Atomic Structure

Fundamental Particles

1.

Gases are bad conductors of electricity. Their

conductivity may be increased by

(a) increasing the pressure as well as potential
difference between the electrodes.

(b) decreasing the pressure as well as potential
difference between the electrodes.

(c) decreasing the pressure and/or increasing the
potential difference between the electrodes.

(d) increasing the pressure and/or decreasing the
potential difference between the electrodes.

Which of the following is true for cathode ray?

(a) It is not deflected by magnetic field.

(b) It is an electromagnetic wave.

(¢) It emits X-ray, when strikes a metal.

(d) It consist of all the negative particles present
in the atoms.

The specific charge of cathode rays

(a) depends on the nature of the gas.

(b) depends on the material of the discharge tube.

(¢) depends on the potential difference between
cathode and anode.

(d) is a universal constant.

Which of the following is not a fundamental
particle?

(a) Electron
(¢c) Neutron

(b) Proton

(d) X-rays

The presence of charge particles in the atoms was
first confirmed by
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(a) Rutherford
(c) Faraday

(b) Thomson
(d) Goldstein

From the discharge tube experiment, it is
concluded that

(a) mass of proton is fractional.

(b) matter contains electrons.

(c) matter contains nucleus.

(d) positive rays are heavier than protons.

The cathode rays experiment demonstrated that

(a) o-particles are the nuclei of He atoms.

(b) the e/m ratio for the particles of the cathode
rays varies gas to gas.

(c) cathode rays are streams of negatively charged
particles.

(d) the mass of an atom is essentially all contained
in its very small nucleus.

Which of the following is not the possible path of
cathode rays ejecting from the surface of cathode?

() R (b)
(© (d)
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Cathode rays are made up of electrons. Anode
rays are made up of

(a) only protons.

(b) only nucleus of atoms.

(¢) positive residue of atoms.

(d) only from all the positive particles present in
the atoms.

Which of the following statement is incorrect

(a) Cathode rays are emitted out from the surface
of cathode.

(b) Cathode rays travel in straight line.

(c) Anode rays are heavier than cathode rays.

(d) Anode rays are emitted out from the surface
of anode.

The e/m ratio of anode rays produced in the
discharge tube, depends on the

(a) nature of the gas filled in the tube.

(b) nature of anode material.

(c) nature of cathode material.

(d) all of these

When lithium vapours were filled in the discharge
tube for anode rays experiment, the anode rays
were found to contain only Li*ions (4 =7, Z = 3).
Therefore, each particle of anode contains

(a) 1 proton only.

(b) 3 protons and 4 neutrons only.

(¢) 3 protons, 4 neutrons and 2 electrons.

(d) 3 protons, 3 neutrons and 3 electrons.

In an oil drop experiment, the following charges
(in arbitrary units) were found on a series of oil
droplets 4.5x 1078, 3.0 x 1078, 6.0 x 10718, 7.5 x
1078,9.0 x 107'%. The charge on electron (in the
same unit) should be

(a) 3.0x 10718
(c) 1.5x10718

(b) 9.0x 10718
(d) 1.6x107"
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In Wilson cloud chamber experiment, two particles
were found to show equal deviations but in opposite
directions. The names positron and negatron were
given to these particles by Anderson. Hence,

Negatron is
(a) neutron (b) neutrino

(c) proton (d) electron

Which of the following particle is not deflected in
the magnetic field?

(a) Electron
(¢) Neutron

(b) Proton
(d) Deuteron

Which of the following particle have non-zero e/m
ratio?

(b) Neutrino

(d) Neutral meson

(a) Neutron
(c) Positron

The e/m ratio is maximum for

(a) Na* (b) AP

() H' (d) Mg**

The potential difference between cathode and

anode in a cathode ray tube is V. The speed
acquired by the electrons is proportional to

(@) V (b) v

©) 1 @

The ratio of specific charges of o—particle and
deuteron is
(a) 1:2
(c) 1:1

(b) 2:1

(d) 4:1

The e/mratio of a particle of charge 2 unit and mass
4 amu is

(a) 4.8 x 107 C/kg

(b) 0.5Clkg

(c) 4.8x10* C/kg

(d) 8 x 10 C/kg

Rutherford’s Atomic Models

21.

22,

Atoms have void spaces. It was first suggested by
(a) Rutherford (b) Thomson

(¢c) Lenard (d) Dalton
Rutherford’s experiment, which established the
nuclear model of the atom, used a beam of

(a) B-particles, which impinged on a metal foil
and got absorbed.

(b) y-rays, which impinged on a metal foil and
ejected electrons.

(c) helium atoms, which impinged on a metal foil
and got scattered.

(d) helium nuclei, which impinged on a metal foil
and got scattered.
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Which of the following is not a conclusion of
Rutherford’s atomic model?
(a) Most of the part inside an atom is empty.

(b) Almost all mass of an atom is concentrated in
the nucleus.

(¢) The size of nucleus is very small in comparison
to the size of atom.

(d) Electron revolves around the nucleus in definite
orbits.

Which of the following is not a correct statement
according to Rutherford’s atomic model?

(a) 99% of mass of an atom is centred in the
nucleus.
(b) Most of the part inside the atom is empty.

(¢) The size of nucleus is very small in comparison
to the atoms.

(d) Electrons revolve round the nucleus.

When B-particles are sent through a tin metal foil,
most of them go straight through the foil as

(a) B-particles are much heavier than electron.

(b) most part of the atom is empty space.

(c) B-particles are positively charged.

(d) B-particles move with high velocity.

A proton and a deuteron are projected towards the
stationary gold nucleus in different experiments
with the same speed. The distance of closest
approach will be

(a) same for both.

(b) greater for proton.

(c) greater for deuteron.

(d) depends on speed.

Two particles A and B having same e/m ratio
are projected towards silver nucleus in different
experiments with the same speed. The distance of
closest approach will be

(a) same for both.

(b) greater for A.

(c) greater for B.

(d) depends on speed.

o-particles are projected towards the nucleus of
following metals with the same kinetic energy.
Towards which metal, the distance of closest
approach will be minimum?

(a) Cu(Z=29) (b) Ag(Z=47)

(c) Au(Z=179) (d) Ca(Z=20)
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In different experiments, o-particles, proton,
deuteron and neutron are projected towards gold
nucleus with the same kinetic energy. The distance
of closest approach will be minimum for

(a) o-particle
(c) deuteron

(b) proton
(d) neutron

The following charged particles accelerated from rest
through the same potential difference are projected
towards gold nucleus in different experiments. The

distance of closest approach will be maximum for
(a) o—particle (b) proton

(c) deuteron (d) same for all

In the Rutherford scattering experiment, the
number of alpha particles scattered at an angle
6 = 60° is 36 per minute. The number of alpha
particles per minute scattered at angles 6 = 90° is
(Assume all other conditions to be identical)

(a) 144 (b) 9

(c) 36 (d) 16

If nucleus and atom are considered as perfect
spheres with diameters 4 x 10> m and 2 x 107'°
m, respectively, then the ratio of the volumes of
nucleus and atom should be

(a) 2x 1071 (b) 8x107°:1

(c) 1.25x10™":1 (d) 8x10":1

With what velocity should an o—particle travel

towards the nucleus of copper atoms so as to
arrive at a distance 1072 m from the nucleus of the

copper atom? (4.8 x+/29x 60 =200, N, = 6 x 10%,
e=16x10""70)
(@) 2x10° ms™!
(c) 2x10° ms™!

(b) 2% 10°ms™

(d) 2x10" ms™!

An o-particle accelerated through V volt is fired
towards a nucleus. The distance of closest approach
is r. If a proton accelerated through the same
potential is fired towards the same nucleus, the
distance of closest approach of the proton will be
(a) r (b) 2r

(c) 12 (d) r/4

The distance of closest approach of an o-particle
fired towards a nucleus with momentum ‘P’ is
r. What will be the distance of closest approach
when the momentum of the o-particle is 2P?

(a) 2r (b) 4r

(c) 12 (d) r/4



Planck’s Quantum Theory, Photoelectric Effect and Moseley’s Experiment
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Small packets of light is called

(a) proton
(¢) photon

(b) quanta

(d) spectrum

A radio station emits radiations of 400 kHz. The
metre band of the station is

(a) 400 (b) 750

(c) 1333.33 (d) 7.5

Which of the following electromagnetic radiation
have greater frequency?
(a) X-rays

(¢) Radio waves

(b) Ultraviolet rays
(d) Visible rays

As its closest approach, the distance between the
Mars and the Earth is found to be 60 million km.
When the planets are at this closest distance, how
long would it take to send a radio message from a
space probe sent to Mars from Earth?

(a) 5s (b) 200s

(c) 0.2s (d) 20s

Two electromagnetic radiations have wave numbers

in the ratio 2 : 3. Their energies per quanta will be
in the ratio

(a) 3:2
(c) 4:9

(b) 9:4
d 2:3

A radio station is emitting the radiations of
frequency 2 x 10* Hz. If its frequency is doubled,

(a) wavelength will be doubled.

(b) energy per quanta will be doubled.
(c) wave number will be halved.

(d) all of these

The eyes of a certain member of the reptile family
pass a single visual single to the brain when the
visual receptors are stuck by photons of wavelength
662.6 nm. If a total energy of 3.0 x 107* J is
required to trap the signal, what is the minimum
number of photons that must strike the receptor?

(a) 1.0x10° (b) 1.0x 10°
(c) 1000 d 1

A photon of 400 nm is absorbed by a gas molecule
and then the molecule re-emits two photons.
One re-emitted photon has wavelength 500 nm.
Assuming that there is no change in the energy
of molecule, the wavelength of second re-emitted
photon is

44.

45.

46.

47.

48.

49.

50.

(a) 100 nm
(¢) —100 nm

(b) 2000 nm
(d) 900 nm

A green bulb and a red bulb are emitting the
radiations with equal power. The correct relation
between numbers of photons emitted by the bulbs
per second is

(@) ng=n,
(¢) ng>n,

(b) n,<n,
(d) unpredictable

A dye emits 50% of the absorbed energy as
fluorescence. If the number of quanta absorbed
and emitted out is in the ratio 1 : 2 and it absorbs
the radiation of wavelength ‘x* A, then the
wavelength of the emitted radiation will be

(a) xA (b) 0.5x A

(c) 4x A (d) 0.25x A
Wavelength of photon which have energy equal to
average of energy of photons with A; = 4000 A
and A, = 6000 A will be
(a) 5000 A

(c) 9600 A

(b) 4800 A

(d) 2400 A

Bond dissociation on energy of Br, is 200 kJ/mole.
The longest wavelength of photon that can break
this bond would be (N, x hc=0.121])

(a) 6.0x10° m (b) 1.2x10° m

(¢) 6.0x10 " m (d) 1.2x10"m
Wavelength of photon having energy 1 eV would be
(a) 1.24x10%m (b) 1.24x10°m

(c) 1.24%x10° m (d) 1.24x10°m

In the emission of photoelectrons, the number
of photoelectrons emitted per unit time depends
upon

(a) energy of the incident radiation.

(b) intensity of the incident radiation.

(c) frequency of the incident radiation.

(d) wavelength of the incident radiation.

Radiations of frequency, (v) are incident on a
photosensitive metal. The maximum kinetic energy
of photoelectrons is E. When the frequency of the
incident radiations is doubled, then what is the
maximum kinetic energy of the photoelectrons?

(a) 2E (b) E2
() E+hv (d) E—hv
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A photo sensitive surface is receiving light of
wavelength 5000 A at the rate of 10~ J/s. The
number of photons received per second is

(b) 6.0x10"7J
(d) 6.0x107'2J

(@) 1.2x 10718
(c) 1.2x1072°)

(a) 2.5 10! (b) 3.0 x 103 54. The ratio of wavelengths of K_-characteristic
() 2.5% 108 () 2.5%10° X-rays produced when iron (Z = 26) and scandium
) o ) (Z=21) are used as anticathode is
52. 1In order to increase the kinetic energy of ejected
photoelectrons, there should be an increase in (a) 26:21 (b) 4:5
(a) intensity of radiation. (c) 16:25 (d) 25:16
(b) wavelength of rafiia'tion. 55. The wavelength of the K, line for an element of
(c) frequency of radlatlor'l. . o atomic number 57 is A. What is the wavelength of
(d) both wavelength and intensity of radiation. k, line for the element of atomic number 29?
53. The threshold wavelength for ejection of electrons (a) A (b) 21
from a metal is 330 nm. The work function for the
photoelectric emission from the metal is (/1 = 6.6 X () 4n (d) w4
1073 J-s)
Bohr’s Atomic Model
56. Bohr’s model may be applied to (a) 0.529 A (b) 0.265 A
(a) Na'® ion (b) He atom (c) 1.058 A (d) 0.32A
2+ - 6+ -
(c) Be™ion (d) C™ion 62. The ratio of circumference of third and second
57. If the radius of first orbit of H-atom is x A, then orbits of He" ion is
the radius of the second orbit of Li*" ion will be (a) 3:2 (b) 2:3
(a) x A (b) 43—"/& (c) 9:4 (d) 4:9
©) 9x A () 4x A 63. If the mass of' electron is cg)ubled, the'speed of
2 electron revolving around Li™ nucleus will
58. According to Bohr's model, the radius of Ne’* ion (a) remain same.
in ground state should be (b) be doubled.
(a) 0.529 A (b) 0.0529 A (¢) be halved.
59. The ratio of spacing between the third and fourth
Orbit to the Spacing between sixth and seventh 64. What iS the Orbit Ilumber Of the He+ iOn in Wthh
orbit of H-atom is electron have speed - times the speed of
(a) 7:13 (b) 13:7 light?
(c) 16:49 (d) 1:1
(a) 1 (b) 2
60. What would be the approximate quantum number © 3 d) 4
(n) for a circular orbit of hydrogen, 1 x 10> ¢cm in
diameter? 65. The speed of electron revolving in the fourth orbit

61.

(a) 31
(c) 40

(b) 43
d) 39

If the mass of electron is doubled, the radius of
first orbit of H-atom becomes approximately

of a hydrogen-like atom or ion is 1094 km/s. The
atom or ion is
(a) H

(c) Li*

(b) He'
(d) Be*
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The escape velocity for earth is 11.2 km/s. The orbit
number for H-atom in which speed of electron is
about 19.54 times the escape velocity is

(a) 4 (b) 8

(c) 10 (d) infinite

The ratio of the speed of the electron in the ground
state of hydrogen atom to the speed of light in
vacuum is
(a) 1:1
(c) 1:137

(b) 1:100

(d) 2:3

An electron revolves round Li> nucleus at a distance
of 1.587 A. The speed of electron should be

(a) 2.188 x 10° m/s (b) 6.564 x 10° m/s
(c) 7.293 x 10° m/s (d) 7.293 x 10° m/s

How much distance an electron revolving in 3rd
orbit of He" ion will travel in one second

(a) 1.458 x10°m (b) 3.28x10°m

(c) 4.862x10°m (d) 2.917x 10° m

The ratio of time taken by electron in revolution
around the H-nucleus in the second and third
orbits is
(a) 2:3
(c) 8:27

(b) 4:8
(d) 27:8
For hydrogen atom, the number of revolutions of

the electron per second in the orbit of quantum
number, 7, is proportional to

(a) n’ (b) Jn
(c) n (d) n'!

Which of the following is not a permissible value
of angular momentum of electron in H-atom?

@ 152 ) 0.5 2
T T
h
(c) 1.25 — (d) All of these
b

If an electron in H-atom jumps from one orbit
to other, its angular momentum doubles. The
distance of electron from nucleus becomes ___
times the initial distance.

(a) 2

© %

(b) 4
1
@ 7

The angular momentum of electron revolving in
the second orbit of H-atom is ‘x’ J-s. The angular
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momentum of electron in the second orbit of He*
ion should be
(a) xJs

(c) 0.5x7s

(b) 2x7Js

(d) 4xJ-s

The angular momentum of electron revolving
around the nucleus of H-atom is directly
proportional to

(a) r (b) 1

() r'? @ r!

What is the angular speed of an electron revolving
in the third orbit of He"ion?

(a) 6.12x 107 57! (b) 1.63x 105

(c) 1.92x 10" ! (d) 1.95x 107!

The force of attraction on electron by the nucleus
is directly proportional to

n z’
@z ®
n' z’
© 7 @5

The K.E. of electron in He" will be maximum in
(a) third orbit (b) first orbit

(c) seventh orbit (d) infinite orbit

As the orbit number increases, the K.E. and P.E.
for an electron

(a) both increases.

(b) both decreases.

(¢) K.E. increases but P.E. decreases.

(d) PE. increases but K.E. decreases.

The ratio of energies of first excited state of He"
ion and ground state of H—atom is

(@) 1:1 (b) 4:1

(c) 1:4 (d) 16:1

For which atom or ion, the energy level of the
second excited state is —13.6 eV?

(a) H (b) He*

() Li* (d) Li

The orbit from which when electron will jump in
other orbit, the energy may be absorbed but not
emitted out, will be
(a) first orbit

(c) seventh orbit

(b) second orbit
(d) infinite orbit
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In Bohr’s model of the hydrogen atom, let r, v and
E represent the orbit radius, speed of an electron
and the total energy of the electron, respectively.
Which of following relation is proportional to the
orbit number 7?

