

How do clectrons keep themselves away from the oppositely charged nucleus?
(a) By keeping themsclves stationary

(b) -By revolving around the nucleus (c). Duc to their wave-like nature

(d) A magnetic ficld around the nucleus keeps them away
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(x) Rubidium consists of two isotopes 85Rb and 87Rb. The pereent abundance of
the light isotope is 72.2%. What is the percent abundance of the heavier
isotope? Its atomic mass is 85.47. O
(@) 15%, - (b) 27.8% () 37% d) 72%

INSWERS: | ‘ |

i (b) ii. (d)- iii. (c) iv. (b) w. (a) vi(a) vii. (a) viii. (a) ix. (b) x. (b)

#) Questions for Short Answers

i.  Why is it said that almost all the mass of an atom is concentrated: in its
nucleus?

Ans. It is-said that almost all the mass of an atom is concentrated in the nucleus because

. both the heavy particles i.c. protons and ncutrons are found in nucleus.

ii. Why arc elements différent from one another? '

Ans. The elements are different from one another because the atoms of onc clement
differ from the atoms of other clement because they contain different number ol
fundamental particles.

iii. How many neutrons are present in 240 Bji?

Ans. No. of neutrons = 210 - 83 = 127,

iv.  Why'is tritium ( YH ) a radioactive clement?

“Ans. The isotope which emits energy is called radioactive 1solopu Tritium is radioactive
isotope because it emits radiations.

v. How can an atom absorb and c¢nvolve energy? - .

Ans. Atoms absorb energy when electrons move to higher cnergy levels (excited state)
-after gaining energy. They release éncrgy when clectrons rctum to lower cnergy
levels (ground state). This process is observed as the emission or absorption of light
or other forms.of encrgy. ,

i.  Why does the energy of clectron increase as we move from first shell to sccond

shell? .

Ans. Electrons present in each shell have fixed energy. The encrgy of clectron increascs

~ as we'move from first to sccond shell because the second shell s farther away from
the nucleus as first.shell.

ii. Why isitneceded to lower the pressure of the gas insidc the dlqch.lrgc tube?

Ans. It is needed t lower the pressure inside the discharge because current cannot pass
through the gascs at ordinary pressure.

iii. What is the classical concept of an clectron? How has this conccpt ch.mgc(l
with time? e

Ans. The classical concept of an clectron, based on the carly atomic models such as
1.0 Thomson's and Bohr,s. models explain electrons: as small particles orbiting the
nucleus in fixed circular paths (orbits) similar to plancts orbiting the Sun. However,
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iv.

Ans.

Ans.

with the development' of quantﬁm me_Chanics, this concept changes. The modern
quantum. mechanical model describes clectron as exciting in regions called orbital,
where there is a high probability of finding them. Unlike fixed paths, orbitals

represent three dimensional regions around the nucleus and electrons exhibit both

particle like and wave- like hehaviors. This understanding was made possible 'by

“advancements in the Schrodinger equation and Heisenberg unccrtamty principle.

Why the nuclei of the radioactive clements are unstable? |
The nuclei of radioactive clcmqnts are unstable be cause of an in imbalance of

forces between the particles in the nucleus.

During discharge tube experiments, how did the scientists conclude that the
same type of electrons and protons are present in all the elements?

Scicntists observed that the cathode rays produced in a dlschargc tube always
exhibited the same properties, regardless of the gas used in the tube. These rays
were found to consist of negatively charged particles (electrons) with a fixed
change-to-mass ratio, independent of the type of atom or element present. '
Similarly, the positive rays (protons) generated in these experiments had consistent .
properties across different gases. This uniformity demonstrated that electrons and

“protons are fundamental components of all atoms and their properties do not vary

from one element to another.

SEES AR RRARARENERS

@ Descriptive Questions

Ans.

Ans.

iii.

Ans.

Explam the structurc of hydrogen atom. :

A hydrogen atom is the simplest atom, consisting of a smglc proton in the nuclcus
and one clectron revolving around it. The nucleus, which contains the proton, i
positively charged, while the clectron is negatively charged. The electron occupics
a specific energy level (or shell) around the nucleus. In the modern quantum
mcchanical maodel, the electron is described as existing in a mass orbital around the
nucleus, where it is most likely to be found. Since hydrogen has no neutrons, its
mass is almost entirely due to the proton. '

"How does the theory of atomic structure explain the mmzatlon ‘of atoms by a

radioactive isotope?
Ionization occurs when an atom loses or gains an electron'’ rcsultmg in a charged
particle called an ion. Radioactive isotopes emit high- energy particle or radiation

‘(alpha, beta or gamma ays) that can knock electrons out of atoms. For example,
. beta particles emitted by radioactive isotopes have cnough energy to remove

electrons from nearby atoms, creating ions. This process is the basis for many

: apphcahons of radioactive isotopes such as radiation therapy and smoke detectors.

What is radioactivity? Explain any three appl:catlons of radioactive isotopes.
Radioactivity is the spantaneous emission of particles or energy from the unstable
nucleus of an atom. This occurs as the nucleus seecks to become more stable.
Applications of Radioactive isotopes: Radioactive isotopes are-useful in medical
imaging. Doctors use them to dlagnose the disease by injecting the patient with a .

small amount of radioactive fluid. Technetium-99m is uscd for dlagnostlc imaging
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across human organs like brain. lungs etc. Doctors use a special camera to watch
how the radioactive fluid moves.
iv.  Find out the relative atomic mass of mercury from the following data.

Isotope Relative Abundance Isotope , Relative Abundance
19%6Hg = 0.0146% 199Hg = 16.34%

198Hg = 10.02% 200Hg =  23.13%

201Hg = 13.22% 202Hg = 29.80%

204Hg = 6.85% : ;

Ans. To calculate the relative atomic mass, use the formulas ;
Ar = (Isotope mass % Rclative abundance fraction) Substitute the given valucs.
Ar=(199 x 0.00146) +'(I98 x 0.1002) + (200 x 0.1322) + (201 % 0.0685) +(202 x
0.1634) + (204 x 0.2313) + (206 x 0.298) -

After performing the calculations, the final relative atomic mass is oblamcd This
process demonstrates how isotopes centribute to the average atomic.mass of an clement.

SERARRBRRRERS

© Investigative Questions
i.  How can scicntists synthesize clements“in the laboaratory?
Ans. Scicatists synthesize new elements by bombarding the nuclei of existing clements

~ with high - speed particles such as-protons, neutrons, or heavier ions. This process .
often takes place in particles accelerators where the nuclei are forced to collide
with enough cnergy to fusc and form a new clement. For example, synthetic :
clements like Uranium - 235 and Tranuranium clements like americium and
einsteinium were created in this way. These proceé_scs requir¢ precisc conditions

and advanced technology. .
ii. A system just like our solar system exists in an atom. Comment on the

statement.

Ans. The early atomic model proposed by Niels Bohr compared the atom to a miniaturc
solar system, with electrons revolving around the nucleus in circular orbits, similar
to how planets orbit the sun. While this analogy helped visualize atomic structures
modern quantum mechanics has shown that clectrons do not follow fixed orbits.
Which are shaped by their energy levels and interactions. Unlike planets, electrons
also exhibit wave - particle duality, a concept that cannet be explained using the
solar system analogy.
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