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2. Structure of an Atom
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Science is the study of the natural and physical world
through observation, experimentation, and
analysis. It's a systematic way of building knowledge
about the world around us. y

Latin word fcie@ fo\ww&g&
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DEFINITION OF

CHEMISTRY

“Chemistry is the science of & their transformations.
It is the science not so much of the hundred elements but of tt F the
infinite variety of molecules that may be built from them.”

~
et

h
=\

— h’_

|

k,'
L\ -
l!.
.98 4 . '

C——
——

- —
O e—



LI

/‘3‘ TWMV@'

Nature of Matter  ~— /...
;,b_ﬁ‘atter S defined as anything which occupies space and has mass, e.g., wood,

book, water, air, petrol, plastics, iron etc. are all composed of matter.
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Classification of Matter

1,/Physical classification

* In physical classification, matter is classified as solid, liquid & gas. b B

e The three states of matter are interconvertable. It may be done by changing the ‘t““AM b
temperature and pressure.

Mhemica( classification

* |n chemical classification, matter is classified @ s@

e Materials found in nature are either single substances or consists of two or more substances.

e Asample containiubstance S ca|l66 bstance. \

e Samples containing more than one substance are not pure\\They are called mixtures.
)
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Mixtuhes Pune Substances

Hemegeneous mixtuhef Element/ bl
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JMteasurement of Physical Properties

The International System of Units SI system is a modification of metric system and has seve @
units pertaining to the seven fundamental scientific quantities.

Property .Unit 'Abbreuiation @”\W
:?';ngth grr.leter—@ WM[ K

ass

Rilogram—skg ’ (V4

A Time —2| seconds —pS Gt 14 bﬂ (

N Amount mole——5mol ( w\ 00 W
va/emperature Reluin——p K

Vrﬁectric current ampere—pA M

Vrﬁxmmous intensity andella—cd _—
i

=g
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Fundamental & Derived Units

%undamental umts&are independent units of measurement, while derived units are combinations of

these {-‘undamental units.

(Boid

S.no Physical quantity Expression Unit
1 Area — -~ length x breadth @
y Volume area x height (/ m’
3 Ddensity mass / volume / Kgm®
& Velocity displacement / time / ms”
S Momentum mass / velocity (/K/gms"
6 Acceleration velocity /time ﬁs"
7 Force mass/acceleration gms” or N
8 Pressure force/area 4:«-" or Pa
9 Energy/(work) force x distance /Nm or)
10 Surface Tension force/length i Nm™

To;')‘gglgs

%»



u HTH Toy;?g}s )l

Prefixin Sl Units |

FACTORS PREFIX SYMBOL DECIMAL
10* > yotta > Y 1000 000 000 000 000 000 000 000
10* —> zetta — Z 1000 000 000 000 000 000 000
10™ —> exa — E 1000 000 000 000 000 000
10™, —> peta — — P 1000 000 000 000 000
10" —> tera - T 1000 000 000 000
10° - — giga — G 1000 000 000
10° . -, mega — M 1000 000
[V - Rilo — — k 1000
10° > hecto = h 100
10’ -) deca — da 10




FACTORS PREFIX SYMBOL DECIMAL
107 - 3 deci = d 0.1
10? -— > cent -yt 0.01
10° - milli- 5 m 0.001
10° — —> micro- — P 0.000 001
10° — nano — > n 0.000 000 001
10" > pico — > P 0.000 000 000 001
10" — femto — 0.000 000 000 000 001
107 ¢ 2 atto = a 0.000 000 000 000 000 001
102 _ zepto 3z 0.000 000 000 000 000 000 001
10 - J yocto - -y 0.000 000 000 000 000 000 000 001

\ N
Toy&)e(}s )l



Measurement ,

ass & Weight M3§S of 9 Sub.stance S the amount.of maeter presem': in it
M W 19 ] while weight is the force exerted by gravity on an object. *3 ) 3

ﬁ \Jolume is the amount of space that a substan
ume

J \Jolume of a liquid or Solution can measured bg_g_g_dgai;ed

“cylinder, burette, pipetteetc. L | mL

ﬂ

1|

%ns}ty ] Density of the substance is its amount of mass per unit volumg

4

t<‘g

TQMPQWIM ] Measure of degree of hottness & coldness

Umts :_O_[__ 3 .
DQ:-D??&W | 5 L



ffﬁﬁnmuﬂ Next YO
SERIES

Toppers 74y
Uncertainity in Measurement ,

1.0  1.07) 1.09)
Centain Digit - 4 . () | Uncentain Digﬂ— 3.9
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Accunacy |
Accuracy descﬂb.es_t@ H@\WY) L{ 2 UYQ,
Wi = (4 Q9o '

of a Single measurement to its N
True value.Jrue value k aas pas value ana (2

//Phec:scen J o doch
Precision describes how closely the  ....owi-.om <o - oo K L l ! 5 L.\
different measurements of a given * .. % . . =% om

vantity agree with one another
pas meinsame value ana

Precuse but NOT Accurate’ N %
’\‘-:*:1’ \A‘ .-‘. . ;
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Precision & Accuracy

_ets assume true value ofsome output

Student Round1 output |Roundj output| Mean Is Precise | Is Accurate

Hema 2.80 &-ﬁ@ 2.90 No
__Rekha 2.905 No

Sushma 2.90 3.10 3

(S
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Significant Figures

Defon

The significant figure in .s '

o

§ the sum of certain digits and one uncertain (doubtful) digit.

~

\More Significant figures, more will be the accuracy of answers.
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1. All non-zero digits are significant. 7 252 —4 S 7 adsieys = 30

2. All the zeros between two non-zeros digits are significant figures. ;Z goq =43.F

#

3. Ending zeros in the right of the decimal are sugmﬂcant figures. g g9g—a 4R R

4. Initial zeros are insignificant figures. O 3@4-—-9 LS OO{ 7— asf.
5. Exact number have infinite number of significant figures. &D Chovma—™ 2SR

6. Power of 10 is msvgmﬂcant 9 @ g\% ol
/ SSS S

OM—%‘% - GCSf

— %@@ BOAER .
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Laws Of Chemical Combinations .

The chemical reactions take place according to the certain laws.
These are called laws of chemical combination.

1. Law of conservation of mass
? 2. Law of definite or constant proportions
3. Law of multiple proportions
4. Gay Lussac's Law

5. Avogadro’s Law

.
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aw of Conservation of Mass

In a physical or chemical change, the total mass of the products is equal to
the total mass of the reactants.

—-—-"

Matter can neither be created nor destroyed. + O S :
This Law was put forth by Antoine Lavoisier in 1789, %
~ - o l XN

‘ + 89 — @9+ o 3 3 34 33
CHz. _2& COZ ZHZO .
Methane Oxygen Carbon Dioxide  Water %\1 v—
@ £ @ 44 g 2x18g
80g 80g i
o DEEE

E
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2. Law of Definite or Constant Proportions

"  Cul
Definil :
A chemical compound al%i%s contain@@nd their proportion by mass

is always definite and’constant.)This law was given by Pro%t.

®'e® GKMLWUIWK —R 0O poan)
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3. Law of Multiple Proportlons +

Vig Qp —>

' , N4 QN Og
VWhe/ntwo elements combine to form two or more compeuNds,

which combine with the same mass of other element are in simple ratio of whole numbers.
This law was given §é=Dalton in{1803. \
( e

(
3 230 +0

133390 2666gO e
1.333: 2.666 .
1:2 k2 > QD

f .O ( '()‘

CO, ' \;L g% :
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4. Gay-Lussac Law of Gaseous Volumes

A ;' 4 ‘;I 8 ‘;
4 4 1 e e
| )0 wh
I\ \
I‘

When gases react they do so in simple multiple ratio of volumes and if the products formed are
also ENCE aII the volumes bear a simple ratio provcded all the volumes are measured at same
temperature and pressure.

law is applicable to gaseous reactions.
It was given by Gay Lussac in 1808 .

o

2H, (g +0, (g — 2H,0 (g)

&Svolume Qvolume 2 volume
L\ SR, N‘\
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9. Avogadro's Law |
Firs( aleﬁni(ion‘

Equal volume of all gases under the same

conditions of temperature and pressure

contain equal number of molecules.

\ N
Toyggs )l

_ econJ aleﬁm ion®

The volume of a gas at constant temperature
and pressure (S proportional to the number of

moles or molecules of the gas present.

i

& ™
ZH, (] i+ O > 2H,0 (g2)
2 \& 2 1,V (8
2 mole ) \ 1 mole S | _2 mole
2><6.02x10:,'3 1x6.02x10° 3 2x6.02x10%3
molecules mglf_cuLs o molecules o
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Dalton’s Atomic Theory |

e Although the origin of the idea that matter is composed
of small indivisible particles called 'a-tomio'

* |n 1808, Dalton published 'A New System of Chemical
Philosophy', in which he proposed certain postulates. /

7
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Postulates of Dalton’s Atomic Theory |

1. Matter is made up of extremely small indivisible and indestructhate particles called atoms.

2. Atoms of the same element are identical in all respects i.e. in shape, si \S}Mmass and chemical properties.

3. Atoms of different elements are different in all respects QW different masses and chemical properties.
4. Atom is the smallest unit that takes part in chemical coWations.
5. Atoms of two or more elements combine in g fixed ratio to form Wund.

6. Atom can neither be created nor be destroyed during any physical or chemical change.
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Atomic & Molecular Mass |
—_ewn— aXZ No—= |\t =33

tomic mass | T pgas axz el AL 1BRBH =&=
/It s the total mass of an atom, which is the sum of the masses of | @i eutronsy |l wy< | G)
Moleculan Mass | HoS0) — 1Aa+32+ 1r > A+2arcy =8 W
The sum of the atomic masses of all the atoms in a molecule of a substance is the molecular mass.

