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STRUCTURE OF ATOM

ATOM & MOLECULES (f) Atoms of elements combines to form molecules.

(8 Thesmallest particle of amatter that takespartinachemical  (9) Itisnot necessary that the atoms should combinein simple
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reaction is called an atom. The atom of all gases except
those of noble gases, cannot exist infree state. These exist
in molecular form. The molecules of hydrogen, nitrogen,
oxygen and halogens are diatomic (H,, N,). Phosphorus
and sulphur moleculesarein P, & Sg state.

The smallest particle of amatter that can exist in free state
in nature, isknown asamolecule.

Some molecules are composed of homoatomic atom, e.g.,
H,, Oy, N,, Cl,, O5 etc., while the molecules of
compounds are made up of two or more heteroatomic atoms
e.g., HCI, NaOH, HNO,, CaCOg, etc.

DALTON’'SATOMICTHEORY
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The concepts put forward by John Dalton regarding the
composition of matter are known as Dalton’s atomic theory.
Itsimportant points are ;

Every matter is composed of very minute particles, called
atoms that take part in chemical reactions.

Atoms cannot be further subdivided.

The atoms of different elements differ from each other in
their properties and masses, while the atoms of the same
element areidentical in al respects.

Theatoms of different elements can combineinsimpleratio
to form compounds. The masses of combining elements
represent the masses of combining atoms.

Atom can neither be created nor destroyed.

MODERN CONCEPT
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Many of the concepts of Dalton’s atomic theory cannot be
explained. Therefore, foundation of modern atomic theory
was laid down by the end of nineteenth century. The
modern theory is substantiated by the existence of isotopes,
radioactive disintegration, etc. Theimportant pointsof the
modern atomic theory are asfollows.

Prof. Henri Bacquerel discovered the phenomenon of
radioactivity and found that an atom is divisible.
Anatomismainly composed of three fundamental particles,
viz. electron, proton and neutron.

Apart fromthe aforesaid three fundamental particles, many
others have also been identified, viz. positron, meson,
neutrino, antiproton, etc.

Soddy discovered the existence of isotopes, which were
atom of the same element having different masses. For
example, protium, deuterium and tritium are atoms of
hydrogen having atomic masses 1, 2 & 3 am.u. respectively.
Atomshaving samemass may havedifferent atomic numbers.

Theseareknown asisobars. For example, 7§ Ar and 33Ca.
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ratio for the formation of compounds. The atomsin non-
stoichiometric compounds are not present in simple ratio.
For example, in ferrous sulphide crystals, iron and sul phur
atomsare present in theratio of 0.86 : 1.00.

Atoms participate in chemical reactions.

PROTON
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Protonisafundamental particle of anatom. Itisan essential
congtituent of every meatter.
The credit for the discovery of proton goes to Goldstein.
Proton bears one unit positive charge.
Thomson and Wein estimated the value of e/m as
9.578 x 10* coulomb per gram for the positively charged
particle proton.
The amount of positive charge (€) on protonis
1.602 x1071° coulombor 4.8 x 1010 es.u.
Mass of proton (m) =1.6725x 10724 gram
= 1837 timesthat of electron
=1.00757 am.u.
= Mass of hydrogen atom
Proton is present in the nucleus of an atom.
The number of electronsis equal to the number of protons
inaneutral atom.
The atomic number of an atom is equal to the number of
protons present in the nucleus of that atom.
Protonisthe nucleus of protiumi.e. the common hydrogen
atom.
Protonisionized hydrogen atom, i.e. (H™)
Proton is obtained when the only one electron present in
hydrogen atom is removed. Hydrogen atom consists of
only one electron and one proton.

ELECTRON (e"or _;€P)
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Electron is afundamental particle of an atom, which isan
essential constituent of every matter.

Thecredit for discovery of cathode raysgoesto Sir William
Crookeswhilethe credit for discovery of negatively charged
electron goes to J.J. Thomson. The name ‘electron’ was
first given by Stony.

A unit negative charge is present on electron.

e
Thevalue of ™ wasfound to be 1.76 x 108 coulomb/gram

by Thomson.

R.A. Mulliken calculated the charge on an electron by his
famous Oil Drop Experiment. The value came out to be
1.6012 x 1071° coulomb or 4.803 x 100 e:s.u.

The value of e/m of an electron is known as its specific
charge. Withthehelp of this specific charge and the charge
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on the electron (determined by Mulliken), the mass of the
electron could be calculated as follows.

e 1.6012 x 1019 coulomb

e/m  1.76x108coulomb/ gram

= 9.1091 x 1028 gram= 0.0005486 am.u.

= 1/1837" of H atom

An atom of hydrogen (or a proton) is 1837 times heavier
than electron.

Mass of H atom  1.67x102*
Mass of electron 5483x10°%8

=1837

Themass of 1.1 x 1027 electronsis one gram.

The mass of one mole of electronsis 0.5583 mg.

The amount of charge on one mole of electrons is one
faraday or 96500 coulomb.

Electron, being the fundamental particle of an atom, takes
partinchemica combination.

Thephysical and chemical properties of an element depend
on the distribution of electrons in its outermost energy
level.

DISCOVERY OF NEUTRON
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Penetrating rays are emitted on bombarding a.-particleson

the elements like beryllium, boron and aluminium. James

Chadwick in 1932 studied the nature of these radiation and

came to the conclusion that these rays are composed of

very tiny electro neutral particles. The mass of these

particlesisamost equal to that of the hydrogen atom. This

particle is called neutron and is denoted by the symbal,

on.

Neutron (;n?) :

It is a fundamental particle of atom that is present in the

nuclei of all atoms except hydrogen or protium.

It was discovered by James Chadwick in 1932.

It is an electro neutral particle, i.e. it does not have any

positive or negative charge on it.

The mass of a neutron is almost equal to that of a proton.

Actually itisalittle bit heavier than proton. Its mass (m) is

asfallows: Mass(m) of aneutron = 1.6748 x 10-24 gram
= Approximately mass of aproton

Neutron isrelatively heavier out of the three fundamental

particles of an atom.

Theatomic massisequal to thetotal massof all the protons

and neutrons present in the atom.

I sotopes are formed as aresult of difference in the number

of only neutrons in the nuclei of atoms.

It is assumed that a neutron is a result to joining together

of an electron and a proton. A neutron, being unstable,

decays asfalows:

omt—— P+ €0 + ;0 (antineutrino)
Itshalf-lifeis20 minutes.
The density of neutronsis of the order of 1 x 1012 Kg/c.c.

OTHERPARTICLESOFATOM
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Positron : It was discovered by C.D. Andersonin 1932. It
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beards a unit positive charge and its mass is equal to that
of an electron. Thus its mass regarded as negligible. It
mergeswith an electron and emit el ectromagnetic radiations.
It is denoted by e*.

Meson : Yukawain 1935 discovered thisparticle. Different
types of meson particles are possible in the atom. These
arecalled meson family.

Neutrino : Pauling discovered these particlesin 1927. They
do not bear any charge, i.e. they areelectro neutral particle.
Antiproton : Segrediscoveredthisparticlein 1956. It bears
a unit negative charge and its mass is equal to that of a
proton.

NUCLEUS
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Rutherford discovered the nucleusin anatom by o-particle
scattering experiment. He showered o-particles, 2He4
(obtained from radium) on a 0.01 mm thin gold film and
allowed them to collide with a screen coated with zinc
sulphide and placed behind the gold film. He observed
fluorescence on the screen.

(@ Most of the a-particle passed through the gold film
without deviating from their path.

Some particlesgot deviated fromtheir path on colliding
withthegold film.

A very small number of particles rebounded after
colliding withthe gold film.
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o-Particles deviated from
their path

7

o-Particle rebounded by the nucleus \

Deviated o:particles

The following are the inferences derived from the above
experiment.

Most of the a-particles pass through the gold foil without
deviation in their path, showing that most of the part if an
atom is vacant.

Whole of the mass of an atom is confined to its nucleus,
which consists of positively charged protons and neutral
neutrons. These together are termed as nucleons.

It has been found that the radius of the atomic nucleusis
1x1013t01x 1012 cmor 1x 10 15to 1 x 10~4m, while
radiusof anatomis 1 x 108 cm.

Radius of nucleus: r,, = rq x AL3,

where r, is a constant and A is mass number.

_ Mass(M)
Nuclear density (D):We(\/)

\
Uneviated o-particles
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Since, the shape of atom isregarded as spherical, therefore,

. . . 4
if radius of the nucleusisr, then volume of nucleus= 3 73

Examplel:
Calculate the density of fluorine nucleus supposing that
the shape of the nucleus is spherical and itsradiusis 5 x
10713, (Massof F = 19 amu)
Sol. .. Mass of the nucleus of F atom= 19 x 1.66 x 1024 gm
(lamu=1.660x 1024 gm)

4
Volume of the nucleus of F atom = 3 rd

4
=3 3.14(5x 10713)3=525x 10739 cm3

Density of the nucleus of F atom

_ Mass  19x1.66x 10‘24gm
" Volume  525x107%¢m3

= 6.0x 1013 gmem3

NUCLEAR CHARGEANDATOMICNUMBER
Positive charge on the nucleus of an atom is equal to the
atomic number of that atom. A scientist named Mosley
studied the frequency of X-raysemitted by showering high
velocity electrons on ametal and established the following
relationship. \/y =a(z-b), where, v =frequency of X-rays
z =atomic number or nuclear charge, aand b are constants.
Thusnuclear charge of an atomisequal to the atomic number
of that atom. Since an atom is electro neutral, the number
of positively charged protonsin its nucleusis equal to the
negatively charged electrons moving around the nucleus
in the atom. Thus
Atomic number = number of protonsin the atom

or number of electronsin the atom

ATOMICWEIGHT ORMASSNUMBER
The value of mass number of an atom (in amu) isalwaysa
whole number.
Mass number of an atom is the sum of number of protons
and number of neutrons present in that atom.
Mass number = No. of protons(Z) + No. of neutrons (n)
= Atomic number + Number of neutrons

For example g0 N Na?d
Protons 8 7 1
Neutrons 8 7 12
Atomic weight 16 14 23

(@ Theprotonsand neutrons present in the nucleus are known
as nucleons.

(b) Theweight of electronsis neglected during calculation of
the atomic weight, because the mass of an electron is
negligible in comparison to that of aproton or a neutron.

(©) Inthe nucleus of an electro neutral atom, the number of
positively charged protons is equal to that of negatively
charged electrons.

(d) Thenumber of protons present in an atomis called atomic
number of that atom.

For example (0] F Ne
Protons 8 9 10
Atomic number 8 9 10

() Kerne : Thegroup of al the electrons except those of the

outermost energy level, is called that kernel of that atom
and the el ectrons present in the kernel areknown aselectron
of thekernel. For example, if the el ectronic configuration of
anatomis 2, 6, then the number of kernel electronsis2.
If the electronic configuration of anatomis2, 8, 8, thenthe
number of kernel electrons is 10. If the electronic
configuration of an atomis 2, 8, 8, 8, then the number of
kernel electronsis 18.

Example2:

What difference will appear inthe mass number if the number
of ?gutrons is halved number of electrons is doubled in
8816'

8

Initial weight — final weight

Protons 8p - 8p

Neutrons 8n - an

Weight 16 — 12

Thus decrease in mass number = 25%

Sol.

Example3:
If theatomic weight of Znis70 and itsatomic number is 30,
then what will be the atomic weight of Zn*2 ?

Sol. Two electrons are removed in the formation of Zn*2 from
Zn. The numbers of protons and neutrons remain
unchanged.

ISOTOPES

(@ Theatoms of the same element having same atomic number
but different atomic weights, are called isotopes.

(b) Isotopes of an element have same number of protons but
different number of neutrons in their atoms. Hence their
atomic weight are different. For example, oxygen has the
following three isotopes.

8016 8Ol? 8018
Protons 8 8 8
Neutrons 8 9 10
Atomic weights 16 17 18

(¢) Hydrogen has the following three isotopes.
H!(Protium) ,D?(Deuterium) ,T3(Tritium)

Protons 1 1 1
Neutrons O 1 2
Atomic 1 2 3
weights

(d) Chlorine has the following two isotopes.

17C® and 0%

| SODIAPHERES
The elements which have same value of (n - p).
eg N 14 8016
Values of (n—p) 0 0
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|SOSTERS Sol. =~ M, =Atomicweight, Z; = Atomic number

They are the molecules which have the same number of
atoms and electrons.

Example4:
Which of the following pairs are isosters —
(1) CO, andNO, (2) CaOandKF
(3) OF, andHCIO (4) All of these
Sol. (4).CO,:

Atoms= 1+2=3, Electrons=6+8x2=22¢&"
NO,:Atoms= 1+2=3, Electrons=7x2+8=22¢"
CaO: Atoms= 2, Electrons=20+8 =28 ¢~
KF:Atoms= 2, Electrons=19+9 =28¢”

OF, :Atoms= 3, Electrons=8+18 =26 €~
HCIO:Atoms= 3,Electrons=1+17+8 =17+9=26¢€"

Example5:
The mass number of threeisotopesof anelement are11, 12
and 13 units. Their percentage abundanceis 80, 15 and 5
respectively. What should be the atomic weight of the

element
Sol. 80:15:5
Thustheratiois16:3:1
Total = 16+3+1 =20
. 11x16+12x 3+13x1
Averageweight = 20 =11.25
ISOBARS
Isobars are the atoms of different elements having same
atomic weight. 1sobars have different numbers of protons
as well as neutrons. The sum of number of protons and
neutronsin isobarsissame. For example
Atomic weight of three elements A%, ; (K4 and ,,Ca*
is40.
@) Ar40 K40 ca®0
Protons 18 19 20
Neutrons 22 2 20
(ii) 3,Ge’® 345e7®
Protons 2 A
Neutrons 44 L
ISOTONES
The atoms having same number of neutrons are called
isoneutronic or isotones. For example
145 %0 15P31 14S32
Protons 14 15 16
Neutrons 16 16 16
Atomic weight 0 3 K7
Example6:

In two elements ZlAMl and ZZBMZ ,M;#M, and
Z,#Zybut M -2, =M, -Z,. These elements are
(1) isotonic (2) isotopic

(3) isobaric (4) isoprotonic

Inisobars M, = M, and in isotopes Z, = Z,
Inisotones (isoneutronic elements) M, - Z, =M, - Z,

ISOELECTRONIC
Thechemica speciesin which number of electronsissame
arecalled isoelectronic. For example

@ Li* Be2 B*3

Electrons 2 2 2

(b) Na- Mgt2 Al F 02
Electrons 10 10 10 10 10
(© K* Ca? Ar

Electrons 18 18 18

Example7:
Theisoelectronic pair of 32 electronis
(1) BOz3and CO572 (2) PO, % and CO,2

(3) N,and CO (4) All of the above
Sol. (1).BO;™3 CO;2
5+24+3=32 6+24+2=32
Example8:
Thepair NH; + BH; isisoelectronic with
(1) BoHg (2) CHg
(3)C,H, (4) CO,
Sal. (2).NH5+BHg C,Hg
7+3+5+3=18 6x2+6=18
Example9:

If atomic weights of C and Si are 12 and 28 respectively,
then what is the ratio of numbers of neutrons in them
@1:2 22:3

3)3:4 @37

(4). Number of neutronsin .C12=12-6=6

Number of neutronsin ;,Si%® =28 - 14 = 14

Theratio of number of neutronsinCand Siis6:140r3:7.

Sal.

ATOMICMODEL

Thomson’s Model of an Atom
Atom is a very minute, spherical, electro neutral particle
that consists of positively and negatively charged matter.
The positively charged matter is uniformly distributed in
the atom and the negatively charged electrons are
embedded in it just asthe seedsin water melon. Therefore,
Thomson model of an atom is also called “water melon
model”. Thomson’s model of an atom failed to explain the
production of the atomic spectrum. It cannot explain
Rutherford’s o particle scattering experiment also.

Rutherford’s Model of an Atom :
Ernest Rutherford in 1911put forward the “nuclear model”
of atom on the basis of o particle scattering experiment. In
this experiment, Rutherford showered a—particles (Helium
nuclei, He*2) on athin gold foil and observed that most of
the a-particles travelled straight without deviation in the
direction of their path, some of them deviatefromtheir path
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by different angles, while very few get rebounded after
colliding withthefoil. Rutherford gavethefollowing nuclear
model on the basis of the experiment.
(iii)
Fluorescence of
light

Gold foil

ZnS screen

'\ Slit
Source of aparticles (I)
Rutherford's a particle scattering experiment

(i) Atom isavery minute, spherical, electro neutral particle

composed of the following two parts :
(a) Positively charged nucleus and
(b) avast extranuclear spacein which electrons are present.

(i) whole of the positive charge and almost all the mass of
atom is confined to a very minute part at the centre of the
atom, called the nucleus of the atom. The radius of nucleus
isabout 10713 to 10-12 cm (or 10715 to 10-24 meter), while
the radius of atom isin the order of 1078 cm.

(iii) Thenumber of electronsin an atomisequal to thenumber (i)
of protons present in the nucleus. That is why an atomis
electroneutral.

(iv) This model of an atom is also called “solar model” of
“planetary model”. This is because, the movement of
electrons around the nucleus in this model has been
compared to that of planets moving around the sun in the
solar system.

Demerits of Rutherford’s Model of an Atom

(i) According to Clark Maxwell’s theory of electrodynamics,
an electrically charged particlein motion continuously emits (iii)
energy. This results in regular decrease in the energy of
that particle. On the basis of this principle, it can be
concluded that an electron moving around the nucleuswill i)
continuously emit the energy. This will result in decrease
intheradius of the electron orbit, dueto which the electron
would ultimately plunge into the nucleus.

e
An electron emitting energy and pluging into nucleus

(i) Plunging of an electron into the nucleus would definitely
mean destruction of the atom or end of the existence of the

atom. But we know that it never happens. Atomisastable
system. Therefore Rutherford model failed in explaining
the stability of an atomic system.

If an electron moving around the nucleus continuously
emits energy, then the atomi c spectrum must be continuous,
i.e. the spectrum should not have lines of definitefrequency.
However, the atomic spectrum is actually not continuous
and possesses so many lines of definite frequency.
Therefore, Rutherford model failed to explain the line
spectrum of an atom.

L © BOHR’SMODEL OFANATOM

Neil Bohr in 1913 presented a quantum mechanical model
of atomic structure.

An electron moves around the nucleusin constant circular
orbits.

Number of orbits

Electrons are absent
2 between two
1 successive orbits
Electronin @
circular orbits
Nucleus

Electrons moving around in circular orbits

The electrons moving around the nucleus in only those
circular orbits for which their angular momentum (mvr) is

h
integral multiple of o This is called the condition of

guantization. The angular momentum (mvr) of an electron

nh
is P where m is the mass of electron. r is radius of its
T

circular orbit, v is the velocity of electron, h is Planck’s
constant; nisawhole number whose valuemay be 1, 2, 3,
4 etc, : niscalled principal quantum number.
When energy is provided to an atom, its electrons get
excited by absorption of energy and jumps to the orbits of
higher energy.
When an electron in an atom fallsfrom higher energy level
tolower energy level, spectral linesareformed.

Decrease in energy by

Increase in energy by emission of photons
absorption of photons /
@ @
2 2
3 3
4 4

(a) Electron jJumping from lower to higher energy level
by absorption of energy

(b) Electron jumping from higher to lower energy level
by emission of energy
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(V) Theforce of attraction on electron by the nucleusis equal
to the centrifugal force of that electron.
mv?
r

e Force of attraction

The electron moving in an orbit by various forces

Note: _n_h 1
ote.(a)mvr—27t ........ (@)
v’ _ze
(o) = —= 7 e )
© En, —Eny=hv ©)

Example10:
An electron has been excited from the first to the fourth
energy statein an atom. Which of the following transitions
are possible when the electron comes back to the ground
state ?
14->1
(34—>33>2,2->1

24—>2,2->1
(4) All of the above

Sol. (4). Electron canundergo transition from higher stateto all
lower states by loss of energy.

Examplell:
How much total energy will be released when an electron
present in hydrogen atom undergoes the following
sequence of transition?n=4—»>n=2—->n=1

Sol. One quantum of energy is released in each transition, i.e.
one quantuminn=4ton=2and onequantuminn=2to
n=1transition.

Examplel2:
Which of thefollowing is afundamental particle
(1) Nucleusof He (2) Nucleusof H
(3) A positive atom (4) None of these

Sal. (2). Fundamental particle proton is the nucleus of H.

VELOCITY OF THEELECTRON OF BOHR’SORBIT

mv?2 B ze? 1
S _r2 ........ (@)
nh
From Bohr’s postulate, mvr = om 2
. 2nZe?
Eq. (1) divided by (2), v = - o v=K-—

Here n , e and h are constants, therefore

2ne?

HereK = =2.188 x 108 cm/second

or v=§x2.188x108cm/second ,]\
\

(a) If Z isaconstant, then

vy Un—>

Therefore, velocity goes on decreasing with increase in

v, N2
1
the number of orbits. Thus =
V2 nl
(b) If nisaconstant, then v oc Z 'T‘

Therefore, velocity goesonincreasing  ,
with increase in the atomic number.

vi_a Z=>
Vo 23
(c) Timeperiod
_2nr 2mx n?h? nh nn3

= —= X =
\Y 4n’mze?  2nze?  An’mz3et

d) F 1.V

(d) Frequency T %

Example13:
If the velocities of first, second, third and fourth orbits of
hydrogen atom are v, , v, , V5 and v, respectively, then
which of the following should be their increasing order
Dvy>vy>va>y, (2) vy <Vvg<Vv,<vy
(B vy>Vy<va>v, (4) Equd for all

. 1.
Sol. (2). Zisaconstant, thereforev o N 1.8 Vy<Vg<V,<Vy

Examplel14:
Find the ratio of velocities of electrons present in Na*10
and H.

Sol. Nat'— Na™10 — |st

M 4 1
v, Z, 1

Thus, nis a constant. Therefore

RADIUSOF nt" BOHR’S ORBIT
According to Bohr’s hypothesis, put the value of v in

mvr—n—h : rz—nth or r—Knz
“on 4n? mze? Tz
In the above expression h, ©, m and e, al are constants,
(K h* tant=0 5292\\
=——— =constant=0.
therefore L A2 meR J

[
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n2
or r= = 0.529A

Note: (8) 1A=108cm (b)1A=10"10m
(©1nm=10°"m  (d)1pm (picometer) = 10~0cm
If Z isaconstant, then roc n?

Thus, theradius of atoms goes on increasing as the number
(n) of energy levels in the atoms goes on increasing as
shown

i _ n1 r

2 L
2
2 nz ) 2
(b) If nisaconstant, then

h_Z ' i
ra Z; 7
Example15:

If the radius of first, second, third and fourth orbits of
hydrogen atom arer, r, ry and r, respectively, then their
correct increasing order will be
(Dry<rg<ry<ry
(Fri>ry>r3>r1y

(2)ry<ry<rg<ry
(4) Equal inall

Sol. (2). recn? ;< <f<iy

Example16:

Sol. Here nisaconstant, therefore, — =
r, Z; 2

Find the ratio of radius of thefifth orbits of He* and Li*.