(@) v-r
(c) rlv

(b) rlE

(d) rE

The ratio of potential energy of electron in the
third orbit of Li*" ion to the kinetic energy of
electron in the fourth orbit of He* ion should be
(a) 8:1 (b) -8:1

(c) -16:1 (d 1:1

Which of the following quantity for an electron
revolving around the H-nucleus is independent to
the mass of electron?

(a) Distance from nucleus

(b) Kinetic energy

(c) Potential energy

(d) Speed

The potential energy of electron revolving in the
ground state of H atom is
(a) -13.6eV

(c) 27.2eV

(b) -6.8eV

(d) Zero

An electron is revolving around the nucleus of He"
ion with a speed of 2.188 x 10° m/s. The potential
energy of the electron is
(a) —13.6eV

(c) -27.2eV

(b) -6.8eV
(d) Zero

As the orbit number increases, the difference in
two consecutive energy levels

(a) remain constant (b) increases

(c) decreases (d) is unpredictable

The amount of energy released when an electron
jumps from the seventh excited state to the first
excited state in He" ion is
(a) 13.32eV
(c) 12.75eV

(b) 53.28 ¢V

(d) 26.08 eV

The energy difference will be minimum for which
of the following energy levels of H-atom?

(@) n=2andn=3 (b) n=3andn=4
(c) n=landn=2 (d) n=1landn=4
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For which transition in H-atom, the amount of
energy released will be maximum?

(a) n=4ton=2 (b) n=5ton=2

(c) n=2ton=1 (d) n=7ton=2
How much energy is needed for an electron
revolving in the second orbit of He" ion in order
to double its angular momentum?

(a) 40.8 eV (b) 2.55eV

(c) 10.2eV (d) 12.09¢eV

The ionization energy of a hypothetical atom is
50 eV. If this atom obeys Bohr’s atomic model, the
energy of electron in its fifth orbit will be

(a) -1250 eV (b) +2eV
(¢c) 2eV (d) +1250 eV
An electron revolving around H-nucleus in the

ground state absorbs 10.2 eV energy. Its angular
momentum increases by

h h
(@) E (b) ;
2h h
(©) ? (d) E

The ionization energy of He" ion is x eV. The
ionization energy of Be*" ion should be

(a) 4xeV (b) 2xeV

X X
(c) 2 eV (d) B eV

The excitation energy of an electron from second
orbit to third orbit of a hydrogen-like atom or ion
with +Ze nuclear charge is 47.2 eV. If the energy of
H-atom in the lowest energy state is —13.6 ¢V, then
the value of Z is

(a) 4
© 6

() 5

(d) 7

Electromagnetic radiations of wavelength 240
nm are just sufficient to ionize sodium atom. The
ionization energy of sodium (in kJ/mol) is

(a) 5.167 (b) 498.58

(c) 118.83 (d) 51.67

The ionization energy of He-atom in the ground
state may be

(a) 13.6¢eV
(c) 108.8 eV

(b) 54.4¢eV
(d) 27.0eV



99. The binding energy for the third electron in the 100. Suppose that means were available for stripping 29
ground state of Li-atom should be electrons from 5,Zn in vapours of this metal. The
ionization energy for the last electron is
(a) 108.8 eV (b) 122.4¢eV
(c) 30.6eV (d) 27.2eV (a) 11.5keV (b) 12.24 keV
(c) 13.6eV (d) 408 eV
Spectrum
. 135R 16
101. Suppose the mass of electron is decreased by 25%. (a) —— by ——
How will it affect the Rydberg constant? 16 135R
(a) It remains unchanged. © 16R d) 135
(b) It becomes one-fourth. 135 16R
(¢) It reduces to 75% of its original value. 107. What is the frequency of the second line of the
(d) Itis doubled. Paschen series in the spectrum of He* ion?
102. The charge on the electron and proton is reduced (@) 64 RC (b) 64 R
to half. Let the present value of the Rydberg 225 225
constant be R. What will be the new value of the
Rydberg constant? (©) 225 (d) 225¢
R R 64 R 64 R
a) — b) —
@ 2 ®) 4 108. What is the wave number of the radiation of lowest
R R frequency in the Lyman series of the spectrum of
© < @ e Li*" ion?
4 27R
103. Rydberg is (a) 7R (b) e
(a) also called Rydberg constant and it is the
universal constant. (©) 27RC (d) 4C
(b) the unit of wavelength and one Rydberg equals 4 27R
7
1.09 10" m. 109. The wavelength of a spectral line obtained by an
(c) the unit of waye nlllmber and one Rydberg electronic transition is inversely proportional to
equals .1'09 x 10" m™. (a) the number of transit electrons.
(d) tllée 612{? of energy and one Rydberg equals (b) the nuclear charge of the atom.
' ' (c) theenergy difference of the related energy levels.
104. For the same electronic transition ig the follqw.ing (d) Speed of the transit electron.
atom or ion, the frequency of the emitted radiation o )
will be maximum for 110. In H-atom, the wave number ratio is 108 : 7 is for
(a) H-atom (b) D-atom (a) first Lyman and first Balmer transition.
(c) He" ion (d) Li**ion (b) first Lyman and first Brackett transition.
first L d first Paschen transition.
105. An electron jumps from the fourth orbit to the (Z) ﬁrs Lyman an d o jS[: le 1 transt 191.1
first orbit in a H-atom. The number of photons (d) first Lyman and second Balmer transition.
liberated out will be 111. Wave number of the first line in the Balmer series

(a) 1
(c) 3

(b) 2
(d) 6

106. The wavelength of radiation emitted out in the

transition n=4 ton =1 in Li*" ion is

of Be**is 2.5 x 10° cm™!. Wave number of the
second line of the Paschen series of Li** is

(a) 7.2%x10* cm™! (b) 7.2%x10°cm™!

(c) 7.2x10*cm™ (d) 1.8x10*cm™



112. When an electron jumps from nth orbit to 1st orbit (a) M3 (b) 3\/4
in an imaginary atom obeying Bohr’s model, it (c) 4\/3 (d) 31
emits two radiations of wavelengths 400 nm and
300 nm. The frequency of radiation emitted out in
the transition n =nto n=1 will be

(a) 7.5x 10" Hz (b) 1.0x 10" Hz
(c) 8.75x 10" Hz (d) 1.75x 10" Hz

114. What transition in the hydrogen spectrum would
have the same wavelength as the Balmer transition
n=4ton=2 of He" spectrum?

(a) n=4ton=2 (b) n=4ton=1
(c) n=2ton=1 (d) n=3ton=2

113. The given diagram indicates the energy levels of
a certain atom. When the system moves from
2E level to E level, a photon of wavelength A is
emitted. The wavelength of the photon emitted
during its transition from 4E/3 level to E level is.

115. The number of possible spectral lines in the
bracket series in hydrogen spectrum, when
electrons present in the ninth excited state return
to the ground state, is

2E (a) 36 (b) 45
(© 5 (d) 6
4E/3
E
Heisenberg’s Uncertainty Principle
116. The uncertainty in measuring the speed of a particle 118. If uncertainty in position and momentum of a
is zero. Uncertainty in measuring its position will be particle is numerically equal, then the minimum
i uncertainty in speed of the particle should be
(a) zero (b) —
4n h 1 |h
, @ |5 ®) 52
() — (d) infinite T mon
4mtm
117. Uncertainty in measuring the speed of a particle is (c) \/E (d) L]
numerically equal to the uncertainty in measuring T myn
its position. The value of these uncertainties will be 119. The mass of a particle is 10'* g and its diameter
I is 107 cm. If its speed is 10°® cm/s with 0.0001%
(a) equal to ’/47t_m uncertainty in measurement, the minimum
uncertainty in its position is
-8 -7
(b) less than / h . (a) 5.28x 10 6m (b) 5.28x10 ; m
dnm (c) 528x 10" m (d) 528 %107 m
h 120. Uncertainty in the position of an electron (mass
(c) greater than pp— =9.1 x 107! kg) moving with a velocity 300 m/s
accurate up to 0.001% will be
(d) (@) or (¢) prom o 5
(a) 5.76 x 10" m (b) 1.92%x 10" m
(c) 3.84%x 107 m (d) 19.2x10*m
De Broglie’s Equation
121. The ratio of de Broglie wavelength of electron and (a) 1836:1 (b) 1:1836

proton moving with the same speed is about (c) 1:1 d) 1:2



122. An electron makes five crests during one revolution 124. The momentum of a photon of wavelength 6626
around H-nucleus. The electron belongs from the nam will be
a) first orbit b) fourth orbit
@ , () , , (a) 10 ¥ kgms™ (b) 10 P kgms
(c) fifth orbit (d) sixth orbit . |
c m Zero
(¢) 107 kgm™ (d)
123. The circumference of the third orbit of He" ion .
is x m. The de Broglie wavelength of electron 125. If A be the de Broglie wavelength of a thermal
revolving in this orbit will be neutron at 27°C, then the wavelength of the same
(@) X (b) 3xm neutron at 927°C is
3 (a) A (b) 0.5L
(¢ gm (d) 9xm (c) 2A (d) 0.25A
Quantum Numbers
126. The energy of different orbitals in an atom or ion 132. The probability of finding P, electron is zero in
having only one electron depends on (a) XY-plane (b) YZ-plane
(a) nonly (b) nand /only (¢) XZ-plane (d) Y-axis
(¢) n,land m only (d) n,[,mand s ] )
_ o 133. The quantum number which determines the shape
127. The size of an orbital is given by of the orbital is
(@) pr %ncip al quantum number. (a) magnetic quantum number.
(b) az1mutl?al quantum number. (b) azimuthal quantum number.
(c) magnetic quantum number. .
. (c) principal quantum number.
(d) spin quantum number. i
(d) spin quantum number.
128. The types and number of orbitals belonging from ) . . .
the fifth orbit are, respectively, 134. Orbital with maximum symmetry is
(a) 5,25 (b) 25,5 (a) p-orbital (b) s-orbital
(c) 4,16 (d) 5,5 (c) d,, -orbital (d) d,-orbital
129. The electron in the same orbital may be identified 135. In the presence of external magnetic field, p-orbital is
with the quantum number
by (a) 3-fold degenerate (b) 5-fold degenerate
@) (b) (c) 7-fold degenerate (d) non-degenerate
() m (d) s
130. The orbital angular momentum of an electron is 136. The number of orbitals of g-type
2s orbital is (a) 5 (b) 7
© 9 (d) 11
(a) +li (b)) o
2 2n 137. Which of the following orbital does not exist
h h according to quantum theory?
© o @) V2 - o Y
2n n (a) 5g (b) 4f
131. The orbital angular momentum of a (¢c) Sh (d) 6h
4p electron will be 138. Which of the following set of quantum numbers is
(a) 4_i (b) \/Ei permissible?
2n 2n
(a) 4,1,+2,+1/2 (b) 4,2,-1,+1/2
h h
©) v6.— @ 2.— () 4,0,0,1 (d) 4,4,+2,-12
4 4



139. Number of orbitals represented by n =3, /=2 and

m=+21s
(a) 1 (b) 2
()3 (d) 4

140. The quantum numbers +1/2 and -1/2 for the
electron spin represent

(a) rotation of the electron in clockwise and
anticlockwise direction, respectively.

(b) rotation of the electron in anticlockwise and
clockwise direction, respectively.

(¢) magnetic moment of the electron pointing up
and down, respectively.

(d) two quantum mechanical spin states which
have no classical analogue.

Schrodinger’s Equation

141. The number of nodal planes in 2p orbital is 143. Number of nodal surface in 5s orbital is
(a) zero (b) 1 (a) 5 (b) 4
(c) 2 (d) infinite (c) 3 (d) 0
142. Which of the following orbital is represented by 144. The orbital having two nodal surfaces is
the complete wave function yy,,? (a) s (b) 2s
(a) 4s (b) 3p (c) 3s (d) 2p
© 4p (d) 4d 145. The number of radial nodes of 3s, 3p and 3d
electrons are, respectively,
(a) 0,1,2 (b) 2,1,0
(c) 2,2,2 ) 1,3,5
Electronic Configuration
146. The process of successive addition of protons to 149. An atom has ¢® configuration. The maximum
the nucleus followed by an addition of the same number of electrons in the same spin is
number of electrons to the available orbitals (a) 5 (b) 3
in the sequence of increasing energy to obtain © 8 d) 2
the electronic configuration of many electronic
configuration of many electron atom is known as 150. The number of orbitals having (n+ /) < 5 is
(a) Pauli’s exclusion principle (a) 9 (b) 8
(b) Hund’s rule (c) 4 (d) 10
(© Heisenberg’s l.mcertainty principle 151. The total number of orbitals for (n + /) = 4 is
(d) Aufbau principle (@) 4 (b) 16
147. When the value of azimuthal quantum number (c) 32 (d) 9
is 3, the maximum and minimum values of spin . . S
152. Which of the following configuration is violating

multiplicity are

(a) 1,8 (b) 8,1

(c) 6,1 (d) 7,0
148. A completely filled d-orbital (d'%) is of

(a) spherical symmetry

(b) octahedral symmetry

(c) tetrahedral symmetry

(d) unsymmetry

Pauli’s exclusion principle?

SRR
O]




153.

154.

155.

156.

157.

158.

@ T[]

(d) (b) and (c)

If there are three possible values (-1/2, 0, +1/2)
for the spin quantum number, then the maximum
capacity of second orbit will become

(b) 6 electrons

(d) 27 electrons

(a) 8 clectrons
(¢) 12 electrons

The electrons identified by quantum numbers n
and /,

(i) n=4,1=1 (i) n=4,1=0

(i) n=3,1=2 (iv) n=3,1=1

can be placed in the order of increasing energy
from the lowest to highest, as

(b) ii <iv<i <iii
(d) iii <i<iv<i

(a) iv<ii<iii<i
(c) i<ili<ii<iv
If the numbers of orbitals of a particular type

were (3/+1), but spin quantum numbers were only
+1/2 and —1/2, then d-type orbitals will contain a

maximum of ___ electrons.

(a) 10 (b) 14

(© 7 (d) 5

If the nitrogen atom has electronic configuration

1s”, it would have energy lower than that of the
normal ground state configuration 1s*2s%2p°,
because the electrons would be closer to the
nucleus. Yet 1s’ is not observed because it
violates

(a) Heisenberg’s uncertainty principle

(b) Hund’s rule

(c) Pauli’s exclusion principle

(d) Bohr postulate of stationary orbits

Which quantum number differs for the two
electrons present in K-shell of an atom?

(a) Principal quantum number

(b) Azimuthal quantum number

(¢c) Magnetic quantum number

(d) Spin quantum number

The correct set of four quantum numbers for the
unpaired electron of chloride atom is

(a) 3,2,0,+1/2 (b) 3,1,0,+1/2

(c) 3,1,+1,0 (d) 3,0,-1,+1/2

159.

160.

161.

162.

163.

164.

165.

166.

167.

The correct set of four quantum numbers for the
valence electron of rubidium (Z =37) is

(a) 5,0,0,+1/2 (b) 5,1,0,+1/2

(¢) 5,1,1,+1/2 (d) 6,0,0,+1/2

The correct set of quantum numbers defining the
highest energy electron in scandium (I) ion is

(@) n=3,I1=1,m=0,s=-1/2

b) n=3,1=0,m=0,s=-1/2

(c) n=4,1=0,m=0,s=+1/2
(d)n=3,1=2,m=2,5s=+1/2

How many unpaired electrons are present in the
ground state of chromium (Z = 24)?

(a) 1 () 5

(c) 6 (d) 0

The K and L shell of an element are completely
filled and there are 16 electrons in M-shell and 2
electrons in N-shell. The atomic number of the
element is
(a) 18

(c) 22

(b) 28

(d) 26

The penultimate and outermost orbit of an
element contains 10 and 2 electrons, respectively.
If the outermost orbit is fourth orbit, then the
atomic number of the element should be

(a) 12 (b) 22

(c) 32 (d) 40

The number of unpaired electron in G. S., first
E.S. and second E.S. of S (Z =16) are, respectively,
(a) 0,2and 4 (b) 2,4and 6

(c) 0,4and 6 (d) 2,4and 4

The electronic structure of zinc (Z=30)1is 2, §, 18,
2. The electronic structure of gallium (Z =31) will
be

(a) 2,8,18,2,1
(c) 2,8,18,3

(b) 2,8,19,2

(d) 2,8,19,3

Which of the following ion have the same number
of unpaired electrons as in Fe?* (Z = 26)?

(a) Fe** (Z=26) (b) Ni** (Z=28)

(c) Co**(Z=27) (d) Cr*(Zz=24)
Which of the following will have magnetic moment
about 4.9 BM?
(a) Cr' (Zz=24)
(c) Fe** (Z=26)

(b) Ti* (Zz=22)
(d) Cu**(Z=29)



168.

169.

170.

171.

Which of the following ion is diamagnetic?

(a) S (Z=21) (b) Ti*(Z=22)

(c) V¥ (Z=23) (d) Fe*" (Z=26)
Which of the following ion will have maximum
magnetic moment?
(a) Fe*" (Z =26)
(c) Ti* (Z=22)

(b) Cr**(Zz=24)

(d) Co* (Zz=27)

For which of the following element, all of its
existing ion M*" will be diamagnetic?

