< INTRODUCTION >

The existence of atom has been proposed since the time of early Indian and Greek phliosophers The atom are the
fundamental building blocks of matter. According to them the confinued subdivisions of matter would ultimately
gives atom which would not be further divisible. The word ‘atom’ has been derlved from Greek word ‘a-tomio’
which means uncuttable or non-divisible.

< DALTON’S A’mMIC THEORY >

The atomic theory of matter was first proposed On a ﬁrm sczentlﬁc bas1s by John Dalton in 1808. His theory called
Dalton’s atomic theory. -

Dalton’s atomic theory was able to explain the Iaw of conservatlon of mass, law of constant composition and law of
multi proportion very successfully ~

< mscoVERY OF THE ELECTRON pe

The cathode rays were dlscovmed by Jullus Plucker n 1859 during the experiments with gas discharge tubes.

A discharge tube is long-glass tube as shown in fig. This tube is fitted with metal electrodes on either end across
which high voltage can be apphed The tube is also connected to vacuum pump for controlling the pressure of gas
inside the discharge tube. B

Note : A pressure of 0.001 mm of Hg is apphed because at normal pressure gases are non-conductors. At this low
pressure of 0.001 mm of Hg the atoms and molecules of gases get ionised.

Gas at Low pressure To Vaccum Pump

&) \ i )

Cathode A

q |

i
High Voltage

PROPERTIES OF CATHODE RAYS : The cathode rays possess the following properties :

1. Cathode rays travel in straight lines : An object placed in the path of cathode rays casts a sharp
shadow. It shows that cathode rays travel in straight lines.

Saraswati PITAMPURZA / ROHINI 9696500500 / 9696400400



‘ Structure of Atom

L

&

«
]
e

b=

B W

o

=)
Cathode

$ Shadow

%ﬂ5‘555§%ﬁ

(+) Anode

Heating Effect : When cathode rays are focused on a thin metal foil, it gets heated up to incandescence.
Cathode rays consist of material particles : This was indicated by thc fact that a hght paddle wheel
placed in the path of cathode rays starts rotating, :

=
Cathodc( Hmb \
\J— HE

Light Paddle wheel

(+) Anode

Effect of electric field : When electric field is applied to a stream of cathode rays, they get deflected
towards positive plate. It shows that cathode rays are negatively charged

Effect of Magnetic ficld : When magnetic field is applied, pcrpcndlcu]ar to the path of the cathode rays,
they get deflected in the direction expected for negative partlcics

On striking against walls of the discharge tube, cathode rays produce famt greenish ﬂuorcscence

The cathode ray start from cathode and moves towards aaode

There rays themselvesare not visible but their bchawour can be oi)served within the help of certain kind

of material (zns) which glow when hit by,them. .

In the absence of electrical or magnetic field these rays travel in straight line.
The cathode rays consist of negatively charged particles called electron.

The characterstics of cathode rays don’t detend upon the material.

Thus we can conclude that clectron are basic constltuent of all the atoms.”

v ;oANQDERmXS e

Canal Rays :

Goldstein, in 1886, dlscovcrcd the ex1stcnce of a new type of rays in the discharged tube. e used a perforated
cathode in the discharge tibe. On passing the electric discharge at low pressure he observed a new type of rays
streaming behind: the cathode: These rays were anode rays.

Note : Charge to mass ratlo of the particlc in the anode rays depends upon nature of the gas taken in the discharge

tube.
®

A proton is a fundamental particle of atom ecarrying one umit positive charge and having mass
nearly equal to the mass of atom of hydrogen.
RADICACTIVITY : The spontaneous emission of active radiations by certain elements like Uranium

s called radioactivity and the elements are called radioactive elements.

. Radiacacative
matter
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Striecture of Atom |

1. Unline cathode rays, mass of positively charged particles depends upon the nature of gas present in
cathode ray tube.

2, The charge to mass ratio of particles depends on the gas from which there originates.

3. Some of the positively charged particles carry a multiple of the fundamental unit of electric charge.

4 The behaviour of these particle in the magnenc or electrical field in opposite to that observed for electron
or cathode rays.

The smallest and lightest positive ion obtained from hydrogen was called Proton.

Compt. Point — B-rays more deflect than a-rays due to less momentum.
® B-particle is a high velocity electron,

e B-rays emits from nucleus.
' N —> p+le
® Protons remain in nucleus and electron goes out, &
® y-rays are just an electromagnetic radiation. There are no particles present; d
Prgperty o - B Y
Velocity 1/10 of ¢ Almost equal to ¢ | Equaltoc
Penctration power | Small Large (100 times of a rays) Very_larg_;: (10,000 times of
L a-rays) -
lonisation power Very Large Large i Very Small

<___DISCOVERY OF NEUTRON >

Neutron was discovered by James Chadwick. T
He bombarded a thin foil of beryllium with fast- 1110V1ng Ot-parilcle and observed that highly penetrating rays
consisting of neutral particles were produced. T
Be Iy He S 12 on

2 6
A neutron is a subatomic particle carrylng no charge and havmg mass 1675 x 107% kg which is almost equal
to that of a hydrogen atom.
Note : Neutron has 0.18% more mass than proton ‘When electrically neutral particles having a mass slightly greater
than that protons were em1tted these partlcle as neufrons.

Symbal * Charge Charge Mass Mass Inventor
g |- {Coulomb) (e.s.n) (gram) (2.m.10.)
Electron | &% i 1-1.602 % 10 C |-4.8 x 10 |9.109 x 107 0.000548 [ J.J. ThomSon
Proton | H! | #1.602x 100 C | +4.8 x 100 | 1.673 x 10 [1.00727 | Goldstein
Neutron {0 | Zero | 1.6748 x 10 | 1.00867 | ChadWick

< ATOMIC MODELS \

Atom is composed of sub-atomic particles carrying positive and negative charges. Different atomic modeis were
proposed {0 explain the distributions of these charged particles in an atom,
Two models are briefly explained below-

1. THOMSON'S MODEL OF ATOM

2. RUTHERFORD’S NUCLEAR MODEL

3. BOHR’S MODEL OF ATOM

THOMSON’S MODEL OF ATOM

Thomson was the first to propose a detailed model of the atom. He proposed that an atom consists of a
uniform sphere of positive electricity in which the electrons are distributed more or less uniformly, An
atom possesses a spherical shape (radius approximately 10 m)
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- I Structure of Atom

This model of atom is known as the ‘plum-pudding model’ or ‘raisin pudding model’ or watermelon
model. This model assumed that mass of the atom is evenly spread over the entire atom.

Thomson model of atom :
An important feature of this model is that the mass of the atom is assumed to bc umformly dlStl ibuted
over the atom.

RUTHERFORD’S NUCLEAR MODEL :

Rutherford and his students (Hans Geiger and Ernest Marsden) bombarded very thin gold foil with a—
particles.

Rutherford’s famous a—particle scattering experxment A stream of hlgh energy o—particles from a
radioactive source was directed at a thin foil (thickness ~ 100 +nm) of gold metal. The thin gold foil had
a clrcuIar fluorescent zinc sulphide screen around it. Whenever o particles struck the screen, a tiny flash

Flioy A A .
of light was produced at that peint.

It was observed that :

(i) most of the a—particles passed through the gold fod undeﬂected

(i) a small fraction of the a—particles was deflected by small angles.

(i) a very few o-particle bounced back that is deﬁected by 180°.

CONCLUSION:

(i) Since most of the a-particles pass through the f01I undeflected, it indicates that the most of the space
in an atom is empty. |

{ii} o-particles being posfuvely charged and having conmderable mass could be deflected only by some
heavy, positively charged centre. The small angle of deflection of a-particles indicated the presence
of a heavy positive centre in the atom. Rutherford named this positive centre as nucleus.

{iii) -part;cles whzch make head—cm coll1s1on w1th heavy posmve centre are deflected through 1arge

cenire mu_st be vic_r_y sr_nali

Result.. oy
1. Most of the mass and all the posmve charge of an atom is concentrated in a very small region called
nucleus’”
2. The posztwe charge on the nucleus is due to protons. The magnitude of the charge on the nucleus is
different for atoms of different elements.
3. Thenucleus is surrounded by electrons which are revolving around it at very high speeds in circular
" path cailed orbits. The electrostatic force of attraction between electrons and the nucleus holds
them together.
4. - Nuclear model of atom can be compared with the solar system. In an atom electron revolve
©7 ground the nucleus in just the same way as the planets revolve around the sun. Due to this comparison
revolving electrons are sometimes called planetary electrons and Rutherford’s nuclear model of
afom is known planetary model of atom. '
NOTE :
1.  Size of the nucleus is extremely small as compared with the size of the atom.
3. Radius of the nucleus is of the order of 107 m, whereas radias of atoms is of the order of 20" mi

Drawbacks of Rutherford’s model
1. Rutherford model failed in view of electromagnetic theory given by Maxweil.
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According to this theory a charged particle when accelerated emits energy in the form of
electromagnetic radiation.

According to Rutherford’s model, electrons are revolving around the nucleus. This means, electrons
would be in a state of acceleration all the time. Since electrons are charged particles, therefore,
electron revolving in an orbit should continuously emit radiations. As a result of this, it would slow
down and would no longer be able to withstand the attractive force of the nucleus. Hence, it would
more closer and closer to the nucleus and would finally fall in the nucleus by following a spiral path.
This means atom should collapse. But actually we know atom is stable. Thus, Rutherford’s model
failed to explain stability of atom.

2. Rautherford’s model also failed to explain the existence of certain definite l1nes in the hydrogen
spectrum. According to theory of Rutherford atomic spectrum should be contmueus but
" atomic spectrum is a line spectrum
3. Rutherford’s model does not explain the distribution of elecirons around the nucleus and their
energics. -
BOHR’S MODEL OF ATOM

Bohr model of atom was proposed by Neil Bhor in 1915. It came znto ex1stence with the modification of
Rutherford’s model of atom.

Bohr modified this atomic structure model by explaining that ¢” move in ﬁxed 01brta1 and also explain
each shell, -

Behr s Medel ef an Atom

< NATURE OF ELECTRO MAGNETIC RADIATIONS »

Wave Theory of Ra__d_ia_tions

Light is the form of radiation known from early days and speculation about its nature dates back to remote ancient
times. In earlier days (Newton) light was supposed to be made of partlcles {corpuscles). It was only in the 19th
century when wave nature of light was established.

Maxwell was again, the first to reveal that light waves are associated with oscillating electric and magnetic character.

Properties of Electromagnetic Waves

The oscillating electric and magnetic fields preduced by osciilating charged particles are
perpendicular to each other and both are perpendicular to the direction of propagation of the wave.

- Simplified picture of electromagnetic wave is shown in Fig,

(i3’
(i)

Unlike sound waves or water waves, electromagnetic waves do not require medium and can move
in vacuum.

There are many types of electromagnetic radiations, which differ from one another in wavelength
(or frequency). These constitute what is called electromagnetic spectrum .

Different regions of the spectrum are identified by different names.

Some examples are: radio frequency region around 10° Hz, used for breadcasting.

Microwave region around 10°° Hz used for radar;

Infrared vegion around 10"*Hz used for heating; uitraviolet region around 10'°Hz a component of
sun’s radiation. .

The small portion arcund 10" Hz, is what is ordinarily called visible light. It is only this part which
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l Structure of Atom

our eyes can see (or detect). Special instruments are required to detect non-visible radiation.
(iv) Different kinds of units are used to represent electromagnetic radiation. These radiations are
characterised by the properties, namely, frequency (v) and wavelength (A).

Electromagnetic Spectrum

When electromagnetic radiations are arranged in order of their increasing wavelengths or decreasing frequencies ,the complete
spectrum obtained is called electromagnetic spectrum,

Cosmic rays < y-rays <X-rays < ultraviolet-rays <visible-rays <infrared —rays <Micro waves <radio waves
{(CGXUVIMR). il

< WAVE RELATED TERM = s

Wave
The wave is short of disturbance which originates from vibrating source and travel onwards perpendlcuiar 1o their
axis as alternate crest and through known as wave. - o

o Wave is a form of energy.

@ No medium required to propagate the wave.

Each wave has six character

Wavelength (A):

The distance between two adjacent crests and troughs kﬂOW as Wavelength

Frequency (v): I
Number of wave passes in one second known as, frequency It is rec;procal of wavelength and it’s unit is Hz, m™
cm™!

Fime Period:
The time taken by the wave to complete one cycle.
. ol 1
T

Wave Number: <~ :
Number of wavelength per umt length is known as wave number. Tt is reciprocal of wavelength

_ 1
V=
A
Relatmn Between Speed of light (c), frequency (v) and wavelength (3):
c=vh, A= -(E« v =%
V

< PRACTICLE NATURE OF ELECTROMAGNETIC RADIATION >

Planck’s Quantum Theory
The failuze of the classical electromagnetic theory of radiation to explain the phenomenon of photoelectric effect led
Max Planck (1901) to propose a new theory known as '
Quantum Theeory of Radiation.
The main points of this theory are : *
1. Radiant energy is emitted or absorbed not conhnuousiy but disconiinuously in the form of small
packets of energy called quanta
Note : In case of light, quanta is normally called Phoetons,
2. The amount of energy associated with a quantum of radiation is propottional to the frequency of
radiation.
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3. Abody can emit or absorb energy only in terms of the integral multiples of quantum i-e:
E = nhv :
Where n=1,2,3,4.5.......... , h=Plank’s constant 6.626 x 103 Js
4. Ejection of electron from metal surface when radiation strikes it.
5. Variation of heat capacity of solid as a function of temperature.
6.  Line spectra of atoms with special reference to hydrogen.
7. The nature of emission of radiation from hot bodies.
Compton Effect

“The phenomenon of scattering of X-rays from suitable material and hence increase in its wavelength is

called Compton Effect.”

Photoelectric effect may be defined as the phenemenon of ejection of electrons from the surface of a metal

Svattered Photon
-

’ -
Incident Photon ';\J
R N T @

@ . Reooiled Eleclion

“u

< PHOTGELECTREC EFFECT >

when light of suitable frequency sirikes on it.

The elecirons, thus, ejected are called photee_lectrons

NOTE : Photeeleciric effect is shown by any metal in a photoglectric cell only.
It comprises an evacuated tube with metal having low ionisation energy and constituting the negative electrode.
Now when light of sufficiently high'énergy strikes the metal, electrons are knocked off from its surface and move
towards the positive electrode. These electrons constitute a current flowing through the circuit.

Condition and Features

Structure of Aiom !

1. The electrons are gjected from the motal surface as soon as the bean of light strikes the surface
2, The numbel of electrons ejected is proposonal to started known as thresold frequency (v,)

Light

];:b\ Metal Surface
Ei\e;tkr;é\, 0 }
4 ——e—= ¢

Vacuum Chamber

| 1
Sl
Battery
Equipment for studying the photoelectric
effect. Light of a particular Frequency strikes -
a clean metal surface inside a vacuum chamber.
Electrons are ejected from the metaland are
counted by a detector that measures their kinetic energy.
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Ouly a few metals show this effect under the action of visible light but many more can show it under the action of
more energetic ultravielet fight.
Caesium with lowest LE. emits electrons very easily.