W% 3 3,

Examplel7:

Ifa= , then the correct expression for calculation

41 me’
of the circumference of the first orbit of hydrogen atom
should be

(1) \4n?ra (2) 2nr
(3) V4 rha (4) 1 and 3 both are correct
Sol. (4). Circumference = 2nr
n2n2
2xm X ,h=1,Z=1and =a
4nPmze 4n®me?

Thus2xmxhxa or Jarha or \[4n2 na

ENERGY OF ELECTRON INBOHR’Sn"ORBIT

@

®)
©

The energy of an electron is negative because according
to Bohr’s hypothesis, the maximum energy of an electron
at infinity is zero. Therefore, value of energy should be
negative on moving towards lower side from infinity.
Theenergy of electron at infinity iszero because attractive
force between el ectron and the nucleusis minimum.
Stability would increase as the electron in an atom moves

@

©

)

from the infinity distance to a distance r from the nucleus,
resulting in the value of the potential energy becoming
negative. Thisisbecause of the fact that when two opposite
charges attract each other, thereisadecreasein the potentia

Z 2

, e
energy, as attractive forces= —-
r

Potentia energy of electron isnegativewhilekinetic energy

is positive.

Total energy is negative and the negative value shows that

attractive forcesare working between electron and nucleus.

Therefore, work isto be done to remove the electron from

thisequilibrium state.

Energiesar eof twotypes.

Kinetic Energy (Ey) : Thisenergy is produced dueto the

velocity of electron. If massism, velocity isv andradiusis
2

r then kinetic energy = lmv2 = 1ze

2 2 r

Potential Energy (Ep) : This energy is produced due to

electrostatic attractive forces between electron and proton,

and itsvalueis negative. If atomic number isZ, chargeise

62

and radiusisr, then Potential energy =

Total Energy (Ey):
Total energy = Kinetic energy + potential energy

ET = EK + EP
17¢?

; Total energy E=—- ———
2 r

1 5, -ze®
—mv- +

Formula
(i) Total energy = — Kinetic energy (E4=-Ey)
(ii) Potential energy = 2 x Total energy) (Ep=2E7)

Example18:

Sol.

What should be the kinetic energy and total energy of the
electron present in hydrogen atom, if its potential energy is
-5.02eV

Potential energy  —5.02
2 2
Total energy =—2.51eV
(b) Kinetic energy = — Total energy
=—(-2.51eV)=+(2.51eV)

(a) Total energy =

Calculation of energy :

2

Formula: - E= 2 e put the value of r
r

i Z2 y 2n2me* . 72 here K = 212me?
TTT 2 2 nZ'W eren = h2

constant, whose values can be depicted as follows

(8) =13.60€V per atom

(b) =2.179 x 10~ ergs per atom

(c) =313.6 kilocaloriesper mole

=A
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(d) =21.79 x 10729 joules per atom
(e) =1312.1kilojoules per atom
Note: Units—(a) 1 erg= 10" joule
(b) 1erg=6.2419x 1011 eV

Examplel9:
What should bethe order E;, E,, E; and E,, if these are the
respective energies of the first, second, third and fourth
orbits of hydrogen atom ?

(c) 1eVv =23.06 kilocalories () E,=E,=E;=E (2 E,<E,<E,<E
172275379 4~5355p S
(d) 1eV =1.602 x 1012 ergs (3)E,<E,<E,<E (4)E,>E,<E,<E
15E25E35 2735k
(e) 1joule=6.2419 x 1018eVv 1
(f) Lkilocalorie=4.184 kilojoule Sal. (3).Ex— —
5 n
(VE=- Z 13.6eV; If Zisaconstant, then E oc—i
n? n? Example20:
What should be kinetic energy and potential energy,
Therefore, the energy of electron goes ay p ay
on increasing as the number of respectively, of the electron in the third orbit of hydrogen
orbits increases. atom? _ _
ET Sol. Total energy of thethird orbit of H atom
E _np’
== 72 1
B2 ng - E=- 5 x136 =- x136=-15¢V
— n
i) If ni stant, then E oc — 73 i o
(i) If nisaconstant, then E o« 2 (1) Kinetic energy = — Total energy =— (-1.5) =+ 1.5eV
E, 772 2 Z—> (2) Potential energy = 2 x Total energy =2 x-1.5=-3.0eV
1 1 Z
E. = - 2 ;E=—7% xRhc
2 2y n el Example21:
o Z at should be the ratio of energies of the electrons of the
_2 What should bethe ratio of iesof theel f th
(1) Kinetic energy = 2 Rhc first orbits of Na™% and H ?
z? 2 2
: —5| -==xRhc B 4" (1D
(2) Potential energy =2 k n? J Sol. Herenisaconstant, therefore = = _ 2>~ "2 =121:1
B2 27
Quantization of electronicenergy L evels
Quantum State Energy Separation Excitation
Energy Energy
n=o . 0 0 13.6
n=5 —13.6/55 =-054 054 13.05
n=4 - - -13.6/4<=-0.85 0.85 12.75
n=3 _2'[Excited State  _136/32=-151 151 12.1
n=2 T|Excited State _136/22=-34 34 10.2
n=1 Ground State -13.6eV 13.6eV Oev

Ground state: Anatominitslowest energy state or initial
stateissaid to bein ground state. Thisisthe most stable of
an atom.

Example22:
Which of the following should be the energy of an electron
present in ground state of hydrogen atom ?
(1)-13.6eV (2)-3.4eV (3)-15eV (4)-0.85eV
Sol. (1). Anéelectronin ground stateisinn=1 orbit. Therefore
the energy of the electron =—13.6 eV

Excited State: Thestatesof higher energy than the ground
state aresaid to bein excited state. For example, the electron
of hydrogen atom in ground state is present in n = 1 orbit.
(a) Electroninn= 2 orbitisinfirst excited state

(b) Electroninn= 3 orbit isin second excited state

(c) Electroninn=4 orbit isinthird excited state

This meansthat the energy of n+ 1 orbit isin first excited
state, of n+ 2 orbit in second excited state and of n+ 3 orbit
inthird excited state, where n = the energy in ground state.

[ 8
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Example23:

What should be the energy of the second excited state of So1_Ry 72 (i_i\ 1.

Lit2? " Lﬂlz nzzJ , where o iswave number
Sol. Second excited state n = 3

R = Rydberg constant,
72 3? n, = Number of lower energy level
E,=-13.6x Bz 13.6x 2 136eV n, = Number of higher energy level

Excitation Potential : Example27:
(@ Theenergy required to excite an electron from ground sate What should be the value of wave number of emitted

to any excited state is known as excitation potential . radiation with respect to R, when the electron present in
(b) E_xcitatio_n p_otential hgsapositiveval ue. For example, hydrogen atom jumps from M orbit to K orbit ?

First excitation potential of hydrogenatom =E, - E; Sol. Theelectron jumpsfromM orbit (n=3) to K orbit (n = 1).

Second excitation potential of hydrogen atom=E; - E;

Third excitation potential of hydrogen atom=E, - E, (1 1)

Therefore, v =R L_z—_zj

Example24: N N2

How much minimum energy should be absorbed by a 11 11 9-1 8

hydrogen atom in ground state to reach excites state ? -R [———2] -R (-——) =R (—] “Rx -
Sol. Theeélectron hasto go to the second orbit E, on excitation. 13 19 9 9

Therefore, E,~E;=-3.4-(-13.6)=13.6-3.4=10.2eV

Example28:

lonisation Energy or lonisation Potential : The energy What should be the energy of a photon whose wavelength

required to remove an electron from the outermost orbit of iS4000A ?

agaseous atom in ground state is called ionisation energy  Sol. A =4000A i.e.4000x 108cm 4 x 10~ meter

or ionisation potential. Its value is positive. 3 3

hc 6.62x10™"" x3x10

Example25: E=hv = A 4x10~7

Find the maximum energy absorbed by hydrogen atom in =4.96x101%oule

its ground state.
Sol. E,-E;; 0-(-136)=13.6eV EM1SSION SPECTRUM ANDABSORPTION SPECTRUM

When a beam of white light passes through a dit or an

Example26: o aperture and then falls on a prism, it gets spilt into many

Find the energy required in the process He* d He_+3._ coloured bands. Theimage of colours so obtained isknown
Sol. He*? does not have any electron, therefore the ionisation as a spectrum. A spectrum is of mainly three types viz.

energy will beO.

Separation Energy : The energy required to separate an
electron from any excitation state of an atom is known as
separation energy. For exampl e, the first separation energy,
i.e. the energy required to remove an electron fromthe first
excited statein hydrogenis+ 3.4 eV.

SPECTRAL EVIDENCE FOR QUANTIZATION INBOHR’S
THEORY

@

®)

©
@

When an el ectron undergoestransition fromlower to higher
orbit, there is absorption of energy and the spectrum
obtained thereby is called absorption spectrum.

When an el ectron undergoestransition from higher to lower
orbit, thereisemission of energy and the spectrum obtained
thereby is called emission spectrum.

A hydrogen atom has only one electron, yet a very large
number of linesare visiblein its spectrum.

The wave number of spectrum can be find out using the
following expression.

(i) Emission spectrum (ii) absorption spectrum and
(iii) molecular spectrum
Emission Spectrum : When energy is provided to any
substance, it starts emitting radiations. These radiations
are passed through a spectroscope, they get split up into
spectral lines producing emission spectrum. Normally a
substance can be excited by any of the following ways.
(@ By heating the substance at high temperature
(b) By passing electric current through a discharge tube
having gaseous substance at very low pressure.
(c) By passing electric discharge through ametallic
filament.
Emission spectraare of the following two types.
(i) Continuous spectrum and
(i) line spectrum or atomic spectrum.

Continuous Spectrum : When sunlight or a glowing heat
fluorescent substance like tungsten wire present in an
electric bulb, is analysed with the help of a spectroscope,
the spectrum obtained on a screen is observed as divided
into bands of seven colours, which are in a continuous
sequence. Such aspectrum iscalled a continuous spectrum.

9
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Ultraviolet
Violet
Indigo
Blue
Green
Yellow

Prism Orange
Red

Continuous spectrum

Continuous spectrum of white light

Line spectrum or Atomic spectrum : When atoms of a
substance is excited, it emits radiations. These radiations
are analyzed with the help of a spectroscope, then many
fine bright lines of specific coloursin a sequence are seen
in the spectrum, which is not continuous, i.e. there is dark
zonein between any two lines. Such aspectrumiscalled a
line spectrum or atomic spectrum.

For example, neon singlelamp, sodiumvapour lamp, mercury
vapour lamp, etc. emit light of different colours and they
give specific line spectra.

Absor ption Spectrum : Whenwhitelight emitted by glowing
heat fluorescent substance is passed through another
substance lime sodium substance. This results in
appearance of some black linesin the spectrum. These are
present at those places where the line spectrum of the
substance i.e. sodium vapour is formed. The spectrum so
formed is known as absorption spectrum.

M olecular Spectrum:

Molecular spectrum is given by molecules and it is also
known as band spectrum. Threetypes of energy transitions
arefound inmolecules. Theseare asfollows: (i) electronic
transitions, (ii) vibrational transitions and (iii) rotational
transitions. Therefore, bands are obtained in the spectrum,
which are actually groups of lines.

HYDROGEN SPECTRUM

Hydrogen atom gives line spectrum. When hydrogen gas
is filled at low pressure in a discharge tube and electric
dischargeispassed throughit, apink coloured is produced
inthevisibleregion dueto the formation of hydrogen atoms.
On studying this light with the help of a spectroscope,
series of lines of various wavelengths are obtained in the
spectrum.  Thefrequency of spectral linesin the form of
wave number can be calculated with the help of the

| N U N
following expression. v or X =Rx Lnlz nzzj

Seriesof Linesin Hydrogen Spectrum

Lyman Series : When an electron undergoes transition
fromahigher energy level (n,), e.9.2,3,4,5, .....cotoground
state or lower energy level, the spectrum is said to belong
toLymen series. For this,n; =1andn, =2, 3,4,5,6,7,8....0.
Balmer Series : When an electron undergoes transition
fromahigher energy level (n,),e9.3,4,5,6,7,8.......... woto
the second energy level ny = 2, the spectrum is said to
belong to Balmer series.

Paschen Series : When an electron fals from a higher
energy level tothird orbit (n=3). It givesaspectrumthat is
associated with Paschen series. For thisn; = 3 and n, = 4,
56,7,8.... 0.

Brackett Series : When an electron falls from a higher
energy leve tothefourth orbit (n = 4), the spectrum obtained
is associated with Brackett series. For thisn; = 4 and
n,=5,6,7,8....o.

Pfund Series: When an electron fallsfrom ahigher energy
level to the fifth orbit (n = 5), the spectrum obtained is
associated with Pfund series. For thisn; =5 and
n,=6,7,8,910.... 0.

Humphry Series : When an electron falls from a higher
energy level tothe sixth orbit (n=6), Humphry series of the
spectrum is obtained. For thisn; =6 &
n,=7,8,9,10,11.... 0.

ERIRIRIN
wD Who8

545555
g

+""Paschen serids

Balmer series (visible)

>
<
>
<
>
<
i
<
=}
1
N

Lyman series (ultraviolet)

Energy —»

YVYVVY n=1

Figure: Transitionsof the electron in the
hydrogen atom (The diagram shows
the Lyman, Balmer and Paschen series
of transitions)

—
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Example29: (B) y-rays, which impinged on a metal foil & €ected
How many emission spectral linesinal should bevisible, if electrons
an electron is present in the third orbit of hydrogen atom ? (© helium atoms, which impinged on a metal foil and
Sol. The expression of maximum number is got scattered
n(n-1) 33-1) 6 (D) helium nuclei, which impinged on amead foil and got
= =—= scattered

2 2 2

Example30:

Which of the following should be the expression for the

last line of Paschen series ?

@) %=R[$-;12] @ %:RG{%}

o7 flew @il

FAILURESOFBOHR’SATOMICMODEL

(@ Bohr model cannot explain the elements having more than
one electron. Only one-electron species, like hydrogen
atom, He*Lion, Li*2ion, Be™ ion, etc. can be explained

with the help of Bohr model.

(b) Bohr model canexplainonly circular orbitsin the atom and

not the elliptical ones.

() Bohr model cannot explain splitting of spectral linesinto
finer linesin amagnetic field, which is known as Zeeman

effect.

No magnetic
field

Weak
magnetic field

Representation of Zeeman effect

(d) Bohr model fails to explain the splitting of spectral lines
into finer linesin an electric field, which isknown as Stark

effect.

() Bohr mode failsto explain Hiesenberg uncertainty principle
and it cannot be applied for giving any basis to
classification of elementsand periodicity intheir properties.

(H) Bohr model cannot be used for explaining finer structure of

spectrum and calculating intensity of spectral lines.

TRYITYOURSELF-1

Q.1 Rutherford’s experiment, which established the nuclear

model of the atom, used a beam of —

(A) B-particle, which impinged on a metal foil & got

absorbed

Q.2

Q3

Q4
Q5
Q6

Q.7

Q.8

Calculatetotal number of spectral linesand total spectral
linesin Balmer seriesif electron undergoes a transition
from 7th orbit to ground state.

Theenergy of an electroninthefirst Bohr orbit of H atom
is—13.6 eV. Possible energy value(s) of theexcited state(s)
for the electronsin Bohr orbits of hydrogen is (are)
(A)-3.4eV (B)—4.2eV

(C)-6.8eV (D) +6.8eV

Calculate thewavelength of radiation emitted by electron
during transition from second orbit to 4t orbit in He*.
Calculate the energy and the radius of the second orbit
of He' ion.

Calculate the wavelength of radiation emitted when an
electron in hydrogen atom makes a transition from an
energy level n=3toalevel withn=2.

The energy of the electron in the first orbit of He* is
—871.6 x 10720 J. The energy of the electron in the first
orbit of hydrogen would be —

(A)-871.6 x10720] (B)-435x10720]
(C)-217.9%x10720 (D)-108.9x1020]
Wavelength of high energy transition of H-atoms is
91.2nm. Calculate the corresponding wavelength of He
atoms.

Calculate ionization energy of He" if electron is present
in2nd orhit.

Q.10 The kinetic energy of an electron in the second Bohr

orbit of ahydrogen atomis[a, is Bohr radius]

h? h?
(A) 4n2ma5 ®) 16n2ma5
h? h?
© 327%ma3 ©) 6ar2maZ
ANSWERS
D ©) (221,5 ) (A)
(4) 1.216x10"m (5)-2.18 x 10718 Jatm, 1.058 A
(6) 656.64nm (M (©) (8)22.85nm

(9) 2.18x 10718 yatom (10) (©)

SOMMERFELD’S EXPANSION OF BOHR’S MODEL

@
®)
©

The aforesaid discovery proved that each principal quantum
number (n) is composed of many suborbits.

Sommerfeld suggested that electrons moves around the
nucleusnot only in circular orbitsbut alsoin dliptical orbits.
When an electron travelsin an elliptical orbit, its distance
(r) from the nucleus and its angle of rotation both will
change.

—
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@

C]

)

)

")

In circular orbit, the distance r remains constant but angle
of rotation will change. In elliptical orbit, the nucleus is
regarded as situated at the focal point.

A circular orbitisaparticular situation of an elliptical orbit,
in which the lengths of mgjor axis is equal to that of the
minor axis.

In elliptical orbits, the orbital angular momentum is a sum
of the following two vector number.

and (ii) in the perpendicular direction to radius, which irs
called azimuthal component P,

The above two momenta are separately quantized, i.e. both

aremultiple of

2n’

Sommerfeld suggested that Bohr quantum number nis a
sum of two quantum numbers, of which one is radial
guantum number n, and the other is azimuthal quantum
numberK,i.e. n=n+K

THEWAVETHEORY OFLIGHT

Light, X-rays and radiation produced by a radioactive
substance are some of the examples of radiation energy. In
1856 Clark Maxwell showed that energy of radiation is of
wave nature, i.e. the energy isemitted in the form of awave.
Therefore, he called the emitted energy as el ectromagnetic
wave or electromagnetic radiation. Since energy isasort of
wave, it is explained as wave motion. Following are the
salient features of this wave motion.

(1) Wavelength (A)  (2) Period (T) (3) Frequency (v)
(4) Amplitude (A) (5) Wave velocity (cor v)

The aforesaid properties of a wave have the following

. _ 1 A
relationship v = T andc= T orc=vi

Wave Length : The distance between any two successive
crests (or troughs) is known as wavelength. This is
expressed as A (Lambda). The range of the wavelength
associated with spectrum|lineis 108 to 106 cm. Its common
units are as follows. Angstrom (A).

Frequency : The number of vibrations produced in a unit
timeiscalled frequency. Here, thetimeistaken in seconds.
The number of wavel engths passing forwardin one second
fromafixed point iscalled frequency.

Velocity of Light : Thedistancetraveled by alight wavein

aunit time (second) iscalled the vel ocity of that wave. Itis
represented by ¢ and its unit is normally cm/sec or m/sec.
Its value is definite. For example, for a light wave, the
velocity ¢ = 3 x 108 m/second or 3 x 1010 cm/second.

Amplitude : The maximum deviation of a wave from its
equilibrium point isknown as itsamplitude.

Wave Number : The reciprocal of wavelength is called
wave number. It isrepresented by ¥ .

1

v = x
Therefore, the unit of wave number iscm™ or m2

c c I )
** CZVAOFA=—0rv=—"0rv=Cp ory =—
v A c

ELECTROMAGNETICSPECTRUM

If all the components of Electromagnetic Radiation (EMR)
are arranged in order of decreasing or increasing
wavel engths or frequencies, the pattern obtained isknown
as Electromagnetic Spectrum.

SN. Name Wavelength(A) Source
1 Radiowave | 3,10 _3x107 Alternating
current of high
frequency
2. Microwave | 3,107 —6x10° Klystron tube
3. Infrared 6 x10% — 7600 Incandescent
(IR) objects
4. Visible 7600-3800 Electric bulbs,
sun rays
5. Ultraviolet 3800-150 Sun rays, arc
(Uv) lamps  with
mercury
vapours
6. X-Rays 150-0.1 Cathode rays
striking metal
plate
7. Y -Rays 0.1-0.01 Secondary
effect of
radioactive
decay
8. Cosmic 0.01-zero Outer space
Rays
Example31:

Sal.

What should be the wavelength of an ultraviolet wave, if
its frequency is 12 x 1016 cycles per second and

c=3x 108 m/second ?

" C=VA

=
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c 3x108
Thereforer= —=——"—+=025x10%m
v 12x10"

or A=25%x10%mor25x1019mor A=25A

PLANCK’SQUANTUM THEORY
If a substance emits or absorbs energy, it does not do so
continuously but does but does it in the form of discrete
seriesof small packet or bundles, called quanta. Thisenergy
could be any of thequantum numbers1, 2, 3,4,5....... n but
not in the form of fractional quantum number.

o v= < ThereforeE=hx —
.V—}\‘, ererorec = 2

THEDUALNATUREOFMATTER

(@ In 1924, a French physicist, Luis De Breoglie suggested
that if the nature of light is both that of a particle and of a
wave, then thisdual behaviour should be truefor the matter
also.

(b) The wave nature of light rays and X-rays is provided on
the basis of their interference and diffraction and, many
facts related to radiations can only be explained when the
beam of light rays is regarded as composed of energy
corpuscles or photons whose velocity is 3 x 1019 cmy/sec.

(¢) According to De Broglie, the wavelength A of an electron
isinversely proportional to its momentum p.

1 h

Aoc — OorA=
ochI‘ p

Here h = Planck’s constant, p = Momentum of electron
.. Momentum (p) = Mass (m) x Vel ocity (c)

h
Thereforei = e Thisiscalled De-Broglie equation

(d) The above relation can be confirmed as follows by using
Einstein’s equation, Planck’s quantum theory and wave
theory of light.

But according to Einstein’s equation

E—mcz—thormc—Eor —Dork—D
TmeEhy ormes T orpE R oA

BOHR’STHEORY AND DE BROGL |E CONCEPT

(@ Accordingto DeBroglie, the nature of an electron moving
around the nucleus is like a wave that flows in circular
orbits around the nucleus.

(b) If anelectronisregarded asawave, the quantum condition
as given by Bohr in histheory isreadily fulfilled.

(¢) Iftheradiusof acircular orbitisr, itscircumferencewill be
27'Cr. nh

(d) Weknown that according to Bohr theory, mvr = o

nh
or 2mr=— (" mv=pmomentum)
mv

nh h
or 2mr= ? (- B =) DeBroglie equation)

nh nh
(e - 2nr= ™ or mvr= — - mvr =Angular momentum

2n
Thus mvr =Angular momentum, whichisaintegral multiple
of N
2n

(f) Itisclear from the above description that according to De
Broglie there is similarity between wave theory and Bohr
theory.

