l—.m._.m_ n..»”._"..mm._....l...q.n_n.__”.

Indian and ﬁ.:.mm.._nr: *.H____ﬁ__._q“”w _._H_,._..r ._.:.u.m.: _.__._".._.._.Cu_..“.:._ .m.:_.__q e the :.:._m...w. o .“.._E._f.
e el t:ﬁ:_.“,_._.:f_,.“. H_q_.._ﬂ_., m.E,...E._ 400 m.n._” An __,__.,_51_. philosopher
shall :_:_._.._.".a._m__.q. Bel smiallest e ..MH s i __””___q.__m_:a_.ﬁ __._.n_d._uq _.E_n__ﬂ.u__.._,__.x. b

. il st particle beyond which further division will not be
possible. *..._m named these particles as parmanu. Around the same era. ancient
ﬂﬂ._m._..“ philosophers Democritus and Leucippus suggested that if we go on
_ﬂ"___:._.”:_._m matter, a stage will come when paricles obtained cannot be divided
turther. Democritus called these particles as atoms. The word “atom” has beon
derived from the Greek word ‘a-tomio’ meaning uncutable or non-divisible.
However, all these ideas were based on philosophical considerations and not

mich experimental work to validate these ideas could be done till the 18th
century.

The first definite theory about the structure of matter was put forward
by John Dalton, a British school teacher in 1808. His theary called Dalton's
atomic theory regarded atom as the ultimate particle of matter. According
to his theory, all matter are composed of extrermely small particles called
atoms. The atoms were regarded to be structureless, hard spherical particles,
The Dalton’s atomic theory remained undisputed upto the end of 19th
century, However, the discoveries towards the end of 19th and early 20th
n...m_._ﬂ:mm_.._ showed that atom has a complex structure and is not indivisible,
These studies further revealed that atom consists of still smaller panticles
such as electron, profon and neutron, into which it may be divided. These
particles are regarded as fundamental particles because these are the main

constituents of all atoms.

SUBATOMIC PARTICLES

The Dalton’s atomic theory was able to successfully explain the laws
of chemical combinations. However, many experimental a&ﬁ?wﬁcﬂm
made by scientists towards the end of Enmﬁmmﬁj and beginning of
twentieth century showed that atoms have an :mrwuum_ mﬂ.ﬂnﬂnn”m
consisting of subatomic particles. Many different kinds E,H mﬂ_u_mr”_mu_n
particles were discovered in the twentieth century. Let us briefly review
historical development for the discovery of these fundamental particles.

Discovery of Electron

The electrical nature of matter has been known from ancient times.

For example, it was known that glass or ebonite rod when rubbed with

IN THIS UMNIT...coorss e
# Understanding Text 141
# Conceptual Questions 177, 212

# Tough & Tricky Problems 180, 215
SOLUTION FILE
# Hints & Solutions for Practice

Prohblems 216
CHAPTER SUMMARY 237
NCERT FILE
# NUCERT Texthook Exercisea with

Solutions 222
# NCERT Exemplar Problems (Subjective}

with Answers & Solutions 228
& Quick Memory Test with

Answers 231
# HOTS & Brain Twisting s

with Answers =33
REVISION EXERCISES 237
# Hints & Angwers for Revision

Exercizes 240

COMPETITION FILE
# Additional Useful Information g

= Bohr Model: Radius of Orbit, Energy
and Velocity of an Electron

+ MCQs 243
# Competitive Examination Qs
= AIPMT & Other State Boards

for Medical Entrance 246
*= JEE (Main) & Other State Boards

for Engineering Entrance 248
> JEE (Advance) for [IT Entrance 252
# NCERT Exemplar Problems 267

(Ohjective)
#+ Hints & Explanations for

Difficult Queations QD
UNIT PRACTICE TEST ;

19 )



_._‘._n_cmﬂz.m abc + OF CHEMI

iE ShRER |II|||__.__.__.. ———e iode |.|r_
| silk or fur generate electricity. In 1830, h___..H:__._.“m,, Cathode :
Faraday gave the first important clue ni_._"::.ﬁ_;_” ;,,,r +
electrical nature of matter. He observed that d_.m. \e
ar an

electricity is passed through a solution
electrolyte, chemical reactions occurred at the
electrodes, which resulted in the liberation :z.n_
deposition of matter at the electrodes. This -
phenomenon is called electrolysis. He 4,_"“__1_5_.‘.__;._...3,
certain laws known as Faraday's laws ol
electrolysis, which you will study in Class XIL

= g o o e 8 8 R T i o 2 _ e + |
o = —_—

The importance of Faraday’s laws lies in the fact sRSifsgnsroasscascios EEEEEEEt a
that Faraday suggested the relationship between I L e bf| =
electricity and matter for the first time. Later on, in En— EH nﬁmﬂwﬂﬂ
1874, Stoney pointed out that like matter, electricity To yaCULM :
is composed of small discrete units of electricity. He
proposed the name electron for these discrete units Fluorescent Glowing

of electricity. However, the discovery of electron came
as a result of experiments on conduction of electricity

through gases as described below. = s3IEgasatssSsifIssosoIoisiiis
Studies of Cathode Rays : Discharge tube e b e e r e
experiments

