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Cameras are ubiquitous in our daily lives. And you know what, their sensors are made
up of atoms! A digital camera collects light and focuses it through a lens onto a silicon
sensor. Itis made up of a grid of tiny photosites that are light-sensitive. Each photosite
is commonly referred to as a pixel, which is an abbreviation for “picture element.” A
DSLR camera's sensor contains millions of these individual pixels.
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DISCOVERY OF SUBATOMIC

PARTICLES

"TOPIC1
DISCOVERY OF ELECTRON

Atom ia composed of three subatomic particles which

are electrons. protons and neutrons. The emenments
werse done using discharge tubes to lmow the structure

of atams. The basis of this is L&e chorges repel each
other and unlike charges attract eoch other.” The

discovery of electrons is discussed belowr:

In 1830. Michoel Faraday showed that when the
electricity is possed through an electrolytic eolution

thaot contains electrodes. chemical reactions occwred
at the electrodes which resulted in the beraotion and

deposition of matter at their respective electrodes
which provided us with the evidence of particulate
notre of elactriaty.

In the mid 1B50s. many scientsts worked on this
especiollu. Faradou He warlked on the cathode ray
discharge tubes that are made up of gloss contoining
two thin pieces of metol colled electrodes seoled in i

The gases will get electrically discharged ot very low

pressure ond high voltoge By evacuating the glass
tubes the pressure of various goses can be changed.

When o high voltage is applied between the electrodes,

then the current will be flowing as a stream of particdes
travels through the twube from the negotve electrode

(cathode) to the positive electrode (anode). These
particles are referred to os cathode ray porticles or

cathode rays.
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The flow of current from these two electrodes can

be verified by molang o hole in the onode and the
phosphorescant matenal (zznc sulphide) is coated inside
the tube behind the anode The cathode roys pass
through the anode and hit the coating of zinc sulphide.

leading to the appearance of a bright spot

To vocuum pump

Fluorescent
| I coating \
g >
\d 5

Anode @

e

High voltnge

A cathode discharge tube with a perforated anode

From the obave expenment followang charactenstics
af cathode roys have been drowrt:

(1) The cathade rays travel from cathode to anode

(2) The behaviour of the cathode roys cannot be

observed in normal conditions Spedfic glowing
materials ke fluarescent or phosphorescent are

required to study their behaviour which maokes the
maoteriol glow when the rays hit it

(3) The cathode rays travel in a bnear path m absence
of an electric or mognetic feld

(4) The cathode roys consist of negatively charged
particles called electrons which was confirmed by
the experimental observation. As in the presence

of an electrical or magnetic field the cathode rays
exhibit similar behaviour to that of negatively

chorged particles.

(5) The characteristice of cathode rays (electrons)

don't depend on the electrode’s material and the
nature of gases present inside the cathode ray
wbe.

(6) It confirms that the basic constitwent of atoms ie
electrons.

;ﬁ? Important

we The televfalon picture tubes which are made up of coated
phosphorezcent or fluorescent materlole are nothing but
cothode ray tubes

The Charge-to-Mass Ratio of Electrons

In 1897, JJ. Thomson established the ratio of an

electrical charge (e) ond electron’s mass m, by using
a cathode ray tube under the influence of the electric




and maognetc fields. He applied electric and maognetic
fields perpendicular to each other as well as to the
path of the electron

The following observotions are recorded by Thomson
during the expernment

(1) The electrons divert from their actuol path and hit
at point A of the cathode ray wbe when only an
electric field is applied.

(2) When anly the maognetic field is applied. the
electron strikes at point C in the cathode ray tube.

(3) When both the electrical and the mognetic field
are aopplied equolly. the electrons return to the
onginal path

(4) The electrons hit the screen at point B in case of
the absence of an electrical or magnetc field

Mognet

The setup for determening the ratio
of charge and mass of an electrans

Thomson proposed thot the amount of deflection of
the particles from their path ie dependent on these
foctars

(1) Magnitude of negaotive charge on the particle:
When the negaotive charge’s mognitude on the
paorticle is more significant. its interaction with the
electric or mognetc field corresponds to o more
signzhcant deflection

(2) The mass of the particle: Lesser the mass of the
particle, the more eignificant is the deflection

(3) Strength of electrical and maognetic field:
There is an increase in the deflection of electrone
from their onginaol path when the mognetic field
strength increases or there iz an increase in the
voltage

By measuring the deflection of electrons on the
maognetic field strength or electric field strength

Thomson determined the value of — os

m.
= - 1758820 x 10" Clkg<
m

Where the electron’'s maoss is m, expressed in kg, e is the
maognitude of electron’s charge expressed in coulomb
(C). The electrons are expressed as e” as they are
negabively chorged partcles.

Charge on the Electron

To express the charge on the electron RA. Millikan
(186B-1953) devised the oil drop experiment (1906~

1814) He discovered that the charge on the electron
is —1.6x10"*°C. The presently accepted value of the
electrical charge & 1.602176x10™'°C. Combining these

e
resulte with Thomson's value of _m rotio the moes of

the electron m, oan be determmed as

e
m =—
e

m
=

16022x10°=C
~ 175BB20x10''Ckg™

= 91094 10~3Yg

"TOPIC2
DISCOVERY OF PROTONS AND NEUTRONS

In 1986 Goldstein modified the discharge tube by
using a perforated cathode He observed a new wpe of
lurminous rays passing through the holes of the cathode
when the pressure is reduced. These roys are moving n
the direction oppaosite tw cathode roys and are colled
canol roys. Canal rays hove the following propertes:

(1) These rays are positively charged particles.
goseous ions and ore dependent upon the natuse
of gos present in the cathode ray tube

(2) The particle’s chorge-to-mass ratio is affected by
the gas from which they onginate.

(3) A few positvely charged particles carry a muluple
of fundamental electrical chorge units.

(4) Canol rays behave in an opposite manner in a
magnetic or electrical field than cathode rays

The protons are the smallest ond lightest positive

ion thaot was discovered in which iz obtained from
hydrogen. which is lighter in mass. When a thin sheet
of beryllium was bombarded with particles, electrically

neutral porticles with a mass somewhat higher than
protons were emitted: Chadwick nomed these particles

0B Neulyone.

Millikan's Oil Drop Method

A ury hole wos maode to permit the oil drops. i the form
of mist. to enter into the upper plate of an electrical
condenser. which was created by an atomizer. With
a micrometre eyepiece. the moton of these droplets
was observed through the telescope. The maoss of



the oil droplets was estimated by monitoring the foll
rate of these droplets. The oir inside the chamber =
ionized by the X-ray beam. Collisions with goseous ions
gove oil droplets their electrical charge. Based on the
charge on the droplet. polarity. and strength of voltage
given to the plote. the rate of faollng of these charged
droplets can be slowed. accelerated. or mode immobile
Measuring the effects of the strength of electrical field
strength. the motion of oil droplets. electricol charge’s
magnitude. on the droplets is found w be an integral
multple of the electrical charge ‘e. ie. g = re where
nie 123, __
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'TOPIC 3
ATOMIC MODELS

The maojor problems ofter finding the subatomic

particles were:

(1) The atom's stabilitu.

(2) To compare the physical and chemical properties
of elements

(3) About the formation of vanous molecules by the
combination of vanous atoma

(4) Source ond noture of chorocteristice of

electromagnetic radiotion which are absorbed or
emitted by atoms.

Thiz led to the requirement for atomic models that
could occount for the stability of all atome and

molecules and could olso provide o comparison
between the differences in the physical and chemical

properties of different elements. Some otomic models
are discussed below:

Thomson Model of Atom

J_J. Thomson proposed thot an atom hos o ephernical
shope in which positve chaorge is equaolly distributed.

stable electrostatic arrangement. This type of model
also lmown as plum puddmng. raisin pudding. or the
fruit watermelon. The seeds of the watermelon are
considered as electrons’ thot are embedded in them.

The major characteristic observed in this model is thot
the atom's nass is considered to be equally distributed

over the atom and the atom’s overall neutrality is

exploined. Thomson wan the Nobel prize for his woric
on the conduction of electriaty by gaoses in the areo

of phusics.

A real-l¥fe example explaining the

and electrons are enclosed into it that provides a Thomeon atomic model
Particle | Symbol g:::;z Charge Mass/kag Mass/[u ;P:;::
Electran e -1602176x10"° -1 9.1093B2x10™ 0.00054 0
Proton P +1602176x10™° +1 16726216x10~7 100727 1
Neutron n 0 0 16874927 x10~7 100867 1

Other Discoveries

X-ray: In 1895, Wilhelm Roentgen noticed that
X-rays were produced when the onode maode of
metol is struck by the electrons. Since he didn't know
about the nature of the rou. he named it X-ray. The
X-rays are roys that cansist of shorter wavelengths
(-=0.1 nm) of higher penetration power ond these rays

are not deflected by electric and maognetic fields. It
iz uged to study the internol structure of the matter
through an X-roy scan.

Radioactvitys In 1852-1908. Henn Becquerel obsened
a phenomenon that certain elements are able to emut
radiotion by themselves, which is colled radicactivity
The elements which show this phenomenaon are called
radioactive elements.



Radioactive Rays: Marie Curie, Pierre Curie ond
Rutherford ond Fredride soddy developed this field. by

observing a-rays consisting of high-energy particles
The alpha particles carmy two units of +ve charge and
four atomic maoss units. @ porticles are Hebum nuclet

B roys are porticles thot possess o negative charge
that is similar to electrans & roys are high-energy

radiations: they are neutral The penetrating power of
the particles is as follows

¥ (1000 umes) > B (100 umes) > a (least)

Rutherford’s Nuclear Model of Atom

A thin gold foil was bombarded with paorticles by

Rutherford and his students (Hans Geiger and Ernest
Mareden). A stream of high-energy partides from the

rodiation source was directed towards o thin gold foil
(thickness ) which has o fluorescent zinc sulphide screen
around . A uny flosh of Light was produced ot o point
where the particle hits the screen This experiment is
lonown s e-paorticle scattenng expenment

Some observations of this experiment vwere as follows:
(1) The majority of the e particles went through the

gold foil without being deflected.

(2) Smoll angles of deflection hoppen by a small
fraction of e-paorticles

(3) Onlyofew (-1 &0 20.000) a-particles are deflected
nearly 1B80° and bounced badkc

From the obove observatona Rutherford concluded

thot

(1) Most of the spoce in the atom iz emptu. due to

which most of the e-particles passed through gold
foil undeflected.

(Z2) The deflection of a few positively charged

a-porticles occurred due to enormous repulsive
force. indicating that the charge on the atom is

not evenly distributed. But it moy be concentrated
in a emall region where the positively charged
a-partcles were repelled and got deflected.

(3) Compared to the entire volume of an atom. the
nucleus takes up very little space. The atom’s

rodius @& about 107 Ym while that for o nucleus ia

10~3m

Detecting
soneen

Gold fed

Alpha particle
emitter

A-Rutherford Scatrering experiment and
B-NMolecudar vi=wr of gold fOlL

It can be understood by considering when a crideet
boll represents o nucleus, then the radius of an atom

would be obout slon. Bosed on these observations.
Rutherford proposed the nuclear model of an atom

Accarding to this model

(1) Mostofthe atom’s mass was tightly concentrated
in o very emall region. This very emall portion is
called the nucleus where the posiively charged
protons are present

(2) The nucleus is o very emall component surrounded
by electrons thaot move around the nucleus at

high epeed in o circular poth known as orbit

it is eimilar to the solar system, where the sun
serves oa the nucleus. ond the planets serve as

electrons orbiting around the nucleus, ie. the Sun

(3) The farce that is responsible for holding the
electron and the nucleus together ie called
electrostatic force.

Drawbacks of the Rutherford Model

This model foiled to explain the staobility of electrons

in o circulor path. According to Rutherford. electrons
revalve around the nucleus in o circulor path. but

porticles in motion would undergo acceleration and
cause energy radioton. Eventuallu, electrons should
lose energy and fall into the nucleus

" TOPIC 4
PROPERTIES OF ATOMS AND PLANCK'S QUANTUM THEORY

Atomic Number and Atomic Mass

Atomic number (Z)

The number of protone count thot is present in the
nucleus i@ called the atomic number (2}

Eg. The hydrogen nucleus has 1 proton and the proton
number in sodium is 11

For o neutrol atonn. the number of electrane will equaol
the number of protons

gfﬁ Important

w Afomic number (7) = Number of protans present in the
nudeus of an atam = Number of electrone in a neutral atom.

Atomic mass or Mass number (A)

The mass of the nucleus is due to the protons and
neutrons. The protons and neutrons are collectively
caolled nucleons. The total number of nucleons in an

otom @ known os mass number (A).



= \ogs number (A) = Number of protans (Z) + Number of
neutrans (n)
Representation of an element

The normal element can be represented as X and the
nnoss number (A) on the superscript of the left-hand
side ond the atomic number (Z) on the subsaipt of the
left-hond side g){.

Mass number

MNumnber of protons
and neutrana ln the atom)

A

X

Z

Alosmic Aumber
(MNumber of
protona in the atam)

Mass Number and Atormic Nisnber

Alomic symbal
(Abbreviauon wsed

LD VEpRIESSNT alom
n chemicol formulae)

Isotopes and Isobars

Isobars

lsobars are the atoms of the different elements. They
hove the same atomic moss but different atomic
numbers Eg: !: Cand !;1 NL

Isotopes
Isotopes are the atome that hove different moss

numbers or neutron numbers but have the some
atomic number,

12 ~ 13 14
B o G gCand 7 C
Hudrogen Isotopic
isotopes PR abundance
1
[r-— 1H (1 protonaond O 99985%
- | meuwrons)
2
Desmaiuy | S POBAGHLT 0015%
reutron)
Tridiiin ?T (1 proton and 2 1015
Neutrons
Isotopes of Number of protons
carbon aond neutrons
13
gC 6 protons + 6 neutrons
13
eC 6 protons + 7 meutrons
24
e C 6 protons + B neutrons |
3s e O
e 17 protons + 1B neutrons
e 17 protons + 20 neutrons

Generally. the number of electrons determines the
chemical property of an element Therefore. all the
isotopee should have the some chemical properties

Developing leading to the Bohr's Model
of Atom

The two major developments which played a major in
the formulatuon of Bohr's model were:

(1) Duaol chaoracter of electromaognetic radiation
means thot radiatbon possesses both wave and
particle-like propertes.

(2) The atomic spectra experimental results were
exploined by ossuming quontised electronic

energy levels in the atom

Wave nature of electromagnetic radiation

Physicists examined the absorption and emission of

raodiotion by heating the objects. These are called
Thermaol radiatbons James Cleric Maxwell explained

the interacton between charged particles ond the
electricol & mognetic fislds. When electncally charged
particles travel under occeleration. altering electrical
and magnetic fields are produced and transmitted.
These fields ore transmitted in the form of waves
lcnown as electromagnetic waoves or electromagnetic
rodiation. Light is o type of radiotion thaot hos been
recagnized since the down of ime. The Light was once
thought to be made up of particles.

