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Chapter 2

Structure ot Atoms
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Q1. Describe the contribution that Rutherford made fo the development of the
atomic theory.

OR

How did Rutherford's model of an atom first of all proved the existence of
nucleus in an atom?

OR

What are the conclusions drawn by Rutherford from the following observations
on the scottering experiment of o parficles?

Ans: Rutherford’s clomic model:

In 19211 Ruthertord performed on expenment i orger 1o know the
armongement of elechrons angd protons in gtoms,

Rutherford's experiment.

Rutherlord bomborded ¢ very thin goid fod about 0.0004cm thickness with o-
porhcies. He used a-porticles obtcined from the gsintegration of polonium, O-

porncies ore hehum nuciel Inal orée coubly posiively chorged (He** ).

Most of these particies passed straight through the fod. Only few particles
were sightly deflected. But one in | million wgs deflected through on gngle
grecter than 90° from ther streight paths. Rutherford performed ¢ senes of
expenments using thin fods of other elements. He observed smiar results from

these expenments,

www.topstudyworld.com



www.topstudyworld.com Chemistry

1 2003C e
substance

Alpha source

Rutherford’'s Experiment

www.topstudyworld.com



www._topstudyworld.com Chemistry

Rutherford draw following conclusions:

1. Snce mgjonty of the a-porticles possed through the foil undeflected. most of
the space occupied by an atom must be empty 2.

2. The deflection of ¢ few a-particles through angles grecter than 90° shows
thaot these porticles ore defliected by electrostchc repulsion between the
positively cherged o-porticies ond the positively chorged port of gtom.,

3. Massive ¢ porhicle s not geflected by electrons.

Discovery of nucleolus:

Rutherford proposed o pionelary model (ssimdor 1o the solor system) for on
otom, An gtom 5 nevutrgl parhicle. The magss of on gtom s concentrgted in © very
smaoll dense posthvely chorgedc region. He ncmed this region Gs nucieus.

A positively charged region i presen! a! the centre of on atom ond the
electrons gre revolving around the nucleys in crcles. These crcles are colled
orbits
Nofle:

The ceninpetal force due 1o the revoluhon of electrons bolonces the
electiostotic lorce of attrachon between the nucleus ond eleciron.

Q2. Whot are the delfec!s of Rutherford’'s model of glom?
Ans: Defect!s in Rutherford's ctomic model:

Rutherfiorad's model of on glom resembies our solar system. It has following
defects

[ Classical physics suggests tho! electron being chorged porticle will emit
energy continuously whie revolving around the nucieus. Thus, the orbit of
the revolving electron becomes smaller ong smaler untl it would ol into
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2. If revoiving eleciron emits energy continuously it should form ¢ continuous
spectium or on otom but ¢ line specirum © oblained Bohr lTormuloted
new expicnahion and o new theory to remove delects rom the
Rutherford's atomic model.

Q3. How did Bohr's atomic theory modify Rutherford’'s model of ctom with the
help of Quantum theory?

OR

Explain the postulates of Bohr's atomic theory?
Ans: Bohr's gtomic theory:

1. In 1913 Ned Bohy, proposed o model for on gctom that was consistent with
Rutherford's model. But it clso explons the observed line spectrum of the
hydrogen atom. Main postulates of Bohr's atomic theory are as tollows:

2. The electron in gn gtom revolves oround the nucleus in one of the crculor
orits. EOCh ot has O fxed energy. S0, each ot is Giso called energy
level,

3. The energy of the electron in cn ot s proportional to its distonce from
the nucieus. The forther the electhron is from the nucleus, the more energy
it has.

4. The electron revolves only in those orbits for which the angular momentum

h

of the electron 5 cn integral mulhple of 5=

where his Plonk’s constont (its

vGOlue 8 6.626x10 J.3).

S. Lght s cbsorbed when on electron umps {0 G higher energy orbit ond
emitted when on electron folls into o lower energy orbit. Electron present
N G parficulor orbit does not radiale energy.

6. The eneray of the laht emitted s exactly eaual to the difference between
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where At S the energy difference between any two orbits with energies
E2 ond €.