Example32:
What should be the mass of the photon of sodium light if
its wavelength is 5894 A, the velocity of light is 3 x 108
metre/second and the value of his6.6252 x 1034 Kg m?/s?

Sal. A=

h
or o (- A =5894 A or 5894 x 1010 m)

mxc
6.652x 10734
m= 3 10
3x10° x5894 x 10

6.652
o 17682

x 10732 =3.746 x 1036 Kg

PHOTOELECTRICEFFECT
When light of particular wavelength of frequency fallson
ametal, electronsare emitted form it. This phenomenon of
emission of electrons from a metal surface is called
photoelectric effect. The electrons emitted are called
photoelectrons.

&%’Incident radiation

/Discharge tube
Electron

(Photoelectron)

Photon

o Mirco

Photo-electron ammeter

A — Commutator

Metal Surface

|_*':::*

Lawsof Photoelectric Effect :

(@ Thenumber of photoel ectrons emitted from ametal surface
in a unit time (the rate of emission of photoelectrons) is
proportional to the intensity of incident light.

(b) ThemaximumKkinetic energy of the emitted photoel ectrons
increases with increasing frequency or decreases with
increasing wavelength of the incident light. The kinetic
energy of the electrons does not depend upon theintensity
of theincident light.

() The emission of photoelectrons occurs upto a definite
minimum frequency (maximumwavelength) of theincident
light. This minimum frequency is called threshold
frequency and the maximum wave engthiscalled threshold
wavelength. Threshold wavelength depends upon the
maximum wavelengthis called threshold wavel ength.
Threshold wavelength depends upon the nature of the
substance and it is different for different metals.

E
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(d) Withinthelimitsof accuracy (~ 10-9 second) thereis  Example33:

no time lag between theincidence of light at the metal
surface and the emission of electrons from the metal
surface, whatever is the intensity of incident light.

Photoelectric cur rent and stopping potential :

(@ The negative potential of the plate relative to the Sal.

electron emitter, i.e., cathode at which photoelectric
current becomes zero is called stopping potential. It
measures the maximum kinetic energy of the

1
—— 2 _
photoelectrons. E,,, = > MV ax = €V
Photo-electric
current

! (High Intensity)
a

[—UULY
b
% (Low Intensity)

Vo (=) 0 # VvV —
Potentia difference (V)

(b) The stopping potential does not depend upon the
intensity of incident light.

Y

T

Vo

Stopping potential

Work function : The minimum energy per electron given
to the free electrons of the metal which enables them to
cross the potential barrier present at the surface of the
metal, iscalled work function.

Wy = hvg

Einstein'sphotoelectricequation :

1

(1 1) (hg—2)
=hcu g =hCLM»oJ

Maximum velocity of emitted electrons:

_ [2h(v-vy)  [2hc(ho—1)

Vimax = m M,
2¢eV,

© Ve =

(b)

A photon of wavelength 5000 A strikes a metal surface,
thework function of themetal being 2.20 eV. Calculate

() Theenergy of the photonin eV.

(i) Thekinetic energy of the emitted photo electron.

(iii) The velocity of the photo electron.

(i) Energy of the photon,

he  (6.6x10733s) (3x108ms™)
A 5x107'm
=3.96x107197; 1eV=1.6x10"19J

E=hv=

3.96x10°°]
1.6x10°J/ev

(i) Kinetic energy of the emitted photon electron work
function=2.20eV

Therefore, KE=2.475-2.20=0.275eV =4.4x 10720
Velocity of the photon electron KE

ThereforeE= =2.475eV

(i)

1
=5 mv2=4.4x10"20 =0.275eV =4.4x 10720

2x4.4x10° 2
Therefore, velocity (v) = C91x10°3L

=311x10°ms?

QUANTUM MECHANICAL THEORY OFATOM

@

()

@

()

The dual nature (particle and wave) of electron led to the
use of a new system of mechanics called quantum
mechanics. Thissystemwasfirst put forward by an Austrian
physicist E. Schrodinger and a German physicist W.
Heisenberg.

Thetwo fundamental principlesof quantum mechanicsare
given below :

(i) Heisenberg’s uncertainty principal and

(ii) Schrodinger’s wave equation

Heisenberg’s Uncertainty Principle
Accordingtothisprinciple, itisimpossibleto experimentally
determine together both exact position and actual
momentum of aminute particle like an electron.
Thisprincipal can be depicted mathematically asfollows.

h h
AXXAp=>-— oOr AXXMXAV> —
4t 4t

Here Ax is uncertainty of position,
Ap is uncertainty of momentum and
h is Planck’s constant

Example34:

What should be the uncertainty in position if uncertainty
in momentumis 1 x 102 gm cm/sec and value of his
6.6253 x 10734 Js?

Sol. Giventhat: Ap=1x 102 gmecm/sec. =1 x 10~7 Kgm/sec.

h=6.6252x 1034 Js

—
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h h (b) Radial probability density (R?) : Thesquareof radial
AX X Ap= o Ldx=5 wave function R? for an orbital givetheradial density

T T X AP

_ 6.6252 x 1073

rPTyIT=all 1.054x102'm
X 9. X

or AX

SCHRONDINGER’SWAVE EQUATION

Radia wave functions (R)

Schrondinger regarded electron as having wave nature and
put forward the following complex differential equation.
8n°m E-v)o=0: V2 & d
-Vv)$=0; =—F+t—F+—F
h? dx? dy? dz?
where m= Mass of electron, h= Planck constant,

E =Total energy of electron, v=Potential energy of electron,
v = Wave function, V =Laplacian Operator

V2y+

Probability distributivecurve: Anatomicorbital isaone
electronwavefunction (r, 6, ¢ ) obtained fromthe solution
of schrondinger wave equation this am be represented by
v (r,0, 9)=R(r) O (0) ¢ (¢), where R = Radia function,
which gives the dependence of orbital upon distancer.

O (0) & 6 (¢) = Angular function giving the angular

dependence of orbital on 6 and ¢ respectively.

The orbital wave function y does not have any physica

significance but the square of () providestheinformation

regarding the probability of electron at a point in an atom.

To draw the representation of variation of y? in space we

required following functions:

(a) Radial wavefunction

(b) Radial probability density (R?)

(c) Radial probability function (4nr?R?)

(@ Radial wavefunctions(R) : By drawing these curve
we can find the node in 2s, radial function. At node
the value of radial function changes from positive to
negative.

By drawing these we can get theinformation that how
the radial wave function changes with distancer.

>

A

>
>

2s

._.
(2]
Radial wave functions (R)
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Radia wave functions (R)
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& this radia density give the probability density of
finding the electron.

By drawing the curve we can obtain the useful
information about probability density or relative
electron density at a point as a function of radius.
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(c) Radial probability function (4pr2R?) : The shape of
anatomisassumed to be spherical soit better to discuss
the probability of finding the electron in a spherical
shell betweentheradius (r + dr) and r. This probability
which is independent of direction is called radial
probability & equal to (4nr2R2).

By the drawing the curve we can obtain theinformation
regarding the variation of radial probability function

(4nr?R2) with distancer.
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STUDY MATERIAL : CHEMISTRY

TRYITYOURSEL F-2

Q.1 Cadlcualte the wavelength, frequency and wave number
of alight whose period is4 x 1078 s,

Q.2 Calculate the momentum of a particle which has
wavelength of 2A.

Q.3 A 100 watt bulb is emitting monochromatic light having
wavelength 6000 A. Calculate the number of photons
emitted by bulb in five minute.

Q.4 Cadculatethe uncertainty in position of an electron if the
uncertainty initsvelocity is5.7 x 10° ns.

Q.5 The threshold frequency for the photoemission of
electrons from potassium metal is5.3 x 104 571, Will the
photon of aradiation having energy 3.3 x 10719 J cause
photoelectric effect ?

Q.6  Calculate the de-Broglie wavelength of an electron that
has been accelerated from rest through a potential
differenceof 2kV.

Q.7 Two lines, one violet and the other red, in a spectrum
have wavelengths equal to 4000 A and 6000 A,
respectively. Calculate the energies of photons
transmitted by them.

(Planck’s constant = 6.626 x 1034 Joule sec)

Q.8 Calculate the product of uncertainities of displacement
and velocity of amoving electron of mass 9.1 x 1028,

Q.9 Light of wavelength 400nm strikes on cesium metal which
has aphotoel ectric work function of 2.13 €V. Find out the
maximum kinetic energy of the photoelectrons.

Q.10 Ané€lectronis moving with akinetic energy of
4.55 x 10722 ), Calcul ate de-Broglie wavel ength for it.

AN ER
(1) 12m,2.5%x10’s1,83x102m?
(2) 33x102%4kgms?  (3) 9.0 x 1022 photons
@ 1.0x100m (5)No
(6) 1.93x10 1 m
(7) 4.970%x101%joule, 3.313x 109 joule
(8) 5.77x10°m?s? (9)1.56x 107197
(10)7.25x107'm
QUANTUM NUMBERS

The position of any electronin any atom can be ascertained
with the help of quantum numbers. In an atom, the shell
consists of sub-shells and the sub-shell consists of orbital
can accommodate only two electrons, which arein opposite

spins.

Principal Quantum Number (n) :

(@ Principal quantum number indicates the shell or energy
level or orhit.

(b) AnatomshasK,L,M, N, O, P, Q, etc. shells.

(¢) Principa quantum number also gives information about
theradius of size.

(d) Principa quantum number also gives information about
the distance of an electron from the nucleus in an atom

(e) Principa quantum number also given information about
the energy of an electron.

(f) Principa quantum number also gives information about
the velocity of an electron.

(g In any orbit, the number of orhitals is given by n? and
number of electronsis given by 2n2. Thisis called Bohr-
Buryrule.

Example35:
Find the principal quantum number for the last electron of
pnNa?

Sol. ;;Na=1s? 2% 2p6,3s!; n=3

Example36:
Which of the following should have greater size ?
(1) 1s (2 2s
(3)3s (4)4s

Sol. (4). n=4for4s

Azimuthal Quantum Number (¢) :

(@ Azimuthal quantum number gives information that a
particular electron belongs to which sub-shell.

(b) In an atom the shells consist or sub-shells, which are
indicated as s, p, d and f.

(¢) Azimuthal quantum number determines the shape of an
orbital.

(d) Thevaue of n starts from 1, while that of | starts from 0.
Therefore, the maximum value of l isn—1.

() Thevauesof nand | can never be equal.
Subshell s p d f

1 0 1 2 3

(f) The number of orbitals in any sub orbit is determined by
the expression 2/ + 1 and the number of electrons is
determined by the expression 2 (27 + 1).

(99 ¢=0-— sSub-shell - Spherical
£=1 — p Sub-shell - Dumb-bell
¢ =2 — d Sub-shell — Double dumb-bell
¢ =3 — f Sub-shell - Complex

(h) The order of energy of various sub-shells present in any
shelliss<p<d<f<g...... and so on.

(i) Thevalueof orbital angular momentum, L;, of an electron
can be determined with the help of azimuthal quantum

h
number W, = \[0(£+1) X o

¢ = Azimuthal quantum number and h = Planck’s constant

Example37:
Which of the following should be the possible sub-shells,
forn+¢=77
(2) 7s, 6p, 5d, 4f
(3) 7s, 6p, 5d, 6d
Sol. 1).n+(=7
7+0=7s;6+1=6p; 5+2=5d; 4+3=4f

(2) 4f, 5p, 6s, 4d
(4) 4s,5d, 6p, 7s

Example38:
The sub-shell 2d is not possible because
Dn=t (2)¢>n
(3)n<v¢ (4) None of these

—
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Soal. (1). For sub-shell 2d,n=2and ¢/ =2 and thevaluesof nand Example41.:
¢ can never be equal. Orbital havingn =6, ¢ = 2and m= 0 will be designated as
1)6d 2)6d
Example39: @ 22 @ x2-y?
Which of the following orbitals should be nearest to the (3) 6d, (4) 6p,
nucleus ? Sol. (1). For 6th of P energy level, ¢ = 2isfor d sub-level, and
(1)5s (2)ép m=0for d , orbital.
(3)3d @4 z

Sal. (3). n=3will be nearest to the nucleus.

M agnetic Quantum Number (m):

(@ Magnetic quantum number gives information about an
orbital. It is depicted by the symbol m.

(b) Magnetic quantum number gives information about
orientation of orbitals.

(¢) The value of mranges from - /to+ /.

(d) Thetotal number of orbitals present in a sublevel is equal
to the total values of magnetic quantum number. This can
be find out by the following expression.
m=2/¢ + 1, where mistotal value of magnetic quantum
number and | isthe value of azimuthal quantum number.

(i) Forssub-shell, ?=0.Thus,m=2x 0+ 1=1andtherefore
s sub-shell consists of only one orbital called s orbital.

(i) Forpsub-shell, /=1.Thus,m=2x 1+ 1=3andtherefore

p sub-shell consists of three orbitals called p,, Py and p,

orbitals.

For d sub-shell, ¢ =2. Thus, m=2x 2+ 1 =5and therefore

d sub-shell consists of five orbitalscalled d,,, d,,, d,?, d,,

and dxz_yz orbitals.

(i)
Xy Yyz»

* For ssublevel, ¢ =0., for sorbital, the value of misO.
S

— m=0
*  For p sub-level, /=1. Thus, the values of mfor p orbitals
p/p, P, PP,
-1 0 +1
*  For d sub-level, ¢= 2. Thus, the values of m for d orbitals
d, d, d? d, do .

Xy yz z X!

L1 T [ T 1

-2 -1 0 +1 +2
*  For f sub-level, ¢ = 3. Thus, the values of mfor f orbitals

LI I T T

-3 -2 -1 0 +1 +2 +3
() Thetotal number of orbitals present in an energy level is
determined by the formulan? wherenisprincipa quantum
number.

Example40:

What should be the total numbers of orbitals and electrons
form=0, if there are 30 protonsin an atom ?

(1) 7 orbitals, 14 electrons (2) 6 orhitals, 12 electrons
(3) 5orhitals, 10 electrons (4) 3orbitals, 6 electrons
(2). The configuration of the atom of atomic number 30 is
12, 22, 2p8, 32, 3p% 3d10, 452, Thiswill have 7 orbitals of
m=0.

Sol.

Example4?2:
Theorbital havingn=2, ¢ =1 and m= 0 isdesignated as
(1) 2p, (2) 2p,
(3)2p, @3d ,

Sol. (1). Inthe second or L energy level (n=2), ¢ =1forp

orbital, m=Ofor z axis, the orbital will be designated as 2p,.

Spin Quantum Number (s):

(@ Spin quantum number gives information about the spin of
an electron.

(b) Thevaue of sis1/2 which depictsthe direction of spin of
the electron.

(c) If theelectron spinsin clockwise direction, sisdenoted by
+ 1/2 or asign [1]. Anticlockwise spin of the electron is
denoted by s =—1/2 or [{].

(d) One orhital can accommodate only two electrons, with
opposite spins.

() One orhital can accommodate only two electrons, with
opposite spins.

() The angular momentum of an electron is not only due its
motion around the nucleusin an energy level but also due
to its rotation along its own axis. The angular momentum
that arises due to rotation of an electron along its axis, is
called spin angular momentum and is depicted by the symbol
ps. The value of ps can be found out with the help of the

, . _ h -
following expression. ps= ,/s(s+1) % o wheresisspin

guantum number. In thisexpression the value of sisaways
taken as 1/2 and not — 1/2.

Example43:
If x isthe number of electron in an atom, the configuration
should be expressed as :
(1) ¢y (2) nex
(3) nm* (4) None of these
Sal. (2). The electronic configuration of an atom is expressed
by first writing principal quantum number (n), followed
by azimuthal quantum number (¢) and then writing
number of electrons (x) as superscript.

Example44:
The all energy levels are called excited states when the
value of principal quantum number is:
Dn=1 2n>1
(3 n<1 (4)n>-1
Sal. (2). All the energy statesin which nis greater than 1 are
called excited states.

=
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AUFBAUPRINCIPLE

AufbauisaGerman word that meansto build up. Therefore,
electronsarefilled up in accordance with this principle.
Pauli’s exclusion principle should be followed during filling
up of electrons, i.e. no two electrons should have same set
of four quantum numbers. Thismeansthat maximum number
of electronsto befilled in various sub-shellsare2ins, 6in
p, 10indand 14 in f. Hund’s rule should be followed during
filling up of electronsi.e. the electronsareto befilled inthe
degenerate orbitals first in unpaired state. The electrons
arefilled in asub-shell accordinginn+ 7 rule.

PAULI’'SEXCLUSION PRINCIPLE

() According to Pauli exclusion principle, any two electron
cannot have same set of four quantum numbers.
For example:

(@ 6s! and 652
n==6 n==6
(=0 (=0
m=0 m=0
s=+1/2 s=-1/2

(b) 4p? and 4p°
n=4 n=4
(=1 (=1
m=0 m=0
s=+1/2 s=-1/2

Inthe aboveillustrations, the respectively values of n, /and

m are same but that of sisdifferent.

(i) Pauli exclusion principle can be stated in other words as
that “only two electrons can be accommodated in the same
orbital only when their spin quantum number is different”.

(iii) If the third electron enters in an orbital, the set of four
guantum numbers becomes same for any two electron.

(iv) According to this rule, for any two electrons, a set of
maximum three quantum numbers can be same, but the
fourth hasto be different. For example, two electrons can
have same (n, | and m) or (I, mor s) or (n, mor s)

Example

1st and 1s?

n=1 n=1

(=0 (=0

m=0 m=0
s=+1/2 s=-1/2

(V) This rule does not apply for hydrogen atom because it
contains only one electron.

Example45:

Pauli exclusion principle appliesto

HH @QH*

(3 H (4) None of the above

Sol. (3). Since, H has one electron and H* has no electron,

therefore Paulie principal does not apply to them.
However, H™ has two electrons, hence this principle
appliesonit.

Example46:
Which of thefollowing is not according to Pauli exclusion
principle?
@] [ @@l T |
G| | (4) 1and 2 both

Sal. (4).1n(1) & (2) two electronshave same set of quantum nos.

Example47:

Supposing that Pauli exclusion principle is nonexistent,
which of the following should be the most unacceptable
configuration of Li in ground state ?

(1) 182, 28t (2) 1s3

(3) 151, 252 (4) 1st, 2st, 2pt

Sol. (4). Asamatter of fact, theconfiguration givenin 2, 3and

4 are wrong, but configuration given in 4 is most
unacceptabl e because there is one electron in each of
the three orbitals and according to Paulis exclusion
principle maximum two electrons can be occupierina
orbital.

HUND’SRULEOFMAXIMUM MULTIPLICITY

@
()
©

©)

C)

®

@

(h)

Degener ateor bitals: The orbitalshaving sameenergy are
called degenerate orbitals.

s sub-shell consists of only one orbital. Thus, it cannot
have degenerate orbital.

According to Hund’s rule, the degenerate orbitals get filled
by electrons having paralel spin one by one to give an
unpaired state.

According to thisrule, the degenerate orbitals arefilled in
such a way that there is a maximum number of unpaired
electrons. For example, C8 can possibly havethe following
two configurations of 2s? 2p2.

2D
o] @

The following two conditions have to be fulfilled for Hund’s
rule.

(1) The orbitals should be degenerate

(2) The member of electrons and the degenerate orbitals
should be more than one

Hund’s rule is not applicable for H, He, Li and Be, because
electrons in them go to s sub-shell, which does not have
any degenerate orbital.

Hund’s rule is not applicable for B2 also, because there is
only one electrons in p orbital. Therefore, this rule is
applicable from C® onwards.

Hund’s rule is not important for elements belonging to
groupslA, I1A and I11A.

Example48:

Which of the following should be correct according to
Hund’s rule ?

(1) CO=1s?, 22
(2) 08=1%, 252
(B)N7=1s2, 28,
(4) F9 =152 252

=
I18




((sTRUCTURE OFATOM )

SOAL

ODM ADVANCED LEARNING

Sol.

(4). Configuration of C® should be 2p,* 2p,* instead of
2p,2
Configuration of O® should be 2p,? 2p, ! 2p,* instead
of 2p,2 2p,?
Configuration of N” should be 2p,* 2p, ! 2p,* instead
of 2p,2 2p*
Configuration of F° 2p,? 2p, 2 2p,! is correct because
two out of the three degenerate p orbitals are fully-
filled, oneishaf-filled and thereisno unfilled p orbital .

n+/RULE

@
®)
©
@

n + ¢ Rule gives information about the energy of various
sub-shells.

According to this rule, the sub-shells having higher value
of n+ /¢ have higher energy.

The sub-shells having lower value of n + ¢ have lower
energy.

It two sub-shells have same value of n + /7, then that sub-
shell will have higher energy which has higher value of n.

Example49:

Sol.

If the value of n+ ¢ = 7, then what should betheincreasing
order of energy of the possible sub-shells ?

(1) 4f<5d<6p<7s (2) 7s< 6p<5d < 4f @
(3) 7s>6p<5d<4p (4)4f<5d<6p>7s
D.n+r=7 (©)

7+0=7s Order of energy

6+1=6p 4f <bd<6p<7s

5+2=5d

4+3=4f

Specific Electronic Configuration

Sol.

Sol.

Example50:

Which of the following sub-shells will be filled by the
electron after complete filling up of the orbital of the third
principal shell ?

(1) 4s (2) 4f

(3)4d (4)4p

(4). The electron goesto 4p after filling up to 3d.

Example51:

Which of the following should be the basis of entry of an

electronin4sorbital before 3d orbital ?

(1) Energy level diagram (2) Hund’s rule

(3) Pauli’s principle (4) Shielding constant

().n+ ¢ of 4s=4+0=4and that of 3dis3+2=5.
Therefore, energy of 4sislower than that of 3d.

Increasing or der of energy

1s<2s<2p<3s<3p<4s<3d<4p<5s<4d<5p<bs<4f
<bd<6p<7s<5f<b6d<7p

The maximum number of electrons that can be
accommodated in sorbital is2, that in p orbital is6, that in
dorbital is10andthatinf orbital is14.

Exceptionston + £ Rule

There are mainly two exceptionsof n+1 rule.

Lad’ — 152, 282, 2p6, 352, 3pB, 452, 3d10, 4p8, 552, 4d10, 5p6,
6s?, 5dt

Ac89 - 152, 252, 2p8, 3s?, 3pf, 4s?, 3d10, 4p6, 552, 4d10,
5p%, 652, 4f14, 5010, 62, 752, 6dt

Element Atomic number Expected Atcual

configuration configuration

1 Cr 24 [Ar]18 3d% 452 [Ar]18 3d° 4s!

2 Cu 29 [Ar]18 3d? 452 [Ar]18 3910 451

3 Mo 8 [Kr]36 4d* 552 [Kr]36 4d5 55t

4 Pd 46 [Kr]36 4d8 552 [Kr]36 4910 5¢0

5, Ag 47 [Kr]36 4d° 552 [Kr]36 4d10 5l

6. w 74 [Xe]5 4114 504 652 [Xe]>* 4f14 5¢° st

7. Pt 78 [Xe]5 4114 508 652 [Xe]>* 4f14 509 st

8 Au 7 [X €] 4f14 509 652 [Xe]>4 4114 5410 sl

Due to greater stability of half-filled and fully-filled orbitals, the configurations d® ns! and d1° ns! are written in place of d*

ns? and d° ns? respectively.