Elccomagnetic wowes

Efecoromagnetic radiation conalsgs
of electric and magnedc fields

Maoawvell waae the first to discover that light waves

hove oacilloting electric and magnetic properties.
A few basic properues of electromaognetic radiation
are discussed here.

(1) The charged particles produce electric and
magnetic fields. these are perpendiculor to ane

another, and they are perpendicular to the wove's
direction of propogation
(2) In controst to sound waves or waler waves.

elecromaognetic waoves do not require a medium
and can travel in o vacuum.

Electromognetic rodiotions come m  various
wovelengths that differ from one onother
(or frequencuy) This is referred to os the
Electromaognetc spectruem.  Diferent mnaomes



hove been gwen to different regions of
electromaognetic specbum. Eg. Broadcasting
utilises the rodiofrequency region around. 108 Hz.
the microwave region around 10'° Hz is used
for rador. and infrared region around 103 Hz
is used for heating The component of the
sun's radiotion is oround which & 10%° Hz
shown by UV region The small portion

around 10'°Hz is called ordinaory uvisible Lght

Characteristics of electromognetic radiation:
To examine the rodiation that is not visible to
our eyes needs advanced spedal instruments.
Electromaognetic radiotion is represented using a
variety of units. These radiations are characterized
by properties. nomelr frequencay and wavelength
A veloaty & wave number.

Frequency: Frequency is the number of waves
that paoss through o certaoin place in one eecond.

fts Sl units are cycles per second or reciprocal of
eeconds (s™*). Hertz (Hz) named after the sdentist

Heinrich Herz
1 Hz = 1 cycle per second

‘ﬁ Important

w Wawelength: This ic the dizance belvveen DWO SUCCESSTvE
cvests or roughs of o wanve. The meter iz its S unit (m) Smofer
unite are employed because electromagnetic wanes are made
up of many emaller wavelengths

Velocity: In a vacuum. Electramaognetic radiations of all sorrs
eravel at the some speed. regardless of wavelength. known

os the speed of light 3 x 10°ms~(2.997925 = 10°ms*) The
equation which relozes the frequency. wavelength and bght's
welody (Qls: c=2=v

Wavenumber: (v) The number of wavelengths per unit
length Is knoan as the vavenumber. lte unit ks inveree o the
waelength unit. the most widely uzed unir i m™ (not Sl unlt)
This volue ic very ueeful In epectrozcopy.

Relotion between wovelengtiv wove number. frequency and
velodny [ given as

Short Wavelength s

<4 Long Wavelength

The Spectrum of Hectromagnetic Radiation

The wave nature of electromagnetic radiation is useful
in exploining phenomena such aes diffraction and
mterference. However, some of the concepts are not
even exploined by the wawve nature of electramagnetic
radiotion. such as.

(1) The naoture of a heated body's radiotion emission
(Blacc body radiation).

(2) When a metal surface s struck by electromagnetic
radiotion. electrons are ejected (photoelectric

effecr).
(@) Thermol variation of the solid Heat copacity is
considered in terms of the funcuon of temperawre

(9) Atomic Line epectra with o porticulor focus on
huydrogen

These occurrences suggest that the eystem can only
take energy in discrete amounts. It is impossible to
obsorb or rodiate oll potental energies.

Blaclc body radiation: A block body = an ideal body
that emite and obsorbs radiation of all uniform
frequendes. and the rodiotion emitted by these bodies
s lcnown as blodk bady radiation

Note: But in the real world. there is no such body But
Carbon black foirly resembles a black bodu

Black body

Characteristics of a good bladc body:

(1) A good black body is a cavity that has a small
hole and no other holes The walls will reflect any

roy that enters the hole before being absarbed by
them

(Z) A bladc body acts as an excellent radiant energy
rodiator, and it will mointoin thermal balonce with
is surroundings

(3) The block body radiates the some omount of
energy per unit area that it collects from ite
surroundings in a given amount of ume.

(4) The amount of light emitted by a bladk body and

its spectral distribution is only affected by its
temperature.

At a gpecific temperature. the intensity of emitted
radiation increases with increasing wavelength.
reaches o mwamum ot o particular wavelength and
then decreosea with increasing wavelength. As the
temperature rises, the curve mmama shift to a shorter
wavelength
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The wave theory of light wae used to predict
rodiotion's intensity os o function of wovelength, but

the results were insufhcient. Thus. Plonclk suggested

that atoms aond molecules could emit (or absorb)
energy only in discrete quantities ltnown os quontunm.

The energy of o quantum of radiation iz related
proportionally to its frequency and is expressed by
the equation

E=hv
The consvant of proportonality b is lmown as Plandds
constant which has o value of 6626 = 10~*° Js.

He stoted. the intensity distribution in the radiation
from the block body is o function of frequency or

wavelength at different temperotures. Quantization
wos demonstroted using the example of a man
standing on a staircase. A man who can stand on the
staircase. but not between two stepa. Likewise. energy
can take any of the followmg vaolues. but not any of the
values in between

E =0. hv. Zhv. 3hv. __ nhv

" TOPIC 5 |
DUAL BEHAVIOUR OF ELECTROMAGNETIC RADIATION

The particle nature of light hos described the
photoelectric effect ond block body rodiation well
However, it waos incompatble with the wove behaviowr
of Light, which exploins interference and diffraction
As o result. scientists agreed that light hod both @
particle and o wave nature, implying that it exnhibits
dual behowviour. When radiation interacts with matter.
it exhibits particle-like properties instead of wove-like
properties thot it shows when propogoting Saentsts
were unfamiliar with this notion. but after a long
tme. they were convinced of its reolity when they
discovered some particles like electrona also exhibit

the duaol behoviour

Example 1.1: Calculate the energy of a mole of
photons with a frequency of S = 10'* Hz. [NCERT]

Ans. The expression gives the energy of one photon

E = hv
h=86626 = 103" jg
v=5=101 g9

E=(6626 % 1072 Jg) = (5 = 10* 9
=3313x 10" ]
The energy of one mole of photons
= (3313 x 107*° ) = (6022 x 102 mol™)
= 19951 dmol™

Example 1.2: A 100 watt bulb emits monochromatic
light of wavelength 400 nm. Calculote the number

of photons emitted per second by the bulb [NCERT]
Ans. Power of the bulb = 100 Wott = 100 Js™
E = hv

_ hc
A

_ 6626 x10™ 4= x3x 10" ms™
400 x10°m

= 4969 « 1079
Number of photon emitted

_ 100Je™
4869 x107 J
=017 « 10 &

Evidence for the Quantized Electronic
Energy Levels: Atomic Spectra

The type of medium through which light posses
determines its speed. When o beam of light trovels
from one medium to another. it is diverted or refracted
from its initial poth. When o ray of white light is
ransmitted through o prism, it is eeen that the wave
with the shorter wavelength bends more than the

wove with the longer waovelength. Becouse typical
white light comprises waves of all wavelengths in

the visible ronge. the white light ray is split out into

o eeriea of coloured bands colled the spectrum. The
wavelength of red light is the longest and deviated

the leost The violet-coloured light has the shortest
wovelength ond is the most deviated. The gpectrum

af wiite ight. that we can e=e ranges from violet at
7.50 = 10** Hz to red at 4 = 10'* Hz Such a spectrum

&= colled o continuous spectrum. Because violet blends

into blue blue into green, ond so on. this is o continual
process (roinbow). Electromognetic radiation includes

wisible light, but only o smaoll part of it Atoms may
absarb energy and achieve a higher energy state when
electromagnetic radiation interacts with matter. These



are in an unstable state os their energy increases
Atoma and molecules emit radiation in various parts of

the elecromognetic spectrum to retumn to their normal
energy stote (more stable. lower energy stotes).

Emission and Absorption Spectra

The obeorbed energy of radiation emitted by o
substance is colled an emission spectrum. The atoms.
molecules. or ione get excited when they absorb
rodiotion. produang an emission spectrum. The sample
is heated to produce on emission spectrum. and the
wavelength of the radiotion emitted. as the sample
gives up absorbed energu. is recorded.

The obsorpton spectrum and emnission epectrum are
contrary to each other. A radiotion continuum is possed
through a somple that obsorbs rodiation of certain
waovelengths. The missing wavelength corresponds to
radiobon absorbed by maotter. it leaves o dark spoce in
the bright continuous spectrum. The study of emission
or absorption spectra is referred to as spectroscopu.

The visible light epectrum was continuous as all
waovelengths of wisible light are represented in spectra
The emission spectra do not show o continuous spread
of wavelength from red to vicler Insteod. they emit
Light only at specific wavelengths with doric spaces
between them. Such spectra are called Line or atomic
spectra because the emitted radiation is identified by
the appearance aof bright bines in the spectra

Line emission spectro are vsed to stwdy the electronic
structure. Eoch element has o unique Line emission
spectrum. The choracteristic lines in atomic spectro
are used to identify unknown atoms and to determine
people's fingerprints. The exact matdung of bnes of the
emuission epectrum of the atoms of o own somple
quicdy establishes the identity of the latter.

Germon Chemist. Robert Bunsen (1B11-1899) used
line epectra to identify elements e rubidium. Cesium.
Indium. Gollium, tholbum and Scandium. The element
Helium was discovered in the sun by the spectroscopic
method.

Line Spectrum of Hydrogen

When an electric discharge & ronsmitted over gaseous
hydrogen. the H5 molecules dissociate. and the
hydrogen otoms get exated. emitting electromognetc
rodiotions of discrete frequencies. The hydrogen
spectrum is divided into various Lnes. each named
after its discovery. Balmer demonstrated that when
spectral bnes are reprasented n terms of wavenumber.
the visible lines of the hydrogen spectrum obey the
formulo belowe

— 1 A
~109.677 | —-=
¥ [? n’]

Where n ts an integer greater than or equal to 3 (te.
n = 3456. ) The Baolmer senes of ines are the only
ones that appear invisible to electromagnetic radiaton

The Rudberg constant for hydrogen was discovered by
the Swedish spectroscopists Johannes Rydberg. who
noted that the following expression could describe

every eeriea of lines m the hudrogen spectrum.

_ 1 1
v = 109_5?}'[—:--——:}371"'
nl "J'

Where. my =32

np=m+imn+2_

The value @ called the Rydberg constant for Hydrogen
Lyman. Balmer. Paschen. Bracket and Pfund are the
firet five series of lines that correspond oy = 1. 2
345 _

Hydrogen has the most stroightorward e spectrum
of all the elements. For heavier atoms. the line
spectrum becomes increasingly complicated. However.
bne spectra share several characteristics.

Each element’s ine epectrum has a predictable
pottern. The bne spectrum of featres is unique

Series ny Mo Spectral region
Lymaon 1 5 i uv
Balmer 2 34 Vsible
Paschen 3 45_ IR |
Brodeet 4 S56_ R |
Pfund 5 | 67_ | R
Line apectrum of hydrogen
n E(eV)
- 000 <
6 —0.38
S T —0.54 )
4 * B ) arates
g YYyYyYvy -151
Paschen
aefbes
> YYYYY 340
Blabmer
perlas
uv
Lyman
aaries
1L YYVVYY ~13.6

Energy level of the hydrogen atom with some
of the ranallons between them that glve
rize to the epectral Bne Indicated
Spectral sertes of hydrogen



' TOPIC 6
BOHR’S MODEL FOR HYDROGEN ATOM

In 1913, Neils Bohr quaonufied the general properties of
the structure of the hydrogen atom and its spectrum.

Even though Plondds concept of energy quantization is
not the some as modem quantum mechanics. he used
it to justify many points in the atomic structure and
spectra. The postulotes of Bohr's model are as follows

(1) The electron in a hydrogen atom can move in a

2

€)

(%)

circulor poth around the nucleus with o defined
rodius and energy. These paths are called orbats.
allowed states. or statonaory states Around the
nucleus. these orbits are orgonized concentrically.

An electron's energy in orbit does not change
over time; however. an electron can travel from a
lower to a higher stationory state by absorbing
the needed omaount of energy. This energy
wransformaotion does not happen continuously.

The frequency of radiotion absorbed or emitted
during the transition between two states. that
differ in energy as AE. i given by

I3

Lt

Jn =

=

Where E; and E; are the energies of the lower and
higher allowed energy states. The frequency rule
of Bohr iz o well-lknown expression. which is called
Bohr's frequency rule.

An electron’s angular momentum is quantized ie_
an electron con move only in those orbite for
which its angular momentum is on integral

multple of ;—]_1- it can be stated in the equation

i

" y mh
for a given stationary state os —
25

Acconding tw Bohr's theory for Hydrogen atoms:

1)

2

&)

The electron's stationary etotes are numbered.
These integral muloples are known os principol
quantum numbers.

The rodi of the stationary states are expressed as
ra=n’g,

Where g, =529 pm. Thus, the radius of the first
stabonory state is called the Bohr orbit In the
hydrogen atom. electrons are usuolly found in this
orbit. The value of r will increose as n mcreases (ie.
the distance betwean the nucleus and electron is
significant).

The enengy of its stabonary state & given by the
equabon:

“@

©

Ea=-Ry L
e
n=123_

Where Ry, is called the Rydberg constant. and its

volue is 218 « 10721 The energy of the lowest
state also called the ground state. is

Ey==210 o 10" » 1l

= BHH o T

For n = 2_the energy of the stotonary state witl
be

1
w710 & I w
&2 2 o

=-0545 = 10"'9

The energy of an electron iz 0 when it is free
from the effect of the nucleus. The electron in this
state i now lonown os an ionized hydrogen atom

because it iz associated with the stationary state
of prinapaol quantum number, i1 = co. The energy

iz emitted. and the electron's energy is diminished

when the electron is attracted by the nucleus and
iz present in orbit. Thaot i the explanation for the

negotve eign in the equation and its stability
comparison to the zero-energy reference state ie.

n=oo

The theory of Bohr can also be applied to tons with
only one electron. such as hydrogen atoms.