(a) Cu (b) Fe

(¢) Cr (d) Na

The magnetic moment of Ni** ion (Z = 28) is
about 2.82 BM. The value of x is

(a) 2 (b) 4

(© 1 @ 3

172.

173.

174.

175.

A compound of vanadium has a magnetic
moment of 1.73 BM. The electronic configuration
of vanadium ion in the compound is

(a) [Ar]3d® (b) [Ar]3d"

(c) [Ar]3d (d) [Ar]ds'

Which of the following is paramagnetic?

(a) Zn*" (Z=30) (b) Ni*" (Z=28)

(c) S (Z=21) (d) O* (Z=8)
Which of the following ion is expected to be
coloured?

(a) Zn*" (Z=30)
(¢) Sn** (Z=50)

(b) Ca’*(Z=20)
(d) V¥ (Zz=23)
Which of the following ion is expected to be
colourless?
(a) Ni**(Z=28)
(¢) Zn*" (Z=30)

(b) Mn*" (Z=25)
(d) Cu**(Z=29)




Section A (Only one Correct)

1.

The e/m ratio of cathode rays is x unit, when
hydrogen is filled in the discharge tube. What will
be its value, when deuterium (D,) is filled in it?
(b) x/2 unit

(d) x/4 unit

(a) x unit
(c) 2x unit
The specific charges of two particles A and B are
in the ratio 2 : 3. If the mass ratio m, : mpgis 2 : 3,
then the ratio of their charges e, : ep, is

(a) 1:1 (b) 4:9

(c) 9:4 (d) 2:3

An electron at rest is accelerated through a
potential difference of 200 V. If the specific charge
of electron is 1.764 x 10'"" C/kg, then the speed
acquired by the electron is about

(a) 8.4 x10°cm/s (b) 8.4%10°m/s

(c) 4.2x10°m/s (d) 4.2 x10° cm/s

The mass of a negative meson is 208 time the mass
of electron. If the e/m ratio of o-particle is x unit,
then the e/m ratio of this meson will be

(a) —— unit (b) 512 unit

(c) 17.65 x unit (d) 104 x unit

An electron and a proton are accelerated through
a potential V. If P, and P, are their momentum,
then Pp: P, ratio is approximately equal to

(a) 1:1836 (b) 1:1

(c) 1836:1 (d) 43:1

The frequency of an electromagnetic radiation
which makes 2 x 10° waves per 50 cm is

(a) 1.2x 10" Hz (b) 150 Hz

(c) 6x 10 Hz (d) 1.2x 10" Hz

A certain laser transition emits 6.0 x 10" quanta
per second per square metre of A = 662.6 nm.
What is the power output in joule per second per
square metre?

(a) 1.8x107°
(c) 1.8x10°

(b) 6.626x 10
(d) 6.626x 1072

10.

11.

12.

EXERCISE Il (JEE ADVANCED)

1987.8 nm. The

A bulb emits light of wavelength

bulb is rated as 200 W and 14% of the energy is
emitted as light. How many photons are emitted
by the bulb per second?
(a) 1.2x10*

(c) 1.33x 10"

(b) 4x 10"

(d) 4x 10"

An amount of 1.75 x 10 mole of HI decomposes
by the absorption of photons of wavelength
2500 A. If one molecule is decomposed per
absorbed photon, the total energy absorbed is
(Nyxhe=0.121)
(a) 42.0]

(c) 841

(b) 427
(d) 847

The dye acriflavine when dissolved in water has
its maximum light absorption at 4530 A and has
maximum florescence emission at 5080 A. The
number of fluorescence quanta is about 53% of
the number of quanta absorbed. What percentage
of absorbed light energy is emitted as fluorescence?

(a) 41% (b) 47%

(c) 74% (d) 63%

The vapours of Hg absorb some electron
accelerated by a potential difference of 5.0 V
as a result of which light is emitted. If the full
energy of single incident electron is supposed to
be converted into light emitted by single Hg-atom,
then the wavelength of the emitted light is

(a) 2480 nm (b) 248 nm

(c) 6200 nm (d) 620 nm

At one time the meter was defined as 1650763.73
wavelength of the orange light emitted by a
light source containing Kr® atoms. What is the
corresponding photon energy of this radiation?
(a) 3.28x 107" J/quanta

(b) 1.2x 1074 J/quanta

(¢) 1.09x 1077 J/quanta

(d) 2.048 J/quanta



13.

14.

15.

16.

17.

18.

A ruby laser produces radiations of wavelength
662.6 nm in pulses whose duration are 1.0 x 10 s.
If the laser produces 0.36 J of energy per pulse, then
how many photons are produced in each pulse?

(a) 1.2x10° (b) 1.2x 107
(c) 1.2x 10" (d) 1.2x 107

O, undergoes photochemical dissociation into one
normal oxygen atom and one oxygen atom, 1.2
eV more energetic than normal. The dissociation
of O, into two normal atoms of oxygen requires
482.5 kJ/mol. The maximum wavelength effective
for photochemical dissociation of O, is (1 eV =
96.5 kJ/mol)

(a) 248 nm (b) 1033.3 nm
(c) 1236.2 nm (d) 200 nm

Photodissociation of water H,O(l) + iv — H,(g)
+ %20,(g) has been suggested as a source of
hydrogen. The heat absorbed in this reaction
is 289.5 kJ/mole of water decomposed. The
maximum wavelength that would provide the
necessary energy assuming that one photon
causes the dissociation of one water molecule is
(1eV =96.5kJ/mol)

(a) 413.33 nm (b) 826.67 nm
(c) 206.67 nm (d) 4.3 nm

The dissociation energy of H,is 429.0 kJ/mol. If
H, is dissociated by illumination with radiation
of wavelength 270.0 nm, then what percentage
of radiant energy will be converted into kinetic
energy? (h=6.6x 107 J's, N,y = 6 x 10%)

(a) 1.25% (b) 2.5%
(c) 5.0% (d) 7.5%

In a measurement of the quantum efficiency
of photosynthesis in green plants, it was found
that 9 quanta of red light at 6900 A were
needed to evolve 1 molecule of O,. The average
energy storage in the photosynthesis process
is 111.6 kcal/mol of O, evolved. What is the
energy conversion efficiency in this experiment?

€ 1245 107 nmeeV, 1 eV =23 keal/mol)
e

(a) 70% (b) 50%

(c) 40% (d) 30%

For a photochemical reaction A — B, 1 x 107> moles
of ‘B’ were formed on absorption of 6.626 x 10’
erg at 360 nm. The quantum efficiency (molecules
of ‘B’ formed per photon) is (N, =6 X 10%)

19.

20.

21.

22.

23.

(a) 1.0
(¢c) 0.5

(b) 0.25

(d) 2.0

Light of wavelength A, falls on a metal having
work function /Ac/A,,. Photoelectric effect will take
place only if

(a) A=22, (b) A=2A,

(c) A< (d) A<Ay/2

Light of wavelength (A) strikes a metal surface
with intensity X and the metal emits Y electrons
per second of maximum kinetic energy Z. What
will happen to Y and Z if X is halved?

(a) Y will be halved and Z will be doubled.

(b) Y will be doubled and Z will be halved.

(¢) Y will be halved and Z will remain the same.
(d) Y will remain the same and Z will be halved.

Photoelectric emission is observed from a metal
surface for frequencies v, and v, of the incident
radiation (v; > v,). If maximum kinetic energies of
the photoelectrons in the two cases are in the ratio
1 : K, then the threshold frequency for the metal is
given by

vV, =V, Kv, —v,
270 b) —2 L
@ K ® =
Kv, —v, Kv, —v,
20 d =1L 72
© K @ K-1

Photons of frequency (v) fall on metal surface for
which the threshold of frequency is v,. Which of
the following statement is correct?

(a) All ejected electrons have the same kinetic
energy h(v —vy).

(b) The ejected electrons have a distribution of
kinetic energy from zero to (v — v).

(c) The most energetic electron has kinetic
energy /v.

(d) The average kinetic energy of ejected electrons
is (v — vy).

If A, is the threshold wavelength for photoelectric

emission from a metal surface, A is the wavelength

of light falling on the surface of metal and m is

the mass of electron, then the maximum speed of

ejected electrons is given by

@ [%(7»0 —%)} (b) [2’” (n —%)]

m

2he(rg -2 (1 1)]”
© on—xﬂ @ [%(mﬂ



24.

25.

26.

Which of the following graphs is correct for the
photoelectric effect?

(a) T

v

K.E. of emitted —
electrons

(b) T

v

K.E. of emitted —
electrons

(© T

v

K.E. of emitted —
electrons

(d) T

v

K.E. of emitted —
electrons

The wavelength of K -characteristic X-rays
produced is A, when cathode rays strike on a metal
of atomic number Z. What should be the atomic
number of metal such that it can produce the
K -characteristic X-rays of wavelength 42

z z
@ ¢ (b) —

(c) z+l (d) 2Z2-1

2
Two carbon discs, 1.0 g each are 1.0 cm apart
have equal and opposite charges. If the force of
attraction between them is 10> N, then the ratio of
excess electrons to the total atoms on the negatively
charged discis (N, =6 x 10%,e=1.6x 107 C)

(a) 2.4x10712:1 (b) 1074:2.4
(c) 10'2:2.4 (d) 2.4:10"

27.

28.

29.

30.

31.

32.

33.

34.

The radius of the hydrogen atom in its ground state
is 5.3 x 10" m. After collision with an electron it is
found to have a radius of 21.2x 10 ''m. The principal
quantum number of final state of the atom is

(a) 2 (b) 3

(c) 4 (d) 16

For vzhich orbit in He" ion, the circumference is
26.5 A?
(a) 2
(c) 4

(b) 3

(d) 16

The radius of the second orbit of H-atom is equal
to the radius of

(a) second orbit of He*ion.

(b) third orbit of Li*" ion.

(c) fourth orbit of He" ion.

(d) fourth orbit of Be*ion.

As the orbit number increases, the distance

between two consecutive orbits (r; = radius of first

orbit)

(a) increases by 2r,.

(b) increases by (2n — 1)r|, where n is the lower
orbit number.

(c) increases by (2n — 1)r;, where n is the higher
orbit number.

(d) remains constant.

The ratio of the areas within the electron orbits

for the first excited state to the ground state for the
hydrogen atom is

(a) 2:1
(c) 8:1
When an electron jumps from the second orbit to
fourth orbit, its distance from nucleus increases by
2.116 A. The atom or ion should be

(a) H atom (b) He'ion

(c) Li*"ion (d) Be**ion

(b) 4:1
d 16:1

What is the distance travelled by an electron
revolving in the second orbit of Be** jon in 100
revolutions?

(a) 3.32x10°m
(c) 6.64x10°m

(b) 5.29x10°m

(d) 1.16x10%m
Which of the following cannot be circumference
of an orbit in H-atom? (r, = radius of the first
orbit)
(a) 2mr,
(c) 8nr

(b) 4mr,
(d) 187,



35.

36.

37.

38.

39.

40.

41.

The speed of electron revolving around H-nucleus
is 0.547 x 10° m/s. The distance of electron from
the nucleus is
(a) 2.116 A
(c) 8.464 A

(b) 4.761 A
(d) 0.529 A

The speed of electron in H-atom is directly
proportional to

(@ r
©) Ur

(b) Jr
d) Ur

The ratio of the speed of the electron in the first
Bohr orbit of hydrogen and the speed of light
is equal to (where e, & and ¢ have their usual
meanings)

(a) 2mhcle’®
(c) e*hl2me

(b) e’c/2mh
(d) €*/2¢, he

In the Bohr’s atomic model, the electrostatic force of
attraction between nuclear charge (Ze) and electron
of charge e is balanced by the centripetal force acting
towards the centre of atom. If €, be the permittivity
of vacuum and r be the radius of orbit in which
electron is revolving, the speed of electron is

f Z e ’(411380) mr
® (4me )ymr ®) zZe

[ 2 __°c
(c) \J@me,)ymrZe (d) \/W

If an electron is revolving around the nucleus of
He" ion at a distance of 4.0 A, the magnitude of
centripetal force on electron by the nucleus is (e =
1.6x 1077 0)

(a) 2.88x 107’ N (b) 2.88x 107" N
(c) 1.152x 1078 N (d) 1.44x10°N
The time period of revolution in the third orbit of

Li*" ion is x second. The time period of revolution
in the second orbit of He* ion should be

(@) xs (b) %xs
© S @ s

In two hydrogen atoms A and B, the electrons are
revolving around the nucleus in circular orbits of
radius r and 4r, respectively. The ratio of times
taken by them to complete one revolution is

(a) 1:2 (b) 1:4
(c) 1:8 (d) 1:64

42,

43.

44.

45.

46.

47.

48.

The time period of revolution of electron in
H-atom is directly proportional to
(a) r (b) r'?
(c) @

The average lifetime of an electron in an excited
state of hydrogen atom is about 10 s. How many
revolutions does an electron in the n =2 state make
before dropping to the n =1 state?

(a) 10 (b) 8.33x10°
(c) 6.67x10’ (d) 1.04x10°

According to Maxwell’s theory of electrodynamics,
an electron going in a circle should emit radiation
of frequency equal to its frequency of revolution.
What should be the wavelength of the radiation
emitted by a hydrogen atom in the ground state if
this rule is followed?

(a) 4500 nm
(c) 45nm

(b) 450 nm
(d) 4.5nm
The angular momentum of electron in Bohr’s

orbit is J. What will be the K.E. of electron in that
Bohr’s orbit?

1Jv Jv
(@) 57 (b) 7
J? J?
© 2 @5

The kinetic energy of an electron in the second
Bohr orbit of a hydrogen atom is (a, is the Bohr
radius)

n "
b) —0
@ 4’ ma; ®) 16n°ma’
n n
S d —2
© 321 ma; @ 64n° ma;

The ionization energy of a hydrogen-like atom
is 14.4 eV. The amount of energy released when
electron jumps from the fourth orbit to the first
orbit in this atom is

(a) 13.5eV (b) 10.8eV

(c) 0.9eV (d) 12.75eV

The radius of first orbit of H-atoms is 0.529 A.
The radius of first orbit of D-atoms should be

(a) exactly 0.529 A.

(b) slightly less than 0.529 A.

(c) slightly greater than 0.529 A.

(d) 1.058 A.



49.

50.

51.

52.

53.

54.

The ionization energy of H-atoms is 13.6 eV. The
ionization energy of deuterium atom should be

(a) exactly 13.6 eV.

(b) slightly less than 13.6 eV.

(c) slightly greater than 13.6 eV.
(d) 27.2eV.

An antiproton has the mass of a proton but
a charge of —e. If a proton and an antiproton
orbited each other, then how far apart would they
be in ground state of such a system? Mass of a
proton is 1836 times the mass of an electron.

(a) 0.058 pm (b) 0.029 pm
(c) 0.014 pm (d) 194.25 nm

A lithium atom has three electrons. Assume
the following simple picture of the atom. Two
electrons move close to the nucleus making up
a spherical cloud around it and the third moves
outside this cloud in a circular orbit. Bohr’s model
can be used for the motion of this third electron
but n =1 state is not available to it. The ionization
energy of lithium in ground state, using the above
picture, is

(a) 13.6eV
(c) 34¢eV

(b) 10.2eV
d) 1.51eV

An electron in a hydrogen atom in its ground state
absorbs 1.5 times as much energy as the minimum
required for it to escape from the atom. What is
the speed of the emitted electron?

(a) 1.55%x 10° m/s (b) 2.68x 10° m/s
(¢) 2.19x 10° m/s (d) 1.02 x 10° m/s

Sodium atoms emit a spectral line with a
wavelength in the yellow, 589.6 nm. What is the
approximate difference in energy between the
two energy levels involved in the emission of this
spectral line?

(a) 3.37x 107
(c) 48.35 kcal/mol

(b) 2.1eV
(d) All of these

A certain molecule has an energy level diagram
for its vibrational energy in which two levels are
0.0141 eV apart. The wavelength of the emitted
line for the molecule as it falls from one of these
levels to the other is about

(a) 88 um
(c) 174.84 m

(b) 88 mm
(d) 88 nm

55.

56.

57.

58.

59.

60.

61.

In a discharge tube, there are only two hydrogen
atoms. If the electrons in both atoms are de-exciting
from 4th orbit, the minimum and maximum
number of spectral lines should, respectively, be

(a) 1,4 (b) 4,1
(c) 3,4 d 1,6

Electrons are de-exciting from the fifth orbit in
hydrogen atoms but the first orbit is not available
for them. The maximum number of spectral lines
should be

(a) 10 ®) 6
© 15 d 3

From a hydrogen discharge tube, only three
photons are picked up. The energies of these three
photons were 10.2, 12.1 and 1.9 eV. These photons
are coming from

(a) only one atoms. (b) two atoms.

(c) three atoms. (d) two or more atoms.