1
hv = by, + Emev2

< DUAL NATURE OF ELECTROMAGNETIC RADIATIONS >~

The photoelectric effect could be explained considering that eiectromagnetic rad1at10ns COﬂSISt of small packets of
energy called quanta or quantum. These packets of energy can be treated as particles. e

On the other hand, radiations exhibit phenomena of interference and diffraction which. mdlcate that they possess
wave nature. So it may be concluded that electromagnetic radiations possess dual naiure i, e paltlcle nature as well
as wave nature. e

Einstein even calculated the mass of the photon associated with a radiation of frequency vV o as g1ven below :

The energy E of the photon is given as :
E=hv (1)

Also according to Einstein’s equation,

: E=m¢* ..{1i)
where m is the mass of photon. ;
From equations (i) and (ii), we get S

hy =me* i
. il
c o
h ¢ c
M=z A
¢t A A
h : o .
m= (iv)
c ) Y

Equations (iii} and (iv) can be used to calculate the mass of the pheton.

Electronic Energy. Leveis

Atomic spectra :

1. When an element is excited by some method such as by heating, by passing electric current or by
passing electr}c ‘discharge, the atoms of the element emit electromagnetic radiations of definite
frequenc:es s 2

2. This phenomenon of splitting of a heam of light into radiations of different frequencies after
passing through the prism is called dispersion and the pattern of radiations obtained after
dispersion of beam is called spectrum.

3. _ The radiations in the spectrum are emitted due to energy changes taking place in the atoms,

" this spectrum is also known as atomic spectrum. '
Atomic spectrum of an element can be used to identify the element and is sometimes called
. fingerprint of its atoms.

4.7 The branch of science dealing with the study of spectra is called spectroscopy.
" 8, SPECTRUM IS BROADLY CLASSIFIED INTO -
(A) Emission spectra
(B) Absorption spectra |
Differences
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Emission spectra _ Absorption spectra

1. It is obtained when the radiation from | 1. It is obtained when the white light
the source are .directly analysed in the | is passed through the substance and
spectroscope. the transmitted Hght is analysed in the
speciroscope.

2. It consists of bright coloured lines separated | 2. It consists of dark lines in otherwisé“
by dark spaces. continuous spectrum ' '

3. It may give a continuous or discontinuous [ 3. It is always discontinupu's‘spcctrum
spectrum. E s

Hydrogen Spectrum :

When an electric discharge is passed through hydrogen gas its molecules dissociate into hydrogen
atoms. The excited hydrogen aioms, thus produced, ermt electromagnet;c radiations of discrete
frequencies.

2. The spectrum obtained consists of a large number of sharp {ines. Each iine corresponds to a particular
frequency of light emitted by hydrogen atoms,

3. The lines in the emissien spectrum of hydrogen are. clasmﬁed of hydrogen are classified into five
series as follows ; :

@ Lyman Series ...Ultravmlet regzon \
(ii) Balmer Series ..+ Visible region. -
(iii)  Paschen Series .. Infra-red region "
(iv) Brackett Series .. Infra~red reglon
v) Pfund Series Infra-red region
The complete spectrum of hydlogcn is shown in Fig.
Lyman. “‘Baimer Paschen Brackett Pfund

se1fes i series  series  series series

Fig. Atomic spectrum of hydrogen

4. The 1znes are grouped into different series, named after the discoverers.
5. RYDBERG FORMULA
~ Although a large number of lines are present in the hydrogen spectruni , Rydberg gave a very simple
_theorctical equation for the calculation wavelengths and wave numbers of the lines by the formula
Lo, 677[ 1 m%jcml
A n* ) -

when i, and i, are integers, such thain, >n . For a particular series n, is constant.
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61 e
5, : e Yy
: P j : Pfund -
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: I i1 Brackett -
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3 R A A 44 S —
: ! Do 7 Qnfrared
E 2 e YYVYEY e
5 | Balmer {(Visible region)
= series
; a
1 ¥vvyvyeY
Lyman
serics (U V. region)
Fig. Generation of various spectral series in hydrogen specorum.
Lyman Series n = m,=2,3,4....
Balmer Series n = n,=3,4,5
Paschen Series = n,=4,56
Brackett Series =4 n,=506,7
Pfund Series n1 =5 n,=6,7,38

The value 109,677 cm™ is called Rydber,
For H — like particles

> »

i1=]

constant for hydrogen.

— L 1Y)
v{cm j)=EiRZ2 {g—wJ

nz

where Z is atomlc number of the H —like particles

LIMITING LINE : The limiting line of any spectral series: m the hydrogen spectrum is the line when n, in the
Rydberg’s formula is infinity , i-e, n, = 9_0

1.

< BOHR’S MODEL FOR HYDROGEN ATOM >

The electron in the hydmgen atom revolves around the nucleus only in certain elected circular
orbits. These orbits are associated with definite energies and are also called energy shells or energy

leveIs These are ‘numbered as 1,2, 3, 4...ete. or designed as K, L, M, N....etc. shells (Fig).

4 or N
3orM

2orl
lor K

Fig. 2.23. Bhor’s orbits.

Only those orbits are permitted in which the angular moment of the electron is a whole number

multiple of h/2 where b is Planck’s constant. That is, angular moment of the electron,
7

h
HvE =R — ,wheren=] 2 3...n.
2z

where, m is the mass of the electron

v is the velocity of the electron

r is the radius of the orbit.

In other words, angular moment of electrons in an atom is quantized.
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Structure of Atom i

As long as the electron remains in particular orbit, it does not lose or gain energy. This means that
energy of an electron in a particular orbit remaing constant. That is why, these orbits are also called
stationary states.
When energy from some external source is supplied to the electron, it may jump to some higher
energy level by absorbing a definite amount of energy (equal to the difference in energy between the
two energy levels). When the electron jumps back to the lower energy level it radiates same amount
of energy in the form of a photon of radiation such that :
' AE=E, ~E =hy

Ez - El

h

where v is the frequency of the radiation emitted when electron j Jump from the energy levei havmg
energy E, to the energy level having energy E,. &

v=

2
E, =—2.18><10““’(2—2j3
A

52.94°
zZ

Rm

"

Pm

< LIMITATIONS OF BOI'’S MOBEL >

Bohr’s model could not explain the spectra of atoms contammg more than one electron. Bohr’s
model could not explain even hydrogen spectrum obtamed using high resolution spectroscopes.

Each spectral line, on high resolutlon was found t6 consist of two closely spaced lines.

it was observed that in the presence of a.magnetic field, each spectral line gets split up into closely
spaced lines. This phenomenon, known as Zeeman effect, could not be explained by Bohr’s model.

Similarly, the splitting of spectral line under the effect of applied electric field (Stark effect), could
not be explamed by Bohr’s model. :

The main objection to Bohrs theory was raised by Helsenberg s uncertainty principle. According
to this principle, it is 1mp0_ss1ble to. determine simultaneously the exact position and the momentum
of a small moving particle like an electron. The postulate of Bobr that electrons move in well-defined
orbits around the nucleus; _therefore, is not valid. Thus, Bohr’s model contradicts Heisenberg’s
uncertainty principle.

Bohs’s mod_el ¢ 'ld not explam ability of atoms to form molecules and the geometry and shapes of
molecules - )

Sommer’s Field ‘Atomic Model
Note : Sommer field atomic model explain the fine spectrum of H atom.

B
2.

Defects @ 1.
2

Som_iner-ﬁeld suggested that orbit may be elliptical or circular,
Sommer-field suggested that orbits are made up of sub-orbits or sub-shells. (s-p-d-f)

.5 — sharp p — principle

d — diffused . - fundamental
This model deesn’t explain Zeeman’s and stark’s effect.
This model explain the behaviour of those atoms and ions which contain only one electron.

The Dual Nature of Matter

Einstein had suggested in 1905 that light has dual nature, that is, wave nature as well as particle nature. Louis de
Broglie, the French physicist proposed that like light, matter also has dual character. It exhibits wave as well as

particle nature.

Louis de Broglie even derived a relationship for the calculation of wavelength (A) of the wave associated with a
particle of mass m, moving with velocity v as given below :

A=t a=l

mv p
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where h is Planck’s constant and p is momentum of the particle.

Heisenberg’s Uncertainity Principle

It is not possible to determine simultaneously the position and momentum of a small moving particle, such as
electron, with entire certainty.

h
o
AxxAp,A

or AxxAvz

4mm

where Ax = uncertainity of position
Ap = uncertainity in momentum
m = mass of the particle
Av = uncertainity of velocity
h = Planck’s constant.

Significance of Uncertainty Principle
1. 1t rules out existence of definite paths or trajectories of electrons and other similar particles.
The trajectory of an object is determined by its location and: Velomty at various moments.
2. The effect of He1senberg Uncertainty Principle is 51gn1ﬁcant only for motmn of microscopic

Y S S R Pupy 1y
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< CONCEPTGF -O’RBifALs >

An orbital may be defined as that region of space around the. nucleus where the probability of finding an electron is
maximum (90-95%). : -
Difference between an Orbit and an Orbital

orbit .. Orbital

L. Tt is a well-defined. _circulariﬁ 'path followed by | 1.1t is region of space around the nucleus of the
revolving electron around the nucleus. atom where the eleciron is most likely to be found.
2. Ttis _Lfepresen{éf;':;Eanéf'llﬁbﬁi;ﬁ”ﬁf an electron 2. It represents three-dimensional motion of an

electron around the nucleus.

3. The”ma_)_c_iﬁ]uhi number of electrons in an orbit is | 3. An orbital cannot accommodate more than two
2n?, where 1 stands for number of the orbit. electrons.

4. Orhits are cireular in shape. 4. Orbitals have different shapes, ‘e.g., s-orbitals
are spherically symmetrical whereas p-orbitals are
dumb-bell shaped.

5. Orbits are non-directional in character hence they | 5. Orbitals (except s-orbitals) have directional
cannot explain shapes of molecules. character and hence they can account for shapes
' of molecules.

6. Concept of weli-defined orbit "is against | 6, Concept of orbitals is in accordance with
Heisenberg’s principle. Heisenberg’s principal.
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Structure of Atom |
Shapes of Orbitals

e s subshell has spherical shape

o psubshell has dumbell shape

%

(a) (b)_j_ - © (@) ©

Pauli’s Exclusion Principle - o
No two electrons in an atom can have same. values for alt the four quantum numbers

Acc. to this principle an orbltal can accommodate maximum of iwo electrons and these two electrons must have
opposite spin i

AUFBAU RULE
According to this ruie
the electrons are added progresswely to the varions orbitals in their order of increasing energies, starting
with the orbital of lowest energy.

Increasing order of energies of various orbitals is :

ls, 28, 2p, 3s, 3p, 4s, 3d, 4p, 5s, 4d, 5p, 6s, 4f, 5d, 6p, 7s...
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Aufbau is not a name of scientist; it is a german word meaning building u"pff?'.'Iffs,_t_ates that in the ground state of
an atom an electron enters the orbital of lowest energy first & then electron ente'rs in théorder of increasing energy.

{n +1)’s rule :
1. Inneutral atom the orbital with lower value of (n + /) has lower energy than the orbital with higher
(n 4 1) value. The ¢~ enfering in a vacant subshell with lowest value of (n + ).

Lonon cominns wral bt H ol len ] Tmviroan Afn ong he
L

P 11 two orbiials have some value of nn + { than the OT0itd1 ‘wu.h Psowver value of nas
If the value of (n+[) is same, then e enters the subsheii havmg lowest value of n.-

Exceptional Cases

Aétuél configuration

At.No, | Element | Expected conﬁguratmn

24 Cr [Arl$3dt 4s2. 0 | [Ar]83d5 ds!

29 Cu [Ar]'#3d° 4s? [ [Ar]®3d10 48!

41 Nb [KrJF$4d® 5s? [Kr]?6 4d? 5s!

42 Mo [KrP$4dt 5¢* [Kr]* 4dS 5!

44 Ru [Kr]$4ds 557 [Kr]*4d’ 5s'

45 Rh | [KePsad? 552 [Kr]* 4d® 5s

46 Pd [KxPS4dt 55 [Kr]*s 44 5s°

47 Ag . | [Kr]®4d 3¢ [Kr]*$4d10 55!

64 | Gd [XeP* 6s? 4% 5d° [Xe]* 652 417 5d!
78 Pt b, [Xe]™ 4 53¢ 652 [Xe]™ 414 5d%6s!
79 fAu [Xe ] 4f'4 5d? 652 [Xe]5* 4 5d1° 6!

Other examples are La

Ce,,

51

glll

It is because of half filled m‘hitals or fully filled orbitals have extra stability.
Quamum Mechamcai Model of Atom

(Quantum, mechanics is a theoretical seience that takes into account the dual nature of matter.
Quantum mechanics was developed independently in 1926 by Werner Heisenberg and Erwin Schrodmger In the

present context we shall deal with the quantum mechanics of Schrodinger.

Based on quantum mechanics a new model of atom was developed .This model is known as quantum mechanical
model. In this model behaviour of the electron in an atom is described by an

wave equation

By . aiw azw

81im

o7 o T vl
where, ¥, y and z are the three space co-ordinates,
Saraswati PITAMPURZ / ROHINL 9696500500 / 9696400400
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Structure of Atom |

m is mass of the electron,
h is the Planck’s constant,

E is the total energy and V is the potential energy of the electron,
2

v (Greek letter psi) is amplitude of the electron wave and is called wave function, and —J; refers to the second
derivative of y with equation is written in the form o

Hy=Ey
where I1 is a mathematical operator known as Hamiltonian operator.

Significance of v AND

Knowledge of [¥|" is helpful in assessing the probability of electron in a particular regmn “Thus, |‘P] is called
probability density and E‘P| is referred to as probability amplitude. :

ORBITALS AND QUANTUM NEMBER:

Atomic orbitals prec1sely distinguished by what are known as quantum numbers Quantum nu ber is the complete
address of electron in an atom just like postal address of any person. o
It has four types

1. Principal Q.No. (i) 2. Azimuthal Q. No. (£)

It is given by Bohr, It is given by Sommer field.
It explain name of shell, energy and radius of shell | It explain the sub shell .-
The value start from KX I M N S, P, D, F
12 3 4 . L=0"1" 23
| Tt éxplain shape and name of sub-shell.
L = JU({+1)BM
3. Marnetic Q.No. (m) = il 4. Spin Q.No. (s)
It is given by Linde. R It'is given by Gold Smidth.
It explaination of orbital. L It'explain that the moving electron around the
It explain the number of sub-shell - ¢ nucleus must has spin just like Earth.
_ M cosd . y It explain the filling of electron.
o =,/s(s+) B.M

SUB-SHELL NOTATION

n £ Sub-Shell Notation

1 0 1s

2 0 28

2 13 2p

3 O 3s

3 1 Ap

3 2 3d

n t Sub-Shell Notation

4 0 4s

4 1 4p

4 2 4d

4 3 af
Value of ‘0° 60 1 2 3 4 5
Subshell Notaticn p d & g h
Numberofeorbital |1 3 5 7 9 11
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The Four Quantum number provide the followmg information
1. n-defines the shell, determines the size of the orbital and also to a lar ge extent the energy of the orbital.
Z. There are ‘n’ subshell in the n™ shell. £ quantlfy the subshell and determine the shape of orbital.
3. m, designates the orientation of orbital for a glven vatue of ‘0’ m, has (2£ + 1) values.

4, m_ refers orientation of the spin of the electron

NODES AND NODAL PLANES

NODES — The region where probability of finding the electren is zero are calied nodes.
NODAL PLANES o
The plane where the probability of finding the electron is zero is known as nodal piane. "
The no of nodal planes (angular nodes ) in a orbital =/ o
The no. of nodal planes for s,p,d,f orbital are 0,1,2.3 respectively .