Eg.He’.Li**.Be®* and so on The expression gives
the energies of hydrogen-lile iona

Z
En=-21B= 1009 | 57| J

And the radin by the expression

]“-=%nj}pm

Where Z is the atomic number. which is 2. 3 for
helium and lLithium atoms. It is clear from the

above equation thaot as Z increases, the value of
energy decreases (becomes more negative). and
the radius decreases. The electrons will be tightly
bound to the nucleus due to this

It is olso feasible to determine the veloates of
electrons passing through these orbits. but no
precise equotion is provided. Quontitotively, the
magnitude of electron velocity growsa ae the
principal quantum number decreases (n)



Example 1.3: Case Based:

Bohr proposed the following three postulates of Bohr's
model

(1)

2

(E)

R

(®)

©
()

The negaotive electron moves around the positve
nucleus (proton) in a circular orbit. Al electron
orbils are centred at the nucdeus. Not all dassically
possible orbits are available to an electron bound
to the nucleus

The allowed electran arbits satisfy the first
quantization condiior In the ™’ orbit. the angular

momentum L, of the electron can take only
discrete values:

o= ﬂ wheren=1.23_
2=

This postulate says that the electron’s angular

momentum is quantized. Denoted by r, and
v,, respectively. the radius of the n*” orbit and

the electron's speed in it the first quantization
condioon can be expressed expliatly as

maVﬂ .|"‘:I o —

2=
An electron s allowed to make transitions from
one orbit where its energy s E, to another orbit
where its energy is E,,. When an atom absorbs
a photon, the electron makes o transition to
a higher-energy orbit. When an atom emits a
photon the electron transits to a lower-energy

orbit. Electron transitions with the simultaneous
photon absorption or photon emission take place

instantaneously. The allowed electron transitions
sabisfy the second quantization condition:

= |Eqn— Eql
where hf s the energy of either an ermitted or an

obsorbed photon with frequency f. The secand
guantization condition states that an electron's

chonge in energy in the hydrogen atom is
quantired

When an electron jumps from m orbital to my
orbital, energy is given as:

(o) &E=R.[$—"i,] (b) ﬂE:’K-[;l:'_%]

1 r 1

1 3 1 1
(© .&E:R_[-———] ) ﬂE:—R.[_—_]
n Ny n n
When the n volue (principol quontum number)

increases, then the radius will:
(ad) decrease (b) incremse

(c) does not chonge (d) cannot be predicted
And the energy value for the second stationory
state.

Using Bohr's frequaomcy rule calculate the

energy of radiation where the frequency of the
radiation is 5 = 10%%™.

Ans. (A) (g) ﬁ:g*[i]_.l_]

(E) Assertion (A): Zero energy reference state

corresponds to n = oo

Reason (R):  The energy of the electron is zero

in this state.

(o) Both (A) and (R) are true and (R) is the
correct explanation of (A).

(b) Both (A) and (R) are true but (R) is not the
correct explanation of (A).

(c) (A) is true but (R) is false.
(d) (A) is false but (R) is true

ﬂ:'

% "
Bplaonotion: AF = [—% }[—&;-] (where m
(4 n.

and ny stand for instiol orbit and finol orbits)

1 1 1 1
(B) (b) incease

Explanation: When n increases. the radius
also increoses. This can be underatood by

this equotion
Ta= n‘?ao
(C) The energy of the stationary state equation
iz given by

()

Ea=-Ry |77

For n = 2_the energy of the stationory state
will be

E;=-218 s 107¥« =
2

=_0545 = 10™'8)

(D) According to Bohr frequency rule
AE = hv
=6.626 = 1073 Js = 5 = 10™¢™
=33.13 = 1079
(E) (o) Both (A) and (R) are vrue and (R) is the
correct explanation of (A).

Explonation: The energy of an electron is
0 when it ia free of the effect of the nucleus.
The electron in this state is now lonown as
on ioniged hydrogen atom because it is
associated with the stationary state of the
princpol quantum number n = sa.

Explanation of Line Spectrum of
Hydrogen

The hydrogen atom's line spectrum may be

quantitatively exploined using Bohr's model According
to assumpbtion 2 in Bohr's model of an atonm:



i an electron goes from o lower principal quantum
number orbit to o higher principol quantum number
orbit. radiotion s obsorbed. If an electron goes from o

higher to a lower orbit rodiotion is emitted. This energy
difference between two orbits ta determined by

AE =E:-h|

Combining equotiona

(3

Winere ) and ry are for mitiol orbit and finol orbits.

1 1
- -18
=31 2 14 [q; nﬂ;]

The frequency ossocioted with the obsorption and
emission of the photon can be colculated by the
equation

V=

&
h

# 5=

F

218x10%J (1 1
6.626 xlﬂ““..lslq’ n’

[

1 1
329 =10 h['f rf]Hz
And in terma of wovenumbers
== %
V=—
e
_Rn 1 1
hc nf '

(1) In the obsorption spectrum. the term in the
parentheses is positive. indicating that energy is
obsorbed ny > n;.

(2) Whereans. in the emission spectrum, E is negotive.
indicating thot energy is emitted. ry < m,, E is
negatve. and energy is releosed.

(3) The expression is comparable to Rydberg's which
wos dernved empiricolly using experimental dato
at the tme.

(4) Each spectrol bne (emission or absorption) can be
interbinked to o specific hydrogen atom transition

(5) Different conceivable transitions can be observed
in the presence of a lorge number of hydrogen
atoms, leading to large epectrol ines, depending
on the number of photons of the eame wavelength
or frequency absorbed or emitted.

Example 1.4: Case Based:

AE=hv

Bohr's model of the atom: Electron is shown
transitioning from the (n=3) energy level to the (n=2)
energy level The photon of light that is emnitted has a
frequency that corresponds to the difference in energy
between the hwo levels

Bohr's maodel explains the spectral lines of the
hydrogen atomic emission spectrum. While the

electron of the atom remagins in the ground state. &s
energy is unchanged. When the atom absorbs ane

or more quanta of energy. the electron maoves from
the ground state orbit to an excited state orbit that is

further awauy. Energy levels are designated with the
variable n. The ground state s n = 1, the first excited

state is n = Z. and so on. When the atom reloxes badc
to o lower energy state, it releases energy that is again

equal to the difference in energy of the two orbits.
(A) The electran is moving from the n = 3 to
n =5 quantum number during this transition of
electrons. What will happen?
(o) Energy is releosed
(b) Energy is absorbed
(c) Energy becomes zero
(d) Energy becomes infinite

(B) When will the energy value become negative 7
(a) Absorption (b) Emission
(c) Diffraction (d) Scattering

(O) Calculate the wave number when the electron
is moving fromthen=2ton = 6.

(D) Calculate the frequency of the electron moving
fromthen=4 >nr =6
(E) Assertion (A): The obsorption spectrum is

obtoined during transition from
smaller to higher quantum

numbers ng > n,,

Reason (R} Energy is emitted during this

transition.



(o) Both (A) and (R) are true and (R) is the O m=4—>m=6
correct explanation of (A).
(b) Both (A) and (R) are true but (R) is not the u=£
correct explanation of (A). h
(c) (A) is true but (R) is false. 1 1
d) (A) is false but (R) is true. “h ',?'E‘]

Aneg. (A) (b) Energy is absorbed

Explanation: If an electron goes from o
emaller principol quantum numnber orbit to
a higher principol gquontum number orbit

_ 21810 (1 1
 6626x10>Js|n’ n?

radiotion is obsorbed. If an electron goes =3729x10* rl_i]
from o higher to o emaoller orbit. radiation is (4" &
emitted. Here. the electron is moving from
n =3 ton=5smaller to the higher quantumn ~399210" r_i___l_]
numbera. So. the energy is obsorbed. |16 36

(B) (b) Emission (9-4
L ) : o =329x10* -—]

xplanation: During the emission of | 144

rodiotion, the energy volue becomes — 1799 x 10'S x 0034772 <

megobve. The emission process corresponds = 011423 = 10"° Hz
when the electron is moving from the higher

to emaller quantum number. So. it will hove ® © (N is vue but (R) = false

o negative value. This can be understood by Explanation: Energy i obsorbed when
this equotion. AE = E - § electrons move from a lower to o higher
) energy level

The final energy value i lower and the

iniol value is higher meons it would hove  Limitations of Bohr's Model

G REg IR RN L Bohr's nuclear model is superior to Rutherford’s in that

it exploins the stobility ond line epectra of hydrogen
© v= 1 1 atoms and hydrogen-lice ions. It does. however. have
hc R o some restrictions.
(1) Itdoesn't explain the finer details about a doublet
~ 2182102 [ 1 1 ] w:ul'_‘d'ldis two closely epaced UHFEE in mehgpe'ctrurz
: 100 | =3 5 of hydrogen atoms seen using sophisticate
862682 10 Jan 10 R gpectroscopic techniques. The Bohr's model
doesn't exploin the finer epectrol bines.
329=10%s7(1 1
3.10° i [2—]-? n=2tan=6 (2) Rother thon the Hudrogen spectrum. this model
xms cannot describe the spectrum of other atoms
1 1\ . which are hoving more than one electron. Bcaample
109677 10/ [74'"3—‘5‘}'“ the He atom which has only two electrons but the
spectrum of this is not exploined by him

9-1 (3) Furthermore. Bohs's theory could not account for
= LDQE??’IOJ(“B?] spectral line splitting in the presence of o magnetic
field (Zeeman Effect) or an electric field (Stark
= 109677 = 107 = 0.222 effecy).

y (4) It couldn't explain atoms’ abilities to form

=024372 = 10° m molecules by chemical bonds.

COBJ ECTIVE Type Questions)
[ T mark ]
Multiple Choice Questions (a) They start from the cathode oand move
towards the anode.

1. Which of the following statement is not (b) They travel in a straight line in the
correct about the choracteristice of cathode Sbatnce of au extarbal slectiléal. o8

rays? magnetic field.



(c) Characteristics of cathode rays do not (d) Sum of the number of protons and

depend upon the material of electrodes neutrons is the same, but the element is
in the cothode roy tube. different. [NCERT Exemplar]
(d) Choracteristics of cathode rays depend Ans. (d) Sum of the number of protons and neutrons
upon the nature of gaos present In the is the some. but the element is differenc
cathode ray tube. [NCERT Exemplar] Explanation: lsobars are the different elements
Ans. (d) Characteristics of cathode rays depend upon hoving the same mass number but a different
the notwre of gas present in the cathode ray atomic number.
tube A Caution
Explonation: Characteristics of cathode roys do we  The student may confuse the term atomic mass and
not depend on the noture of gas present in the the mass number. Both are the same concepts but ere
cathode ray tube. weed with different scientific names Alomic moss i
nothing but a mass afthe nudeus includng the number
2. ThE nbaurpﬁun Epecu-um uppEDrE as: ﬂfﬂmﬂﬂm and tne numoer O.FHEUEFUHS.
(@) A set of coloured lines on a black 5. Which ions do not represent the Hydrogen
baclground. atom?
(b) Black lines on a coloured baclground. (o) He® (b) Li*
(c) Series of lines with white coloured. (c) Be*® (d) B
(d) Single line appears on a white backgrownd. Ans. (b) Li®
Ans. (b) Black ines on o coloured baocground Explanation: We lcow. that a hydrogen atom

hos one electron in its orbital Hence Li* do not
represent the hydrogen atonm. Becouse it has
2 electrons. While options a. c and d are having
one electron in their orbits which resembles o

hydrogen atom.

Explanotion: The absorplion spectrum exhibis
black ines on o coloured badcground. Because.
when light with oll wovelengths is possed.

the matter absorbs the partculor wavelength
of light and gives o spectrunn. This particular

missing wavelength oppears os o dark line or G. The n; and n; values corresponding to the

: - Paschen series:
gap in the absorption spectrum. ) riee L s s 98,
5. Which of the following atomic properties (b) ny=2aondn;= 3,4
could be appropriately explained by (€ n(y=3gndn;=4,5-
Thomson's model of an atom? (d ny=4andn; =5, 6~
(a) Overall neutrality of atom Ans. (c) nj=3andny;=4 5_
(b) Spectra of the hydrogen atonn Explanaotion: The Paschen series is the third

series of the hydrogen obeaorption epectrum so.

(c) Position of Electrone, Protone and ithosavalueofny = 3andny = 4. 5_

Neutrons in atom

Stability of atom CERT Exemplar] @ Related Theo
= v
Ans. (o) Overall neutrality of atom = The values of ny and n, In different aesfes of hydrogen
) - ) absorpbon spectra
Explaonation: According to Thomeon atomic - - - - |
model Series my my Spectral region |
(1) An atom is aphernoal ond hos o rodiue of Lyman 1 29 | uv
10*? metera. ' i '
(2) The positve chorge in the atom is evenly ey 2 s Visile
distributed. Poschen 3 45 [R
(3) The electrons are embedded in such o way o gt 4 cg i
that the atom's electrostatic configuration i@ — L
the most stable. As a result. the model was Pfiend 5 6.7 [R
able to exploin the otom's overoll neutrobity. Spectrum lines of hydrogen
4. Two atoms ore sold to be isobor if 7. Match the following:
(@) They hove the some atomic number but 13
different mass numbers. A IR : (010~ Hz
(b) They hove the some number of electrons, (B) uv @) 10'° Hz
but o different number of neutrons. | (©) Radia " @) 10 1z
(c) They have the same number of neutrons | ; =
but different numbers of electrons. (D) Microwave (v) 10™ Hz




Ans.

Ans.

4%

Options:

(@) (A — ) ®) ® —0
© ©—®) (d) (©) — @D
© ©O—m)
Explanation:
Typeof = Frequency  Wovelength
Rodiotion Range (Hz) Range
Gammo-rays|107°-10%¢ <10-12m
X-rays 10Y7_30% L~ Ypm
Ultrovioler 1035-10V OB
Vigible 4_75210%° 750nm-400
rum

Near-infrared|1=10¢-4=10%* ﬁnﬂm-?SU

Infrared 10%¥-30% 25pum-2Spm

Microwaves (3=10'-10¥® |[1mm-2Spm

Radio wauves J~::3::1[:'.l"'1 i}lmm

. Noame the metals used in commercial

photoelectric cells.

(@) Helium (b) Phosphorous
(c) Caesium (d) Polonium [Diksha]
(c) Caesium

Explanation: Hertz conducted the photoelectric
experiment on Potassium,. Rubidium and
Coesium in which electrons were released from
particular metals when they were exposed
to light Other elements are not used in the
photoelectric cells. The caesium can eaosily
convert sunlight into electricity ond hoe low
ionization enthalpu

Helium is on inert gaos. so it i@ incorrect
Phosphorus is not suitable for the photoelectsic
experiment. So it is incorrect. Polonium ig a
rodioactive element which is also not suitable
for the experiment. So. this is incorrect.

Related Theory

The lonlsoton enthalpy s mothing but the energy
required to remove an electvon fram the leolated
atom. The elements hawing lower loniration enthalpy

can easily emit photoelectrons Sa such elements are
used In the phaotoelectric expes/iment

The angular momentum of an electron is an
integral multiple of:

h h
(@) s (b) ey
hc A
() = (d) =

h
Ans. —
B(a)l?ﬂ

Explaonation: According to the Bohr model of
an atom on electron's angulor momentum is

quontized. It con be stated in equation form
°In o given stationary conditon. it is an integral

multple of — "
2n

h
myw=n —

2E

10. The Paschen series occura in which region of
the electromaognetic spectum:

(a) Ultraviolet region

(b) Infrared region

(c) Visible region

(d) Radio wove region
Ans. (b) Infrared region

Explanation: The Paschen series is observed

in the infrared region. It would require lower
energy for the tronsition to occur.