—J‘ —

ngu(a Mass ] 23+35Y — 58 5um

The of a substance is defined as the sum of the atomic masses of constituent atoms
In an_ionic compound.jThis is generally vsed for lonic compounds: whuch do not contain discrete
molecules but ions as their constituent units. =

—

"‘
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Atomic & Molecular Mass |

Average atemic Mass |
; The average atomic mass of an element is the sum of the masses of it isotopes,
each multiplied by ts natural abundance. <
Isotopes Relative abundance AMU -
C12 98.892 A 12 l
C13 1.108 DA 13.0035 \ _\_
C14 2107 7\ 14.0037 \
; ' <7
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Formulas |

Mole =| o= W
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“Percentage Composition

Percentage composition is the percentage of each element in 8 compound by mass:-

element)

Yocomposition =
element)

Tota). Moxt)
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Emperical Formula

~ Emphical formula |

s the formula of a compound which shows the - simplest whole number ratio between
the atoms of the elements in the compou

Element Percentage | Atomic mass | Moles of atom | Atomic ratio | Simplest ratio
\E! 14.31 23 %:0.622 %:2 2
S 997 32 9?22:0.311 8211:1 |
H 6.22 1 6'1£:6.22 %: 20 20
O 69.5 16 222434 | S2E=1395 14

\ N
Toygé}s )’
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Emperical Formula
Msleculan. forumula

/ﬂhe chemical formula which represents - the actual number of atoms of each element
present in a molecule of the compound.

Molecular weight
Empirical formula weights

rr— —V\xeCl o
\QMM%—W7\MM \*/

n =
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Stoichiometry

D%Q]ch.
2) feocha, b

Kol adion el

—{: Diao\ fnod_

e Stoichiometry deals with calculations of masse?and sdmetimes also volumes of the

Teactants and products involved in a chemical reaction.

EEEEEE—

® \We can also say that it is nothing but basically the felationship between the amounts

of reactants and the products ina chemlcal reaction.

(

242 +162) ——h0

1 MOLE HYDROGEN 1 MOLE OXYGEN 1 MOLE OF WATER

2G OF HYDROGEN 32G OF OXYGEN 18G OF WATER
2 ATOMS OF HYDROGEN 2 ATOMS OF OXYGEN 2 ATOMS OF HYDROGEN - 1 ATOMS £ OXYGEN

fb szz_,

\ N
Toy&)e(}s )l
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Concentration Terms | Y, = Msie o

: YV S'o\w : :
e Mass Percentage - It is equal to the mass of a solute in grams present in 7100 g of a solution.

/Molgritg - It is equal to the number of gram moles of solute present in 1 litre of solution.

e Molality - It is equal to the number of moles of the solute present in 1kg (1000 g) of the solvent.

e Mole Fraction - [t is the ratio of moles of one component to the total number of moles (solvent
and solute) present in the Solution . it is important to know that sum of the mole fraction of all the

components is always unity. umit = vz wol /

. B =Mt g (ﬂ kg' r>[ = N A

'Y \(‘\ A &\5 M
W\.: 33\*&0 N p("\"ﬁ R )

Ml”‘\go\,mi i

B TR o .
C ohv MW\M’\ X&T— T

2 V

R TS m,a&/ by | N0
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20 ROOMS- LIMITING REAGENT 21 FAMILIES-
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BACKLOG
gl TofiStt 3

Limiting Reagent |
e | imiting reagent is the substance that is totally consumed when
the chemical reaction is complete.

so the reaction cannot continve without it.

(Absence of limiting reagent
3H, + N, — 2NH,

34g

Presence of limiting reagent

0 e
1.5H, |[+ N, — NH [+ N

39 28 g 17 g 14 g remaining (

Limiting Excess

reagent reagent 3 H b
& g g } B
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Difference Between

Excess Reagent & Limiting Reagent |

Limiting reagent is the reactant of a particular chemical |Excess reagent is the reactant that is
reaction that limits the formation of the product present in.€xcess in a reaction mixture

Completely consumed during a reaction Not completely consumed during a reaction

Some amount is present at the end of the

Not present at the end of the reaction .
reaction

Limits the amount of product that is formed from.4 Has no effect on the product formed from
reaction the chemical reaction
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Cathode Rays |

A cathode ray tube is made of glass
containing two thin pieces of metal,
called electrodes, sealed in it.

Air at very __)\ -3

© The electrical discharge through

Discharge tube low pressure
gases could be observed onl _ Z I@ °eo |
pressures and at verydigh voltages: ) $ Cathode s

o The pressure of different gases could he- Cathode
_adjusted by evacuation of the glass tubes. C 10,000V ! ! To vacuum pump

High voltage generator
=2

Production of cathode rays

Cathode Rays Discharge Tube
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Cathode Rays

\yﬂén sufficiently high voltage is applied across the electrodes, current
starts flowing through a stream of oving in the tube from the

e SRR SN

negative electrode (cathode) to the posut«ve electrode (anode).

f e —

 These were called cathode rays or cathode ray particles.

e The flow of current from cathode to anode was further checked by
making a hole in the anode and coating the tube behind anode with
phosphorescent material zinc sulphide..

R —

e When these rays, after passing through anode, strike the zinc sulphide
coatmg, a bright spot is developed on the coating. g




Properties of Cathode Rays |

( Cathode Ray Tubej
The cathode rays start from cathode and Cathode : —
move towards the anode. (-) Cathode Rays (+)
n B ) (Stream of Particles) l
QP These rays themselves are not visible but their .

behaviour can be observed with the helpof /| L7
certairrkind of materials (fluorescent or e S
phosphorestent) which glow when hit by them. [

Television picture tubes are cathode ray tubes |

and television pictures result due to fluorescence "

Low Pressure
(Vacuum)

. . 0 - \\ o]
.on the television screen coated with certain et _

fluorescent or phosphorescent materials.

©

-

.

il Key Properties

Originate from
Cathode (-)

Move towards /

Anode (+) }

Make certain
materials glow

[ Television Picture Tube]

An Example of Cathode Ray Tube
in Daily Life

Electron Gun
(Cathode Ray Source)

Cathode Rays

High Voltage
Supply

Tl

Fluorescent Coating J

glows when hit by

cathode rays

\

Glows to Produce
Television Picture

Fluorescent Screen

Next
Toppers 74y
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Properties of Cathode Rays
; ; n the absence of electrical or magnetic field, these rays travel in straight lines .

\'/Mﬁe presence of electrical or magnetic field, the behaviour of cathode rays are similar to that

expected fronﬁ negatively Eharged particles, suggesting that the cathode rays consist of
negatively charged particles, called electrons.

X The characteristics of cathode rays (electrons) do not depend upon the material of the

electrode and the nature of the gas present in the cathode ray tube ;I/
- Anode X \_____ \\

athode \
o

A1t

Fluoreser

Magnet
. Screen
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Charge to Mass Ratio J&e Bt 1
———— - —ea R & mm“%) i
e Jhomson measured@h_a[ge-to-mass ratio of cathode rays by
measuring their deflection under the simultaneous influence of il ;ﬁ"'\ s P

electric and magnetic field.

his ratio is independent of the nature of the cathode and the
gas.in the discharge tube.

S | T p
¢ :?:_/;"‘Tf\‘?:_ ~ 2  Electric Field

Deflects Cathode Rays

It proves that all gases taken were made vp from negatively
charged fundamental particles. Thomson called these particles ——+ © [ resomiess)
corpuscles. |

e
* Charge-to-mass ratio for 4node rays depends upon the nature —— =1758820x10 " Ckg"
of gas and 15 lesser than e/m of electron.

e

B

o | 1%
- ! ~—s | £ Magnet Deflects ]
- > | Cathode Rays
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Anode Rays

e Fougene Goldstein noted streams of positively charged particles in
cathode rays in 1886.

e Particles move in opposite direction of cathode rays.

P These are called “Canal Rays' because they passed /7 '

through holes (channels or canals) drilled through
the negative electrode.

Canal Rays
-
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Properties of Canal Rays |

///)nhke cathode rays, mass of positively charged particles depends
upon the nature of gas present in the cathode ray tube.

/ These are simply the positively charged gaseous ions.

he charge to mass ratio of the particles depends on the gas from
which these originate.

Jo/Some of the positively charged particles carry a multiple of the
fundamental unit of electrical charge

ﬁe behaviour of these particles in the maguetic or electrical field is
opposite to that observed for electron or cathode rays.

L —

—_—
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Millikan’s Oil Drop Experiment

* The Millikan oil drop experiment, conducted by
Robert Millikan in the earlg 19003:-)~as a crucial
experiment that accurately determined the

r charge of a single electron,By observing the motion
of tiny oil droplets in an electric field, Millikan was able to
calculate the elementary charge.

atomizer

=Electric Field;| ,' s

A gy
B2 v |
P e
I 5‘ : :glectric Field |
o - $- ]
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Millikan’s Oil Drop Experiment
bA{omiser: X-Ray: ON

Containing oil that is used to spray fine oil * Airisfonised (+vely charged gas ions) and
“droplets into the top chamber of the apparatus. vely charged electrons.

Some oil droplets fell inside the chamber e Electrons surrounds the oil droplets and

through the hole. makmq them -vely charged.

e The voltage across the plates was adjusted

e Charge on an electron
Fore A

such that the oil droplets suspend- air.
e Force of Gravity (F) or Weight = mg
* Force due to electric field (F=) = gf

&\W‘()Q I €ledam
* Now, oil droplet suspended in air when b i

Millikan observed that oil droplets have different charges but
each was a whole number multiple of -1.6 X 10-19 C. He considered

it to the fundamental charge.
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Th Model of At
ompson Model of Atom e

e He proposed a model of the atom that is
sometimes called the "Plum Pudding” model.

e Atoms were made from a positively charged sphere
with negatively charged electrons enbedded in it, like
raising in a puddi ng. >

A

e The negative and positive charges are equal in
magnitude. So, the atom as a whole is electrically stable.