—
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Sability of Half-filled and Fully-Filled or bitals: (1) [Ne] 3s23p* (2) [Ne] 352 3p3 3d!
The stability of half-filled orbitals (p3, d®and f7) and fully- (3) [Ne] 3st 3p® (4) None of the above
filled orbitals (p8, d10 and f14) is higher than that in other  Sol. (2). electrons = 152, 2% 2pb, 3s2 3p* (Two unpaired
states. Thisis due the following reasons. electrons)

(8 When asub-shell is halffilled or fully-filled, it means that Excited state = [ Ne] 32, 3pq, 3d* (Four unpaired electrons)

the distribution of electrons is symmetrical in the orbitals
of equal energy. Unsymmetrical distribution of electrons Example55:

resultsin lower stability. Which of the following should be the electronic
(b) Theelectronspresentin orbitalsof equal energy inan atom configuration of Pin H;PO, ?

can interchange their position, in this process energy is (D [Ne] (2) [Ne] 352 3pb

released, resulting stable system. The possibility of (3) [N¢g] 382 (4) [N¢] 3s23pt

interchange of positionsis highest in half filled and fully-  Sol. (2). Electronic configuration of Pin HzPO, is[Ne] 3s? 3p®
filled states. This provides greater stability to the system.

(¢) Theexchangeenergy for half-filled and fully-filled orbitals DIFFERENCE BETWEEN ORBITAND ORBITAL
ismaximum. Asthe number of electronsincreases, electron

start pairing resulting in spin coupling. The energy liberated SN. ___Orbit ___ Orbital
in the process of coupling is called coupling energy. 1 | Itisdepictedbyn. | Itisdepicted by m
(d) Thespinof electronsinafully-filled orbital are oppositeto 2| Ithas maximum It has maximum
each other or antiparallel. The energy of the system electron capacity glectron capa(:lty of 2
of 2n? in accordance with

decreases due to neutralization of opposite spins. So fully-

filled orbitalsare more stable. Pauli’s principle

3 Itisbiggerinsize. | Itissmallerinsize.

MODE OF FILLING UPTOELECTRONS 4 gj;’grk‘;i‘:gs's‘ of ?g;‘;{g" consists of
Writingtheconfiguration of ions 5 The path of an The space around the

First of all, the configuration of the atom is written. Then,
appropriate number of electrons are deducted from the
outermost shell for the configuration of the cation. Similarly,

electron around the | nucleus where
nucleusiscalled probability of finding

appropriate number of electronsare added to the outermost an orbit. ﬁ]nailiergtrrc])qn i|§ called
shell for the configuration of the anion. an orbital
Example52:
Which of thefollowing should be the atomic number of an ORBITAL . -
atomif its electronic configuration is (@ Thespace around the nucleus where probability of finding
(n-2)s2, (n—1) s*pP ns?p2 wheren=23,a= 2and b=6? an electronismaximum, is called an orbital.
(1) 14 212 ’ (b) Anelectron cloud is negatively charged and the nucleusis
(316 (415 positively charged. Therefore, the probability of finding an
Sol. (1). (3—2)s (3 - 1)s2 pb 3s2 3p? electron is maximum around the nucleus.
182, 252 2p6, 352, 3p? = 14 () Theprobability of finding an electronisan orbital is95%to
The atomic number of theatomis 14 96%. .
s-Orbital
Example53: (@ Onlyones-orbital ispossibleinanorbit because /=0
Which of the following should be the number of electrons andm=Ofor it.

(b) It isspherica in shape and thus the electron density

present in X*2 on the basis of electronic configuration, if e A >
isuniforminall directions.

theion X3 has 14 protons ?

(1) 12 214 (©) The size increases with increase in the value of n.
(3)16 418 Thereisvacant space betvyeep 1sorbital and 2§ qrbi tal,
Sol. (1) X3 has 14 protons, i.e. X also has 14 protons and yvherethe probability of finding electronisminimum,
therefore 14 electrons. it isknown as nodal surface.
X =14 =1, 282 2p8, 353 3p2 (d) Thenoda surfaceismissinginside
X*2 =182, 282 2p8, 382 = 12 electrons 1sorbital because of its proximity /y
with the nucleus.
Example54: () Thenumber of nodal —_ —x

Which of the following should be the electronic
configuration of anatominitsfirst excited stateiif that atom
isisoelectronic with O, ?

surfacesin an orbit is
equal to (n—1) / |

=
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(i)
(iii)
)

“)

@)

(ii)

p-Orbital

For p orbitals, /=1and m=-1, 0, + 1. Thus, it can have
three configurations, which are distributed in x, y and z
axes. Therefore, there are three p-orbitals, which are
dumbbell, shaped.

Each p-orbital hastwo |obes and the probability of finding
electron inside these two lobes is equal. The plane
perpendicular to the axis two lobes and passing through
the point where these two lobesjain, is the nodal plane of
p-orbital, because the probability of finding electroninthis
planeisnegligible or minimum.

The value of nodal planes for each of the p,, Py and p,
orbitalsissame and these nodal planesare present inxy, yz
and xz planes, respectively.

The three p-orbitals of a particular orbit (p,, Py and p,)
have equal energy and thereforethese are called degenerated
orbitals.

Q1
Q.2
Q.3
| P
4
d-Orbitals: Q
For dorbitals, | =2and m=-2,-1, 0, +1, + 2. Therefore,
there are five orientations and thus five d-orbitals. Q5
Its shapeislike a double dumbbell.
Thefive orientations of d-orbitals are asfollows:
The double dumbbell of d,, orbital are situated between X
and y axes.
The double dumbbell of dy, orbital are situated betweeny
and z axes
The double dumbbell of d,, orbital are situated between x
and z axes.
The double dumbbell of d , , orbital aredirected on x
X—-y
and y axes Q6

dz2 orbital iscomposed of one dumbbell and onering. The
dumbbell is situated on z axis and thering is present on its
middle part.

The aforesaid five d orbitals can be classified into the
followingtwo categories.

toy Orbitals(d,y, dy, and dy,) - In these, the electron density
is concentrated in-between the axes. These are also called
grade orbitals.

& Orbitals (d » > and d ) — In these, the electron
XT=y z

density is concentrated on the axes.

f-orbitals

(i) They have complex shapes,

(i) Forthese,l =3and m=-3,-2,-1,0, +1, +2, +3
(iii) These have seven orientations.

TRYITYOURSEL F-
Find the number of radial node(s) and angular node(s) in
4p orbital ?

An electron isin a 3d orbital. What possible values for
the quantum numbers n, I, m and s can it have ?
The number of radial nodes of 3s and 2p orbitals are

respectively

(A)2,0 (B)0,2

©12 D)2,1

What designation is given to an orbital having
@) n=21=0 (i)n=3,1=1
(i) n=5,1=2 (ivyn=6,1=3

Ground state electronic configuration of nitrogen atom
can be represent by —

(8 0 I I o A
2 4 I i I O O
sIN] (N (P[]
AN N LIV [
(A) Lonly (B) 1,2only
(© 1,40nly (D) 2,30nly

The quantum numbers + 1/2 and —1/2 for the electron

spin represents ;

(A) rotation of theelectronin clockwiseand anticlockwise
direction respectively.

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

(© magnetic momentum of electron pointing up and
down respectively.

(D) two quantum mechanical spin states which have no
classical analogues.
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Q.7

Q.8

Q9

Q.10

Q.1

Q.12

Q.13

Anatomof an element has 2K, 8L and 5M electrons. Find
out the following from the data:

(i) Atomic number

(i) Total number of s- and p-€electrons

(iii) Total number of protons in the nucleus.

(iv) Vaency of the element.

Which of the following set of quantum numbers is not
permitted?

@i n=3,1=2,m=0,s=-1/2

(i) n=3,1=2,m=+2,s=-1/2

@[ii) n=3,1=3,m=-3,s=+1/2

(iv) n=3,1 =4, m=+4,s=+1/2

Write the electronic configurationsfor the elementswith
atomic numbers11, 15, 24, 28, 31.

Inan atom, thetotal number of el ectrons having quantum
numbersn=4,|m,|=1andm =-1/2is

The number of nodal planesin p, orbital is —

(A) one (B) two

(C) three (D) zero

AN ER
1) 21
@ n=3,1=2,m=-2,-1,0,+1,+2, s=+1/20r-1/2
(3 (A) (4) (i) 2sorbital., (i) 3porbital,
(iii) 5dorbital. (iv) 6f orbital.  (5)(C)
(6) (D) (7) (i) 15, (ii) 15, (iii) 15, (iv) 4
(8) (i) permitted, (ii) permitted, (iii) not permitted
(iv) not permitted.
9 () (Z=11) 1s?2s?2pb3st
(i) (Z = 15) 1s? 25? 2p® 3s?3p, * 3p, 1 3p, L.
(iii) (Z = 24) 12 262 25 32 3pB 3¢ 4sl
(iv) (Z = 28) 1s? 252 2pb 352 3p6 3d8 452
(v) (Z =31) 1s? 252 2p6 352 3p6 3d10 452 4pt
(10) 6 (11) (A) (12) (A)
(13) (i) 152 (i) 1s?2¢? 2p,2 2py2 2p,2.
(i) 1s* 28? 2p,? 2p,? 2p,? (iv) 1s® 28° 2p,* 2p)
2p,2.
IMPORTANT POINTS

The electrons identified by quantum number n and ¢
1) n:4'ﬁ=]e-c(i“') n=3,€=]9(|||) n=.3’ =2(v) nf: 3 €=hl Type | No. of No. of No. of | No. of
can be placed in order of increasing energy, from the of | pesksor | spherical | angular | nodes
lowest to highest as — orbital | maxima| nodes | nodeor | (n-1)
(A) (iv) < (i) < (iii) <(i) (B) (i) < (iv) < (i) < (iii) (n=1) | (n-1-1)| nodal
(©) (i) < (iii) < (i) < (iv) (D) (iiii) < (i) < (iv) < (ii) plane (1)
Givetheelectronic configurations of thefollowingions:- s n n-1 0 n-1
24 . o d n-2 n-3 2 n-1
(i) Mg (iv)O f | n-3 | n-4 3 | n-1
S.No. Radius Velocity Energy Wavedength
22 P 72 2n®me?
1. r=— _—> V= E=-— R= 3
4n“mZe nh 2r Ch
2
2 " 0520A v (2] 2n*mz’e’ Rx72 |5~
= — X = == — = X
S B2 L rm J n2h2 2 2
n? nh z°
3. r=— x0.0529nm = E=-Rchx — E=hv
z 2mmr n
1 72 h
4. recn? (Z const) V « — (Z const) =- — x3136Kcd r=—
n n mc
no_n Vi_mg ,
5. r, = n% (Z const) V, Ty (Z const) E o« — Z# (n const) C=VvA
2
. . 2nr ﬂ _ Z_1
6. roc 1/Z (n const) TimeperiodT= —— E, -2 (n const) E=mc2
\Y 2 75

[+
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The maximum capacity of amain energy shell is equal to
2n? electron.
The maximum capacity of asubshell isequal to
2 (2¢ + 1) electrons.
Number of sub-shellsin amain energy shell isequal to the
value of n.
No. of orbitalsin amain energy shell is equal to n?.
One orbital cannot have more than two el ectrons.
Energy of 2s orbital of hydrogen atom is greater than that
of 2s orbital of lithium and that of lithium is greater than
that of sodium and so on, that is,

Eys(H) > Eyg (Li) > Eyg (Na) > Exg (K).
The nuclear density is nearly constant and is equal to
2.04 x 1017 kg/m?3
The maximum numbers of electrons that can be associated
withn=3,/=1andm=-1is2.
[n=3,/=1and m=-1 representa 3p-orbital
so maximum 2 electrons can be accommodateinit.]
The angular momentum of electronin'd’ orbital isequal to

N
Values of quantum number ¢ and mfor n=1to 4 principal
shell

Principal | Value| Valueof | Valueof m Total no
shell of Oton-1 -l to+l of electron
n
K 1 1=0(s m=0 2
L 2 1=0(9 m=0
I=1(p) m=-1,0,+1 8
M 3 1=0(s) m=0
1=1(p) m=-1,0, +1 18
I =2(d) m=-2,-1,
0, +1,+2
N 4 I1=0(s) m=0(s)
1 =1(p) m=-1,0,+1
I=2(d) m=-2,-1,0, 32
+1,+2
I=3(f) m=-3,-2,-1,
0, +1,+2, +3

ADDITIONAL EXAMPLES

Examplel:

Sol.

Oxygen consists of isotopes of 016, 017 and 08 and
carbon consists of isotopes of C12 and C13. How many
types of CO, molecule can be formed ? Also report their
mol, wt.

Total no. of moleculesof CO, =12

(1) ct2016016 Mol. wt. = 44
(2) cl2pl7pl7 =46
(3) cl2p18pi18 =48
(4) cl2pl6p17 =45
[5] cl2pl6pi18 =46
[6] ct2017018 =47

Similarly six moleculeswith C13 isotopes.

Example2:

Sal.

Which of thefollowing set of quantum nos. are not permitted

(@n=3,/=2,m=-2,5s=+1/2

(b)n=3,/=2,m=-1,5s=0

©n=2,/=2,m=+1,s=-1/2

(dn=2,/=2,m=+1,5s=-1/2

(@ Thisset of quantum number is permitted.

(b) This set of quantum number is not permitted as value
of ‘s’ cannot be zero.

(¢) Thisset of quantum number is not permitted as the
value of ‘I’ cannot be equal to ‘n’.

(d) This set of quantum number is not permitted as the
value of ‘m’ cannot be greater than ‘I’.

Example3:

Sal.

( Zez\
Provethat u, = L mrnJ whereuisvelocity of electronin
aone electron atom of at. no. Z at a distance r,, from the
nucleus, m and e are mass and charge of electron.
Kinetic energy of electron = (1/2) mu?

1z€?
Also from Bohr’s concept K.E. = >

Example4:

Sal.

Calculate the number of proton emitted in 10 hours by a
60W sodium lamp (A or photon = 5893 A)
Energy emitted by sodium lamp in one sec.

=Watt xsec=60x1J
Energy of photon emitted

hc  6.626x10* x3x10°

iad =3.37x10719]
A 5893x 10710
No of bh tted __ 60
.. No of photons emitted per sec. = 337x1019

.. No. of photons emitted in 10 hours
=17.8x1019x 10x 60x 60=6.41 x 1024

Example5:

Sol.

Find out the energy of H atomin first excitation state.
Thevalue of permittivity factor
4mey=1.11264x 10710 C2N-1 m2,

2r2Z%me®

INM.K.S. system, E,, = - (meg)2nZn?

2x (3.14)% x (1)% x 9.108x 1073 x (1.602x 10719)*
T (1.11264x10719)2 x (2)? x (6.625x10724)?
5.443x 10 %joule

E
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Example6:
Find the shortest wave length in H spectrum of Lymen
serieswhen Ry, = 109678 cm L is

Sol. For Lymenseriesn; =1
For shortest ‘I’ or Lymen series the energy difference in
two levels showing transition should be maximum

: 1 1 1
=109678=911.7x108=911.7A

Example7:
Electromagnetic radiations of wavelength 242 nm is just
sufficient to ionise sodium atom. Calculate the ionisation
energy of sodiumin kJ mol=2.

Sol. Energy associated with a photon of 242 nm

_ 6.625x10 * x3.0x10°

242x107°
-+ 1 atom of Nafor ionisation requires=8.21x 10719
. 6.023 x 1023 atoms of Nafor ionisation requires
=8.21x10719x6.023x 103
=49.45x 10* J=494.5kJmol !

=8.21x10%joule

Example8:
How many electronsin agiven atom can havethe following
guantum numbers
@n=4,/=2,m=0

©n=2,/=1,m=-1,s=+1/2

Sol. (@ /=2 meansd-subshell and m= 0 refer to dz2 orbital
. Number of electronsare 2.
(b) Forn=3,¢=0,1,2

(b)n=3
dn=4,1=1

/=0 m=0 2 electrons
/=1 m=-1 6 electrons
(=2 m=-2, -1,0,+1,+2 10 €electrons
Total electrons 18 electrons

Alternatively, number of electronsfor any energy level
isgivenby 2n? i.e. 2 x 32 =18 electrons
(© ¢ =1refersto p-subshell, m = — 1 refers to p, or Py
orbital whereas, s=+ 1/2 indicatefor only 1 electron.
(d) ¢ =1 refers to p-subshell which has three orbitals
Py Py and p,) each having two electrons.
Therefore, total number of electronsare 6.

Example9:
Calculate the longest wavelength which can remove the
electron from 1 Bohr’s orbit. Given E; =13.6eV.

Sol. The photon capable of removing electron from | Bohr’s
orbit must possess energy

=1366V=136x1.602x1019) =21787x1019]

hc 3 5
E= < .51 787 x 10-19= 8:625x10 7 x30x10

" A
A=912.24 % 10_10 m= 91224A

Example10:
Naturally occurring boron consists of two isotopes whose
atomic weightsare 10.01 and 11.01. The atomic weight of
natural boron is 10.81. Calculate the percentage of each
isotope in natural boron

Sol. Letthe percentage of isotopewith atomic wt. 10.01 = x
.. Percentage of isotope with atomic wt. 11.01 = 100 — x

My Xy + m2X 2

Average atomic wt. =
X1+ Xo

X x10.01+ (100 — x) x11.01
100

X x10.01+ (100 - x) x11.01 _
100 -

.. % of isotopewith atomic wt. 10.01 = 20
% of isotope with atomic wt. 11.01 =100-x =80

or Average atomic wt. =

10.81=

20

Examplel11:
What transition in the hydrogen spectrum would have the
same wavelength as the Balmer transitionn=4ton =2 of

He* spectrum ?
+ 1 2 i—i
Sol. For He™, x =R Z 22
1 { 1 1}
ForH, — =R, | 2" "2
A Hinf n3

Since A issame

z{i i} 1 1
22 2" n? n3
1 1] 1 1

2 2|7 n12 n% sn=1and n,=2

Examplel12:
Find the ionization energy of H-atom is 13.6 eV. Find the
ionization energy of Li*2ion
Sol. E, for Li*2=E, for H x Z?[for Li,Z = 3]
=13.6x9=1224¢eV

Example13:
On the basis of Heisenberg’s uncertainty principle, show
that the electron cannot exist within the nucleus.

Sol. Radius of the nucleusis of the order of 10713 cm and thus
uncertainty in position of electron, i.e., (Ax), if it iswithin
the nucleuswill be 1013 cm.

AU h A 6.626x 1072/
X.AU = u=
4nm 4x3.14x9.108x1028 x10713
=579 x 1012 cmisec

i.e., order of velocity of electron will be 100 times greater
than the velocity of light which is impossible. Thus,
possibility of electron to exist isnucleusis zero.

—
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CHAPTER 2 : STRUCTURE OF ATOM

EXERCISE-1[LEVEL-]1]

Choose onecorrect responsefor each question.

Q1

Q.2

Q3

Q4

Q.5

Q.6

Q.7

PART-1: SUB-ATOMICPARTICLES

The number of electrons which will together weight

one gram is —
(A) 1.098 x 1027 electrons  (B) 9.1096 x 103! electrons
(C) 1 electron (D) 1 x 10* electrons

Theratio of chargeto mass of an el ectron in coulombs

per gram was determined by J.J.Thomson. He

determined this ratio by measuring the deflection of

cathoderaysin electric and magneticfields. What value

did hefind for thisratio?

(A)-1.76 x 108 coulombs/g

(B) 1.76 x 1078 coulombs/g

(C)-1.76 x 1010 coulombs/g

(D)-1.76 x 10719 coulombs/g

Which of the following statementsis not correct about

the characteristics of cathode rays?

(A) They start from the cathode and move towards
the anode.

(B) They travel in straight line in the absence of an
external electrical or magneticfield.

(©) Characteristics of cathode rays do not depend
upon the material of electrodesin cathode ray tube.

(D) Characteristics of cathode rays depend upon the
nature of gas present in the cathode ray tube.

How many number of electrons are presentin a

particlewhich carriesachargeof 5.5 x 10716 C

(A) 3432 (B) 1560

(C)8240 (D) 2432

Which of the following statements about the electron

isincorrect?

(A) Itisanegatively charged particle.

(B) Themassof electronisequal to the massof neutron.

(C) Itisabasic constituent of all atoms.

(D) It isaconstituent of cathode rays.

PART-2: ATOMICMODELS

Which of the following observations was not correct

during Rutherford's scattering experiment?

(A) Most of the o-particles passed through the gold
foil undeflected.

(B) A small fraction of the o-particles was deflected
by small angles.

(©)A largenumber of the a-particleswerebounced back.

(D) A very few a-particles (~1 in 20,000) were bounced
back.

Which of the following conclusions could not be

derived from Rutherford’s a-particle scattering

experiment?

(A) Most of the space in the atom is empty.

(B) Theradiusof theatomisabout 1010 mwhilethat
of nucleusis 1015 m,

Q.8

Q.9

Q.10

Q.u

PART-

Q.12

Q.13

Q.14

Q.15

(©) Electronsmoveinacircular path of fixed energy
called orbits.

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

Two atoms are said to be isobarsiif

(A) they have same atomic number but different mass
number.

(B) they have same number of electrons but different
number of neutrons

(© they have same number of neutrons but different
number of electrons.

(D) sum of the number of protonsand neutronsis same
but the number of protonsis different.

How many neutrons are there in ggSr ?

(A)38 (B)50

(©126 (D)88

Chlorine existsin two isotopic forms, Cl-37 and CI-35
but its atomic massis 35.5. Thisindicates theratio of
Cl-37and Cl-35isapproximately

(A)1:2 (B)1:1

©1:3 (D)3:1

Which of the following properties of atom could be
explained correctly by Thomson model of atom?

(A) Overal neutrality of atom.

(B) Spectraof hydrogen atom.

(C) Position of electrons, protonsand neutronsin atom.
(D) Stability of atom.