Bohr's model of the atom

Society, Technology and Science

Rutherforc was the first scienhst who proposed frs! otomic model of an
ctom He suggested that cll of the positive chonge and most of the mass
of the ctom 8 concentrgted n the nucleus, The remoning volume of the
atom 1 occupied Dy electrons tha! revolve around the nucleus n crcles
called ortts. These suggeshons remamned unchaollienged. But his model
could no! expion the stobidity of an otom ond ine spechhum lor an glom.
BoOty lecped over dithcully by vuang Quantum Theory of Radiation tha! wos
proposed Dy Mox Pionk. Bohr proposed thot on electron moves around
the nucieus in well-gefinec crculor poths colled orsts, An oroit hos fixed

eneray_ Flechron ore<en! in an ot does not emit enerav_ Boly atomic
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aiom gives ine spechrum. Developmen! Of BONhrs gtomC modgdel expioins
how niterprelghons of expenmential resulls Of other scentists help chemists

10 formuicte new explianchions and new theones.

SELF ASSESSMENT EXERCISE 2.1

Draw Bohr's Model for the following ctoms indicating the location for electrons,
protons and neutfrons,

0. Carbon (Atomic Number = §, Mass Number = 12)
b. Chilorine (Atomic No. 17, Mass No. 35)

a. Carbon (Atomic Number é, Mass Number = 12)
Solution:

Number of elechons = 6

Number of protons = é

@@

Numberofneutrons = A -l = 12-6=6

b. Chilorine (Atomic No. 17, Mass No. 35)
Solution:

&

Number of elections = |/

Number of protons = 1/

Numberoineythons s A== 35-1/= 18

Q4. Con yovu identify three similarities ond two differences in these atoms?

Miore 23 <howes Rohr Model 1o two aatome A nncd R
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i B

Bohr's model for atom A and atom B

Solvtion:

Similorities:

You will ind

(0) Both the ctoms hove some number of protons,
(b) Both the ctoms hove some number of electrons.
(c) Both have some atomic number,

Dissimilarities:

(d) Both haove different number of neurons

(e) Both gitter in 1ot number of protons ond neutron. This means they hove

different magss numbers
Nofte:

Since both the gtoms have some giomic number. they must be the gtoms

of some element ond cre colled isotopes.

Q5. What are isolopes? Give two examples.
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The word sotope was first vsed by Seddy. It 5 ¢ Greek word “os” meaons
some ond "iope’ means piace,

Isolopes are atoms of an element whose nuciei have the some atomic
number but difterent mass number. This 1s because atoms of an element can
differ m the number of neutrons, Isotopes cre chemicglly ike ond ofter in the
physicol properhes.

Qé. How does the discovery of isolopes contradict Dalton’s atomic theory?
Ans. According fo Dalton’s atomic theory

“All gtoms of the some element hove the some maoss' .

wWheregs isotopes ore gtoms of gn elemen! whose nuclel hgve the same
gtomic number but different mass number.

Thes 18 because atoms of an element can aiffer in the number of neurons.

Thus, the dscovery of sotopes contrgdicted Dolton’s gtomic theory.

Society, Technology and Science

Dglton’s gtomC theory explomned dotc from many expenments so was
widely occepled Discovery of sub-otomic poricies ond isotopes proved thot
some of the Dolton’s ideos obout atoms we no! correct Scientists did not discord
his theory Instead; they revised the theory to take nto account new discovenes.
This shows how testing prevaling theones bnng cbout changes in them,

Q7. Give names and symbols of isotope of hydrogen. Write their properties ond
opplicatfions in daily life. Draw diagrammatic sketches of isotopes of hydrogen.
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Hydrogen hos three sotopes.

I Hydrogen-1 (Protium):
Hydrogen:-1 Protium hos no neutron. Aimost all the hydrogen IS Rydrogen-
1. The symbol of protium is 'H. Noturclly occumng hydrogen contoins 99.99%

protum:;

Hydrogen-1 oo known ¢S prohium has only one proton, adaing ¢ neutron
doubles it mass. Protum / Hydrogen 8 G Colorless Odoriess ond tasteless gos. It is
nsoluble in water ona is highly inflommable gos

. Hydrogen-2 (devlerium):
Hydrogen-2 (Ceutenum] has one neutron. The symbol of deutenum s “H.
Water that contamn hydrogen-2 atoms in ploce of hydrogen-1 s called heovy

waoter. Naturally occuming hyarogen contains 0.0015% deuternum,

. Hydrogen-3 (Tritium):

Hydrogen-3 (Tntium) has two neutrons. The symbol of tihium & °H. Tnhium &

nO! found iIn NQlurdily oCccummng hycdrogen because its nucieus is unstgble,

Protium Deuterium Tritium
Isotopes of hydrogen

Q8. Define heavy water?
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water that contain hygrogen-2 atoms in piace of hydrogen-| colleC hegvy

waQlter.