In 1897 the English scientist J.J.-Thomson
provided the first hint that an atom is
made of even smaller particles.
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\\ o Rutherford's experiment Involved firing a stream of
: tiny positively charged alpha (a) particles at a thin
| sheet of gold foil.
! e The expected result was that the a-particles would be
deflected by the subatomic particles in gold atoms.
Since a - particles were much heavier than protons, he
., did not expect to see larger deflections.
In 1908, the English physicist Ernest Rutherford was bold Foll /4
hard at work on an experiment that seemed to have oc particle
little to do with unraveling the mysteries of the atomic emitter
structore. |
This is also known as Geiger-Marsden Experiment or & )

Gold Foil Experiment J

Oetecting screen Slit T



Postulates of Rutherford Atomic Model

QMOSL M K- paricle — Shisvgl, 1 @"

Keormn > Mok farkion = rbom — g

92) Sk o quk&ezﬁ Cl,,g(»\&-ue—ﬂ Rl N2 >p: el b
QQQMY\% QOYY\Q R S '(”\QMT oxom -—C =2 5
'%C\ﬁ/q)m ﬁeu) X ")on‘ﬁ(.\ﬁ);—% 0\&% leckd \Q,AQQ(_' nucleus:gld# gokd

urkle masy %MQW\_B SosTal, \""“3 wral U‘l\wm-ﬁ N\Mﬂ%ﬁ MMTM«M
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([ Z=p=e_j

('{F\ﬁﬂ’\ﬁ
&mic Number & Mass Number |

M=A-z fixj

Nt’{\eem%f\:she Sy'gllz?vl\eorft?he AL NO;Teem%f\:she Syrgl%e(v)vl\grft{s:he s A

Hydrogen H | amu Sodium \[ 23 amu
Helium He 4 amu Magnesium Mg 24 amu
Lithium Li 7 amu Aluminium Al 27 amu
Berylium Be 9 amu Silicon Si 28 amu
Boron B I amu Phosphorous P 3l amu
Carbon C 2 amu Sulphur S 32 amu
Nitrogen \ 4 amu Chlorine CI 35 amu
Oxygen O 6 amu Argon Ar 40 amu
Flourine F 9 amu Potassium K 39 amu
Neon Ne 20 amu Calcium Ca 40 amu

Next NN
oppers 724y
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Bohr’s Atomic Model

In 1913, the Danish scientist Niels Bohr
proposed an improvement.

In his model,  he placed each electron in a

specific energy level.

e s e — —

Next S
Toppers 74y

* Dual character of the electromagnetic radiation
which means that radiations possess both wave like
and particle like properties, and Experimental
results regarding atomic spectra.

® |n an atom, it was realised that the attraction
between the electrons and the protons should make
the atom unstable. =

e Bohr proposed a model in which the electrenswould
&awccus long as these orbits
had special discrete locations.

=
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ave Nature of Electromagnetic Radiation | © P mE
> James Maxwell (1870) was the first to give a comprehensive .~ = _— ?#MW

explanation about the interaction between the charged W T e

bodies and the behaviour of electricaland .=, . T A . T ;.:'_"';-?',.:{'f-"-f-_,j;;;.,"__._-;'s.}-i 5
magnetic fields on macroscopic I6Vel, ——  « g T v 6T R
,' K~ e 2ot - o -"‘f ,' . E ' : i ':‘. ' .. T".: S A
i i particle = “Electric Field”/ - £CCR iy
O He suggested that when electrically charged particle E|ecﬁflc e e@ .
| '-/xi w

moves under acceleration, nating electrical By ¥ (0 NGRS (1 o) /R
and-magnetic fields are produced and transmitted. ¢ A {1 e p—_L 7" g P
—— ' - ‘.__7 . B : .51'

O These fields are transmitted in the forms of R gy AR
waves called electromagnetic waves or . “'-' v Rt » e Magneflf F"e.;d . e The 6‘cic_i:ni£_ﬂnd.. Magnetic \CielCL
Sechomagrcie rdaton. e T components af an
T e, P an e SRR S & electromagnetic wave.
e T components have-the same
wavel%th, Freq‘% speed
and amp/lib(de, but tile),m"ﬁmte

in two mutually perpendicular

plom?«
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Electromagnetic Spectrum |
X B

1x10™ 1x10° 1X10E—

Wavelength (in metre \,;/
Visible Light
// \

Wavelength decreases, Frequency increases , Penetrating power increase




BACKLDG ’
— .,-,_N,-gs-‘! Toppers Y/ 4

Black Body Radiation

Other Radiations
-~ (Absorbed) .

X Reflects
- Blue Light R L ARO XN

— .,'./Thermal Radiation

oo . °
> '. .j.,..,..'

ce.

Blue Light L

- J:gglmq Motion
Blue Light . "ot Electrons
\ ¥ AcCélerates -
| ) At a1 N + (ElectronsAr& Acealerated)
. / Releases Thermal Radiation ..y .'..,-‘ .
WW{“ Temperature Remains The Same .. JaK

i  Reflects red light but absorbs other radiations. )
e This increases jiggling motion of electron (electrons are
accelerated) & it releases thermal rad(atlon & the temperature
remains the same. o
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~ Black Body Radiation

° Whron rod is heated in a furnace, it first turnm@d then progreggﬂ/elgﬂomes more and
the temperature increases. As this is heated further, the radiation emitted becomes white and
then ecome‘ luejas the temperature becomes very high. This means that red radiation is most intense at

a particular temperature and the blue radiation is more intense at another temperature. This means

intensities of radiations of different wavelengths emittfd by hot body depend upon its temperature.

When we heat iron all color of wavelengths e Gy
are emitted but our eyes can percieve only I Ve SRR T E R
' ' el ' . ' ';
Red colour because it has maximum
wavelength. =

> l‘(- ) \" ) X' 1
,.:‘_‘ﬂﬂ 1 A . '. -~ o v . )
51 % ‘\ . — " oy ..‘- -4
WQ‘ - ",.‘—Jm'
\ ~ 1
[ )
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Black Body Radiation |

P An ideal body, which emits and absorbs radiations of all frequencies uniformly, is called a

black body and the radiation emitted by such a bodg (s called black body radiation.
aP In practice, no such body exists. Carbon black approximates fairly closely to black body.
O The different colours that come out of the black body depends on it's temperature.

blackbody radiation

spectral irradiance (kW/mzlnm)

; 800 1000 1200 1400 1600
iwavelength (nm) SEEERT T
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Black Body Radiation

e Blackbody spectrum depends only on th@perature of

tae object, and not on what it is made of.

* Asthe temperature of an object increases, it emits more
blackbody energy at all wavelengths.

e As the temperature of an object increases, the peak
wavelength of the blackbody spectrum becomes shorter
(blue).

e The blackbody spectrum always becomes small at the left-
hand side (the short wavelength, high frequency side).

—
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Particle Nature of Electromagnetic Radiation:
Planck's Quantum Theory<E = hv}- 4~

. ,
e The radiant energy or electromagnetic radiation is 8‘“'%%3 or absorbed \A,\ JATANE _sJ

dtscontlnuougg_n n the form of small discrete packets of energy (singular: guantum and Pl
plural: quanta) and not continuously.
e The nature of emission of radiation from hot bodies (black-body radiation) ejection of
Electrons from metal surface when radiation strikes it (photoelectric effect) variation
of heat capacity of solids as a function of temperature. &:‘
* [ine spectra of atomswith special reference to hydrogen. These phenomena indicate
that the system can take enerqgy only in discrete amounts.
 All possible energies cannot be taken up or radiated.

=,
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ff{hotoelectric Effect ,

e |n 1887 H. Hertz performed a very interesting experiment in which electrons (or electric
current) were ejectea when certain metals
o (for example potassium, rubidium, caesium etc.) were exposed to a beam of light.
e The phenomenon is called Photoelectric Effect.

e The electrons are ejected from the metal surface
as soon as the beam of light strikes the surface, ie,
there is no time lag between the striking of light
beam and the ejection of electrons from the metal
surface. T

e The number of electrons ejected is proportional to
the intensity or brightness of light.
g

—
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electron from the metai (P) » Kinetic energy of the ejected electron (K.E.).

P In the photoelectric effect, the work function (P) is the minimum amount of

energy (hv,) needed to eject an electron from a metal surface. It represents the© the ”

strength ot the bond holding electrons to the metal's lattice.
P This energy is specific to each material and is directly related to the threshold
frequency of light required to initiate the photoelectric eftect.

Einstein's Photoelectric Equation

Next S
Toppers 74y

.".‘.' "*':‘.Qﬁ 4o + SBA"
. S ot oy . (9= - e
. $1. e e, 7
- > -
-
-y

'@ = Total Ehy of Photon
@ = Work Function | <

@ = Kinetic Energy of Ejected Electron
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Emission & Absorption Spectra
e Toknklesy
e =P The spectrum of radlatlo.n emitted by a substance [ EmissibnSpectrum |
‘ that has absorbed energy is called — —— ‘
o i;...."’ an Emission Spectrum. |

| -P Atoms, molecules or ions that have absorbed radiation > -
~ are said to be "excited". '

"9 » To produce an emission spectrum, energy is supplled
j to a sample by heating it or irradiating it and

_ . the wavelength (or frequency) of the e " Emission Spectrum .
g SeE radiation emitted, as the sample gives - S~ g S
.~ up the absorbed energy, is recorded. R I I ' :m

~i HL =P Thestudy of emission or absorption spectra is referred to as Spectroscopy.

¥ -p The spectrum of the visible light, was continuous as aII wavelengthq (rPd to violet) of the
AN \vnsuble Iught are represented in the spectra e «, i

o« O *oe : .
N S, .
: A 5 - - o~ - «
LA o =2 Hatik (NS s J TN
N ' o (R [ rits
4
< 4 ’ 7]
N -
13 . Y - T 3 g P
3 < -
S
. »
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Emission Spectra

) When radiation emitted from a source like Sun, hot bulb or from a
gas/matter whose electrons are excned by electrlcal or heat
energg IS passed dlrectly through a prism and recelved on a

—g——if_z_——""‘ =’

hotographic plate is called emission spectrum

B, = “’ R

C) Dependmg upon the source of radiation, emission spectra Is classified
mto (?, Gontmuous (h une o Discontinuous Spectra

B Tt TS
* e LR e e e
> S S e
& r p

e e
Continuous Spectrum

-:-
-
~e

(b) Line or Discontinuous Spectra

——

VT ?‘&J&\ l_ _'75 o e AR e
»»‘._,T <
< e e ‘e
b o e

o V‘\-v -;{
- - ..'

Y B e

(a) Continuous A .-~ | (b) Line or Discontinuous Spectra .

I e R
"_‘: ’\ - .




Lme Spectrum of Hydrogen

1/A =RZ(1/n*- 1/n,?)

c) When an electric discharge is passed through gaseous hudrogen, the H,
molecules dissociate and the energetically excited hydrogen atoms
produced emit electromagnetic radiation of discrete frequencies.

P The hydrogen spectrum consists of several series of lines named after their
discoverers.

st

R=1097x10'm"
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(?, ./ Yyman Series (n2=1)

Ultervol

. W Ba'mer Series (n;=2)
s Visible . ;

. Paschen Series (n,=3)

' “Infrared .