DEVELOPMENTSI EADINGT

BOHR’S MODEL
Calculate frequency of yellow radiation having
wavelength 5800 A.
(A)5.712x1011 1 (B) 10.712 x1014s1
(C)5.172x1014s71 (D)5.712x100s1
What will be thewavenumber of yellow radiation having
wavelength 240 nm?
(A) 1.724x 10*m 1 (B)4.16 x 105 m1
(C)4x 10 Hz (D) 219.3x 103mL
The Vividh Bharati station of All India Radio, Delhi,
broadcasts on a frequency of 1,368 kHz (kilo hertz).
Calculate the wavelength of the electromagnetic
radiation emitted by transmitter.
(A)219.3m (B)119.3m
(©)319.3m (D)19.3m
Electromagnetic radiation of wavelength 242 nmisjust
sufficient to ionize the sodium atom. What is the
ionization energy of sodium per atom?
(A)4945x 106 yatom  (B) 8169.5 x 10710 Jatom
(C)5.85x 107> Jatom (D) 8.214x 10719 Jatom

—
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Q.16 Theenergy difference between the ground stateof an Q.23 An electron in excited hydrogen atom falls from fifth

Q.17

Q.18

Q.19

Q.20

Q.21

Q.22

atom and its excited state is 3 x 10719 J. What is the

wavelength of the photon required for this transition?

(A)6.6x1034m (B)3x108m

(C)1.8x10'm (D)6.6x10"m

The threshold frequency v, for ametal is

7.0x10 571, Calculatethe K ..E. of an e emitted when

radiation of frequency v =1.0x10%%s1 hitsthe metal.

(A) 1.988x10719] (B)3.988x10719J

(©) 1.988x10716] (D) 1.988x1021J

The spectrum of white light ranging from red to viol et

is called a continuous spectrum because —

(A) different coloursare seen asdifferent bandsin the
spectrum.

(B) the colours continuously absorb energy to form a
spectrum.

(© theviolet colour mergesinto blue, blueinto green,
green into yellow and so on

(D) itisacontinuousband of coloured and whitelight
separating them.

Calculate energy of one mole of photons of radiation

whose frequency is5 x1014 Hz.

(A) 99.51 kImol2 (B) 199.51 kImol-1

(©) 299.51kJmol? (D) 399.51 kJmol~1

What will bethe energy of aphoton which corresponds

to the wavelength of 0.50 A?
(A)3.98x 10715 (B)3x10%J
(C)3.9x%108J (D)3x10734J

Wavelength-Intensity relationship is shown at two
different temperature. Choose the correct relation
between T, and T»,.

T2

—> Intensity
T

— T

| | | |
1000 2000 3000
———> Wavelength % (nm)

(A)T,>T, (B)T,<T,

© T,=T, (D) None of these

PART-4 : BOHR’S MODEL FOR
HYDR ENATOM

Given below are the spectral lines for an atom of
hydrogen. Mark the lines which are not correctly
matched with the value of n; and n, ?

Series | Ny n, Region
(i) | Lyman | 12,3, .... | Ultraviolet
(i) | Bamer | 2 | 3,4, .. Infrared
(iii) | Paschen | 3 | 4,5, .... | Infrared
(iv)| Pfund | 4 |5,6,....| Infrared
(A) (i) and (ii) (B) (i) and (iii)
(C) (ii) and (iv) (D) (i) and (iv)

Q.24

Q.25

Q.26

Q.27

Q.28

Q.29

Q.30

Q31

Q.32

Q.33

energy level to second energy level. In which of the
following regions, the spectrum line will be observed
and is part of which series of the atomic spectrum?
(A) Visble, Bamer (B) Ultraviolet, Lyman

(C) Infrared, Paschen (D) Infrared, Brackett
What is the wavelength of a photon emitted during a
trangition from n = 5 state to the n= 2 state in the
hydrogen atom?

(A)234nm (B) 334nm

(©)434nm (D)534nm

The third line of the Balmer series in the emission
spectrum of the hydrogen atom is due to the transition
from the —

(A) fourth Bohr orhit to the first Bohr orbit.

(B) fifth Bohr orbit to the second Bohr orbit.

(C) sixth Bohr orhit to the third Bohr orbit.

(D) seventh Bohr orbit to the third Bohr orhit.
Calculate the energy associated with the first orbit of
He'.

(A)-8.72x10718 (B)-3.72x10718]
(C)-8.72x10715 (D)-8.72x10721]

The frequency of radiation absorbed or emitted when
transition occurs between two stationary states with
energies E, (lower) and E, (higher) is given by

_EB+E _E-E
(A)V_ h (B)V_ h
E,xE .

©v=—t 2 () v=C2

The radius of hydrogen atomin ground stateis 0.53A.
What will be the radius of 3Li2+ in the ground state?

(A) 1.06 A (B)0.265A
(©)0.17A (D)0.53A
Calculate the radius of the first orbit of He".
(A)0.03645nm (B) 0.02645nm
(©)0.2545nm (D) 0.002645nm

series of lines are the only lines in hydrogen

spectrum which appear in the visible region.

(A) Lyman (B) Bamer

(C) Paschen (D) Brackett

What is the trend of energy of Bohr's orbits?

(A) Energy of the orbit increases as we move away
from the nucleus.

(B) Energy of the orbit decreases as we move away
from the nucleus.

(© Energy remains same as we move away from the
nucleus.

(D) Energy of Bohr’s orbit cannot be calculated.

Bohr’s theory can also be applied to the ions like

(A) He" (B) Li%*

(C)Be3* (D) All of these.

Which one is not in agreement with Bohr’s model of

the atom?

(A) Line spectra of hydrogen atom

(B) Pauli’s exclusion principle

=
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(C) Planck'stheory (A)32,64 (B) 16,32
(D) Heisenberg’s uncertainty principle (©4,16 (D)8, 16
Q.45 Which of thefollowing configurations does not follow

PART-5: TOWARDSQUANTUM

MECHANICAL MODEL OFTHEATOM

Q.34

Q.35

Q.36

Q.37

Q.38

Q.39

Q.40

Q.41

Q.42

Q.43

Q.44

PART-6:

A body of mass 10g is moving with a vel ocity of

100 ms™L. The wavelength associated with it is
(A)6.626x 10" m (B)6.626 x 10~3*m
(C)6.626x 104 m (D) 6.626 % 103°m
Themassof anelectronis9.1 x 10731 kg. If itsK..E. is
3.0x 1072 J, calculate its wavelength.

(A) 896.7nm (B) 696.7 nm

(© 996.7nm (D) 796.7 nm

What will be the mass of aparticleif uncertainty inits
positionis 108 m and velocity is

5.26x 10 ms1?

(A) 0.01kg (B)0.1kg

(C) 1kg (D) 10kg

A microscope using suitable photons is employed to
locate an electronin an atomwithin adistanceof 0.1 A.
What is the uncertainty involved in the measurement
of its velocity?

(A) 3.79x105ms? (B) 4.79x 105ms1

(©) 5.79x10%ms? (D)8.79x 108 mst
Which of the following is responsible to rule out the
existence of definite paths or trajectories of €l ectrons?
(A) Pauli'sexclusion principle.

(B) Heisenberg's uncertainty principle.

(C) Hund'srule of maximum multiplicity

(D) Aufbau principle

Calculate the mass of a photon with wavelength 3.6 A.
(A) 3.135x102%kg (B) 6.135x10 9 kg

(©) 4.135x102%kg (D) 6.135x10"29kg

What will be the wavelength of an electron moving
with 1710t of velocity of light?

(A)2.43x 101 m (B)243x 1071 m
(C)0.243m (D)2.43x10*m

If travelling at same speeds, which of the following
matter waves have the shortest wavelength?

(A) Electron (B) o particle (He?™)

(C) Neutron (D) Proton

What will be the uncertainty in velocity of an electron
when the uncertainty in its position is 1000 A ?
(A)5.79%102ms! (B)5.79x 108 ms1
(C)5.79x 10*ms1 (D)5.79x10 10 ms1

A golf ball has a mass of 40g, and a speed of

45 m/s. If the speed can be measured within accuracy
of 2%, calculate the uncertainty in the position.

(A) 346 %1033 m (B) 1.46x 10733 m

(©) 1.46x1031m (D) 1.46x 10722 m

UANTUM MECHANICAL

MODEL OFATOM

How many orbitals and electrons are associated with
n=47?

Q.46

Q.47

Q.48

Q.49

Q.50

Q.51

Q.52

Q.53

Q.54

Hund’s rule of maximum multiplicity?

(A) 1s? 22 2pb 352 3p2

(B) 1s? 252 2p% 352 3p6 42 36

(C) 1s? 252 2p® 352 3pB 45! 3P

(D) 1s? 252 2pb 352 3p* 452

Theregion where probability density function reduces
to zero is called —

(A) probability density region

(B) nodal surfaces

(C) orientation surfaces

(D) wavefunction.

What is the total number of orbitals associated with
the principal quantum number n=3?

(A) 4 B)3

© 5 (D)9

The pair of ions having same electronic configuration
(A) Cr3*+ Fedt (B) Fe3*, Mn2*

(C) Fe3*, Co3* (D) Sc3*, Cr3*

Two electrons presentin M shell will differin

(A) principal quantum number.

(B) azimuthal quantum number.

(C) magnetic quantum number.

(D) spin quantum number.

Few electrons have following quantum numbers,
(Yn=4,/=1 (i)n=4,/=0

(i) n=3,¢=2 (ivyn=3,/=1

Arrange them in the order of increasing energy from
lowest to highest.

(A) (iv) < (i) <(iii) <) (B) (i) < (iv) < (i) < (iii)
(©) (i) < (iii) < (i) < (iv) (D) (iii)< (i) < (iv) < (i)
Describethe orbital with following quantum numbers.:
(yn=3,/=2 (ii)n=4,/=3

(A) (i) 3p, (ii) 4f (B) (i) 3d, (ii) 4d

(©) (i) 3f, (ii) 4f (D) (i) 3d, (ii) 4f

Which of the following options does not represent

ground state electronic configuration of an atom?
(A) 12 252 2p6 3s? 3p6 308 452

(B) 1s? 2s? 2pb 3s? 3p6 3d° 452

(©) 1s? 252 2pb 3s? 3p6 3010 45t

(D) 1s? 252 2p® 3s? 3p® 3dP 4st

Choosethe correct matching for the following quantum
numbers

@n=2,/=1 ) 2p
(b)yn=4,7=0, (i) 3d
(c)n=5,¢=3, (iii) 5f
(dn=3,¢=2 (iv) 4s
(A) &i, b-ii, c-iii, d-iv (B) &i, b-iv, ciii, d-ii
(O) &ii, briii, c-i, d-iv (D) &iv, biii, c-ii, d-i

Effectivenuclear charge (Z; ) for anucleusof anatom

is defined as —

(A) shielding of the outermost shell electronsfromthe
nucleus by the innermost shell electrons.

(B) the net positive charge experienced by electron
from the nucleus.

—
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Q.55

Q.56

Q.57

Q.58

Q.59

Q.60

Q.61

Q.62

(© the attractive force experienced by the nucleus
from electron.

(D) screening of positive charge on nucleus by
innermost shell electrons.

For the e ectronsof oxygen atom, which of thefollowing

statements is correct?

(A) Z; for an electron in a 2s orbital is the same as
Z 4 for anelectronina?2p orbital.

(B) Anéelectroninthe 2s orbital has the same energy
asan electronin the 2p orbital.

(C) Zy foranelectronin 1sorbital isthe sameas Z
for an electronin a2sorbital.

(D) The two electrons present in the 2s orbital have
spin quantum numbers, mg but of opposite sign.

The number of radial nodesfor 3p orbital is

(A)3 B)4

©2 D)1

Correct orbital picture for Neon atom is —

WM [N ] [ ]t ] |

BN ]N] [(NT T ]
O[N] [NTNTT]
O] [N] [(NTNTN]

Which of the sequences given bel ow showsthe correct

increasing order of energy?

(A) 3s, 3p, 4s, 4p, 3d, 5s, 5p, 4d

(B) 3s, 3p, 3d, 4s, 4p, 4d, 5s, 5p

(C) 3s,3p, 4s, 3d, 4p, 5s, 4d, 5p

(D) 3s, 3p, 4s, 4p, 5s, 3d, 4d, 5 :

The probability density plol > (7 \"\‘

of 1sand 2satomic orbitals \i ) ( i

aregiveninfigures = G

The density of dots in a region represents the

probability density of finding electrons in the region.

Which of the statements is incorrect?

(A) 1sand 2sorbitals are spherical in shape.

(B) The praobability of finding the electron is maximum
near the nucleus.

(© The probability of finding the electron at a given
distanceisequal in all directions.

(D) The probability density of electrons for 2s orbital
decreases uniformly as distance from the nucleus
increases.

An electron can enter into the orbital when

(A) value of nisminimum

(B) valueof £isminimum

(C) valueof (n+ ¢) isminimum

(D) vdueof (n+m)isminimum.

Total number of orbitals associated with third shell will

be -

(A)2 B)4

©9 (D)3

In how many elements the last electron will have the

following set of quantum numbers,n=3, ¢ =1?

(A)2 B)8

(©6 (D)10

Q.63

Q.64

Q.65

Q.66

Q.67

Q.68

Q.69

Q.70

Q.71

Q.72

Choose the correct statement

(A) In the ground state of the atoms, the orbitals are
filled in order of their increasing energies.

(B) Notwo electronsin an atom can have the same set
of four quantum numbers.

(C) the maximum number of electronsin the shell with
principal quantum number nis equal to n?.

(D) Both (A) and (B)

Number of angular nodes for 4d orbital is —
(A)4 (B)3

2 D)1

The configuration of the valence orbital of an element
with atomic number 22is

(A) 3d® 4s! (B) 3d2 452

(C) 4s! 4pt (D) 3d? 4s! 4pt
Orbital angular momentum depends on —
(A) ¢ (B)nand ¢
(C)nandm (D) mands

Choose the correct statement

(A) thelower thevaueof (n+ /) for an
orbital, the lower isits energy.

(B) Energies of the orbitals in the same subshell
decreasewithincreasein the atomic number (Z ).

(© The orbitals having the same energy are called
degenerate.

(D) All of these

Choose the correct statement —

(A) Sizeof thesorbital : 4s>3s>2s> 1s

(B) Sizeof porhitals: 4p>3p>2p.

(©) Sizeof porhitals: 4p<3p<2p.

(D) Both (A)and (B)

Which set of quantum numbers (n, ¢, m,, my) is not

possible?

(A)1,0,0,1/2 (B)1,1,0,1/2
(C)1,0,0,-1/2 (D)2,1,-1,1/2
Correct orbital picture for oxygen atom is —
GV IRV I VO I I O I
(I I XV A IV B VI I
O [N ] [ NIN] ]
O[N] [NIN]N]

Electron configuration of Cr

(A) 1s? 252 2pb 352 3p#

(B) 152 282 2pb 352 3p6 4s! 3P
(C) 12 282 2p8 352 3p

(D) 1s? 252 2pb 352 3pb

Violates Pauli exclusion principle
(A) 1s? 252 2pb 352 3p#

(B) 152 282 2p 352 3p6 4s! 3dP°
(C) 1s2 282 2p8 352 3p

(D) 1s? 252 2pb 352 3pb

=
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Choose onecorrect responsefor each question.

Q1

Q.2

Q3

Q4

Q.5

Q.6

Q.7

QS8

Which of the following species is isoelectronic with

Cco?

(A)HF (B)N,

(C)N,* (D) Oy~

If the kinetic energy of the particleisincreased to 16

times its previous value, the percentage change in the

de-Broglie wavelength of the particle is X%. Find the

value of (X -70)

(A)1 B)2

©3 (D)5

When el ectromagneti ¢ radiation of wavel ength 300nm

falls on the surface of sodium, electrons are emitted

with akinetic energy of 1.68 x10° Jmol~1. What isthe
minimum energy needed to remove an electron from
sodium?

(A) 1.84x10719] (B)3.84x10715)

(©) 3.84x10721) (D)3.84x10719]

Calculate the energy required for the process : He*(g)

— He?*(g) + €.

The ionisation energy for the H atom in the ground

stateis2.18 x 10718 Jatom™1,

(A) 8.72x 10718 Jatom?

(B) 8.72x 10717 Jatom

(©) 2.18x 10718 Jatom?

(D) 8.72x 1021 JatomL

An electron isin one of the 3d-orbitals. What are the

possible values of n, ¢ and mfor this electron?

(A)n=3,/=0,m,=0

(B) n=3,/=1,m,=-1,0,+1

© n=3,/=2,m,=-2,-1,0,+1,+2

(D) n=3,/=3,m,=-3-2,-1,0,+1,+2, +3

Which of the following istrue?

(A) TheBohr model appliesto He.

(B) The spectrum of hydrogen in the visible region of
the electromagnetic spectrum is continuous.

(©) Becausethee€lectron hasamore negative potential
energy for n= 1thanitdoesfor n=any integer>1,
the electron is most stable in its smallest allowed
orbit.

(D) The electron in hydrogen may assume either a
circular or dliptical orhit.

An element with mass number 81 contains 31.7% more

neutrons as compared to protons. Find the symbol of

the atom.

(A) gise (B) &Br

(©) §okr (D) §7Rb

The 3d-orbitals having electron density in all the three
axisis
(A) 3de
© dez

(B) 3d >
(D) 3d,,

Q.9

Q.10

Q.u

Q.12

Q.13

Q.14

Q.15

Q.16

The probability of finding out an electron at a point

within an atom is proportional to the —

(A) square of the orbital wave functioni.e., y?2

(B) orbital wavefunctioni.e., y

(C) Hamiltonian operatori.e., H

(D) principa quantum number i.e., n

With respect to the electromagnetic spectrum, which

of the following is not correct ?

(A) Electromagnetic radiation of wavelength 700nm
falsinthered region of the visible spectrum.

(B) A photon of wavelength 700 nm will have higher
energy than a photon of infrared radiation.

(©) Electromagnetic radiation of wavelength 700nm
has an identical speed to that of radiation of
wavelength 400 nm.

(D) Electromagnetic radiation of wavelength 700nm
has a higher frequency than that of X-rays.

If the velocity of an electron in Bohr’s first orbit is

2.19 x 10°ms™1, what will bethe de Brogliewavelength

associated with it?

(A)2.19%x10%m (B)4.38x10%m

(©)3.32x1010m (D)3.32x10'm

The emission spectrum of hydrogen isfound to satisfy

the expression for the energy change AE (in joules)

(1 1)
such that AE = 2.18 x 10718 L—z-—zj J where
Ny n;
n, =1,23,..andn, = 2, 3, 4 The spectral lines
corresponds to Paschen series if —
(A)yn;=landn,=2,3,4 (B)n,=3andn,=4,5,6
(©)n=1landn,=3,4,5 (D)n;=2andn,=3,4,5
The order of increasing energies of the orbitalsfollows
(A) 3s,3p,4s,3d,4p (B) 3s, 3p, 3d, 4s, 4p
(C) 3s,3p, 4s, 4p, 3d (D) 3s, 3p, 3d, 4p, 4s
The de Broglie wavelength associated with a ball of
mass 200g and moving at a speed of 5 m/hr, is of the
order of (h=6.626 x 10734 Js).
(A)1015m (B)10¥m
(©)10%m (D)1030m
The number of radial nodes and angular nodes for d-
orbital can be represented as
(A) (n-2) radial nodes + 1 angular node
=(n-1) total nodes
(B) (n-1) radial nodes + 1 angular node
=(n-1) total nodes
(© (n-23) radial nodes + 2 angular nodes
= (n-¢-1) total nodes
(D) (n-3) radial nodes + 2 angular nodes
=(n-1) total nodes
The radius of the stationary state which is also called
Bohr radiusisgiven by theexpressionr,, = n2a0 where
the value of a; is —
(A)52.9pm
(©)529pm

(B)5.29pm
(D)0.529pm

e
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Q.17 If the energy of a photon corresponding to a (C) Schrodinger wave equation

Q.18

Q.19

Q.20

Q.21

Q.22

Q.23

Q.24

Q.25

wavelength of 6000 A is 3.32 x 10719 J, the photon

energy for awavelength of 4000 A is

(A)L4ev (B)4.9eV

(©31lev (D)1.6ev

In astronomical observations, signals observed from

the distant stars are generally weak. If the photon

detector receives a total of 3.15x10718] from the
radiation of 600 nm, calculate the number of photons
received by the detector.

(A)10 (B)20

(©25 (D)35

Few statements are given regarding nodes in the

orbitals. Mark the statement which is not correct.

(A) Incaseof p,-orbital, xy planeisanoda plane.

(B) ns- orbital has (n + 1) nodes.

(© The number of angular nodesis given by /.

(D) The total number of nodes is given by (n - 1) i.e.

sum of ¢ angular nodes and (n — ¢ — 1) radial nodes.

Barium salts, when burned, emit agreenish light (often

utilized infireworks). One of the most common, BaCl,,

produces light with the wavelength of 511 nm. What
would the corresponding frequency of thiswavelength
be?

(A)5.82x 101051 (B)5.87 x 101451

(C)8.48x 101651 (D) 2.32x1018g1

Which of the following quantum numbers are correct

for the outermost el ectron of sodium atom?

(A)n=4,/=0,m=0,s=+1/2

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

© n=3,/=1,m=+1,s=+1/2

D) n=3,/=2,m=-1,5s=-1/2

What does the negative electronic energy (negative

signfor al values of energy) for hydrogen atom means?

(A) Theenergy of anelectronintheatomislower than
the energy of afree electron at rest which istaken
aszero.

(B) When the €electron is free from the influence of
nucleus it has a negative value which becomes
more negative.

(© When the electron is attracted by the nucleus the
energy is absorbed which means anegative value.

(D) Energy is released by hydrogen atom in ground
state.

Which atom (X) is indicated by the following

configuration? X — [Ne] 3s? 3p3

(A) Nitrogen (B) Chlorine

(C) Phosphorus (D) Sulphur

Nitrogen laser produces a radiations at a wavelength

of 337.1 nm. If the number of photons emitted per

second is 5.6 x 1024, calcul ate the power of this laser.

(A) 1.3x 103kW (B) 4.3 x 103kW

(© 3.3x102kwW (D) 3.3x 103kW

The wave-mechanical model of atom is based upon

(A) DeBroglie concept of dual character of matter .

(B) Heisenberg’s uncertainty principle

Q.26

Q.27

Q.28

Q.29

Q.30

Q31

Q.32

(D) All the above three

Though thefive d-orbitalsare degenerate, thefirst four
d-orbitals are similar to each other in shape whereas
thefifth d-orbital is different from others. What isthe
name of the fifth orbital?

(A) dxzfyz (B)d

(© dy, (D) dyy
Two values of spin quantum numbersi.e., +1/2 and
-1/2 represent

(A) up and down spin of the electrons respectively.

(B) two quantum mechanic spin states which refer to
the orientation of spin of the electron.

(©) clockwiseand anti-clockwise spin of the electrons
respectively.

(D) anti-clockwise and clockwise spin of the electrons
respectively.

Which of the following regarding the Rutherford

experiment isnot correct?

(A) Most apha particles passed through the gold foil
without being deflected since the nuclei of the gold
atoms represent such a small portion of the total
atomicvolume.

(B) Coulomb'slaw, which statesthat like chargesrepel
each other, accounts for the deflection of alpha
particles passing close to gold atom nuclei.

(©) Most apha particles passed through the gold foil
without being deflected since the nuclei of the gold
atoms represent such a small portion of the total
atomic mass.