11. The wavenumber of the first line of the

Balmer series of hydrogen is 15200 cm™.

The wwue number of the first Balmer line of
Li%® jon ia :

(o) 15200 am™ (b) 80800 crur
(c) 76000 =™ (d) 138,800 oo

Ans. (d) 136,800 cr™®

Explonation: Formulo for wovenumber:

— ) S |
Wavenumber = v=R[—J-——]-
n o

For hydrogen. Z = 1. for the first line of the
Bolmer eerieg. iy =2 andnp =3

- 1 ~ i I |
Y s e g ] g e
] E‘NX [23 33
= 15200 o
For Li*? tom.
1 I |
W U | . N~
o 53

=9 = 15200 cm™
= 138800 cm™?

Assertion-Reason (A-R)

In the following question now (12-15), a statement of
ascsertion followed by a statement of reason Is given.

Choose the correct answer out of the following
choices:

(o) Both (A) and (R) are true and (R) is the correct
explanation of (AL



(b) Both (A) and (R) are true but (R) is not the
correct explanation of (A)

(c) (A)is true but (R) is false.
(d) (A)is false but (R) is true.

12.

Ans.

13.

Ans.

Read

Assertion (A): Violet colour is the most
deviated one.

Reason (R): The shorter is the wave-
length, the greater Is the
deviation

[NCERT Exemplor]

(@) Both (A) and (R) are rue and (R) & the correct

explanation of (A)
Explanation: The violet colour is having o
shorter wavelength A of 400nm. So when it
trovels from one medium to another. it will have
o maximum value of angle of incidence. Also.
the frequency is inversely proportonaol to the

wavelength. When the waovelength s greaoter.
the frequency will be lower. So the colour violet
ig most devioted.

Volue of wark function for a
feww metals are glven here:
The warlk function value for
allcali metals are decreasing
down an alkali metal group.

Assertion (A):

Metal Li Na K
W,/eV 242 23 2325

The size of the atom
increoses down a group

(a) Both (A) and (R) are rue and (R) & the correct

explanation of (A)

Bplanation: Work function is nothing but the
minimum energy required to Liberote or eject
an electron from o substance. As in the given
elements. the size of the atom keeps increasing
down o group therefore the electrons are free
from the influence of the nudleuva So on mowving
down o group. the energy requeed to eject the
electron from the surfoce decreases.

14, Assertion (A

15. Assertion (A

Circular orbit can be
calculated by r, = 0.529 A

b |
n
[E-]' where Z = atomic

numberandn=1,23,__

The radius of the helium
atom ls 0.149 A

Reason (R):

Ans. (c) (A) = vue but (R) is false

Explanotion: r.=0529 A [HT_;]

where Z = atomic number & n=123_
ForHelumZ=2andn=1

o
=0529A (?]

= 0.2645A

An ideal black body emits

and absorbs radiation of all
frequencies.

Reason (R): The frequency of radiation
emitted by o body moves
from o lower to a higher
frequency with increased

temperature.

Ans. (b) Both (A) and (R) are true but (R) is not the

correct explanation of (A)

Explanation: The ideal bodu. which emits and
absorb radiation of oll frequency is called a blodc
bodu. The exact frequency distribution of the
emitted radiation from a black body depends
only on its temperature. At a given temperature.
Intensity of radiation emitted increases with
decreases of wavelenth. reaches o mmamum
vaolue ot a given wavelenth and then starts
decreasing with decrease of wavelength

(CASE BASED Questions (CBQSD

[ 4 &5 marks ]

the following passages and answer the

questions that follow:

16.

A hydrogen atom consists of an electron orbiting
its nucleus The electromagnetic force between
the electron and the nuclear proton leads to a
set of guantum stotes for the electron each with
its own energy. These states were visuolised by
the Bohr model of the hydrogen atam as being

distmnct arbits around the nucleus Each energy
state. or orbit. is designated by an integer. n
as shown in the figure The Bohr's model was
later replaced by quantum mechanics in which
the electron occupies an atomic orbital rather
than an orbit. but the cllowed energy levels of
the hydrogen atomn remained the same as in
the earlier theoru



Lyman sestes

Bolrner series

(A) Which series of lines of the hydrogen
spectrum lies in the visible region?

(B) Wavelengths of different radiations are
given below:

1) »=300 nm (an A =300 pm

(i) 2. =3 nm (V). =30 A

Arrange these radiations in the increasing
order of their energies.

(C) What transition in the hydrogen
spectrum would have the same

wavelength as the Bolmer transition
n=4ton=2of He® spectrum?

Ans. (A) Balmer geries
® V) >@u)>@>a

The lower the wavelengthl the higher the
energu.

(O For the Bolmer wransiionn=4twn=2ma
He® ion we can write

el

=Z*H[§‘4—=]

=%5{m 0

For a hydrogen atom.
1 1 1
- I
Equating equations (i) and (@). we get

11
e
o =

B | W

17.

This equation gives rn; = 1 and nq = 2 Thus,
the transition n = 2 to n = 1 in hydrogen
atom will have the some waovelength as the
wansition.n =4 to n = 2 in He”.

Based on the wave model of light. physicists
predicted that increasing light amplitude

would increase the kinetic energy of
emitted photoelectrons. while increasing the

frequency would increase measured current

Contrary to the predictions experiments showed

that increasing the light frequency increased
the kinetic energy of the photoelectrons, and

tncreasing the light amplitude increased the
current

Based on these findings Einstein proposed that
light behoved like a stream of particles called
photons wath an energy of E = hv

The woric function. ®, is the minimum amount
of energy required to induce photoemission of

electrons from a metol surface and the value
of 6 depends on the metal

The energy of the incident photon must be
equal to the sum of the metal's work function

and the photoelectron lanetic energy:
Ephatan = K Egtecoron + ©

(A) Radiation of 2500 A falls on a metal with
a work function of 4 eV. The ldnetic energy
of the fastest photoelectran will be

(@) 3.22 = 10™%°)  (b) 155 = 10~%9)
(€) 4 = 107%°) (d) 2.5 = 10729

(B) When o photoelectric experiment is

conducted, the number of electrons
released is proportional to the:

(a) Intensity of light
(b) Brightneass of light
(c) Both (a) and (b)
(d) None of the above



(C) For an ejected electron, lanetic energy is:

(o) some as the frequency of the radiation
from electromagnetic fields.

(b) proportionol to the frequency of the
radiation from electromagnetic fields.

(c) greater than the frequency of the
rodiation from electromagnetic fields.

(d) inversely proportionol to the frequency
of the radiation from electromagnetic
fields.

(D) In an arbit, mognitude of kinetic energy is
equaol vo:
(o) holf of the potentiol energy
(b) twice of the potential energy
(c) one-fourth of the potentiol energy
(d) none of the above

(E) The minimum energy required to remove
an electron is called:

(o) Stopping potential
(b) Kinetic energy
(c) Work function
(d) None of these

Ans. (A) (b) 1.55 = 1079

Explanation:
Given Eg=4eV=4=160=10™"%)
We lmow that. c=3 = 10° mys [1A = 10™"m)
E =.||"!"|,i'=E
A

_663=10"1s23x10" ms"

E
2500=10"" m

=785:107%)

-~ Kmnetic energy of electron emitzed
=(795-64) = 10™°J
=155 x 10™'%J
(B) (c) Both (o) and (b)
Explonation: Intensity and brightness of
bght dedde the number of gjected electrons

(O (b) proportional to the frequency of the
radiation from electromaognetic fields.

Explanation: Kinetic energy of ejected
electron is proportionaol to frequency of the
radiotion from electromagnetic fields.

(D) (a) half of the potential energy
Explonation: We know thaot the Knetic

Ze

energy in an orbit =
B r

Also the Potenual energy in an orbit

Zez
- 45:-50:'

From these e we hove K.F.:%F‘F_

So. the magnitude of ldnetic energy in an
orbit is equal o holf of the potentol energy.

(VERY SHORT ANSWER Type Questions (VSAD

[ 1 mark ]

18. The emission spectrum hos a negative value

for emergy. Why?

Ans. In the emission spectrum E & negative ;dicatng

that energy is emitted (te. ny< n) because the

electron goes from a higher to o emaoller energy
level

15. Whaot is o black body? Give an example.

Ans. An ideal body which emits ond obeorbs

radiotions of oll uniform frequencies is colled o
blacdc bodu. and the radiatton emitted by these
bodies is called block body radioton

Eg. Carbon blodc reasonably resembles a black
bodu.

20. Which of the following particles will not

show deflection from the path on passing
through an electric field? Proton, cathode
rays, electron and neutron.[NCERT Bxemplar]

Ans. The electric field will not deflect neutrons as

lhos no charge (neutrall

Z1. What is meant by quantization of angular

momentum? [Diksha]

Ans. As angulor momentum becomes quantred. the

orbit's radius and energy become quantized
as well Bohr believed that transitions of an
electron from one permitted orbit [ energy to
another were the cauce of the definite ines seen
m the spectrum of hydrogen atom.



(SHORT ANSWER Type-I Questions (SA-1))

[ 2 marks ]

22. Derive an equation to exploin the relationship
between wave number and velocity of a
particle. [Diksha]

Ans. Relation between wavelength. wave number.
Frequency and Velociy isc = A x v

C
V=

A
1 —_
—_—=F
A
'Ir"=|':'?-‘r

23. Explain the Limitations of Bohr's atom

model [NCERT Exemplar]

Ans. (1) Itdoesn'tegplain the finer details (o doublet
which is two cloeely spaced lines in the

spectrum of hydrogen atoms seen using
sophisticated spectroscopic techniques).

(2) Furthermore. Bohr's theory could not
account for spectrol Lline splitting in the
presence of o magnetic field (Zeeman efect
or an electric field (Stark effect).

24. What do you understand from the below
graph?

T:>T,

— Intensity

1000 2000 3000
— \lowelength & (nm)

Wianvelength-intensity relatlonzhip

Ams. The ntensity of emitted radigtion moreases with

increasing wavelength reaches o maxdmum
ot a particular wavelength aond then starts
decreasing with increosing wavelength. As the

temperalure riees, the curnve mmumao shifts to a
shorter wavelength

425. Write the expression for the Bohr frequency
rule.

Ans. The frequency of radiotion absorbed or emitted

during the transition between two states,
depending on the energy difference between

them, is given by

(SHORT ANSWER Type-Il Questions (SA-I))

[ 3 marks ]

26. A bulb emits light of wavelength 4500A. The
bulb is rated as 150 wnotts and B% of the

energy is emitted as light How maony photons
are emitted by the bulb per second?

[Delhi Gov. QB 2022]
Ans. Energy of one photon
E=hv
e
2
6.626x10* x3x10*°
4500x10~°
=442 « 10™°)

ISDJ-:E!J

100
150x8B

100
n =272 10" photons

Energy emitted by bulb =

- nz442 x10"° =

27. Chlorine exists in two isotopic forms CL-37
ond Cl-35, the atomic mass is 35.5. Then
what will be the ratio of Cl-37 and CI-35

approxdimately? [NCERT Exemplar]
Ans. Let the relotive abundaonce of
A-37=x%

And the relothve abundance of
A-35S=(100-0 %

Average atomic moss = X237+(100-x1) 35

100
355 = 37x + 3500 - 35x
100
x=25
100-x=75
Thus. therotoof Cl-37and A -35 =
=x:{100—z)
=25:75=1:3



28.

25,
Ans.

30.
Ans.

Chlorophyll present in green leaves of plants
obsorbs light at 4.620 = 10** Hz. Calculate
the wovelength of radiation in nonometres.
Which part of the electromaognetic spectrum
does it belong to? [NCERT Bxemplar]

£ Ix10°ms™
v 4620x10Hz"

= 0.6494 « 10~°m
= 6494 nm
Thus @t belongs to visible region

CLONG ANSWER Type Questions (LAD

[S a6 marks ]

Write about emission and absorption spectra.

The obsorbed energy of radiation emitted by
o substance is called on emission spectrum
The atoms, molecules. or ions get excited when
they obsorb radiation. producing an emission
spectrum. The sample is heated to produce
on emission spectrum. and the wavelength of

the raodiotion emitted. ae the somple gives up
ocbsorbed energu. is recorded.

The obsorption spectrum and emission
spectrum are contrary to each other. A radiotion
continuum is possed through o somple that
obsorbs radiation of certoin wavelengths. The
missing waovelength corresponds to rodiation
obsorbed by morteer. it leoves a dark space in
the bright continuous spectrum. The study of

ennission or absorption spectra is referred to as
spectroscopy.

The wisible light spectrum wos continuous as
all wavelengths of wsible light are represented
in spectra. The emission spectra do not show @
continuous spread of wawvelength from red to
violer Instead. they emit light only ot specific
wavelengths with dork spoces between them
Such epectra are caolled line or atomic spectra
because the emitted radiation is identified by
the oppearance of bright lines in the spectra

Line emission spectra are used to study the

electronic structure. Each elenment hos a unique
line emission spectrum. The characteristic lines

in atomic spectra identify unltnown otoms
and determine people's fingerprnnts. The exoct
matching of Lneas of the emission spectrum
of the atoms of o known somple quickly
establishes the identity of the latter.

Exploin the photoelectric effect in detail

In 1BB7. H. Hertz conducted an experiment in
which electrons were released from particulor
metols when they were exposed to light
(Potoosium. Rubidium. Coesium. etc). This
phenomenon is colled the photoelectric effect

Ammeter

Light

Metol surface

AT
N MR

Vacuum chamber

=

Battery
Eperiment for studying the Photoelectric effece

The following observations were drawn by
the photoelectric effect

(1) When o light beam stridees a metal surfoce.
the electrons are rapidly expelled from the
surfoce (there is no tme deloy between the
strildng of the ight beam and the ejection of
electrans from the metol surfoce).

(2) The number of electrons ejected is

proportonaol to the intensity or brightness
of the light

(3) There is o partculor minimum frequency for
each metal caolled the threshold frequency,
below which there is no photoelectric effect
At a frequencu. v > v, The gjected electrons
come out with certoin lanetic energy. this
[gnetic energy of electrons increases with an
increase in frequency of light used.

Einstein's observation:

(1) When o photon of sufficient energuy
collidea with an atom of metal-containing
electrons. the photon instantly transmits
ite energy to the electron. releasing
electrons without delay.