Brachett Seties (n,=4)

Infrared

< Pfund Serief (n,=5)
e Infrared

Humphrey Series (n,=6)
*  Infrared -
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4-\/bsorption Spectrum |

) When white light is first passed the solution or vapours of a chemical substance
and then analysed in(spectroscope some dark lines are observed at the same

. Dlace where coloured lines were obtained in the emission spectrum. SISO Shecirars
il Absorption Spectrum 5
—— \ EMISSION SPECTRUM
§ Absorption Spectrum (
o e, | i m
T < 4 x - Discontinuous Spectrum
— —
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T |
|
n=1>Y
n==~o6
n=9>
Pfund
far infrared
n=4
Brackett
infrared
. -
n =3 v
Paschen
T r mfra!'Ed
N =9
| w13 r
Balme 1S on
8 | o 10004 500QA ., 6000A 70004
Lyman b ¥ By

Ultraviolet
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ohr’s Atomic Model 3 di .
%} e

e Atom has a centre called nucleus . Electrons revolve only in fixed circular
orbits with fixed energy & fixed velocity .

* Quantisation condition- Electrons revolve only in those circular orbi
for which their angular momentum is an integral multiple ai@

//_Kl_rgular momentum is defined as: The property of any rotating
\
object given by moment of inertia times angular velocity.

Energy is emitted or absorbed only when an electron Jumps from higher
energy level to lower energy level and vice-versa.

e del| E=E2-ET1=hv="hc /lamda is known as Bohr's frequecy rule.

e The most stable s@te of an atom (s its ground state or normal state.

—
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Drawbacks of Bohr’s Atomic Model

/11__jmited Applicability: -~ M. -
Bohr's model is primarily successful in explaining th atom's spectrum.
® |t struggles to accurately predict the spectra of more complex atoms with multiple eleqtrons

V%Inablhtg to Explain Fine Structure: zeem,,\ E% SM

_s-Bohr's model predicts single spectral lines, but in reality, many spectral lines exhibit a fine-
structure (splitting into multiple lines).

_»~This fine structure arises from relativistic effects and spin-orbit coupling, which Bohr's model
doesn't account for. &

“Failure to Explain Zeeman and Stark Effects:

e The Zeeman effect describes the splitting of spectral lines in a magnetic field. .
* The Stark effect describes the splitting of spectral lines in an electric field.
* Bohr's model cannot explain either of these effects—

~-
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Einstein's theory was based on the idea that light is made vp of tiny

. packets of energy called photons. He explained that when photons with
enough energy hit a metal surface, they can transfer their energy to the

electrons in the metal, causing them to be ejected.

=5

1
11
.4

o



WAVE PARTICLE NATURE OF LIGHT

111))

Freguency, wavelength and speed

All electromagnetic waves behave like a wave & particl

S —

Next N\, |

Toppersll
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N e De Broglie's Hypothesis says that Matter consists of
both the particle nature as well as wave nature.
e De Broglie wavelengthis given as,

)\=%{=% f‘*ﬁ\ﬂg e

e From the above relanon, it can be said that the
wavelength of the matter is inversely proportional
According to the de-Broglie by, oth_e_&lﬁ.a.m.almg to the magnitude of the particle's linear momentum.

material particle es like ke a :
' | atlother ttmes L\‘AWC T WOV — W‘X‘\ Je

Every moving material particle is connected with a

e C e SPonhda s W
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_De-Broglie Hypothesis s

* lhis relation is applicable to both microscopic and macroscopic particles.
e The de Broglie equation is one of the equations that is commonly vsed to define the
wave properties of matter.

/Electrorﬂagnetic radiation exhibits the duval nature of a particle (having a momentum)

e ————

and wave (expressed in frequency, and wavelength).

e:- Why we cannot observe these waves?

Ans:- Because the wavelength of their motion is
extremely small

Davisson and L.H. Germer performed an experiment
known as the Davisson Germer experiment to explain
the wave nature of electrons through electron
diffraction.
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N o This principle is based on the wave-particle dvality of matter.

)

| » Although Heisenberg's uncertaintgprinciple can be ignored in the
I macroscopic world (the uncertainties in the posrtuon and velocity
I
!

of objects with relatively large masses are negligible), it it holds

. significant valve_in the guantum world.

. e Since atoms and subatomic particles have ver@, any
increase in the accuracy of their positions will be accompanied by
an increase in the uncertainty associated with their velocities.

Heisenberg’s uncertainty principle that it is
' exactlg oth the

anertainity in position J
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Locatlon of anElectron

e Alarge number of orbitals are possible in an atom. /

"
e Qualitatively these orbitals can be distinguished by their size, shape and orientation.

e Anorbital of smaller size means there is more chance of finding the electron near the nucleuvs.

e Similarly shape and orientation mean that there is more probability of finding the electron
along certain directions than along others. i

%mc orbitals are precisely dlstmguls &E{ what are known asguantum numbersj

\A’ﬁvmapal quantum numbe@ e ushod )
\_sAzimuthal or Orbital or 6 ary quantum number@

\;SM//V\ehc quantum num Oﬂol&«’:‘# &\\f{:&
N quantum number G
Pl oJm d\ 0

Next N\ ¥
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incipal Quantum number (n)

It tells us about the main shell in which electron resides. It also gives an idea about the energy of

shell and average distance of the electron from the nucleus (Size). Value of n - any integer

Azimuthal Quantum number (I) |~ "% shell )(leWe

———————————————————————————————————————————————————

e |t tells about thenumber of subshells (s.p, d, f) in any “Azimuthal Quantum numbers also tells
main shell 8““ ofSubshells. about the shape of the orbital .
NOTE  Orbitalis the 3-D discription where the

~ For a given value of n,| can have n values rapging from

450 that s, for a given valug of n,the possible

value of lare: 1=0.1.2 ... (n) .

For example, when n = 1 valuve of lis only 0. For n = 2 the possible ;
value of [ can be 0 and 1. For n = 3, the possible [ valves are 0, 7and 2. LN W

o hd ‘8 & &

probability of finding an electron is maximum

@
% 8§ e

e |t defines the three-dimensional shape of the orbital.
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Magnetic Quantum number (m)

(; e |t tells about the number n@v of each subshell.

e Value of m = -| to +| including zero.
e Number of orbitals in each subshell = (2] + 1)
e Number of orbitals in main energy level = n2

d sublevel, [ =2

: m, =S . ™ -1, #,0 - 42
Spin Quantum number (S)
® |t indicates the direction 0f spinning of electron, i.e, / \
clockwise or anti-clockwise.
 Shows how the electron can rotate about its own axis . = o = = o =

e Maximum number of electrons in main energy level = 2n°,
ms =+ 1/2 ms =-1/2



0< ] <n-1

e

(7

Je's
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’I{aull ExclusionPrinciple |

® |t states, no two electrons in an atom can have identical set of four quantum numbers.
e Only two electrons may exist in the same orbital and these electrons must have opposite spm

XTTl _u C—alség@p%

Gt 4=

T 18 o
X_T1L 11 M=t m=D

S oﬁ'H/j N = H/
The maximum number of electrons in s subshell is 2, ﬁ\
p subshell is 6 d subshell is 10 and f subshell is 14.
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is a German word which means structure or constructuction.
yﬁﬁau Principle states that in the ground state of an atom, the electrons fill atomic orbitals of
the lowest available energy levels before occupying higher levels i.e. orbitals are filled in the
increasing order of their energies.

yhe rule may be vsed to identify the sequence in which the energy of orbitals grows, where the sum of the
main and azimuthal quantum numbers defines the energy level of the orbital.

/I:OWGF values indicate lower orbital energy. If two The orbitals are filled with electrons in the following order:
orbitals have equivalent values, the orbital withthe 15, 2s, 2p, 3s, 3p, 4s, 3d, 4p, 5s, 4d, 5p
/}Ner value is said to have lower energy. . 6s, 4f, 5d, 6p, Ts, 5f, 6d, 7p..
If value of (n +1) is same for any two subshell, then  and so on.
the deciding factor will be the value of n. Greater the
value of n, greater will be its energy.
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e Hunds Rule of Maximum Multiplicity rule states that for a given electron

T —————D.

configuration, the term with maximum multiplicity falls lowest in energy. j/

e According to this rule electroalsﬂf’_t_oCcur until ﬁ L’\ \1 \ ’\\ d/

each orbital of a given subshell contains one electron each or s singly occ upted

V

/‘/ lsl 2Sl . L A D<

pen Lo TR D L L MJ7<
X 1sl Zsl ia UL\'\'\/\I\\/\(\\/\/\U} TM\/\J\ &
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Electronic Configurationupto 30 Elements |

74
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Shape of Orbital:

o (|W]? gives the electron probability density of the electron at ang point.

e lhe perabiIitg of 15 electron is found tE) be maximum near the nucleus and decreases as the

distance from the nucleus increases.

e The intermediate region (a spherical shell) where the probability is zero is called node.
~Todal Surface - Radial Node whereas Nodal Plane - Angular Node
yﬁo. of nodes (spherical nodes) = n-| -1

e _HTgeneral, any ns orbital has (n-I) nodes. (spherical nodes only)

®

yetron density is ?qu_ql in all direction (nondirectional).

o :%erical in Shape. It's nodes are also known as radial nodes.
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Shape of Orbital:

Shape of p-Orbital
yﬁe probability of finding the p-electrons is maximum in two lobes on
the opposite sides of the nucleus. This gives rise to a "dumb-bell
shape" for the p-orbitals.

e A plane passing through the nucleus on which the probability of
inding the electron is almost zero. This is called nodal plane .val
energies and are called degenerate.

Wbitals have three different orientations (x, y, z). These are designated as px, py and pz.
e (nlike s-orbitals, p-orbitals have directional Characteristics.

e The three p-orbitals belonging to a particular energy shell have equal energies and are called degenerate.
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Shape of Orbital: |

Shape of d-Orbital
e Double dumbbell shape (except d,°).

ughnut shaped or peanut shell shaped .

% S
e dxy,dyz, dzx argnon axial.