When electron jumps from the fourth orbit to the
second orbit in He" ion, the radiation emitted out
will fall in

(a) ultraviolet region (b) visible region

(¢) infrared region (d) radio wave region

When electrons are de-exciting to the ground state
from nth orbit of hydrogen atoms, 15 spectral lines
are formed. The shortest wavelength among these
will be

11 900
'R by 2
@ So0 ® TR
35 36
© 3 @ 35z

Rydberg given the equation for all visible radiation
2

in the hydrogen spectrum as A =2L

. The value
of k in terms of Rydberg constant is

R
(a) 4R ®)

4
(© R (d) R

The wavelengths of the first Lyman lines of
hydrogen, He" and Li** ions are A,, A,, A;. The
ratio of these wavelengths is

(a) 1:4:9 (b) 9:4:1

(c) 36:9:4 (d) 6:3:2



62.

63.

64.

65.

66.

67.

An excited hydrogen atom emits a photon of
wavelength A in returning to the ground state.
If R is the Rydberg constant, then the quantum
number n of the excited state is

(a) VAR (b) YAR-1
(©) MR (d) JARMR-1)

AR-1
Suppose that in any Bohr atom or ion, orbits
are only in even numbers like 2, 4, 6, .... The

maximum wavelength of radiation emitted in the
visible region of H-spectrum should be

4 R

36 16
(© ﬁ (d ﬁ

The wavelength of first line of Lyman series of
H-atom is 1216 A. What will be the wavelength
of first line of Lyman series in 10 time ionized
sodium atom (Z =11)?
(a) 1216 A

(c) 10A

(b) 12.16 A
(d) 110 A

In a sample of hydrogen atoms, all the atoms are in
a particular excited state. If the emission spectrum
of this sample has only 4 spectral lines in the
visible region, then the total number of spectral
lines in IR region possible from that state is

(a) 6 (b) 5
(©) 7 (d) 15

Imagine an atom made up of a stationary proton
and a hypothetical particle of double the mass
of electron but having the same charge as the
electron. Apply Bohr's atomic model and consider
all possible transitions of this hypothetical
particle directly to the first excited state. The
longest wavelength photon that will be emitted has
wavelength (given in terms of Rydberg constant R
for the hydrogen atom) equal to

9 36
(@) S_R (b) S_R
18 4

Which of the following expression represent the
wave number of spectral lines in Balmer series

68.

69.

70.

71.

72.

73.

(if n is the principal quantum number of higher
energy level)?

(@) R(n 2— 4) (b) R(n—22(n+2)
n n

© R(n —42)2(n+2) d) R(n—1)2(n+l)
n 4n

The energy emitted when electron of 1.0 g atom of
hydrogen undergoes transition giving the spectral
lines of lowest energy in the visible region of its
atomic spectra is

(a) 301.22kJ
(c) 984 kJ

(b) 328kJ
(d) 182.22kJ

A series of lines in the spectrum of atomic
hydrogen lines at wavelength 656.46, 486.27,
434.17,410.29 nm. What is the wavelength of next
line in this series?
(a) 397.12 nm
(c) 389.01 nm

(b) 407.83 nm
(d) 360.54 nm

To what series does the spectral line of atomic
hydrogen belong if its wave number is equal to
the difference between the wave numbers of the
following two lines of the Balmer series: 486.1
and 410.2 nm?

(a) Lyman series (b) Balmer series

(¢) Paschen series (d) Brackett series

The value of Rydberg constant R, if He" ions are
known to have the wavelength difference between
the first (of the longest wavelength) lines of the
Balmer and Lyman series equal to 132 nm, is

(a) 2.07x 10" m™ (b) 1.11x10" m™

() 9x 103 m™! (d) 1.936x 10" m™!

The wavelength of the first line of the He* ion
spectral series whose interval between the extreme
lines is 2.725x 10 m ' is (R=1.09 x 10’ m ™!

(a) 471.82 nm (b) 4718.2 nm

(c) 1019.37 nm (d) 165.14 nm

The binding energy of an electron in the ground
state of hydrogen-like ions in whose spectrum, the
third line of the Balmer series is equal to 108.5 nm, is
(a) 13.6eV (b) 54.4eV
(c) 122.4eV (d) 144eV



74.

75.

76.

77.

78.

79.

80.

A stationary He® ion emitted a photon
corresponding to the first line of the Lyman series.
That photon liberated a photoelectron from a
stationary hydrogen atom in the ground state. The
velocity of the photoelectron is

(a) 3.1 x 10 m/s (b) 3.1 x10°m/s
(¢) 9.56 x 10" m/s (d) 9.56 x 10° m/s

A single electron species in energy level (orbit
number 7) with energy X was provided with excess
of energy so that it jumps to higher energy level
with energy Y. If it can emit radiations of six
different wavelengths on de-excitement between
these two energy levels, then the correct relation is

X o1y X _143
(a) Y =(n-1) (b) Y 1+ "
/X 3 X n
(C) 7—1-{-; (d)7—1+§

When an electron de-excites from higher orbit in
H-atom, two radiations are emitted out in Paschen
and Lyman series. The wavelength of radiation
emitted out in Lyman series is

8R 3R
(a) T (b) T

4 9
T @ 3R

If the radius of first Bohr orbit is x unit, then de
Broglie wavelength of electron in the third orbit is
(b) 6mx unit

(d) 18mx unit

(a) 2mx unit
(¢) 9x unit

If E|, E, and E; are the kinetic energies of an
electron, an o-particle and a proton with the same
de Broglie wavelength, then

(a) E,>E;>E, (b) E,>E;>E,
(c) E,>E,>E; (d) E,=E,=E;
A proton and an a-particle are accelerated through

the same potential difference. The ratio of their
de Broglie wavelengths is

(a) 1:1
() V201

The de Broglie wavelength of a vehicle moving
with velocity v is A. Its load is changed so that the
velocity as well as kinetic energy is doubled. What
will be the new de Broglie wavelength?

(b) 2:1
(d) 242 :1

81.

82.

83.

84.

85.

86.

(@ A (b) 2A
(c) 4r (d) M2

When accelerated electrons are directed against
an anticathode in an X-ray tube, the radiation
obtained has a continuous spectrum with a
_1.24x10°

wavelength minimum, A_; = m, where

V is the voltage used for accelerating the electrons.
Ay for V=5x10*V is
(a) 0.124 nm

(c) 2.48 nm

(b) 24.8 nm
(d) 1.24 nm

The dynamic mass (in kg) of the photon with a
wavelength corresponding to the series limit of the
Balmer transitions of the He" ion is

(a) 4.22x 107 (b) 2.24x 107
(c) 242x 107 (d) 4.22%x107%

An electron is continuously accelerated in a
vacuum tube by the application of a potential
difference. If its de Broglie wavelength decreases
by 1% over a path length of / cm, then its kinetic
energy

(a) increases by 1%
(c) decreases by 2%

(b) increases by 2%
(d) increases by 0.5%
Assume that the uncertainty in the position of
a particle is equal to its de Broglie wavelength.

The minimum uncertainly in its velocity is equal
to

(a) 0.25 times its velocity.
(b) g times its velocity.

1
() 47 times its velocity.

(d) 4 times its velocity.
T

What should be the increase in kinetic energy
of electron in order to decrease its de Broglie
wavelength from 100 nm to 50 nm?

(a) 0.451 keV (b) 4.51x10™%eV

(c) 451 x 107 eV (d) 0.0451 eV

An o-particle is accelerated from rest through
a potential difference of 6.0V. Its de Broglie
wavelength is
(a) 5A

(c) 414.6 A

(b) 4.15pm
(d) 5nm



87.

88.

89.

90.

91.

92.

93.

The de Broglie wavelength of electron of He"ion is
3.32 A. If the photon emitted upon de-excitation
of this He" ion is made to hit H-atom in its
ground state so as to liberate electron from it,
then what will be the de Broglie wavelength of
photoelectron?

(a) 2.348 A
(c) 3.329 A

(b) 1.917 A
(d) 1.66 A

Photoelectrons are liberated by ultraviolet light
of wavelength 3000 A from a metallic surface for
which the photoelectric threshold is 4000 A. The
de Broglie wavelength of electrons emitted with
maximum kinetic energy is

(a) 1000 A
(c) 12.05A

(b) 4243 A
(d) 3.54 A

The minimum uncertainty in de Broglie wavelength
of an electron accelerated from rest by a potential
difference of 6.0V, if the uncertainty in measuring

| .
the position is —nm, is
T

(a) 6.25A
(c) 0.625 A

(b) 6.0A
(d) 0.3125A

A photon of 2.55 eV is emitted out by an electronic
transition in hydrogen atom. The change in
de Broglie wavelength of the electron is

(a) 3.32A (b) 498 A

(c) 6.64 A (d) 9.96 A

The orbital angular momentum of 2p and
3p-orbitals

(a) are same.

(b) are different and more for 2p-orbital.

(¢) are different and more for 3p-orbital.

(d) depends on the type of atom or ion.

Which of the following energy level may bring
absorption of photon but never emission of
photon?
(a) 3d
(c) ls

() 2p

(d) 2s

An electron that has the quantum numbers n = 3
and m=2

(a) must have spin quantum number value +1/2.
(b) must have /=2, 3 or 4.

94.

95.

96.

97.

98.

99.

(¢) must have /=0, 1 or 2.
(d) must have /= 2.
If an electron has spin quantum number of + %2
and magnetic quantum number of -1, then it
cannot be present in
(a) s-orbital
(¢) d-orbital

(b) p-orbital

(d) f-orbital

In which of the following orbital, electron will be
closer to the nucleus?
(a) 6s

(¢) 5d

(b) 4f

(d) 6p

In the absence of external magnetic field, d-orbital
is

(a) 3-fold degenerate (b) 5-fold degenerate

(¢) 7-fold degenerate (d) non-degenerate

The following electronic transitions occur when
Lithium atoms are sprayed into a hot flame;

1 I 11 v \
25 —=2p—3d—>3p—4s—3p,

which of these transition would result in the
emission of light?

(a) I, ITand IV
(c) I, IVand V

(b) Il and V
(d) all of these steps

The possible set of quantum numbers for which
n=4,l=3ands=+% is

(a) 14 (b) 7

() 5 (d) 10

Which of the following graph represents the radial
probability function of 3d electron?

(a)

4r’R? —

(b)

4r’R? —




100.

101.

102.

(©

4mtriR? —

(d)

4nr2R? —

The wave function of 1s orbital of H-atom is y

3/2
=L(LJ e”"  where a, = Bohr's radius. The

V4,
probability of finding the electrons at a distance ‘7’
from the nucleus is given by

(a) y=y’dr (b) [y’ 4mrdr
(c) y4mrdr (d) y-dV

For an electron in a hydrogen atom, the wave
function is given by v, = (W/2) e, where a, is
the radius of first Bohr’s orbit and r is the distance
from the nucleus with which the probability of
finding electron varies. What will be the ratio of
probabilities of finding electrons at the nucleus to
first Bohr’s orbit a,?

(a 0 (b) e
© @ &
e
If n and [ are, respectively, the principal and

azimuthal quantum numbers, then the expression
for calculating the total number of electrons in
any energy level is

I=n-1

(a) §2(21+1) (b) Y 2021+1)

I=n-1

(@ D 2020+1)

I=n+l1

© D 202+

1=0

103. Which of the following element will have the same

number of electrons in s and as well as p-type of
orbitals?

(a) Fe (Z=26)
(¢c) Ne (Z=10)

(b) Mg(Z=12)
d) Ar(Z=18)

104.

105.

106.

107.

108.

109.

Electronic configuration of an element is 15, 2s',
2p>. It is

(a) ground state configuration of B (Z =5).

(b) excited state configuration of B.

(c) ground state configuration of C*ion (Z = 6).
(d) impossible configuration.

The number of electrons having m = 0 for sodium
atom is
(a) 2
(c) 7

(b) 5
) 3

The magnitude of the orbital angular momentum

of an electron is given by L = J5 h/n. How many
orbitals of this kind are possible, belonging to an
orbit?
(a) 4

(c) 11

(b) 5
d 9

What is the most probable distance of a 1s electron
in a He" ion. The wave function for ls orbital is
: VAR N .
given by y = T [e” 7", where a, = radius of
a

o

first Bohr’s orbit in H-atom = 52.9 pm.
(a) 52.9 pm (b) 13.25 pm
(c) 6.61 pm (d) 26.45 pm

The average and the most probable distance from
the nucleus for 1s electron in hydrogen atom are,
respectively (a, is the first Bohr radius.),

(a) a,, a, (b) a,, 1.5a,

(c) 1.5a,,a, (d) 1.5a,, 1.5a,

For an atom or ion having single electron, compare
the energies of the following orbitals.

S, = A spherically symmetrical orbital having two
spherical nodes.

S, = An orbital which is double dumb-bell and has
no radial node.

S;=An orbital with orbital angular momentum
zero and three radial nodes.

S, = An orbital having one planar and one radial
node.

(@) §;=5,=8;=5,
(©) S$;>85,>8;>8,

(b) S;=85,=8,<8S;4
(d) S;<8,<8;<8,



110. The orbital angular momentum of an electron

is V3 ﬁ Which of the following may be the
T

permissible value of angular momentum of this
electron revolving in unknown Bohr's orbit?

h h
(a) E (b) %
© j—h @ 2
T T

Section B (One or More than one Correct)

1.

2.

3.

4.

An o-particle having kinetic energy 4.0 MeV is
projected towards tin nucleus (Z = 50). Select the
correct information(s) regarding the o-particle.

(a) Its distance of closest approach towards the
nucleus is 3.6 x 107 m.

(b) Its potential energy at a distance of 9.0 x 10~
m from the nucleus is 1.6 MeV.

(c¢) Its kinetic energy at a distance of 4.5x 10™*m
from the nucleus is 0.8 MeV.

(d) At a moment, the distance between o-particle
and the nucleus becomes 2.0 x 1071 m.

The energy of an electron in the first Bohr's orbit
of H-atomis —13.6 eV. The possible energy value(s)
of the excited state(s) for electrons in Bohr's orbits
to hydrogen is

(a) -3.4¢V
(c) -1.51eV

(b) ~10.2eV
(d) -0.85eV

According to Bohr’s atomic theory, which of the

following relations is/are correct?
2

. . V4
(a) Kinetic energy of electron o =

(b) The product of speed of electron and the
principal quantum number o, z*

(c) Frequency of revolution of the electron in an
2

. z
orbit o0 —
n

(d) Coloumbic force of attraction on the electron

Z}

(x J—
n4
As an electron jumps from the fourth orbit to the

second orbit in Be*" ion, its

(a) kinetic energy increases.
(b) speed increases.

5.

6.

7.

8.

(¢) frequency of revolution increases.
(d) potential energy decreases.

Which of the following statement(s) is/are correct
about the Bohr's model of hydrogen atom?

(a) The acceleration of the electron in the n =2
orbit is more than that in the n =1 orbit.

(b) The angular momentum of the electron in then
n =2 orbit is more than that in the n =1 orbit.

(¢) The kinetic energy of electron in the n = 2
orbit is less than that in the n =1 orbit.

(d) The centripetal force of electron in the n =2
orbit is more than that in the n =1 orbit.

The frequency of certain line of the Lyman
series (n, =4 to n; = 1) of the atomic spectrum of
hydrogen can satisfy the following conditions.

(a) It is the sum of the frequencies of a Lyman
line and a Balmer line.

(b) Tt is the sum of the frequencies of a certain
Lyman line, a Balmer line and a Brackett line.

(¢) It is the sum of the frequencies of a Lyman
line, a Balmer line and a Paschen line.

(d) It is the sum of the frequencies of a Lyman
and a Paschen line.

A sample of hydrogen atoms in ground state is
exposed to electromagnetic radiations of 1028 A.
The wavelengths of the induced radiation(s) is/are
(a) 1028 A (b) 1218.4 A
(c) 6579.2 A (d) 190.4 A

Some hydrogen-like atoms in ground state absorbs
‘n’ photons having same the energy and on
de-excitement, it emits exactly ‘#»’ photons. The
energy of absorbed photon may be

(a) 91.8 eV (b) 40.8 eV
(c) 48.4¢eV (d) 54.4¢eV



10.

11.

12.

13.

Which of the following statement(s) is/are correct?

(a) The ratio of the radii of the first three Bohr
orbits of hydrogen atomis 1 :8:27.

(b) The ratio of magnitude of total energy : kinetic

energy : potential energy for electron in any 14

orbit of hydrogen atomis 1:1:2.

(¢) The frequency of a green light is 6 x 10'* Hz,
then its wavelength is 500 nm.

(d) The ratio of de Broglie wavelength of a
H-atom, He-atom and CH,-molecule moving
with equal kinetic energy is4: 2 : 1.

When photons of energy 4.25 ¢V strikes the surface

of a metal ‘A’, the ejected photoelectrons have 15.

maximum kinetic energy 7', (in eV) and de Broglie
wavelength A,. The maximum Kkinetic energy of
photoelectrons liberated from another metal ‘B’ by
photons of energy 4.20 eV is T (= T, — 1.50 eV).

If thede Brogliewavelength of these photoelectrons 16.

is Ag (= 2X,), then

(a) the work function of ‘A’is 2.25 eV.
(b) the work function of ‘B’is 3.70 eV.
(c) Th=2.00eV

(d) Tg=2.75eV

Which of the following suggested that de Broglie

wavelengths is not possible for the electron in a 17.

Bohr's orbit of the hydrogen atom?