(2) The higher the photon's energy, the mare
energy is imparted to the electron. and the
higher the lanetic energy of the expelled
electron



G)

(4)

In gimple terms. an expelled electron's lanetic
energy is proportional to the frequency
of electromagnetic radiotion. Since the
striking photon hos energy egual to hv and

the minimum energy required Lo eject the
electron is hv, (also called work funcion W,
then the difference in energy is transferred

as the kinetic energy of the photoelectron)
The equaotion gives the lanetic energy of the

gjected electrons:

hv = hvg + % Mg
Where my, is the mass of the electon and
v ia the ejected electron’s veloatu

A more intense beam of Light consists of o
large number of photons and the number
of electrons ejected iz olso more significant
than that in the experiment in which weoker
intensity of Light s employed

3 1. Exploin the Bohr's atom model

[NCERT Exemplaor]

Ans. Bohr proposed the following postulates:

1)

@)

G)

The electron in a hudrogen atom can mouve
in a arculor path around the nucleus with
a defined radius and energuy. These paths

are referred to os arbits, ollowed stores, or
stotionary stotes Around the nucleus, these

orbits are organised concentricollu
An electron's energy in orbit does not
change over time: however. an electron can

travel from o lower to a higher stationany
state by absorbing the needed omount of
energy. This energy ransformation does not

hoppen continuously.

The frequency of radiation obsorbed or
emitted during the ransition between two

states i@ given by

v

A€
h
E,-E,

h

Where E; and E; are the energies of the
lower and higher ollowed energy states.

(4) An electron's angular momentum is

quantized. It can be stated in equation
form in a given etotionary condition. it is an
: - h
mtegral multple of —
=
h
mur = n.—

=

(5) According to Bohr's theory for Hydrogen

atoms:

The electron’'s stationary states are
numbered. n = 1.2.3,_. These integraol
multples are lomown as princpaol quantum
numbers.

(6) The radii of the staotionary states are

2
expressed as rp,=n"0g,

Where g, = 529 pm. Thus the radius of
the first stationary state is called the Bohr

orbit. In the hydrogen atom. electrons are
normally found in this arbit. The energy of its

stotonary stote is given by the expression:

e

Where Ry s aolled the Rydberg constant and
s volue s 218x10*8). The energy of the

lowwest state also called the ground state. is
Ey=-2.1B x 10™®

The theory of Bohr con also be applied
to ions with only one electron. such as

hudrogen atoma

Eg. He®, Li#*, Be®*, and so on. The energiea
of ions hydrogen-like are given by the
EXpression

E,=-218 x10™® .
- n
And the rodio by the expression.

( NUMERICAL Type Questions

32.In the hydrogen spectrum of the Balmer
series which corresponds to the tronsition
fromng = 2 to n, = 3,4,... . The Balmer
series lies in the visible region. Calculate the
wavenumber of the line corresponding to
the wansition when the electron moves to
n=4,
(Ry = 109877 crm™). [NCERT Exemplar](2m)

v= 1095}'?[%-%]{:11*
n° n

1 1

=109677| —=-—
G

=109677 -l--i]an-‘-
4 16

= 20564 44 cn™



3. Electrone are emitted with zero velocity
from o metol surface when it is exposed to
radiation of wavelength 7B00A. Calculate
the metal’s threshold frequency (v.) and work

function (W,). (3m)
Ans. Threshold frequency (vo) = ;T
_ 3:10%ma™
~ 78x=10°m
=384 x 107

Work function (W) = hv,
= (6.626x10™>Jg)
x(3.8 x10*%™)
= 251788 x 10~
=251788 x 10™%°)

34, Calculate the wavelength and frequency, f
the period of the light wave is B = 10%.

1
Frequenay e

1
T B0ulD =g

=125 x 10%<

Uh"n:melangth{k]:i
v

_ 3=210"ms™
125 10554

=029 m

95, What is the amount of energy emitted
when electrons of 1 male of hydrogen
atom undergo o tronsition to give spectral

limes in Balmer's series of lowest energy
Ruy=11=10"mY? (2m)

Ans. The line of lowest energy of the Balmer
series will be obeserved when the transition

occura from 3rd orbit to 2nd orbit te. ny = 2

and nz = 3
= i
‘E'm'-g
1 1
o G o
S [2’ 7
= 2R
36
E=P—1c—-
A

BBx10™ " 3x3510% %1 13107 55
I8

=3.025 = 107*° J per atom
Erergy coresponding to 1.0 g atom of hydrogen
= 3.025 = 10~*° =z Avogodro’s number

=3025x 10" 6= 102

=181S = 104



DUAL BEHAVIOUR OF MATTER AND
QUANTUM MECHANICAL MODEL

OF ATOM

- TOPIC1
DUAL BEHAVIOUR OF MATTER

In 1924, de Broglie discovered that just Like light
matter also shows duol noture. ie. porticle and waove
noture. Thus on electron posseses o wave noture
during its motion It hos o specific momentum and

wavelength. This theory is popularly lcnown os the
wave mechanical model of matter.

de Broglie gove the relation for caolculating the
wavelength and momentumn of particle/electron which
i as follows

A=

A

|z g[:,.

Here. m = the mass of the parode
v = the veloaty of the particle
h = Pland(s constant =6.626 x 10~ jowde-seconds
P = momentum of the particle

de Broglie's theory was confirmed experimentally
when it was discovered that the electron beom
undergoes diffraction (characteristic of wowes). which
was considered for malang the electron telescope.

I @) I Forbidden

arbit
- deatructive
ﬁiﬁﬁgg&btt 2 -~ imerfecence
interference
2pria ol
Zpr=nl n= integer
n = integer
-
® e ©
e Wave
repEnesenling repregenting
elecuan elecvon

Wove nature of matter

Example 2.1: The maoss of an electron is 9.1 x 10~
kg. If its kinetic enengy is 3.0 x 10~*J, calculats its

waovelength [NCERT]

Anas.
Stnce.

1
K.E:Erm/?

-

m

_[2: 3-[]::1[]"“kgm g F

9.1=10"kg
=812 ms™"
Now the wavelength can be calculated os
i
qipary
_ 6626=10>1s
T 91210¥kg=B12ms>

= 08967 x 107 m

= B896.7 nm
Example 2.2: Yellow light emitted from a sodium
lomp hoe a wavelength (A) of 580 nm. Calculate
the frequency (v) and wavenumber (V) of yellow

light. [NCERT]
C
AnE. v = I
Gnen here:

c=3x10° mg!
A=580x10°m

3010 mae"
= =
SED=10%m

=517 x 1089 &8

1
A

v=

1
T 5BD=10°m

=172 x 109 &<

Heisenberg Uncertainty Principle

According to the Werner Heisenberg theary. “it
ig impoesible to meosure the exact position and
nomentum (or velocity) of the smaoll body bke an
electron simultaneously.”

The relotion gives the uncertainty mn the measurement
of position and momentun:



h

Ax Ap=>—
4=

ﬂ.x.mﬂual

-
|=

Ax Av 2

4mm

If Ax=0OAv ==
If Av=0-Ax ==

So. if the position of an electron & lnown cocuratelu. ie.
Ax is small. then Av becomes prominent and vice versa.

Significance of the Uncertainty principle

The Heisenberg uncertointy principle rules out the
exstence of definite paths or trojectories of electrons
and other similar particles. But the effect of the
Heisenberg uncertainty prinaple is signihicant only for
the moton of microscopic objects and iz negligible for
that of mocroscopic objects.

In the case of o microscopic object like an elecuon
mossis 9.11x10™ kg the uncertointy prindple will ber

amx=L

4om

B626=10""Is
4:314:811=10 kg

= 11]'dm35'ﬂ

[t means that if we waont to find the exoct locaton of
an electron with an uncertainty of only 10™° then the
uncertainty in velociy will be

107 m's™

=10"ms
10%m

The volue obtained is very large So. based on this
principle. Bohr's theoru. which gives the electron's foeed
orbit and definite veloowy &= no longer applicable Thus.
in ploce of precise terms. we should use probability
through which we can locate the electron in a three-
dimensional region around the nucdeus. This iz what

hoppens in the quontum mechonical model of the
atom

Example 2.3: A microscope using suitable photons

s employed to locate an electron in an atam within
a distance of 0.1 angstrom. What is the uncertainty
involved in the meosurement of its velocity?
[NCERT]

h

AxAp2—
4

Ans.

h
AxmAv 2 —
4g

Ax Ay 2
dzm

Apcording to Heisenbergs uncertointy prinaple

e 66=10""1s
4:2314=(01=10""m)x(9.1=10kg)

=579 x 10° mg?

Example 2.4: A golf ball has a mass of 40 g, and

a speed of 45 mfs. if the speed can be measured
with an accuracy of 2%, calculote the uncertainty
in the position.

Ang. The uncertointy in the speed = 2% te.

4S= z =09ms"
1
. h
From equotion. Ax =
dmomAv
A 6.6x10™>" Is
4x314x09 me™ x40x10 kg
=146 x10~m

This is near —10'8 times smaller than the

diometer of o typical atomic nucleus. As
mentioned earlier for large porticles. the

uncertainty principle sets no meaningful Lmit
to the precision of measurements.

Reasons for the failure of the Bohr's
Model

The reosons for the foilure of the Bohr's model are

(1) Accarding to the Bohr's model an electron iz
considered as o charged partide maving in o well-
defined arcular orbit around the nucleus ks wave
character iz not considered in the Bohr's model
Hence dual behaviour of matter is not considered.

(2) Bohr's model considered that an orbit is o clearly
defined path and it con be completely defined
only if both the position and velacity of the
electron are lcnown exactly at the same time But
this controdicts with the Heisenberg uncertainty
principle

Becouse of these two weolmesses in the Bohr model

there was no point in extending the Bohr model to

other atoma. In fact. there is a need for o theory which
could deol with the wove-paorticle duolity and be
congistent with the Heisenberg uncertainty prinaple

So. quantum mechaonice came nto consideration for
dealing with these facts



"TOPIC2
QUANTUM MECHANICAL MODEL OF ATOM

The branch of science which deols with the duol
behoviour of motter is lonown o8 quontum mechonica.
When the quantum mechanical concept = applied to
nnacroscopic objects (for which waove-like properties
are insignificant) the results are the some os those
from classical mechanics. Quantum mechanica iz the
theoreticol sdence that deals wath the study of the
mobtion of micrascopic objects

Schrodinger Wave Equation

Quantum mechanics was developed independently in
1926 by Werner Heisenberg and Erwin Schrodinger.
Schrodinger developed o new maodel known as the
Quantum mechaonical wave model of the atom with
the help of de Broglie and Heisenberg's uncertainty
principle.

For a system (such as an atom or molecule whose
energy does not chonge with time). the Schrodinger
equotion ig wntten o

A
2 HY=EY
Hese. His Homiltonion operator (energy operator)

E iz energy eigenvalue
¥ iz o wavefunction

The total energy of the system tokes account of
the linetic energies of oll the subatamic porticles.
attroctive potential between electrons ond nuclei and
repulsive potential aomong the electrons ond nucles
individually.

Hydrogen atom and Schrodinger equation
When the Schrodinger equation is solved for the
hydrogen atom. the solution gives the possible energy
levels the electron can occupy aond the corresponding
wove functions, ¥ of the electron ossociated with
each energy level These quontized energy states
ond correeponding to wave functions which are
choracterized by o set of three quantum numbers
principal quantum number (n). azimuthal quantum
number () and magnetic quantum number{m) arise
os a notural consequence in the solution of the
Schrodinger equation. The wave function contoins all
the informotion obout the electron corresponding to
ony energy stote. It is o mathematicol function and
does not hove ony phusical significance. It = possible
to find the region around the nucleus with a mmamum
probability of locating electrons of specific energy
for hydrogen or hydrogen-lice species. This region is
called the atomic orbital The probobility of finding an
electron ot o point within an atom is proportonal to
%2 The quantum mechonical results of the hydrogen
atom successfully predict the aspects of the hydrogen
atom spectbum including the phenomenon which were
not explained by the Bohr model

The Schrodinger equation caonnot be solved for the

multi-electron atoms. The energies of the orbitals in
the mult-electron atoms depend on quantum numbers
nandL

.;ﬁ/\} Important

= Significance of 'V : [t represents the amplitude of wave or
wave function. but iz has no gignificance

we Significance of V- it represents the probabliity of finding
the electron in 3D space.

Important features of quantum mechanical
model of the atom

The important features of quantum mecdhanical model
of an atom are os follows:

(1) The energy of an electron in an atom is quantized
(ee. they can only hove certain speafic values)

(2) The ewsstence of quantized electron energy levels
i3 a direct outcome of the wave-like properties

of electrons and are ollowed =olutions of the
Schrodinger wove equation

(3) The exact position and veloaty of an electran

cannot be determined simultoneously. Only the
probability of finding the electron at different

points in an atom can be determined.

(4) The wove functon ‘¥ for an electron in on atom
represents the atomic orbital The orbital can

aoquire a mamamum of two electrons and electrons
in each orbitol hove o definite energu. In o mulu-

electron atom. the electrans are filled in various
orbitals in increasing order of energu

(5) The probability of finding the electron at o point
within an atom ig proportional to the square of
the orbital wave function ie. |#]° at that point.
From the valus 1:|Fl‘LI'|2 at different points within an
atom it is possible to predict the region around the

nudeus where the electron will most probably be
found

Example 2.5: Case Based:

In 1927, the German physicist Werner Heisenberge
soid that the more precisely the position of some
particle is determined. the less predsely its momentum

can be predicted from infial conditions and vice versa
This was called the uncertainty prinaple Heisenberg's
uncertainty principle states that for particles exhibiting
both particle and wave nature, it will nat be possible
to accurately determine bath the position and veloaty
at the same time Heisenberg's prinaple applies to all
matter waves. The measurement errar of any two
conjugate properties. whose dimensions happen to be

Jjoule sec lé&e position-momentum and tume-energy



will be guided by Heisenberg's value. But it will be
noticeable and of significance only for small particles
bike an electron with very low maoss A bigger particle
with a heavy mass will show the error to be very small
or negligible.

A

®

©

Electron electron
partlcle poaition wave momentun

The error in measurement of the lifetime of
an atom is 4x10~? gec. What is the minimum
uncertainty in its energy in eV ?

How will you represent the uncertainty in
velocity, if the uncertainty in position and
momentum are equal?

Which one is the correct statement?

(o) The uncertointy principle is Maéi
o
(b) de Broglie wavelength is given by 1:}
=

where h is Planclds constant

(c) The uncertainty principle states thaot it
is very possible to determine the exact
position and momentum of the electron

(d) The effect of Helsenberg's uncertainty
principle is significant for the moton of
miocroscopic objects.

(D) Which of the following is an incorrect expression

®

for Heisenberg's uncertointy principle?

h
(9) ABurs % (b) AxAp>—
£= ix
h AxAv 2
(L‘.} Ax Am EE (d) P —
Assertion (A Angulor momentum of the
electron in the orbit which
hos four subshells is ~1—h-
Reason (R): Angular momentum of an

electron is quantized.

(a) Both (A) and (R) are true and (R) is the
correct explanation of (A).