QY. Give Comparison of ordinary water and heavy water?

OR

Write the physical properties of water and heavy water?

Ans: Comparison of ordinory water and heovy water:

-

Chemistry

| Property Ordinary water (H;0) - Heavy water (D;O)
.Mollng Point ‘CW’C . 3.81°C
.lo."gpohi ‘ 100°C ' 101.2°C

.Dcmly at 25°C 0.9970) g/cmy’ | 1.1044 g/cmy’

Q10. At whaot fempercture wovuld o sample of heavy water freeze?

Ans: Freeang point of heavy water is 3.82°C.

Q11. Give names and symbols of isotope of carbon. Write their properties ond
opplicafions in daily life. Draw diagrammatic sketches of isotopes of carbon.

Ans: Isotopes of carbon:

Carbon has three sotopes Carbon-12, corbon-13 ond carbon -1 4,

Corbon-12:

AIMos! oll the corbon s carbon-12. Its symbol s '2C. It has six neutrons ond

uy ryotonc
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Corbon-13 has symbol '*C. It has seven neulrons and Six protons.
Caorbon-14;
Corbon- 14 has eight! neutrons and six protons. Its symbol 1s '4C.

Properties of Isotopes of carbon:

Ditferent forms of corbon ore blaock or groyish black solicds except
diomond. They cre odorless and tasteless. They have high melting and boiing

pomnis QNG gre iInsoivdie IN water
Notwral abuncoance of Isotopes of coroon 1S as follows:

2C = 98.8% IC = 11%  'C -0.009%

ACTIVITY 2.1

Carbon has three isotopes '?C, '3C, 'C Figure 2.6 shows incomplete structure of
isotopes of carbon. Can you complete it?

@O

lsotopes of Carbon

' 990
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Q12. Give names and symbols of isotope of chlorine. Write their properties ond
applications in daily life. Draw diagrammatic sketches of isotopes of chlorine.

Ans: Isotopes of chlorine:
There ore two Nnoaturcl sotopes of chiorme, chiome-35 and chiorne-3/,
Chilorine-35.

An gtom of chionne-35 has 17 protons and 18 neutrons. Chiome-35 occurs

n ncture gbout 75%
Chilorine-37;

An gtom of chiorine-37 hgs 17 protons and 20 neutrons Chiorine-37 occurs in

noture cbou! 25%.
Properties of isotopes of chlorine:

Chiorine is 0 grayish yellow gas with shorp pungent imtoting smell. It is foirty

solubile in wolter.

ACTIVITY 2.2

Chiorine has two isotopes. Figure 2.7 shows the structure of isotopes of chlorine.
Can you write isofope symbol for each?

Isotopes of chiorine

1577% 24.23%
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Solution:
iIsolope symbols:

Notural gbungonce

Q13. Give names and symbols of isotope of uranium. Write their properties and
applications in doily life. Draw diagrammatic sketches of isotopes of vranium.

Ans: Isotopes of uvranium

Uranium has three isotopes with mass number 234, 235 ond 238
respechively,
..'.uu_ :MU_ .?.'MU
“23) isolope:
The 732U sotope 15 usec N nucleor recctorn ond atomic bombs.

The fission Of uroMuM-235 yields smaller nuclei neuiron ond energy. The

nuclegr enerQy relegsed by the hission of one kilogram of urgnwm-235 8
equivalent to chemical energy produced by bummng more than 17000 kg of

coql.
“*U isofope:
The 32U sotope Iocks the properties necessory [or these cpphcahons.

When uronivm-238 cecays into thonum: 234, it emits cipha porticle. An olpho
porhcie s doubly posiively charged helum nucieus.

7% — 24T + ‘He
“*U isolope: ~ PWisrore.