—\
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odes ﬁg:j%w
i \QM_, S %w =3 nm-&rec%w L’T\ = S LJ": Node.
b el wxﬁs@kw\ el _”z’”"\@:“@
\/7
3? —'52?.'\1&5} MM node> A —>1 ngj—aW—ahﬂ-I

—0-1
Usmggfﬁ notations, describe the orbital with the following guantum numbers L@

@n= 2I 1,(b)n=4,1=0,(c)n=5,1=3,(d)n=3,I=2.

LY
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Class 11" | Chemistry

Classification of Elements &
Periodicity in Properties

Chapter 3




3

» Systematic Study /"
e Predicting Propertie@/

e Understanding ReIationshin/
e Facilitating Research and Discovery/

-+ Comparing Propertv

1

Why do %?%eg& !

N M7

Next
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Classification of Elements & Periodicity in Properties

e Lavoisier’s Classification < '(\\/\/mw

g)ﬁbereiner Triads — L_ Noe £ _lﬂlg/b\__f_‘_
an e a N

, =
:)I{w ands’ Law of Octa he P =
e Lothar meyer periodic table Le & C'. e
\ N ‘ MH “\9\ 3\ f g C)\

_p:ik h A\k;% Ki&o&@&«
Nty
%m el Pl o M

—_—) &H‘Qw\_\ ‘NOAM**%
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Lothar Meyer Atomic Volume Curve

%
(@

He | Kr

E
NX
&
4P

Atomic volume (cm®) —P»
o
o=

0 30 20 30 A0 B0 .m0 a0 9o
Atomic mass (a.m.u) —»
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Mendeleeve’s Periodic Law |

e |t states that the physical and chemical properties of

elements repeat periodically when arranged in order of
increasing atomic weight.

—

e _INis means that elements with similar properties will
appear after regular intervals of increasing atomic weight.

('/%ﬁ(% elements in rows & columns.

T T ppe——
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Mendeleeve’s Periodic Law |

o [BREI Wm v V. VI Vi
He Li Be B |©C [\ (0 F
400 | 694 | 9.01 10.8 120 | 140 | 160 | 190
Ne Na M Al Si P |®S Cl Wil
202°01::230::] 24 27.0 2861 | 310 | 321 | 355
Ar K Ca Sc Ti \'} Cr Mn|®Fe | Co Ni
40.0 39.1 401 450 479 50.9 520 549| 559 58.9 58.7
oCu Zn Ga Ge| As| Se Br
635| 654| 697 726 749| 790 | 79.9
Kr Rb Sr \'f r Nb Mo Tc| Ru Rh Pd
838 | 855 | 876 | 889 912 | 929 959| (99)| 101 103 106
.Aog Cd In| ®Sn| Sb| Te |
1 112 115 119 122 | 128 127
) C) Ce Ba La Hf Ta ")) Re| Os Ir Pt
131 133 137 139 179 181 184 180| 194 192 195
®Au | ®oH Ti| ®Pb Bi | Po At
197 20 204 207 209 | (210) | (210)
Rn Fr Ra |®Ac |®Th |®Pa (e U , ,
(222) | (223) | (226) | (227) | 232 | (231) | 238 Lanthanide series
® Actinide series
Dobereiner's triads Known to Mendeleev @ Known to Ancients




THﬂﬂ Next +

BACKLOG
wﬂ HT Toppers 74y

Merits of Mendeleev Periodic Table ,

o _Some gaps were left for the elements yet to be discovered. Thus,
if a certain new element is discovered, it can be placed in a new
group without disturbing any existing group.

Demerits of Mendeleev Periodic Table |

\')‘avlas unable to locate hydrogen in the periodic table.

Increase in atomic mass was not regular while moving from one element to another.
Hence, The number of elements yet to be discoveredwas not predictable.
e, D B 2 SR 1-<—“'

e | ater on, isotopes of elements were found which violated Mendeleev's periodic [aw.

\_i e
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Eka-aluminium and Eka-silicon |

eriodic tab

e |In Dmitri MendeleeV'

called "eka-aluminum® and|"eka-silicon," respectively. Ve
e These elements were |ater discovered and named gallivm and germanium, respectively.
e el )V 101

Eka-aluminium Gallium Eka-silicon | Germanium

SN Froperty (Predicted) | (Observed) | (Predicted) | (Observed)

1 Atomic weight __1 6.8 70 2 1259¢”

: 3

2 Density (g/cm°) E_g_ 5.94 55/ 535 S/

3, Melting point low 29.78°C High | 941C A
gU—— f'_\
4 Formula of oxide _Ei)i Ga,0, EO, S GeO, Y
5. Formula of chloride ECl, GaCl, ECl, J GeCl, i
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Modern Periodic Law |

"The physical and chemical properties of the elements

are periodic function of their atomic numbers.”

w% ogz(eu)»
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Long form of periodic table |

= L PERIODIC TABLE /’/ o

 OF THE ELEMENTS /' ==

\ NUMBER SYMBOL — ATOMIC MASS

(approx.) So—
f -~

— PROPERTY TRENDS — —> &m‘rﬁ

,.........,..

o 153

35

~
N

VIIIA

17 2
VIIA He

\ Helium
4.0026

10
Ne

Fluonnt Neon
18.998 20.180

18
Ar

Chloune Argon !
35.45 39.948

36

Br Kr §

Krypton
83,798

54

Xe

Xenon
131.29

86

5
At Rn

Astatine Radon
(210) (222)

. LANTHANIDE

. SERIES
N

"No | Lr

ACTINIDE U Np Pu “Am Cm "Bk "Es | Fm Md
SERIES um Protactinium | Uranium | Neptunium | Plutonium | Americiem | Curium | Berkelium cum Einsteinium | Fermium | Mendelevium | Nobelium | Lawrencium |
(227) 231.04 238.03 (237) (244) (243) (247) (247) (251) (252) (257) (258) (266) I

(& Metals @ Metalloids &% Nonmetals -@: Noble Gases #.% Radioactive Elements |

18
o9
-~
-~
\

—= S3ISVIYUOINI
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From where Lanthanum & Actinum series came ? ,

{ Atomic Number | Increasing atomic number >
Lanthanides* / [ 57 [ ss 59 60 61 62 63 64 65 66 67 68 69 70 71
"Elements 57-71 — | L@ || Ce || Pr || Nd || Pm ([ Sm || Eu || Gd || Tb || Dy || Ho || Er || Tm || Yb || Lu
Fl" the 4f subshell ‘ Lanthanum " Cerium Praseodymium | | Neodymium | | Promethium || Samarium Europium || Gadolinium Terbium Dysprosium || Holmium Erbium Thulium Ytterbium Lutetium
| 138.905/( 140.116 | 140.908 | | 144.243 || 144.913 || 150.36 || 151.964 || 157.25 || 158.925 || 162.500 || 164.930 || 167.259 || 168.934 || 173.055 || 174.967

- Mftinides** /[ s Y o0 ) 91 [ 92 |[ 93 | 9a |[ 95 ][ 96 |[ o7 |[ 98 ][ 99 [ 100 |[ 101 ][ 102 [ 103
g 89-103— | Ac || Th i Pa || U || Np | Pu || Am || Cm | Bk | Cf | Es || Fm || Md No | Lr
ements ol | Actinium Thorium Protactinium Uranium Neptunium || Plutonium || Americium Curium Berkelium || Californium || Einsteinium Fermium || Mendelevium || Nobelium || Lawrencium
Fill the 5f subshell | |227.028)| 232.038 || 231.036 || 238.029 || 237.048 || 244.064 || 243.061 || 247.070 || 247.070 || 251.080 || [254] || 257.005 || 258.1 || 259.101 | [262]
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IUPAC Nomenclature of Elements with 2>100

Digit Name Abbreviation
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IUPAC Nomenclature of Elements |
Atomic Number fName according to Symbol IUPAC Official Name IUPAC Symbol

TUPAC nomenclature

‘/K 101 Unnilunium Unu Mendelevium Md
102 Unnilbium Unb Nobelium No
103 Unniltrium Unt Lawrencium Lr
104 Unnilquadium Ung Rutherfordium Rf
105 Unnilpentium Unp Dubnium Db
106 Unnilhextum Unh Seaborgium Sg
107 Unnilseptium Uns Bohrium Bh
108 Unniloctium Uno Hassium Hs
109 Unnilennium Une Meitnerium Mt
110 Ununnillium Uun Darmstadtium Ds
111 Unununnium Uuu Rontgenium Rg
112 Ununbtum Uub Copernicium Cn
113 Ununtrium Uut Nihonium Nh
114 Ununquadium Uug Flerovium F1
115 Ununpentium Uup Moscovium Mc
116 Ununhextum Uuh Livermorium Lv
117 Ununseptium Uus Tennessine Ts

\ 118 Ununoctium Uuo Oganesson Og

W
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Electronic Configuration(S,p.d &) MM& RS
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Bridge Elements |

* Bridge elements are the elements of the second period of the periodic table.

e These elements show a relationship with the third-periodelements or the typical elements, because
of similarity in their properties.

e They show similarities in characteristics such as atomic size, electronegativity and ion polarization.

Group 1 2 13 14

Period 2
Period 3 o Mg\AI\
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To Predict the Period, Group and Block of

An Element From Its Electronic Configuration |

Write the electronic configuration of the element.

1/7eriod of the element : It is equal to the principal
quantum number (n) of the outermost orbit (shell).

2'Block of the element: |t corresponds to the sub-shell in
which [ast electron enters.
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Group number of the element:

Itis determined by the following rules: |

(i) For s-block (ii) For p-block (iii) For d-block
elements elements elements
Group number (s equal to Group number = 12 + total Group number = electrons
the number of electrons number of electrons in in outermost (n) S - orhital
(h the outermost.s - outermost shell. +electrons.in (n-1)d -

orbital. orbital.
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Periodic Properties |

e Atomic Radius

* Jonisation Energy

e Electron Affinity

* Electronegativity

e Metallic Character
 Non Metallic Character
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Atomic Radius ,

V/Atomic Radii isthe total distance from the nucleus

of an atom to the outermost orbital of its electron.
Valence

e The mean or typical distance from the centre of the Electrons

nhucleus to the boundary of the surrounding shells of
efectrons.
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Types of Atomic Radius with Respect

to the Types of Bond |

Based on the type of bond, atomic radivs is divided into three types as follows:
§ e Covalent Radivs —

e Vander Waals Radivs — e—@

e lonic Radms-:M)..‘ﬁ:ﬂ\ > Chionic

A Rad.o9®@ @ 5 @@ G_@
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Covalent Radius ,

e The covalent radivs of an atom is the radius of an atom under the covalent bond with another
atom(s) of a similar element.

e The covalent radivs of an atom can be determined by measuring bond lengths between pairs
of covalently-bonded atoms.

e |f the two atoms are the same kind, the covalent radius is simply one-half of the bond [ength.