(b) Both (A) and (R) are true but (R) is not the
correct explonation of (A).

(c) (A) is true but (R) is false.
(d) (A) is false but (R) is true.

Ans. (A) According to the Heisenberg uncertainty

prinaple
AxAp 2 h
4T
h
AF AL > —
4=:
AF = h
dmAr
_ _662=107 _ 4, 1079,
Lxrgz4x210"

Therefore. mininnum uncertainty m energy in

P 13110
16210~
= [A2:10"%%ev

(B) If the uncartointy in positon and momentum
are equal then the uncertainty in veloaty

will be
h
AcApz
Ax = Ap
h
(apy =

ﬂp_lJ;
_2 E

h
(©) (a) The uncertaing principle s AEAL 2 ——

Explanation: The uncertainty princple is
represented by

ampai

4

or &E&IEL

dm

de Broglie wavelength s given by A = T,
where h is Planclds constant o

The uncertainty principle states that it is
impossible to determine the exact position
and momentum of the electron. The effect
of the Heisenberg's uncertainty principle
= significant for the maotion of microscapic
objects and is negligible for mocroscopic

objects.



D) (© mm:i

=E

Explonation: The reloton gives the
uncertainty in the meosurement of positon
and momentunt

AEApS L.

=

—_—
=

h
MomiAy 2 —
dm

AxAv 2

dmrm

AE-At Ei
4=
(E) (b) Both (A) and (R) are true but (R) & not the

correct explanation of (Al

Explanation: Angular momentum of an
electron is determined by the formulo

rzh
gy =—
A=
For o ghell with four sub-ghells & fourth shell
(e.n=4
4h _2h

Therefore. Mur=—-=—_
e =

Accarding to the Bohr's theoru the angulor
nnomentum (mw) is quantised. Sa. both the

cssertion and reason are true but the reason
is not exploining the assertion

@ Related Theory
= According to de Broglie. the moyement of an electran

flows (n a dreular orbit around the nucleus.
According to Bohr's theory

mii

gy & —
=

i the circular orbit radius & r. then the drcumference &

nh mnh
2% =——=—
my  p

According to de Brogiie equatian ﬁ:-h—_ Thus Zrr = mi
oy

where n = total number of wawves 1.23 oo
nwr = angulor momentum, which ks the integral multiple of

%- Therefore. there = a similarity between the wove

and Bohr's theorfes

Orbitals and Quantum Numbers

Suppose you are fond of reading bools and you hove
read almost all the books in your college library. You
spend most of your tme in the Lbrary. Now. here the
college in which you ore studying iz on atom and
you as o student are an electron who is studying n o
college and attending the lectures. wsitng the ibraru.

canteen. laobs. etc. But you spend most of your tme
by reading the books in the library and that moy be

considered os on orbital becouse the possibility of
finding you (electron) is madmum there. So. we can
say that the region around the nucleus where the
probability of finding electrons s momdmum ie called
atomic orbital

Four identificotion numbers are required to describe
and identify the electron in an atamic orbital. these
are called quantum numbers

(1) Pnnapaol quantunn number (n)— Shell

(2) Azimuthaol guantum number ([)— Sub shell
(3) Magnetic quantum number (m)— Orbrtal
(4) Spin quantum number (5)— Spin of electron

Principal quantum number(n)

(1) Ik determines the size. nome ond energy of the
orbital

(2) Volue of nis a positive integer. ie. 1.23__

(3) Size of the orbitol inoreases with an morease in the
number of n_

(4) Energy of the ghell increases with the moreases in
the value of i

(5) The number of electrons in o particudar shefl s =n?.
Shell =K LMN_n=123_

Azimuthal quantum number (I)
(1) kdetermines the shope of subshell and orbital
(2) Volue of Lles betwween Oton- 1L
[ = 0 (s—subshell)
[ =1 (p-subshell)
[ = 2 (d-subshell)
[ = 3 (f—subsheli)
(3) Example:
Fn=21=0.1

here n = 2 meaons 2 shells and 0.1 means
2 subshell (s and p)

Fn=3.1=012

Here n = 3 meaons 3 shells and 0.1.2 means 3
subshells (s g and d)

(4) Energy of subshells: s<p<d<f

:ﬁ Important

h

w Orbital angular momentum (s calculated by I{l+n-2;
Orbol angular momentum for subshells =0

for p-subshell =J52i

z

Manimum number of arbitole in any subghell =21 + 1
Navimum number of electrans in any subzhell =2(21 + 1)
Magnetic quantum number (m)

(1) kdenotesthe orientation of electron clouds (laown
os orbitols) ond the shape of different orbitals




(2) Eaoch subshell = further dnaded into orbitals under
the influence of o magnetic field.

(3) Farany sub-shell (21 + 1) values of m are possible
(4) Volues of m are from - [ to + [ including zera.
Spin quantum number(s)

(1) It represents the spin of the electrons around /s
OWn OIS

(2) For clodowise [ up spin (T) of the electrorc -

2
(3) For antidodawise/ down spin (1) of the electrorm
- |
2

(4) Eoch orbsial conroining two electrons always has
opposie spms.

"TOPIC3
SHAPES OF ATOMIC ORBITALS

The orbitol wove function or w has no physiool meaning.
It is o mothemaotoal function of the coordinates of the
electron For different orbitals the plot of correspondang
wave functions os a function of rodus is different. It can
be eeen in the plots given below thot 1s orbitol hasthe
maodmum probability density () ot the nucleus and
decreoses sharply as we move oway from it Similorlw
for 25 orbitol. the probability density decreases sharply
to zero and ogoin storts increasing. After reoching
the moxima it ogoin approockes zero as the value
of r (distance from the nucleus) increoses. The region
where the probaobility denaity is zero s called nodaol
surface or nodes.

;fJ/\} Important

we Totol number of nodes = m— 1
Rodilal nodes = n-1-1
Angular nodes = |

180
) 120
< 89
> W
1 M S ——— gl
0 0.4 0.8 0 04 0.8
r{nm) r{nm)
(®) 5089 T, S00 -
4000 - 240 -
=
—~ 3000 - = 180 -
= >
>  ZD0o - 120 -
1000 - 80 -
r{nm)
ﬂ* D T T rHr
0 04 0B 0 04 08
r{nm) r(nm)

The plots of an orbitol wave fimction ¥(r) and (b) varfation
of probablility dencity ¥3(r) as a finction of distance r of the

electron fram the nucleus for 1s and 2s artitals

Boundory surface dingromms The probability density
variotbon can be wvisuolized in the terms of a charge

cloud diogram. called the boundary surfoce diagram
In this representation the boundary surfoce or contour

surfoce is drawn in spoce for an orbital on which the
value of probability is constant. However. several such

boundary surface diagrams maoy be possible. The
shope of the orbitol iz given by, only that boundary

surfoce diagram where the probaobility density is
constant or say the most probable region

The shapes of orbitals are discussed below:
If. I=0and m=0.

s-subshell
(1) Iimplies that s subshell has only one orbital

(2) s-orbitals are spherically symmetrical about the
nucleus, so the probability of finding electrons is
the some in oll directions.

(3) The electron cloud is mmamum near the nucleus
and decreoses with the distance. The mtermediate

region is zero electron densitu. colled nodal swrfoce
or nodes.

(4) The size of the orbital depends on the prinapal
quantum number. [t increases with an mcrease in
nie. Ss>4s>3s> 25> 1s.

Shape of s-arbital
Fl=1londm=-1.0.+1

p-subshell

(1) Nomely. three p orbitals are there p, p, and p;
whose axzs are mutually perpendiculor.

(2) They differ in their distribution of chorge and
direction. but they hove the saome energy and the

game relation with the nucleusa.
(3) The p-orbital has a dumbbel shape
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.}"' /v{x > 4

L ] v
P. P. P.
Shape of p-arbital
Hl=2andm=-2_1.0.+1 +2
d-subshell

(1) Nomely. five d orbitals are present d,,, d d-
d.2anddz2

(D dup dyp des d._. have four lobes while d.2
haos two lobes. All five d orbitals hove equivalent
ENnergies.

(3) The d- orbital has o double dumbbell shape

(4) The shapes of 4d and Sd-orbitals are equivalent
to thot 3d-orbital but differ in size and energy.

Z

Shape aof d-arbitals

Energies of Orbitals

The energy of an electron in o hydrogen atom is
determined by the prindpal quantum number, but n
the cose of o mult-electron atom it i@ determined by
an azimuthol guontum number.

In the caee of the hydrogen aotom. the energy of
orbitals increases as follows

1s<2s=2p<3s=3p=3d<4s=4p=4d=4f < _

Although the ehapes of 2s and 2p are different but the
electron hos the same energy when it i@ in orbital 2s
and 2p orbital The orbitals hoving the saome energy are
called degenerate orbitals. The orbitol in a hydrogen
atom is in the most stable condition and iz called
the ground state. There iz only one electron in the
hydrogen atom and therefore no shielding effect is
present The only interaction is the attraction between
the negatively charged electron and the positively
charged nucdleus.

In the case of multi-electron atams. the energy is
different for different subshells. The electrons of the
valence shell are attracted toward the nucleus or
repelled by the electrons present in the tinner ghell

The actuol force of ottraction between the nucleus and
outer ehell is somewhat decreased by repulsive forces
acting in opposite directions. Thus, the shielding of the
outer shell electrons from the nucleus by the inner shell
electran is colled the shielding or screening effect. This
effect is different in different types of the arbitals. The
met positive charge experienced by electrons from the
nucleus is called an effectve nudeor charge (z.5). The
order of shielding iss > p > d > f. The electron present

in s- orbital will be more tightly bounded wath the
nucleus os compared to p- orbital and vice verso

(n + [) Rule

According to this rule. lower the value of (7 + [) for an
orbital the lower is &8 energy. If two orbitals have the
same (n + [) value, the orbital wath the lower value of n
will have lower energy. The table given below depicts
the energy level of muluelectron atoms

Value
Orbital Value Value of (
of n of [
+0
1s 1 | 0 1+0=1
2s 2 | 0 |240=2 2P (=2 has
— lower energy
2p 2 1 2+1=3 than 3s (n=3)
=1 = | 3p (n=3) has
3s 3 0 3+0=3  |gper energy
3p 3 | 1 |3e1=4|thands(n=9)
= . - idd (n=3) haos
45 4 | 0 4+0=% lower energy
o _ than
| 3@ | 3 ‘ 2 | 3H25 | 45 (n=4)
L 4p J 4 I 1 | 441=5S

Arrangement of orb&al with an Increasing
enerqy on the basis of (n + [) rule

Thus the energies of the orbitals in the same subshell
decrease with increase in the atomic number (z,5). For
example. energy of the 2s orbital of o hydrogen atom
is greater thon that of the 2s arbizol of a lithium and
that of bthium is greater than that of sodium and so

on that &. Ez2: (H) > Ezz (L) > Ezz(Na) > Ex= (K)

Example 2.6: The bromine atom possesses 35
electrons. It contains 6 electrons in 2p orbital, 6
electrons in 3p orbltal and 5 electrons in 4p orbital

Which of these electrons experiences the lowest
effective nuclear charge? [NCERT]

Ang. The effective nuclear charge iz the net chorge an
electron experiences in an otom with multple
electrons. The greater the distonce of electrons
from the nucleus, the lower the effective nuclear
charge. Among p- orbitals, 4p-orbitals are the
farthest from the nucleus of the bromine otom
Hence, the electrons that reside in the 4p arbital
are the ones to expenence the lowest effective
nuclear charge. These electrons are also ehielded
by electrons that are present in the 2p and
dp-orbitals along with the s-orbitols.



Example 2.7: What is the total number of orbitals
associoted with the principal guontum number n=37
[NCERT]

Ang. For n=3. the possible values of [ are 0.1.2
Thus there iz one 3s-orbital (n=3. [ =0.m =0}
There arethreep-orbitols (n=3/=1.m=-1_0+1}
There are five 3d-obitals (n=3. [ =2 m =-2

-10+1.+2)
Therefore. the total number of orbitals iz 1 + 3
+5 =9

Example 2.8: The quontum numbers of six
electrons are given below. Arrange them in order
of increasing energles.

1
A n=4Il=2,m=-2,m=-3

1
@) n=3,l=2m=Lm;=» E
{C) n=4,!=1,ﬂ1]=0,m==e%
{D}ﬂ=3.1=2.nq=—2,m,,=—%

1
() n=3,l=Ym=-1,m,=+ i

1

() n=4,l=Lm=0,m,=s =

(4]

Angs. (A) The quontum numberea n = 4. [ = 2.

—1
my= -2 my= T- representa 4d-orbitol

(B) The quantum numbermn=3.[l=2 m= 1

Mg = +l representa Jd-orbmnol
2

(C) The quantum numbem n=4.[=1m=0.

mg = +l represents 4p-orbital
.

(D) Thequantumnumbersn=3.[=2Zm=-2

m, = 1 represents 3d-orbitol
x

(©) Thequonwumnumbersn=3.I=1Lm=-1

mg, = +.1_ repregents 3p-orbitol

(M Thequonwmnumbemn=4!I=1m=0.

My = +% represents 4p-orbital

The order of mcreasing energies is (E) < (B)

=M)<E=0<A

Example 2.9: Case Based:

Neha is in search of her ten-year-old friend. To locate
her address, the first step she will do is to find the
state in which she is lving. After that she will look
for the district and then the city. area and house
number. to reach out to her friend Simdarlu to locate
an electron quantum numbers are needed The four
guanturm numbers are required to give the complete

address of the location of electrons. These quantum
rnumbers are- prindpal quantum number (n). azimuthal
quantum number (L. magnetic quantum number (m).
and spin gquantum number (5). 'n' represents the shell
and it determines the size of the orbital 'l' represents
the subshell and determines the shape of the arbital
'm' denotes the onentation of the electron cloud and
5’ represents the spin of the electron in the orbital

Quantum numbers

(A) How will you determine the maximum number
of electrons having the some value of the spin
quontum number in any subshell?

(B) What will be the shope of the orbital when the
azimuthal quontum number has a value of 17

(©) Two electrons occupuying the same orbital can
be distinguished buy:
(o) Azimuthol guontum number
(b) Principol quontum number
(c) Spin quantum number
(d) Magnetic quantum number

(D) The degeneracy of the first excited state (n=2)
of the H-atom is (do not consider the electron
spin):

(@) 2
(c) 8
(E) Assertion (A):

(b) 4
d 7

The energy of an electron is

largely determined by the
principal quantum number.

Reason (R): The principal quantum
number is o measure of the
moet probable distance of
finding electrons around the
nucleus.

(o) Both (A) and (R) are true and (R) is the

correct explanation of (A).
(b) Both (A) and (R) are true but (R) is not the

correct explanation of (A).