RADIAL NODES —The region where the prebability of finding the eiectron is zero’, radlal nodes (1 €. pro’oablhty
density function is zero) is known as radial nodes.

Number of radial nodes in a given orbital are given as (n-[-1)

Thus for 1s no. of radial nodes = 1-0-1=0

2p no. of radial nodes = 2-1-1=0

Total number of nodes = (n--1)+=n-1

< RADIAL WAVE FUN CTION AND RADIAL PROBABILITY FUNCTIONS >‘

RADIAL WAVE FUNCTION (R) : Radial wave function (R) depends upon the distance (r} of the electron from -
the nucleus. The plots between the different values of r and correspondmg values of R for 1s, 25 and 2p orbitals.

In all the cases as r approaches infinity, the radial wave function tends to become zero. There is a node in case of 2s
radial function. At the node, the value of the radial wave function changes from positive {(+) to negative (). These
signs simply indicate the sign of the wave functions.at different distances from the nucleus in the same way as we
notice the positive and negative signs of the amphtude in case of plane waves. They have no connection with normal
positive and negative charges. These plots. simply give 1nformat10n as to how the radial wave function changes with
distance r from the nucieus and any node if present. In;
general, it has been found that ns- ~orbitals have (n.— 1) nodes np-orbitals have (n — 2) nodes ete.
RADIALPROBABILITY FUNCTIONS (4nr*R?) : The plots between R2 and r give the probable electron denSIty
~ around the nucleus. In case, the total probability of finding the electron in an 1nﬁn1teszmai1y small region is 1o be
determined, then the volume of that region (dV) has also to be considered.

The product of the plobable elect;on densxty and the corresponding volume of the space is known as radial
probability functmn ' e

Volume of the space in
between two concentric shelis

Ri(rdfy—>

2

4y

e

Radial probability disteibution
curve for 1s electron orbital

Comparison of Radial Prebability distribution carves for ls, 2s and 2p electron orbitals :
Following points are noteworthy when we compare the radial probability curves for the different eleciron orbitals.
(i)  The radial probability distribution curve for 2s electron orbital shows two maxima, a smaller one
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Structure of Atom |

near the nucleus and a bigger one away from it at a larger distance. In between two maxima there
is one minima where the probability of finding the electron is almost nil. This represents the nodal
point.

(i) The radius of maximum probability for 2s and 2p electron orbitals are more as compared to 1s
electron orbital. This is quite expected also since these orbitals are bigger in size,

(iii} Although the radius of maximum probability for 2p electron (210 pm) is slightly less than for 2s
electron (270 pm), but because of the presence a small additional maxima, 2s electron spends some
more time near the nucleus than 2p electron. In other words, 2s electron is held more t1ghtly by the
nucteus than 2p electron. This is what we actually observe. -

T 2s orbital T ‘2p orbital

$ ’ S| P ot

2 2

" St
2 270 pm Y
oy £

¥ ; 5 :

F i P
Radial probability- distribution Radial probability distribution

curve for 25 electron orbital curve for 2p eiectron orbltal :

Stability of Completely Filled and Half Filled Subshell

The ground state electronic configuration of atom more stable in half filied or fuli ﬁlled state.
Eg: The valence electronic configuration of Cr and Cu therefore 3d54s and 3d'%4s" not 3d*4s? and 3d%4s?.
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QUESTIONS )

NCERT EXERCISE & EXAMPLES

in a potential difference of 10000 V is
437x10°msec” . If the hockey ball of mass
0.1 kg is moving with this velocity, calculate the
wavelength associated with this velocity ?

~Amm

- - -< ELECTROMAGNETIC SPECTRUM >=
RYDBERG FORMULA >
. o . 13. The Vividh Bharati station of All India Radio,
What is the wavelength of light emitted when Delhi, broadcasts on a frequency of 1,368
the clectron in a hydrogen atom undergoes kHz (kilo heitz). Caleulate the. wavelength
transition fr.om.an energy level W:.th n=4 to an of the electromagnetic. radiation emitied. by
energy level with m =27 What is the colour transmitter. Which part of the electromagnetie
Correspondmﬂ 10 thls wa VCleIlgth 2 (R Spcctmm does it bel{)ng tor?
“ 109677 em™) :
14. The wavelength range of the.visible spectrum
2. Calculate the wavelength of the first and the last extends from violet (400 nm) to red (750 nm).
line in the Balmer series of hydrogen spectrum. Express these wavelengths in frequencies (Hz).
(1 nm = 10%. m)
< DE BROGILE EQUATION e
15, Calculate (a) Wavenumber and (b} frequency of
3. What will be the wavelength of a ball of mass ' ye!low radlatlon having wavelength 5800 A.
i i i -7 .
0.1 kg moving with a velocity of 10 1? 5 16. -7 Yellow: light from a sodium lamp has a
4, The mass of an ¢lectron is 9.1 » 10 kg, 1t its *waveléngth (4 ) of 580 nm. Calculate frequency
K.E.is 3.0x10% J, calculate its wavelength. . “(v) and wave number(y ) of the yellow light.
=8 Calculate the mass of a photon with wavelength 17, Calculate the wavelength, frequency and wave
36A. E number of a light wave whose period is 2.0 x
ce -10Q .
Calculate the wavelength of an elcetron movmg = 10778
with a velocity of 2.05%10” m sec” 18! Arrange the following type of radiations in
o a1 - ¥ increasing order of frequency :
7. The F,ﬂ“ss of ahzselectron is 9'.EX- 10 ke Ifits (a) radiation from microwave oven
K.E.is 3.0x10™ ]. Calculate its wavelength (b) amber light from traffic single
8. Show that the circumference of the Bohr orbit (c) radiation from radio
for the hydrogen atony is an integral multiple of (d) cosmic rays from outer
the de Broglie wavelength associated with the (ey X-rays.
electron revolving amund the orb;t ,
. : HEISENBERG’S UNCERTAINTY
9. Dual behavior of matter proposed by de Broglie, PRINCIPLE
led the discovery of: electron microscope -
often used for the- _h1gh1y magnified images of 19 Amicroscope using suitable photons is employed
biological mofecules and other type of material. to locate an electron in an atom within a distance
If the velocity of the electron in this microscope of 0.1 A, What iS. the uncertainty involved in the
Soois 16x10°msec” |, calculate de Broglie measurement of its velocity?
“ . wavelength associated with this electron. 20. A golf ball has a mass of 40g, and a speed of
19. Simitar-" to electron diffraction, neutron 45 m/s. If the speed can be measured Vf’ithi“
diffraction microscope is also used for the accuracy of 2%, calculate the uncertainty in the
determination of the structure of moiecules. If position.
the wavelength used here is 800 pm, calculate ; .
the characteristic velocity associated with the < HUND’S RULE OF MAXIMUM >|
neutron. | \ MULTIPLICITY ;
ii, If the velocity of the electron in Bohr's first . 21. What is the total number of orbitals associated
orbit 2.19x10°m sec” | calculate the de Broglie with the principal quantum numbern =3 ?
wavelength associated with it. 22.  Using s, p, d, f notations, describe the orbital
12.  The velocity associated with a proton moving with the following quantum numbers (a) n = 2/
~ Saraswati - PITAMPURA / ROHINI 9696500500 / 9696400400
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Structure of Atom !

orbital will experience the larger effective
nuclear charge ?
(i) 2sand 3s,
(iii) 3dand 3p.

The unpaired electrons in At and Si are present
in 3p orbital. Which electrons will experience
more effective nuclear charge from the nucleus?

(i) 4dand 4f,

Indicate the number of unpair_edl_:é_lectrons in:

(a) P by Sit

{c) Cr (d_) '_Z "Fe and

(e) Kr. ‘ &

{(a) How many sub- sheiis are assoczated with n
P 4 r)

(b) How many electrons w111 be present in the
sub-shells having m_ value of —1/2 for n=4?

- HYDROGEN SPECTRUM >

Calculate the energy associated with the first

- _orbit of He*. What is the radius of this orbit?

:'_Calculate the wave number for the. longest
wavelength transition to Balmer series of atomic

s hydrogen

How much energy is 1equired to ionize a H atom
if the electron occupies n = 3 orbit ? Compare
your answer with the ionization energy of H
atom (energy required to remove the electron n
=1 orbit).

What is the energy in joules, required to shift
the electron of the hydrogen atom from the first
Bohr orbit to the fifth Bohr orbit and what is
the wavelength of the light emitted when the
electron returns to the ground state ? The ground
state electron energy is -2.18x10™" ergs.

The electron energy in hydrogen atom is given .
by

-18
E _2.18x10 i

0]
Calculate the energy required to remove an
electron completely from n = 2 orbit. What is
the longest wavelength of light in cm that can be
used to cause this transition ?

What is the maximum number of emission lines
when the excited electron of a hydrogen atom
in n=6 drops to the ground state (in different
hydrogen atoms}).

(i) The energy associated with the first orbit
in hydrogen atom is -2.18x 10" J atom~L.
What is the energy associated with the fifth
orbit ?

23. {1} Write the electronic configurations of the
following ions :
(ay I~ by Na*
() O (dy F- 32.
(iiy What are the atomic number of elements
- whose outermost electrons are represerited
by :
(a) 3s' (b) 2p*and 33.
(c) 3p°?
(iil) Which atoms are indicated by the following
configurations ?
(a) [He] 25’ (b) [Ne] 3¢? 3p? 34,
(c) [Ar] 4s? 3d’

24, What is the lowest value of n that allows g
orbitals to exist ?

25. An electron is in one of the 3d orbitals. Give the <
possible values of n, /, and m, for this electron.

26. (i) An atomic orbital has n = 3. What are 35.

possible values of / and m, ? :
(i) List the quantum numbers (m, and / } of -.36.

electrons for 3d orbital. B
(iii) Which of the following orbitals “are

possible? 1p, 2s, 2p and 3f 37

27. Using s, p, d notations, describe the 01b1tal w1th U
the following quantum numbess.

(a) n=1,1=0; (b)y n=3,4=1;
{¢) n=4,I=2; (d) n=4,71=3.

28. Explain, giving reasons, which of the following 3¢
sets of quantum numbers are not: possfole
(a)n=0,I= 0 m] =0, m’s—+1/2
(byn=1,1= m, Oms——1/2 .

(cyn=1, l—l ml 0,m =+1/2
(dn=2,7l=1m 0m-——1/2
(&)n=3,l= 3 ml——3 m, =+1/2
(Hn=3,I= Im Om +1/2 39.
28, How many c_lectlons in an atom may have the
'following quantum numbers ?
Co{a) n=4 m =172
©(b) n=3 1=0
- 36, The quantum numbers of six elecirons are glVGﬁ
' below.” Arrange them in order of increasing
energies, If any of these combination (s) has/
have the same energy lists : 40.
Ln=4,0=2,m=-2,m=-1/2
2.n=3,1=2,m=1,m 7+1/2
3.n=4/=1,m=0,m =+172
4, n=3,71=2, 12-25111 =-1/2 41.
5.n=3I=1m=-1l,m =+1/2 )
6. n=4,/=1,m=0,m 14172
31 Ameng the following pairs of orbitals which
Saraswati PITAMPURA / ROHINI
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(ii} Calculate the radius of the Bohr’s fifth erbit
for H atom.

, calculate the energy with which it is bound to
the nucleus.

42, What {ransition is the hydrogen spectrum .,.,< PLANCK’S QUANTUM THEORY >,
would have the same wavelength as the Balmer ‘
traasition n=4 to n =2 of He™ spectrum ? 51. Calculate energy of one mole of photons of

. e . 14

43, Calculate the energy required for the process: _ radiation whose frequency is 5x10™ Hz.
He'(g)——He™ (g)+e. The ionmization 52. A 100 watt bulb emits monochromatic light of
encrgy for the H atom in ground state is wavelength 400 am. Calculate the number of
2.18x10™ J/atom. photons emitted per second by the bulb.

_,< PHOTO-ELECTRIC EFFECT >_ 53, Find energy of each of the photons Whmh 1'

(i} correspond to light of frequency 3> % 10" Hz

44, When electromagnetic radiation of wavelength (ii) have wavelength of 0.50 A ‘

300 Sm'tiilclis\?f?ﬂih: Eﬁfe of sodlumf, legtol%&f 54, What is the number of photons of light with
ate emi i energy of 1.63x10° length 4000 pm that provide 17 of encrgy?
J/mol. What is the minimum energy needed waveleng pr that provice 1.7 of encrey
to remove an eleciron from sodium? What is  55.  Neon gasis generally used in the sign boards. If
the maximum wavelength that will cause a it emits strongly at 616 nim, caleulate:
photoelectron-to be emitted ? (a) “the frequency of emission,

3 ) - (b) distance traveled by this radiation in 30 s,

45, A photon of wavelength 4x107 m strikes on “ife) energy of quantum and

- metal surface, the work function of the metall___ (_d) _number of quanta present if it produces 2 J.
being 2.23 eV. Calculate : Do i ofenergy.
(i) the energy of the photon { in eV) ) N
(ii) the kinetic energy of emission 56.. - In astronomical observations, signals observed
(iii) the velocity of the photoelectron. from the distant stars are generally weak. Ifighe
(1eV =1.602x10°7) photon detectgr .recelves atotal of 2151077
. . N from the radiations of 600 nm, calculate the
46. Electrons are emitted with zero velocity from number of photons received by the detector.
a metal surface when it is exposed to radiation. :
of wavelength 6800 A. Calculate threshold < MISCELLANEQUS >—
frequency (v, ) and work function (W) of the -
metal. 57. (i) Calculaie the number of elecirons which
L ; .' " will together weigh one gram.
47. Electromagnenc radlatlon of wavelength 242 (ii) Caleulate the mass and charge of one mole
nm is just sufficient to ionize the sodium atom. of electrons.
Calculate the 10n1zat10n energy “of sodium in kJ )
molt. ¥ e, 58. (i) Calculate the total number of electrons
' ' present in one mole of methane.
48. The work f_unc‘_uon fm Caes:um atom is 1.9 eV. (ii) Find:
Calculate .- - {a) the total number and
~(a) the threshold wavelength and (b} the total mass of neutrons in 7 mg of “C.
(b) the threshold frequency of the radiation. {Assume that mass of a neutron = 1.675 x
. If the Caesium element is irradiated with a 10?7 kg)
wayelength 500 nm, calculate the kinetic (iii) Find (a) the total number and (b) the total
- ¢nergy and the velocity of the ecjected mass of protons in 34 mg of NII, at STP.
* photoelectron. Will the answer change if the temperature

49,  The ejection of the photoelectron from the silver and pressure are changed ?
metal in the photoelegmc eifect experiment can-  gg_ How many neutrons and protons are there in the
be stopélped :i)y applying the voltage of 035V foliowing nuciei 7
when the radiation 256.7 nm is used. 13,4 16 56 g 88

C,"0, 5 Me, Y Fe, 38
Calculate the work function for silver metal. 6t s 128 2588 520
50, If the photon of the wavelength 150 pm strikes 60. er‘[e the comp lete syn}bol for the aﬁom with the
. S given atomic number (Z) and atomic mass (A}
an atom and one of its inner bound electrons is . - — o B -
. . , ; p @ Z2=17,A=35 (i) Z=92,A=233
gjected out with a veloeity of 1.5x10 msec
Saraswati . PITAMPURA /ROHINE 9696500500 / 9696400400



6l.

62.

63.

64,

65.

60,

67.

68.

69.

70.

71.

72,

73.

(i) Z=4,A=9.