Nole: Nctural abundonce of Uranium sotopes s as follows:

2%l = NMNAY 2M11 =N 798¢ 211 = Q0O DT
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Q14. Why Isotopes of an element have similar chemical properties.

Ans: Chemical properties of on element depend upon the number of protons
ond electrons Neutrons do not toke port ordinory chemc ol reacthons Therefore,
sotopes of on elemen! have smidar chemicol properties.

ACTIVITY 2.3
Fill in the blonks?
1. 24U hos protons. electirons ond neuvtrons
2. ‘U hcs ____protons, ____ electrons ond neutrons
% ¥ JF_U hes  protons, electrons ond nevtrons

Solution:

1. U hos _92_protons, 92 electrons cnd _142_neutrons
2. SUhos _92_: _pvolons. 92 electrons ond 143 neutrons
3. ¢BUhas _92_protons, 92_ electrons and _146_ neutrons

Notle:
Atomic number = I = Number of protons = Number of electrons
AlomiC Mass = A = Number of protons = Number of neutrons

Number of neutrons = Atomic mass - Atomec Number = A -7

Important information

Cabon-14 ¢ uted 1o estimate the ace of carbon-contaning substances.
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much laster than they decay. As ares! the concentration of C-14 n ol living
things keep on increqsing. After degth orgonisms no longer pick up C-14, By
companng the cchivity of o somple ol skull or jaw bones. with the achivity of
fving tissues. We can estimate how long it has been since the orgonism died. This
process s called dahng.

Q15. State the importance and vses of isotopes in various fields of iife.
Ans: Uses of isotopes:

Stoble ond rodicochive i1sotopes hcve many oppliications in scence ong
medicines. Some of these ore gs follows

. Roaioachve wdine - 131 used as a trocer in diognosing thyrowd problem,
B. NO- 24 used to troce the fiow of biood ond detec! possbie constructions or
obstructions in the crculatory System.
. lodine-123 s used 10 maoge the bran,
iv. Cobolt-60 5 commonly used to frodicte concer cells n the hope of killing or
shrinking the tumors

v. Caorbon-14 s used 10 trace the path of corbon in pholosynthess.

vi. Rocioachive solopes are used to determine the moleculor structure eg.
Suiphur-35 has been used in the struclure determnaton of thiosuiphale,
Q. ;045 7ion.
vil. Rocioactive sotopes are olso used to study the mechonism of chemiccl
recchons,
vii. Radwoctive isotopes ore used 1o date rocks, sois, archaeological objects
QNG MUMMes,

Q146. What do you mean by shells/orbits and energy level?
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ACCOorang to Bohr's atomic theory the electron n an glom revolves
around the nucleus m one of the circular poths colled shells or orbits

Eoch shell s descrnibed by on n value n conhave volues 1. 2, 3. ...
Wwhen.

ns= ] itsK shell

n=2 ¢sL shel

n=3 it s Mshel elc.

As the volue of mcregses distonce of electron from the nucleus ond
energy of the shell incregses,

Energy level:
toch shell hos ¢ Ixed energy. S0, ecch she 5 olso coled energy level

Q17. Describe the presence of sub-shells in o shell?

Ans: Sub-shells:

A shell or energy level s subdivided nto sub-shells or sub-energy levels
volue of g shell s ploced betore the symbol for G sub-shell.

For mstonce:
I.  For K shell:
n =1, for K shel it has only one sub-shell which os represented by 1§
ii. Forlshell:
N = 2. L shel hgs two sub-shells these ore designoted os 25 and 2p.
. For M shell
n =3, 50 M shell hgs 3 sub-shells called 3s, 3p ond 3d
iv. For N shell:
N shell has 4s, 4p, 4d ana 4f sub-shel
Nole:

$ sub-shell con accommodate maamum 2 elecirons.
p sub-shell con occommodate maxmum 6 electrons.
d sub shell can occommodate maxmum 10 electrons.
f sub-shell con cccommodcte maximum 14 electrons,
The increcsing order of energy of the sub-shells belonging 1o different sheills is
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Q18. Define Auf Bav principle.

Ans: Avuf Bau principle:

We can fill the elecirons present n vanous elements by using Aut Bau
Principle.