(c) (A) is true but (R) is false.
(d) (A) is false but (R) is true

Ans. (A) In any sub-shell the moximum number of
electrons hoving the some value of o spin

quantum number is equal to the number
of arbitals. The value of orbitals con be
determined by the formula: 21 + 1

(B) The value of [ = 1 & for the p— orbitals. The
p— orbital hos a dumb-bell shope. Namelw.
three p orbitals are there p, p, ond p;



whose axes are mutuolly perpendicular.
They differ in their distribution of charge and
direction. but they hove the same energy
and the some relation with the nucleus

(C) (c) Spin guantum number

Explanation: The two electrons occupying
the same orbitol can be differentiated by the
spin quantum number. Thevalueofn L mis
the some but the value of s'is different ie.

+-]-'- |:|n|:l—l
2

D) (b) 4

Explanation: For the H-atom. the energy
of 2s orbital = energy of 2p orbital so the
degeneracyis1 + 3 =4

(E) (o) Both (A) and (R) are brue and (R) is the
correct explonation of (A)

Bgplanation: The prinapal quantum number
represents the moin energy level or the
energy shell Since each energy level is
assodated with a definite amount of energu.
this guontum number determines to o
large extent the energy of an electron. It
also determines the average distance of
the electrons from the nucleus So. both the
gtatements are true and the reoson is the
correct explonotion of the assertion

Rules of Filling Electrons in the
Orbitals

The filling of electrons into the orbitals of different

atoms takes ploce according to the Aufbou pnnciple
which is bosed on the Pauli exclusion principle. the

Hund's rule of maamum multiplidny and the relotve
energies of the orbitals

Aufbau principle

According to the Aufbau principls. in the atom's ground
state. the orbitals are filled in order of their increasing
energy value (n+l). The electrons first occupy the lowest
energy orbital ond then enter to the higher energy
orbital only ofter the lower energy orbitals are filled.

As per the Aufbau principle, the filling of electrons is
in the order 1s 2s. 2p. 3s. 3p. 4s. 3d. 4p. 5s. 4d. Sp. 41
5d.6p. 7s_

So. the right fillng eequence of the sub-shell is f > d
>p>s

&ﬁ Important

w= The lese the n+l value of an orbitol the less the energy and
thue electrong are filled first In these orbitals

= More the n+! value of an orbezal the maore the energy and
thug electrans are fllled lost b1 these orbizals

- |F the n¢l volue [z the some for different orbital then

whoever has tne lescer n walue will be flled firar with the
electvans
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Order of filling of erbitals
Bwamples of Aufbau prinaple
N 1512512;::3
26S - 15725%2p%3%3p°
Hund’s rule

Lets taks an example of people getting on an empty
bus. When people enter the two-seater empty bus.
they always want to grab the window seot. They rush
towords the window seats and when all the wiandow
seots get occupied by one-one person eadh. the others
howve to eit together. This happens in Hund's rule also.
where the electron is first singly filled before it gets
paired up. Hund's rule is applicable for the degenerote
orbital (equaol energy orbitals) of the some subshell
According to this rule, paoiring of electrons in the
orbitals belonging to the same subshell does not occur
untl each orbitol belonging to that subshell has got
one electran each i=. electrons filling in the orbital is
firat singly with parallel spin electron and then they
begin to pair up.

Bwample: Carbon Electron Configuration

|

]
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A O e
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(4] (4] [ L] x
[ 00 [ x

Filling of an electran according to Hunds rule



Pauli’s exclusion principle

Accarding to Pauli's exclusion principle. no two
electrons in oan atom hove the some set of four
quantum numbers. An orbital can hove @ maxamum
of two electrons with an opposite spin

11

2z

1l

Bxample

X 11

/1l 1l
X 11 11

ic ?s

Representation of Poulls exclugion prinaple

Electronic Configuration of Atoms

The sequentol distribution of electrons in an atomic
orbital is colled electronic canfiguration. The electronic
conhguration helps in determining on atom's valencuy
group. and penod.

The electronic corthguraotion is represented m two waus
(1) s°p°d __ notwotion

(2) Orbital diagram

[t is written in the terms of nf”

Where. n represent the order of shell [ represents
the subshell and x indicotes the number of electrans
present in the sub-shell

The electrons with completely filled shells are
lnown as core electrone and the electrons with the

highest prindpal guantum number are called volence
electrons. For example: the electrons in Ne are the
care electrons and the electrons from Nao to Ar are the
valence electrons

Some examples representing the electronic
configuration of different atoms are shown in the figure

Table: Ground State Electronic Configuration of Elemnents

Z Element Electronic configuration Z Elemment @ Electronic configuration

1 |H 1st 2% ||8e [Af3d* 452

2 |He 1s* 22 | T [Ar34? 452

3 |u [He]2s 23 |V [Ar3d” 457

4 |[Be [He] 252 24 | [Ar3d5 45t

5 |B [He]2s? 2p1 25  Mn [Ar]3d5 4<?

6 |C [He]2s? 2p° 26 Fe [Ar3d 4s*

7 |N [He]2s2 2p° 27 |Co [Ar)3d7 452

8 |0 [He)2s? 2p1 28 N\ [Ar]34° 452

9 |F [He]2s2 2p° 29 o [Ar]34%° 4s?

10 |Ne [He]25? 2p° 30 Zn [Ar]3dC 4<?

11 |Na [Ne]3s? 31 | Go [Ar)3d%0 452 4p1

i — L4

12 | Mg ' [Ne]3s? 32 | Ge [Ar]3d10 452 4p?

13 | Al [Ne]3s® 3p° 33 As [Ar]3d™° 2<% 4p°

14 | S ' [Ne]3s? 3p? 34  Se [Ar3d0 452 4p¢
15 |P [Ne]3s?3p% 35 |Br [Ar)3d° 42 4p°
16 |S ' [Ne]3s? 3p° 36 K [Ar3d™° 45? 4p°
17 |a [Ne]3s? 3p° 37 Rb [Kr]Sst
18 | Ar [Ne]3s? 3p° 38 & [Kr]Ss?
19 |K [Ar]4st 39 |Y [Kr]4d® 552
20 |Ca \ [Ar]4s? 40 |zr [Kr]4d? 552




Stability of the Half-filled and
Completely Filled Subshell

The ground stote electronic configurotion of the otomn
of on element olwoys corresponds to the lowest
energy state to give higher stability. The electronic
configuration of most of the atomas follows basic rules
But in some cases. e in chromium and copper, the
rules are violated.

Chromium and copper hove electron configurationa
[Ar3d° 45! instead of [Ar]3d* 45? and [Ar]3d%0 45}
instead of [Ar] 3d° 4s? respectively. This exception is
aoused due to increase in the stability coused by haolf-
filled and fully filled subshells ond a comparatively low
energy gap between the 3d and 4s subshells. Causes
of stability of completely filed and half-filled subshells
are eymmetric distribution of electrons and exchange
energy. Therefore. the configuration of electrons in
certoin atoms doesn t obey the Aufbau prinaple.

(O BJECTIVE Type Questions)

[ 1 mark ]

Multiple Choice Questions

1. Which of the following options does not
represent an atom's ground state electronic

configuration?

(o) 15225%22p©35?3p%3d%4s?
(b) 1s22522p®3523p%3d7452
(c) 1522522p®3573p83d°452
(d) 15225%2p®35?3p®3d 1045t
[NCERT Exemplar]
Ans. (c) 16°25°2p®35?3p%3 452

Explanation: According to the Aufbou prinaple.
“atoma in the ground stote are filled according
to the order of their increosing energies”.
But in the cose of copper configuration is
1522522p%3523p®3d1%45! due to the high
stability of the full filled orbital of the d-subshell
Since the energies of both 45 and 3d are almost

the same. that's why full-filled d-orbitals in the
cose af copper attain the state of stability. So. it

is not represented in the ground state.

A Caution

-  Srudents may get confused here because of the

general tendency of the electranic configuration. in
which electrans tend to be filled in 4= before entering

in 3d but in copper s it is consxdered as an exception
because of seability of fully filled d arbizal

2. The de Broglie wavelength for particles with

the some kinetic energy is:

(a) directly proportionaol to its velocity

(b) inversely proportionol to its velocity

(c) independent of velocity and mass

(d) unpredictable [Diksha]

Anes. (o) duvectly proportional to its veloaty

BExplonation:
1
A
A _myv; 2 iy
A? ﬂl";l'lf! lmluj ¥
= 1
KE, v,
- KE, v,
AS. K-_EI = K_E]

5~=Er-L orh=<v

Ay Yy

d. "The exact path of an electron in 2p-orbital
cannot be determined.” This statement is

bosed upon:

(a) Aufbau principle

(b) Heisenberg's uncertainty principle
(c) Hund’s rule

(d) Pauli exclusion principle

Ans. (b) Heisenberg’s uncertainty principle

Explanation: According to Heisenberg's
uncertointy principle it is impossible to
determine the octual position and momentum
of electrons at the some tme. Thus, the exact
path of the electron in 2p-arbital cannot be
determined according to this principle.

4. An electron is moving in Bohr's orbit. Its
de Broglie wavelength is A. What is the
circumference of the fourth orbit?

(@) 2/ (b) 21
(c) 4. (d) 4/
Ans. (d) 4A
Explanation: Accarding to the Bohr's model
T = L
28



and According to the de Broglia.

h
A=—-
mv
Therefore. 2nr = ﬂ =
mv

de Broglie's YWavelength of an electron in the
4V orbit = 4
Therefore drcumference of the 4% orbit = 40

5. Inasubshell all three orbitals aore degenerate.

What does this sentence meon?

(a) All the orbitals kove the some shape.

(b) All the orbitals have the same energy.
(c) Al the arhitals hove the same orientation.
(d) All the orbitals are unoccupled.

Ans. (b) All the orbitals hove the same energy

Bxplonations The degenerate orbitals are those

orbitals which have the same energy The 3p,,
31-"'9 and 3p; are the three orbitals of the subshell

ond all of them hove the some energu

6. Number of angular nodes for 3d orbital is:

(0) 4 (b) 3
(© 2 (d 1

Ans. (c) 2

Explanotion: Total nodes = m-1
Here. n=3 and [ =2
=3~3
=2
Rodiol nodes=n-1-1 =0
Total angulor nodes = totol nodes - radiol
nodes
=Z2-0=72
Thus the number of angular nodes in 3d orbatal
52

7. Orbital angular momentum depends on:

(@ I (b) nand I
() land m (d) mandn
[NCERT Exemplar]

Ans. (o) |

Explonation: Orbital angulor momentum is

calculated bu
h
I(l+1)—
Jii+ 32!

Hence. aocording to the formula. orbital angular
momentum depends an [ onlu

8. Which of the following sets of quontum

numbers is correct?

n [ m

(@ 1 | 1 | «2
(b) 2 1 =1
© £ 2 -3
EIERERE

Ans. (B)n:Zl:1I-m:=+1
Explaonation: According two formulo. [ = 0 to
(n=1)and m=-to ¢+l
Fn=2I1=01
Forl=1.m=-10Q +1
So. (b) s comect
9. What is the uncertainty in the momentum of

an electron, provided that the uncertainty in
the position of the electron is zero?

(a) {:_:: (b) Infinite
(c) zero (d) None of these
Ans. (b) Infnite
Explanation: We lsnow
Axx AP 2 %

when Ax=0
= AP becomes infinite.

Thaot meaons the uncertainty in the momentum
of the electron will be mhnite when uncertainty
in the positon of the electron will be zero.

Assertion-Reason (A-R)

In the following question no. (10-13) a statement of

assertion followed by a statement of reason is given.

Choose the correct answer out of the following

choices:

(o) Both (A) and (R) are true and (R) is the correct
explanation of (A).

(b) Both (A) and (R) are true but (R) is not the
correct explanation of (A).

(c) (A)is true but (R) is false.

(d) (A)is false but (R) is true.

10. Assertion (Ax The p—orbital has a dumb-bsll
shape
Reason (R): Hectrons presentin the p-orbitad
am hove oy one of three values
of magnetic quantum number,
e +1,0-1
Ans. (b) Both (A) and (R) are true but (R) is not the
correct eplanation of (A)
Explanation: The electrons present in p—orbitals
hove o dumb-bell shape. The 3p-orbitals lie
along the three different mutuaolly perpendiculor
ma=s that differ m orientation. The three subshells

are namely p,, p,, ond p~ They hove o magnetic
quantum numlﬁer equal to +1. 0 oand -1.

11. Assertion (Axr Angulor momentum  of

d- arbitals are E

h
Reason (R): JIU-F 1]£ is the angular

momentum of the orbit



12.Assertion (A):

Ans. (d) (A) is folse but (R) s oue

Explanation: The angulor momentum of
h

d— orbital is ‘EE

The angulor momentum of the orbit &

determined by the equation:

h
)
(i Jza

h
=l
h

=B

s—orbitals do mot aoccormmodate
maore thaon two electrons.

s—arbitals have a poor shielding
effect as compared to d and
f— orbitals.

Reason (R):

Ans. (¢ (A) s ue but (R) is false

Explanation: Magnetic fields acour in electrons
as they are considered as mogneta There are
only two possible orientations thaot exist in
thoee fields and a single orbital can be occupied
by two electrone only if the two orientotions

i3.

Ans.

are mutually opposed. Becouse the distance

between the s- orbital and the nucleus is less
thon the orbital the shielding depends on the

electron density in an orbital Hence. we can
say that eince d and f—orbitals are farther away

from the nucleus. so they have a leas shielding
effect than s—arbital

Assertion (A): It is impossible to determine
the exact position ond exact
momentum of an electron

simultaneously.

Reoson (R): The path of an electron in an

atom is clearly defined.