(D) Because of the electrons small masses, they did
not deflect the alpha particles.

Choose the correct statement —

(A) the wavenumber of radiation having wavelength
5000A is2x 108 m 1,

(B) Thevelocity of electron present infirst Bohr orbit
of hydrogen atomis 2.18 x 106 n/s.

(© The wavenumber of radiation having wavelength
5000A is2x 10%cm L,

(D) Both (A) and (B)

What will be the orbital angular momentum of an

electronin 2s-orbital ?

(A) Zero (B) One

(C) Two (D) Three

Thework functionfor cesiumatomis1.9 eV. Calculate

the threshold wavelength

(A)453x10"m (B)353x10"m

(C)653%x10"m (D)6.53%x10°m

The orbital diagram in which the Aufbau principle is

violated is

2s 2p

()
2s 2p

©

2s 2p

®)
2s 2p

©)

=
I30




SOAL

(STRUCTURE OF ATOM) QUESTION BANK ODNM ADVANCED LEARNING
Q.33  Read the following statements and mark the incorrect Arrange the following particlesin increasing order of

statement.

(A) No two electronsin an atom can have all the four
guantum numbers same.

(B) All the orbitals in a subshell are first occupied
singly with parallel spins.

(© The outer electronic configuration of chromium
atomis 3d4 452,

(D) Lyman series of hydrogen spectrum lies in
ultraviolet region.

valuesof emratio : Electron (€), proton (p), neutron(n)
and a-particle (o) -
(A)n,p, e a
©)n,p,o,e

B)n,a,p, e
(D) e p,n, o

EXERCISE - 3(NUMERICAL VALUE BASED QUESTIONYS)

NOTE : Theanswer toeach questionisaNUMERICALVALUE. Q.4

Q.1

Q.2

Q.3

The ionization energy of the Be3* ion with the electron
initsground stateis 2.10 x 104 kJ/mol. Find the value of
A

The maximum number of electronsthat can have princi- Q.5

pa quantum number, n = 3, and spin quantum number,
mg=-1/2,is

The work function (¢) of some metals is listed below.
The number of metalswhich will show photoel ectric ef-
fect when light of 300 nm wavelength falls on the metal
is

Metal | Li [Na| K | Mg | Cu
d(eVv)|24|23|22| 3.7 |48
Metal ([Ag| Fe | Pt | W
d(eV) | 43[47|63|4.75

The atomic masses of He and Ne are 4 and 20 am.u.,
respectively. The value of the de Broglie wavelength of
He gas at —73°C is “M” times that of the de Broglie
wavelength of Ne at 727°C. M is —

In an atom, thetotal number of el ectrons having quantum
numbersn=4, |m,|=1andm =-1/2is

Determine the number of unpaired electronsin an atom
of tellurium, Te.
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EXERCISE -4[PREVIOUSYEARSAIEEE/JEE MAIN QUESTIONS]

(A) K*, Ca*, Sc3*, CI (B) Nat, Ca?*, Sc3, F-

Q.1 An atom has a mass of 0.02 kg & uncertainity in its
velocity is9.218 x 108 m/sthen uncertainity in position (O K*, CIm, Mg?*, sc3* (D) Na*, Mg?*, AI%*, CI-
is (Atomicnos:: F=9,Cl=17,Na=11, Mg=12,Al =13,
(h=6.626x 10734 J-5s) [AIEEE- 2002 K=19,Ca=20,Sc=21)
(A) 2.86x 10728 m (B) 2.86x 1032 cm Q.11 Inamulti-electron atom, which of thefollowing orbitals
(C)1.5%x102%'m (D)3.9x1010m described by the three quantum members will have the
Q.2  Energy of H-atom in the ground state is—13.6 eV, Hence same energy in the absence of magnetic and electric
energy in the second excited state is— [Al EEE- 2002] fields [AIEEE- 2005]
(A)-6.8eV (B)-3.4eV (@n=1,=0,m=0 (b)n=2,0=0,m=0
(C)-151eV (D)—4.3eV (©n=2(=1,m=1 (dn=3,/=2,m=1
Q.3 Unertainty in position of aparticle of 25 gin spaceis (e)n=3,(=2,m=0
10> m. Hence uncertainty in velocity (ms™) is (A) (b) and (c) (B) (a) and (b)
(Planck’s constant h = 6.6 x 10-34Js)  [AIEEE- 2002] (©) (d)and (e) (D) (c) and (d)
(A)2.1x 10728 (B) 2.1x 10734 Q.12 Of the following sets which one does NOT contain
(C) 0.5x 10734 (D) 5.0 x 20724 isoel ectronic species ? [AIEEE- 2005]
Q.4 Theorbital angular momentum for an electron revolving (A) CN™, Ny, Cy* (B)PO,*~, 80,2, ClO,~
) (C)BOg*,CO;",NO;~ (D) SO,%7, CO4%~, NO;”
in an orbit is given by /¢(¢+1).——. This momentus Q.13 According to Bohr's theory, the angular momentum of
2n an electron in 5t orhit is - [AIEEE 2006]
for an s-electron will be given by - [AIEEE-2003] (A) 1.0hn (B) 10h/x
H H (C) 25hn (D) 25h/n
(A) o (B) \/5.2— Q.14 Uncertainty in the position of an electron
T T (mass=9.1 x 10731 kg) moving with avelocity 300 nvs,
1 h accurate upto 0.001 %, will be [AIEEE 2006]
©+5 5 (D) zero (A)5.76x102m (B)1.92x102m
Q.5  InBohr seriesof lines of hydrogen spectrum, third line (C)3.84x 10%m _ (0)19.2x102m
from the red end corresponds to where one of the Q.15 Which of the .f0||OWI ng sets of quantum numbers
following inter-orbit jumps of electron for Bohr orbitsin representsthe highest energy of an atom [Al EEE 2007]
an atom of hydrogen. [Al EEE- 2003 (A)n=3,/=1,m=1,s=+1/2
(A)4—)1 (B)Z—)S (B)n=3,€=2,m=1,s=+l/2
(C)3—)2 (D)5—>2 (C)n=4,€=0,m=0,s=+1/2
Q.6 The de Broglie wavelength of a tennis ball mass 60 g (D)n=3,/=0,m=0,s=+1/2 _ 6
moving with a velocity of 10 mt. per second is Q.16 The|o?|zat|on enthalpy qf hydrogen atom |sl.312_>< 10
approximately - [AIEEE- 2003] Jmol~. The energy required to excitetheelectroninthe
(A) 10716 metres (B) 10725 metres atomfromn=1ton=2is [AIEEE 2008]
(C) 1033 metres (D) 10-3Imetres (A) 6.56 x 10° Jmol 1 (B) 7.56 x 10° Jmol~1
Q.7 Which of the following sets of quantum numbers is (C)9.84x10°Jmol-L (D) 8.51 x 10° Imol
correct for anelectronin4f orbital ?  [AIEEE-2004] Q.17 Calculatethewavelength (in nanometer) associated with
(A)n=4,0=3 m=+4,s=+1/2 a proton moving at 1.0 x 103 ms™! (Mass of proton =
(B)n=4,/=4, m=—4,5=-1/2 1.67x 10727 kgand h=6.63 x 10734 Jg):
(On=4,/=3,m=+1,s=+1/2 (A)14.0nm (B) 0.032nm[AIEEE 2009]
(D)n=4,/=3, m=-2,5s=+1/2 (©)0.40nm (D)2.5nm
Q.8 Consider the ground state of Cr atom (Z = 24). The Q.18 Inanatom, anelectronismoving withaspeed of 600 m/
numbers of electrons with the azimuthal quantum swith an accuracy of 0.005%. Certainity with which the
numbers, ¢ =1 and 2 are, respectively  [AIEEE- 2004] position of the electron can be located is
(A) 12 and 4 (B)12and 5 (h=6.6x103*kgm?sL,
(C)16and 4 (D) 16and 5 mass of electron, e, =9.1x 1031 kg): [AIEEE 2009]
Q.9 The wavelength of the radiation emitted, when in a (A)3.84x103m (B)1.52x10-4m
hydrogen atom electron falls from infinity to stationary (C)5.10x10°m (D) 1.92x103m
state 1, would be (Rydberg constant = 1.097x107 ml) Q.19 lonisation energy of He* is19.6 x 10718 Jatom™. The
(A)91nm (B) 192nm [Al EEE-2004] energy of the first stationary state (n = 1) of Li%* is —
(C)406m (D)9.1x108nm [AIEEE 2010]
Q.10 Which one of the following sets of ions represents the (A)4.41x10716 Jatom™  (B)-4.41x 10717 Jatom
collection of isoelectronic species ?  [Al EEE- 2004] (C)-2.2x 1071 Jatom™ (D) 8.82x 10-17 Jatom L
[ 32
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Q.20 A gas absorbs a photon of 355 nm and emits at two Q.29 For emission line of atomic hydrogen fromn, = 8 to

Q.21

Q.22

Q.23

Q.24

Q.25

Q.26

Q.27

Q.28

wavelengths. If one of the emission is at 680 nm, the

other isat [AIEEE 2011]
(A)1035nm (B)325nm
(©) 743nm (D)518nm

The electrons identified by quantum numbersnand ¢ :
[AIEEE 2012]

@n=4,/=1 (b)n=4,¢=0
(c)n=3,/=2 (dn=3,/=1

can be placed in order of increasing energy as:

(A) (@ <(d)<(b)<(d) (B)([d<®)<()<(
© (b)<(d)<(a<(c) (D) () <(c) <(b) <(d)

The increasing order of the ionic radii of the given
isoelectronic speciesis: [AIEEE 2012]
(A) CI-, Ca* K+, S (B) S*~, CI-, Ca?*, K+
(C) Ca?*, K*,Cl-, $%~ (D)K*, S, Ca?t, Cl-
Energy of an electron is given by

(72)
E=-2.178x10718] L?J . Wavelength of light required

to excite an electron in an hydrogen atom from level
n=1ton=2will be—
(h=6.62x 10734 Jsandc=3.0x 108 ms™1)
[JEE MAIN 2013]
(A)1.214x 10" m (B)2.816x 10" m
(C)6.500% 10" m (D)8.500x 10" m
Thefirstionisation potential of Nais5.1eV. Thevalue of
electrongain enthalpy of Na* will be: [JEE MAIN 2013]
(A)-2.55eV (B)-5.1eV
(C)-10.2eVv (D) +2.55eVv
The correct set of four quantum numbersfor the valence
electronsof rubidiumatom (Z =37) is [JEE M AIN 2014]
(A)5,1,1,+1/2 (B)5,0,1,+1/2
(©)5,0,0,+1/2 (D)5,1,0,+1/2
Which of thefollowing isthe energy of apossible excited
state of hydrogen? [JEEMAIN 2015]
(A)-6.8eV (B)-3.4eV
(C)+6.8ev (D) +13.6eVv
A stream of e ectronsfrom a heated filament was passed
between two charged plateskept at apotential difference
V esu. If e and m are charge and mass of an electron,
respectively, then thevalue of /A (where A iswavelength
associated with electron wave) is given by
[JEEMAIN 2016]

(A) 2meV (B) Vmev
©) 2mev (D) mev

Theradius of the second Bohr orbit for hydrogen atom
is: (Planck's constant, h = 6.6262 x 10734 Js;

mass of electron = 9.1091x 10-31 kg; charge of electron
e=1.60210 x 10719 C; permittivity of vacuum
€,=8.854185 x 10 12kgt n3A2) [JEEMAIN 2017]
(A) 2.12A (B) 1.65A

(C)4.76R (D) 0.520A

Q.30

Q.31

Q.32

Q.33

Q.34

Q.35

ng = n, the plot of wave number (v) against (Un?) will
be (The Rydberg constant, Ry, isin wave number unit).
[JEEMAIN 2019 (JAN)]
(A) Linear withslope- R, (B) Linear withintercept - Ry,
(C) Non linear (D) Linear with slope Ry,
The quantum number of four electrons are given below
.n=4,0=2,m,=-2,mg=~%
l.n=3,/=2,m,=1,m=+%
.n=4,/=1,m,=0,m;=+%
IV.n=3,/=1,m,=1, m=-%
The correct order of their increasing energieswill be -
[JEEMAIN 2019 (APRIL)]
A)IV<Ili<Iil<l B)IV<Iiili<l
©l<li<l<IV D) I<l<Il<IV
Thesizeof theiso-electronic speciesCl~, Ar and Ca?* is
affected by - [JEE MAIN 2019 (APRIL)]
(A) Principa quantum number of valence shell.
(B) Nuclear charge.
(C) Azimuthal qunatum number of valence shell.
(D) Electron-electron interaction in the outer orbitals
If pisthe momentum of the fastest electron g ected from
a metal surface after the irradiation of light having
wavelength A, then for 1.5 p momentum of the
photoelectron, the wavelength of the light should be:
(Assume kinetic energy of gected photoelectron to be
very high in comparison to work function)
[JEEMAIN 2019 (APRIL)]
(A) (12) A (B) (3/4) 1
©) @32 (D) (4/9)
The element having greatest difference between itsfirst
and second ionization energies, is:
[JEEMAIN 2019 (APRIL)]
(A)Ca (B)K
(©)Ba (D) s
Which one of the following about an electron occupying
the 1s orbital in a hydrogen atom is incorrect ? (The
Bohr radiusis represented by &)
[JEEMAIN 2019 (APRIL)]
(A) The electron can be found at a distance 23, from
the nucleus.
(B) The probability density of finding the electron is
maximum at the nucleus.
(© Themagnitude of potential energy isdouble that of
its kinetic energy on an average.
(D) Thetota energy of the el ectron ismaximum when it
is at adistance a, from the nucleus.
The graph betweeen |y |2 and r (radial distance) isshown
below. Thisrepresents: [JEE MAIN 2019 (APRIL)]

2
vl

T

(A) 3sorbital
(C) 2porhbital

(B) 1sorbital
(D) 2sorhital

T
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Q.36 Theelectronsare morelikely to befound : Q.39 Theradiusof the second Bohr orhit, interms of the Bohr

Q.37

Q.38

:a 1 (X)
bh x—>
pa——

[JEEMAIN 2019 (APRIL)]
(A) intheregionaand b (B) intheregionaand c
(C) only intheregionc (D) only intheregion a
n=5, mg=+1/2. How many orbitalsare possible:
[JEE MAIN 2020 (JAN)]
(B)30
(D)35

(A) 25
(©)50

2 2

GivenforH-atom y - R, 11
ng N3

Select the correct options regarding this formula for

Balmer series. [JEE MAIN 2020 (JAN)]

@ n =2

(b) lonization energy of H atom can be calculated from
aboveformula

(© Mmaximumisforn, =3.

(d) If A decreases then spectrum lines will converse.

(A)ab (B)c,d

(CQa&c (D)a,b,c&d

Q.40

Q.41

radius, ag, inLi%* is: [JEE MAIN 2020 (JAN)]

3ay 439
(A) 2 Chre

ag 162y
© 3 (D) 9

The de Brogliewavelength of an eectroninthe 4 Bohr

orbitis: [JEE MAIN 2020 (JAN)]
(A) 8ra, (B) 2nay,
(C) 4ng, (D) 6may,

The electronic configurations of bivalent europium and
trivalent ceriumare [JEE M AIN 2020 (JAN)]
(Atomic number : Xe=54, Ce=58, Eu=63)

(A) [Xe] 4f4 and [X €] 4f°

(B) [Xe€] 4f” and[X €] 4f1

(C) [Xe] 4f7 6s? and [ X €] 42 652

(D) [X€] 42 and [X €] 4f7

[4
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Choose onecorrect responsefor each question.

Q1

Q.2

Q3

Q4

Q.5

Q.6

Q7

QS8

Q.9

The energy of second Bohr orbit of the hydrogen atom
is —328 kJ mol~2, hence the energy of fourth Bohr orbit
would be - [AIPMT 2005]
(A)—41 kI molt (B)-82kImol!
(C)-164 ki mol™1 (D)-1312 k) mol2
Given : Themassof electronis9.11 x 1031 kg, Planck
constant is 6.626 x 1034 Js, the uncertainity involved

inthe measurement of vel ocity within adistance of 0.1A
is — [AIPM T 2006]
(A)5.79x 10" m/s (B)5.79x 108 /s
(C)5.79x 10°m/s (D) 5.79% 10%m/s

The orientation of an atomic orbital is governed by
(A) Spin quantum number [AIPMT 2006]
(B) Magnetic quantum number

(C) Principal quantum number

(D) Azimuthal quantum number

Consider the following sets of quantum numbers:

n 4 m s [AIPMT 2007]
i 3 0 0 +1/2
@iy 2 2 1 +1/2
(iii)y 4 3 -2 -1/2
(iv) 1 0 -1 -1/2
(v) 3 2 3 +1/2
Which of the following sets of quantum number is not
possible —
(A) (i), (i), (iii) and (iv) (B) (i), (iv) and (v)
(C) (i) and (iii) (D) (ii), (iii) and (iv)
If uncertainty in position and momentum are equal, then
uncertainty in velocity is: [AIPMT 2008]
A \F B 1
O ®) 5=

o e
© 5, D)

The measurement of the electron position is associated
with an uncertainty in momentum, which is equal to
1 x 10718 g cmsL. The uncertainty in electron velocity

is, (massof andectronis9x 1028g)  [AIPMT 2008]
(A)1x 101 cms? (B)1x10%cms?
(C)1x10%cmst (D) 1x10°cms!

The energy absorbed by each molecule (A,) of a
substanceis 4.4 x 1012 Jand bond energy per molecule
is4.0 x 10719 J, The kinetic energy of the molecule per

atomwill be: [AIPMT 2009]
(A)2.2x10719) (B)2.0x10719)
(C)4.0x1020) (D)2.0x10720)

Maximum number of electronsin asubshell of an atom
is determined by the following: [AIPMT 2009]
(A)2¢+1 (B)4r-2

(C) 2r? (D)4r+2

Which of the following is not permissible arrangement
of electronsin an atom? [AIPMT 2009]
(A)n=5,/=3,m=0,s=+1/2

[35

Q.10

Q.u

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

Q.18

Q.19

(B)n=3,/=2,m=-3,5s=-1/2

(C)n=3,¢(=2,m=-2,5=-1/2

(D)n=4,/=0,m=0,s=-1/2

A 0.66 kg ball is moving with a speed of 100 m/s. The

associated wavelength will be: (h= 6.6 x 10734 Js)
[AIPMT 2010]

(A)6.6x1032m (B) 6.6x10734m

(C)1.0x10%¥m (D)1.0%x10732m

The total number of atomic orbitals in fourth energy

level of an atom is — [AIPMT 2010]

(A4 B)8

(©16 (D)32

The energies E; and E, of two radiations are 25V and

50eV respectively. The relation between their wave-

lengthsi.e. A, and A, will be [AIPMT 2011]

1
(A) 7‘1=§7~2 (B) =1y

OO r =2, (D)Ay=4h,

If n= 6, the correct sequence of filling of electrons will
be [AIPMT 2011]
(A)ns>np(n-1)d—>(-2)f
B)yns->nn-2)f>(-1)d—-np
C)ns—>nn-1)d—>n-2)f>np
D)ns>n-2)f>np->(n-1)f

According to the Bohr Theory, which of the following
transitions in the hydrogen atom will give rise to the

least energetic photon [AIPMT 2011]
(A)n=6ton=1 (Byn=5ton=4
(C)n=6ton=5 (D)n=5ton=3

M aximum number of electronsin asubshell with
¢=3andn=4is: [AIPMT 2012]
(A)14 (B)16

©10 (D)12

The correct set of four quantum numbers for the va-
lencedecronof rubidiumatom (Z=37)is:[AIPMT 2012]

(A)5,1,+1/2 (B)6,0,0+1/2
(©)5,0,0+1/2 (D)5,1,0+1/2
The orbital angular momentum of a p-electron is given
as [AIPMT 2012]

h h 3h
™ ® (C)\EE 0) 6~

The value of Planck's constant is 6.63 x 10734 Js. The
speed of lightis3 x 101" nm s, Which valueis closest
to the wavelength in nanometer of a quantum of light

with frequency of 6 x 101551 2 [NEET 2013]
(A) 75 (B)10
©25 (D)50

Based on equation E = -2.178 x 10718 J (Z2/n?) certain
conclusions are written. Which of them is not correct ?
[NEET 2013]

(A) For n =1, the electron has a more negative energy
than it doesfor n = 6 which meansthat the electron
ismore loosely bound in the smallest allowed orbit.

I'_




SOAL

ODM ADVANCED LEARNING

QUESTION BANK

STUDY MATERIAL : CHEMISTRY

Q.20

Q.21

Q.22

Q.23

Q.24

Q.25

Q.26

Q.27

(B) The negative sign in equation simply means that
the energy of electron bound to the nucleusislower
than it would be if the electrons were at the infinite
distance from the nucleus.

(© Larger thevalue of n, the larger isthe orbit radius.

(D) Equation can be used to calculate the change in
energy when the electron change orbit

What is the maximum numbers of electronsthat can be

associated with the following set of quantum numbers ?

n=3,¢=landm=-1 [NEET 2013]
(A)2 (B)10
©6 (D)4

What is the maximum number of orbitals that can be
identified with the following quantum numbers?
n=3/¢=1,m,=0 [AIPMT 2014]
(A)1 ‘ (B)2

©3 (D)4

Calculate the energy in joule corresponding to light of
wavelength 45 nm : (Planck's constant h = 6.63 x 1034
Js; speed of lightc=3x108ms™1)  [AIPMT 2014]

(A) 6.67 x 1015 (B)6.67x 1011

(C)4.42x 10715 (D)4.42x 10718

Be?* isisoelectronic with which of the following ions?
[AIPMT 2015]

(A)H* (B)Li*

(©)Na* (D) Mg**

Angular momentum of electron in'd’ orbital isequal to
(A) V27 (B) 2437 [AIPMT 2015

(C) 0n (D) V6 71

The number of d-electronsin Fe?* (Z=26) isnot equal to
the number of electronsin which one of the following?
(A) p-electronsinCl (Z=17) [AIPMT 2015]
(B) d-electronsin Fe (Z = 26)

(C) p-electronsinNe (Z = 10)

(D) s-electronsinMg (Z=12)

Gadolinium belongs to 4f series. It’s atomic number is
64. Which of the following is the correct electronic
configuration of gadolinium ? [RE-AIPMT 2015]
(A) [Xe] 4f 501652 (B) [X€] 4950265

(C) [Xe] 48602 (D) [Xe] 4f95s!

Which is the correct order of increasing energy of the
listed orbitalsin the atom of titanium ?