A 25 watt bulb emits monochromatic yellow
light of wave length of 0.57 p m. Calculate the
rate of emission of quanta per second.

Which of the following are isoelectronic species
i.e., those having the same number of electrons?
Na*, K, Mg*, Ca®, 8§77, Ar

An atom of an element contains 29 electrons
and 35 neutrons, Deduce

(1) the number of protons and

{(ii) the electronic configuration of the element,

Give the number of electrons in the spec1es H,
H,and O,".

If the d1ameter of a carbon atom is 0.15 nm,
calculate the number of carbon atoms which can
be placed side by side in a straight line across
length of scale of length 20 cm long.

2 -x 10* atoms of carbon are arranged side by
side. Calculate the radius of carbon atom if the
length of this arrangement is 2.4 cm.

The diameter of zinc atom is 2.6 A. Calculate
(a) radius of zinc atom in pm and

{b} number of atoms present in a length of 1.6

cm if the zinc atoms are arranged SIde by
side lengthwise.

74.

75.

76.

77,

h Planck’s

A certain particle carries 2.5: X 1071 C of -

static electric charge. Calculate the numbea cf
electrons present in it. o

In Milikan’s expenmcnt static clecirlc charge
on the oil drops has been obtained by shining

X-rays. If the static electric. charge on the oil
drip is —1.282 x 107 C calculate the number of
electrans present on it.”

In Ruthcrford’s expenment generally the thin
foil of heavy atoms, like gold, platinum etc. have

- “been used to,be bombarded by the a-particles. If
* the thin foil of light atoms like aluminium ete. is

used, what difference would be observed from
"the above resuits ?

Symbols 7 Br and ® Br can be written, whercas
symbols 2Br and . Br are not acceptable
Answer briefly.

An element with mass number 81 contains
31.7% more neutrons as compared to protons.
Assign the atomic symbol.

An ion with mass number 37 possesses one unit
of negative charge. If the ion contains 11.1%
more necutrons than the electrons, find the

80.

81.

82,

Structure of Atom [

symbol of the ion.

An ton with mass number 56 contains 3 units of
positive charge and 30.4% more neufrons than
electrons. Assign the symbol to this ion.

Nitrogen laser produces a radiation at a
wavelength of 337.1 nm. If the number of
photons emitted is 5.6 x 10 . calculate the
power of this laser. : :

Lifetimes of the molecules in the excited states
are often measured by usmg pulsed-radiation
source of duration neariy in the nano second
range. If the radiation source has the dufation of
2 ns and the number of photons emitted during
the pulse source is 2.5 = 1077, calculate the
energy of the source.

The longest . Wavelength doublet absorption
transition is observed at 589 and 589.6 nm.
Calculate the frequency of each transition and

. energy difference between two excited states.

78. k _.'Followmg results are -observed when sodium

metal is irradiated with different wavelengths.

Calculate (a) threshold wavelength and (b)

constant,
S.No.— @ | Gi) | i)
A(nm) 400 I 500 | 450
v X 105%ms™) | 5.35 [ 2.55 | 4.35

Emission transitions in the Paschen series end
at orbit n = 3 and start from orbit n and can be
represented as v = 3.29 x 10V (Hz) [1/3% — 1/n?]
Calculate the value of n if transition is observed
at 1285 nm. Find the region of the spectrum.

Calculate the wavelength for the emission
trangition if it starts from the orbit having radius
1.3225 nm and ends at 211.6 pm. Name the
series to which this transition belongs and the
region of the spectrum.

If the position of the electron is measured
within an accuracy of 0,002 nm, calculate the
uncertainity in the momentum of the electron.
Suppose the momentum of the electron is h/dm
% 0.05 nm, is there any problem in defining this
value.

The bremine atom possesses 35 electrons. It
containg 6 electrons in 2p orbital, 6 electrons in
3p orbital and 5 electron in 4p orbital. Which of
these electrons experiences the lowest effective
nuclear charge ?
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SOLUTIONS ))

NCERT EXERCISE & EXAMPLES  }

Sol.1

Sol.2

- 1
v=R —};—T —109677[12—%10}?1‘1
; 2 47 |

nl nZ
=20564.4 cny! [n, =2;n,=4]
N /1*—1-* L =486 x 107
oV A T 205644 fe e

=486 » 107" m =486 nm
The colour corresponding to this wavelength is
blue.

Here we will use the following relation

lJmI.O9677><107 sz—lz-
A ”1 H,

For balmer series, n», =2 and n, =3,4,5...

The first line will be obtalned ior = 5 bo
© we will hiavé i

(l):1.09677><1o’ F—i}
) 29

Solving for A, we get 1 =6.563x10"" m '

Similarly, last line of Balmer series Wl]_}be . 4. REE

obtained for n, =, So, we w111 have

SoL8

[—}—]:1.09677x107[1-_}—1 09677 10"[(1} o}

215 K .E. J“

Velocity of the electron = (
"

25 142
—[%} =(0.812 x 10° ms!
X

B 6.625x10°%
9.1x107 x O._S_IZX 107

=0.8965 % 10 ‘m

Wave Iength—l— 0.8965 x 1() =65 10“’A

= 8965 A. _ .
According to de-Brdglie,cquation

A= (i)
de-Broglie pointed out such closed orbits can
exist only when the circumference of orbit
equals to an mtegral multiple of the wavelength

of electron
ie '-: 2zr =nl

Now A=

Fig. De, Broglie’s waves

Substituting (i) from de-Broglie equation

Solving for 4, we get /1*3 647%1(} m ;Z;‘rrzrli or mvr=n£—~
my bid
Sel.3  According to de Br Omgjile equaﬂon i.e. angular momentum is quantized for closed
_h {6 266x%10° J 5) orbits, There is a stationary wave system
mv (O 1 kg)(l(}ms ) for the de-Broglie waves for an electron in
e ) that orbit and the orbit must contain a whole
=6.626% 10 m(J kg mes") number of electron waves. Fig. above clearIy
»  oagn ‘;‘h_iic'i' sé:oé - indicates 3 waves in third orbit, 6 waves in
Sol4 . A =0/ Q) R - sixth orbits and so on.
Sol.5 A=36A= 36107 m , v Sol9  Velocity, v=1.6x10"m sec”
e :_Vel(x;;ty ‘_)i Pﬁoé”g% T%{gffry of light Mass of electron, m=9.11x10" kg
; % ¢
h
T (3.6x107° ) (3x10° ms™! A —
=6.135%107 kg : L
682610 keS| _ 4 65107 =455 pm.
Sol6 A == 9.11x107 kgx1.6x10° ms™
my
6.63x10 " kg’ s . Soll0 1=800pm=8.00x10""m
79,110 kgx2.05x10" ms™! =3.55x10 m Mass aneu‘{ron, m=1.675x10""kg
A =
SoL7 K.E. =—mv’ e
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Structure of Atom |

i 6.6265107 kg m® s~ SoL17 (T} Period of the wave = 2.0 x 107g
= = —— =495 x10°ms ™, ", Frequency =
md  1.675x107 kgx8.00x10 "m )
. : 1 1 9 el
:——:ﬁ:SXIO 500
Sol.1l v=2.19x10°msec’, m=9.11x10""%g r 2.0x10 |
-34 2 c=3x10ms! :Nowc=v x|
SN B8O Rem Sy g 102 =332 . )
my 9.11x107 kg x2.19x16° ms L3 I0F=5 %1071
. _— _ 3o =60 107m_
Sol.12 Velocity of the hockey ball = 4.37x10°m 5™ T 5x10° -
Mass of the ball = 0.1 kg G
i y . Wave number —
h 6626 x10 - -
2 XTI 55 010 A ¥=ﬂ=1ﬁ_56m4
v 0. kg %4.37x10% ms™ " 6.0x107 6"
This wavelength is too small o be detected by S0L18 The given radiations in 1ncreasmg order of
any means.
. frequency — fimradio waves < Micro waves <
Sol.13 The wavelength, A ,is equalto ¢/v , where amber colour < X-rays < Cosmic rays
¢ is the speed of electromagnetic radiation in _ h.-:“: S h
vacuum and V is the frequency. Substituting Sol19 AxxAp=-——or AxxmAv=-"—
the given values, in R Az 4
¢ 3.00x10°ms™  3.00x10% ms™" Av=- L
= = = 3 4”Axm sas
v 13684Hz 1368x10° 5 6.626x107%*
=2193 m. _ | 4><3 14x0.1x107" mx 9. 11107 kg
This is a characteristic radiowave wavelength e - 0 579 % 107 m s-'(17 = 1 kg m? s
Sol.14 Using equation 2.5, frequency of violet ilght =579 % 105m 5!
. 8
y=F. _M 750% 1014 Hz " S0L20 The uncertainty in the speed is 2%, i.e.,
A 400107 m R o 2 .
Frequency of red light Av = 45Xﬁ=0'9m 5
¢ 3.00x10°ms™" il Using the equation Ax= h
vE— = —————— =400 x 10"Hz - 4rmAv
A 750x107m A : _ 6.626x107" Js
The range of visible spectrum is from 4.0 <10 T 4x3.14x40 %10 kg g7 (0.9ms™)
to 7.5 x 10¥Hz i 1n terms of frequency units, " :
=1.46x107"m
SolL.15 (a) Calculation of'§ wave number (v ) . \
4= 5300A = 5800 x 103 criv=5800 x 10 m T'hlS is nearly ~ 1'018 tlmes'smalle; than the
- Ty S diameter of a typical atomic nucleus. As
Ve mee e = 1724 % 108 m mentioned earlier for large particles, the
4 3800 X107 m uncertainty principle sets no meaningful it
=1.724 x 10°.cm to the precision of measurements.
(b) Calcula{lon of t]le ﬁ*equency (v ) Sel.2l Forn= 3, the pOSSible values of { are 0, 1 and
Y 3><108 s 2. Thus there is one 3s orbital (n =3, /=0 and
= E=——————— =5 172 % 10 57 = (0); there are three 3p orbitals (n =3, /= |
10 > H
A _ 5800 x10°" m and m =-1,0,+ 1) there are five 3d orbitals
Sol16 Wavelength (1) of yellow light = 580 nm = 580 (n=3,/=2andm =-2,-1,0,+1 +,+2).
x 10~ m Therefore, the total nﬁmbet of orbltals isl1+3
Freguency of vellow light {v) +5=90
_c¢_ 3x10%ms _ The same value can also be obtained by using
T 380%10°m =517 x 10%s the relation; number of orbitals = n?, i.e. 32 =9.
Wavenumber {v} of the yellow light Sol22 n ! orbital
1 1 (@) 2 1 2p
e —=(,0172 x 108 m™!
A 580x107m S ® 4 0 4
=172 % 105 m™"! € 5 3 5f
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@ 3 2 3d SoL30 5<2-4<6=3<1.
Sol.23 (i) (a) Electronic configuration of IT =1 + Sol31 (i) 2s, as it is nearer the nucleus
1=2=1¢ (iiy 4d
(bYNa*=11-1=10= 1% 2¢%2p5 (iiy 3p
o L — — 2 2 16
(€O =8+2=10=1¢, 252p Sol.32 The unpaired electrons present in Aluminium
(D F=9+1=10=1¢ 28°2p° p P
(ii) (a)3s'; Itis sodium WhG:Se configurations is and Silicon are in 3p' al}d 3p* orbﬁ_asls.. Due
16 2522 6 3¢l Tts Atomic number is 11 to more nuclear charge in the case of 5i [14p]
(b) 2p": II: is ni.trogen whose config. is 15 than in Al [13p], electrons it}:_Sizf\y_i]l experience
2s* 2-93.}1'5 Atomic number is 7 . 3 ‘ more nuclear charge than Al
(c) 3p%; It is chlorine whose config. is 1s?, Sol33 (2) P has 3 unpalred electrons [P ""{Ne] 3g?
252 2p%, 373p°. Its Atomic number is 17 3p’]
(i) (a) [He] 2s', i.e., 1s® 2sh. H is Lithium(Li) {(b) Sihas2 unpalred eiectrons [Si= [Ne] 3s?
whose Z=3. 3P ]
(b) [Ne] 3¢% 3p°, e, 1%, 257 2p5, 3¢2 3p3 It () Cr = 24 = [A1] 3d5 451 has 6 unpaired
is phosphorus (P) whose Z=15. electrons_. 2
(c) [Ar] 45% 3d}, i.e., 152, 28%2pf, 382 3p%, 457 (d) Fe = 26~ [Ar] 3d5 432 has 4 unpaired
3d". Tt is Scandium (Sc) whose Z=21. electrons
Sol.24 Forn; the value of lare 0, 1, ...(n - 1) () Kr=36% [Ar] 34045 4p® has no unpaired
’ i T elec’uons
. Forn=3; the values of fare 0, 1,2, 3,4 N
Forl 4; ¢ sub shell can exist. SOLI% 18); WD L 400, 1,2,3
Hence lowest value of n=35. }: (1]’ jIS; —z?lli;i.l;l{::llll
Sol.25 Whenn=13 /=2 [Since it is in 3d subshell] *. 1=2:4d subshell [ [ Researe 4subshells
m = -2, =1, 0, +1, +2 [any one of the valies) _ “o 0 1=13; 4f —subshelt
8ol.26 (D) / mi i - (b)Y WNo. of electrons present in the subshells
0 0 | &
1 -1,0,+1 having m_value of -3 forn=4 are 16.
2 -2-1, O, +1, 42 .
(if) For3dorbital /=2, The values of ml are —2 , -8 2
21,0, 1, +2. Sol.35 £, = (2.18><102 /)2 atoms
(iii) I()):;S;)lflip, 2s, 2p and 31 only 25 and 2p are Forfler,n=1,Z=2
s : -18 2
Sol.27 (a) Whenn=1," " __z__”.=._;o 15 orbital " E, =—(2'18"m2 D@D g 72x107 7
(b) n=3; -"fl =1 3p orbital 1
(¢) n=4 ) o 1=2  4d orbital The radius of the orbit is given by equation
(d) n=4,. -2 [=3 A4forbital p ~ (0.052%mm)n’
&l '7Q‘ A Wt ﬂnm:‘w]ﬁin h.anr.:ncml neannathe =0 ! Z
UU!GM\.’I \l}-} UL l_l\)d-_) v Uveduow B Wl LI L Uy w . -
(b)) Whenn=1,7/=0,m =0, m =+1/2 is Sincen=1,andZ=2
. possible’ (0.0529nm)® -
~{c) When n =1,/ cannot be = I. It is not "= =0.02645nm
@ ggziﬁ;}lz Sol.36 For Balmer series n, = 2, Hence
{€) When n = 3; possible value of ! can be =0, = R(lz *l{}
1,2... I#3 . Itis not possible 2
=31I=1,m =0, m =+1/21i ible. =1 . —_
0 m=3, e s 15 posstble Now v =E Hence / will be longest when v is
80l.29 (a) n=4; Total electrons possible are 2n* = 32 A . . .
Out of these 32 electrons, 16 electrons will shortest, which in turn will be shortest if n, is
havem = —1/2 ;l?orte;t, S
(b When n = 3, I'= 0; Only 2 electrons are e, whenn, = .
possible in 3s. L= 109677(-17 ~~12—J 109677 x——cm™
2 3 36
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Sol.37

50138

H= w2.18 x 10~ [gi}

15232.9 cm™! = 1.523 x 10°m !