[NCERT Exemplar]
(c) (A) is true but (R) is false.
Explanation: According to the Heisenberg
uncertainty principle. it is impossible to

determine the exact position and momentum
of an electron simultaneously. Thus. the

path of an electron in on atom is not clearly
defined as its position cannot be meosured
with obsolute accuracy. The effect of the
Heisenberg uncertainty principle is considerable
for microscopic objects’ motion and s negligible
for the macroscopic objects

@ASE BASED Questions (CBQSD

[ 4 &5 marks ]

Read the following possoges and answer the
questions that follow:

14. In 1924. de Brogle suggested that if the Light

is known to consist of waves and under certain
situations assume the aspect of a particle then
the porticle should also behave like o wave
He bosed his reosoning on the assumption that
nature possesses symmetry and that the two
physical entities matter and waves must be
symmetrical also. de Broglie took the quantum

ideo of emission of energy of a phaotan of

radiation of a certain frequency which can be
obtained using the equation given by him. That
equation is called de Brogle's equation and this
wavelength is called de Broglie's wavelength
The novel idea of this equation is the wave-
particle nature of matter with the relative
motion of particles and certain wave links with
it. This idea leads to the dual nature of ight alsa
(A) de Broglie equation is obtained by a

combination of:

(a) Interference

(b) Diffraction

(c) Elnetein's theory of maoss-energy

equivalence
(d) Photoelectric effect

(B) Wave nature of the electron is shown bu:
(a) Photoelectric effect
(b) Crompton effect
(c) Diffraction experiment
(d) None of the above

(C) de Broglie wavelength of a particle is:
(o) Proportionol to maoass
(b) Inversely proportionol to momentum

(c) Inversely proportional to plank
constant

(d) Proportionaol to velocity

(D) A 0.86 kg baoll is moving with a speed of
100 m/s. the associoted wavelength will
be (h = 6.6 x 10~2%Jg):
(@) 86x10™%* () 66x107F
() 1.6x103¢ (d) 1x10°%°

(E) The position of both the electron and the
Helium atom is lkknown within 1 nm and
the momentum of the slectron is knowmn
within 50 x 10™f kg ms™". The mininum

uncertainty in the meosurement of the
momentum of the helium atom is:

(a) 50 x 10~€ kg mg™*
(b) 50 kg ms™*



() 80kgms™
(d) 60 x 10?€ kg ms*

Ans. (A) (c)Einstein's theory of moss-energy

equivalence

Explanation: Einstein's theory of mass

equation and Plonclds constant contributes
to the de Broglie equotion

Bk
2

E = mc?

As the smaller particle exhibits duol
nature, and energy being the some.
de Broglie equated both these relotions for
the porticle moving with velocity 'v. From
these two equoliona:

h
E:-—E-=m|r-'
A
i R
myv

(B) (c) Diffraction exgperiment

Explanation: According to de Broglie.
the wave naoture is shown by diffraction
experiments. Louis de Broglie in hia theais
suggested that ony moving paorticle.
whether microscopic or macroscapic will
be associoted with o wawe chaorocter. It
wae called 'Matter Waoves'. He further
proposed o relation between the velooty
and momentum of o porticle with the
wavelength. if the porticle hod to behave
0s 0 wove.

(O (b) Inversely proportional to momentum

Explanation: According to the de Broglie

equation. the wavelength is inveresely
proportuonal to the moss and the veloaty

de broglie equotion: A= LA

v
©) (@) 1x10*
Explonation: According to the de Broglie
; a=
equoton =—
e 6.6x107*
" 0.66x100
=1=10%m

® (a) 50 x 107 kg ms™

Explanation: The product of uncertainties
in the momentum ond position of o

eubatomic particle — LR Sence position (Ax)

gy
==

is the same for both electron and the Helium

atom go. Ap must be the some for both the
particles ie. 50 x 109 kg mas™™.

15. A total of four quantum numbers are used

to describe completely the movement and

trajectories of each electron within an atom.
The combination of all quantum numbers

of all electrons in an atom is described by

a wave function that complies with the
Schrédinger equation. Each electron in an

atom has o unique set of quantum numbers:

accarding to the Pauli Exclusion Principle. no
two electrons can share the same combination

of four quantum numbers. Quantum numbers
are impaortant because they can be used to

determine the electron configuration of an

atom and the probable location of the atom's
electrons. Quantum numbers are also used to

undesstand other characteristics of atoms, such
as ionisation energy and the atomic radius.

In atoms, there are a total of four quantum
numbers: the prinapal quantum number (n). the
orbital angular momentum guantum number
(1). the magnetic quantum number (my). and

the electron spin quantum number (m,). The
principal quantum number. n. describes the

energy of an electron and the most probable

distance af the electron from the nucleus. In
other words, it refers to the size of the orbital

and the energy level at which an electran is
placed The number of subshells. or L describes

the shape of the arbital It can also be used to

determine the number of angular nodes. The
magnetic quantum number, my, describes the

energy levels in a subshell and m, refers to

the spin on the electron which can either be
up or down

(A) Answer the following questions:

() What do the quaontum numbers ..%

i
ifigfal 3 fior electron spin represent?

(1) Which gquontum number represents
the size and shope of the subshell?

(B) In which order, the energy of different
subshells can be arranged for the given

value of n?7

(C) In d,, subshell, at what angle there is the
probabllity of finding an electron?

1 1

Ans. (A) (1) The quantum numbers ':'E ond 75

electron spin represents the cloclwise
and anti-clockwise spin with no
significant similorities.

(@ The primary quantum number 'm’
repregente the size of an orbital The
comparative distance from the nucleus

as well os the energy levels is shown by
the primary quantum number.



The gzimuthaol quantum number I’
represents the shope of an orbitol and
also determines its angular momentunm.

(B) For the given volue of n. the energy
of different subshells can be arranged
occording to Aufbou’s principle. As per the
Aufbou prinaple. the filling of electrons is tn
the order 15. 2s. 2p, 35. 3p. 45.3d.4p. 5s. 4d.
Sp. 4f. 5d. 6p. 7s_

So. the right filling eequence of the subshell
sf>d>p>s

(C) According to the d-orbital subshell
repreeentaton. the probaobility of finding

the electrons in d,, orbital is along the
X- aas at an angle of 45°.

dy, tetrahedral arbital

(VERY SHORT ANSWER Type Questions (VSA))

[ 1 mark ]
16. What is a nodal plone? [Diksha] Thus. the values obtained are very inaccurate
Ans. The plane on which the possiibty of finding the and uncertoin using Bohr's model of the atom.
electron is zero. Hence, Heisenberg's uncertainty principle
replaces the concept of definite orbit by the
@ Related Theory concept af probability.
Sty

17.

Ans.

20.

Ans.

There are nodal planes around the atomic nucieus
where electrans are highly unliely to be found The
Schradinger wave equation is ueed to identify the
chape of atomic or moleculor orbitais. wikch in burn
detemmines the coordinates of thses planss

Depending an the density of the slsctron doud around

a molecule or atom. it iz mose Lizly for electrons to
be found in those areas An electron is more litely to

be found in a dense doud. The electron cloud denszity
in nodal planee is torally abeent 2o it is unlitely that
electrans are found In theze planes

Why did Heisenberg’s uncertainty principle
replace the concept of definite orbit by the

concept of probability? [Delhi Gow. QB 2022]

An electron in an atom has both velocity and

some specific coordinate in 3-dimensional
spoce. But it s expernmentaolly proved thot both

velocity and stomp con not be determined
simultaneously.

1E. Why does s—arbital not show the directional
property?
Ans. s—orbital does not have derectional characteristics

because orbital is o spherically shoped arbital

and hae spherical symmetry. So. the wave
function depends only on the distance from the
nucleus and not on the direction

15S. Which of the following orbitals are
degenerate?

3dy, 4dyy, 3d.2, 3d,,, 4d;, 4d,2
[NCERT Exemplar]

Ans. Degenerate orbitals are those orbitals which
hove the same value of energy.

3d,, 3d,? and 3d,; are degenerate
4d,, 4d,; and 4d,? are degenerate

(SHORT ANSWER Type-l Questions (SA-1))

[ 2 marks ]

Whuy is it difficult to meosure the position
and velocity of o subatomic particle

simultaneously with accuracy?

According to the Werner Heisenberg theoru,
“itisimpossible to measure the exact position
ond momentum of the smoll body bke an
electron simultoneously.” In microscopic

particles. the impoct of o striking photon
causes a large displacement from the normol
path due to a chonge in both the velocity and
momentum of the particle. Thot's whuy it is
difficult vto meaosure the position and velocity
of o subatomic porticle simultaneously with
accuracy.



21.

Ans.

22.

24.

Ans.

Exploin the rule which is uwsed for filling an
electron in o degenerate orbital.

Degenerate orbitals have the some energy for

oll the subshells Hund's rule is used to exploin
the filling of an electron in o degenerate orbital
very well According to Hund's rule. the pairing
of electrons in degenerate orbitals does not
occur until oll the degenerate orbitals are eingly

occupied. For example: In the case of an oxygen
atom its configuration is 15%2s% 2p It can be

represented by Hund's rule as follows:

1] (1] [If T

7o
Electronic configuration of axyygen

Arrange s, p, and d sub-shells of o shell in
the Increosing order of effective nuclear

chorge experienced by the electron present
in them. [NCERT Exemplar]

Ans. The s—orbrtal does hove o sphernical shope It =

more effective in shielding electrons from the
nucleus than p—orbitals. which in turn chields

more effectvely thon d—orbitals. As a result.
the subshells are arganised in increasing arder

of effective nuclear charge:
d<p<s

23. Show the distribution of electrons in the neon

atom (atomic number 10) using an orbital
diogram.

Ans. Electronic configuraton for atomic no 10 will

be: 1s%2522p°.

The orbital diagram is shown below:
P 2s’ 2%

Electronic configuration of neon

(SHORT ANSWER Type-ll Questions (SA-11))

[ 3 marks ]

What do you understand by the n#l rule,
exploin with an example?

According to this rule, the lower the volus of (0 +
) for an orbital the lower is its energy. If two

orbitals hove the same (7 + [) value. the orbital
with the lower value of n will hove lower energy.

For example. the (n + [) volue for 3s ond 3p
orbital will bes

Orbital n [ n+l
3s | 0 3+0=3
3p 3 1 3+1=4

25. The electronic configuration of the volence

shell of Cu is 15%2522p%35%3p%34"%45! and
is not 1522522p®3523p®3d4°452. How is this
configuration explained? [NCERT Exemplar]

Ans. The electronic configuration of the valence shell

of Cu is 15°2522p%35?3p83d%%45! and is not
15%25?2p%35?3p*3 4452 because configurations
with full-filled and holf-filled orbitals offer more
stability due to the symmetric distribution of
electrons. In the configuration of copper. the
s-orbital is holf-filled. while the d-orbital s
completely filled. As o result. copper is mose
stoble due to the full-filled configuration

[Ar 459 —> [Ar] 4534

wit]  [NININNIN
3d

Orbital dagram of copper

Z6. Bxplain the difference between the Aufbau

principle and the Pauli exclusion principle.

Ans. According to Pauli's exclusion principle. two

electrons connot hove the some guaontum
numbers This means that two electrons in a
single orbitol must have oppasite spins while the

Aufbau Principle stotes that the electrons are
filed according to the increasing energy level

As per the Aufbau principle_ the filling of electrons
isinthe order: 15,25 2p. 3s. 35 45 3d. 4p. 5s.4d. 5p.
Bs. 4f. 5d. 6p. 7s_

As per the Pauli exclusion principle,filling
of electrons is shown in the figure:

J I

Pt o1

Filing of electrans




7.

Ans.

28.

Ans.

(LONG ANSWER Type Questions (LA))

[ & & 5 marks ]

How are orbits different from orbitals?

Orbits Orbitals

Orbits are well- Orbitol is a 3-D space
defined circular poths around the nucleus
aground the nucleus  with o mmanmunn

m which the electron probability of finding
revolnes. an electron

‘Aﬂ orbite are drcular D&fferent orbitals hove

‘and disc-like. doterent shapes

it represents the ft represents the
planar moton 3-D motion of the

of the electron. electron in aoccordance
not according with Heisenberg's

to Heisenberg's wncertainty principis

unoertointy prinaple

They do not have any All orbitals except
direction 's hove directional
properties.

| The madmum number
of electrons in any

orbitol is nwo.

The momdnnum
electron in an% orbit
&= given by 2n”.

Explain the significance of various quantum
numbers.

The significance of quantum number are as
follow=s

(1) Pringpal quantum numbess (n)

e It describes the energy of an electron
from the nucleus

e [t represents the distance of the electron
from the nucleus

e [t determines the size of the orbic
(2) Azimuthaol quantum number ()

e It iz the number of subshells present m
any mamn shell

e [t represente the relative energies of the
subshells.

e [t determines the 3-D shapes of orbftals.

49.

(3) Magnetic quantum number (m)

e It represents the number of orbitals
present in any subshell

e [t explains the Zeeman effect (splitting of
spectral bnes in several components ina
strong magnetc field)

e It determines the orientation of the
electron cloud in a subshell

(4) Spin quantum number(s)

e It represents the anticlockwiae and
cloclow=e direction of electron gpin.

Whuy was o change in the Bohr's model of
the atom required? Due to this important
development (s), the concept of the movement
of an electron in orbit was replaced by

the concept of probability of finding an
electron in an orbital. What is the name

given to the chonged model of an atoam?
[NCERT Bxemplar]

The electronsa according to the Bohr model are
charged particles thot move in a well-defined
arcular orbital The position and velocity of
on orbit ehould be known to characterize iT

but the Bohr's model did not illustrate this.
Few attempts were mode to construct o maore

appropriate and comprehensive model for
atome to address this Umitation. Two major
developments made a significant inpact on
the outcome.

(1) Duaol behoviour of marter.
(2) Heisenberg uncertointy prinaple

Werner Heisenberg stoted the uncertainty
prinaple. which is the consequence of the dual
behoviour of matter and radiation. One of
the important implications of the Heisenberg
Uncertainty Prinaple is that it rules out the
existence of definite paths or trajectories of
electrons and other similar particles. Therefare.
the concept of movement of an electran in
orbit was replaced by the concept of finding an
electron in an orbital because of its wave-like
and particle-lZe properties. Thus. the nome of
the changed model of the otom is the Quantum
Mechanical Model of the atom



( NUMERICAL Type Questions )

30. 2.50 = 107 kg m/s is the momentum of o
certaln photon. What will be the de Broglie

wavelength of a photon? (1m)
Ans. p=250x10"% kg m/s

Plancld’s constant. h= 6.626 x 10~24s

The de Broglie wavelength of the photon can be
calculoted using:

A=—
P

- B8626x107" Is
25x10 kg m|s

=265 x 10°m
=265 nm

31. 10 gis the mass of a table-tennis ball and has
a speed of 90 m/s. If speed con be meosured
with on occuracy of 4%, what will be the
uncertainty in speed and position? (2m)

Ans. Uncertainty in the speed of the ball
=4% of 90 m/Js

= Bﬁxi =38 ITI_’E-
100

From Heisenberg relotion

N h
4mmiy

_ 6626=10"Is
(4=314x10=10"x36)

=146 x 10~33m

32. What is the minimum uncertainty in the
position of an electron moving with o speed

of 4 x 10° m/s? The mass of an electron is

9.11x 107 kg (2m)

Ans. The equation for Heisenberg'e uncertainty
prindple i

h
Ax mAv > —
4m

Ax Av >

4Arm
Given:
Av =4 x 10% m[s
m=911x10" kg
Putung the value in the equation:

662x10 >'Js
Ax > -
4x314x911x10 *z4=10°

Ax> 145 x 10 'm

3. Calculate the mass of the photon with a
wovelength of 3.6 A
[Delhi Gov. QB 2022](1m)

h
Ans. According to de Broglie, wavelength A=—
mir
h
m=——
A
A=38A=36=10""m
6626x107"
- (36x107°%)(3x10%)
= 6135210 kg

R 4
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