(a) 3.20 A (b) 498 A
(c) 9.96 A (d) 6.64 A

The magnitude of spin angular momentum of an
electron is given by

(a) {ﬁ(wl)}% (b) %
V3 i U

2 2 @

Which of the following information is true?

(©

(a) 3s orbital is spherically symmetrical with two
nodes.

(b) d., , orbitals has lobes of electron density in

XY-plane along X and Y-axis.

an 18.

(c) The radial probability curve of s, 3p and 5d
have one, two and three regions of maximum
probability.

(d) 3d, has zero electron density in X'Y-plane.

The correct statement(s) regarding 3p,, orbital is/are

(a) angular part of wave function is independent
of angles 6 and ¢.

(b) number of maxima in 4w”R*(r) vs. r curve
is 2.

(¢c) XZ plane is the nodal plane.

(d) magnetic quantum number must be —1.

The angular part of the wave function depends on
the quantum numbers

(a) n

(c) m

(b) ¢

(d) s

The electronic configuration of carbon atom in the
excited state is 15> 2s' 2p>. Which of the following
is/are incorrect statement(s) about it?

(a) The number of unpaired electron is 4.

(b) There are five electrons in the same spin.

(c) There are only two unpaired electrons.

(d) The spin of all p-electrons are similar.

Which of the following statement(s) is (are)
correct?

(a) The electronic configuration of Cr is [Ar]
3d°4s' (Atomic number of Cr = 24).

(b) The magnetic quantum number may have a
negative value.

(c) Insilver atom, 23 electrons have a spin of one
type and 24 of the opposite type.

(d) Azimuthal quantum number may have a
negative value.

Which is/are correct for sodium atom in the

ground state?

(a) There is only one unpaired electrons.

(b) There are five pairs of electrons.

(c) 6 electrons are in one spin and other 5 in
opposite spin.

(d) There are ten electrons in the same spin.



19. Select the correct statement(s) among the following. 20.

(a) Outside any orbital, the probability of finding
the electron is zero.

(b) For single electronic atom or ion, the most

probable distance of electron in an orbital
2

having no radial node is from the

nucleus, where a,, is the first Boht's radius.

(c) The average distance of electron (belonging
from the same orbit) from the nucleus
decreases with increase in the value of
angular momentum quantum number for the
orbital.

(d) The angular wave function of any s-orbital is
independent from 6 and ¢.

Among the following, select the correct
information(s).

(a) The opposite lobes in any d-orbital have the
same sign of wave function.

(b) s orbital is the only orbital for which the sign
of wave function does not have radial as well
as angular dependency.

(c) The number of radial nodes is always greater
than that of angular nodes.

(d) All the orbitals belonging from an orbit have
the same number of total nodes.

Section C (Comprehensions)

Comprehension |

Three laser guns labelled as I, I and III have power 2, 3 and 5 W (not necessary in the same order) are used to produce
photocurrent from metal plate. Number of photons emitted by laser guns are 4 x 10", 5% 10" and 9 x 10'® per second.
Metal plate have threshold energy 4.5 x 10" J. Neither the power nor the number of photons emitted by a particular
laser gun is known and it is known that all capable photons emit a photoelectron. (/V, = 6 X 102,e=1.6x107° C)

1. Minimum possible wavelength of emitted
photoelectron is

(a) /680 A (b) V30 A 3.
(c) /480 A (d) V120 A

2. Minimum photocurrent which must be passed
through the circuit is

(a) 2.88 A (b) 144 A
() 2.08A (d) 0.64 A

Ratio of maximum to minimum photocurrent
which can be passed through the circuit is

(@) 5:4 (b) 9:5
(c) 9:4 (d) 9:2

Comprehension Il

Let us assume a different atomic model in which electron revolves around the nucleus (proton) at a separation r under
the action of force which is different from electrostatic force of attraction. The potential energy between an electron
and the proton due to this force is given by U = —k/r*, where k is a constant. This hypothetical atom is obeying Bohr’s

quantization condition.

4. The radius of nth Bohr’s orbit is

(@) r= —Jkm ) r=2"Jiom
nh nh
47 8n

(c) r=—km (d) r=—~km
nh nh

5. The speed of electron in the nth orbit is
2
(a) o nh (b) V= nh

8mim~km 8mim~km

nh’ n*h’

© V= 4m’ mkm @ V= 8l mJkm

6. The total energy of the electron in the nth orbit is

—n*h? n*ht
TE=_—""_ b) T.E.=—""1
@) sk O 1287 mk
n*ht —n*ht
TE=—""__ @ TE=—""_
© seiwmt @ 2561 m’




Comprehension 11

A hydrogen-like atom (atomic number Z) is in a higher excited state of quantum number n. This excited atom can make
a transition to the first excited state by successively emitting two photons of energies 10.20 and 17.00 eV, respectively.
Alternatively, the atom from the same excited state can make a transition to the second excited state by successively
emitting two photons of energies 4.25 and 5.95 eV, respectively.

7. The value of ‘n’is 9. How much energy will be emitted when an electron
(a) 4 ®) 5 in this atom moves from (n + 1) to ground state?
(c) 6 @ 7 (a) 114.75eV (b) 117.5eV

8. The value of Z is (c) 119.9eV (d) 122.74eV
(a) 2 (b) 3
(c) 4 (d 5

Comprehension IV

A certain gas of identical hydrogen-like atoms has all its atoms in a particular upper energy level. The atoms make
transition to a higher level when a monochromatic radiation having wavelength 1654 A is incident on it. Subsequently,
the atoms emit radiation of only three different photon energies.

10. The initial energy level of atoms was 12. The atom/ion is
(a) n=1 (b) n=2 (a) H (b) D
(c) n=3 (d) n=4 (c) He" (d) Li"
11. The final energy level of atoms is 13. The energy of photon required to remove electron
() n=1 (b) n=2 from higher energy level is
(c) n=3 (d) n=4 (a) 6.04¢V (b) 13.6eV
(c) 27.2eV (d) 36.8¢eV

Comprehension V

A gas of identical H-like atom has some atoms in the lowest (ground) energy level ‘A’ and some atoms in a particular
upper (excited) energy level ‘B’ and there are no atoms in any other energy level. The atoms of the gas make transition
to a higher energy level by absorbing monochromatic light of photon energy 2.7 eV. Subsequently, the atoms emit radia-
tion of only six different photons energies. Some of the emitted photons have energy 2.7 eV. Some have more and some
have less than 2.7 eV.

14. The principal quantum number of initially excited 16. The minimum energy of emitted photon is

level ‘B’is (a) 0.2eV (b) 13.5eV
(@1 (b) 2 (c) 6.7eV (d) 0.7eV
(c) 3 (d) 4

15. The ionization energy for gas atoms is
(a) 3.4eV (b) 12.8¢eV

(c) 14.4eV (d) 13.6eV



Comprehension VI

A muon is an unstable elementary particle whose mass is 207m, and whose charge is either +e or —e. A negative muon
(W) can be captured by a proton to form a muonic atom. This atom follows Bohr’s quantization condition. Answer the
following, neglecting reduced mass effect.

17. What is the radius of the first Bohr's orbit of this 19. What is the wavelength of the photon emitted

atom? when muon drops from second orbit to the ground
(a) 52.9 pm (b) 0.256 pm state in this atom?
(c) 0.256 nm (d) 10.9 nm (a) 2.53x 107 m

(b) 1.22x10"m
(¢) 5.91x10°m
(d) 2.85%x 10" ?m

18. What is the ionization energy of the atom?

(a) 13.6eV (b) 0.066 €V
(c) 0.583 MeV (d) 2.84 keV

Comprehension VII

A sample of H-atoms contains all atoms in the ground state. If the atoms are irradiated by photons of x A, the atoms get
excited to a particular energy level. When these atoms de-excites, they emit radiations of six different photon energies.

20. What is the value of x? 24. What are the wavelengths of all infrared radiations
(a) 978.6 (b) 0.098 coming out?
(c) 1032 (d) 1223 (a) 1887.3 nm, 4077.5 nm

(b) 1887.3 nm
(¢) 122.3 nm, 103.2 nm, 97.9 nm

21. What is the orbit number for the excited state?

Ea; j Ez; ; (d) 122.3 nm, 103.2 nm
c
) . . 25. What are the wavelengths of all visible radiations

22. What is the maximum wavelength among emitted coming out?

radiations?

978.6 A b 1223 A (a) 660.5 nm, 489.3 nm

@) 5572 87 (d) o g A (b) 660.5 nm, 489.3 nm, 436.9 nm

(c) 18,872.87nm (@) 18,872. (c) 660.5 nm, 489.3 nm, 436.9 nm, 412.8 nm
23. What is the maximum frequency among emitted (d) 660.5 nm, 436.9 nm

radiations?

(a) 2.453x 10" Hz (b) 3.066 x 10" Hz

(c) 5.912x 10" Hz (d) 1.081 x 10'® Hz
Comprehension VIII

When a sample of hydrogen atoms is irradiated by electromagnetic radiations of suitable wavelength, all the electrons
jump from the ground state to the fifth orbit. As the electrons cannot remain permanently in the fifth orbit, they de-
excites to the ground state making one or more than one transitions. Each transition results in the emission of an electro-
magnetic radiation of a particular wavelength. When these radiations pass through a prism, they deviate with different
angles resulting in the spectral lines.

26. What is the maximum number of spectral lines, if (a) 5 (b) 6
the sample is containing only one atom? (c) 7 (d) 10
(@) 5 (b) 4 28. What is the maximum number of spectral lines, if
(c) 6 (d) 10 the sample is containing only three atoms?

27. What is the maximum number of spectral lines, if (a) 5 (b) 6

the sample is containing only two atoms? (c) 7 (d) 10



29. What is the maximum number of spectral lines, if 30. What should be the minimum number of hydrogen

the sample contains infinite number of atoms? atoms in the sample to get a maximum of 10
(a) 5 (b) 6 spectral lines?
(c) 7 (d) 10 (@) 1 (b) 6

(c) 8 (d) 10

Comprehension IX

A hydrogen-like atom of atomic number Z is in an excited state of quantum number 2. It can emit a maximum energy
photon of 204 eV. If it makes a transition to quantum state n, a photon of energy 40.8 eV is emitted.

31. What is the initial excited state of the atom? 33. What is the energy of ground state of this atom?
(a) 4 (b) 8 (a) —13.6eV (b) —54.4¢V
(c) 16 (d) 2 (c) —217.6eV (d) —870.4¢eV
32. What is the value of Z? 34. What is the minimum energy of the photons
(a) 2 (b) 4 emitted by this atom during de-excitation?
() 8 (d) 16 (a) 204 eV (b) 4.16eV
(c) 10.6eV (d) 13.6eV

Comprehension X

In stars, the Pickering series is found in the He" spectrum. It is emitted when the electron in He" jumps from higher levels
to the level with n=4.

35. The wavelengths of the lines in this series are given 37. In what region(s) of the spectrum does this serics

O occur? Visible region is from 360 to 780 nm.
by A= Tl in whichn=5,6,7... and Cis a (a) Visible only.
constant. What is the value of Cin nm? (b) Infrared only.
(a) 366.97 (b) 91.74 (c) Visible and infrared.
(©) 22.93 (d) 1467.89 (c) Visible and ultraviolet.
36. What is the wavelength of the series limit?
(a) 22.93 nm (b) 366.97 nm
(¢) 1019.36 nm (d) 63.71 nm

Comprehension XI

The hydrogen-like species Li** is in a spherically symmetric state S, with one radial node. Upon absorbing light, the ion
undergoes transition to a state S,. The state S, has one radial node and its energy is equal to the ground state energy of
the hydrogen atom.

38. The state S, is 40. The orbital angular momentum quantum number
(a) ls (b) 2s of the state S, is
(c) 2p (d) 3s (@) 0 (b) 1

39. Energy of the state S; in units of the hydrogen © 2 (d) 3

atom ground state energy is
(a) 0.75 (b) 1.50
(c) 2.25 (d) 4.50



Comprehension XII

Suppose a particle has four quantum numbers such that the permitted values are

I=n-1),(n-3),(n-95), ..., but no negative value
1 1
i =(l + E) or (l - E) , the latter is not negative

m =—j in integer step to + j.

41. The other permitted values for n = 2 is/are

3 3
Z:l":—’ = ——
(a) j=5m==3
1 1

b) [=0,j=—:m=——
(b) J=gim==7

42,

1 3
(©) J B m

2
(d) All of these
For n =3, the possible sets of (, [, j, m) is

(a) 10 (b) 8
© 12 @ 6

Comprehension XIlII

The wave function for an atomic orbital of single electron atom or ion is

z

312
v(r, 0, 9) = % (—J (1-06)(12-80+0%) -6 €% cosh

3a

o

where 6 = 2Zr and a, = 0.529 A. All other parameters have their usual meaning.

na

o

43. The number of radial and angular nodes for the (a) p, (b) p,
orbital is, respectively, )
pecvEy © p. ) d,.
(a) 3,1 (b) 2,1
© 3,2 ) 2,2 46. The maximum distance of radial node from the
’ ’ nucleus is
44. The atomic orbital should be 3
(@) & (b) ==
(a) 4p (b) 5p zZ z
S5d d) 5
(© (d) 5f o L 15
45. 1If 06 is the angle measured from Z-axis, then the (© 7 () 7
orbital should be
Section D (Assertion — Reason)
The following questions consist of two statements. (d) If Statement I is INCORRECT, but Statement II
Mark the answer as follows. is CORRECT.
(a) If both statements are CORRECT, and Statement 1. Statement I: The orbital angular momentum of an
II is the CORRECT explanation of Statement I. electron in any s-atomic orbital is zero.
(b) If both statements are CORRECT, and Statement Statement II: For any s-electron, /=0.
II is NOT the CORRECT explanation of 2. Statement I: The kinetic energy of the
Statement 1. photoelectron ejected increases with increase in
. . fi f incident light.
(c) If Statement I is CORRECT, but Statement II is reduency of meiden '1g. . L )
INCORRECT Statement II: Increase in intensity of incident light

increases the photoelectric current.



3. Statement I: Threshold frequency is the maximum 7. Statement I: Sum of the radial and angular nodes
frequency required for the ejection of electron of all the occupied orbitals in ground state of
from the metal surface. oxygen atom is 4.

Statement II: Threshold frequency is the Statement II: The electronic configuration of
characteristic of a metal. oxygen atom is 1s* 25> 2p*. The number of radial
and angular nodes for an orbital is (n — /- 1) and

4. Statement I: Spin quantum number can have two [, respectively.
values _,_l and 1 ) 8. Statement I: The XY-plane is the nodal plane for

2 2 d . orbital.
Statement I1: +ve and —ve signs signify the positive .
and negative wave functions. Statement II: For a d-orbital, the number of
angular nodes is 2.

5. Statement I: For He" ion, the energy of electron in . )

3p-orbital is greater than that in 3s-orbital. 9. Stateme?nt I: The .radlal wave functions for 3p, and
o 3p, orbitals are different.

Statement II: Energy of an electron in single Y ) .

electron system depends only on principal Statgment II: The radial functlon depends on n and

quantum number. [ while the angular function depends on / and m.

6. Statement I: Helium and beryllium have similar 10. Statement I In multi-electron system (a.tom or
outer electronic configuration ns. ion), 4s orbital is filled first then 3d orbital is filled.
Statement I1: Both are chemically inert. Statement II: 45 orbital is closer to the nucleus

than 3d orbital.
Section E (Column Match)

1. Match the columns. Column I Column II
Column I Column I1 (A) VK, =? (P) 0
(Orbitals) (Nodal properties) (B) If radius of nth orbitec £, x=? (Q) -1
(A) 2s (P) Angular node =1 (C) Orbital angular momentum in R) 2
(B) 1s (Q) Radial node =0 lowest energy
(©) 2p (R) Radial node = 1 D) L <zy=2 )1
(D) 3p (S) Angular node =0 r

2. Match Column I with Column II in hydrogen 4. Match list T with list TT.
atom spectrum.

List I List I1
Column I Column IT (A) Number of values of /for (P) 0,1, 2,
(A) Lyman series (P) Visible region anenergy level. ... ,(n—1)
(B) Balmer series (Q) Infrared region (B) Actual values of /foran  (Q) +/, ...... ,
(C) Paschen series (R) Absorption spectrum energy level. (| ,—1
(D) Brackett series (S) Ultraviolet region (C) Number of m values fora (R) 2/+1
. , particular type of orbital.
3. According to Bohr’s theory, E, = Total energy, (D) Actual value of “m' fora ()

K, = Kinetic energy, V,, = Potential energy, r, =
Radius of nth orbit. Match the columns.

particular type of orbital.




5. Match the columns.

Column I Column IT
(Orbital) (R vs. r Graph)
(A) 3s P)

(B) 4s Q

©) 2p (R)

(D) 3p (S

6. Match the columns.

Column I Column IT
(Parameters for H-like atoms)  (Dependence
on n and Z)
(A) Radius of orbit. (P) n*
(B) Speed of electron. Q) 1/n
(C) Centripetal force between (R) 1’
electron and nucleus.
(D) Frequency of revolution of (S) 1/n*
electron.
(M) Z
) 1/Z
V) 22
W) z°

7. Match the columns.
Column I Column IT
(A) (P) 4s
Yr
N
(B) (Q) Any of the 5p
orbital.
4nrly,2 A
.
(C) Angular wave function (R) 3s
independent from 6 and ¢.
(D) At least one angular node. (S) any of the 64
orbital.