Covalent Radius
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Van Der Waals Radius ,

e \/an-der-Waals radii are determined from the contact distances between unbonded atoms in
touching molecules or atoms.

Vnder Waal’s Radiu '
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Metallic Radius ,

e The metallic radius is the radius of an atom joined by the metallic bond. The metallic radius is
half of the total distance between the nuclei of two adjacent atoms in a metallic cluster

BACKLOG
i

Metallic Radius
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loni R d'
Distance between two nuclei

e The ionic radius is the radius of an atom forming an ionic .. -
bond or an ion. 5 “ 5
e The atomic bonds restrict the electrons and nucleus, and
due to this, the ions or atoms don't have a specific shape.
e Anion > Neutral atom > Cation

e -

< -

Half the distance
between the two nuclei

fonic Radius

Atomic radius =



BACKLOG
LT oSt 2P

Isoelectronic Specie |

Isoelectronic species are atoms, ions, or molecules that have the same number of electrons. The term
"isoelectronic” means "equal electric” or "equal charge’.

Example
e Ne- 10 electrons
e Na on - 10 electrons
e Fion-10 electrons
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Atomic Radius General Trend ,

Atomic radius increases

Atomic radius decreases

») o
H He
Hydrogen Helium
@, o @) 0 o o o o
Li Be B C )| (0 F Ne
Lithium Beryllium Boron Carbon Nitrogen Oxygen Fluorine Neon
O 06 0o 0o o6 0o | o o
Na Mg Al Si P S Cl Ar
Sodium Magnesium Aluminum Silicon Phosphorus Sulfur Chlorine Argon
O & o6 o o o o A
K Ca Ga Ge As Se Br Kr
Potassium Calcium Gallium Germanium Arsenic Selenium Bromine Krypton
Rb Sr In Sn Sh Te I Xe
Rubidium Strontium Indium Tin Antimony Tellurium lodine Xenon
| Cs Ba TI Pb Bi Po At Rn
Cesium Barium Thallium Lead Bismuth Polonium Astatine Radon

Next N\ N
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xceptions |
* |n Period 1: Atomic radiusSimiIar in all the periods).

eason- Noble gases form Vander walls radivs whereas the other
ﬂements form Covalent Radivs.

J% Block elements show variable changes in atomic radivs. A—\ %\'LQ. Somn @ -
Se 1 \/ Cr M - | \9
é"‘""—____\\———':; < 2enp = QQ‘\N%‘
'in§§> €< X e TR %
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Metallic radius (pm)

190
180

170
160
150
140

130

120
110

o
Y®R |
‘
Sc Zr
r\ | H
W | -
N\ ~e 0s Ir a7 Ag
._ 0 — e /- |
| | ——fc_ ﬂu _h_-[_A n -
Cr Mn Eb ¥ Cu
|

!

X

Increasing atomic number —
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Down a Group |
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Lanthanide Contracti%

e [anthanide contraction isthe steady decrease in atomic

and lonic Size of [anthanoids as their atomic nymber

I CEN

R ———————————
e (Causes of Lanthanide contraction: In f-block elements,

the positive charge on the nucleus rises by one vnit, and
one additional electron enters the same subshell, as the
atomic number increases. La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er TmYb Lu

3
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o
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Sheilding Effect |

e The shielding effect can be defined asa reduction in the effective nuclear charge on the electron
cloud, due to a difference in the attraction forces on the electrons in the atom.

® $>p>d>f Repulsion

Outer
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Aonization Energy |

e The amount of energy required to remove an electron from an isolated atom or molecule. There
S an ionization energy for each successive electron removed; the ionization energy associated
with removal of the first (most loosely held) electron, however is mostwrﬁ)nlg vsed.

® |onization energy as the minimum energy that an electron in a gaseous atam or ion has to absorb
to come out of the influence of the nucleus. /m

* |t is also sometimes referred to as ionization potential and (s usuall.

® |t can also be used to determine the strength of chemical bonds. It;iyeasured either in units of
electronvolts/atom or kJ/mol.

e 1e\//atom =96 kJ/mol
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lonization Energy |

e The first ionization energy is the energy that is required to remove the first electron from a
neuvtral atom.

e The energy needed for the removal of the second electron away from the uvnipositive ion is
second ionization energy, and so on. ¥

v

M+ AH, = M+ +e; AHl = Tirat ionization energy
M+ AN, , M+ +e;AN= Second1onizal19,energg, elc.
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lonization Energy |

e Naturally, removing the second electron from an already positive ion will be difficult. Hence, the
second ionization energy will be larger than the first ionization energy.

e The third ionization energy will be more than the second ionization energy etc.

e NH7st < AH2nd < AH3rd < ..... Because of the enhanced stability of half-filled and fully-filled .

e Orbitals, the removal of electrons from such systems will have relatively higher ionization than
other atoms and ions.

* Highest lonisation Energy - Heh’gp/

e (Caesium element has the lowest ionisation eneW
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Factors on which L.E. depends :- |

o Atomic Size < £
* Nuclear Charge « T <.
e Electronic Configuration

M p/‘w\ telg filled

Shedis.
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Exceptions | ,74\\
Li (Be.< @ < e | j’(

V. I.E. of Boron < Berilivm

* A.E. of Nitrogen > Oxygen W“‘L_.» Re .
Steble

_*A.E. of Magnesivm > Aluminivm

/LE of Phosphorus > Sulphor ’
_A C>Si>Ge>Pb>Sn. ‘M Tlled

/-Due to ineffective shielding of the d and f orbitals, Pb has a higher
_Aonization Enthalpy than Sn in this case.
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lonisation Energy Trend Exceptions in Group '

As we go from indivm to thallivm,screening by the filled 5d and 4f subshells is
so poor that Zeff increases significantly from indivm to thallivm. Thus the first
ionization energy of thallivm is actuvally greater than that of indivm.

e B>T[>Ga>Al>In 2%

e Similarly in group 14, the 1.E. of Pb is more than Sn (‘
* C>Si>Ge>Pb>Sn | \%

o
(=}

lonization Energy (eV)
()
Y
o
=
o

o
=)

b4
g

55

Period Number
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Electron Affinity |

e The electron affinity is the potential energy change of the atom when an electron is added to a neutral
gaseous atomto form a negative ion.

 So the more negative the electron affinity the more favourable the electron addition process is.

e Not all elements form-stable negative ions in which case the electron affinity is zero or even positive.

e |tis anh Exothermic/Process

® |t can also be used to determine the strength of chemical bonds. It is measured either in units of
electronvolts or kJ/mol.
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Successive Electron Affinity |
€A (first) + €A (second) <0
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Electron Affinity |

e The first electron affinity is generally exothermic that is negative.
e The second electron affinity of the same element will be positive or endothermic.

 This is So because the second electron has to be forced to enter the mono negative ion.

e The electron affinity cannot be determined directly but is obtained indirectly from the
Born-Haber cycle. |
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Factors Affecting Electron Affinity

% 1. Atomic Size X ‘Iﬁ;,~
7« 2. Nuclear Charge o< " C

2 3. Electronic Configuration
-
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Electron Affinity General Trend |



BACKLOG
LT oSt 2P

Exceptions
. Pemod;{@ /;(éé \/ // - r
e (Group-17 Astatine< lodine < Bromine < Fluorine m
e Chlorine has highest Electron Affinity i
e FToorine is the most electronegative element but still its electron affinity is [ess than that of chlorine .
® |tis because of the small size of fluorine. All the electrons in the atom repels the incoming electron
significantly, this nullify the effect of higher electronegativity of fluorine over chlorine.
* Oxygen has the lowest electron affinity valve in group 16_
e Similar trend will be followed by the elements of group 1415 & 16 i.e. E.A. 0

e (Group 17 has always more electron affinity as compared to group 16 elements:
#
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Electronegativity |

* |t is the tendency of an atom in @ molecule to attract the shared pair of electrons towards
itselfis known as electronegativity.

* |t s a dimensionless property becavse it is only a tendency.

e |t basically indicates the net result of the tendencies of atoms in different elements to attract
the bond-forming electron pairs. We measure electronegativity on several scales.

* The most commonly used scale was designed by Linus Pauling.
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Difference between Electronegativity & Electron Affinitg

Properties

Electronegativity

Electron Affinity

Definition J 'f:endencv of an atom to attract & Amount of energy released when an

electrons atom accepts an electron
Defined for d/Covalent Bond A [solated Atom
Unite ‘4’Pauling eV or kJ/mol
Value '«4 Gives relative value wves absolute value

Higect value \r{luorine

Mhlorine
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Factors Affecting Electronegativity

1. Atomic Size < —QL_-;\;
2. Nuclear Charge < &N

3. Charge on cation & anion
4. Hybridisation

————
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Electronegativity Values |

PERIOD 1

PERIOD 2

PERIOD 3

" H

L 21
Li Be B C N

10 || 15 || 20 X 3.0
Na Mg Al Si P
09 || 12 || 15 || 18 2.1

ELECTRONEGATIVITY INCREASES ACROSS A PERIOD

Next \\
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Electronegativity |

* Fluorine is the most electronegative element with a valuve of 4))/

® Cesium is the [east electronegative element with a valve of Q/

® |tisa general observation that metals show a lower valuve of electronegaW as compared to the
non-metals.Therefore, metals are electropositive and non-metals are el@enegau’ve in nature.

e Electronegativity has no units. It is measured in sc%

( Pauling Electronegativity Scale )

Group— 1 2 3
Peiiod1 2|':|1

4 1" 5 1B§ Electronegativity INCREASES | 2?0

3 | Na || Mg Al

0.9 |l 1.2 1.5

4 | K| CafSci Ti|| V| Cr|Mn|Fel|Col Ni|CuflfZn| Ga

0.8 | 1.0 J| 1.3 J{ 1.5 |[ 1.6 || 1.6 |[ 1.5 1.8 1.8 1.8 | 1.9 ) 1.6 || 1.6

s | Rb|[ Sr || Y [ Zr b|Mo| Tc|Ru||Rh|Pd|Ag| Cd| In

0.8 || 1.0 || - J{ 1.6 J[ 1.6 || 1.8 |[1.8 (1.8 1.8 1.9 1.9 ) 1.7 | 1.8

6 | Cs | Ba| La || Hf [ Ta|| W [[Re|[Os| Ir || Pt | Au| Hg| TI

07 Jl 09 || - |[ 15 16 | 1.8 |[1.8 1.8 19 19 2.4 ) 1.9 1.8

S3SVIYINI Ananebauoios|3
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e Atoms of all the atoms combine to complete their octet or duplet. It is called Octet Rule.
o Kossel-Lewis theory is based on the electronic concept of atom and is called electronic theory of valence.
e Kernelis +vely charged. The units of positive charge on kernel is equal to the number of valence electrons.