(At.no.Z=22) [RE-AIPMT 2015]
(A)3s3p3d4s (B) 3s3p4s3d
(C)3s4s3p 3d (D) 4s3s3p 3d

Q.28

Q.29

Q.30

Q31

Q.32

Q.33

Q.34

Q.35

Theelectronic configurations of Eu (Atomic no. 63), Gd
(Atomic No. 64) and Th (Atomic No 65) are

[NEET 2016 PHASE 1]
(A) [Xe] 4f7 652, [Xe] 4f86s%and [X €] 48 5d! 652
(B) [Xe] 4f85d16s?, [Xe] 4f7 5f1 and [X €] 4f% 652
(© [Xe] 48501652, [Xe] 4f7 50 652 and [ X €] 4f850165
(D) [Xe]4f7 652, [Xe] 4f7 50 6s? and [X €] 49 652
Two electrons occupying the same orbital are
distinguished by [NEET 2016 PHASE 1]
(A) Principal quantum number
(B) Magnetic quantum number
(C) Azimuthal quantum number
(D) Spin quantum number
How many electronscan fitinthe orbital for whichn=3
and /=17 [NEET 2016 PHASE 2]
(A)2 (B)6 ©10 (D) 14
Which of the following pairs of d-orbitals will have
electron density dlongthe axesNEET 2016 PHASE 2]

(A) dzz ldXZ (B) dxzv dyz(c) d22 ' dx27y2 (D) de ’ dx27y2

Which oneisthewrong statement ? [NEET 2017]

(A) Theuncertainty principleisAE x At >h/4x

(B) Half filled and fully filled orbitals have greater
stability due to greater exchange energy, greater
symmetry and more balanced arrangement.

(©) The energy of 2s orbital is less than the energy of
2p orhital in case of Hydrogen like atoms

h
(D) de-Broglies's wavelength is given by A= o

wherem = mass of the particle, n = group velocity of
the particle
Which one is a wrong statement? [NEET 2018]
(A) Theelectronic configuration of N atomis

2 242 2pl‘ | 2

Is S Zp) .
[y ey
(B) Anorbital isdesignated by three quantum numbers
while an electron in an atom is designated by four
guantum numbers.
(©) Total orbital angular momentum of electron in's
orbital isequal to zero.
(D) Thevalueof mford,2iszero
4d, 5p, 5f and 6p orbitals are arranged in the order of
decreasing energy. The correct optionis [NEET 2019]
(A)5f>6p>5p=>4d (B) 6p>5f>5p>4d
(C)6p>5f>4d>5p (D) 5f >6p>4d>5p
Which of the following series of transitions in the
spectrum of hydrogen atomfall invisible region?
[NEET 2019
(B) Balmer series
(D) Brackett series

1

(A) Lyman series
(C) Paschen series
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10111]112|13|14|15]|16(17]|18(19|120|21]|22|23]|24|25
A|lA|D|A|B|C|C|D|B|C|A|(C|B|A|D|ID|[A|JC|B|A]JA|C]|A]|C]|B
2612728129130 31|32|33(34|35(36(37|38[39(40|41|42]|43|44|45|46]|47]|48]49]50
A|lD|C|B|B|A|D|D|B|J|A|JA|(C|B|D|A|B|A|B|B|D|B|D|B|DJA
51152|53|54|55|56|57|58[59|60[61|62|63|64]|65]|66]|67|68|69]|70]|71]72
pys|sB|(B|DfD|DfC|DfC|C|C|D|C|B|A|D|D|B|B]|B]C

N
N
w
I
(6]
(o))
~
0]
©

>|O0|>»|0|> |0

EXERCISE - 2

26(27]128(29]130(31]32|33]|34

>|O|>» |0
>
@]
w
o
@]
os]
>
W)
o
>
@)
>
w
os]
w
>
(@]
o)
O

EXERCISE -3

Qfl1f2]13] 4
Alalol|la]5s] e

EXERCISE - 4
Q(1(2|3|4|5|6([7(8]9]|10|11|12(13|14|15|16|17(18(19(20|21|22|23|24(25
A|lA|C|A|D|ID|CICD|B|A|JA|C|D|C|B|B|C|(C|(D|B|C|B|C|A|B|C
Q |26]27(28(29|30|31]32(33(34|35)|36|37|38|39(40(41
A|B|C|A|D(B(B|D|B|D|D(B|A|JC|B|A|B

EXERCISE - 5

Q|12 (3|4|5|6|7|8|9([10(11(12|13|14(15(16|17|18]|19(20|21|22(23|24|25
A(B|/D|B|Bf(B|B|D|DfB|C|C|C|BIC|A|C|A|D|IA|JA|A|D|(B|D]|A
Q2627 (28|29|30(31|32|33|34|35
A|lA|B|DID[A|JC|C|A|A|B
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1)

)

©)

(4)

©)

(6)

(7
8

STRUCTURE OF ATOM

TRYITYOURSEL F-1
(D). Rutherford’s experiment was actually a-particle
scattering experiment. a-particleisdoubly positively
charged heliumioni.e., He-nucleus.
7(7-1
Total number of spectral lines= % =21
Total number of lines in Balmer series=7-2=5
(A). Energy of electron in H-atom is determined by the

=—@ev wheren=1,2,3,.

n

expression E,

In excited states, E, = _%{6: -34¢eV

Ez=- 1?‘;6:—151ev ete.

2

1 10067872 L - iz cm L
A ng n3

—100678x 4| £ - L | ~100678x > cm
4 16 4

4
L =91.2x 3 nm =121.6nmor 1.216x 10" m

2
18”72
En =-218x10° =

J/atom
n
E, =-2.18x10® EZ; 5/ atom = _p 18 x 1018 Jatm
2 2
M =(05298)x — ; 1, = %A =1.058A

1 10067872 [—— i]
M 5

100678 x1x| S— L [em™ _ 109678 x > cm™L
4 9 36

A =91.2x 3—: cm ™! = 656.64nm

-871.6
(C).Ex Z?; Etiydrogen = T4

22.85nm
For maximum energy, n; = 1and n, = oo

x10720]

1 (1 1)
)

©)

(10)

@

)

3

4

Since Ry isa constant and transition remains the same

2

1
Hence, Ape = 2 x 91.2=22.8nm

2 2

AE=218x10%8x72| L L
ng ny

_ 1 1
AE =218x10718 x4[2—2—§] =2.18x 10718 Jatom

nh
2rmr

(©). v=

1 n2n2
KE.= > mw : For second orbit K.E.=

Since, rq =ay, ry, =44,

4h?2

8r2m?r2

h2

KE=—'3—
32r°maj

TRY ITYOURSELF-2

1

— - 7 1
o~ ai1g® 250’

Frequency =

8
_ 3x10 —19m

2.5x107

>>
I
< |0

;:%:i: 0.083m™ =g 3x 102

1

h h 66x10°%
=T =Pp=r=
p A 2x10°
Momentum of particle= 3.3x 10724 kgms™!
Energy emitted in 5 minutes= 100 x 5 x 60 = 30,000 joule

=3.3x 10724

nhc

E=nhv=

_ EL_ 30000x 600010
hc  6.6x10%* x3x 108
=0.9 x 1023 =9.0 x 1022 photons

h
AX X MAV = —
4n

[4
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Maximum kinetic energy = E - E°
h 6.6x10 % 19 gy 19 19
= AX =497x107)-3.41x1077J=1.56%x10"*"J

©)

(6)

()

(®)

©)

S AnxmAV 91x10°31x57x10° x3.14x 4
= Ax=1.0x10"10m

Threshold energy for photoemission = hv°
=6.6x10734x53x 101 = 3.49x 1071°]

Energy of photon = 3.3 x 10719]

As the energy provided by the striking photon is less,
photoelectrons will not be ejected.

Energy acquired by the electron (as kinetic energy) after
being accelerated by a potential difference of 2kV (i.e.,
2000V) is2000eV.

=2000x 1.602x 10719 J=2x 1.602 x 107163
i.e, Kineticenergy=2x 1.602x 10716

1
or - x 0.1x1031v2=2x1.602x 10716

J2 _ 2x1602x1071° x 2

o110 or v=2.66x 10" ms!
L1 X

or
_h  6626x10°%

TV 9.1x107 % 2,66 107
=193x10 1 m

Energy of photon (E) is given by
E=hv=hd/Ar

For violet light, A = 4000 A =4000 x 1010 m
c=3x108m/s

£ _ 6626x10°% x3x10°
4000x10710

For red light, A = 6000 A =6000 x 1010 m

=4.970x 10 ¥joule

£ _ 6:626x10°* x3x10°
6000x 10710

=3.313x 10 ¥%joule

h  66x10%
4rm  91x10°'x4x3.14

h
AXXMAV = — = Axx AV =
47

=577x10°m?st
Product of uncertainities=5.77 x 10> m?s1
Energy required to gject the electron,
E°=213x1.6x101°J=341x1019)

Energy of incident photon,

E—E— 6.63x1073* x 3x10°

. 2002100 =4.97x 10719
X

(10)

@
@

©)

O

®

(©)

™

KE = %mvz —~ 455%x 1025 = %x 9.1x1073 x 2

2 2x455x10°%

= =10° = v=103msL

9.1x10731
—34
_h__86x107 5 oo5,106
mv  91x103x10°
Wavelength=7.25x 10~/
TRYITY RSEL F-

21

As the €electron is in 3d orbital, the value of the n = 3,
further, asthe electronisind orbital, therefore, | = 2.

Now, when | = 2, the possible values of m can be
-2,-1,0,+1, +2.

1 1
Lastly, for each value of m, scan have +§ or -

(A). Number of radial nodes=n-/¢-1
So,for3s:3-0-1=2
For2p:2-1-1=0

() n=2,1=0means2sorhital.

(i) n=3,1=1means3p orbital.

(iii) n=5,1 =2 means5d orbital.

(iv) n=6,1 =3 means6f orbital.

(C). Both (A) and (D) arecorrect. Threeelectronsinthe 2p
orbitals must have same spin, no matter up spin or
down spin.

(D). The plus and minus signs indicate that electrons are
rotating in opposite directions. They are two quantum
mechanical states which have no classical analog.

(i) Sincethe atomic number of an element isthe number
of electrons present in all the shells, therefore, the
atomic number of theelement=2+8+5=15

(i) Theorbital eectronic configuration of the element with
o 1225?2p%3s? 3p, ! 3py1 3p,t.

(iii) Total number of protons in the nucleus = Atomic no.
of theelement = 15.

(iv) The valency of the element under consideration has
three half-filled atomic orbitals, therefore, the valency
of the element = 3.

(i) Thisset of quantum numbersis permitted.

®
—
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(i) Thisset of quantum numbersis also permitted. (13) () SinceH~isobtained by adding oneelectronto H atom

©)

(10)

(1)

(12)

(iii) Thisset of quantum numbersisnot permitted because
for n = 3 the value of | cannot be 3 but can be at the
maximum2.

(iv) This set of quantum numbers is also not permitted as
above.

() (Z=11) 1s?2s?2pB3st
@ . 22822p%3s?3pt 3pyl 3p,L.
(iii) (Z =24) 1s? 25? 2p% 32 3p6 3d° 4s!
(iv) (Z = 28) 1s? 25? 2pb 352 3pb 3d8 452
(V) (Z=31) 1s? 2s? 2pb 352 3p6 3d10 452 4pl
6. [m,|=1

meansm, can be +1 and -1

So, for n = 4 six orbitals are possible and bear six
electrons with s =-1/2.

(A). p, orbital being dumbell
shaped, number of nodal

z

planes=1, inyz plane. «

(A).() n=4,1=1=4porbita
(i) n=4,1=0= 4sorbita
(i) n=3,1 =2= 3d orbital 2p
(iv) n=3,1 =1= 3porbital

According to aufbau principle, energies of above
mentioned orbitals arein the order of

(iv) 3p<(ii) 4s< (iii) 3d < (i) 4p

H+e »>H
Therefore, H™ must have two electrons.
Hence, its electronic configuration is 1s2.
(i) Since F isobtained asfollows:
F+e—>F
Therefore, F~ must have one el ectron morethan F atom.

Hence, it must have 10 electrons and its electronic
configuration is 1s? 2s? 2p,? 2py2 2p,2.

(i) Mg2* isobtained by removing two electronsfrom Mg
Mg — Mg?* + 2e”
Therefore, Mgt must have the following electronic
configuration with 10 electrons
1s? 28 2p,? 2py2 2p,2.

(iv) O% is obtained by adding two electrons to oxygen
aom. O+2e — 0%

Hence, O~ must havethe 10 electronsand its electronic
configuration must be

1s? 28% 2p,2 2py2 2p,°.
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(1)

(12)

(13)

(14)

CHAPTER-2: STRUCTURE OFATOM
EXERCISE-1
(A). Mass of an electron = 9.1096 x 1031 kg

3 k= —————————X 10_3
1gor10°kg= 5 1 95 x 10-3
=1.098 x 1027 electrons
(A) ﬂ—M =-1.76 x108 coulombs/
‘m 91x108 T T ! ¢

(D). The characteristics of cathode rays (electrons) do
not depend upon the material of electrodes and the
nature of the gas present in the cathode ray tube.

(A). Charge carried by oneelectron = 1.6022 x 10712 C
Electrons presentin5.5x 10716 C

_ 55x107%
1.6022x 10719

(B). Themassof electron (i.e., 9.10939 x 1031 kg) isvery

small as compared to the mass of neutron

(i.e, 1.67493 x 1027 kg).
(C). Only afew a-particles (1in 20,000) bounced back.
(C). The conclusion “Electrons move in a circular path of
fixed energy called orbits” was given by Bohr’s model,
not by Rutherford’s a-particle scattering experiment.
Isobars are the atoms with same mass number (i.e.,
sum of protons and neutrons) but different atomic
number (i.e., no . of protons).

3432

(D).

(B). &sr. Atomic number = No. of protons

=No. of electrons= 38

Atomic mass= 88

Number of neutrons = 88 — 38 =50

Let relative abundance of Cl-37 =x %

then relative abundance of CI-35 = (100 — x)%

Average atomic mass

_ Xx37+(100-x)35 _

= 100 =355

= 37x+3500-35x=3550=x=25=100-x=75
Thus, theratio of Cl-37 and CI-35is
X:(100-x)=25:75=1:3

(A). Only overall neutrality of an atom could be explained
correctly by Thomson model of atom.

(C). Calculation of the frequency (v)

©).

_c_ 3x10°ms™
L 5800x10 °m
(B). Wavelength of yellow light =240 nm =240 x 109 m

Wavenumber (v) = 1 ;9
A 240x107°m

(A). The wavelength, A, is equal to c/v , where c is the
speed of electromagnetic radiation in vacuum and v
is the frequency. Substituting the given values, we

—5172x10%st
=4.16x 106!
_c_300x10°ms™  3.00x10°ms™!

1368kHz  1368x103s!
=219.3m

have,

(15)

(16)

17)

(18)

(19)

(20)

(21)

(22)
(23)

(24)

(25)

Thisisacharacteristic radiowave wavelength.
(D). A=242nm=242x109m
Energy required to ionise one atom of Na

hc _ (6.626x103439) x (3x108m/ 9)

E)=—
) A 242x10°m
=8.214 x 10719 Jatom
hc
AE=—
(D). %

_ 6.6x10*Jsx3x108m/s
3x107197
(A). According to Einstein’s equation

A

=6.6x10"m

— 1
Kinetic energy = Emev2 =h(v-vo)

=(6.626x10734 Js) (1.0x 101551 -7.0x1014571)
=(6.626x10734 J9) (10.0 x104s1 - 7.0 x104s71)
=(6.626 x1034 Js) (3.0x101%s1)=1.988 x10719J
(©). In a continuous spectrum, the colours merge into
each other in a continuous pattern.
(B). Energy (E) of one photonis given by the expression,
E=hv
h=6.626 x 10734 Js, v=5x 1014 571 (given)
E=(6.626x10734J9) (5x 10M4s1)=3313x1019)
Energy of one mole of photons
=(3.313x 10719 J) (6.022 x 1023 mol~1) =199.51 kImol 1

hc  (6.626x10"%3s) (3x10°m/9)

A 0.5x107m
=3.98x 107157

(A). Thefrequency of emitted radiation goesfromalower
frequency to a higher frequency as the temperature
increases.

(C). (ii) Bamer, n; =2; n, =3, 4; region-visible
(iv) Pfund, n; =5;n,=6, 7 region - infrared

(A). For Balmer series, n; =2,n,=3, 4,5, ....
The spectral lines are seenin visible region.

(C). Sincen, =5 and n; = 2, thistransition givesriseto a
spectral lineinthevisible region of the Balmer series.

(A). E= hv =

AE=2.18x10718] L_)—lz—ziz} =_458x10"19]

It isan emission energy.
Thefrequency of the photon (taking energy interms
of magnitude) is given by
,_AE_ 458x107°)

=—————=6.91x101%Hz
h  6.626x10"%*Js

c 30x10°ms™
h=—=———
vV 6.91x10%Hz
Rydberg’s formula for calculation of wavenumbers

=434 nm

®B).

of linesin hydrogen spectrumis v=R {12—12}
Ny N

—
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For Balmer series, n; =2andn, =3, 4, 5, sothirdline
of the Bamer series is due to transition from fifth
Bohr orbit to second Bohr orbit.

(218x1089) 7%

6.626x10*Js
Av = 10 3l
4x3.14%x0.1x10%mx9.11x 10 kg
=0.579%10’ms 1 (1J=1kgm?s?)

(26) (A). En= > atom =5.79x108ms?!
. n_ (38) (B).Heisenberg’s uncertainty principle rules out the
ForHe",n=1,Z=2 existence of definite pathsor trajectoriesof electrons
218x107187) (22 and other similar particles.
E1=—( a 3 ) ( )=—8.72 x10718] (39) (D).A=36A=36x1010m
1 Velocity of photon = velocity of light
on ov="Eo E27B __h_ 6.626x10 435
h h _ AV (36x10 Om) (3x 108 ms D)
E; and E, are the energies of the lower and higher — 6135 x10- 2Pk
energy states respectively. =6.1 5;1 9
2 _ 3x10 _ 7
(28)  (©). Radius of " orbit is given by r, = © " (40)  (A).v=— —=3x10"m/s
, 1 053 h 6.626x10 % Js
s _ 0 _ = —_—=
Forgli*2, r=—=—2==0176A MV 9.1x10 ¥kgx3x10'm/s
=243x1011m
2
(29) (B). Theradiusof the orbitis 1, — (&:05291M) n° (41) (B).% = Wmv, if v is same, then higher the value of m
Z means lower will bethevalue of A.
Sincen=1,andZ=2
_ : 2+
(0.0529 nm) 12 ) Name | Electron | Proton | Neutron | a-particle (He™™)
h="—""b — =002645mm Mass/u | 0.00054 | 1.00727 | 1.00867 4.0026
(30) (B). InBamer series, thelines appear invisibleregion. Thus, a-particle has the largest mass i.e., shortest
(31) (A). Energy of the orbit increases aswe move away from wavelength.
the nucleus or as the value of n increases. h
(32) (D). Bohr’s atomic theory is applicable to hydrogen and  (42) (A). AX-mMAv = In
monoatomicionslike He™, Li2*, Be3*, etc. _ A i 10 ;
(33) (D). Bohr's model is not in agreement with Heisenberg’s Ax=1000A=1000x10"""mor 10~ m
uncertainty principle. - 6.626x10" 3 Js
L h _ 6626x10%% w 4x3.14x9.1x10 3 kgx 10" m
@) By oo kgx100ms 1 - 0-026x 107 m =579x10?°ms!
1 (43) (B). Theuncertainty inthe speed is2%, i.e.,
! 2
=—Mmv
(35)  (A). SinceKE=7 45x -2 —09ms?
100
12
_(ZKEJHZ (2><3.O><10_25kg m2s2) h 6.626 x 104 Js
Ty ) T -31 AX = =
m 9.1x10 kg J 4nmAV  4x3.14x40gx10kggt (0.9ms™)
=812m/s =1.46x1033m
_ Thisisnearly ~ 1018 times smaller than the diameter
34
= h = 6'623?)( 10~ X I of atypical atomic nucleus. For large particles, the
mv - (9.1x10 " kg) (812ms ) uncertainty principle sets no meaningful limit to the
=80967 x 1019 m=896.7 nm precision of measurements.
h (44) (B).Whenn=4;¢=0,1,2,3
(36) (A). AX-MAV=— Number of orbitals=1+3+5+7=16
4n No. of electrons=2+6+ 10+ 14 =32
6.626 104 Js (45) (D). The configuration does not follow Hund's rule of
m= —5 —e =0.01kg maximum multiplicity because 3p will befully filled
4%x3.14x10 "mx5.26x10"“°m/s before the electrons go to 4s.
h h h (46) (B). The region where probability density function
(37) (C). AX-Ap=-— OF AXMAV = 5 A= reduces to zero is called nodal surfaces.
[ 42 ]
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(47) (D). Forn=3,thepossiblevaluesof /are0,1and2. Thus (60) (C). Theelectronwill enter into an orbital with minimum
thereisone3sorbital (n=3,/=08& m, = 0); thereare valueof n+ /.
three3porbitals(n=3,1=1andm,=-1,0, +1); there  (61) (C). Total no. of orhitalsin nth shell = n?
arefive3dorbitals(n=3,/=2andm,=-2,-1,0, +1, Total no. of orbitalsin 3 shell (n=3)=32=9
+2). Therefore, the total number of orbitalsis (62) (C).n=3, /¢ =1represents 3p orhital. Since p has three
1+3+5=9. Thesamevaluecan aso beabtained by orientationsp,, Py and p,, 6 electronswill show same
using the relation; number of orbitals=n?, i.e. 32=9. quantum number values of n and .
(48) (B).Cr(24): 3d°4st, Cr3*: 3d3 (63) (D).
Fe(26) : 3d%4s2, Fe3* : 3d® (A) In the ground state of the atoms, the orbitals are
Mn (25) : 3d°4s2, Mn2* : 3d® filled in order of their increasing energies.
Co (27) : 3d74s?, Co3* : 3d6 (B) No two electronsin an atom can have the same set of
Sc(21) : 3d%4s?, Sc3t: 3d0 four quantum numbers.
Thus, Fe3* and Mn2* have same electronic (© The maximum number of electronsin the shell with
configuration. principal quantum number nis equal to 2n?.
(49) (D). For eectrons present in M shell the value of other  (64) (C). No. of angular nodes = ¢
guantum numbers are same. But, the value of spin For4d orbital,n=4,/=2
guantum number will be different. No. of angular nodesfor 4d orbital = 2
(50)  (A). (i) 4p, (i) 4s, (iii) 3d, (iv) 3p (65) (B). Atomic no. 22 hasthe following configuration:
Theorder of increasing energy (iv) < (ii) < (iii) < (i) X = 15? 252 2pb 3¢ 3p® 4 3d?
(51) (D).(i)n=3,/=2=3d (ii)n=4,/=3=4f h
(52) (B).The correct representation of the ground state (66) (A). Orbital angular momentum= +/¢ (£ +1) —
electronic configuration of Cu(29) is ) 2n
182 252 26 352 3p6 3710 4s! Thus, it depends on 7' only.
(53) (B).(8)n=2,¢=1,orbital =2p 67 (O _
(b) n=4,¢=0,orbital = 4s (A) t_he_lower thevalue of (_n + /) for an orbital, the lower
(© n=5,¢=3,orbita =5f isitsenergy. If two orbitals have the same valueof (n
(d) n=3, /=2, orbital =3d + (), the orbital with lower value of n will have the
(54) (B). Effective nuclear charge is the net positive charge lower energy.
experienced by the electrons from the nucleus. Due (B) Energiesof theorbitalsin thesame subshell decrease
to presence of electrons in the innermost shells the with increase in the atomic number (Z ).
electrons in the outermost shell do not experience (© The orbitals having the same energy are called
the full positive charge from the nucleus. This is degenerate.
known as shielding of the outermost shell electrons (€8) (D). ] o o )
from the nucleus by the innermost shell electrons. (A) The size of the sorbital increaseswithincreaseinn,
(55) (D). (A) Zy for an electron in a2s orbital is greater than thatis, 4s>3s>2s>1s
that ina2p orbital (sorbital ismoretightly bound to (B) Thesizeof variousp orbitalsis
the nucleus than p orbital). 4p>3p>2p. . S
(B) Energy of 2s< 2p, lower thevalue of n+?, lower isthe (69) (B).Choice(B) isanimpossible configuration because Qf
energy. thevalue qf the ¢ quantum number. The valueof / is
(O) Zy for an lectron in Ls orbital is greater than Z 4 only permitted to go from n — 1 to 0. Therefore, ¢
for an electronin a2sorbital. cannot have the same value as n.
(D) The two electrons present in any orbital have spin  (70)  (B). Oxygen (O, 15> 28 2p") _
quantum numbers with opposite sign (71) (B).(B) is the better answer because of chromium’s
(i.e, m=+1/2and-1/2), exceptional electron configuration. The chromium
(56) (D). No. of radial nodes=n—¢—1 atom gains increased stability by promoting one of
For 3porbital, n=3, /=1 the 4s electrons to the vacant 3d orbital. This
No. of radial nodesfor 3p orbital promotion creates half-filled orbital s, which increase
=3-1-1=3-2=1 stability.
(57) (D). Neon (Ne, 12 2<2 2pf) (72) (C). B_y plgci ng 8 electron_s in the .2p ort_;ita!s, (© i; in
(58) (C).3s, 3p, 4s, 3d, 4p, 5s, 4d, 5p is the correct order of violation of the Pz_aluh exclusion princi ple, which
orbitals with increasing energy. states that each orbital may only contain 2 electrons
(59) (D). For 1sorbital, the probability density is maximum at and that those must have opposite spins. Eight
the nucleus and it decreases sharply as we move electrons exceed the maximum six.
away from it. On the other hand, for 2s orbital, the EXERCISE-2
probability density first decreases sharply to zero (1)  (B). Isoelectronic means same number of electrons.
and again starts increasing. INCO;itis=6+8=14
INN,;itis=7+7=14
—a
—
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h h
) (D)-K=E=ﬁ (-p= )
h