8. Match the entries in Column I with the correctly
related quantum number(s) in Column II.
Column I Column IT

(A) Orbital angular momentum of (P) Principle
the electron in a hydrogen-like quantum
atomic orbital. number

(B) A hydrogen-like one-electron  (Q) Azimuthal
wave function obeying Pauli's quantum
principle. number

(C) Shape, size and orientation of (R) Magnetic
hydrogen-like atomic orbital. quantum
number

(D) Probability density of electron (S) Electron spin

9.

at the nucleus in hydrogen-like quantum
atom. number
Match the columns.
Column I Column IT
(A) Orbital with equal number of (P) 3d, ,
radial and angular nodes. o
(B) Orbitals with number of radial Q) 2p.
nodes less than the number of
angular nodes.
(C) Orbitals with zero radial nodes R) 3p,

but two angular nodes.

(S) 5d,,




10. Match the columns.

(C) Ratio of wavelength of photon 1
corresponding to B-line of Lyman R) 4
Column I Column I1 series and y-line of Paschen series
(A) Ratio of speed of electron in the 4 of H-spectrum.
fifth and third excited state of (P) 1 (D) Ratio of energy difference 3
H-atom. between 3rd and 1st orbits of ) k)
(B) Ratio of wavelength of series 2 H-atom and He' ion.
limit of Balmer and Lyman series Q 3

of H-spectrum.

Section F (Subjective)

Single-digit Integer Type

1. The work function (¢) of some metals is listed below. The number of metals which will show photoelectric effect
when light of 300 nm wavelength falls on the metal is

Metal Li Na K Mg Cu Ag Fe Pt w

0@V) 24 23 22 3.7 438 43 47 6.3 475

2. The average life time for then n = 3 excited state having each atom in ground state and other in a
of a hydrogen-like atom is 4.8 x 10* s and that for particular excited state of orbit number n. The
the n =2 state is 1.28 x 10" s. Ratio of the average photonic beams ionize the hydrogen atoms in both
number of revolutions made in the n = 3 state to the samples. If the difference in maximum kinetic
the average number of revolutions made in the n = energy of emitted photoelectron from both the
2 state before any transitions can take place from samples is 12.75 eV, then the value of n is

these states is 1 : x. The value of x is ) ] 5.
7. The diameter of a dust particle of mass 10~ g is 2

3. The quantum number n corresponding to the A. The speed of this dust particle is measured with
i * jon i iti . 3.313 .
excited state of He _ion if on transition to the the uncertainty of 103 m/s. The minimum
ground state that ion emits two photons in
succession with wavelengths 108.5 and 30.4 nm is uncertainty in measuring the position of the duct

) o particle (in order of 10726 m) is
4. The atomic number of hydrogen-like ion has the

wavelength difference between the first line of 8. Theuncertainty in position and velocity of a particle
Balmer and Lyman series equal to 59.3 nm. are 10" mand 5.27 x 10 ** m's !, respectively. The

o minimum mass of the particle (in kg) is
5. A sample of hydrogen atoms containing all

the atoms in a particular excited state absorb 9. The circumference of the second orbit of an
radiations of a particular wavelength by which the atom or ion having single electron is 4 nm. The
atoms get excited to another excited state. When de Broglie wavelength of electron (in nm) revolving
the atoms finally de-excite to the ground state, they in this orbit is

emit the radiations of 10 different wavelengths.

Out of these 10 radiations, 7 have wavelengths 10. The Schrodinger wave equation for hydrogen

shorter than the absorbed radiation and 2 have . 1 1YY" B
wavelength longer than the absorbed radiation. atom is ‘¥, = NG w 2_a_ e ™, where
The orbit number for the initial excited state of ) ) o 0’
atoms is a, 1s Bohr’s radius. If the radial node is 2s be at r,
ro.
6. Photons of same energy were allowed to strike then the value of a 18

o

on two different samples of hydrogen atoms, one



Four-digit Integer Type

1. An o-particle of momentum 3.2 x 10 kg ms™' is of the atoms are in third energy level and 40% of
projected towards the nucleus of an atom of an atoms in second energy level and the rest in ground
element. If the distance of closest approach of state. The total energy (in kJ) evolved, when all the
a-particle is 1.5 x 103 m, then the atomic number atoms return to ground state is (Ionization energy
of element is (Mass of o-particle = 4 amu, charge of hydrogen atom is 1310 kJ/mol)
on electron = 1.6 x 107" coulomb, Ny=6X 1023) o

6. A proton and an electron, both at rest initially,

2. Suppose a satellite is in geostationary orbit at combines to form a hydrogen atom in the ground
an average distance of 12600 km from the earth state. A single photon is emitted in this process.
surface. This satellite is telecasting a cricket match The wavelength (in nm) of emitted photon is
between Indian and Pakistan. The radiowaves from ) ) )
the stadium are first received by the satellite and 7. Theenergy (inkJ) required to excite 1 LPf hydrogen
then from satellite to our TV sets. If a batsman gas at | atm and 300 K to the first excited state of
hits a ball, then after what time (approximate, in atomic hydrogep is (The energi}l/ for the di.ss0§:iat%on
milliseconds), we will see this action in our TV sets? of H-H bond is 436,1(] mol * and tPle lonization

energy of hydrogen is 1312 kJ mol ). R = 0.08

3. A cobalt target is bombarded with electrons and L-atm/K-mol
the wavelength of its characteristic spectrum
is measured. A second fainter characteristic 8. In the hydrogen spectrum, the longest wavelength
spectrum is also found due to an impurity in the in the Lyman series is 120 nm and the shortest
target. The wavelengths of the K, lines are 180.0 wavelength in the Balmer series is 360 nm. From
pm (cobalt, Z = 27) and 144.0 pm (impurity). The this data, the !ongest Wavelength. (in nm) of light
atomic number of impurity is that could ionize hydrogen atom is

4. How many moles of photon would contain 9. An electron beam can unde'rgo .diffraction by
sufficient energy to raise the temperature of 245 crystals. Through what potential (in Volt) shoqld
g of water from 19.5°C to 99.5°C? The specific a beam of electron be accelerated so that its
heat of water is 4.2 J/°C-g and frequency of light wavelength becomes equal to 0.25 nm?
radiation used is 2.45 X231010 per second. (6.626 % 10. The atomic masses of He and Ne are 4 and 20 amu,
5.04=33.6, Ny =06x107) respectively. The value of the de Broglie wavelength

5. A quantity of 1.0 g hydrogen atoms are excited to of He gasat —73°Cis M tolmes that of the de Broghe
radiations. The study of spectra indicates that 45% wavelength of Ne at 727°C. The value of Mis

Answer Keys Exercise |
Fundamental Particles
I.c) 2.(¢c) 3. (d 4@ 5@ 6.0d 7. 8@ 9 () 10. (@
11. (a) 12. (¢c) 13.(c) 14.(d) 15 (¢c) 16. (c) 17. (¢) 18. (b) 19. (c) 20. (a)
Rutherford’s Atomic Models
21. (¢) 22.(d) 23.(d) 24.(a) 25.(b) 26.(b) 27.(a) 28.(d) 29.(d) 30.(d)
31. (b) 32.(b) 33.(b) 34. (a) 35. (d)

Planck’s Quantum Theory, Photoelectric Effect and Moseley’s Experiment

36. (c)
46. (b)

37. (b)
47. (c)

38. (a)

48. (b) 49. (b) 50. (c) 5l. (a)

39. (b) 40. (d) 41. (b) 42. (a) 43. (b) 44. (b) 45. (¢)
52. (¢)

53.(b) 54.(c) 55. (c)



Bohr’s Atomic Mode

56. (a) 57. (b) 58.(b) 59.(a) 60.(a) 6l. (b) 62.(c) 63.(a) 64 (c) 65. (b)
66. (c) 67.(c) 68.(a) 69.(a) 70.(c) 7l.(c) 72.(c) 73.(b) 74 (a) 75. (b)
76. (a) 77. (b) 78.(b) 79.(d) 80.(a) 8l.(c) 82. (a) 83.(a) 84. (b) 85.(d)
86. (c) 87.(c) 88 (c) 89.(c) 90.(b) 91. (c) 92.(c) 93.(c) 94. (a) 95. (a)
96. (b) 97. (b) 98.(d) 99. (b) 100. (b)

Spectrum

101. (c) 102. (d) 103. (d) 104. (d) 105. (a) 106. (b) 107. (a) 108. (b) 109. (c) 110. (c)
111. (a) 112. (d) 113. (d) 114. (¢) 115. (d)

Heisenberg’s Uncertainty Principle

116. (d) 117. (d) 118. (b) 119. (a) 120. (b)

De Broglie’s Equation

121. (@) 122. () 123.(a) 124. (a) 125. (b)

Quantum Numbers

126. (a) 127. (a) 128. (a) 129. (d) 130. (b) 131. (b) 132. (c) 133. (b) 134. (b) 135. (d)
136. (c) 137. (c) 138. (b) 139. (a) 140. (d)

Schrodinger’s Equation

141. (b) 142. (c) 143.(b) 144. (c) 145. (b)

Electronic Configuration

146. (d) 147. (b) 148. (a) 149. (a) 150. (d) 151. (a) 152. (b) 153. (c) 154. (a) 155. (b)
156. (c) 157. (d) 158. (b) 159. (a) 160. (c) 161. (c) 162. (b) 163. (b) 164. (b) 165. (c)
166. (c) 167. (c) 168. (a) 169. (a) 170. (d) 171. (a) 172. (b) 173. (b) 174. (d) 175. (c)
Answer Keys Exercise Il
Section A (Only one Correct)

l.La 2@ 3® 4@ 5@ 6@& 7@ 8 9 @ 10. (b
11 (b) 12.(a) 13.(c) 14.(d) 15 (@) 16.(b) 17.(d) 18. () 19. (c) 20. (c)
21. (d) 22.(b) 23.(c) 24.(b) 25. (c) 26.(b) 27.(a) 28. (c) 29.(d) 30. (c)
31. (d) 32. (c) 33.(a) 34.(b) 35 (c) 36.(d) 37.(d) 38. (a) 39.(a) 40.(c)
41. (c) 42. (c) 43.(b) 44. (c) 45. (a) 46. (c) 47.(a) 48.(b) 49. (c) 50. (a)
51. () 52.(a) 53.(d) 54.(a) 55 (a) 56.(b) 57.(d) 58.(a) 59.(d) 60. (c)
61. (c) 62.(c) 63.(d) 64. (b) 65 (a) 66. (c) 67.(c) 68 (d) 69.(a) 70.(d)
71. (b) 72.(a) 73.(b) 74.(a) 75. (c) 76.(d) 77.(b) 78. (@) 79.(d) 80. (a)
81. (b) 82. (c) 83.(b) 84. (c) 85 (b) 86.(b) 87.(a) 88. (c) 89.(c) 90. (c)
91. (a) 92.(c) 93.(d) 94. (a) 95. (b) 96. (b) 97. (b) 98. (b) 99. (a) 100. (a)
101. (a) 102. (d) 103. (b) 104. (b) 105. (c) 106. (d) 107. (d) 108. (c) 109. (b) 110. (d)



Section B (One or More than one Correct)

1. (a), (b), (c) 2. (a), (¢), (d) 3. (a),(c), (d) 4. (a), (b), (¢), (d)
5. (b), (¢) 6. (a), (¢), (d) 7. (a), (b), (¢) 8. (a), (b)

9. (b), (c), (d) 10. (a), (b), (c) 11. (a), (b) 12. (a), (c)

13. (a), (b), (c) 14. (b), (¢) 15. (b), (c) 16. (c)

17. (a), (b), (¢) 18. (a), (b), (¢) 19. (b), (¢), (d) 20. (a), (b), (d)
Section C
Comprehension | Comprehension VIiI

I.(b) 2. (d) 3. (¢ 26. (b) 27. (b) 28. (¢

29. (d) 30 (b)

Comprehension IX

31. (a) 32. (b) 33.(c) 34. (¢
Comprehension X

35. (a) 36. (b) 37. (¢
Comprehension XI

38. (b) 39. (c) 40. (b)
Comprehension XII

41. (a) 42. (¢

Comprehension XIII

43. (a) 44. (b) 45. (c) 46. (d)

Comprehension Il

4. () 5.d) 6. (c)
Comprehension Il

7. (c) 8. () 9. (o
Comprehension IV
10. (b) 11. (¢) 12. (¢) 13. (a)
Comprehension V
14. (b) 15. (¢) 16. (d)
Comprehension VI
17. (b) 18. (d) 19. (¢
Comprehension VII

20. (a) 21. (¢) 22.(d) 23. (a)
24. (b) 25. (a)

Section D (Assertion — Reason)
1. (a) 2. (b) 3. (d) 4. (¢) 5. (d) 6. (¢) 7. (a) 8. (d) 9. (d) 10. (¢)

Section E (Column Match)

A—-R,S;B—>Q,S;C—>PQ;D—-PR
A—-R,S;B>PS;C—-Q;D—>Q
A—-R;B->Q;C—>P;,D—>S
A—-S;B—>P,Co>R;D—>Q
A—-P;,B>S;C—->Q;D—>R
A—-PUB—-QT,C>S,W,D>R,V
A—-P;,B—>PQS;C—>PR;D—>Q,S
A—-QR;B—>PQR,S;C>PQR;D—>PQ
A—-R,S;B—>Q,P;C—>P
A—-QB—->P,C—>S;D—>R

—

AN S A ol

[a—



Section F (Subjective)
Single-digit Integer Type

.4 2.(6) 3.0
6. 4 7.(5) 8 (D
Four-digit Integer Type

1. (0025) 2. (0084)
6. (0091) 7. (0100)

4.3 5 (3)
9. (2) 10. (2)

3. (0030)
8. (0090)

4. (8400)
9. (0024)

5. (0917)
10. (0005)




HINTS AND EXPLANATIONS

EXERCISE I (JEE MAIN)

Fundamental Particles

1. Theory based Number of electrons=3-1=2

2. Theory based Number of neutrons=4 -Z=4

e 13. Charge on c¢lectron = HCF of charges in oil
3. Specific charge is (—) ratio droplets = 1.5 x 107" unit
m
4. x-rays = electromagnetic radiation 14. (ﬁ) ratio of positron and electron are same.
m
5. Faraday, by his experiments of electrolysis. ) )
15. Neutron is electrically neutral.
6. Informative
16. Except positron, all are chargeless.
7. Theoretical |1 1
17. H'>AP >Mg” >Na* [=1>->— —)
8. Cathode rays comes out normal to the surface of > > Mg >N 1> 9 > 12 > 23
cathode.
1
9. X(g=X'(g)+e 18. e«VzEmvz == /2x(i)xVaJV
m
anode rays
10. Anode rays do not come out from the surface of 19. (e/m), - 2/4 _1
anode. (e/m), 1/2 1
11. Theoretical -19
20, £ ZLOXI0 € o107 ok
12. Number of protons=2=3 m  4x1.67x107" Kg

Rutherford’s Atomic Models

r
21. Informative. AL 2
ryo om, 1
22. a-particles are He?" ions or Helium nucleus.
K-q19,
23. The concept of definite paths was not the part of 27. r= 1 5
Rutherford’s model. (5 myv )
24. Almost all (not 99%) mass of an atom is As (ﬂ) » > and v, all are same, r 1S same.
concentrated in the nucleus. m
25. Theoretical 28. For r;,, ¢, = nuclear charge and hence, z should
K-qq be minimum.
26. Distance of closest approach, r = —2_ .
(1 m Vz) 29. Neutron is chargeless.
2

K - K-

. 1 _B8qq  AK-qy

From question: ra— 30. r= v 7 Constant
m q



-3
31. Naa;e or, %x(%)xlﬁ
sin? (2) 6x10
(2x1.6x1077)x(29%x1.6x107"%)

90\ 1" =9x10” x =
N sin() 6 4 10
N2 = =" 5 N,=9 Sv=2x%x10%m/s
N sm(60) N, 1
2 3. r=K -ql—qlz/=Constant
32, Voucens _(4><1015)_ 8x107" o
Vatom 2X1O_]0 1 35. r=K- 49> = 00—

(P> /2 m) P?
3. Lmyviog 9%
2 r

Planck’s Quantum Theory, Photoelectric Effect and Moseley’s Experiment

36. Informative or ﬁ:%xﬂ:%xz = ﬁ:i = A =4xA
. L 1 m 11 " xA 1
37. )LZEZLOS: m
vV 40010 46. Ezl(E1+E2)$l=l( 1_+_1 )
38. Informative 2 ) A~ 214000 6000
. s A=4800 A
. Distance
39. Time= Speed h N, xhe 0.12
bee 47. E:n~7€:200x103=—A; C:'T
_60x10°x10° _ .
35108 S A=6x10"m
40. E=nhv =E :E, =0,:0,=2:3 48. l:@g_e\;:@:umg;&
4l. E=n-hv ~ 12400 % 101°=1.24 % 10° m
42. E :n-% 49. Theoretical
E- A (3x107)x(662.6x107%) 50. (K.E)pu: E=hv—¢
= n= = I 5 =10 dF =h-2
he  (6.626x107*)x (3x10%) and E'=h-2v-¢
L E=E+hv
b, B e e h
1A 51. E=n-76
or, —:L+L = A4, =2000 nm ; 0
400 500 A, E-A 107" x5000 %10~ 11
- LA = < =2.5%10
he  6.626x107* x3x10
h, he n, lg
4. E,.=E=n,—=n-—>=>—=—x<I1 )
¢ £ A A, n. A 51. Theoretical
50 he  6.6x107* x3x10°
45. Eemitted:_XEabsorbed 53. =—C= : =6X10719J
100 *=7 330x107°

he 1 he
Of, I - — =—=XMN, X —
A2 A



54. \/% =a(z->)

55.