Inert gas Electronic configuration

e He (2)

e Ne (10)
e Ar(18)
e Kr(36)
o Xe (54)
e Rn(86)

® 2

¢ 28

©288

* 28188
2818188

¢ 281832188

m LEWIS SYMBOLS

Li- Be+ *B+ *C+ °*N: -O:

Na: Mg- -Al+ -3+ -P: -S:

H'e-\

:Gl: :Ar
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govalent bond |

A covalent bond is formed by the mutual sharing -

of electron pairs among the combining atoms. Q - 0 @@@

E!gctrovalent Bond | B i
@ . (Ci s EN @.xcll‘ 5

It is the bond formed by the transfer of electron e
between a metal & a non metal . //
o —+
%rdmate bond or dativebond | ' blnn
oOo \ /
A NH" .0
It is a special type of covalent bond in which the shared : e NH

electron pair s contributed by one of the combining atom only.
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Lewis dot structure (Octet Rule) |

\°/8€Iect the central atom which is generally the less electronegative atom or highest atomic number
(sometimes) or less in numbers.
_*Lentral atom should have atleast 8 electrons.
e Draw the skeleton & join them using single bond.
\O)dﬂ'the total number of valence electrons of each atom of the molecule.
L/Pﬁt one pair of shared electrons between the atoms linked by a single bond, two pairs of shared
electrons between the atoms linked by a double bond and so on.
yhe remaining electrons are shown as [one pairs.
ﬂe octet of each atom (duplet for H, Be) should be complete.
Aotal no. of electrons (@) = No. of valence e + ( -ve ) - (+ve ) charge.
JBG pair electron = 2 x no. of bonds.
J.O%: pair electron = Q - B.p e. Lone pair electron is either used to fill lone pair or
—— as double , triple bond according to the compound.
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» Covalency is the number of electron pairs an atom shares with other atoms to achieve a stable
electronic configuration. It represents the total number of covalent bonds & lone pair electrons (if

present) an element forms in a given molecule.

< Nitrogen - 3,4 e,

< Phosphorous - 3,5
< Chlorine - %97/
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Formal Charge |

e Formal Charge is the difference between the
number of valence electrons of that atom in free
state (isolated state) and the number of electrons
assigned to that atom in the Lewis structure.

Limitations of the Octet Rule

* Incomplete octet
e Odd-electron molecvles
e Expanded octet

* Signiticance of Formal Charge- Structure having e Shape of the molecvle
smallest formal charge on the atoms is most e Relative stability
stable. Thus we can select the most stable * Hydrogen and helivm

structure. e lonic and covalent bonds
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Bond Parameters
A4Bond Length (/2. Bond Angle % Bond Order
Bond length is defined as the It is defined as the angle between the It is given by the number of bond
equilibrivm distance between the orbitals containing bonding electron between the two atoms in a
nuclei of two bonded atoms in a pairs around the Central atom in a molecule. The bond order is given by
molecule. molecule. the number of bonds between the

‘

two atoms in 9 molecule.

7/
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Bond Parameters
/ Bond Polarity 1~5. Resonance Structur,e;.’/
A dipole moment is a measurement of the A single Lewis strocture cannot
separation of positive and negative electrical describe a molecule accurately.
charges within a system. A number of structures with similar
It is a vector quantity that has both energy positions of nuclei, bonding
magnitude and direction and non-bonding, pairs of electron
are taken as the canonical structure ——
(52 D.M. Is Expressedin Debye of the hybrid, which describes the
: 1D =3.33564 X 10 (m. molecule accurately.Resonance
D.M. = charge(Q) X hybrid has less energy hence they
distance of separation(r) are more stable.

S——
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<@ Lattice Dissociation Enthalpy: The energy required to completely separate one mole of a
solid ionic compound into its constituent gaseous ions. This process-is endothermic (energy
is absorbed, AH>O0).

<@ Lattice Formation Enthalpy: The energy released when one mole of a solid ionic compound
is formed from its constituent gaseous ions. This process is exothermic (energy is
released, AH<O0).

<® Born Haeber Cycle is an indirect method to calculate lattice energy.

lonic Solid Gaseous lons
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e AH® .
U\Ia(s) \+ (12 Cl2(g)J f = | NaCl(s) 'J
T | ~—F

AH., AHgiss
\4 \4 — _
[ Na(g)j L Cl(g) ] /" Lattice
. Energy (U)
lonisation Electron |
HECTAUI) Affinity (EA)
v v |
| Na*o|—| Clo]
/1 Electrof

Affinity (EA)

( AHS \= AH., + IE + 1, AHye'= EA = UJ
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Fazan’s Rule ,

All the covalent bonds have some partial ionic character and partial covalent character When a cation approaches an
anion, the electron cloud of the anion is attracted towards the cation and hence gets distorted. This is called
Polarisation of the anion.

Polarising power ———>  Ppolarisability
Power of cation to polarise anion Tendency of anion to get polarised
_Smaller the cation, greater is its polarising power Outermost electron cloud

® \arger the anion, greater is its polarisability
®_targer the charge on cation, more is its polarising power e
®_iaiger the charge on anion, more easily it gets polarised.
e _5ame size & charge cations, then one with EC of transition S
metals is more polarising than one with noble gas, alkali or Yo
alkaline earth metal cations. Cation Y-




o

Valence Bond Theory |

1. The theory assumes that electrons occupy atomic orhital's of individual atoms within a molecule, and that the electrons of
one atom are attracted to the nucleus of another atom.

2.Greater the extent of overlapping, stronger is the bond formed.

3. The direction of the covalent bond is along the region of overlapping of the atomic orbital's i.e., covalent bond is directional.

[

o-bond

n-bond

N

A sigma bond (symbol: o)
is a covalent bond formed
via linear overlap of two

orbital's.
| J

v
o bond

A pi bond (symbol: n) is a
covalent bond formed via
parallel overlap of two
orbital's.

Next w
Toppers Y 4

Positive overlap Negative overlap Positive overlap Negative overlap







Valence Bond Theory |

c-bond

The covalent bond formed due to overlapping of atomic
orbital along the inter nucleus axis is called o-bond. It is
a stronger bond and cylindrically symmetrical.

@+ O

s orbital s orbital ¢ bond bond

<+ DX O

p orbital p orbital o _bond

n-bond

The covalent bond formed
by sidewise overlapping of

atomic orbital's is called n- o e
bond. In this bond, the

electron density is present

above and below the inter

huclear axis.

It is relatively a weaker ==

bond since the electrons are
not strongly attracted by
the nuclei ofbonding atoms.



H, molecule

e The electronic configuration of hydrogen atom in the ground state is 1s.
* |n the formation of hydrogen molecule, two half filled 7s orbital's of hydrogen atoms overlap along the
inter-nuclear axis and thus by forming a obond.

JORORIdD)

1 s orbital 1 s orbital 0. bond

, & J
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O, molecule |

e The electronic configuration of O in the ground state is [He] 2s* 2p,’ 2p,’ 2p,”.

Next \\
Toppers Il

e The half filled 2p,, orbital's of two oxygen atoms overlap along the inter-nuclear axis and form o, ,bond.
e The remaining half filled 2p, orbital's overlap laterally to form a T, ,bond.

-

o (sigma) bond )

o
70 sommee

1

o 15*

(

— Lewls structure —

:0::0: o« 0O=0

Bond order = 2

asS-|

d‘g_v

y
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Hybridization |

ﬂe intermixing of two or more pure atomic orbital's of an
atom with almost same energy to give same number of
identical and degenerate new type of orbital's iS known as
hybridization.

Mﬂe new orbital's formed are also known as hybrid orbital's.

:/Dun”ng hybridization, the atomic orbital's with different

characteristics are mixed with each other.

e Types of Hybridization - }p",}pszbp’c , spid’
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sp Hybridization

e These sp-hybrid orbital's are arranged
(M: by makinf angle. Lin

e They possess 50% 's' and 50% 'p'character.

Next w
Toppers Y 4

sp°Hybridization

The three sp2 hybrid orbital's are oriented ié tri;c_;onal planar E

symmetry at angles of 120° to each qther:
They posses's'character and/66.6%('p' character.

)
/N

sp’ hybrid orbitals

| +Q+C>-
9"

s orbital p, orbital p, orbital
.

*Hybridization

e These four sp3 hybrid orbital's are oriented in tetrahedral (}
symmetry with 709" 28" angle with each other.

o i bital p, orbital thital bital " hyBg orital
e They possess 25% 's' character and 75% 'p' character. e SR R Y
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sp3D/Hybr|d|zat|on | . sp°D*Hybridization |

@ * These six sp3d2 orbital's are arranged in .
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* Arranged in trigonal
bipyramidal symmetry.

| p mmetry by making 90°
e They possess 20%'s’, 60% | eVl el @
S e ( ﬁ,f é e This arrangement can be visvalized as
pan g Hiachcls. % four orbital's arranged in a square plane '
and the remaining two are oriented d 6%

above and below this plane
perpendicularly.