% change = -75%
(3) (D). Theenergy(E) of a300 nm photonisgiven by

_hc 6.626x10>435x3.0x10°ms™
A 300x10°m
=6.626x 10719
The energy of one mole of photons
=6.626 x1071° Jx 6.022 x10%3 mol -1
=3.99 x 10°Jmol~1
The minimum energy needed to remove one mol e of
electronsfrom sodium
=(3.99-1.68) 10°Jmol~1=2.31 x 10°Imol~?
The minimum energy for oneelectron

hv

_ 231x10°Jmol ! 5
6.022x10% electron mol ™2

(4  (A).lonisation energy for the ground state H atom
=2.18x 10718 Jatom!
The nuclear charge of heliumis?2.

So, EHe+—>He HoH"
Energy required for removing one electron from He*
=22x(2.18 x 10718 Jatom™1)
=4x218x 10718 Jatom?
=8.72x 10718 Jatom!

(5 (C).For3d,n=3,¢=2,
m,=-2,-1,0,+1,+2

(6) (C). Anélectron at n =1 has more negative energy than
an electron at any other value of n, implying that the
electron is more stable and most tightly bound in its
smallest orbit. Choice (A) is false since helium has
two electrons and the Bohr model therefore cannot
be solved exactly. Choice (B) isfalse since unlike a
rainbow, the hydrogen line spectrum containsonly a
few discrete wavelengths, even for those energy
transitions corresponding to the visible region of the
electromagnetic spectrum. Choice (D) is incorrect
since the Bohr model assumes that al orbits are
circular.

(7)  (B). Massnumber of theelement=81 i.e,p+n=81
L et the number of protons be x.

84x10719]

2+ :sz E

Number of neutrons=x + 100 xX=1.317x
x+1.317x=8lor 2317x=81
X = & =35

o 2T %317 T

Symboal of the element = %Br
8 (B). d22 has electron density in all three axis.

©)

(10)

(1)

(12)
(13)
(14)

(15)

(16)

(17)

(18)

(A). w2 is known as probability density and is always
positive. From the value of 2 at different points
within an atom it is possible to predict the region
around the nucleus where electron will most probably
be found.

(D). The electromagnetic spectrumis organized according
to increasing wavel ength, decreasing frequency, and
decreasing energy per photon. Thus, X-rays, which
lie to the left of visible light on the electromagnetic
spectrum, have a shorter wavelength, higher
frequency, and greater energy per photonthanvisible
light. Therefore, choice (D) is incorrect.

Choice (A) iscorrect sincered light isin the visible
region of the electromagnetic spectrum and has a
wavelengthin theregion of 700 nm.

Choice (B) is correct sinceinfrared radiation occurs
above (i.e, to the right of) the visible spectrum and
therefore hasalonger wavelength, alower frequency,
and less energy per photon than visiblelight. Choice
(C) iscorrect since el ectromagnetic radiation travels
at the speed of light, or 3.00 x 108 n/s.

—34
©). 2= = 662610 %% _
mv  9.11x10 kg x 2.19x10°m/s
=332x100m

(B). For Paschen series,n; =3andn, =4,5,6 ...
(A). Follow (n+ ) rule
(D). According to de Brogli€'s equation

L h _6626x107%
“mv_ 200 N 5
1000 3600

. 6.626x 103 x10° x 36
10
(D). Total number of nodes =n-1
For d-orbital, radial nodes = n — 3 and there are 2
angular nodes. The number of angular nodesisgiven
by ¢.i.e, for p : 1 angular node, for d : 2 angular
nodes and so on.

52.9x n? om
z
he Ey &y _ 332x107%° 4000

C
C).E=—=— =
© L Ey, Ay E, 6000

=2385%x103%m

(A). Th=

= E,=4.98x10°J=23.1eV.

(A). Total energy =3.15x 10718
Wavelength, & =600 nm=600 x 109 m
No. of photons received by the detector=?
Energy per photon

_hc  6.626x10"**Jsx(3x10°ms™)
A 600x10"°m
3

—
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(19)
(20)

(21)

(22)

(23)

(24)

(25)

(26)

(27)

(28)

(29)

So, no. of photons received by the detector

_ 315x10°8)

3313x10 05 10

(B). ns orbital has (n — 1) nodes.

(B). The question asks us to relate wavelength and
frequency. We should start by rearranging the
equation: vhi=c or v=c/A
We then need to put everything in the correct units:

1m
5.11 x 10%nm x [ ] =511%x107"m

10°nm
¢ (300x10°m/s)
A (5.11x10"m)
(B). ;;Na= 1% 2s? 2p° 3s!
For3st,n=3,/=0,m,=0,s=-1/2
(A). The negative sign means that the energy of an
electronin an atomislower than the energy of afree
electron at rest. When electron is free from the
influence of nucleus, the energy is taken as zero.
When the electron is attracted by the nucleus, the
energy is emitted and lowered.
(C). Phosphorus has atomic number 15.
Electronic configuration :
12 252 2p® 352 3p3 or [Ne] 3s? 3p3.
(D). Wavelength of radiation,
A=337.1nm =337.1x10°m
No. of photons emitted = 5.6 x 1024
Energy of photon

=587 x 10141

_hc_ 6.626x10Jsx (3x10°ms™)
A 337.1x10°m

Total energy produced
=56x%x10%s1x(59%x10193=33x100Js1
So, power of thelaser =3.3x 105 Js1
=3.3x10°W=3.3x 103kW

(D). Wave mechanical model of atomincludes:
(i) DeBroglieconcept of dual character of matter,
(i) Heisenberg’s uncertainty principle
(iii) Schrodinger wave equation.

(B). The five d-orbitals are degenerate and have equal
energy. Theshapeof first four orbitalsissimilar which

=59x1019]

are dy, d, dy, 4,22 but the fifth one, d 2

has a different shape.

(B). Spin angular momentum of the electron, a vector
guantity can have two orientations relative to the
chosen axis. These two orientations take the values
of +1/20r
—1/2 and are called two spin states of the electrons.

(C). The statement is incorrect since the nucleus of an
atom, consisting of protons and neutrons, represents
the majority of atomic mass. The other statements
regarding the Rutherford experiment are true.

(D).

(A) 5000A =5000x 1010mor5x 10" m

(30)
(31

(32)

(33)

(34)

@

@

©)

Z
(B) From Bohr’s theory, v =2.18 x 106 x o s

1
=2.18x 108 x 1= 2.18x 106 m/s

(A). For 2s-orbital,n=2,/=0

(C). Work function of Csatom, W,=1.9eV
We know, W = hv = hc/h,
Threshold wavelength,

_ hc  6.626x10 *Jsx3x108ms ™
Wy 1.9eV
(1ev =1.6021x10719))

Lo

_ 1.9878x10 *Jm

3.044x1071°7

(C). The Aufbau principle states that in the ground state
of an atom, an electron enters the orbitals of lowest
energy first and subsequent electrons are filled in
the order of increasing energies. In the given orbital
diagram, option (C) violates the Aufbau principle as
electrons switch to p orbitals without completely
filling the s orbital which has comparatively lower

=6.53x10'm

energy.

(C). Theouter electronic configuration of chromium atom
is3d® 4st.

(B). Electron Proton Neutron o-particle

e lunit lunit zero 2 units

m  1/1837 unit lunit  1unit 4-units

em 1837 1 zero 12

EXERCISE-

4. TheBe3*ionhasonedectroninthe 1sorbital (n=1)in
its ground state. Since beryllium has four protons in its
nucleus (Z = 4), the energy of the electronin the 1sorbital
of Be3* can be calculated.
E (22 (1310) kd/ mol () (2310) kJ/ mol
=] = mole=—| — mole
L nZJ L 12 J

=2.10x% 10*kImol
3s 3d

S L) (R

So, electrons with spin quantum number
=—12willbe1+3+5=9.

12400
photon = 2300Q

Photoelectric effect can takeplace only if Ejpgion > ¢
Thus, Li, Na, K, Mg can show photoelectric effect.

4. E =4.13eV

—
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(4)

©)

(6)

1)

)

3

4

©)
(6)

5. Since,k:L: h

" (SineKE«T)
m 2M K.E.
1
=> A C—
VMT
A
For two gases, —He = MneTne _ |20 1000
e VMueTie V4 200

6. |m,|=1
meansm, can be +1and -1
So, for n = 4 six orbitals are possible and bear six
electrons with s =-1/2.

2. Teisingroup VIAintheperiodictable, whichtellsus
that its configuration iss?p®. All other shellsare com-
pletely filled, so they contain only paired electrons.
We need only to find out how many unpaired elec-
trons are represented by s?p?.

The notation s?p? is a short representation for

siiplN 17T .
This showsthat an atom of Te containstwo unpaired
electrons.

EXERCISE-4

(A). We know that according to Heisenberg’s uncertainty

h
principle, AX.m.Av = I Therefore,

__h 6.6x10"*
Avmdn  9218x107°% x 0.02x 4x 3.14
=2.87x1028m
E

(C). Fromtheformula, En :n_%

Given values E; = — 13.6 eV, n = 3 (Because lInd
excited state meansthird energy level)

So, Eg=- 20 138_ 516y

S

h
(A). Fromformula, AX.m.Av = e

_h 6.6x10#
AxmAn  25x103x10° x4x3.14
=0.2x 1027=2.0 x 1028

Av

(D). Orbital angular momentum= /¢ (£ +1) 2—1

h
Forse ¢=0 So, O(O+1)E =Zero

(D). In Bohr series of lines of hydrogen spectrum third
linefromtheredend e jumpfrom=5ton=2.
(C). Fromde-Broglie equation,

()

(®)

©)

(10)

(1)

(12)

(13)

(14)

(16)

L_h _ 66x10°*

mv  60x107° x10
(CD). For 4f orbital correct orbital of quantum number
n=4,/=3, m=+1,s=+1/2
orn=4,/=3,m=-2,5s=+1/2
(B). ,,Cr= 122> 2p% 35> 3pb 4st 3
(=1 (=1 (=2
So, no. of € in¢=1= 6+ 6= 12 (p-subshell)
No. of " in ¢ =2 = 5 (d-subshell)
(A). Fromtheformula,

=0.01x1031=1.0x1033m

( ) ( )
1_Rr Liz_izj - 1.097 x10’ Liz‘_lzj
A ng nz D" (o)
L 1007x107m
A

1 10°
A nm =91nm

= m=
1.097x10"  1.097x10’
(A). Isoelectronic speicesK™*, Ca2*, Sc3*, CI-
18e7,18e, 18e, 18e”
(C). Fromthe positive we canfind that (d) and (€) having
n=3and ¢ = 2 (d-subshell) having same energy.
So, we can describe it in absence of magnetic and
electrical field.
(D). Isoelectronic > SO42~, CO42~, NO5
42¢e, 32e, 32

(C). According to Bohr, the angular momentum of ane”

nh 5h 2.5h
innth orbit= — So, for 5" orbit= — =
2n 21

T
(B). Givenvalue, massof e m=9.1x 10731 kg

100
=3x 1073 m/sec
Fromtheformula,

1
Uncertainty in velocity Av = 300 x =0.003

h=6.63x 10734 Js, Ax=?

h 6.63x10°#

X = = 31 3
4nt.m.AV 4x314%x9.1x10 " x3x10"
=1.93x102m

(15 (B).n=3 (=2, m=1 s=+1/2

3 d’-':.-. ...... Highest energy of an atom

(C). Fromtheformula, IP=KZ?2
ForH,, Z=1
IP=1.312 x 10% ¥mol (given value)

_IP 1.312x10°3/mol

T 12

=1.312 x 108 ¥mol

—
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26) (B).Energy of excited state is negative and correspond
KZ?  1.312x10°x (1) R ton 3)1 * =
Forn=1, B = =- .
n” ®° 136 136
=~ 1.312 x 108 Jmol n= : —\/ =4=2
Eexcited state -34
1.312x108 x ()%  1.312x10°
Forn=2, E; =— 5 =- 2 h h
@ (27) (C).de-Brogliewavelength, A = o =P= X
=-0.328 x 10% ymol
Required energy AE=E,-E; 1 P2 h
=[-0.328 - (- 1. 312)] x 106 9.8x10°Jmol and eV = = P=+/2meV = -
Lo h 6.63x10 % Js 5
A7 O "y T 167210 T kg x1x10°m/ s 28) (A). r, = 0.529x ”7 © 1,=0520x4=2.116A
=3.97x107%m=0.397nm . \
(18) (D). Av=600x5x 107 ns; 1 _ 1 1
29) (D). —=V=RHZZL—2——2
Axs— s 6.6x10"% & n n2
CATMAV 4% 3.14x9.1x1073L x 600x 5x107° ( \
~1.92x103m _ 1 1 1 R
V= RH XL———ZJ = RH X———';
E ,-13622 |+-1|-13622 no8 no8
(19) (B). IE, =13 vt |2 | T30 .
2 _ 18 1 V:RHX_Z__H; m=Ry
where 7 — 2 , Hence, 13.6x ZHe+ =19.6x10"""Jatom n 64
Het
Linear withslope Ry,
(El) 42 = —13.6x 72 (30) (B).Accordingto (n+ /) rule: 3p<3d<4p<4d
Li* 12 (31) (B).For isoelectronic speciesthe size is compared by
=-19.6 x 10718 x (9/4) = - 4.41 x 10-17 Jatom™! nuclear charge.
(20) (C).E=E,+E, (32) (D).hv-¢=KE
he_he he 1 1 1 S ks () ke
Ah Ay A A A M/ incident A incident
111 p°_  _hc he o
355 680 1, tl2=74276nm. 2M hincident  *
(2) (B). (@4p(b)4s(c)3d(d)3p 2 2
: : p°x (15?2 hc
Acc. to (n + ) rule, increasing order of energy = Tom (2
O<O<@<@ , . "
(22) (C)._Or(_jer of |on|cr§d|| C "< K*<dCl _<S _ Divide (1) and (2), (1.5)2= — = A’ =
in isoelectronic species as Z/e increases size A 9
decreases. (33) (B).K=2878,1
1 1 hC After removal of one electron, second electron we have
(23) (A).AE=2.178x10718 2 2)7 to remove from another shell, hence there is large
difference between first and second ionization energies.
1 1) _662x10"*x30x10° ve ()
2178x 10718 27 2 A
- 7
:1~1214%10Tm (34) (D).
(24) (B).Na— Na*+e IS|.E. P
Na*+e — Na r % 2% i
Electron gain enthalpy of Na* (35) (D). Graph of [y?| v/sr, touchesr axisat 1 point so it has
Because react;(l)n isreversesothen AHg, =-5.1eV. oneradial node and since at r = 0, it has some value
(25) (©). 5Rb=[K1] 5 soit should be for 's orbital.

n=5,/=0,m=0,s=+1/2

n-¢-1=1where/=0=>n-1=1
n=2= '2s orhital

—
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(36)  (B). P(x) =4nx2x [¥(x)]? (6) (B).AP=mAV
Probability will be maximum at aand c. 1x1018=9x 1028 x AV
(37) (A).No. of orbitals=n?=52=25 AV =10199=1.1%x10%m/s
For n=5, no. of orbitals=n?=25 (7 (D). K.Eperaom
Total number of orbitalsisequal to no. of _ _
electrons having mg= 1/2. & — (4.4%x10 19) —(4.0x10 19)
(38 (©) 2
2 2 04x10°" _
39) @) r=20" ForLizt, r-20@°_ %% == ——=20x107
VA ’ 3 3
(40) (A). 2nr=m (8) (D). The number of sub shell is(2¢ + 1).
Forn=1,r=a, The maximum number of electronsinthesub shell is
n=4,r=16a, 2(20+1)=(40+2).
So, 21 % 168, = 4% ) (9 (B).For =2, mcannot have — 3 value
=8 10 C).A di de-Brogli i A= h
(41) (B).Eug= [Xel 47 500 62 (10) (C). According to de-Broglie equation, A = p—
EW2° = [Xe] 47 Given, h=6.6x 1034 Js, m=0.66 kg, v= 100 Vs
34
Cegg = [Xe] 4f1 5l 652 - —%‘221300 ~1x10®m
1 . X
. Number of atomic orbitalsin anorbit=nc=4<=
Ce®* = [Xe] 4f 11)  (C). Number of atomic orbitalsin anorbit = n2 = 42= 16
_he B _%_ 2
EXERCISE- (12 ©) E=""1g, =3, 50 M=%
(13) (B).6s— 4f —»5d — 6pforn=6
z 2 (14) (C). Energy of photon obtained from the transitionn =6
(1)  (B). Weknowthat E,,=E; x H to n=5will have least energy.
(1 1)
. B _ AE =1362%| —-—
GivenE, = 3 =328 kI mol: 2 2
E, -328 (15) (A) (n=4, ¢ =3) = 4f subshell
Ey=—5= — kI mol~1 =—-82 kJ mol-1 So, total No. of electron in subshell
2 =2(20+1)=2(2x3+1)=14dectron
h (16)  (C). Electronic configuration = [Kr] 5s!
(2 (D) Weknow that AxAp=> 4n Set of quantum numbers = n=>5, ¢=0,m=0,
=12
h h S
AX.MAV > —: AV > h
4n 4nAXm (17)  (A). Orbital angular momentum = —— L(0+1) ;
T
6.626x10 >
Av= = 7 =5.79x 108 m/s h h
4% 0.1x1070 x9.11x 10 (=1=—+2=—+
(3)  (B). Magnetic quantum no. represents the orientation of 2n Vor
atomic prbita_ls inan atom. For example, Py Py &p, c 3x107nmst
have orientation along X-axis, Y-axisand Z-axis. (18) (D). A=—=——7g 7 =5nm
(i) is not possible because for any value of n, (19 (A). Correct answer is, for n = 1 the electron has more
¢ varies from 0 to (n — 1) thus for negative energy than it doesfor
n=2,/canbeonly0,1,2. n = 6 which means that the electron is less loosely
(iv) isnot possible because for £ =0, m=0. bound in the smallest allowed orbit.
(v) isnot possiblebecausefor 7 =2, mvaries from-2to  (20)  (A).n=3,/=1and m=—1represent a
+2 3p-orbital, so maximum 2 el ectrons can be accomodate
init.
(5 (B). AxAp= 41  Ap? :41 (21) (A). Orbital is3p,.
TC T
hc  6.626x10 2% x3x10®
1fh 1 (22) (O) E=m= 222 = 442x 1018
Ap==,—: Av=— |- 45x10
2\n 2m\n (23) (B). Both Be?* and Li*! have two electrons.
[ 48
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h (32) (C).InH-likeatom energy of 2s=2p orbital
(24) (D). Angular momentum = +/¢ (¢ +1) o JO+1 n Incorrect statement is (C).

(33) (A). According to Hund's Rule of maximum multiplicity,

For dorbitdl ¢=2 the correct electronic configuration of N-atomis

Angular momentum= /2 (2+1) h=~6#
(25) (A). Fe?* = 3d84s? six d-electrons, p-electronsin chlorine 11 MR ERE
Is® 2s”

(12252 2p%3s2 3p°) are=11 asp-electrons= 6+5=11
(26)  (A). 5,Gd = g, Xe 6% 47 5t

2p?

(27)  (B). Ti (22) = 1s%22s%2p63s23p64s23d? OR
Order of energy is3s3p 4s3d
(28) (D). ggEU— [X€] 4f7 67 1 ML

64Gd — [Xe] 47 50! 65>

1s? 2s? 2p3
o5 1D — [Xe] 4f° 500 6
(29) (D). Sameorbital can havetwo different values of spin of Option (A) violates Hund's Rule.
e of +%2 and —¥% (spin quantum number). (34 (A). (n+/)valuesfor, 4d=4+2=6
(30)  (A). Anorbital can accommodate maximum of 2 el ectrons 5p=5+1=6
with anti-parallel spins. 5f=5+3=8
6p=6+1=7

z Y Correct order of energy would be
5f > 6p > 5p > 4d
31 (©). « (35)  (B). In H-spectrum, Balmer series transitions fall in
visibleregion.
dzz dxz_ y?2

[¢
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