ﬁ:(zl_bJ :ﬁ:(ﬂ 1) = =42

o ien_(21-D* _16 M \72-b A \29-1
lscandium (26 - 1)2 25
Bohr’s Atomic Model
56. Na'"* ion has single electron 66. V. =2.188x% 106 = m/s
n2 " 1
§7. 1. =0.529x—A 19.54x 11.2x 10° =2.188x10° x— = n =10
n
0.529 2 Voo2.188x10° 1
I 2+ . X ? r ,Li2+ 4 67. —=—"—1-——"_" 3 ~—
- 2T A 3 ¢ 3x10m 137
R 0.520% 2 2
. 68. 1. =0.529x— = 1.587=0.529x = =n=3
’ z
=1 . 2. =X
23 PV, =2188x 10°x = =2.188 x 10° %
n
2 _ 6
8. 1o = 0.529><11—0 = 0.0529A = 2188107 m/s
i . 69. ¥, =2.188x10°x = :2.188x106x§
_ 4% - n
59, 4B _AXT VIX3Z=% — 1.459 x 10° m/s
ol X x6 .. Distance travelled by electron in 1 second
B =1.459 % 10°m
n’ 107 n’ 8
60. 1,.=0.529x—A = ——=0.529x—x10" e
z 2 1 70. T,.=1.5x10""" x = sec
=n=31 z
4 ’n? 1 Lw 228
61. rnzz% = o "Twm 3 27
4r mze T om
. Radius of 1*orbit of H-atom= @ =02645A 7. f,_= TL(X%
n,z n
2rr), 39
62. (2 )3 =7=7 72. Angular momentum =n'i and n must be an
(2mr), 2 integer. ey
63. Speed is independent of mass. 73. nmy=2xn,
2
64. V. =2.188x10° = m/s Lhom_4
: p w1
2
x3x10% =2.188x10°x = = n=13 74. Angular momentum is independent from atomic
205.67 n
number.
65. V. =2.188x10° E 75. Angular momentum o n or
: . ,
v 2.188x10% x =
76. w=-—-= 3 —6.13x101 57!

or, 1094 x 103 :2.188><106><§ —z=2

+ -
= He" ion

2
0.529%1071° x%



77.

78.

79.

80.

81.

82.

83.

84.

8s.

86.

87.

88.

89.

2
z
I’Vle (n) Z3

F=""q ==

2
K.E. = Lmy? = lm(2.188><106 xi) oL
2 2 n n’

. For maximum K.E., n =1 (minimum)

K.E.= %mv2 ,PE.=— mv? and Vocl
n

Therefore, with increase in orbit number, K.E.
decreased but P.E. increases.

2
E,.=-13.6x"5eV

n
22
—13.6x "
E, e ) 36><22 1
Ey 21
L —13.6><1—2
1
22 22
E,.=-13.6"5eV = —13.6=-13.6x— =z=3
n n

First orbit has lowest energy.
2
z n
(@) vira—x—=n
no oz

32
(P'E')S,Liz* ) -27.2 ><3—2 3

(K.E.) 2? 1
42

4He"  13.6x

2rze’

(4rmey )nh

2

P.E.=-27.2x 5 =-272¢eV
n

Speed, V. =

v, =2.188x10° Zm/s
’ n

=2.188 x 10° = 2.188><106><2 =n=2
n

2 2
Now, P.E.=-27.2x 3 = -27.2 xi—z =-27.2¢eV
n
Theoretical
11
AE =13.62"| 5 —— |eV =13.6x2 (iz_iz)
noom 2° 8

=12.75eV

90.

91.

92.
93.

94.

95.

96.

97.

98.

99.

Energy difference decreases on increasing the orbit
number.

AE,_,, is even greater that AE_,_,.
The required transitionisn=2ton=4.
E,=—1LE.=-50eV

E -
Now, En:—z1 = E5=5—=—2CV
n

11
5 10.2=13.6x1? (—2——2)
n

1
. 2xh 1xh
Now, change in angular momentum = ———-——
2 2r&m
N
2

LE aZ
- (LE)y s ([ Zee . (LE.)g =(2)2
(B | Zge X D

. (LE), . =4xeV

11
AE =13.62 (—2——2)ev
nom

or 47.2=13.6><22(2i2—3i2) =z=5

—34 3
I.E.:E: 6.626x1077" x3x10

y) 240%107°
=4.98 x 10° J/mol

x6.022x10%

Second LE. of He is 13.6 x 2% = 54.4 eV. Hence,
I.E. of He-atom must be greater than 13.6 eV but
less than 54.4 ¢V.

Required B.E. = 13.6 x 3*=122.4 eV

100. Required LE. = 13.6 x 30% = 12240 eV



Spectrum

2 4
101, R= 2 109. AE="¢
(4mey) e A
= Ram (1_1) (1 1)
27 2 -
Here, m becomes m_E=3_m , then R becomes A \mon ) (12 22) 108
4 4 110. —== = =2
3 Ao (L_ 1 (1_1) 7
ZR- nt o 5 37 4
102. Rae’ (1 1
R ‘R 4 v, it A
LR (e :x,_zz(ﬂ) = R =R m, -\ A
R ¢ R e 16 o (1_1)
1| 272
103. Informative o,
104. For maximum v, z should be maximum. o 32 (1 _1)
27 2
105. Only one photon is involved in one electronic Y == 35
transition. 2.5x10° 42 (12_12)
2° 3
el 1 - 4 -1
106. Z—RZ 2 ", =7.2x10" cm
1 1 135R ¢ 1 1
=Rx3F |- |=—"— R
(12 42) 16 12 v=7 C(ﬂq lz)
1
- 16 =3><108( 1 5t 1 9)
135R 400x10~  300x10~
107. Second line of Panchen series is 5 — 3. =1.75x 10" Hz
I 1
Now, v="=CR*| 5 -5 _he 1
Oow. z (”12 nf) 113. AE = 1 = AEoc)b
—CR 22(%_%) Now 2o AR A _2E-E _,
3 " Al AE, Ao AE g
_64CR 3
225 114. vy = Vue
108. For lowest frequency in Lyman series, the (11 11
transitionis 2 — 1. o, RxI"| 7—— =Rx22(—2——2)
1o nem >
Now, v=Rz*| - |= Rx3? iz_iz son=landn,=2
n ny 1 2
115. 10 54,9 —>4,8>4,7—>4,6 >4,5—>4
_27R
4
Heisenberg’s Uncertainty Principle
116. szL 117. Ax-mAin
drm-AV i 4r
If the numerical values of Ax and Av is x, then
h
X2, |—

drm



118. If the numerical values of Ax and Ap is x, then

X2 i I
4 120. Axpy, = ——
4m- Ay
1 h 34
AV = 6.626 <10
e - 0.0001
4 x(9.1x107" x(300 — )
h 6.626%10 ( 30000
119. Ax,;, = =
dwm-Av 4 10713, 0001 o =1.93x10°m
=528x10°m
De-Broglie’s Equation
m
121. A:L:ﬁz—p:@ 125. lalaL:&: E:ﬁ: /ﬁ
mv A, m, 1 v T A \sz A, \1200
122. Number of orbit = Number of waves. D= A
. 2 = -
2
123. 2 =nA= x=3x A= l=§m
-34
124. p= h = 6.626x10 = 10® Kgms™!
A 6626x10”
Quantum Numbers
126. Theoretical 132. xz plane is the nodal plane for p -orbital.
127. Theoretical 133. The shape is given by .
128. Type of orbitals =n 134. The s-orbital is symmetrical in all directions.
. 2
Number of orbitals =n 135. Theoretical

129. Theoretical i 136. Number of orbitals of a particular type = 2/ + 1
130. Orbital angular momentum = /I(/+1) By and and for g-orbital, /=4
T

for s-orbital, /= 0. C ..
137. For 5h, n =5 and [ =5, which is not permissible.

131. For p-orbital, /=1

) h 138. Theoretical
. Orbital angular momentum = //(/+1) o
T

A ) 139. A set of n, /, m represent a single orbital.
=10+ —=2-— :
2 2 140. Informative

Schrodinger’s Equation

141. The p-orbital has only one nodal plane. 144. Theoretical
142. n=4,1=1,m=0 = orbital =4p 145. Number of radial nodes=n—-/-1

143. Number of nodal surface of s-orbital =n —1



Electronic Configuration

146.
147.

148.
149.
150.

151.
152.

164.

165.
166.
167.
168.
169.
170.

Informative 153. 3 =3 x 27 =12
Spin multiplicity = 2s + 1, where s = magnitude of 154. 3p<ds<3d<4p
total spin quantum number.
. 155. 3x2+1)x2=14
/=3 = Number of orbitals=2x3+1=7
) ) ) o 7 156. Pauli’s exclusion principle limits the maximum
~» Maximum spin multiplicity = 2x §+1 =8 capacity of electrons in an orbital equal to 2.
(When each orbital has single electron in same 157. K-shell= n=1
spin) )
158. 3p-orbital = n=3,/=1
Informative
159. Valence electron = n=3,/=1
d-orbitals are five in number.
160. Orbital is 4s.
Orbitals are 1s, 2s, 2p, 3s, 3p, 4s.
2927622 72,.6 5 4.0
No. of orbitals =1+ 1+3+1+3+1=10 161. 157257 2p" 357 3p7 - 3d” 4s
6 unpaired electrons
i =3+1=
Orbitals are 3p, 4s. Number =3 + 1 =4, 162. 2484 16+ 2228
Two elef:trons in the same orbital cannot have 163. 24841042222
same spin.
33 3p 3d Unpaired electron
Gs. 4] e[| LT T[] 2
Ist
pe Ut Lelefe] (4 [T [ ] 4
2nd
ps LA Lalefe] [4[e] [ [ ] 6
Outermost shell can have a maximum of 8 electrons. 171. Number of unpaired electron is 2. Hence, the ion
) ) . is Ni** (d 8 configuration).
Number of unpaired electron in Fe™ is 4.
. 172. Number of unpaired electron is 1.
Number of unpaired electron should be 4.
. 173. Ni** has unpaired electron is 1.
Number of unpaired electron should be zero.
. . 174. Tons having d' - ? configuration are expected to be
Number of unpaired electron should be maximum. coloured.
+ . . .
Na” is diamagnetic. 175. Tons having d° or d'° configuration are expected to

be colourless.



EXERCISE Il (JEE ADVANCE)

Section A (Only one Correct)

1.

e . o
— ratio of cathode rays is independent to the

m
nature of gas.

(”l) e m

(e) _eB mA
mJpg
L 2_¢en 3
3 e 2
eA_4
eg 9
eV=lmv2:>v= 2><£><V
2 m

= J2x1.764x10" %200 =8.2x10° m/s
|

() G
M /Jmesor _ \1836 _

17.65
I B
M J o-particle 4
1 5 p
eV=—my =—:p \2meV

2 2m

Py /1836 4285
) 1 1

B 6
v=cv=(3x1010%)x(2xm cm_l)

s 50
=12x10"H.
_E_n-he_ 6x10° x6.626x107 x3x10°
) 1x662.6x10~°
=1.8x 1072 J/s —m?

_E_n-hc
P t A
-34 8
:>£X200=n><6.62169>;;08 x3x10
100 12070 10
7
n=4x10"s"

10.

11.

12.

13.

14.

15.

16.

17.

lz

=6x10% x

E=9x%x

h he
E=n—=175x10"*xN, )x ————
7= a)x 250010710
=84]
X hc X he
E, x—=FE_. = n
abs 100 emit 1 11 100 2 /sz
5 x:”_Zxﬁ:ﬁX@:47.3
n A, 100" 5080
a0 o
E=n - hcv =1 % 6626 x 10°* x 3 x 10°
x 1650763.73
=3.28 x 107" J/quanta.
ponhe 036_n><6.626><10—34><3><108
’ 662.6x107°
an=12x10"

Energy needed for photochemical dissociation

4825£+12 eV = 4825+12 eV=62eV
mol )

A= % =200nm
6.2

1240

=413.
(289.5) 3.33nm
96.5

Energy absorbed per mole of H,

6.6x107>* x3x108
270x107°

x1073 =440 KJ

.. Percentage of absorbed energy corrected into

KE. = H0-429 100
440

=25%

1240(? x23 =372 kcal/mole

. Energy conversion efficiency

= 116 x100=30%
372



18.

19.
20.

21.

22,

23.

24,

25.

26.

-34 8
E:n-E - 6.626:nx6'626xw ><93><10
A 360 %10~
.. Mole of photons absorbed
19
_n _ 1.2><1(;3 %10
~,  6x10
1x107°

. Quantum efficiency = 0.5

Q P
Theoretical
Theoretical

KU —
" vy = )
K-1

Theoretical

1
1, he  he 2he( Ay — A\ |2
MV T T T = Vmax =| — | ———
2 2 A m\ Ay

hv=K.E.+ hy, = v:%-(K.E.)+ v,

\/%=a(z—1) and J%:a(z’—l)

z+1
L=
z

Number of atoms in the disc
=L 6107 =5%102
12

2
Now, F=K- 392 _ 105 29107 x—1

r (1072)?
107"
= q= C
=73
- Number of excess electron on negatively
-10 9
charged disc = 10—/319 = 10
1.6x10~ 4.8
Number of excess electron  10° /4.8
Hence, =
Number of atoms 5%10%?
107"

24

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

40.

ro=r xnt=212x 10" =53 x 10" x #?
=>n=2 5
2mr,=26.5A = 2% 0.529 x ”7 =265=>n=4

2

r,=0529x 1 A
z

rn:r1><n2
rn—rnfl=r1><n2—rl><(n—1)2=(2n—1)~r1

Where 7 is the higher orbit.

4@y _(n (_2]§
Af(nrz)f(rj s ) 1

42 22
ry—1,=2116 A = 0.529 x — —0.529 x =
~2.116 - :
s z=3=Li*" ion

2
d=27rx 100 =27 (0.529><2—><10'° m) x 100
4

=332x10°m
2
Circumference = Znr =21 - 1y X nT = 2mrgn* and
n=1,273,...

V,=2.188x10° = m/s
n

= 0.547 x 10°=2.188 x 10° x 1
n

on=4
n’ 42 )
Now, r, =0.529x — =0.529 x —-=8.464 A
V4
n’lV2 _ 1 zez 3 L
ro 4wy P (4rgg)mr
v_ 2z
c (477:80)nh-c
Solution of Q.36
2 -194\2
Fol 2 guqpf x 2X(LOX10 )
Amey (4x10710)
=2.88x107°N

3
T,.=15 x1071¢ n—zsec

z
—Tz’H; = —23 /2 = =—X sec
Tpe 373 7 23



41.

42,

43.

44.

45.

46.

47.

48.

49.

50.

51.

Aoy omo o om 1
153 ny 4r ng 1)
3
L_m 1
TZ ny 8

3 32
T,an andno \r, =>T,ar,

n

—8sec -8
N:lOT S Y ST
1.5><10—16><2f2
1
¢ 8 -16 r’
A=—==cT,. =3x10"x15x107" x—
\% ’ 1
=45%x10"%m
K.E.zlmvzzl-(mw)'v:ﬂ
2 2 r 2r
2 2,2
K.E.:lmvzzlm( L ) = nzh 2
2 2 21 - mr 8 mr

n*h? W

8n*m-(ai -n*) 8mPmal -n’

11 11
AE=(LE) == |=144x| = ——|=135eV
( )(nf nf) (12 42)

m
Reduced mass effect: r” = r'(l + —e]

m,

On increasing the nuclear mass, radius decreases.

Reduced mass effect:

1

m

m}’l
On increasing the nuclear mass, ionisation energy
increases.

(I.LE)’=(LE)-

o Ty m,-m, _nm, 1836xm,
m+m, m,+m, 2 2
r:wAZO.OSSpm

918
n=2butz=3-2=1

12
t By =-13.6x g =-34eV

and LE.=3.4¢eV

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

K.E. of emitted electron=0.5x 13.6 eV

Now, K.E.= %sz

or, 6.8x1.6x107"° =%><9.1><1o-31 x 2

= y=1.55x%10°m/s

AE = 1240 _ 2.1eV=337x10""J
589.6
=48.5 kcal/mol
Azﬂ:8.8x104nm =8.8x10° m=288 nm
0.0141

Minimum is 1 (4 — 1 transition in both atoms)
and maximum is 4 (4 - 3 - 2 — 1 in one atom
and any other transition in other atom).