Energy required fo ionize H atom when
the electron is in the 3% Orbit can be thus
calculated :

n=>5 n,=cw

. DE=E,—E = —21.8x1019(ni2—n12]
1

2
=+21.8x107" [L~—LJ

7 3
LR

= +21.8><10‘9(m1;i]
5 w

=+8.72 x 1072 J atom"!

", Energy required to ionize H atom from 5"

orbit =+8.72 x 10-¢]

lonization energy [i.e. energy required-to

remave the electron from n = | orbit] of H

atom

_21.79x107"
W

=2.179 » 107" J atom™!

‘Thus, far higher energy is required to remove
an electron from 1% orbit,

Jatom™!

SolL.40

Sol.41

The ground state electron energy is the e;_hergy -

of the energy of the electron in the first Bohr ™

orbit.

=218 x 107 Herg (given) "
E, =218 x 10°8¥J[1J=10 ergs)
E Energy in the n' orblt -

. -18 o
——2-1-§~:L Where n= no Df the orbit
n .
=72, 18)(10‘13 Lo ;
ES—_jz— —872 X 1{) 207

Energy has to be absorbed to shift electron
from Bohr’s ﬁlst orbit-to fifth orbit.

- DE - E, —E =—2.18 x 10~ [i_}_}

LRl o

Structure of Atom |

Energy required to remove this electron

completely in the case of H atom

=+35.45 x 167177

[ E_ =0;SoDE=E_ - E,

=0 (=545 x 10-%) J =545 x 107 ]]

Now DE = hv = he/l.
_he  6.66x3x10°

AE
= 3647 A.
Maximum number of e1niséion lines .
_n(nfl)_6(6w—i) ;
T2 T 2t R
(i) Energy of the n® orblt of H atom

18
20810

7/ "
~ For first 01'bit "(E-) Lz Lgljlﬂw

.'— -2, 18 X 10 % T atom™ (given)
For the fifth orbit : E,

W[Iﬂ = 3647 % 107" m

C218x107% 2. 18x107%
B N 1
o= —RT72 1070
(ii) . Calculate of the radius of the Bohr’s fifth
* orbit for Hydrogen atom
. n’h
AztmZe

Sol.42

For Hydrogen n = 1; Z = 1; putting usual
values of pm, h, ¢ radius () = 0.529
A. This is known as Bohr’s radius. For
H-—atom, the radius of any orbit (7,)

=n* x r, where n = number of the orbit
=52 x (0.529) A=1.3225nm

1t
noom

For He' spectrum, Z=2,n,=4,n =2

- 1 1 1 3R
:—-ER _ - 7
v 2' ff'x{(z)ﬁ (4)2] 4

3Ry and Z =1
4

For an atom ;2:11—= RHZ2|:

For hydrogen spectrum v=

25
=2.08 x 1075 =2.08 x 10" ergs. Cv=L_ g, %1 %_LZ on,
he A nl 1,
Al =— or
A 2 ( 11 } 3R,
34 g . H| T2 T 2 | T
‘he _ 6.6<10 x%;;l(} - 056 A nom 4.
AE 2.08x10 1 1 3 .
Wavelength of the light emitted = 956 A. or, H_fm;? 7 Whmh,,c an be so forn, =1 and
$0l.3%9 Forn=2 i n, = 2.
-18 -
£, :_2-18;10 J =—545 % 107197 This means that n, = 1 and n, = 2.
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So0L43

Sol.44

l Structure of Atom

Therefore, the transition is from ton =1 in
case of hydrogen spectrum.

Z 2.2
For H-like particles. £, = wgffw?—z—e
For H-atom : n'h,
2 me’

LE. = A =218 x 10-* Jatom™! (gwen)
For the given process,
Energy required =

2 2 4
B -E=0- 2z nf:xzzxe

1"xh

=4><Mm4 2.18x107% 7
=8.72x107% ]

The energy (I2) of a 300 nm photon is given by
s E=hv=hc/ i :
_ 6.626x107%" Jsx3.0x10% ms™

Ann 109

JUuuXiu
= 6.626x107" J .
The energy of one mole of photons

m

=6.626 107" J x 6.022 x 10" mol™ =3.99x10° Jmol™
The minimum energy needed to remove a moie >

of electrons from sodium
=(3.99 1.68) 10° Tmot'= 2.31x10° Jmal .
The minimum energy for one electfon
5 -
: 2. 31><210 Jmol™ 8 3 84><10_1-9' J
6.022x107 electronmol”

This corresponds to the wavelength
he 6. 626x1(}’34 J 5%3.0x10° ms™

Sol.46

Sol.47

SmceKE :lmv or v ZXKE
[2><KE \)2x097x1602><10"19
6.1x107%
x584><10”ms
KE. =hv — hy,

Since electrons are emitted w;th zero veloclty
“KE. =0
..h(v——vo) 0 o
bl 3x10° Y " 713'_:."
"= T eR0ux10 e AT x 10T
*. Threshold frequency (v, ) 4 41 x 10‘4 st
Work function W, = hy, -

“66X§0“><441><10”J
—291><10‘9J BRI

Wave lengthl 242 pm = 242 »x 1077 m

v, =v]

T Energy per photon (E) =

- 6.6'><i0'34.fs><3><108ms
U 242x107°

= 0.0821 % 10V

+ Since the energy is sufficient to cause

Sol.48

ionization of one atom of Na
.. lonisation energy of 1 mole

~0.0821x 1072 % 6.02x10%
1000

W,= work function for Caesium = 1.9 eV
=1.9x 1.602 x 1071*J

kJ =494 kT mol™!

[1eV=1602x 1672

W, = hn, where n, = thereshold frequency

:./1=E 354 10 7 y _ZVQW_1.9><1.602><10’19 B
X YT ee2sx107
=517 nm(Th1s conesponds to green light) (b} . Thereshold frequency
Sol.45 Encrgy (E) hc/l =0.4594 x 10 ¢! =4.59 x 10" 57!
h=6.6x 10 234 Js = 3 % 108 ms~"; {a) Thereshold Wavelfangth :
=4 x 10°m gy=lm P 6536 x 10 m
i . v, 4.59x10
:___6.6><1:_0 Jsx3x10° ms 407 % 10-19] — 654 nm
2 Ax107m et W e -
497 %107 inetic energy =hn — W, = —-
= 0o [1eV=1.602 x 1077 J] y .7
1.602<10 6.625x107 x3.0x10 10
=3.10eV 4 = 00710 -3.04%10
{i) .-.Energy of the photon in ¢V = 3.10
{(iiy Kinetic cnergy of the emission of 3.975 x 167 — 3.04 x 107"
photoelectron (IL.E.) =0.935 x 1077
=hv - W, where W = work KE = —i—mvz
function 2
T A e A 2xKE.  [2x0935x107"
{iii) Velocity of the photoelectron m 9110~
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=40.20549 107 =453 x 10°ms"!

Structure of Atom |

= 2.012x10% sec™!

Sel.49 Energy of the incident radiation Sol.53 (i) To calculate the encrgylof a photon wtlljose
= Work function + Kinetic energy of frequency (v) =3 x 10" Hz=3 x 10" ¢ps
photoelectron (1 I:Iz =1 cycle sec)
Energy of the incident radiation (E) = hv where h = Planck’s constant = 6.6 x
=hv=hc/ A 10&34 Ts 24 15 . 18

(6.626)‘(10734.]:5")(3)(108}?’!5'_1) JE=66X 10 X 3 % 10 :1.98 x 10
- 256.7x10°m i
(_19 ) i (i) E=hv =h<|y=-S
= 7.74x107%J = 4.83eV (1eV =1.602x107°.7) : Al A
g gl g
Work function=4.83 ¢V —0.35 eV =448 &V. = 6.6x10"" Jsx 3x10"ms
0.50x 107" m
Sol.50 1=150pm =150 x 1072m, v= velocny”l 5 =3.98 10_15] :
» 14" ms™! :
II{metlc energy of the ejected eleciron Sol.54 Energy o fphoton E = V= he
=y’ 4 : A
2 _6.6x10 S‘utsx3.0><108ms"I
e 91107 x (15x107) = 0102 10~ 5 S - 4000%107m
2 e L A.9687 x 10717]
Energy of the striking photon £ =hv = 7 * G 1.00
34 8 ~+:No. of 'bhotons =il
S SOZA0TEx10T g 395 10725 49687107
15010 =2.012 % 10%
Minimum energy requued o eject ‘[he G
electron o Sel.55 (a) Trequency (n)of emission can be calculated
W.=E — K.E. of the ¢jected the electlon : as: ¢=nxAi
s ]5 [where A = wavelength = 616 nm = 616 x
=[1.325 x 107 - 0.102 x 10- ]J 107° m, ¢ = velocity of light = 3.0 x 108
=1.223 x 10 ms1]
0—15 8
]223;119 VI 15_1602><10‘9eV] LS 30 e 10k s
1.602x10 _ _ T 7 6lox10” ‘
=7.6 x 107eV N (b) Distance travelled in 30 seconds
*. Energy with wh1ch the electron is‘bound 1o Distance travelled in 1 second
_ ’{he nucleus = 7.6 x 107 ¢V, —3.0x% 10°m

Sol51 Energy (E)ofone _photoii-is given by the Distance travelled in 30 sec = 30 x 3.0 x
expression £=7v . 108m=9 x 10°m

h=6.626 x10%]1s, v =5% 10" s (given) (c) Energy of the photon (quantum)

CE=(6.626 <107 Ts) % (5 x 10" 57 E=hv=6625x 107 x 487 x 10" 7]
=3.313% 10 F =32.26 x 1073 ]

- Energy of one mole-of photons (d) Numberofquanta= Totalenergy produced
={3.313 % 10-PI) = (6.022 x 10 mol™") " Energy of onequantum
=.199.51 kJ /mol 2

T . . = = 6,2 ¢ 1018

Sol.52 100 watt means the bulb is emitting 100 Joules 32.26x107
per second. : T oy =T : \

Power of the bulb = 100 watt = 100 J 5™ Sol.56 dgf:itﬁﬁi‘%’yl 5 X“fgg?;rfcemd by photon
Energy of?;:e photon f = 'L‘f =hci A Wavelength of radiations = 600 nm
_ 6.26x10 Jsx?;xlo MS__ 4969%107° J =600 % 10-°m

400x107 m 0 1 Energy of one Quanta(l)

‘ 100/ s~
Number of photons emitied :m _ he _66x 107 x3x10°8

A 600x107
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No. of photons =

Total Energy

Energy of one Quanta

_3.15x107 x600x107°

of NH, 17.0 g of NH, contains 1 mole of N
atoms and 3 moles of H atoms.

e, 17.0 g of NH, contains 7 mole of
protons of N and 3 moles of protons of H

6.6x107* x3x10* =10 = 10 moles of protons = 10 x 6.022 x 10%
. proions
Sol.37 (i) 9.1 x 10-% g is the weight of 1 electron 34 x 10? g of NH, contains
) 1 24 :
. 1g is the wt. of STiIoE electrons ___@_-02%9_ x 34 % 107 3 prolons
=1.099 x 10% electrons, 12044 % 107 mtons '
Nci%of electrons weighing 1 gm = 1.099 x (b) No. ofprotonlz 034 x 10-3 gofNH
. 10™ electrons, _ Ly = 1.2044 x 10% piotons,
(i) Mass of one electron= 9.1 x 107 kg M £ 1 proton = 1.675 * 107"
.. Mass of 1 mole (6.022 x 10%) electrons aif;azs 0%31 5044 % 1072 protons
= 9.1 x 10% % 6.022 % 107kg 1675 5 10-1 x 12044 % 107 kg
=548 x 107kg *_2015“05}@
S}ﬁlg%zoj ?gifl:;t;oo;b . There is: no eﬂ"ect of temperature and
-, Charge on 1 mole ( = 6.022 x 10%) presstite.
electrons Sol.59 No. of neutrons present in 2C=
= 1.602 x 107% % 6.022 x 10** coulomb © " Mass no. . Atomicno.—= 13 —6="7
: =9.65 x 10°C. . C . Noi of protons present in ’C = Afomic no. = 6
Sol.38 () éflgoifogstsghzn;(fﬁ ?é)f}};iﬁlrﬁz_i 1?016 TR . .No of neutrons present in 0 =16 —~ 8=8
Each mole of C atoms contains 6-moles No. of protons = §
of electrons and each mole of H. atomS- - No. of neutrons present in s Mg =24 —
contains 1 i =12
mole of electrons No. of protons = 12
fTotal no. of electrons present inone moi i No. of neutrons present in % Fe= 56 — 26
of CH '
—(6x6022><1023><1023+4><6022>< =30
10%) electrons L Ne. of protons =26
=3.614 x 10%+2.409 x 1074 electrons No. of neutrons present in S = 88 — 38
= 6.022 % 10% electrons . =50
(ii) (a) Mass of & nept__ro_n __~__-_:1__6f7'5 x 107 kg No. of protons = 38
14.0.g of HC contains 1 mole of atoms of
C~14, . [each atom of C—14 contains 8 Sol60 () Z=17,A=35
ncutrons] ' Since the no. of protons = 17 = no. of
140 g of MG Gontain 8 X 6. 022 x 10% electrons
neutrohs .. The atom is chiorine = C7:3CI
7. mg '('_ 7 x 107 ) of “C contams (i) Z=92,A=233; No. ofprotons =92
: 8x6 023x10% x 7x107  _ 2409 x 1% .. The atom is Uranium = U : U
neutrons 14 ' (i) Z=4,A= 9 No. of. protons = 49
(i) . (b) Total mass of neutrons : - The atom is Beryllium =Be :  fe
As in (a) above 7 mg of "*C contains 2.409 ¢, +4 Energy of one photon (E) = hy = he
x 10% neutrons A
The mass of 1 neutrons = 1,675 ~ 107 kg _ 6.62x107* x3x10° ~ 348 % 10-9 ]
{given) C057x10 ’
.. Mass 0f 2.409 x 10™ neutrons {(contained Now 25 watt = 25 Js~!
in7mgof *Cy , . Rate of emission of quanta per second
=2.409 x 10% x 1.675 x 10~ 25
=4.0347 x 105kg =~ aaig T A8x10%s
(iii) (a) The total number of protons in 34 mg '
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Sol.62

Sol.63

Sol.64
Sol.65

Sol.66

Sol.67

SolL.68 -

No. of electrons in Na* = 10 [11-1]
No. of electrons in K* = 18 [19-1]
No. of electrons in Mg* = [{ [12-2]
No. of electrons in Ca* = 18 [20-2]
No. of electrons in 5% = 18 [16+2]
No. of electrons in Ar= 18

- Na*, Mg? are isoelectronic [10e™ each]
o Ca?, K*, 8%, Ar are isoelectronic [18e each]

(i) No. of protons = No. of electrons = 33
(Since atom is electrically neutral.)
(ii} Atfomic No.=29
.. Electronic configuration = 1s? 2s? 2p® 32
3p® 3d™ 4¢t
Hf=2-1=1;H=2; O,;=16-1=15
Diameter of a C-atom =0.15nm =15 x 10°m
Length of the straight line = 20 cm = 20 x 1072

m
.. No. of atoms of carbon which can be placed

Sel.70

Sol.71

Sol.72

Structure of Atomn ’

More number of a-particles will pass as the
nucleus of the lighter atoms like aluminium is
small, smaller number of ce-particles will be
deflected as the number of positive charges is
less than on the lighter nuclei.