AcCcordng 1o this pnnciple, electrons the lowest energy sub-shell that s
avoicble first, This meons electron will fill first 15, then 2s. then 2p ond so on

ls<2s<2D<3Is<3p<4s< 3d

Q19. What do you mean by electronic configuration? Explain by taking specific
examples?

Ans: Electronic configuration:
Electronic conliguration is the distributhon crrongement of electrons

omong the agifferen! sub-shels of on atom.
Examples:
Electronic configuration of hydrogen:

Hydrogen has atomic number 1. S0, it has only one electron that will copy
lowest energy sub-sheill 15, The electronic configurghion of His 15’

Electronic configuration of helium:

Hehum has ctomMmic number 2 so it has two elecirons. Since s sub-shell con
accommodate 'wo eleclrons so electronic conhgurahon of, He s 154,

Electronic configuration of lithium:

Lithium has atormic number 3, so it has three electrons, two wil fils sub-shel
ond one 2¢ swb-shell. So electronc configurctionof Liis 152 2s',

Elecironic configuration of Beryllium:

Berylium haos ctomic number 4, 50 it has four electrons. Two of these
electrons go into1s sub-shell ond two will go to 2s sub-shell. Thus, electronic
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B = 1s¢25¢3p!
sC = )57 247 2p?
N = 187 25¢ 2p°
5O = 152 257 2p*
oF = 15? 257 2p°
oNe = 152 2¢¢2 2p4
nNQ = 152 252 2p* 3s'

1?MQ = 157 257 2p* 387

SELF ASSESSMENT EXERCISE 2.3

Write the complete elecironic configuration for the following elements;
1. Al (atomic number 13)

2. Si (atomic number 14)

3. P (atomic number 15)

4. S (atomic number 16)

5. Cl (atomic number 17)

é. Ar (atomic number 18)

Solution:

1. A [clomec number 13} 152 252 2p* 357 3p'
& Si (ctomeC number 14): 184 257 2p* 387 3p“
3. P [ctomc number 15): 152 27 2p* 3¢7 3p?
4. 5 (ctomc number |6); 154 254 2p* 354 3p*
5. C) (ctomec number 17). 154 28% 2p* 357 3p°
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Describe the electronic configuration in the sub-shell last occupied for the first
eighteen elements.

Ans: Valence shell configuration of first 18 elements:

Icble shows the electronic conhgurahion N the sub-shell Iost occupied for

He !
s’
B cC. N ‘ I
2¢°20" | 28°2p" | 2¢'20’ p | 2s°2p° Zs 20

__4

s.

Al S« | P S o

333" | 3 | s’ | 387" | Y 33 Ip” ,
o

SELF ASSESSMENT EXERCISE 2.4

the first eighteen elemenls,

Write the electronic configuration for the following isolopes.

(¢) C (b) *C (c) YC
Soluilon!: | |
(a) 1C

1;4‘ 25¢ 2p4
(b) *C

fs‘ 35 2P° 085 3
(€) I”C

1$? 287 2p* 357 3p°
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KEY POINTS
Rutherford’'s Atomic Model:

e Rutherford proposed ¢ picnelary model for an atom. The nucleus of on
otom s composed of protons, The electrons Surmoung the nucleus ond oCcCupy
most of the volume of the ctom,

Bohr's atomic model:

e ACccorcing o Bohv's gtomic mogdel the electron in agn ctom revolves
around the nucleus n fixed circulor orbits called shells Energy obsorbed when an
electron jumps 10 @ higher energy and ended when an electron falls nto o
lower energy orbit,

Isotopes:

* Isotopes are otoms of gn element thot her n the number of neutrons.
35Y isotope:

o £33 sotope: Is used m nucleor regctors ond atomic bombs.
Radioactive isotopes:

e Radwoochive isotopes have mony appicatons in science ond medicCines

such gs kiling cancer cels, diagnosing thyroid problem o mage the brain
to detec! obstruchon in the crculatory system. to date rocks, sols,
mummies etc.

Sub-shells:
e A shel or energy level s dvidged nto subshells,
Electronic configuration:

* The aracngement of elecirons in sub-shells cclled as the electronic
conhgurahon.
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* Accorging 10 the Aut Bau Principle electrons il the lowest energy levels
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