Number of available orbits is only 4. Hence,
maximum number of spectral lines = 4., =6.

1.9

12.1 10.2

At least two atoms are needed for these three
transitions.

1 1
l=R22(—2——2)=R><22(L2—i2)
A non 22 4

= 2A=1223A
- UV region.

-1
@ —15 > n=6
Now, for shortest wavelength, required transition
16— 1.

l:Rxlz(l_L)J_SR - 2=
36 35R

A 1 6
1 (1 1Y) R-(n*-4)
—=RxlI'| w——= [=———
A (22 n2) 4n*
2 2
R(n"—-4) n~ -4
1 1 1 1
/’Laz_2=>/’LH:/’LHe+ :lLi“ _1— ey 3—2236 9:4



63.

64.

65.

66.

67.

68.

69.

70.

71.

Required transition is 4 — 2

A 27 4%) 16 3R
1 /’LNalm 12 o
},(XZ—Z = AH = F = Z«Nal().', = 12.16 A

Excited stateisn=6[3 >2,4—>2,5—>52,6 > 2]

. Number of spectral lines in 1R region = 6.

Required transition is 3 — 2.
Modified Rydberg constant is given by,

2 4
R’=R><2asR=271-—”/1263
(4mey) e

1 (1 1 5
Now, —= R’ x1’| ——-— |=2R-—

A (22 32) 36
L a=2

5R
- 1 1) R(#*-4)
V=R|———|=—-—°>

T

1 1

AE =1312x 7y =182.22KJ

All are visible radiations. Next line is from

transition 7 — 2.

np
?
np
410.2 nm 486.1 nm
2

Both are visible radiations. For required series, we
get only n,.
1 1
Now, ;9 =1.09x10" x1I*| 5 ——
486.1x10™ 25
= I’ll = 4

Hence, the series is Brackett series.

Lop(L-L)sa-2
A 22 32 5R
1 (1 1 1
—=Rx2|=-=|=2 A4 =—
A (2 22) 27 5R

From question, A, — A4, =132 nm

or, i—i=132><10-9m =R=111x10"m"
R 3R

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

2 [
n+1
Ao

n
- 6 7012 1 1
v=2.725%x10" =1.09x10" x1 T3
(n+1)" o

n=3

Now, —— =1.09x10’ xzz(iz—iz)
¥ 4
req

= Mg =471.8 nm

1240 _ B.E.(i—i) = B.E.=544¢V
108.5 2?2 52
K_.E. of electron
= 13.6x2? (%—%)—13.6 =272eV
> 2

Now, 27.2x 1.6 x 107" = %><9.1><10‘31 X v?

sv=3.1x10m/s

X——zandY— £ 5
n (n+3)
'_\/Z=1+§
Y n
1 1 9
—=RxI*x|=-= =—
(12 32) 8R
2
nd=2nr an;OG =67mx
A= _h = Eal(for same A)
N2mE m
h A, [4x2 242
/l= - — = —_—
2mE A’a I1x1 1
lmv2
p=mv=21 =const = A= Constant
—v
2
-6
=20 4gx107! m
5x10
h h 21 1 _35
m=——=—XRXx2°| ——— |=2.4x%x10
cA ¢ (22 ooz) £



83.

84.

85.

86.

87.

88.

89.

2
A:L:&:(ﬁ) :(@)zzmz
2mE E \ 1 99 '

. E, is about 2% greater than E|.

h h y
Alen = h :4_
4rm- Ax dgm. L Am
my
h w1 1
A= = AE = ———
2mE 2m(,1§ /112)
_(6.626x1074)? 1 B 1
2%x9.1x10731 | (50x107)*  (100x107)?
=724x103J=45%x10"eV
_h_ h
2mE  2m2V
B 6.626x107*
J2x4x1.66%x10727 x2x1.6x1071 x6
=4.15x10"”m
21=332.2A = 3.32:3.32><§ —n=2
zZ

)

Energy of photon liberated in 2 — 1 transition,

AE=13.6><22><(1

2 _Ziz) =40.8eV

.. KLE. of emitted electron from H-atom
=40.8-13.6=27.2¢eV

Hence, its de Broglie wavelength is given by,

A= 150 =2.348A
272

K.E. of electrons = w w 1.03eV
3000 4000
= 2 005 A
1.03
2
Ax-AlZA— and A= 150 =5A
4r 6
2 ~1042
Mmm=4/1A _ (5><110 )
T Ax 47r><(><109)
T
=6.25x10""'m

100.
101.
102.
103.
104.
105.

106. L

107.

108.

109.

110.

1 1
AE = 255eV—136><12(———2]eV
nl
sony=2andn,=4
4 2
Now, A/1=3.32><T—3.32><T=6.64A

l(l+1)-2i
T

Orbital angular momentum =
Electron of s level can never emit photon.
Maximum permissible value of /=(n—1)
m=-1 = [>1 = can not be s-orbital.
Theoretical

Theoretical

Energy 2s <2p <3s<3p<ds<3d
m=-3,-2,-1,0,+1, +2, +3
Number of radial nodes=n—-/-1=3-2-1=0
Theoretical

Probability of finding electron at the nucleus = 0
Theoretical

Mg(z = 12) 1s% 25* 2p° 35

Theoretical

2(Ls) + 2(2s) + 2(2p) + 1(3s) =7

——f—:>l 4

Number of orbltals =2]+1=

[+(+1)

Fp = a?() =26.45pm

2
Forn-1-1=0, 1, = _naq,
z
2
and for all orbitals, uv:” % 1+l(1_l(1+1))
z 2 n2
S, =3s;S,=3d; S;=4s; S, =3p

For single electron system 3s=3p =3d < 4s

JI(I+1)

\/_—:>I 3=n>4



Section B (One or More than one Correct)

1. (a) (K'E')Initial = (P'E')at distance of closest approach

or 4.0 MeV =K. hd2
r

o, 4x10°%x 1.6 x 109 =9x 10° x

(2x1.6x1077)x(50x1.6x107"%)
r

. Distance of closest approach, r=3.6 x 104 m
(b) PE.= K- 192 — 95 10°
r

(2x1.6x1077)x(50x1.6x107')
9x1071

105 x(1.6x10717)?

=10 x (1.6 x10"%)?J =
( ) 1.6x107"

eV

=1.6 MeV

(c)PE.= g.51%2
r

~9x10” x(2x1.6x1077)x (50x1.6x107"")
4.5%10™ % (1.6x107? x10°%)
=3.2MeV

~. K.E. of o-particle at this distance
=4.0-32=0.8 MeV

Theoretical
Theoretical
Theoretical
4

S AW

' @ @

1 1
7. l: RZ? (—2——2J
A noom

1 ; 2(1 1)
= =1.09%x10" x*| = ——

1028 x1071° >
n=3

10.

11.

12.

3
2
1028 A ® ©)
1 Induced radiations
A, =1028 A

(1_1)
2732 )
M \E S 65904

(1 1)
2 2
%=ﬁ:>l3 —12184A

Per atom only one photon is emitted out and
hence, the concerned transitionis 2 — 1.

AE =13.6 Z* (llz—ziz] =10227% eV

@r iryr=12:22:32=1:4:9

8
(C)AZEZﬂ—S 107" m =500 nm
v 6x10"
h 1
D A=—==2la—
@ N2mE m
1 1 1
Ay A l — i ——=—=4:2:1
RN AN PN T
hv= ¢+ (K.E)p
For A:425=¢, + Tyand A, = h
2mTy
h
For B: 420 = ¢y + T and Ay =
\2mTy

AsTg=T,—1.50and Az =2 4,
Pp=2.25eV; pg=3.70eV; Ty =2.0eV; T3 =0.5eV

1=332 ZA
z

Theoretical



13. Theoretical 17.

14. Theoretical 18.

15. Theoretical 19.

6. LAY [4] AT ]] 20.
1S 28 2P

Theoretical
Na (11) 15* 25% 2p° 35!
Theoretical

Total nodes=n—1

Section C (Comprehensions)

Comprehension |

1. For minimum /, K.E. of photoelectron should be
maximum. For it, the power should be maximum

/lmin: ISTOZJ%A

and number of photons is minimum. 2. i =4x108x1.6x 1070 =0.64 A
5
E,,,, for photon = m=1.25><10*18J 3, Imas 9x10"® x1.6x10™" 9
X ., max =2
s imin 4x10"% x1.6x107" 4
o (K.E.) .« of photoelectron =1.25 x 107" — 4.5
x 107!
=8.0x10"J=5eV
Comprehension Il
2
4, po_B_AK_MVT_ o 4K (1) 6. E:K.E.+P.E.=1mv2+(—£)
dr  ¢° r mr* 2 r
2,2
From Bohr’s quantization, V2= % (2) = 1 m- 4K _52 K
47[ mr 2 mr4 r4 471- 4
e 4 (v )
4K ot N6mmK 4w nh
St A m? n*h? nh’ ot
=
5 p- nh nh B n’h? 2367 m K
2mr 2nm4—ﬂ\/m—K 8m>mNmK
n
Comprehension 111
(1 1
AE =13.6z"| 5~ [eV 7. n=6
noon
8. z=3
(1 1
102+17.0=13.6z" | —=—-— (1)
2 2 of 1 1
2 n 9. AE=13.6x3"| 5 —-—[=1199eV
|
I 1

425+595=13.62" (———) )

32

N
()




Comprehension IV

10. After excitation, n = 3. Hence, initial excited state

isn=2.
11. n=3
1 1
12. l:}ez2 - :;10
A n n 1654 %10~
1 1
_ 702
=1.09%x10" xz (2—2—3—2)

s~ z=2PbHe" ion
o1 11
_ 2 ——— | _ 2
13. AE=13.6z [”12 n%)—13.6><2 (3—2—;)
=6.04¢eV

Comprehension V

14. Final excited state, after absorption of 2.7 eV, is 4.
On de-excitation, the sample emit radiations equal
to less than or more than 2.7 eV and hence, the
initial excited state must be 2.

4
2.7eV Less than 2.7 eV
3
2.7eV
2
More than 2.7 eV

1 1 1 1
15. AE=1E|—S5—-—5|=27=IFE. —

noom 2 4
S LE =144¢eV
16. AEmin=I.E.(i2—i2):l4.4x(i2—%)
moom 37 4
=0.7¢eV

Comprehension VI

2,2 2
17. r= M =0.529 xn—A (for H-like atom)
z

A’ mze

For this system,

For this system, I.E. = 13.6 x 207 = 2835.9 eV
19. Rydberg constant for this system = 1.09 x 107 x

oo 207 m'!
r=—""-=256x10"A =0.256 pm 1 11
1207 : —:(1.09x107><207)(—2——2)
22 4 2 A 1= 2
2 mz e z . _10
18. IL.E. :WZ 136X—26V (fOf H-like =21=591x10 m
(4mey) n"h n atom)
Comprehension VII
20. @:6:>n:4 21. n=4

1 , 2(1 1)
= =1.09%10" x’| = ——
xx1071° 1> 47

=~ x=978.6

22. For max A, transition:n=4ton=3

! =1.o9x107x12(3i2—4i2)

=1.887x10"°m




23. For max v, transition :n=4ton=1 24.

) 8
¢ X107 _ 3 066105 Hz

vmax

"2 978.6x107"° 25.

1R radiations involve transition : n =4 ton = 3
only.

Visible radiation involve transitions : n=4ton=2
(489.3 nm)

and n=3ton=2(660.5 nm).

Comprehension VIII

26. 5—54- 253350 15 30.5@ @ ® |0
27. 5 3 2 1 and 4
5 4 3 1 G ©) @
28. 6+ 1 (any possibility after than Q.27) 3
20, 202Dy @ ©
2 2
1
Comprehension IX
AE =13.67° (iz—iz)el/
nom
L (1) 32. Z=4
204=13.62° (—2— 2) 42
© (2n) 33. E = —13.6><1—2 =-217.6eV
40.8=13.62° iz— ! 5 ®)
n”  (2n) o 11
34. AE,;, =13.6x4’| 5 -— |=10.58eV
31. n=2 = 2n=4 3 4
Comprehension X
1 (1 1 2( 11 J
—=RZ ———|=RXx2 _—— . .. e
35. 1 (nlz ngJ 2 36. For series limit, n
5 5 A=C=366.97 nm
4R(n* -16)
ZT 37. Forn=5 A=1019.36 nm
) ) 4 For n = oo, A=366.97 nm
A=— = = (C="=366.97nm
R(n>-16) n*-16 R
Comprehension XI
38. §,=2s 40. S,=3p=1=1

2
39. Eg = —13.6><;—2 = E,, x2.25




Comprehension XII

41. n=2 42. n=3
.3 1
/=1 j==or— 1 1 1
2 2 [=0 =>j== =>m=——,+—
2 272
3 1 1
= = s, ——,+ fOI‘ = — = | = 3
"ETTY T / =2 =j=3
1 1 ! 3 1 1 3
= ——,+— forj=— = m=—-—=,——,+—,+—
22 2 272727 2
S S 3 1 1 3 5
== m=—-——,—7,——,t—,+—,+—
2 22 2 2 2 2
Comprehension XIlII
43. Radialnodes=n-/-1=3 45. p.
Angular nodes = 1
g 46. For radial nodes, 0=1,2, 6= 2
4. n=51=1 = Orbital = 5p Sa
. 15 a,
* Tmax = 7
Section D (Assertion — Reason)
. h . .
1. Orbital angular momentum = JI(/+1) - py 6. Beis the reactive element.
b4
Theory based 7. 2p=2p,+2p, +2p = Total 3 angular nodes.
Theory based 8. d-’ has two conical nodes.
Spin quantum number is independent from wave 9. 3p,and 3p, differs in angular function.

function.

10. 4senergy level is lower than 3d.
5. Theory based

Section E (Column Match)

1. Radialnodes=n-171-1 4. Theory based
Angular nodes =/ 5. Graph of s-orbital status with some value but for
2. Theory based other orbitals, it starts from zero.
s Radial nodes: 3s=2,45s=3,2p=0,3p=1
V E -
3. (A)_n=£=m_v=_2 2
K, K.E. lsz 6. (A) re =
2
z
1 B) V o< —
(B) €, o () B Ve
I 2 3
my z
(C) Lowest energy level is 1 ©) F= iy
gy level is 1s. B "
1 2
D) 7, o= - S W
(D) r, . (D) f=

2rr n3



7. (A) 3 radial nodes = 4s, 5p, 6d but graph does not
start from origin and hence, only 4s. V. 4 2 1
. 10. (A) L2=-== Voc —
(B) 3 radial nodes = 4s, 5p, 6d V, 6 3 n
(C) Only s-orbital . .
D)/>1 S
©) A3 (12 002) 4
8. Theory based (B) ol 11 ) Rl
2 2
9. Orbital Radial nodes  Angular nodes 2 e
3d 0 2 (12 _ 12)
2 0 1 (2 A3 &) 3
A 1 1) 3
3p 1 1 7l 5=
? 3
5d 2 2
2
D) AE, 12 _1
AE, . 2° 4
Section F (Subjective)
. . . 1 1
Single-digit Integer Type or, - =59.3nm
R7Z? (1 1) 72 (1 _ 1)
2732 2752
=124O=4.13eV 2° 3 r 2
300 =z=3

2. Frequency of reduction =

For photoelectric effect, e> ¢ = Ny =4
2

3

5. Final excited state = 5th orbit

As only the wavelengths are longer than absorbed
radiation initial excited state = 3rd orbit

" 4dnm 1
2 6. AE=12.75=13.6><12( ——2) = n=4
—-x4.8x1078 n
L3 _1
P 76 N 6.626x107*
—x1.28x10~ . min = =
52 ATmAV 4106 %3313 03
T
3. l:Rzz(iz—iz) =5%107m
nom h
8. =
1 1 Mhmin = 4 Ax- Av
= =t -7 34
108.5x107  30.4x10 662610 ke
- -1 24
:1.09x107><22><(1i2—i2) 4rx107"" x5.27x10
n
n=5 9. 2mr=nl —=i=M0_5nm
4. —/%=>59.30m 10. For radial node, y,; =0 =ry=2a,
Four-digit Integer Type
1. Initial K. E. =P. E. at distance of closest approach or
or Pl g (3.2x107™)° o 2x16x107 x2x1.6x10™"
2m 4w, r san 107 107 1.5x107"
6x10%



, ;o Distance | 2x12600x10° _ o oo 7. Molesof Hy= L/ - XL _
- AE:436xx+1312(12-i2)x2x=100.16 kJ
3. \/:za(z—é) 2 2
A
8. oo
£ —a7-1)
180 360 nm ?
C
m=a(2—1):>2=30 b
120 nm
4. nhv=ms- AT 1
or, n X 6.626 x 107 x 2.45 x 10" = 245 x 4.2 x 11 1
(99.5-19.5) T ot 360 = A =90 nm
. Number of photons = 5.04 x 10*’
04 x10% 1
. Moles of photon = 50#:8400 9. A= 150 V? = 25= 150 = V=24

5. AE=AE, +AE,

10.
=1310(l—i)x£+1310x(i—i)xﬂ=917kJ
12 32) 100 12 2%) 100

Z,z%: 91.17 nm
13.6