3 3 o geo ® s
sp°d”Hybridization | QQ
e The sp3d3 hybrid orbital's, which are oriented in pentagonal bipyramidal symmetry. ! :
* Five among the sp3d3 orbital's are arranged in a pentagonal plane by making 72° of

/
angles. The remaining are arranged perpendicularly above and below this ~©
pentagonal plane. * /
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Hybrldlzatlon | L i

kel ;? Arrangement Hybridization Z=3- SYQ_/
2 . . Iinea/ _S-p__ ._é}/_* l- - D 3ﬁ/
3 .Z i\‘ trigonal plan _SLZ_ ’/,')‘\".) Z - 5‘ - S de /

i ./ I\. tetrahedry sp> ’/‘.}. Z_= G = S f d)-\‘/
5 o- :;'}}10 trigonal bipW sp°d QV}’
B

6 ®|=>®  octahedral sp3d? b >4 Z= " [valence e + (-ve) -
(+ve) + monovalent atom]
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AX4E, AX;E; AXZE; i :

Bond Angle: Bond Angle: Bond Angle: Same hybridisation bub
109.5° ~107 =T different bond angles? o
Z=4 =4 Z=4

sp’ sp’ sp’
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e The shape(excluding lone pairs) of a molecule depends upon the number of valence shell electron pairs
(bonded or nonbonded) around the central atom.

e These pairs of electrons tend to occupy such positions in space that minimise repulsion and thus maximise
distance between them. Lone pair~Lone pair > Lone pair=®ond pair > Bond pair-8ond pair

o A multiple bond is treated as if it is a single electron pair and the two or three electron pairs of a multiple
bond are treated as a single super pair. 1f lone pair is zero the shape = Geometry

/ here are two electron pairs in the valance V/T rigonal Planar Three electron pairs in =
shell of Beryllivm. [1s2 252 ] the valance shell of Boron. [152 252 2p] | 120°
e Molecular geometry-Linear arrangement. e Molecular geometry - Trigonal Planar B Q
1 §O° arrangement. F =
Wi,
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Numb Number Number Molecal ai Nfumber Nfunln‘ber GaTunt
umber of Lone of Charge olecular umber of Lone of Charge o ecu ar
of Bonds Pairs Cloudsrg M_W Example of Bonds  Pairs Clouds w Example
= = Cl
2 0 2 @—@—@ Linear 0=C=0 5 0 | _ Triconal |
“ ™ rigon P—cl
bipyramidal Cl'
3 0
4 1 i If
3 o= S Seesaw SQ
_2 1_ 5 F
i
3 2 .
"4 0] R — T-shaped & Cil—F
> )
= } =
3 | 4 _3-— 3 & 9 ) Linear {Q
-+ =
2 p)
= il
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r Number Number B
Number of Lone of Charge Molecular
of Bonds Pairs Clouds Geometry Example
[ ] _ ‘f
6 0 Feo LB
Octahedral pe T NF
F
m e s
5 | 6 Square €l Slb"'Cl
pyEmudal, || | cpor é‘a
F. 9 -F
4 ) Square ~Xe-”
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| Limitations of VSEPR

® |t fails to predict the_shapes of

iSoelectronic species nsition metal
compounds.

* Not based on quantum theary

e This mode| does not take relative sizes of
substituents.
 (Jnable to explain atomic orbitals overlap.

ﬁ
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Hydrogen Bonding .

» When hydrogen is bonded to a highly electronegative atom (such as nitrogen, oxygen, fluorine), the bonding
electron pair is drawn towards the electronegative atom.

e Hydrogen has no inner shell electron and is very small in size, the positive charge density eveloped is high.

e Electrostatic attraction between hydrogen atoms bonded to small, strongly electronegative atoms (N, O
and F) and the lone pair electrons on these electronegative atoms.

o- O+ o- O+

9 9

<>|:_H..... Ea

Bonding electron o O O
cloud S—
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ssential Requirements for

Aormation of Hydrogen Bond |

A hydrogen atom must be directly bonded to a highly electronegative atom (e.g. F, O and N).
* Anunbonded pair of electrons (lone pair electrons) is presented on the electronegative atom.

/

&
i

\e

H 8+
LN

.'°.F/H &+
6_

Hydrogen fluoride (HF)

Water (H,0)

)

o.. 6+ E

Hﬁg&_
!6.1+/ ©. 2 -
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(o)
C;O—CH3
Ho+ 6-
H3C\O@‘
-0
Hs.

k Methanol (CH;OH) J




Types of Hydrogen Bond |

J{é’ermglecular hydrogen bond
* Intermolecular hydrogen bonding is a type of weak chemical bond that
occurs between molecules.
* |t happens when a hydrogen atom, already covalently bonded to a highly
electronegative atom (like oxygen, nitrogen, or fluorine), is attracted to
another nearby electronegative atom in a different molecule.

%y(ramolecular hydrogen bond
* |ntramolecular hydrogen bonding is a type of hydrogen bond that occurs

within a single molecule, specifically when a hydrogen atom is
simultaneously bonded to two highly electronegative atoms (like oxygen,
nitrogen, or fluorine) within the same molecule.

e This creates a ring-like structure or a chelation within the molecule.

K A

: H 6 ,.' \H 5¢ /
"\ \ H \o
A L ‘:.\ / O .\. F/H O
e .

o

\ Hydrogon NMuorido (MF)
& O s

|

_N

b
H..

O
o i
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Dipole Moment |

e Dipole moment () is the product of the magnitude of the chargnd the distance @ween the charges.

* |t's a vector quantity, meaning it has both magnitude (strength) andir‘ection. Its direction is from less E.N. to more
E.N. element or from atom to one pair.

e |f net dipole moment =0, it is @ non polar molecule.

* Dipole Moment of homoatomic molecule is zero e.g. H,,Cl,,Br, etc.

e NH; has a significantly higher dipole moment (approx. 147 D)
than NF; (approx. 0.24 D). This is because in NH;, the bond
dipoles of the N-H bonds and the lone pair on nitrogen all align in
the same general direction, reinforcing each other, while in NF, "
- - - FLE T L =g
the highly electronegative fluorine atoms pull electrons from the I H Cl
O

hitrogen atom, and the N-F bond dipoles oppose the dipole of the \
lone pair, causing a partial cancellation.

i



L - Next 2

. Toppers 44y
Molecular Orbital Theory

U? e

antibonding

e Allows one to predict the distribution of electrons and this in
turn can help predict molecular properties such as shape,
magnetism, and Bond Order. ronne

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
-

(i) Jie electrons in @ molecule are present in the various molecular orbitals as the electrons of
atopfs are present in the various atomic orbitals.

\yﬁ he atomic orbitals of comparable energies and proper symmetry combine to form
molecular orbitals.
(i) While an electron in an atomic orbital is influenced by one nucleus, in @ molecular ogxé:l it
s influenced by two or more nuclei depending upon the number of atoms in the molecule.
Thus,an atomic orbital is monocentric while a molecular orbitars polycentric.
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Cafior] Foalures of N0OT

(iv) The number of molecular orbital formed is equal to the number of combining atomic orbitads.
When two atomic orbitals combine, two molecular orbitals are formed. One is known as bg&;r)
molecular orbital while the other is called antibonding molecular orbital.

(v) The bonding molecular orbital has lower energy and hence greater sgability than the
corresponding antibonding molecular orbital.

(vi) Just as the electron probability distribution around a nucleus in an atom is given by an atomic
orbital, the electron probability distribution around a group of nucleiin a molecu{e)ygﬁen by a
molecular orbital.

(vii) The molecular orbitals like atomic orbitals are filled in accordance with the aufbau principle
obeying the Pauli's exclusion principle and the Hund's rule. /
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Principles of MOT

In molecvles, atomic orbitals combine to form molecvlar orbitals which surrouvnd the molecvle.

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
*

[ Molecular Orbitals}
A
¥ Y

Drew Cylinder

: \  Antibonding
et

Drew cylinder

o‘

Antibonding
[ Bonding J [ Antibonding ‘ ‘ SR
(Lower in energy) (Higher in energy) \
— — — . Bonding
. : " -
Antibonding orbital - -
higher energy than
that of atomic orbitals Bondlng
Molecular
A Atomi Atomi - . .
B| orbita _ Croltals o:{fﬂaﬁ Antibonding Molecular Orbital
L
5 o* = WA A
o0
:
a o .
= Bonding Molecular Orbital
=

Bondmg orbital
lower energy than
that of atomic orbitals
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Electronic Configurationin MOT |

Electrons < 14

Gls <co*ls<ogds<o'Z2s <(m2p = Jt.?py)
<02p, < (n*2p =n*2p ) <c*2p,

Electrons > 14

gls<o*ls<o02s<0*2s<02p <(n2p -n:pr)

<(n*Z2p=n*2p ) <oc*Zp,

\Iolec ular

%t omic
1 orbital / orblt al
e

’Violccuhr

Atomic Atomic
, lal

Atomic £
orbital
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Antibonding sigma
molecular orbital

o015

Bonding sigma
molecular orbital

5+
— ( .

ols

Antibonding sigma
molecular orbital

I o I

2p, a*2p,
Bonding sigma
molecular orbital
+1-]— F + -
o2p,

Antibonding pi
molecular orbital

n*2p,
Bonding pi
molecular orbital

x2p,
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Electronic Configurationin MOT |

0,: (cls)’(c*1s)*(c*2s)*(6*2s)*(c2p, )’

————

(7t2px2 = n2py2) (n*prl = 7r*2pyl)

/

—

0, !

C.= (o1s) (ofls)do 2 o) (12D = nQp?J)

or KK (025)? (c*2s)? (n2p? = n2p?)
Theibond ofder -of . 9s 'n (8 = 4}.= 2

KK (062s)>

(6 *2s)*(62p,)*

(n2p? = n2p2).(r* 2! = 2 2p)
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Electronic Configuration and Molecular Behaviour
------------------------------------------- 2. Bond order N—b-——-—— b

ytability of Molecules =
1£Qb 5 the number of electrons occupying bonding Bond order (b.o.) is defined as one half the
orbitals anhe humber occupying the difference between the number of electrons
antibonding orbitals, then present in the bonding and the antibonding orbitals

i
The molecule is stable I@IS Qreat er than@nd i --------------------------------------------

The molecule is unst lf@ls less tha@ 4. Magnetic Nature <
---------------------------------------- If all the molecular orbitals in a molecule are doubly
occupied, the substance is diamagnetic (repelled by
The bond order between two atoms in a magnetic field). However if one or more molecular
molecule may be taken as an approximate orbitals are singly occupied it is paramagnetic

measure of the bond length. The bond length L (attracted by magnetic field), e.g. 02 molecule.
decreases as bond order increases.

3. Bond Length =

e
S s S D T D B B S D S S