For a given element the number of protons
is the same for its isotopes whereas the mass
number can be different for the glven atomic
number. -

Mass no. of the element ?é' 81
Let the no. of protons in it=x

.no. of neutrons in'it = % + Mx

100
But Mass number is the sum df protons and

neutrons e

' g 37N
BT LUN SN L
T R 100

231 7% =8100"" or = x=35

7 no. of protons = 35; no. of neutrons = 81 — 335
if*46 :

Sol'.'73‘ _

-2
0n20.0 cm length = =010 _ 133 % 108
0.15x10
No. of atoms of C =2 x 10®
Length of this arrangement = 2.4 em= 2x10~%m
S P
. Diameter of one carbon atom = &—.l—oa——m
__12x10~10 2x10
- -10
.. Radius of C atom = 12><—10 0.6 ><10 mm
= 0.06 nm. i
(a) Diameter of Zing aiom 2.6 A 2. 6 X 102
2:6 102 i :
Radius = ——;—»—_ 13x.1 _(_)2 pm
=130 pm B S
(b) No. of atoms of zinc on 1.6 cm length
— 02 615 % 100 = 6.15 % 107,
2.0%10

Stallc elecmc .charge carried by particle
=2.5x.10" . C

- Charge carried by a single electron

Sel.o9

=1.602.x 1077 C
*. No. of electrons in the given pasticle
2.5x1078
T1.602x107"7
The static electric charge on oil drop = —1.282
x 1073 C
Charge on one electron = —1.602 x 10~ C
-, No. of electrons present in oil drop
~1.282x107"*

T 602x10 "

=1.5605 x 10°

Sol.74

The symbol of the clement is ! Br.

Mass number of the ion = 37

‘i.e.no. of protons + no. of neutrons = 37

This ion carries one unit of negative charge.
Let the no. of protons in it = x; no. of electrons
=x + 1; no. of neutrons =37 - x

Acc. to the question

x+1+(x+1)x£—lm37 X or
100

11.1
+D[ 1+ = | =37 - x
(> )[ 100}

1111

(x +1) =37 -x

11T (x+ 1) =3700 — 100 x
211.1x=3700 — 111.1 = 3588.9 or
35889

" 2111
. No. of protons = 17

No. of elecirons =17 +1=18

No. of peutrons = 37 - 17 =20

This ionis : [7CI™" (Chloride ion) and its
symbol is 37 CI™" .

Mass no. of ion =56  ie

Let the no. of protons = x

No. of neutrons = 56 — x

Since it carries 3 units of positive chazge no. of
electrons =x — 3

. According to the question ;

n+p=56

Saraswati
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I Structure of Atom

30.4
100

(x— 3){1+§% =56—x
100 |

230.4 x — 391.2 = 5600 or
At No.=p=26

=56—x

x—3+{x~ 3)><

5931 2
T 2304

=26

”‘_09 v =~1—m(4.35><106)2 (i)
1071450 4, 2

m(s 20><106) -.-(ii)

Ml_-

he |1 |
1077 400 )

Dividing equation (it) by .,quatlon {1), wet

 Hence the symbol of the ion will be ,6 Fe**. Ay —450 5004, [4.35 J
X =| wrese 0E
Sol.78 Wavelength of Nitrogen laser radiation = 337.1 4504, A,—500 \2.55
nm
(n) No. of photens emitted = 5.6 x 10 Ay =430 450 [4 35} ~2619
Power of this laser E = nhv =E§£ Ao~ 500 500\ 2.55
2 34 N or Ay, —450=2.164— 1309.5 or
56x10 X6625X10_9 x3. 0><10 1.619 2, = 8595 =531 nom
337.1x10 Substituting thi Al tion (iii), we get
ubstitutin 1svaueme uation (iif), we ge
=33 x 10°7]. g- 4 £
_ o . hx(3x10 ) 1 Iyl
Sol.76 Duration of the radiation source = 2 ns (Period) _____m[ (9 11x10™ 31)(5_20 ><106)
=7 % 10-%s 07 400 531 2
1 1 a .
Frequency (v)= = -5.=0.5 % o34
105 o YO riod " 7107 SN h= 6 oL s
S0L79 A_ccordmg to the question
No. of photons emitted = 2.5 x 10% i 11 c
- Energy of the source nhv - V=329 5 107 (H2) [?w?} But v "2
—25><10‘5><6626><1034>< 5><i09J c W11
- 10 Hence —=320x107| ———
828 » 10°1°J. 7= [32 nz}
Sol.77 To find frequency (n); 1 = 589 nm 589 X 3
107 m. (given} —319311&;:3.29“0‘5[33?}
To find frequency (n,); 1, = 589. 6 nm = 5896 % 128510 9 n
10-? m (given) 8
10t o PRI 30:10 407096
v zig x Ly :50934 x 1014 g1 9 n EZSSXIO %3.29x10
A 589><101?;.._ o L1
¢ 3x103-’.j_;f : or — =—-0.07096=0.401511
py= Lo X0 . =5.0881 x 10" no9
A, 589.6x107 , 1 54,5050 s
o ee— . J.n= .
Ellergy hn E hn E hnz 0.0401511
Cy MB=FE IR __1 A ) .
e PR T A G {n, —ny) .. The electron jumps fromn=5ton=3
=6.625 x 107 x 0053 x 10 Since this is a transition eceurring in the
cT = 0:035 X 102 =3.46 x 10°2] Paschan series and Paschen series lie.in the
SoL.78 Suppose threshold wavelength infra-red portion of light.
»—ﬂom = 2, x107 m Seol.8G¢ Radius of nth orbit of H-like particles
0.5297° . 52.9n°
Then h(v~v0)=lmv2 or = 4= pm
L1y 12 “ z
hp(}b ZJ amvz # =1.3225nm=1322.5 pm=52.9n}
2
Substitufing the given results of the three 1, =211.6 pm= 529
experiments, we get ,
i 1 1 2 .on 13225 n :
25— _lm(z.ssmoﬁ) ) . —1=W=% —-—6.25 or
1071500 4, 2 r 2116 m 5
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Sol.81

Scl.82

7
=25

)

" If ny = 2,n, = 5. Thus, the transition is
from 5™ orbit to 2™ orbit. [t belongs to Balmer
series.

v=1.097x107 m™! (2%-5%)

—1.007x 2L 107!
100

or ﬂ:i:———lgguﬁm:4.34xl()"7m
v 1.097x21x10
=434 nm

It lies in the visible region.

Since this is the transition from n,=5ton
=2, this fransition belongs to the BALMER
SERIES. Tt lies in visible region.

AxxAp:i
-34
0.002 x 10° x Dp _ 6025107 7
422
6.625x107 x7

T 4% 22x0.002%10°

=263 x 10" kg ms~!

Actual momentum

o h -
47005 4rx5x10 " m .
_6.626x10 7 kgms T
T 4x3.14x5x107"m

=1.055x10  kgms !

This value cannot be defined as the actual
magnitude is smaller 11_1_.;:111 the uncertainty.

Aswe go away from the iyucleus, effective
nuclear pull goes on decreasing. Hence
electrons present in 4p orbital expericnce the

o iowest eﬁ"ectwe nuclear charge.

Structure of Afom |
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{ QUESTION ALIKE ) <

< NUCLEAR STRUCTURE > 1
1 Calculate the number of protons, neutrons and
electrons in 3:Br.

2. Find out the atomic number, mass number,
number of protons, <lectrons and neutrons

present in the element with the notation 2°U .

3. The nuclear radius is of the order of 107"

cm while atomic radius is of the order 107%

cm. Assuming the nucleus and the atom to be
spherical, what fraction of the atomic volume is
occupied by the nucleus?

4, Calculate the percentage of higher isotope
of neon which has atomic mass 202 and the
isotopes have the mass numbers 20 and 22,

1

I
- 1
< THE RELATION ¢=VA AND Y >
5

Calculate (a) wave number and (b) frequency of

FORMULA PHOTOELECTRIC EFFECT

RYDBERG FORMULA/BALMER >

1Z.

13,

Calculate the frequency and the wavelength of
the radiation in nanometers emitted when an
electron in the hydrogen atom jumps from third
orbit to the ground state. ITn which region of the
electromagnetic spectrum will ‘this line lie ?

(Rydberg constant = 109,677 cmf‘__)

The wavelength of the-first line in the Balmer
series is 656 nm. Calculate the wavelength of
the second line and the llmmng line in Balmer
series. i

Calculate the wavelength of thc spectral line
obtained in the spectrum of Li*"ion when the
transition takes place between two levels whose
sum is 4 and the difference is 2.

. BOHR’S MODEL
PHOTOELECTRIC EFFECT

"% emitted when an electron in a hydrogen atom
" undergoes a transition from 4% energy level

yellow radiations having wavelength of 5800 A...

6. A particular radio station broadcasts: at’ a
frequency of 1120 kHz (kilohertz). Another

15.

radio station broadcasts at a frequency of 98.7. '+

MHz (Megahertz), What are the wav_elengths of

the radiations from each station 2

PLANCK’S QUANTUM THEORY AND
PHOTOELECTRIC EFFECT

7. Calculate-the freqliency. :én'c:i::cliergy of a photon
of radlatlon havmg waveleﬁgth 6000 A,

8. A 100 watt bulb emlts monochromatic light of
“wavelength 400 nm. Calculate the number of
< photons emitted per second by the bulb.

9, . Calculate the' kinetic energy of . the electron

““ejected ‘when vellow light of frequency
5.2x10%sec " falls

on the surface of potassium metal. Threshold

frequency of potassium of 5x 10"sec™

10. When electromagnetic radiation of wavelength
300 wm falls on the swrface of sodium,
electrons are emitted with a kinetic energy of
1.68x10° Imol ™. What is the minimum energy
needed to remove an electron from sodium ?
What is the maximum wavelength that will
cause a photoelectron to be emitted ?

16.

17.

Calculate the wavelength of the radiation

to' the 2% energy level. In which part of the
efectromagnetic spectrum does this line lie ?

Calculate the energy associated with the first
orbit of He' . What is the radius of this orbit ?

Calculate the velocity of electron in the first
Bohr arhit of hvdraosn atam, Given that Rohr

Bohr orbit of hydrogen atom. Given that B

radius = 0.529 A

Planck’s constant, b = 6.626x107* Js,
mass of electron

=9.11x10"" kg and 1J=1kg m’s™>

The ionization energy of He™ is 8.72x107'®
J atom™. Calculate the energy of the first
stationary state of Li*"

DE-BROGLIE EQUATION
PHOTOELECTRIC EFFECT

18,

19.

20.

Calculate the wavelength associated with an
electron {mass 9.1X10_‘3]kg) moving with a
velocity of 10° nisec™

(h=6.6x107" kgm? sec™).

e i =

A moving electron has 4.35%107% joules of
kinetic energy. Caleulate its wavelength (mass

=9.1x107% kgand h=6.6x10""kgm*s™").

Calculate the mass of a photon with waveiength

Saraswati ~ PITAMPURA /ROHINI
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3.6 A

21. Two particles A and B are in motion. If the
wavelength associated with particle A is
5x107% m , calculate the wavelength associated
with particle B if its momentum is half of A,

| UNCERTAINTY PRINCIPLE
PHOTOQELECTRIC EFFECT

22, Calculate the uncertainty in the velocity of an
electron if the uncertainty in its position is 1 A

or 100 pm (100"1 m) .
23. Calculate the uncertainty in the velocity of

a wagon of mass 3000 kg whose position is
known to an accuracy of £10 pm (Planck’s

constant = 6.63x107* Js ).

24. Calculate the uncertainty in the position of
an electron if the uncertainty in its velocity is

'Structure of Atom |

5.7><105m/sec(h=6.6X10‘34kgm23*1, mass S

of the electron =9.1x107 kg).

25, A golf ball has a mass of 40 g and a speed of
45 m/s. If the speed can be measured within
accuracy of 2%, calculate the uncertamty in .
position. : '

THE CALCULATION OF QUANTUM
NUMBERS, DESGINATION GF *ORBITALS
PHOTOELECTRIC EFFECT :

26. An clectron s in a. 4f orbitals. What poss1ble
values for the quantum numbers n, l m and g
can it have?

27.  Write down the quantum number n, / and m for
the following orbltals

Q) 3o, G 4,
(i) 3d,, "o (iv) 4d
V) 2p, ":3- (vi} 3132

28. - What designation is given {o an orbital having

(Hn=2,/=1, (ihn=3,1=0
(iiiyn=235,7=73 and (iv)n=4,/=27

29, Which of the following sets of quantum numbers
are not permitted ?
iy n=2,/=2,m=-1,s=+1%
(i) n=2,I=I,m=-1,8s=-%
(i) n=2,/=0,m=0,5=0
vy n=2,/=1,m=2,s=+%

30. Which of the following orbitals are not possible?
ip, 2s, 3fand 4d.
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C

QUESTION ALIKE SOLUTIONS

J

Substituting ¢ =3x10°m/sec
and A =5800x107"m

Sol.l Here, Z=35,4=80 we get
.. Number of protons = Atomic number = 35 _ 3x 108 m / sec
Number of neutrons = A~ 2 =80~35=45 T 3R00x107" m
As the atom is neutral, Number of electrons . :
= Number of protons = 35. ' =5.172%10"sec”" orcy cles/sec or Hz.
Sol.2  Alomic number (Z) = 92 Sel6 (a) Calculation of wavelength corre-sponding
Mass number (A) = 238 10 a frequency of 1120 Kz
But we know that Wavelength, 1 m___,_
Number of protons = Number of electrons V.
= Atomic number (7)) Substituting: ¢= 3 X 10_8__m st
.. Number of proton = 92 and v=1120kHz (Given),
and Number of electrons = 92 =1120 xl(}3 cycles s~
furthe.r, Number of neutrons = Mass number — (1 KHz = 10° cycles sy
Atomic number —1120% 103 Sl
=A~-7Z=238-92=146. 3 i
' i 3x 1(}E ms™!
Sol.3 The volume of a sphere we have,' /1 —
=47 /3 where r is the radius of the sphere. S %7 A o 1120%107s

, R o N o 2 - ) =267 85m .

' VOiutl’iiO:f the HL;CIEUS =amr /s “i(b)« Caleulation of wavelength .corresponding .
=4z (10 ) /3cm o toafrequency of 98.7 MHz.
Similarly, volume of the atom i Wavelength, A= <
_ 3 e -8\ 3 v
=d4mr’(3=4x (10 ) / 3em _ Substituting ¢ =3x10* ms™!

. Fraction of the volume of atom occupzed by and v=98.7MHz
the nucleus - =08.7x10% cycles s
4ﬂ(10 13) J 3emt? (1 MHz =10°¢cpcless™)
=107 3x10°ms™
A_w'('ln ‘1 [ Ao weget"j‘:no’ﬂ.Jnﬁ 1
) IO AL D
2 =30.095m.
Sol4  Suppose " Ne= x% : : .
Then * Ne = (10(} X ) % e Sol.7 (i) Frequency v= <
Average atomic mass : A
_xx22 +(100 - x) 20 Substituting ¢ =3x10%ms™"
1000 =202 2 = 60004 = 6000107 5
(Given) - - 3x108 —5%10M"g™!
*or 22x+2000 - 20x ~ 2020 WY = 00X 10
o 2)22'-" 20 ot Gx =10 (il) Energy of the photon £ = hv
i, S Ne=10% Substituting /= 6.625x 107 Js
Sel.5 (a) Calculation of the wave number v=5x10"s"
~'Wave number (v)=1/1 we get E=6.625x107 x5x10"
But A =5800 4 (Given) =3.3125x107"%1
=5800%10™m L |
_ 1 Sol.8  Power of the bulb = 100 watt
C * e = 1000 Js~!
5800107 m he
~1.72%10° m™! Energy of one proten, E=/hv= e
(b) Calculation of the Frequency
Frequency v =
. i
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(6:626x107 7 s)x(3x10%ms™")

Structure of Atom I

which corresponds to the green light.