The electron was discovered by J.J. Thomson at EF

the end of 19th century during the studies of the B To vacuum .
passage of electricity through gases at extremely low Fig. 1. Discharge tube experiments (a) Discharge tube
pressures. These experiments were known as containing & gas. (h) Emission of light (dotted portion in
discharge tube experiments. Under ordinar jilie auprel WHED U RS AT OF the Sas 1s et
e & e L : = ¥ atm. (c) Glowing of the glass at the anode end when the
conditions, gases are poor conductors of electricity. pressure is reduced to 104 atm.
However, when a high voltage is applied to them at -
very low pressures, the gases become conductors and ~ Vacuum pump. When the pressure of the gas is
electricity begins to flow in the form of rays. These rays decreased to about 10-% atm (about 1 mm to 10 mm of
are called cathode rays. The existence of these rays ~ Hg), the gas becomes conducting and light is emitted
was shown by seientists like Plucker, Crookes, ete., but by the residual gas in the tube. The eolour of the light

the EmE credit goes to J.J _.ﬁwnEm.a:. m.m studied the  depends upon the nature of the gas taken.
properties of cathode rays in detail which led to the (iii) When the pressure of the gas in the discharge

ity prax sk tube is further reduced, the glow becomes weak. At
The experiment in its simplest form consists of 8 4pout 104 atm Emmmﬁ._m.._ (about 0.01 mm of Hg) i
cylindrical Em_mmm Erm._”mbc:p m__”__ﬁﬁm.:ﬂm.,__ closedat  slow between the et Emmwmimum but Em_ mas
both ends [Fig.1]. It iz known as discharge cuntinues to conduct electricity. Moreover, if 8
tube or Crookes tube. It is fitted with two metallic  perforated anode is used, a wﬁﬂw | r ¢-Mﬁr H,ﬁ__i 18
electrodes. The tube is connected to a side tube, through  ohserved on the glass EE_,_U.&.., q ﬂmm =i d 5
which it can be evacuated to any desired pressure with P i

the help of a vacuum pump. The discharge tube is filled
: due to the bombardment of th in ravs
tain rays
Hﬂww Em_“_.wﬂ under m_“E“.__m__,__, wm.pnm the two mHmﬁww:nmm are. ' vittad fenm tha bt mm.mmﬂ,._mmmmmhw Hm © r.”m
experiments WH.E:W AR yolags. During thceo. . pathade fewacds the anode in the w__”:d.. of streaks »2
periments, ollowing observations are made : light. The flow of current from cathode to anods W&

(i) When the discharge tube contains any gas at Hﬂnrmﬂﬂmﬁma by making a hole in anode and __Him,:mm
MMH.H:E pressure, nothing is observed even by applying mﬂw ﬁnm ﬁﬂﬁmnwﬂnmm ﬂzg_mmﬁ.ummnmﬂ ERerE: E_H._.m
‘H_hnwp voltage ( m.,,_”__u.n__ IE_E% V) between the electrodes. : Eﬁr 4 E._.m H_:..w_ﬁ.u.HF mEm mnhwmuﬁ Pty w?.anmh.p E,q”mm

gas remains non-conducting. ;T STt SUSphide coating, a bright spot ¢ 2

S & e coating is developed (same thing .W_.Emwwﬂm in 4

(ii) The pressure of the gas inside the tube is  television set). These rays were named cathod¢r'1¥*

decreased by pumping out the gas with the help of a  because they originate from the cathode.

It was discovered that the glowing of the tube 15

U
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g TAUCTURE OF A TOM
Nature of Cathode Rays

The following cxperiments help in underst

the natuare of cathode FAYE

anding

S
1 The colfhod repye Prevoel in wtrerght lines The

- Ae anode
start [rom et hode and move Lowar

F'AYE |
inaide the {ube, il casts

Whenever an oljodct = rl]ﬂl."{"ﬂ
+ shadow an the wall apposite bo th
During this experiment, the gas fluoTesces
regrions outside the shadow. This sxperiment fhﬂwﬁ“
that the cathode rays tranel in stroight limes. Further,
since the shadow falls on the wall opposite to Lhe
cathode it shows that the rave frvoed from crrf howde

s enthode (Fig. 2)
only 1N

tewrerrds the anode

Metal object

i v I
B

inthepath. =~~~ =00
2 These ravs themselpes are not visible but their
behaviour can be observed with the help of certain
kinds of materials (fluorescent or phosphorescent)
which glow when hit by them. It may be remembered
that television tubes are also cathode tubes and
television pictures result due to fluorescence on the
lelevision screen coated with certain fluorescent or
phosphorescent materials,

3. Cathade rays produce mechanical effects. For

example, when & small paddle wheel is placed between
the electrodes, 1t starts rotating. [Fig. 3]. This indicates
that the casiode rays csnsiet of matirial partisies S
produce mechanical effects.