400210 m Sol.11 Accordulzg to_lRydberg formula,
=4.969x107"°J v:g[nf??]
- Number of photons emitted v
-1 Here, R=109,677cm "
0TS 2012x107s 1, =3
4.969x107" J 2
Sol.9  K.E. of the ejected electrons is given by m =1 (for grouncli Statf) R
1 - L= I PR
Emv2 = v —hvy =h(v— vo) . V‘109’677(12 32} om
=6.625x10™ (52x10" ~5.0% 10‘4) ~109,677 xgcmf.{ = 97490.7cm”
=6.625x 107 x 0.2 10" joules ] 1 "
20 == 4
=1.325x107* joules. v 97490 7cm !
Sol.18 Energy of_ a proton of radiation of wavelength _ 103><10 cm R
300 nm will be
E:thhi .-—_103:;(10 m__:::lOBnm
A vwi;_:ﬁxl{)gm{l
(6:626x107.75)x(3.0x10°ms™") A 103%10 7 m
. (300%107 m) L =201x10%s
19 ' . ~The wave}ength as calculated above, lies in the
=6.626x107"J ulfraviolet region. Otherwise too, as the jump is
-~ Energy of 1 mole of photons - on the
= (6.626 % 10-19J) « (6.022 <107 mol ™ ) EEEED 1% orbit, the line will belong to Lyman series and
] P, hence lie in the ultravioiet region.
=3.99%10°J mol™ e
8 mo “8ol12Z According to Rydberg’s formula,
As E=E, +K.E.of photoelectlons emnted - 11
. Minimum energy (Z, ) required to remove 1 y=—=R {——i- -—=
“mole of electrons from sodmm E-K.E. A oo
= (3.99-1.68)] 05 Jm ol i { B For the Balmer series, », = 2 and for the 1% line,
.. =3
-~231><105Jmoll o AL 2 11
 — —— = Xt ———
. Msmmum energy ‘reqmred to remove one 656 2% 32 4 9
electron L _ 5 SR o)
231><1(}5ero!1 L3 %100y B 36 36
6.022><}023-mol“1 ' For the second line, » =2,n, =4
_ The 'ﬁfavcflengfh correspording 1o this energy b R 1 1 “ R T 1
~ can be caleulated using the formula : I TN e DR
b by ©
FE ﬁ;?v-? h /1 = Rx_. 3 3R (11)
; 16 16
L Dividing (1) by (ii), we get
B A5 16
(6.626x10775)%(3.0x10%ms™") 656 36 3
= 384510 or k:485.9nm
( Bax10 J) for the limiting line,
=517x107m=517x10"m ”1:2, My =0
=517nm
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| Structure of Atem

1 1 1 R
. I:R(?_QJ:_&? ...(iiD)

It lies in the visible region.

2.18x107% 72 .

Dividing (i) by (i), we get Sol1S E, = 5 atom
A5 For He',n=1,7 =2
636 36 (2.18x1077)(2%)
or A=3644nm = -
Alternatively first calculate R from (i) and 12
substitute {ii) and (iii). =—872x10°"%J sy
Sol13 Suppose the (ransition takes place between Radius of H-like particles is given by
levels mand n, . 5 i RN
and n, —m =2 zZ o
solving these equations, we get For He*,n=1,Z =2
=L e | 0.0529% 12
1 1 1 R % =——2-—2x—2 0.02645 nm
=R —— |2 C e
ﬂ, nlz ng_ I's - h
. 16 mvi=-— ofv= "
For Li*",Z =3 Sol. oy py—
: 7]',—___-109’66761M_I(L___1_\X32 (e 52651073 1)
A \r 3 ok e VN )
1 T 14x(9. nxm‘“kg) (0.529x1(}"° )
-109,677x[r-——Jx9cm1 S
by : '_—-2189><106 Jskgtm!
_ -1
—109677X86m Butlj lkgm?. 72* .
= _1___m1 * 1.J =work done =TFotrce % Distance
109677 x8cm =(Mass xAcceleration) x Distance
=1.14x10"% cm :(kgms*‘)xm=kgm2 57
Sol.14 For hydrogen atom Hence, v=2.189x10° m s !
E, 21 8)(1049‘] fom 2, 2 4
i R 2
s ! Sol17 E,=-TLC
Energy emitted when the elect}.on jumps from n'h
= 41,0 1= 2 wﬂi be glven by - K— { K =constant)
R 1 1 w
AE=E, —'E —._421 8 100 L2
' . [22 42} I.E.ofHe*:waE}
2 218x107%x 2 =4.0875%107°7 (2
=21.8x10" " =4.0875% :o_L_K?—J_M{
e _The wavelength corresponding to this energy 18 o
"“can be calculated using the expression Hence, 4K =8.72x107"J atom
Eehv=n’ (- c=vA) (Given) .
A or K=2.18x107" Jatom
; 12+ — st : =
so that A= % For Li"",Z = 2and for 1 statlonarzy state, n=1
' . N S ST T
(6.626x107 J5)(3x10° ms™") 7 -
B (4.0875x107 ) =-19.62x10™** Jatom !
4 SoL18 Tlere, we are given
=4.86x10""m ng']xlo%ﬂkg
= 4863 4 (or 486.3 nm)
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 Structure of Atom |

v =10% m sec! SoL21 By de Broglie equation,

‘ h h
_ -34 2 -1 A = and Ay =—
h=6.6x10 kgm s 4 A Y B Py
-34 2 -1 '
z,-_-i= 6.6x107 " kgm”s | ﬂ:&
my (9.1x107 kg ) x({10° ms™") 2 D,
=7.25%10"m - But p, :% py (Given)
S0l.19 Here, we are given
Kinetic energy A _V2pg 1
Lo+ mv? = 4.55x107% 7 o P 2
2 or Ay =2xA4,=2x5x10" m
=9.1x107*" £,
" ) 34 ¢ 2 - =10""m
h=6.6x10"" kgm” s : Sol.22 Here, we are given
Ax=10""m 7

w1y (9.1 ><10“3‘)2v2 —4.55x10°%

iz _ 4.55x107° x2 h =_¢_3,5x;()*3‘§kgm2 ol

- =10°
or v=10° 7 50 m=9.1x10" kg
A= A : ' ;K-_Applying uncertainty principle,
_ 6.6x10 fgm?® 57 EEECT mv)'ﬂ
-l 3 -l I, & '
(9.1><10 kg)‘xl(] s e A B

=7.5x10" m L

. 6.6x10 kg m’s™"
Alternatively, S o =55 ,

1 2KE. Ax = x9.1x 10 g x 107 m
K.E'.;Ej':w2 V= S 7

I

or

h h "

A= E:;x 2KE. SolL23 Here, we are given m =3000kg

o _ Ar=10 pim=10x10""m =10""m
e n B . By uncertainty principle,

- [2mxK.E.

=577x10° mg™

6.6x10" kgm*s™ 4 x mx Ax
J2x9.1x107 kg x 4.55x 1075 7 _ 66310 M hgm’s™
=725x 10*:_7’1{1 (J = kg m’ 5“2) 4% g§2~><3()001’qg>< 107"

) _ 7 o
Sel20 Here, “A=3.64=3.6x10""m. As photon 176107 ms

travels with the velocity of light, Sol.24 Here, we are given
ve=3.0x108ms™ | Av=57%10" ms!
By de Brogli t
y eh roglie equation, m=91x10 " ke
A=
my . h=66x10"*kgm’s™
or ;;77 _n Substituting these values in the equation for
Av uncertainty principle, ie.,
B 6.26x10™" Js Arx(mx Av) =,
- 1o 5 1 4
(3.6%107%m)(3.0x10%ms™") ;
h
. N 1 , A ————————
~6.135%10 P kg . e e 47t x 1% Av
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Sol.25

Sol.26

| Structure of Afom

6.6x107 kgm’s™

4><%%x9.1x10‘3‘kgx5.7x105mﬁ

=1.0x107"m
i.e., uncertainty in position ==+107%m
Uncertainty in speed = 2% of 40ms™"

ie., Av= 2 45-09ms™
100
Applying uncertainty principle

A h
__" or Ax=
Ax(m X Av) Cag dgm Av

N 6.626 %10 kg m’s™!
~4x3.14x(40x107 kg )(0.9ms7)

=1.46%10"%m

Since the electron is in a 4f orbital, the value of
the principal quantum number, 77=4 .
For the f-orbital, the seconciary quanium

" number, [=3.

Sol27

Sol.28

Sol.29

: '(};i)

Sol.30

The values of the magnetic quantum (i) are ——I
to +{ including zero. Therefore, when l 3 b
has seven -

values, Le, —3,—-2,—1,0+1,+2 and 3.

For cach value of m , the spin quantum number
s has two values, i.e., s=+1/2 and 5=-1/2,

Q) n=3,1=2,=+2

(i) n=4,{=2,m=0

iy r=3,{=2,m=-2

(iv) n=40=2,m=+1"""
Vyn=2,/=Lm=0 g
(viy n=3,/=Lm=+1 ...
() n=2,I= - 1 means 2p-orbital

(il n=3, = Omeans 3s-orbital
(iii) n=5,/=3means 5f- orbital
(ivy n= 4,1 _ Zmea_ns ‘Ad orbital

(@

This set of quantum numbers is not
- permitted since the value of 7cannot be

equalto n.

This'set of quantum numbers is permitted.
‘This set of quantum numbers isnot permitted
‘because the values of spin quantum number
cannot be zero.

The set of quantum numbers is also not
permitied since the value of *m ” cannot be
“greater than 1.

(iff) .
(iv)

The first shell has onty one sub-shell, i.e.,
Is, which has only one orbital, i.e., 1s
orbital. Therefore, 1p orbital is not possible.
(i) The second sub-shell has two subshells,

@

(i)

(iv)

ie., 28 and 2p. Therefore, 2s orbitals are
possible.

The third subshell has three subshells, i.e.,
3s, 3p and 3d. Therefore, 3f-orbitals are not
possible.

The fourth shell has four subshells, i.e., 4s,
4p, 4d and 4f. Therefore, 4d orbitals are
possible, )
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Compared to the mass of lightest nuclei, the
mass of an electron is only {(approximately)

{a) 1/80 (k) 1/800

{c) 1/1800 {d) 1/2800

Atoms consists of protons, neutrons and

electrons. If the mass of neutrons and electrons

. were made half and two times respectively to

their actual masses, then the atomic mass of
CIZ

&

{a) Will remain approximately the same

(b} Will become approximately two times

(c} Will remain approximately half

{d) Will be reduced by 25%

The total number of valence electrons in 4.2 gm
of N7 ionis (N, is the Avogadro’s number)
(2) 16N, (b} 32N,

(c) 2.IN, (d) 42/,

The argument that favours the particle nature of =
10.

cathode rays is that they
(a) produce fluorescence.
(b} travel through vacuum.

(¢) get deflected by electric and magnetsc fields. o

{d) cast shadows of objects present in their way.

Which of the following reaction led to the -

discovery of neutrons?

(ay "C+H >IN+ n

(b} IBe+ JHe —» 2C4ln

(c) \B+D—> ”C+ o
(d) SBe+ iHe—s ‘,5'C+_Dn_?":" L

When a gold sheet is bombarded by a beam of

o - particles, only a few of them get deflected,

whereas most-go straight, undeflected. This is

because :

(a)  force of atfraction exerted on o - particle by
electrons is insufficient.

(b} volume of nucleus is smaller than atom.

{c) force of repulsion acting on a fast — moving
‘K- particle is very small.

{d) neutrons have no effect on « - particle.

The nucleus of an atom can be assumed to be
spherical. The radius of the nucleus of mass
numtber A s given by 1.25x107%x 4% com
Radius of atom is one A . If the mass number is
64, then the fraction of the atomic volume that
is occupied by the nucleus is

(2) 1.0x107 (b} 5.0x10°

il.

i2.

13,

4.

() 2.5%107

(d) 1.25x107

.Which of the following is true for Thomson’s

model of atom?

(a) The radius of an electron can be calculated
by using this model. i

(b} In an undisturbed atom, the electrons will
be at their equihbmum position, whe;e the
atiraction between:the cloud of positive
charge and the electrons balances their
mutual repulsion.

{c) [t can explain the existence of protons.

{d} None of these

The energy af an elec’tron in the first Bohr orbit
of “H atom is-~13.6e¥ . The possible energy
value(s) of the ‘excited state(s) for electrons in

. Bohr orbits to hydrogen is{are)
" (a). ~34er
(e) ~6.8e¥

(b) —4.2¢¥
@) +6.8¢1

o Rutherford s scatterlng formula fails for very
: Small scattering angles beecause

(a) the kinetic energy of «- particles is larger.

(b) the gold foil is very thin.

(c) the full nuclear charge of the target atom is
partially screened by its electron.

(d) All of these.

The line spectrum of two clements is not

identical because

(a} they do not have the same number of
neutrons.

(b) they have dissimilar mass number.

{c) they have different energy level schemes.

(d) they have different number of valence
electrons.

The series limit for Balmer series of H-spectra is
() 3800 {(b) 4200
(c) 3646 (d) 4000

The first line in the Balmer series in the hydrogen
atom will have the frequency

(a) 4.57 x10"s™

(b) 3.29 x10"7s"

(¢) 8.22 %107

(d) 8.05=1¢7s"

Einstein’s theory of photoelectric effect is based
on

(a) Maxwell’s electromagnetic theory of light.
{(b) Planck’s quantum theory of light. -

(c) Bothaand b.
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i5.

16.

17.

19.

20.

21 o
22,

23,

o (a) orbit:

{d) None of these.

In photoelectric  effect, the number of
photoelectrons emitted is proportional to

(a) intensity of incident beam.

{b) frequency of incident beam,

{c¢) wavelength of incident beam.

{d) All of these.

Heisenberg’s uncertainty principle rules out the
exact simultaneous measurement of

{a) probability and intensity.

{(b) energy and velocity.

{c) charge density and radius.

{d) position and velocity.

Uncertainty in the position of an electron (mass
=9.1 x10”" kg) moving with a velocity of 300
m s accurate upon 0.001% will be (h = 6.63 x

107 JIs)

(a) 19.2 %10 m
() 1.92x 107 m

(b) 5.76 % 107 m
(d) 3.84 x 107 m

24,

25..

{d) None of these.

Aregion in space around the nucleus of an atom
where the probability of finding the electron is
maximum is called

(c) erbital

Which orbital notation does not have spherical
node?

(2)n=2;1=0
(cyn=3;1=0

(b) orbit,
{(d) electron shell.

(b) n= 3; I:.-_l_
@n=11=00

Answer Key

Ly 2. (d) 3, (a)
4@ 5 ® 6 ()
T 8 9. (b)
0. (dy 1L (© 12. (c)
13. (&) 14 (b) 15. (a)

e @ 1 © 18, (b)

Which phenomenon best supporis the meory e

~ 'that matter has a wave nature?
(a) Electron momentum

(b) Electron diffraction
{¢) Photon momentum
(d) TPhoton diffraction

If wavelength of photon is 2.2 X 10 1,

h=6.6x10" J-sec, then momentum of photon is o

(a) 3x10 P kgms™
(b} 3.33x10%kgms™

(oY 1 ASY 10 L
l\\l} ’s _?JAALU ,"5 If‘n)

(dy 6.89x10% kgmsj“‘

Wavelength associated with electron motion

(a) Increases with increaSe in speed of electron

(b) Remalns same mespectwe of speed of
electron™ .

(c) Decreases Wlth 1n01ease inspeedof e

(d) 1Is zero

The volume.; of space where probability of
finding an electron is zero is known as

(b) orbital

(c) node: {d) None of these

An ion that has 18 electrons in the outermost
shell is

{a) Cu? {t) Th*

{c) Cs* (d) K*

Which of the following combination of quantum
numbers is not allowed?

(@n=3,/=0,m=0

b)n=4,1=4,m=0

(©)n=31=1,m=1

19 (a) C 200 (e 21. {c)
2@ 23. {d) 24. (c)
25..(b)
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Which of the following conclusions could not be derived from Rutherford’s o -particle scattering
experiement?
(i) Most of the space in the atom is empiy.

(ii) The radius of the atom is about 107'° m while that of nucleus is 107 m

(iii) Electrons move in a circular path of fixed energy called orbits. _

(iv) Electrons and the nucleus are held together by electrostatic forces of attraction. ..+

Which of the following options does not represent ground state electronic conﬁguratlon of an atom‘? v

(i) 12252200 357 3p° 3P 452 (ii) 15?252 2p® 35° 3p¢ 34° 457 ' '
(iil) 1s% 25 2p% 352 3p° 34" ds' (iv) 152 257 2p% 357 3pf 3P 45!

The probability density plots of 1s and 2s orbitals are given in Fig. :

K
R &
ot T, rd

s BT 25
The density of dots in a region represents the probabmty density of finding electrons in the region.
On the basis of above diagram which of the followmg statements is incorrect?
(i) 1sand 2s orbitals are spherical in shape. .
(i) The probability of finding the eleciron is maxlmum near the nucleus.
(iii) The probability of finding the electron at a given distance is equal in all directions.

{iv) The probability density of” electrons for 25 orbital decreases uniformly as distance from the nucleus
increases. Lo

Which of the fellowing statement is not correct about the char acteristics of cathode rays?

(i) They start from the cathode and mave towards the anode,

(il They travel'in straight hne in the absence of an exiernal electrical or magnetic field.
(iii) Characteristics of cathode rays do not depend upon the material of electrodes in cathode ray tube.
(iv) Char acterlstlcs of cathode rays depend upon the nature of gas present in the cathode ray tube.

Which of the followmg statements about the electron is incorrect?
() tisa negatlvely charged particle.
“(ii) The mass of electron is equal to the mass of neutron.
(iii) It is a basic constituent of all atoms.
- {iv) Itisa constituent of cathode rays.

Which of the following properties of atom could be explained correctly by Thomson Model of atom?
{i)~Overall neutrality of atom.

(i) Spectra of hydrogen atom.

(iii) Position of electrons, protons and neutrons in atom,

(iv) Stability of atom.

Two atoms are said to be isobars if.
(i} they have same atornic number but different mass number.
(il they have same number of electrons but different number of neutrons.
(iii) they have same number of neutrons but different number of electrons.
(iv) sum of the number of protons and neutrons is same but the number of protons is different.
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8. The number of radial nodes for 3p orbital is
@ 3 (i) 4
(i) 2 (iv) 1
9. Number of angular nodes for 44 orbital is
(i} 4 {ii) 3
(itiy 2 (v) 1

16, Which of the following is responsible to rule out the existence of definite paths or trajectories of electrons?
(i} Pauli’s exclusion principle. R
(ii) Heisenberg’s uncertainty principle.
(iii) Hund’s rule of maximum multiplicity.
(iv) Aufbau principle.

11. Total number of orbitals associated with third shell will be
(i) 2 (#) 4
(i) 9 (iv) 3
i2. Orbital angular momentum depends on .
(i ! (i1) mand !
{iii} »and m (iv) mand s

13, Chlorine exists in two isotopic forms, C1-37 and ClI- 35 but 1ts atomlc mass is 35.5. This indicates the ratio
- of CI-37 and CI-35 is approximately o

(i) 1:2 (i) 1:1
(iiiy 1:3 (iv) 3:1
i4. The pair of ions having same electronic conﬁgm ation is
(i) Cr?, Fe™ (i) Fe*, ‘Mn#t
(iii) Fe*, Co™ (iv) Sc¥, Lr“_
i5, For the electrons of oxygen atom, which of the foEiowmg statements is correct?

(i) Z for an ¢lectron in a 2s orbital is the same as Z . for an electron in a 2p orbital.
(i) An electron in the 2s orbital has the same energy as an electron in the 2p orbital.
(iit) £, for an electron in 1s orbltal is the same as Z, for an electron in a 2s orbital.
(iv) The two electrons present in the 2s orbital have Spm quantum numbers »z_but of opposite sign.

16. If travelling at same specds, whwh of the following matter waves have the shortest wavelength?
(i) Electron e (i) Alpha particle (He* )
(iti) Neutro i {(iv) Proton
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1. - (i) 2. (if) 3. (iv) 4. (iv) 5. (ii) . - 6. ()

7. (iv) 8. (iv) 9. (i) 10. (i) 1. (i) 12, G)
13. (i) 14 (if) 15. (iv) 16. (ii)
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) . % ~, Q.5. Not considering the electronic spin, the
Jee P Y :
Jee revious ¥ear ) degeneracy of the second excited state (n = 3) of
_ H-atom is 9, while the degeneracy of the second
Q.1. For emission line of atomic hydrogen from excited state of H-atom is " [2015 Advl]
n, = 8ton, = n,ihe polt of wave number (v) .6. In an atom, the total number of electrons having
" against 1 Vwiil be (The Rydberg constant, R, quantum numbers i ' ['2.014_'_ A_dv.]
i n:4,lml|=13nc§,m;,=}~_5 is oLk
is in wave number unit) [2019 Mains| S e
{a) non linear Q.7. Energy of an leetron js given by
(b) linear with slope-R,,
() linear with slope R =-2.178 % 1() 1# J Wavelength of light
. H
{(d) linear with intercept-R required to exmt_e an_, e_leetron in an hydrogen
. . atom from level n =116 7 = 2 will be (h = 6.62
.2, The redms of the second Bohr orbit for hydrogen %10 Jsand 6= 3.0 x 10° ms™) [2013 Mains]
atom is (Planck’s constant (k) = 6.6262 = 10 1914 % 107 (b) 2.816 x 107 ‘
Js; mass of electron = 9.1091 = 107! kg; charge : EER 6.500 x ]n_-‘ff: m% 2500 x m,T::
of electron () = 1.60210 x 10~ C; permitivity TN VT e
of vacuum (e ) = 8.854185 x 10 kg m> A%~ Q.8. _'.T_he atomlc masses of He and Ne are 4 and 20
[2017 Mains] - amu, respectively. The value of the de-Broglie
(a) 1.65 A (b) 476 A £ * wavelength of He gas at —73°C is ‘M’ times that
(c) 0.529 A (d)y 2.12 A of the de-Broglie wavelength of Ne at 727°C. M
Q.3. P is the probability of finding the Is eleetron' o g (2013 Adv.].
of hydrogen atom in a spherical shell of @.9. The kinetic energy of an electron in the second
infinitesimal thicknéss, dr, at a distance » from . Bohr orbit of a hydrogen atom is [a, is Bohr
the nucleus. The volume of this shell is 4mrdr. radius] , [2012 Mains]
the qualitative sketch of the dependence of P on @ W (b) h :
ris EZﬁiﬁ Adv.] Anmal 1657 may
- . : :_ 2 hz h2
P P © 327 mal @ 6’ ma,
\ B .
\ / \ Q.10. The work function (¢) of some metals is listed
A below. The number of metals which will show
EEP photoelectric effect when light of 300 nm
& 4 wavelength falls on the metal is [2011]
P :
P Meal [Li |Na{K |Meg|Cu|Ag|TFe | Pt | W
: // ) o@v) |24 |23 12237 |48 |43 |47 |63 475
©) 0e= (@ o
e Q.11. The maximum number of electrons that can
0.4. A stream of electrons form a heated filament have principal quantum number, 7 = 3 and spin
was passed betwesn two charged plates kept at a quantum number, m = —1/2, is [2011]
potential difference V esu. If e and m are charge .
and mass of an electron, respectively, then the The hydrogen-like species EF* 15 in a
value of A/2 (where, 4 is wavelength associated spherically symmetric state S, with one radial
with electron wave) is given by node. Upon absorbing light the lon undergoes
[2016 Mains] transition to a state S,. The state .5, has cne
(a) 2 meV (b Jme? radial node and its energy is equal to the
(©) 2ZmeV (d) meV ground siate energy of the hydregen atom.
(12-13)
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Q.12. The state S, is [2810] atoms.
(a) s {b) 2s Q.19. Two electrons occupying the same orbital are
{c) 2p (d) 3s distinguished by [2016]
: . . Principal quantum number
Q.13. Energy of the state S, in units of the hydrogen (2) .
atom ground state ene]rgy is (b) Max.gnet;c quantum number
12010] () Azilmulhal quantum number
(a) 0.75 (b) 1.50 (d) Spin quantum number ._
(c) 2.25 _ {d) 4.50 Q.26. Magnetic moments 2.84 B.M is.given by (At
@.14. The wavelength associated with a golf ball nos, Ni =28, Ti =22, Cr—u24 Co=27) 2015
weighing 200 g and moving at a speed of 5 m/h N2+ by T [ I
is of the order [2001] (a) L ;_'_-( ) 1 >
(8) 1070 m (bY 102 m (¢} Cr? S (d) €O
{c) 10 m () 10 m Q.21. The number of d-electrons in Fe?* (Z = 26) is not
Q.15. The number of nodal planes in a p_orbital is equal to th_e number BPclechiQg i whiclone of
: * [2001] the following?-: [2015]
(a) ane (b) two (a) s-electrons in Mg (Z=12)
(c) three (d) zero {(b) p —electrons in Cl (Z = 17)
(c) d — electrons in Fe (Z = 26)
- .. (d) p—electrons in Ne (Z=10)
( NEET Previous Year ) Q.22.:3' The angular momentum of electron in ‘d® orbital
. “iiis equal. to [2015]
Q.16. Which of the following series of transitions in . (2) Y67 (b} V2 7
the spectrum of hydrogen atom fall in visible 40) _\_;3 # (d)0h
region? . [2019]_ Q.23. What is the maximum number of orbitals that
(a) Paschen serics (b} Brackett series | . wiio 0 can be identified with the following quantum
{c) Lyman series (d) Baimer series 5 numbers?n=3,1=1,andm=1 [2014]
Q.17. Which one is a wrong statemeni? [2018] ... (a) 1 (b) 2
1s 252 Zplx 2};1.5(- 2plz - (C) 3 (d) 4
/”/ /”/ /} /l l/ Q.24. Calculate the energy in joule corresponding to
V.. o light of wavelength 45 nm (Planck’s constant, h =
(a) Total orbital ‘angular momentum of electron 6.63x10°]s speed of light , ¢ = 3x10°ms™)
s’ orbital'is equal to zero. f2014]
(b) An orbital is designated by three quantum (a) 6.67x10% (b) 6.67x10"
numbers while a'ﬁ_'jf?_iectron in an atom is (c) 4.42x10% (d) 4.42<10"
designated by four quzantum numbers Q.25. The value of Planck’s constant is 6.63x10% Js.
(¢) The value of m for d.” is zero. The speed of light is 3x10'nm s, Which value
() The elecﬁ onic couﬁgulauon of N atom is is closest to the wavelength in nanometer of a
antum of Hght with fi Gx10" g71?
Q.18. Which one is the wrong statement? [2017] AUATIUIT OF BEAE WA Trequeney ’ [2613)
“. (a) De-brogile’s wavelength is given by (a) 10 (b) 25
A= _,'.r?_ where m= mass of the partlcle v (c) 50 {d) 75
- grg&p velacity of the particle. 0.26. ghtat isbthe ma?(iéngm - E;luiibcfrsnof _clectr?ns%
at can be associated with the fellowing set o
{b) The uncertainity principic is AEAL > f_ quantum numbers? n=3,1= 1 andm = 1
b
] [2013]
(c) Half filled and fully filled orbitals have a) 10 b} 6
greater stability due to greater exchange EC; 4 Ed% 2
energy, greater symmetry and mozre balanced
arrangement, .27, Maximum num})ef of electrons ins subshell with
(d) The energy of 2s orbital is less than the 1=3andn=4is {2013}
energy of 2p orbital in case of Hydrogen like (a) 14 {b) 16
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0.28.

Q.29.
Q.30.
Q.31.

.32,

.33,

Q.34

(a) % “;r“ ®)

Q.35.

: i
(a) 5LL+—
- 2

{c) 10 {d) 12

The correct set of four quantum numbers for the
valence electron of rubidium atom (at. no . = 37)
is [2012)

1
(b) 6,0,0,+—
2

1

© 50,045 ) 5,10+

The energies E, and E, of two radiations are 25 eV
and 50 eV respectiely. The relation between their

wavelengths, i.e. A and A, wili be [2011]
(a) A, =2k, (b) &;=4h,

1
() M*EM (d) 2=hy

If n = 6, the correct sequence of filling of
electrons will be 12014}
(a) ns—(n—1)d—(n-2)f—np
(b) ns—{n—2--»np—{n—1)d
(¢) ns—np—{n—1)d—(n—-2)f
(a) nsa(n 2} {n— i)(l—>np

Which of the following is mot permissfble L

arrangement of elecirons in an atom?  [2009]
(@ n=4,1=0,m=0,s=-1/2 cal
b)n=351=3,m=0,s=+1/72
{c)n=31=2,m=-3,s=-1/2
(dn=31=2,m=-2,s=-172

The energy absorbed by cach molecule [A] 0

a substance is 4.4x10" J and bond engrgy per 4

molecule is 4=<107* I. The kmeuc energy of the

molecule per atom w111 be '; [2609]

(a) 2.0x10°] .. T by 2.2¢10 By
(c) 2.0x10%] L (@.2.0x10 9§

Maximum: number of eIectrons in a subshell is

determmed by the followmg [2009]
(a) 41+2 o J{b)y 21+1
{c) 412 () 2n?

if uncertdmly is posﬂ:mn and momentum are
equal; then uncertainty in velocity is

1 [h

-
1 h
() *\f* (d) \/:
myT ‘ F)
The frequency of radiation emitted when the
electron falls from n = 4 to n =1 in a hydrogen
atom will be {given lonization energy of H =
2.18x10%Jatom™ and h=6.625x10*] s {2004]
{a) 1.54x10% g {b) 1.03x10%s!
{¢) 3.08x10"¢" {d) 2.00x10%g"!

Q.36, The following quantum numbers and possible

for how many orbital (s)n=3,1=2 and m=+27?
[2001]

(a) 1 (b) 2

()3 4
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1. (© 2. (c) 3. (¢) 4. {¢) 5.0 6'.":1(_6) K

7. (a) 8. (5) 9. (¢) 10. ) 1.0 12, (6) -
13. (¢) 14. (c) 15, (a) 16. (d) 17 18 (d)
19. (&) 20. (a) 21. (b) 22. (a) 23, (a) T 24, (d)
25. (c) 26. (d) 27. (a) 28. (c) 29, (a) 30, (d)
31, (¢) 32, (a) 33, (a) 34. (a) 1350, 36. (a)
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