4. In the absence of electrical or magnetic fields,
these rays travel in straight lines. When electric and
ragnats Selrs one anplied 1o the cathode rays in the
azscharge tube, the rays are deflected, thus establishing
that tney consist of charged particles. The direction of

the deflection shows that the charge was negative as
shown helow

(1) Effect of electric field. The offect of electrie
fleld om the eathode rays was studied by J. J. Thomsen
in 1897 When the beam of cathode rays is allowed to
pass between electrically charged plates (Fig 4), these
are doflectord tnwards the poaitively charged plate Thia
showa that the particles in the cathode rayvs CATPY
negative charge

Elmeiric Flates

"

= . .b=
A,

Cathode s deflected
trraarrts e it

Fig. 4. Deflection of cathode rays in an slectrie feld
indicating negative charge an its particles. N

(ii) Effect of magnetic field. When the cathode
rays are made to pass through a magnetic field, these
are deflected in the direction corresponding to the
presence of the negative charge on the particles. This
is shown in Fig. 5

------

: ction of cathode rays in 4 magnetic feld
5. When the cathode rays are allowed to strike 3
thin metal foil, it gets heated up. Thus, the cathode
rays possess heating effect

6. The cathode rays produce X-rays when they
strike against hard metals like tungsten, copper, 34¢.

: m!ﬂi‘lﬂm#!“
utb:f:t_m cause them to glow (produce
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All these observations led to the conclusion that
cathode rays consist of negatively charged particles.
These charged particles constituting the cathode rays
were named electrons.

Charge and Mass of Electron

(i) Determination of charge to mass ratio
(e/m) of electrons

In 1897, J.J. Thomson determined the ratio of the
charge (e) of the electron to its mass (m) by measurnng
the deflection under the simultaneous influence of
electric and magnetic fields, applied perpendicular to
each other.

The charge/mass ratio, e/m was found to be:

=)

Charge/mass = =176 x 101 Clkg

(if) Determination of charge on the electron
The charge on the electron was measured by R.A,
Millikan in 1909 by a method known as oil drop
method. The charge on the electron was found to be

Charge = E = 1.60 » 10-'*C (Coulomb)

[.~..L;.'_||';-':r1_-: nbo 4
leulation of the mass of the electron. Frop,
E::-u‘:'; l}fEJ'lm- ard B the mAass (m) of the electron
th: azitermined hy dividing e by e fm. Thus,
i (harge/mass (e/m)=1.76x 1011 C kg
18 O
Charge (e) = 1.60 x 10720 G
e _l.ﬁlfll v 10 0

Mass of electron () = =) g 107 C kg *
= 9.10 x 10-3kg

ofthe alectron 18 much smaller than the
mnnﬂ?‘ ?; :\Ei':um of hydrogen. It has been !'m_lmlij that
the mass of an electron is :1pp]:‘ﬂ:-:1!113.191}f 1/183Tth*
(or 5.45 x 10~ times) the mass of an atom ﬂf'll}’dr‘fjgen_
However, this mass is very smgll and for all practical
purposes, it may be taken as negligible. Th_e charge of
the electron is the smallest known electrical charge
and is usually referred to as unit negative charge.
Thus, an electron may be defined as
a sub-atomic particle which carries one
unit negative charge (1.6022 x 100-"? C) and
has a mass (9.10 x 107%! kg) equal to 1/1837th
of that of hydrogen atom.

LEARNING PLUS

U Thomson's Experiment for Determination of Charge/Mass (e/m) of the electron

The apparatus is shown in Fig. 6. A high potential i maintained between the cathode and the anode,
Electrons emitted from the cathode are accelerated by the high voltage. The circular disc after the anode
selects the beam moving in a straight line. The beam then passes through electric and magnetic fields which
are perpendicular to each other and also to the direction of the motion. Thomson suggested that the amount

Electric and magnetic
fields perpendicular to
each othar

Fluorescent sorean

rual
Fig. 6. Apparatus for determining the ratio of electric charge (e} to mass (m) of electrons

* Mase of an electron relative to that of hydrogen atom can be easily caleulated from the fact th

of any element is 6,022 x 10 {Avogadro number). Therefore,
1 Gram atom of hydrogen = 1.008 g

6.022 x 10* atoms of hydragen weigh = 1.008 g
Ome atom of hydrogen weighs = 1008 .
6.022 x 10

Mass of one atom of hydrogen
Mass of electron g

e S,

9.1084 x 107 kg
Thus, an ator of bydonzer. i 3

: B37 times heavier than an electron s £
)T RE TN UE o 5 1or an electron has s mass which is about L/1B37t (0r 5,45 » 104 times)

~_—

53 = 16T x 10 g or w1674 1027 g
Now, mase of electron = 91094 = 10-9 kg texact valoe)

= 1837

at the number of Aloms in one gram atom
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